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 poxygemnsioeoeaRirsat i ng protein (FLAP) and are thus usefail/uSeortionsasi 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

o Y P D e T —yr o,




(b) -OH, (c) halogen, (d) -CN, (e) -CF3, (f) C _6alkyl optionally
substituted with one to three -OH, -N(R12)(R13) , 3-6 nenbered heterocycle,
Cl_6al koxwo,200026bkoxy- 0- C _6al kyl, -00Q2R12, - C(0) N( RP2X(UR2®)1/08T356
-S(0)11G _6al kyl, (g) G _6al koxy, (h) -N(R12)(R13), (i) -S (0)11C 1_6

al kyl, (j) -02R12, (k) -C(O)N(R12)(R13), (1) -S (0)2N(R12)(R13), (m a 3-8
menber ed heterocyclic group optionally substltuted with one to three Cl1-6

nobpendahEn " LBieBy B Hoesngih £ Aoy b6y HR g 6

member e doMEﬁgw G¥tfinh Gn@ bAEPiInfBARThEY WRAiEDBNJ. ﬁié?s@?u‘cﬁ’ eablyndvedependent |y
substituted with one to three G _6alkyl groups, -OH C _6al koxy,

- C( 0) N( Riigc¢aditsyvards Sietovgitarget ly the paNiway igcleding Abegesthef ETfBeywd the group,

-0G _6al k 13 t n_toget he th.t nltro rlngto
anich ¢ rey il e RieneleGh avind Tiirerot Ry Rkl ot TRk e Dot f Lut e
wi th oneLo 1T 88/dréte dablinhiBkdrs 886K Hpbx en@mctlmgqneteﬁl@m (RawWh
i ndependently selected from-H and - Iﬁ%@tgn S 2; or a

1

phar mac ebiti¢seapnd DaRicadeah ﬂéulsqnenetlﬁl@ﬁséﬁhesml ti Adn el?qmmweﬁhemt he

pr esent a he

pr ecedi n%daéeh%%d@%eir%tg' 2 Yg%sto?ei\?%rg‘lﬁgﬁg% eaﬁe%ﬁ%gé gf%?é%g&rfﬁ\% 12‘];tgcﬁment Iy
hydr ogenprotedth§dr thetrényinentufaphina indoding py-L.Otistibitduiydutors mdl bpr opyl or
cyclobutyl, with the proviso that both Rl and R2 are not hydrogen; or a
phar mac e EoRIy, manielpash peaniukpst and@pldykast | n a fourth enbodi ment there is
provi ded a conpound of forrmula (1) as described in any of the preceding
enbodi ments above, wherein: R3 is pyridinyl, pyrazinyl, pyridazinyl or

pyri m di Mek¢ reaérevairk heamipliveted L dariy bardlowgsqukardmbas@nmlcluylirigndgqmnﬂdnt |y

substituted with t.o two el ect.ed fro 3 _al k optional l
subst 1 ¢ urgetin fodiane Gidie B R B e rbiE oo e iricBiR): 2R 35 hfar oxy,
hal ogen, 13mgqr pKXP aanb@@weJm i th@%ggoné}m Bothe SNHH %ETCC%JAQQY&Jn@ G _5

al kyl am no and Cl1_3 di al kyl am no; i s pyridooxazinyl
di hydr o- Wh@@wi@qmmlyslonﬁ|Shglg¢smg)@nmr@mw¢wmmw mydtherpganesis él&y$padbw¢k ebr

DY) Ol By TSR] ST Rl 111

pr ecedi nELﬁFth@Qbé@lﬁbﬁorﬁﬁQM decrabyeienicoscReoticSledt®i kiyé in AfilY] mod¥19 Pkl one
i sopropyl, buty pentyl, hexyl, cycl opropyl, cl obutyl, cyclopentyl,
cycl ohexsthdy. ﬁﬁé ﬁyﬁmg QE@EIF&IA@mhl%ﬁOpMK@SﬁW apqki/ é@h’;& deyhle kpeskghonicsy|
tet rahydf 8%>1{1g\{1¥4t glett %ﬁ??h%hths%)fgéé) o m hél%eadlzt&%'ay%% 8 Jréa%f? r}’#la b dazol yl ,
pyridiny m di nyl,” pyraziny pyr i dazin gui nol'1 ny %qU|noI|nyI

- C(0) - pi g®eiazk iy the aoffé @nd a g @adectbiaryyin, the &4rllY remn pawienyt al., Eur. J. Clin.

-C(0) - NH-plperldln gdrox or -NR7R8, wherejn each R5 is optlonally
i ndepend®esty 280bsti 14k LP)wi hg R%%féleteéfe%wewgp@éa%lthsae%é‘%aéﬁ i plgdHero, R1 and
R11; Wan Jerhs cI e
opti onal y B%Jsgt%lct%gtt%g%léﬂv%date ﬂ&*tXné}Xﬂéﬂggélggcy% e opt?gﬂlgplg;%gétg stituted
wi t h hydwbixy sogge@k-aGfonadrkiph to R@or&mablnqblzﬁm phcrrmtyp@dépemihmdtqﬁiys glvest ed from

Subst :H L B R R BT g@“‘%ﬁﬁﬁ VIN@F@W‘% F&éyoﬁ ﬁ%fb&ﬁarﬁﬁb%'%?ﬁél ggfﬂnw,
G _6
G ~3al kol 9 T RESS g sy g TR g O RGN (1)

- C(0) N( RER)ovERLS) TGFeta S()ﬁ)tﬁNé)R]k‘Zl))(IRﬁﬂt)ed if ajoutre pttodedcrapke ingplpprazéanyl |
plperldlny or .oxet each optiopal | met hyl. group,
(7 oottt forit s ahac i i g0 T Jh O 88l iy Weis Wk 0 f £ om
-H and - (&P Your \Wé% @ﬂté} ptleﬂl% Ldoyth veisQitRad SsoRPRiWHAN AlatuYe ﬁl@%éékfs%ﬁﬂ W th
one to three -OH, 0) N(R14) (RI5) or - S(0) _6al kyl; R14
and ear eraesa%thﬁ md%pieh@eq{tthgramhe@itwaﬂmgmhemsahwsm@la th%ulnkghanmm slnz or a
phar mace . _accept abl.e i ment
D v cec e StauRG FEeP ik Bleta 1646 Tt ot B A € CREEL IR Y oo et
above, wheRAdY LR44 wuﬂoleé?e \aﬁses@fﬂﬁbhritl@dﬁ‘cﬁ%d@ Bbhyarby € Rg&Ry combdy(H. et hyl,
propyl, |sopropéT tert- butg clogragy or ({CIobut yl, with the proviso
Dhat* bot RIS shnbroRoNalcAagt Sty Solebs A, BE6Ip§Hat AyRIANspdiesisngaes
pyridazinyl or pyrimdinyl, wherein each heteroaryl ring is optionally
i ndependently substituted with one to two groups sel ected from net hyl,
met hoxy, - CH2OH, trifluoronmethyl, bro chloro, fluoro, hydroxy, -0-benzyl,
0x0, cyano, amno, -NH C3_6 carbocycle, C _4 alkylamno and C1_3
di al kyl ami no; or R3 is pyridooxazinyl, dihydro-pyridooxazinyl,

di hydr o- pyrrol opyridinyl, pyrrolopyridinyl or pyrrolopyra2|nyl R4 is
hydrogen; R5 is nethyl, ethyl, propyl, isopropyl, butyl, pentyl
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl, azetldlnyl




(d) -CN, (e) -CF3, (1) C -6alkyl optionally substituted with one to three
-OH, -N(R12) (R13) , norpholinyl, piperazinyl, C _3al koxy, C _3al koxy-0-

G _3al kylwo2eaiun - C(0) N(R12) (R13), (g) G _3al koxy, (RCTANGRIAY(GRLI), (i)
-S(0)2CG _2al kyl, (j) -0@2R12, (k) -C(O0)N(R12)(R13), (1) -S(0)2N(R12)(R13),

(m norpholinyl, piperazinyl, or oxetanyl each optionally substituted with
a nethyl group, (n') oxo, (0) -C(0)-CH3; R12 and R13 are each independently

|l ected from-H and -G 6al kyl, wh int al kyl [ ti |
e L OG0 Lo oS o PR R o
O 0) NCRI ) (Rt o S OIRGL:AR! dorlreviBl, <808 AER CRAC i AdaBsRALNIO0Y

selected from-H and -C _Ltal ky or a pharmaceutically acceptable salt

t her eof . 10,R44-25¢ved Ourie Rbodi. Mzt 200118, 314 6616%).ded a conpound as descri bed
in the enbodi ment imedi ately above, wherein: RL is nmethyl, R2 is selected
frommethyl, ethyl, isopropyl, tert-butyl, cyclopropyl and cyclobutyl; or a

phar macemt ddaaldnito AGCRPikate@ ab&lel mahbaRf stulids Bivesicghtifte@BD R M@t there is
provi ded a conmpound as described in the sixth enbodi nent above, wherein: R3

i s sel eceslgrstangling the polegig aetiis @bilile and jhegelecitldisiie disgrse. tIhesesdidiey n a
> ok N ; . ' ' . it th
Crpoct B L F RS SO RGERASRE T Dot

subst i t utegitwiis¢d VO RetetsoGdldee end)WoR pHeisdzk @t Bd MDN ROygl Rl Mad 2801, or a
pharnaceuticallg acceptable salt thereof. In a tenth _enbodi nent there is

provi ded>¥- d8hosiitl- A a¢riten fogae spaqiftafascapsadited Abo: hénhaveRsgR, wherein: RL
is methy I . : o | t-butyl,
cyclopro%nlﬁgﬁg%ééclg%hﬁgﬁﬁﬂgghggi@%*%gﬁiﬁx#?gﬂé Bgﬁyéﬁgﬁgénaceutically
accept abindlagalatorly hed eadiovhstudam dedeeseentsiwadindsad heve ninhibitermeofi FLAR swilsded a

conpound as described. in the tenth, enbodi nt .above, wherein: R2 is
D o Pt e R g e ER b R S g RO o St iuia (GeRer of
In a twefd tRaRPIBIAVITRALLI RS & al STRELY bEREpRoIYPUNd1 AR sdRSAI ped in the

i
tenth enbodi nent above, wherein: R2 is se?ected fromnmethyl, ethyl,
i sopr opyMoatedo etealt Jgurnallof NephreolqgyaPvfic 801 688a690). accept abl e salt t hereof.
In a thirteenth enbodi nent there is provided a conpound as described in the
si xt h enmbodi nent above, wherein: R3 is selected from or a

phar maceptrivgiel ¥f FICARpilabk@ s Badd beehesppnkd il thedcikatifid BRRinre €5¥eaet ment there
is provided a conpound as described in the sixth enbodi nent above, wherein:
R3 is sepeainil] Friyans et aipNjxendy i PhprrpqelprjcakScienqpyy 2008, 726¢8)gnd in U.S.

phar mac eb'&t.étﬁgl écymgﬁgx%p&e@p le?alﬁﬁl:& it (ﬁﬁlﬁc%ﬂrials for asthma, including MK-886, MK-
591, and BAY X1005, also known as DG-031. More recently, the FLAP inhibitor AM-
103 (J.H. Hutchinson et al., J. Med. Chem. 52, 5803-5815) has been evaluated in clinical
trials, based on its anti-inflammatory properties (D.S. Lorrain et al., J. Pharm. Exp. Ther.,
2009, DOI:10.1124/jpet.109.158089). Subsequently, it was replaced by the back-up
compound AM-803 (GSK-2190915) for the treatment of respiratory diseases. DG-031
has also been in clinical trials to evaluate its effect on biomarkers for myocardial
infarction risk and showed a dose-dependent suppression of several biomarkers for the
disease (H. Hakonarson et al., JAMA, 2005, 293, 2245-2256). MK-591 was shown in a
clinical trial to reduce proteinuria in human glomerulonephritis (see for example A.

Guash et al., Kidney International, 1999, 56, 291-267).

However, to date, no FLAP inhibitor has been approved as a marketed drug.



In a fifteenth enbodi ment there is provided a conpound as described in the
tenth enbodi mnent above, wherein: RL is nethyl, R2 is cyclopropyl; R3 is
sel ect ed woanm2/24150s hydrogen, R5 is selected from 0 PamaS201,1/0M356 . . . "
or a pharmaceutically acceptable salt thereof. In a sixteenth enbodi nent
there is provided a conpound of formula I, wherein RL is nethyl, R2is
cyclopropyl; R3 is selected from R4 is hydrogen, R5 is selected from O
and .,.._- r i |y acceptable salt thereof. The
foll ow ﬁﬂgﬁ%&%@ﬁﬁm of the invention which can be nmade
by the general synthetic schenes, the exanples, and known nethods in the
art. Table 1 Exanple Structure Nane 1 ON---\ 0 N--- 2-(3-1 2- [4-
( 5- met hoXkppigsdandinvestionprppidenydiel Sompaoungh winicininBibit Brlipoxygenase activating

1, 2, 4- oxadi azgl - 55yl ).pyrazi ne i 0. --- \ 0.it. 5-14- )

37 met ny O LR B 5% ey iyt oot d 5 apg sy hat are

Y pyri m dinadidears BestaiM B8idh ARAIBAREDE 165RO%EAOS TRRRIIR Mebeill pulBonary,

fibrotic, inflammatory and cardiovascular diseases and cancer. This invention also

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? are each independently hydrogen, C;.7 alkyl or Cs.jo carbocycle, with the
proviso that both R' and R? are not hydrogen;

R’is a 5-11 membered heteroaryl ring containing one to three heteroatoms selected from
nitrogen, oxygen and sulfur, wherein the heteroaryl ring is optionally independently
substituted with one to three groups selected from C,_s alkyl optionally substituted with
one to three halogen atoms, C;_s alkoxy, C;_3 hydroxy, halogen, hydroxy, -O-benzyl, oxo,

cyano, amino, -NH-Cs_¢ carbocycle, Ci alkylamino and C;_; dialkylamino;



N 5- (4- 1 3-nmethyl-2- [5-(pyridin-3-yl)-

4- oxadi azol - 3-yl ] butan-2- vyl }phenyl)pyrimdin-2-amne 4 NI 1. No /
5- (Wo 1220 hyl - 2-[ 5- (6- net hyl pyridin-3-y1)- 1, PC4AIS2011/047356

oxadi azol - 3-yl ] butan-2- yl }phenyl)pyrimdin-2-amne 5 NON'\o/ \ - b5-
(4- 1 3-nmethyl-2- [542- nmethyl pyridin-3-yl)- 1,2,4- oxadiazol -3-yl]butan-2-

yl }phenyl)pyrimdin-2-amne 6 HOH2ZNN O N .-- \ o/ - \ [2-am no-5- (4-

1 3-methyl-2- [5- (pyridin-3-y1)- 1,2, 4-oxadiazol-3- yl]butan-2-yl1}
phenyl ) p risﬁwﬂg%en%fﬁ%r?élfﬂglﬁi?ge?Of@mfe:.".o/ \ _d 5-(4- 1 2- [5-
(6-chloropyridin-3-yl1)- 1,2, 4-oxadi azol - 3-y1]-3- nethyl butan-2- vyl

} phenyl )pyri m di n-2-amne WO 2012/ 024150PCT/ US2011/ 047356 8
R” is Cy¢ alkyl, Cs_j¢ carbocycle, 3-11 membered heterocycle, aryl, 5-11 membered

/\
1, 2,
\ -

heteroaryl, -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 Csg heterocycle or -NH-5-6 membered heterocycle, each optionally independently

substituted with one to three groups selected from R’ R®and R" ;

R’and R?® are each independently hydrogen, 5-6 membered heterocycle optionally
substituted with C;_¢ alkyl , C5_j¢ carbocycle optionally substituted with hydroxy 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"?) , 3-6
membered heterocycle, Cisalkoxy, Ci.salkoxy-O- Cjsalkyl, —COZRIZ,
-C(O)N(R")(R") or -S(0),C6alkyl,
(g) Cigalkoxy,
() -NR™R"),
(1) -S(0)nCisalkyl,
() -COR™,
(k) -COONR)RY),
() -S(0RNRR™),
(m) a 3-10 membered heterocyclic group optionally substituted with one to three Ci.¢
alkyl groups,

(n’) oxo,



0O,,,N\ 0/ \ 5- (4-12- [5- (6-methoxypyridin-3-

yl)-1, 2, 4-oxadi azol - 3-y1] - 3- net hyl butan-2- yl }phenyl)pyrimdin-2-amne 9
\ SO ..-weL0r/0241505- (3-12- [4- (2-am nopyrim di n-5- ylprpruseyiijo47356

- 3- et hyl but an- 2-y1} - 1, 2, 4- oxadi azol -5-yl)pyridin-2(1H) - one 10 \ ei ---
\ o\ 5- (4-12- [5- (2-methoxypyridin-3- yl)-1, 2, 4-oxadi azol - 3-y1] - 3-

nmet hyl but an-2- vyl }phenyl)pyri mdin-2-amne 11 \ 411) --- \ 5- (4-12- [5-
(4- et hoxypgr (gd -1, 2, 4- oxadi azol - 3-y1] - 3- net hyl but an-2- vyl

¥ phenyl ) py KPhitdich: Sodifle 12\ 1N i b3 (3-12- [4-

(2-am nopyr| m di n-5- yl)phenyl] -3-nethyl butan-2-y1} - 1 2 4-oxadi azol - -

1ridin-2 . 53 Y )1)Y(- ) one WD 2012/ 024150PCT/ US2011/ 047356 13 0 ,N\
o/ \ -oR E&nd(M aiz-eatpind¢ pendenthoselgeyadi foim —BL —¢1)alklyl 2C@)Ex sk dzaold 83y 1] - 3-

6 membered heterocyclic group, each of which is optionally independently substituted
with one to three C.alkyl groups, —OH, C.salkoxy, -C(O)N(R')(R"), -S(0),C1salkyl,
CN, a 3-6 membered heterocyclic group, -OC)ealkyl, CFs, or;

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

heterocyclyl ring optionally substituted with one to three -OH, CN, -OCj.salkyl or oxo;
R and R" are each independently selected from —H and —C;_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? are each independently hydrogen, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert. butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentyl or cylohexyl,
with the proviso that both R' and R? are not hydrogen;

R’ is pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolyl, imidazolyl, thienyl, furanyl
or thiazolyl, wherein each heteroaryl ring is optionally independently substituted with one
to three groups selected from Cj_3 alkyl optionally substituted with one to three halogen
atoms, C;.3 alkoxy, C;.3 hydroxy, halogen, hydroxy, -O-benzyl, oxo, cyano, amino, -NH-
C;¢carbocycle, C;¢ alkylamino and C;_3 dialkylamino;

or

R’ is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl, pyrrolopyridinyl
or pyrrolopyrazinyl, wherein each heteroaryl ring is optionally independently substituted

with one to three groups selected from C;_3 alkyl optionally substituted with one to three



met hyl but an-2- yl }phenyl)pyri m din-2-am ne 14 l. --- N\ 01 5-
(4-13-methyl -2-[5-(1-methyl - H pyrazol-3-yl)-1, 2, 4- oxadi azol - 3-

yl ] but an-weoybiyhersyl ) pyri m di n-2- am ne 15 o ..... , . BCT/USBD17/04B56
(4-13-nethyl-2- [5-(21-nmethyl-1H pyrazol -4-yl)-1, 2, 4- oxadi azol - 3-
yl ] butan-2-y1} | phenyl)pyrimdin-2- amne 16 a ---\0

5-(4-1(2R) - 3-net hy1-245- (1- nmet hyl - 1H pyrazol -3-yl1)-1, 2, 4-

D012/ 0o AT a1 ikprase o) Hilogert h3aiis g o Fengyf-oxo. cyano.
(29) - 3- nghinpl- I\?[4-%3(613arb83§<,]?é/ |C1]3|§|11@Yin%¥19 |an§C¥§-2haiky¥arﬁ‘1n08

oxadi azol - 3-yl | butan- 2- yl Yphenyl") pyri m di n- 2- aim ne
R* is hydrogen, methyl or fluoro;

R’ is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, fert-butyl, pentyl, hexyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, phenyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, azetidinyl, pyrrolidinyl,
tetrahydropyranyl, pyrrolyl, thienyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl,
imidazolyl, triazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl,
isoquinolinyl, indolyl, pyrrolopyridinyl, pyrrolopyrimidinyl, -C(0)-RS, hydroxy or —
NR'R®, wherein each R’ is optionally independently substituted with one to three groups
selected from R9, R!% and R”;

R® is piperidinyl, piperazinyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl or -NH-
piperadinyl each optionally independently substituted with one to three groups selected

from R9, R'% and R“;

R’and R?® are each independently hydrogen, 5-6 membered heterocycle optionally
substituted with methyl, Cs_¢ carbocycle optionally substituted with hydroxy, or C,_s
alkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CF;,
(f) C1.alkyl optionally substituted with one to three —OH, -N(R'»)(R") , 3-6
membered heterocycle, Cisalkoxy , Cisalkoxy-O- Cysalkyl, —COZRIZ,
-C(O)N(R")(R") or -S(0),C6alkyl,
(g) Cigalkoxy,



. N..---. O N\---- N5- (4-13-nethyl1-2- [5-(1-nethyl-1H
pyrazol -5-y1)-1, 2, 4- oxadi azol - 3- yl ] butan-2-yl }phenyl)pyrimdin-2- amne 19

H2N N I NvO0.2014/024+50 -- 0 HN \ --- N 5-(4-13-nethyl-2-[ Pcrai2q@ynaned - 5-
y1l)-1, 2, 4- oxadi azol - 3-yl ] butan-2- yl }phenyl)pyrimdin-2-am ne 20 O N
---. 0 HN 5-(4-1245-(1H i m dazol -2-yl1)- 1, 2, 4-oxadi azol -3-y11- 3-

nmet hyl butan-2- yl }phenyl)pyrimdin-2-amne 21 2N N 4 O N,-- \ 0 1

,....NNH g)niﬁ 125- gycl opropyl- 145- (1H pyrazol -4-yl)-1, 2, 4- oxadi azol - 3-
yI1 ethyl YPHAUBIY® Tk ni di n-2-amine WO 2012/ 024150PCT/ US2011/ 047356 22
(i) -S(0),C6alkyl,

() -COR™,

(k) -COONR)RY),

() -S(0RNRHR™),

(m) a 3-8 membered heterocyclic group optionally substituted with one to three Ci.6
alkyl groups,

(n’) oxo,

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

R'? and R" are each independently selected from —H, —C;_galkyl, C(O)C;_alkyl, and a 3-
6 membered heterocyclic group, each of which is optionally independently substituted
with one to three C.alkyl groups, —OH, C.salkoxy, -C(O)N(R')(R"), -S(0),C1salkyl,
CN, a 3-6 membered heterocyclic group, -OCjalkyl, CF;; or,

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

heterocyclyl ring optionally substituted with one to three -OH, CN, -OCj.salkyl or oxo;
R and R" are each independently selected from —H and —C;_4alkyl;

nis 1 or?2;

or a pharmaceutically acceptable salt thereof.

In a third embodiment, the present invention relates to a compound as described in any of

the preceding embodiments above, wherein:

R and R? are each independently hydrogen, methyl, ethyl, propyl, isopropyl, fert-butyl,
cyclopropyl or cyclobutyl, with the proviso that both R' and R? are not hydrogen;

or a pharmaceutically acceptable salt thereof.



NO1 5-(4-11-cyclopropyl-1- [5-(1_ nethyl-1H pyrazol-4-yl1)-1, 2, 4-
oxadi azol -3- yl] ethyl }phenyl)pyrimdin-2-amne 23\ HZNN O HN, N
5- (4- 1( 2Ryvo20maimsd- 245- (1H pyrazol -5-y1) -1, 2, 4- oxadi aPoirAB2011/047356

yl | but an- 2-yl } phenyl ) pyrimdin-2- amne 24 401 --- . O HN\---- N
5-(4-1(2S)-3-net hyl-245- (1H pyrazol -5-y1)-1, 2, 4- oxadi azol - 3-
yl | but an- 2-yl } phenyl )pyrimdin-2- amne 25\ 4 N--- .0 N\ NH

5-(4-11-cyc) opropyl-145-(1H, pyra 3-yl oxadi azol - et hyl
ohanyi ) A fonh RRbaaitiiny ek s YOI a atpchnd of iernth w%sﬁbefisa

met hy1- lbf'tﬁé(f)?é%@dln%eﬂl%%dlﬁle%ts‘la‘oo%@@ie?e% @l -3- yl] et h |
}phenyl) pyri m di n-2-am ne WO 2012/024150PCT/U82011/047356

R’ is pyridinyl, pyrazinyl, pyridazinyl or pyrimidinyl, wherein each heteroaryl ring is
optionally independently substituted with one to two groups selected from Cj_3 alkyl
optionally substituted with one to three halogen atoms, Cj.3 alkoxy, C;.3 hydroxy,
halogen, hydroxy, -O-benzyl, oxo, cyano, amino, -NH-Cs4 carbocycle, C_s alkylamino
and C,_; dialkylamino; or

R’ is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl, pyrrolopyridinyl

or pyrrolopyrazinyl;
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, pentyl, hexyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, phenyl, azetidinyl, piperidinyl, piperazinyl, morpholinyl,
tetrahydropyranyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl, isoquinolinyl, -C(O)-piperizinyl, -C(O)-
piperidinyl, -C(O)-morpholinyl, -C(O)-NH-piperidinyl, hydroxy or -NR’R®, 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, 5-6 membered heterocycle optionally
substituted with methyl, Cs_¢ carbocycle optionally substituted with hydroxy or C;-Cs
alkyl;

R’, R and R" are independently selected from
(a) _H9
(b) _OH9



27 4 0O N----\ ON\..---- N 5-(4-11-cycl opropy1-1- [5-(1_
net hyl - 1H pyrazol -5-y1)-1, 2, 4- oxadi azol -3- yl] ethyl

} phenyl ) pyoinidizmisB- anmine 28 2NN 4 |, ----- \' 0 N 1 | PCT/US2011/047356
5-(4-11-cycl opropyl-1- [5-(1_ nethyl-1Him dazol-4-y1)-1, 2,4- oxadi azol - 3-
yl] ethyl }phenyl)pyrimdin-2-amne 29 \ |I. 4 N..---\ o/ \

5- (4- 11-cycl opropyl-1- [546- nethyl pyridin-3-y1)-1, 2, 4- oxadi azol -3- yl]
et hyl }pherzél rimdin-2-am ne 30 20/ \ o1l
544- (1-cycl B-1-1541- (2- net hoxyet hyl) - 1H pyrazol -4-yl | -
1, 2, 4- oxadigzein 3- yl}ethyl)phenyl]pyrim din-2-amne WO
2012/ 024150PCT/ US2011/ 047356 31
(e) _CFS,
(f) C1salkyl optionally substituted with one to three —OH, -N(R'*)(R"®) , morpholinyl,
piperazinyl, Ci_alkoxy, Cisalkoxy-O- Cyalkyl, -CO,R'* or -C(O)N(R'H)(R"),
(g) Cisalkoxy,
(h) -NR™R™),
(1) -S(0)nCy6alkyl,
() -CO:R",
(k) -CONR™HRD),
() =S(0)NR™R™),
(m) morpholinyl, piperazinyl, piperidinyl or oxetanyl each optionally substituted with
a methyl group,
(n’) oxo,
(0) -C(0)-CHs3;
R'? and R" are each independently selected from —H and —C;_salkyl, wherein the alkyl
group is optionally substituted with one to three —OH, Cj_salkoxy, -C(O)N(R"™)(R") or -

S (O)nC1_6alky1;

R' and R'%are each independently selected from —H and —C; 4alkyl;n is 2;

or a pharmaceutically acceptable salt thereof.

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

second embodiment above, wherein:

R and R? are each independently hydrogen, methyl, ethyl, propyl, isopropyl, fert-butyl,
cyclopropyl or cyclobutyl, with the proviso that both R' and R? are not hydrogen;

R’ is pyridinyl, pyrazinyl, pyridazinyl or pyrimidinyl, wherein each heteroaryl ring is

optionally independently substituted with one to two groups selected from methyl,

10



401 --- \ O N\ --- N 5-(4-1(2R)-3-net hyl-245-(1-
nmet hyl - 1H pyrazol -5-y1)-1, 2, 4- oxadi azol - 3-yl | but an- 2-

yl } phenylwpynimizdisn- 2-anine 3 2 HZNN 40 ---- \ o N\ P€I/UN2011/047356
5-(4-1(2S)-3-net hyl-245-(1- methyl-1H pyrazol -5-y1)-1, 2, 4-
oxadi azol - 3-yl | but an-2- yl } phenyl ) pyri m din-2-am ne 33 \ ,,»NL\ O /\ b5-

(4-11- cycl obut yl 1- [5-(1-nethyl- 1H pyrazol-4-yl)-1, 2, 4-oxadi azol- 3-yl]
ethyl h di_n- 2- \ H2NN ----\" o
H 5- (5 %?}éwgﬁéﬁﬁl Uﬁ?%nf{aﬂﬁlfbrﬁwa%mﬂyaljo &ycg%x oRAFNEYoPXB- yI] et hyl
} phenyl ) &Yab MrlinD; KrHUM, Rarbocycle, Cy4 alkylamino and C, ; dialkylamino; or
R’ is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl, pyrrolopyridinyl

or pyrrolopyrazinyl;
R* is hydrogen;

R’ is methyl, ethyl, propyl, isopropyl, butyl, pentyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, azetidinyl, piperidinyl, piperazinyl, morpholinyl, tetrahydropyranyl,
thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, quinolinyl, isoquinolinyl, -C(O)-piperazinyl, -C(O)-morpholinyl, -C(O)-NH-
piperidinyl, hydroxy or -NR’R®, 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, piperidinyl optionally substituted with a
methyl group, cyclohexyl optionally substituted with a hydroxy group, methyl or ethyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CF;,
(f) Ci-ealkyl optionally substituted with one to three —OH, -N(R'*)(R") , morpholinyl,
piperazinyl, Cialkoxy, Cjsalkoxy-O- Cysalkyl, -CO-H or -C(O)N(R'"*)(R™),
(g) Cisalkoxy,
(h) -NR™*)R"),
(i) -S(0),C.alkyl,
() -COR™,
(k) -C(ONR*)R™),
(1) —S(0)NR*)R™),

11



Sl WO 2012/ 024150PCT/ US2011/ 047356 35  ........ o\ N HO 1-1[543-11-
[4-(2-am nopyrimdin- 5-yl)phenyl] -1-cyclobutylethyl } _

1, 2, 4- oxastoaa02%5t591 ) pyrazi n-2- yl] am no }-2-net hyl pr opamAR2ali/047356 0
36 \ 5-1441-cycl obutyl1- 1- (5-15-[(2- net hoxyet hyl)am no] pyrazi n-2-y1} -
1, 2, 4- oxadi azol - 3- yl)ethyl] phenyl}pyrimdin-2-am ne el N---

\' N

(m) morpholinyl, piperazinyl, or oxetanyl each optionally substituted with a methyl
group,
(n’) oxo,

(0) -C(0)-CHs;

R'? and R" are each independently selected from —H and —Cj_salkyl, wherein the alkyl
group is optionally independently substituted with one to three —OH, C,_¢alkoxy, -
CONR™)R™), or -S(0):Ci-galkyl;

R'* and R"%are each independently selected from —H and —Cj_salkyl;

or a pharmaceutically acceptable salt thereof.

In a seventh embodiment there is provided a compound as described in the embodiment
immediately above, wherein:

R is methyl,

R? is selected from methyl, ethyl, isopropyl, rert-butyl, cyclopropyl and 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? is selected from
N | SN |N\ X TN "o | X
)l\ pZ P Pz | _N | pZ =
H,N" N CHNTON , H:N" °N , HNT N7 N ,and  HN" N ;

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 pyrazolyl optionally independently substituted with one to three groups selected
from R9, R'and R!! :

or a pharmaceutically acceptable salt thereof.

12



\----- <NH/---/ -0 37\ 0---\ 0/ 5-(4-12-[5-(6-nethyl pyridin-3-y1l)-

1, 2, 4- oxadi azol - 3-yl ] propan-2- yl }phenyl)pyrimdin-2-amne 38 HZN N O...

... 0 5-1M0-201200201300py 1- 1- (5-16-[ (2- net hoxyet hyl ) am noppynisdeinos73yd } -

1, 2, 4- oxadi azol - 3- yl)ethyl] phenyl }pyrimdin-2-amne WO

2012/ 024150PCT/ US2011/ 047356 39 N4 O NN O HO 1-1[543-11-

[4-(2-am nopyrimdin- 5-yl)phenyl]-1-cycl opropyl ethyl}-

1, 2, 4- oxadi azol -5-yl ) pyridin-2- yl] am no }-2-nethyl propan-2-ol 40 N ----

N N\o 1-1[543-11- [4-(2-am nopyrimdin- 5-yl)phenyl] -1-cyclopropyl ethyl

} o 1,22, %‘%ﬁ@lﬂ AFIdimet iRy I p}bﬂa&i a%rhpé\fﬂd% dbRTBRAN #eQlxth HO 41 r;
embodiment above, wherein:

R is methyl,
R? is selected from methyl, ethyl, isopropyl, rert-butyl, cyclopropyl and cyclobutyl;

R’ is selected from
N | X |N\ Xy T O Ho | X
)l\ p P = | _N | P e
HNT NT HNT N HNTOONT HNT N N and HN N :

R* is hydrogen,

R’ is selected from

J /)N /)N /)N /)N /,\N /}N
Nig N N N N N N
| A) # o Oﬁ)
’ ) , , , , and
O\ OH OH N _NH o)

2

or a pharmaceutically acceptable salt thereof.

In an eleventh embodiment there is provided a compound as described in the tenth
embodiment above, wherein:
R? is cyclopropyl or cyclobutyl;

or a pharmaceutically acceptable salt thereof.

In a twelfth embodiment there is provided a compound as described in the tenth
embodiment above, wherein:
R” is selected from methyl, ethyl, isopropyl and terr-butyl;

or a pharmaceutically acceptable salt thereof.

13



O, z\izl [ "z z=(zic, 5-(4-11-cycl opropyl-145-(6-1[2-

(met hyl sul fonyl)ethyl] am no }pyridi n-3-yl)-1, 2, 4-oxadi azol - 3-

yl ] et hyl hwbenloepssni m di n-2-amne 42 N JJ 4 ...." . \ PNT/US2011/047356
5- 14[ 1- cycl opropy1-1- (5-15-[ (2- nethoxyet hyl )am no] pyrazi n-2-y1} _
1, 2, 4- oxadi azol - 3- yl)ethyl] phenyl}pyrimdin-2-am ne

2012/ 024150PCT/ US2011/ 047356 43 H2N  ? .--. 01 Nr N6 O

ey R R Oﬁéléml% }re?w]fg%ﬁten?gwﬁﬁ%% Fﬂli%lglig Wsh gricibed f]ﬁhswﬂn-

[ 4- (2- amBesiifieml Mole, witkrein4 N el ' S5-yl)phenyl] -1-cycl opropyl ethyl} -

1, 2, 4- oxadi azol - 5-yl )’pyrazi n-2- yl] amino }-2-nethyl propan-2- ol
N

R? is selected from
N7 N | Z | N | N7 and A 7
WY - .

or a pharmaceutically acceptable salt thereof.

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

embodiment above, wherein:

R? is selected from
F
N
] N
)N'\JY i YYD
|
2 ~ ~ y/
HNT N7 F HZNJ\N/ HNT N N NT HNT N
N
/(\/C i\]i m FSCIY
o s — |/
HND N Xy N N Sy BN” N HNT N
N
AN = =
N N y
N N H HNT N

or a pharmaceutically acceptable salt thereof.

14
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1 4 la"\o OH 2-1[543-11- [4-(2-am nopyrimdin- 5-yl)phenyl]
-1l-cyclopropylethyl } - 1,2, 4-oxadiazol-5-yl)pyrazin-2- yl] am no

} - 2- net hywpnropan4iseol 4 6 0O ..--\' 01 5-(4-1(2R) - 3roetusydi124B5¢ 1-

met hyl- 1H pyrazol -4-y1)-1, 2, 4- oxadi azol - 3-yl | but an-2- vyl

}phenyl ) pyri m din-2-amne WD 2012/ 024150PCT/ US2011/ 047356 47 H2ZN N 1Sl N
--- . 0/1 5- (4-1(28)-3-rrethy1 245- (1- nethyl-1H pyrazol -4-y1)-1, 2, 4-

Oxadl azojk} q_fl Ut ﬁ%ﬁlﬁ%{{ty%rgdi)pléﬁﬁxgkg]mgéﬂpf asa e.sgr?beﬂi%n the téntﬁo N--- 0
pyrazol é‘mb!é&lm%ntzab%vé’)(@fé‘ré}ﬁm -3- yllethyl }phenyl)pyrimdin-2-am ne 49 H2N
R is methyl

R? is cyclopropyl;

R? is selected from
NT X X N\
)l\ = | 2 and | pZ
HNT N7 HNT N HN™ N

R* is hydrogen,

R’ is selected from

/N Z/ >N Z/ )N [\

N N N N
0]
A) , ﬁ) and (g
OH /N\ 0

or a pharmaceutically acceptable salt thereof.
In a sixteenth embodiment there is provided a compound of formula I, wherein
R is methyl,

R? is cyclopropyl;

R? is selected from

NT X X N\
)l\ — | P and | —
H,N N , HN N H,N N

15



"-N NHD5-(4-{ (18)-1-cycl opropyl-145-(1H pyrazol-4-yl1)-1, 2, 4-oxadi azol - 3-
yl I ethyl }phenyl)pyrimdin-2-amne 50 4 N..---\ O N NH --CH

1- 1] 5- ( 3-WO(2dRy0244- ( 2- am nopyri m di n-5-yl ) phenyl] -1- PCT/US2011/047356

cycl opropyl ethyl}-1, 2, 4- oxadi azol - 5-yl)pyrazin-2-yll amno } -2-

met hyl propan-2-ol WD 2012/ 024150PCT/ US2011/ 047356 51 NO- N_ NH--OH
1-1[ 543-1(18) - 14442- am nopyri m di n-5-yl)phenyl] -1- cycl opropyl ethyl }

-1, 2, 4- oxadi aéol - 5-yl)pyrazin-2-yl] amno } -2- nethyl propan-2-ol 52 H2N N
| N 4 0 N ishydroggn, 571247 1R)- 1- cycl opropy1- 1- { 541-

(2-met hoxyet hyl ) - 1H pyrazol -4- yl] -1, 2, 4-oxadi azol - 3- vyl

}ethyll phgnyl }pyrimdin-2-amine 53 H2 NI 0 .0

5- 144( 18R- Bs-selgctedproopy 1- 1- 1541- ( 2- met hoxyet hyl ) - 1H pyr azol - 4-

EZI,\\N }Z?N }Z?N ;‘ZF\N
o A) | Oﬁ) nd (g
OH N o

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
2-(3-{2-[4-(5-methoxypyridin-3-
N yl)phenyl]-3-methylbutan-2-yl }-
| =\
— 1,2,4-oxadiazol-5-yl)pyrazine
| 0 | N N yDpy
pZ N
N 74 \>
—
5-{4-[3-methyl-2-(5-phenyl-1,2,4-
N oxadiazol-3-yl)butan-2-
— \O
- 1]phenyl imidin-2-ami
2 N N yllphenyl } pyrimidin-2-amine
| ~
H,N N

16



yl]l -1, 2, 4-oxadi azol -3- yl }ethyllphenyl}pyrimdin-2-amne 54 H2 N1 4 140
N'"(:) 5-144(1R)- 1-cycl opropy1- 1-{541- (oxetan-3-yl)-1H pyrazol-4-yl] -
1, 2, 4- oxastoaa028t50y| } et hyl | phenyl } pyri m di n- 2-am ne WOI/US2011/047356
2012/ 024150PCT/ US2011/ 047356 55 NI H2 1.1
5-14-[(1S)- 1-cycl opropyl-1-1541- (oxetan-3-yl)-1H pyrazol-4-yl] -
1, 2, 4- oxadi azol - 3- vyl }ethyl]phenyl}pyrlmdln2amne 56 4 N..--- \0\ -
NH ----/lcoHd2-1543—1 (1R}-1 (2-—am-hepy+rir-di-n-5—yhpheayt—1
cycl oprppyl ethyl } -1, 2, 4-oxad azol - 5-yl) py£ azi n?e'tl?l defn 3. %D
met hyl propan- 1-01 57 N | - NH -7C QH i[@ q I)13144
am nopyf i m di n-5-yl) phenyl | FChopr opyl et hix2, 4}oxad1a29143 gblaldal&iol
5-yl)pyfazik-2-yl] amp | propan- | _}%I}phSe%yl)I\)yrimidinQ—amine
HNT N 7\
\ =
5-(4-{3-methyl-2-[5-(6-
N methylpyridin-3-yl)-1,2,4-
—~ \
N oxadiazol-3-yl]butan-2-
4 N N
| P yl}phenyl)pyrimidin-2-amine
HNT N 7\
=
5-(4-{3-methyl-2-[5-(2-
methylpyridin-3-yl)-1,2,4-
N
=X oxadiazol-3-yl]butan-2-
> )Nl\ X N== yl}phenyl)pyrimidin-2-amine
HNT N 7\
=
[2-amino-5-(4-{3-methyl-2-[5-
N (pyridin-3-yl)-1,2,4-oxadiazol-3-
o O yl]butan-2-yl}phenyl)pyridin-3-
6 HO N yl]methanol
H,N N 7\
=
5-(4-{2-[5-(6-chloropyridin-3-yl)-
" 1,2,4-oxadiazol-3-yl]-3-
~ o methylbutan-2-
7 N7 N=
)|\ yl}phenyl)pyrimidin-2-amine
HN N/ 4 \
=
Cl

17



O N---\ 01 NNS5- (4-12,2-dinethyl-1- [5- (1-nethyl-

1H pyrazol -4-yl1)-1, 2, 4- oxadi azol - 3-yl ] propyl } phenyl)pyrimdin-2- amne W
2012/ 024 1NS0RGIR/I283011/ 047356 59 H2ZN \ 4 o0 1 2- [443- 1P€T/US2011/047356

[ 4-(2-am nopyrimdin-5- yl)phenyl]-1-cycl opropylethyl } -

1, 2, 4- oxadi azol -5-y1)-1H pyrazol - 1-yll-N, N-di net hyl acetam de 60 H2NN 4 O

H",--N---\ o1 2- [443-11- |[4- (2 am nopyri md| n- 5-
yl )phen H1-eyclopropylethyt—} 1 24-oxadiaze 6L Jh adzﬁ'
1-yl | - N et hyl acet ani de 61 H LN G {Q_L[S)( ethoxypyridin 3-
5-(4-1([LR) - 1-cy¢l opropyl- 145: met hyl - 1H py_r?;)oi 24 Bchlita}o123-91]-3-
oxadi azpl -3- yl] ethyl }ph Qi di n- 2-jami rie 627\
o methylbutan-2-
8 N N=
yl}phenyl)pyrimidin-2-amine
H,NT N 7\
=
o_
5-(3-{2-[4-(2-aminopyrimidin-5-
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N\
N| A oxadiazol-5-yl)pyrazin-2-
N
73 H,N NG 7\ yl]Jamino }-2-methylpropan-2-ol
=
NH
N 2-{[5-(3-{2-[4-(2-aminopyrimidin-
0
N| N N== S-yDphenyl]propan-2-yl}-1,2,4-
N oxadiazol-5-yl)pyrazin-2-
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N N \ 2-methylpropan-2-ol
2 N/N
T
5-[4-(2-{5-[1-(2-methoxyethyl)-
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| _ OH
H,NT TN
5-[4-(2-{5-[(2-
methoxyethyl)amino]-1,2,4-
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pyrimidin-2-ylamine

219

1-(3-{1-[4-(2-Amino-pyrimidin-5-
yl)-phenyl]-1,2-dimethyl-propyl }-
[1,2,4]oxadiazol-5-yl)-piperidine-4-

carboxylic acid

220

2-[4-(3-{(R)-1-[4-(2-Amino-
pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-1-((R)-3-methoxy-pyrrolidin-1-

yl)-ethanone
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N y1)-pyrazol -1-y1]-N, N-di net hyl - acetam de
pyridin-3 -yl)-phenyl]
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- N, N-di met hyl - acet am de

N N

I 4

-1- F N 243

[1, 2, 4] oxadi azol - 5-y1) Ppyrs2ai 173561 |
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221

2-[4-(3-{(R)-1-[4-(2-Amino-
pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-1-((S)-3-methoxy-pyrrolidin-1-

yl)-ethanone

222

5-(4-{1-[5-(4-Amino-piperidin-1-
yD)-[1,2,4]oxadiazol-3-yl]-1,2-
dimethyl-propyl }-phenyl)-

pyrimidin-2-ylamine

223

I-(3-{(R)-1-[4-(2-Amino-
pyrimidin-5-yl)-phenyl]-1,2-
dimethyl-propyl}-[1,2,4]oxadiazol-
5-yD)-piperidin-4-ol

224

1-(3-{(S)-1-[4-(2- Amino-
pyrimidin-5-yl)-phenyl]-1,2-
dimethyl-propyl}-[1,2,4]oxadiazol-
5-yD)-piperidin-4-ol
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[4-(5-Am no-3-nethyl- 245 ho ........ "Ns_, I N, pyrazi n-2-yl) - phenyl ]
-1- cyclopropyl-ethyl } - [1,2,4] oxadiazol-5-y1)-pyrazol -1-

1-(3-{1-[4-(2-Amino-pyrimidin-5-

N
—~ \
O

yl)-phenyl]-1,2-dimethyl-propyl }-

225 [1,2,4]oxadiazol-5-yl)-2-methyl-

propan-2-ol

2-[4-(3-{(R)-1-Cyclopropyl-1-[4-

(2-methylamino-pyrimidin-5-yl)-

226 phenyl]-ethyl}-[1,2,4]oxadiazol-5-
yl)-pyrazol-1-yl]-N,N-dimethyl-

acetamide

I-(3-{(R)-1-[4-(2-Amino-
pyrimidin-5-yl)-phenyl]-1,2-
227 dimethyl-propyl}-[1,2,4]oxadiazol-

5-yl)-4-methyl-piperidin-4-ol

OH

1-(3-{(S)-1-[4-(2-Amino-

pyrimidin-5-yl)-phenyl]-1,2-

228 dimethyl-propyl}-[1,2,4]oxadiazol-

5-yl)-4-methyl-piperidin-4-ol

OH
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-N, N-di et hyl

4 101 N

N'---

-acet anm de

I WD 2012/ 024150PCT/ US2011/ 047356
0 ON 1 244-(3-1144-(6-Am no- 5-

229

5-(4-{1-[5-(2-Methoxy-
ethoxymethyl)-[1,2,4]oxadiazol-3-
yl]-1,2-dimethyl-propyl }-phenyl)-

pyrimidin-2-ylamine

230

2-[4-(3-{(R)-1-[4-(2-Amino-
pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N-methyl-acetamide

231

2-[4-(3-{(S)-1-[4-(2-Amino-
pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N-methyl-acetamide

232

5-(4-{1-[5-(2-Methoxy-ethyl)-
[1,2,4]oxadiazol-3-yl]-1,2-
dimethyl-propyl }-phenyl)-

pyrimidin-2-ylamine
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244- (3- 11- Cycl opropyl-1-[4-(2-

} 41, - 5-
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2, 4] oxadi azol

-N, N-di met hyl- acetam de

n- 2 vy 1) nheonvl
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oxadi azol -
N---\|o
O- pyri m di n-

233

|
5 y1) - pyr, |

y l H!Iellyl ] AV
acet am de 252 H2N
41- (3 3(11)&1 [4-42-Amino-
| -

pyrlmldm % yl) phenyl]-1-

)\ orii
t

cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-piperidin-4-

ol

234

1-(3-{(S)-1-[4-(2- Amino-
pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-piperidin-4-

ol

235

8-(3-{1-[4-(2-Amino-pyrimidin-5-
yl)-phenyl]-1,2-dimethyl-propyl }-
[1,2,4]oxadiazol-5-yl)-8-aza-
bicyclo[3.2.1]octan-3-0l

236

5-(4-{1,2-Dimethyl-1-[5-(1-methyl-
piperidin-4-ylamino)-
[1,2,4]oxadiazol-3-yl]-propyl }-
phenyl)-pyrimidin-2-ylamine

68

phenyl ]

2t hyl

)

}
\



[1, 2, 4] oxadi azol -5-y1l)-pi perazin-1- A -ethanol 253 4 N----\ 0 N--
5-(4-11-Cycl opropyl-1-[5-(1- nethyl-1H pyrazol-4-y1)- [1, 2, 4]

oxadi azolwB-2912)024s0hyl } - phenyl)-1H pyrrol o [ 2, 3-b] pyPCaiuse012547366 N H |

4 --- \ 0 NN ON 1 24443-1 (R -1-Cycl opropyl-144- (3, 4-di hydro-2H pyrido
[3,2- b] [1,4] oxazin-7-yl)-phenyl] -ethyl } - [1,2,4]

oxadi azol -5-yl)-pyrazol -1- yl] -N, Ndinethyl-acetamde 255 (:) NH 4. O N

N \O N YN 1 244 (2 1( <) 1-_Cvelonronvyl-1-[1 A (2 di bvdro- 2l nuri dn
N ZHe— (O L =

.I.. \\J} . \/y\ll U'JI U'Jy.l. . L \U,4 A\ 1} !Iyul \vJ Llrpyl LEAY.AYJ [3, 2-
b] [1,4] oxazini7-yl)-phenyl] } - [, 2,4] oxadiazol -5-y1)-pyrazol-I-
yl'] -N, N-di nmet hyl - acet am de / 024150PCT/ US2011/ 047356 256 4 O|N
. _.0 5t (4-11-Cycl opropyl- 145 th){\d\- 1H Qy(5-"9{%quiéZN&?rfo-pyrimidin-S-
O
N §< yl)-phenyl]-1,2-dimethyl-propyl } -
237 N

AN
NH [1,2,4]oxadiazol-5-ylamino)-
| y
/

H,N N cyclohexanol

HO
N 1-(3-{ 1-[4-(2-Amino-pyrimidin-5-
/\\O yl)-phenyl]-1-cyclopropyl-ethyl } -
238 N S N\<N [1,2,4]oxadiazol-5-yl)-4-methyl-
HQN)\N/ piperidin-4-ol

OH

2-[4-(3-{1-Cyclopropyl-1-[4-(3,4-
/\ Yo dihydro-2H-pyrido[3,2-
239 [ | \§§\ b][1,4]oxazin-7-yl)-phenyl]-ethyl}-
N\ N [1,2,4]oxadiazol-5-yl)-pyrazol-1-
;\ - yl]-N,N-dimethyl-acetamide

N\ /7

I=

2-[4-(3-{1-[4-(2-Amino-4-methyl-

N pyrimidin-5-yl)-phenyl]-1-
N\
240 )N|\ j \§§‘ cyclopropyl-ethyl }-
e N\ N [1,2,4]oxadiazol-5-yl)-pyrazol-1-
O;\N - yl]-N,N-dimethyl-acetamide
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[1, 2, 4] oxadiazol-3-yl] -ethyl } - phenyl)-2, 3-di hydro-1H
pyrrolo[2,3-b]pyridine 257 4 1s ,. - , NNON 1 24443-1 (R)-1-

[ 4- (2- Amiwo-24r2/02etshy| - pyrim di n-5-y1) - phenyl] -1- cycl opcomgkelatonsig -
[1, 2,4] oxadi azol - 5- y1) pyr azol -1- yl] -N N-dinethyl-acetam de 258 N

..----\ 0 - NNO-.  N...-..- | 244-(3-1(S)-144-(2- Ani no- 4-
met hyl - pyr| m di n- 5- yl) phenyl ] -1- cyclopropyl -ethyl}- [1,2, 4]
oxadi azpt—5-—yH)pyrazel—1 ] N-N-di-ret-hyl—acet am de—259-A0——-—,\ 0
KIl o 5 (4-11-Qc|opropy1- b- (4- et hanesul yIP er|d|n | - { 11, 2, 4]
oxadi azpl - 3-yl] |-ethyl } ylg pyr| m di Egﬂ m n% 1%81)3%01 K?l N
S -( N/ 4--\z \--- [ 4-(2- Aﬂih@dropyﬂlpmﬁldﬁ S-b]pyrldm—
yl) - phenyl 1-1, 27 di pethyl-prepyl }V\ [1 2, 4] oxadi azol - i _
trinethyl -2¢hane-¢ i_pm ne WD 212/ 024150PCT/ US?]O“PEP‘M]TS@@ }261 lei N
0 ----1p(C Ne--\ (LD I B [1,2,4]oxadiazol-5-yl)-pyrazol-1-
;\ s yl]-N,N-dimethyl-acetamide
2-[4-(3-{1-Cyclopropyl-1-[4-(1H-
pyrrolo[2,3-b]pyridin-5-yl)-
N\
w | O \§§\ phenyl]-ethyl}-[1,2.4]oxadiazol-5-
N B yl)-pyrazol-1-yl]-N,N-dimethyl-
AN acetamide
|
2-[4-(3-{1-[4-(6-Amino-5-fluoro-
N
s pyridin-3-yl)-phenyl]-1-
F N==
243 j - cyclopropyl-ethyl }-
e N\ [1,2,4]oxadiazol-5-yl)-pyrazol-1-
O;\N/ yl]-N,N-dimethyl-acetamide
|
2-[4-(3-{1-[4-(6-Amino-2-methyl-
N
~ pyridin-3-yl)-phenyl]-1-
N\
244 > - cyclopropyl-ethyl }-
nn N\ N [1,2,4]oxadiazol-5-yl)-pyrazol-1-
O;\N/ yl]-N,N-dimethyl-acetamide
|
2-[4-(3-{1-[4-(5-Amino-3-methyl-
N
~ o pyrazin-2-yl)-phenyl]-1-
N N
245 JI : - cyclopropyl-ethyl }-
nen N\ N [1,2,4]oxadiazol-5-yl)-pyrazol-1-
O;\N/ yl]-N,N-dimethyl-acetamide
|
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di met hy
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1, 2-

OH 1-

(R) -1-Cycl opropyl-145-(1- oxetan-3-yl-1H pyrazol-4-y1)- [1, 2, 4]
oxadi azol -3-yll -ethyl } - phenyl) pyridin-2-ylam ne 264 0 N
N---\ (—3+Nh5—(4-11—5—(4-+tsopropyl p:peraz.n -y 1)-412-4]
oxadi azpl - 3-y1141, 2- ¢\ - propy1} - phenyl1) Ak gk @ avliagisne 26
NN4GB5 N-- 0N 544-1 (R -3Cyel opr opyl-|145- %{ L M@ ARiAs
oxetan-[3-yl- 1Fprr. F [T 2p4] oxadiazoﬁﬁmeyﬁmmhﬁqhmﬂn}3yb
phenyl )t pyrazi ni{ 2% np d with trjiflyorao-acetjc acjd
2012/ 024150FCT/ US2011/ 0, N phengti 35S elopropy -yl
N N\ [1,2,4]oxadiazol-5-yl)-pyrazol-1-
O;\N/ yl]-N,N-dimethyl-acetamide
|
2-[4-(3-{1-Cyclopropyl-1-[4-(SH-
N
- pyrrolo[2,3-b]pyrazin-2-yl)-
N N==,
7 q ) _ phenyl]-ethyl}-[1,2,4]oxadiazol-5-
i \N/N;\ yl)-pyrazol-1-y1]-N,N-dimethyl-
A~ acetamide
|
1-(3-{ 1-[4-(6-Amino-pyridin-3-yl)-
= N\O phenyl]-1-cyclopropyl-ethyl }-
248 X N§< [1,2,4]oxadiazol-5-yl)-piperidin-4-
N
H,N N/ ol
OH
2-[4-(3-{1-Cyclopropyl-1-[4-(2-
2 ethylamino-pyrimidin-5-y1)-
N\
u | ® % phenyl]-ethyl}-[1,2,4]oxadiazol-5-
Nt \N/N;\ yl)-pyrazol-1-yl]-N,N-dimethyl-
o T/ acetamide
2-[4-(3-{1-Cyclopropyl-1-[4-(2-
cyclopropylamino-pyrimidin-5-yl)-
NN " .
250 AN )|\N/ phenyl]-ethyl}-[1,2,4]oxadiazol-5-
: yl)-pyrazol-1-yl]-N,N-dimethyl-
o T/ acetamide

55 HZ2N
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\O----- N---\ (- NI 5-(4-11-[5-(4-Cyclopropyl- i erazin- 1- 1 - 12 4
oxadi azol-3- P PY ) [,,] y1]-1, 2-dinethyl -propyl}-phenyl)-
pyri m di rwo-2912znrurse 267 HN N A N-- \ 0, 5-(4-1(S)- 1rCyaiSoquopisie 145-
(3,4,5,6-tetrahydro-2H [1, 21bi pyrazinyl-5'-yl)- [1, 2,4] oxadiazol-3-yll
-ethyl } - phenyl)-pyrirn'din 2-ylamne 268 HZN A N--- \ 0, \ Q-NL H
NA[ 1, 2, 4] oxadi azol -3-yl | N-\ 5-(4-1(S)-1-Cycl opropyl 145-
(3, 4, 5, p—tetrahydro2H 1 21bipyrazinyl-5—yh ethyl—}
phenyl )tpyridin{2-ylamne Z§9 1. N\O --- "36[4@{1-(‘3’0{@“&1}’11 [4- (&V o\ 4-
(3-11- [4- (2-Am no-pyrimdi y1l) - phenyl|] -1 yl -
[1, 2, 4] | oxadi azol - ' NegL- carboxy|lic n%etﬂ\&nﬁﬁr%é%{)c{ﬁ)g y&) WD
2012/ 024150PCT/ JSZO \' N O\ O| phenyl]-ethyl}- [1 24]oxad1azol 5-
5- (4- 1145- 64+ Met hoxy - p| peridin-|- )41, 2, 4] oxadi azol - I¥ 2-
di met hy| - pr opy1} - 2- y| ani [neYl2Pyragoi -yN-N.N- dlmethyl'

| N acetamide

252

OH

2-[4-(3-{1-[4-(2- Amino-pyrimidin-

5-yD)-phenyl]-1-cyclopropyl-ethyl }-

[1,2,4]oxadiazol-5-yl)-piperazin-1-
yl]-ethanol

253

5-(4-{1-Cyclopropyl-1-[5-(1-
methyl-1H-pyrazol-4-yl)-
[1,2,4]oxadiazol-3-yl]-ethyl }-
phenyl)-1H-pyrrolo[2,3-b]pyridine

254

2-[4-(3-{(R)-1-Cyclopropyl-1-[4-
(3,4-dihydro-2H-pyrido[3,2-
b][1,4]oxazin-7-yl)-phenyl]-ethyl } -
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

255

2-[4-(3-{(S)-1-Cyclopropyl-1-[4-
(3,4-dihydro-2H-pyrido[3,2-
b][1,4]oxazin-7-yl)-phenyl]-ethyl } -
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide
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\ A

\Jlrpyl LI "4l
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oxadi az
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LL,U UJ HyI(ALIIIb [ e LI/

(2- Ami no- pyri m di #5\5- y1) - phenyl
|

1 1 N A W |
] - Ty LCstppsavddisil- 1
methyl-1H-pyrazol-4-yl)-
[1,2,4]oxadiazol-3-yl]-ethyl }-
phenyl)-2,3-dihydro-1H-
pyrrolo[2,3-b]pyridine

257

2-[4-(3-{(R)-1-[4-(2-Amino-4-
methyl-pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

258

2-[4-(3-{(S)-1-[4-(2-Amino-4-
methyl-pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

259

5-(4-{1-Cyclopropyl-1-[5-(4-
methanesulfonyl-piperidin-1-yl)-

[1,2,4]oxadiazol-3-yl]-ethyl }-

phenyl)-pyrimidin-2-ylamine

260

N-(3-{1-[4-(2-Amino-pyrimidin-5-
yl)-phenyl]-1,2-dimethyl-propyl }-
[1,2,4]oxadiazol-5-yl)-N,N',N'-

trimethyl-ethane-1,2-diamine
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WO 2012/ 024150PCT/ US2011/ 047356 275 N 1 H, NO, I NNNcro ....-N2- [4-
(3-11- [4- (2-Am no-4-fluoro- pyrimdin-5-yl)-phenyl] -1- cycl opropyl -ethyl
} - [1, 2,%0D20radienol - 5-y1) - pyrazol -1- yl] -N, N di net hylPCaast@miodss76 A
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azetidin-3-ol 277 . 41 NH2 . NNNcro ....-N2- [4- (3-11- [4-

I
( 2- Ami np—6-—fHuetro—pyridi-n-—3—yh)—phenyH—3t—eyelopropyt—ethyl—} h1,2,4]
oxadi azpl - 5-y1) 1pyrazol -1- yl] -N, N-di net hyl - acetam de 278 \
244- (3-[1144- (6- Am no- 2-f | ua pyridin-3 -yl)-phenyl] -1- cycl opropyl -ethyl
} - [1,R, 4] oxadiazol - yTazel<1- yl] |- M- di[retHignt-Bacyd+paparaen-
i di n-3-y1)-phenyl]-1-cycl pyl -let Syl} -[[1, 2, 4] di azol - 5- = pyrazol
-1-y11- N, Ny df et hy | +cfC 7612/ 024150%@7%%%%%%%3&@73‘ N{IN H 4
.0 NN N\> dimethyl-propyl }-phenyl)-
<\N pyrimidin-2-ylamine
N 1-(3-{1-[4-(2-Amino-pyrimidin-5-
—~ \
L/ yl)-phenyl]-1,2-dimethyl-propyl}-
262 N7 \< . L
| \ [1,2,4]oxadiazol-5-yl)-piperidin-4-
H,N N/ ol

5-(4-{(R)-1-Cyclopropyl-1-[5-(1-
oxetan-3-yl-1H-pyrazol-4-yl)-
263 [1,2,4]oxadiazol-3-yl]-ethyl }-

phenyl)-pyridin-2-ylamine

5-(4-{1-[5-(4-Isopropyl-piperazin-
O
N N§< 1-yD-[1,2,4]oxadiazol-3-yl]-1,2-
264 \
)\ = N dimethyl-propyl }-phenyl)-

pyrimidin-2-ylamine

5-(4-{(R)-1-Cyclopropyl-1-[5-(1-
oxetan-3-yl-1H-pyrazol-4-yl)-

265 [1,2,4]oxadiazol-3-yl]-ethyl }-
phenyl)-pyrazin-2-ylamine;

compound with trifluoro-acetic acid
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HNLI 4N..---\ ONl 244(3 1(R) 144- ( 6- Am no- 5-
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1-(3-1(R - 1- [ 41 enyl] -1-cycl opropyl-ethyl } -
[1, 2, 4] | oxadi az¢ ) 2012(40021 15 0PCYE1um2pHL/ 047356
283 H2N

piperazin-1-yl)-[1,2,4]oxadiazol-3-

\/

266 yl]-1,2-dimethyl-propyl }-phenyl)-

pyrimidin-2-ylamine

5-(4-{(S)-1-Cyclopropyl-1-[5-
(3,4,5,6-tetrahydro-2H-
[1,2']bipyrazinyl-5'-yl)-

[1,2,4]oxadiazol-3-yl]-ethyl }-

267

phenyl)-pyrimidin-2-ylamine

5-(4-{(S)-1-Cyclopropyl-1-[5-
(3,4,5,6-tetrahydro-2H-
[1,2']bipyrazinyl-5'-yl)-

[1,2,4]oxadiazol-3-yl]-ethyl }-

268

phenyl)-pyridin-2-ylamine

N 4-(3-{ 1-[4-(2-Amino-pyrimidin-5-

N N§< yl)-phenyl]-1,2-dimethyl-propyl }-
269 |

NN ‘> [1,2,4]oxadiazol-5-yl)-piperazine-
<\ I-carboxylic acid dimethylamide
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O N./ \ 0OCH1-(3- 1 (S)-144-(6-Am no-pyridin-3-

y1l) - phenyl]-1-cycl opropyl -ethyl } - [1,2,4] oxadiazol-5-yl1)-piperidin-4- 01

284 - -WON012/02415D . O ON il 244-(3-1 (R)-1-Cycl opr oppLTA%4011/047356

(2,3-di hydro-1Hpyrrolo [2,3- b]pyridin-5-yl1)-phenyl] -ethyl } - [1,2,4]

oxadi azol -5-y1)-pyrazol -1- yl] -N, Ndinethyl-acetamde 285 1 H2e....N O

N\(:) KNN (:)'N1 244-(3-1 (R -144-(5-Am no- 3-
1 1

n'et hyl - D\ Aazin v1IY - nhenvl 1 evel anr npyvl ot hyvl 1 [ 12 Al
) yroaZrt—zZ—y ) phrtiy ] CYCTroOpropyf—ethyt— T &5 ]
oxadi azpl - 5-y1) 1pyrazol -1- yl] -N, N-di net hyl - acet am de 286 (10 N 4-- '\

N..--O0 NN 3-(4111- | oV - ¥45-( 1- h -4-y1)-.[1,.2,|4
(dy11-Oyel opr et oA P ARk hberididka 2 4

oxadi azpl -3-yl] |-ethyl }
2012/ 024150PCT/ US2011/ 047 ° y1)-[1,2,4]oxadiazol-3-yl]-1,2-

N
270 I dimethyl-propyl }-phenyl)-

pyrimidin-2-ylamine

5-(4-{(R)-1-Cyclopropyl-1-[5-(1-
cyclopropyl-1H-pyrazol-4-yl)-

27 [1,2,4]oxadiazol-3-yl]-ethyl }-
HaN phenyl)-pyrimidin-2-ylamine
[4-(3-{1-[4-(2-Amino-pyrimidin-5-
VAR yl)-phenyl]-1,2-dimethyl-propyl }-
NN N
272 o~ 1/ ’>/’ [1,2,4]oxadiazol-5-y)-piperazin-1-
HZNJ\ W yl]-acetic acid
2-(4-{1-Cyclopropyl-1-[5-(1-
N
s =N, methyl-1H-pyrazol-4-yl)-
/ AN N= [1,2,4]oxadiazol-3-yl]-ethyl }-
<\,IN/ — phenyl)-SH-pyrrolo[2,3-b]pyrazine
H \N/N\

1-(3-{1-[4-(2-Amino-pyrimidin-5-

o)
274 N§< yl)-phenyl]-1-cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-azetidin-3-ol
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287 1 0 Nk HO (R) -143-11- [4-(2-Ami no- pyrimdin-5-yl)-phenyl] -1-

cycl opropyl-ethyl } - [1,2,4] oxadiazol-5-yl)-piperidin-3- ol 288 ?1.1N
---\ WO0j2012/024150 \ N O s: HO (S)-1-(3-{ 1-[4-(2-Am n®CT/US2011/047356

pyri m di n-5-y1)-phenyl] -1- cyclopropyl-ethyl } - [1,2,4]

oxadi azol -5-yl)-piperidin-3- ol 280 N? O_ N\ - O KNN ON |
244- (3-1144- (5- Ami no-6- trifluoronethyl-pyrazin-2-yl)- phenyl ]
- 1- cycl ppropyH—ethy—3 24} —exadiazel—5 yl) py+razel—1—yH
-N, N-di pet hyl - acet am de 290 4 N NN S z
1-cycl opropyl- 1- [5- ( pyrazol -\4- yl) {)[/1 ﬂx gmg&oaé%él% 3-yl]
-ethyl } - phenyl)-pyri AN Q, OMrikmaﬂASJWB pheR)-1-1 44- (6-
Amino -|5 - N™S
275 N )l\N/ VA cyclopropyl-ethyl }-
2 N [1,2,4]oxadiazol-5-yl)-pyrazol-1-
KNfO yl]-N,N-dimethyl-acetamide
N

1-(3-{ 1-[4-(2-Amino-pyrimidin-5-

~ % yl)-phenyl]-1-cyclopropyl-ethyl }-
276 S N\< [1,2,4]oxadiazol-5-yl)-3-methyl-
N
HZN)\N/ azetidin-3-ol
OH
2-[4-(3-{1-[4-(2-Amino-6-fluoro-
’N'o pyridin-3-yl)-phenyl]-1-
A N= cyclopropyl-ethyl }-
271 F N NH, 4 N’\N [1,2,4]oxadiazol-5-yl)-pyrazol-1-
o yl]-N,N-dimethyl-acetamide
e N
N
2-[4-(3-{1-[4-(6-Amino-2-fluoro-
pyridin-3-yl)-phenyl]-1-
/N\o cyclopropyl-ethyl }-
N N= [1,2,4]oxadiazol-5-yl)-pyrazol-1-
278 _ / \ yl]-N,N-dimethyl-acetamide
H,N N F

N idin-3-yl)-phenyl]-1-cyclopropyl-et

840 hyl}-[1,2,4]oxadiazol-5-yl)-pyrazol
-1-y1]-N,N-dimethyl-acetamide
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fluoro-pyridin-3-yl)-phenyl] -1- cyclopropyl-ethyl } - [1,2,4]
oxadi azol -5-yl)-pyrazol -1- yl] -N, N-di net hyl -acetam de WO
2012/ 024 NS0RQR/0283011/ 047356 292 1 HHN 0 N --PCTMSBO111047356
244- (3-1(R) - 144- (6- Ami no-2- nethyl -pyridin-3 -yl)-phenyl] -1-
cycl opropyl -ethyl}- [1,2,4] oxadiazol-5-yl1)-pyrazol-1- yl]
- N, N-di rrethyl acet am de 293 H NI O, /I NNcro,- N 244-(3-1 (R -
[4 (2- Amne—4 FHiere—pyrm-din-5—yH—phenyHH—t——<eyelopropyt—et-hyd

, 2,4] pxadiazol -5-y1)-pyrazal-1- yl] -N N|dixngEtiylRadetwogiepy94[4- 4
'o | NN cro -|N 244- {Rh; 144-(5-|Ami no- 6-
cyano- pyrazi n-2{y1) - phenyl Olc | opr opy|l CaiseRpppylamino-pyrimigin-5-yl)-
oxadi azpl - ?ié’l) pyr az ] - N,\gt\jl met hyl pﬁ‘&ﬁ]%ﬂ?—[?,%?l]Ma’&ia'}'ol-s-

N N N\ _N

N

X

yl)-pyrazol-1-yl]-N,N-dimethyl-

acetamide

280

2-[4-(3-{(R)-1-Cyclopropyl-1-[4-
(6-methylamino-pyridin-3-yl)-

phenyl]-ethyl }-[1,2,4]oxadiazol-5

yl)-pyrazol-1-yl]-N,N-dimethyl-

acetamide

281

2-[4-(3-{(R)-1-[4-(6-Amino-5-
trifluoromethyl-pyridin-3-yl)-
phenyl]-1-cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

282

OH

1-(3-{(R)-1-[4-(6-Amino-pyridin-
3-yD)-phenyl]-1-cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-piperidin-4-

ol

78
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4 S N\
cycl opropyl -ethyl } -
- N, N- di mrewvbybracetsam de
No 1N Ncro,-

pyri di n-3-yl)-phenyl]-1-
[1, 2, 4] oxadi azol -
N O 4

- - OH r/’.) 11 r/1
o [ i

5-y1)-pyrazol -

WD 2012/ 024150PCT/ US2011/ 04735@C2AB20H2/M47386 N N
N 244-(3-1144-(6- Am no- 2-cyano-

cycl opropyl -

(2

0 244-(3-1144-(5- Am no- 3-cyano-
[1, 2,4] oxadi azol

-5-

et hyl

1- yII-N,N—dlnethyI

\ LY I

yl) -pyrazol -1- yl]

} -

acet am de 297

y1)-phe

am noj -
1- [4-(
-1-cycl

nyl] - 1- cy clopropyl
cyclohexanol
2- Am no- 4-
ppr opy!l - et hyl

283

298 H 2
fl uoro-

6- nE

Am
\L A0 |.Jy

I} -

xadlazol 5-y1) - net hyl -
N. Ncro ,- N 244-(3-

f/’g’ }@r O 4%¥§J_mno-pyﬁdm-3-
yl)-phenyl]-1-cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-piperidin-4-

ol

284

2-[4-(3-{(R)-1-Cyclopropyl-1-[4-
(2,3-dihydro-1H-pyrrolo[2,3-
b]pyridin-5-yl)-phenyl]-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

285

2-[4-(3-{(R)-1-[4-(5-Amino-3-
methyl-pyrazin-2-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

286

N\ /

3-(4-{1-Cyclopropyl-1-[5-(1-
methyl-1H-pyrazol-4-yl)-

[1,2,4]oxadiazol-3-yl]-ethyl }-

phenyl)-5-methoxy-pyridine

79

pyrazi n-2-yl) - phenyl ]

A 140 N



yl'1-N, N-di net hyl

-acet anm de

I n one enbodi nment,
of the conpounds depicted in Table 1 above or

the invention relates to any
phar maceutical |y acceptabl e

salts t heweab12/Repnesent ati ve conpounds of the inventi oRCThsaIa®yi3géty in

t he FLAP bi ndi ng assay,

properties section,

described in the assessnent of bi ol ogical

as shown in Table 2. Table 2 Exanpl e FLAP binding I C50

4 1.6 310 5 1.6

290 13

(nM Hurman Wol e Blood IC50 (nM 1 57 2 5.1680 3 1.7 94
150 6 131+-/0—+73-1-56083-853092-92101043—311-1-9891233
3.6 460| 14 4.6 140 15 2.0 46 2.5 110 17 24 510
(R) 1-(3-{1-[4-(2-Amino-
AN pyrimidin-5-yl)-phenyl]-1-
o
287 X N>< cyclopropyl-ethyl }-
)I\ P D [1,2,4]oxadiazol-5-yl)-piperidin-3-
HN N
ol
HO
(S)-1-(3-{1-[4-(2-Amino-
N
~ % pyrimidin-5-yl)-phenyl]-1-
N\
288 N| X \< cyclopropyl-ethyl }-
N
N )\N/ Q [1,2,4]oxadiazol-5-yl)-piperidin-3-
ol
HO'
N 2-[4-(3-{1-[4-(5-Amino-6-
F E = \o
N N== trifluoromethyl-pyrazin-2-yl)-
F
289 | — == phenyl]-1-cyclopropyl-ethyl }-
H,N N N
N/N;\ [1,2,4]oxadiazol-5-yl)-pyrazol-1-
o T/ yl]-N,N-dimethyl-acetamide
3-Benzyloxy-5-(4-{ 1-cyclopropyl-
ZaN 1-[5-(1-methyl-1H-pyrazol-4-yl)-
290 ° [1,2,4]oxadiazol-3-yl]-ethyl }-
phenyl)-pyridine
2-[4-(3-{(R)-1-[4-(6-Amino-5-
fluoro-pyridin-3-yl)-phenyl]-1-
291 cyclopropyl-ethyl }-
HNT N = [1,2,4]oxadiazol-5-yl)-pyrazol-1-
O;\N - yl]-N,N-dimethyl-acetamide
|
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18 3.3 320 19 5.8 260 20 10 3200 21 5.5 87 22 4.2 46 23 6.9 170 24 19 410
25 6.0 170 26 9.1 160 27 12 330 28 26 320 29 5.3 190 30 5.0 60 31 1.6 200

32 18 250802812612615210 34 3.7 160 35 3.2 360 36 3.2 17@C3US2014/02866 38

292

H,N

2-[4-(3-{(R)-1-[4-(6-Amino-2-
methyl-pyridin-3-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

293

2-[4-(3-{(R)-1-[4-(2-Amino-4-
fluoro-pyrimidin-5-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

294

2-[4-(3-{(R)-1-[4-(5-Amino-6-
cyano-pyrazin-2-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

295

2-[4-(3-{1-[4-(5-Amino-3-cyano-
pyrazin-2-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide
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2.2 97 39 2.1 110 40 2.3 100 41 2.2 170 42 1.5 25 43 2.5 30 44 2.2 150 45
3.1 140 46 1.6 33 47 7.7 360 48 6.8 190 49 19 680 50 1.3 95 51 3.9 140 52
2.4 26 530203044 2.6 27 55 11 200 56 2.4 79 57 6.8 1p0TAS2M11/04386 59

296

2-[4-(3-{1-[4-(6-Amino-2-cyano-
pyridin-3-yl)-phenyl]-1-
cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

297

4-[(3-{1-[4-(2-Amino-pyrimidin-5-
yl)-phenyl]-1-cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-methyl-

amino]-cyclohexanol

298

2-[4-(3-{(R)-1-[4-(2-Amino-4-
fluoro-6-methyl-pyrimidin-5-yl)-
phenyl]-1-cyclopropyl-ethyl }-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-
yl]-N,N-dimethyl-acetamide

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

above or pharmaceutically acceptable salts thereof.

Representative compounds of the invention show activity in the FLAP binding assay,

described in the assessment of biological properties section, as shown in Table 2.

Table 2
FLAP binding Human Whole Blood
Example
ICsp (nM) ICso (nM)
1 57
2 5.1 680
3 1.7 94
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1.1 76 60 4.0 140 61 1.3 15 62 18 350 63 1.1 14 64 16 410 65 75 1500 66
11 330 67 6.2 190 68 6.7 93 69 7.7 120 70 7.1 590 71 17 900 72 12 440 73 28
990 74 1W64012/B438 260 76 35 270 77 1.7 36 78 1.3 240 POTAS0011/047356

4 1.6 310

5 1.6 150
6 1.1 70

7 3.1 560
8 3.8 530
9 2.9 210
10 4.3

11 1.9 89

12 3.3 290
13 3.6 460
14 4.6 140
15 2.0 46

16 2.5 110
17 24 510
18 3.3 320
19 5.8 260
20 10 3200
21 5.5 87

22 4.2 46

23 6.9 170
24 19 410
25 6.0 170
26 9.1 160
27 12 330
28 26 320
29 5.3 190
30 5.0 60

31 1.6 200
32 18 2500
33 6.6 210
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2200 80 23 350 81 11 180 82 13 220 83 26 1100 84 120 1700 85 48 >5000 86
190 >5000 87 41 970 88 51% nh@ 1000nM >5000 89 13 270 90 63 1500 91 54 1300
92 110 >580Q0232250 >5000 94 350 >5000 95 130 >5000 9@CT/US21304B%6 8.8 170
98 12 570 99 3.9 200

34 3.7 160
35 32 360
36 32 170
37 7.4 250
38 22 97
39 2.1 110
40 23 100
41 22 170
2 15 25
43 25 30
44 22 150
45 3.1 140
46 1.6 33
47 7.7 360
48 6.8 190
49 19 680
50 13 95
51 3.9 140
52 2.4 26
53 27 450
54 2.6 27
55 11 200
56 2.4 79
57 6.8 150
58 11 190
59 1.1 76
60 40 140
61 13 15
62 18 350
63 1.1 14
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100 2.3 110 101 280 >5000 102 1.6 51 103 130 2700 104 6.1 130 105 490 >5000
106 4.8 76 107 0.86 17 108 8.7 320 109 46 1500 110 190 2800 111 15 2900 112
190 >5000w028128243000 114 21 1100 115 1.9 58 116 150 20@0TABZ013047B200 118
9.9 820 119 9.2 900 120 40 2100

64 16 410
65 75 1500
66 11 330
67 6.2 190
68 6.7 93
69 7.7 120
70 7.1 590
71 17 900
72 12 440
73 28 990
74 17 640
75 23 260
76 35 270
77 1.7 36
78 1.3 240
79 150 2200
80 23 350
81 11 180
82 13 220
83 26 1100
84 120 1700
85 48 >5000
86 190 >5000
87 41 970
88 51%inh@1000nM >5000
89 13 270
90 63 1500
91 54 1300
92 110 >5000
93 240 >5000
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121 2.6 91 122 140 3200 123 1.7 42 124 2.3 31 125 1.5 290 126 4.6 260 127
2.9 650 128 1.6 240 129 2 180 130 1.4 180 131 8.7 132 2.8 330 133 1.6 190
134 8.3 1WO0208%24154 250 136 5.4 320 137 2.8 77 138 15 7®@0TAB2014/04735440 4.1
710 141

94 350 >5000
95 130 >5000
96 7.5 150
97 8.8 170
98 12 570
99 3.9 200
100 2.3 110
101 280 >5000
102 1.6 51
103 130 2700
104 6.1 130
105 490 >5000
106 4.8 76
107 0.86 17
108 8.7 320
109 46 1500
110 190 2800
111 15 2900
112 190 >5000
113 66 3100
114 21 1100
115 1.9 58
116 150 2000
117 31 1200
118 9.9 820
119 9.2 900
120 40 2100
121 2.6 91
122 140 3200
123 1.7 42
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1.5 530 142 1.1 59 143 4.1 360 144 3.1 26 145 17 2500 146 1.3 46 147 2.7 86
148 14 610 149 58 150 330 1800 151 2.3 100 152 3.3 270 153 4.6 180 154
3.3 155 wWo2081024666 15 157 3.3 760 158 3.4 55 159 4.6 88TABR019/087356000 161
2.0

124 2.3 31
125 1.5 290
126 4.6 260
127 2.9 650
128 1.6 240
129 2 180
130 1.4 180
131 8.7

132 2.8 330
133 1.6 190
134 8.3 190
135 1.4 250
136 5.4 320
137 2.8 77
138 15 760
139 4.4

140 4.1 710
141 1.5 530
142 1.1 59
143 4.1 360
144 3.1 26
145 17 2500
146 1.3 46
147 2.7 86
148 14 610
149 58

150 330 1800
151 2.3 100
152 3.3 270
153 4.6 180
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36 162 2.3 41 163 0.74 30 164 1.4 2700 165 2.1 89 166 26 2400 167 46 4300
168 21 390 169 14 370 170 14 310 171 220 1900 172 1.1 66 173 2.4 31 174 1.2
19 175 2.M0239121026158. 2 73 177 8.9 66 178 2.2 180 179 4. 6P¢9/UBB@1A4B529 181
3.3 51 182 3.1

154 3.3

155 1.9 81
156 15

157 3.3 760
158 34 55
159 4.6 83
160 9.0 >5000
161 2.0 36
162 2.3 41
163 0.74 30
164 1.4 2700
165 2.1 89
166 26 2400
167 46 4300
168 1 390
169 14 370
170 14 310
171 220 1900
172 11 66
173 54 31
174 12 19
175 29 39
176 12 73
177 2.0 66
178 9 180
179 4.6 49
180 29 29
181 33 51
182 3.1 14
183 55 39
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187 17 23 188 48 51 189 13
14 183 5.5 39 184 2.0 23 185 1.9 28 186 20 150

49 190 5.9 230 191 5.9 17 192 23 740 193 18 230 194 6.0 96 195ﬁg®7§2623204é96
2.2 180 180 206/628000 198 7.5 280 199 32 690 200 15 250 POT/UB30

350

184 20 23
185 1.9 28
186 20 150
187 17 23
188 43 51
189 13 49
190 59 230
191 59 17
192 3 740
193 18 230
194 6.0 96
195 4.6 280
196 22 180
197 16 >5000
198 7.5 280
199 0 690
200 s 250
201 3 200
202 16 350
203 s 130
204 3 150
205 1 68
206 3 310
207 0 700
208 13 250
209 8.2 100
210 14 190
211 12 230
212 1 86
213 14 330
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203 15 130 204 13 150 205 11 68 206 23 310 207 92 700 208 13 250 209 8.2

100 210 4.4 190 211 12 230 212 12 86 213 14 330

214 12 450 215 3.6 28 216

7.7 34 2W02012120(0218 130 920 219 39 >5000 220 8.5 210P22WSG012/04B66 222 130

1700 223

214 » 450
215 36 28
216 77 34
217 %0 1200
218 130 920
219 30 >5000
220 8.5 210
221 6.2 150
222 130 1700
223 73 55
224 %0 760
225 16 350
226 2.0 30
227 3.1 21
228 54 550
229 99 550
230 13 160
231 120 700
232 - 370
233 52 37
234 230 1000
235 2 780
236 %0 1300
237 26 470
238 50 29
239 i1 290
240 s 190
241 34 170
242 5.7 310
243 12 170
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7.3 55 224 80 760 225 16 350 226 2.0 30 227 3.1 21 228 54 550 229 99 550
230 3.8 160 231 120 700 232 37 370 233 5.2 37 234 230 1000 235 29 780 236
89 1300 280:288/024530238 5.0 29 239 4.1 290 240 15 190 24PCI/UB2M104B4R 5.7
310 243 12 170

244 25 270
245 28 310
246 19 430
247 59 300
248 10 80
249 370 >5000
250 470 >5000
251 9.1 130
252 15 220
253 3.8 120
254 2.8 210
255 15 1800
256 45 51
257 73 150
258 430 2300
259 16 270
260 04 900
261 11 190
262 11 84
263 35 21
264 11 120
265 5.1 22
266 16 170
267 12 390
268 93 600
269 24 230
270 9.8 96
271 49 51
272 280 >5000
273 6.1 56
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244 25 270 245 28 310 246 19 430 247 5.9 300 248 10 80 249 370 >5000 250
470 >5000 251 9.1 130 252 15 220 253 3.8 120 254 2.8 210 255 15 1800 256
4.5 51 257020R/2%30258 430 2300 259 16 270 260 94 900 26CTAB21904B6€ 11 84
263 3.5 21 264 11

274 40 200
275 11 220
276 28 260
277 64 >5000
278 50 150
279 76 >5000
280 3.0 35
281 50 160
282 6.5 44
283 16 920
284 477 200
285 7.0 190
286 16 2100
287 7.0 150
288 2.5 200
289 22 1000
290 22 2000
291 4.5 89
292 85 150
293 35 110
294 7.0 200
295 7.5 150
296 12 230
297 85 79
298 10 130

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.
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120 265 5.1 22 266 16 170 267 12 390 268 9.3 600 269 24 230 270 9.8 96 271
4.9 51 272 280 >5000 273 6.1 56 274 40 200 275 11 220 276 28 260 277 64
>5000 278v6.201218@15879 76 >5000 280 3.0 35 281 5.0 160 282TAIS20444B88 16 920
284 4.7 200

Compounds of the invention also include their isotopically-labelled forms. An
isotopically-labelled form of an active agent of a combination of the present invention is
identical to said active agent but for the fact that one or more atoms of said active agent
have been replaced by an atom or atoms having an atomic mass or mass number different
from the atomic mass or mass number of said atom which is usually found in nature.
Examples of isotopes which are readily available commercially and which can be
incorporated into an active agent of a combination of the present invention in accordance
with well established procedures, include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine and chlorine, e.g., ’H, *H, 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.

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

The invention includes methods using all such tautomers.

All terms as used herein in this specification, unless otherwise stated, shall be understood
in their ordinary meaning as known in the art. For example, “C;¢ alkoxy” is a C;_¢ 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:
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285 7.0 190 286 16 2100 287 7.0 150 288 2.5 200 289 22 1000 290 22 2000 291
4.5 89 292 8.5 150 293 3.5 110 294 7.0 200 295 7.5 150 296 12 230 297 8.5
79 298 10w02012/0BME50i nventi on al so rel ates to phar naceut PCRIUSPII@PAT3EE | ONS,
contai ning as active substance one or nore conpounds of the invention, or

t he pharmaceutically acceptabl e derivatives thereof, optionally conbined

w th conventional excipients and/or carriers. Conpounds of the invention
al so inc de their isotopic el l.ed for An |sot |ca | abel | ed
Form of B Genr sy hyeht Brrod bRAde! SRoar RSN sitie T HUH bon i <

i denti calindefstS Hadmlyic¥bARE0h i ush¥ ant* *}tﬁq”fcﬁf%lkfyh%ref?{‘ﬁ‘ef&fs R Lo At 0B Of
said active agent have been replaced by an atom Oor ‘atons having an atom c
mass or amexlimgiivisbe al@nvrefdeflemonfOf onrkylfie Fat @rﬂnmlmgmsmlcm sallmmber of said
at om whi ¢ usuyal | und i a i.ch are

Fead Iy siiigore St o e JrRt e CERLE Bt T B EE LU hER: an act i ve
agent of “gikaRsxir Mérls w\a@ttkytrkgow Be@adlto laf&\dfb@h%l%’tohw(@&@))rdanCe with well

est abl i shed procedures, include isotopes of ydrogen car bon, nitrogen,
oxygen, phosphorous, fluorine and chlorine, , 2H, 3H, 13C, 14C, 15N,
180, 170 E C t of a
combi nat tn&ﬁfﬂﬁ%cy]fgﬁé’dp&%?é%r#@)ﬁ Ic%z%}félgr}%ng grc:&l’org (%?lgpqt &tb%‘-ﬁ&(ﬂ b{%bt?o%&h;‘/ Fep?a%g@

phar maceby haalohtpracoephad| & os Al it ﬂfallEbletulhéérswbdttl’mtCfdﬁﬁmmSuMﬁltai thepr e of

t he above-nentioned i sotopes and/ or other i sot opes of other atons is

cont enpl ¥t dt Bellwiserhetingprstogd dhad thsrh etqreateméeertrer IAGFesiteb IR MIARE | nvent i on
| ncl udesciich iss OF A CAMRAUASS QlnASSGLAGES oRRMENGRA LB Bipne of more
asynnetrrc carbon atonms nmay occur as racemates and racem c m xtures, single
enant i onbud), graumstae be ontestitwedrixiaicie sbaveddasombedi duabumi sash ey @mmerrsmltl SONer s
shal | be. Qﬁfrned as bernggﬁgantronegﬁ and .di ast er eo such isoneric

forms of '} g%‘gw@éﬁ]ff@tﬁsl&’él et i U ROX YA B e BN ”ﬁ%am&%’%& i nventi on.

Each st epeQ@@nicteifambesbeABYndeulfirtingult My Xi8RAd FOH @tii®fbenAhd ulfur
combi nati on of configurations. Some of the conpounds of the invention can

exi st i nanvighe quﬁammdémmgi{ @Wéqam@ nfitepgen. fheexm/réntfpbm S bk aldgkradisahods

usi ng aII suc s _used. her peci fication,
unl ess o‘t“H%ervﬁ seeWI 3 aPeeC(IJ’fs haal1 erdwéﬁ?eord g[ 55 u(fé %k(ﬂ ?ﬁfnziry meani ng as
known i n-3(0g-@[4alkfior exanple, "Cl_6 alkoxy |s a C1_6 aIkyI wth a

term nal oxygen, such as net hoxy, ethoxy, propoxy, butoxy. Al alkyl,

al kenyl, and al kynyl groups shall be understood as bei ng branched or

unbr anch I I ) se speC|f|ed

Ct her nn?g %%§CI ?%&§§$?%?P%%nggfgﬁgﬁhgﬂﬁfygﬂ%ﬁfﬁ%§ g?ﬁ: ‘al kyl" refers to
bot h branched and unbranched aIkyI gr oups. I't shoul d be understood that any

conbinatjon termusing an al k" or "alkyl" prefix refers to al og
accordlng‘t@”Pth QE’ Flﬁf??ghaﬁﬁmﬂﬁ?%V1 to ngiﬁﬁﬁﬂgwﬁ¥%£ﬁ@g@30h_as
"al koxy"y, 6 ﬁteh%tsﬁ'd?moh@éﬁhc E%bééﬁ}ﬁ rSHiCHBF a Inbﬁﬁ?&qattlé%@o sEaRRfeHOUP via an

oxygen or sulfur a kanoyl™ refers to an al kyl group linked to a
car bonyl fugc(bbﬁpyC(lfcg-Bl)ldgeldrblalchc,adrlsyirogrchu psrbocyctiardhenl c Hdieds, 10 cmbocryrclerm r e

bon” at b by, het er oat o h N.
[T ohal | MBETG AG Sruo e R CREE. S EiEBR ek e ety T shat 1

al so be Mﬂﬁa%r%to@% ctylaﬁztwlﬁlbﬁ rdR@LEMOAE MRt SR 4 ﬁﬂil%@u&m’e hQsn ﬂlﬁﬁﬁﬁgﬁa' car bon
atons or internal carbon atons within a branched or unbranched carbon

chai n. S@@hméﬁdﬁégod@ﬂn@eb@e®grm@ﬁmédca@®ﬂeﬁeumﬂaﬁuwekde@bﬁﬂbehbbyigroups
such as QPopeRiy. &3 o erllten geg AN S cfo %hena g[[o eottztn 1, ¢ 0% ten 1 nd
aIkoxycan & frys 3 b ¥ %i use H reim, yc trs g% A

“sul fur cycrtqiemte)nanwoﬁnirﬂﬂuzlgexérﬁpm fo6 W 10- ﬁ@eme@adu@ulbtwchaaﬂbbtgehc

guat erni zed form of any basic nitrogen. For exanple, for a -S-Cl 6 al kyl

radi cal , radr?rlléggdetqwew@@ 3 QEactane RiCydel413 Olpenanggand bisyelotet Pidermab

&0, e i 8 fﬁﬁ?ﬂ@%‘*’#rrg (8 SR gl B BoRRCTENCS,

a nonar ocmbcbogrcﬁ%c teﬂlchﬁ-lﬂﬁﬂﬂ)@bleyblé bup. 2ﬂi’re@taayaﬂ)icyrclo§2 2 a]detamghtaed ed) nonocyclic
carbocyc noparonati c nber ed fused bicyclic,
bri dged trﬂs‘gle OSFangp%\[QS‘cl}l@tt}“é eéélFlBl?é;‘?g? i'e el RiDsfod PHECXSHC10” car bocycl e

may be either saturated or partially unsaturated, and the carbocycle may be
attached by any atom of the cycle which results in the creation of a stable
structure. Non-limting exanples of 3,0 10-nmenbered nonocyclic carbocycles
i ncl ude cycl opropyl, cyclobutyl, cyclg%entyl, cycl opentenyl, cycl ohexyl,
cycl ohexenyl, cycl oheptanyl, cycl oheptenyl, and cycl ohexanone. Non-limting
exanples of 6 to 10-nmenbered fused bicyclic carbocyclic radicals include

bi cycl o[ 3. 3. 0] oct ane, bicycl o[ 4. 3. 0] nonane, and bicycl o[ 4. 4. 0] decany!l
(decahydronaphthalenyl) hbn Irnttrng exanples of 6 to 10- nenbered bri dged

"~ O~ O ~NT Y .



The term "heteroatont as used herein shall be understood to nean atons
ot her than carbon such as 0, N, and S. The term "hal ogen" as used in the
present swoechfiywatsoon shall be understood to nean bron reT/usko10/0iT1366

fluorine or iodine. The definitions "hal ogenated”, "partially or fully
hal ogenated”; partially or fully fluorinated; "substituted by one or nore
hal ogen atons", includes for exanple, nono, di or tri halo derivatives on

one or nore carbon.atans. For alkyl, a non-limiting exanpl ul d be

” CrocHea Sogie i la gy Wyrare EtisufydP P Har b LSl P By CHEPEF DAyl | or
the anal aasspipr #@bpagigscri bed herein shall be understood to be optionally
partially or fully Ii)1al ogenat ed. The conpounds of the invention are only

t hose which are contenplated to be '"chemcally stable' as will be

appr eci d by .those skilled. ip the art. For exanple. a conpound which

woul d hg{? © %?“"ngﬁ-& i Izoxr/a?%gcrﬁp‘i“ %rar%ma%%%‘fé%?a6‘h°“ PAES CHBY‘““EE%#%WH%

cont enpl @tedlcfort Neg bBMBNTIhe GerfBC NQAsy] Gh@EdR90shobRIRIrihgs akddBicyaveNt i on

i ncl udes pharmaceutically acceptabl e derivatives of compounds of formula
(1). A "phgireeaticedons obibe sngs sl asogatiq. \Maen-liantingedamplasof §myo aryls

phar maceyt i r of: conpound whi ch,
upon ad mﬁjl%%ug? Hé%}ygﬁﬁ?%g'gwﬁ%{l ?g%%I}Z%i%cqg%lggarw’e({%fd}%rrlag)&/lpﬁlﬁ’ng (directly or

i ndi r ect {eythh@ireuphthyh hapise{iuberfzoe yd dteptanykeaid tenzogclohe byl macol ogi cal |y
active netabolite or pharnacol ogically active residue thereof. A

phar macol ogi cal |y active netabolite shall be understood to nmean any
conpound ezl ntJ forzTor:ol 5 bel i 4 | y or
chem cal Tg‘i.teT i gt?zgﬁ%@s& for g@ac?%lrg,ﬁkﬂ%g;%%(y g%ﬂgg&g?t%? i znlé erivative
conpoundsoobcyche hétanoeptlicondicBhaamnstabéaun onaadrhaticacoeldtabhbersdftssdi ncl ude t hose

derived from pha euti.cally acceptabl e i.norgani ¢, and ani.c i ds and
bases. - EXBIICCE HEAdUEL Pb BRSO Trar g YRGB P Lo T FFareBram c.

sul furi Cpet@otydl€ecoRBECH@FHof atdNBHd dhe ITRARE preRROEPHSRIdRe (@FotE0l i C,
lactic, salicylic, succinic, toluene-p- sulfuric, tartaric, acetic, citric,
met haneskdtéroptonis chosemifrom bregen.coxyeed o wlfundplethatereayeleZnasubd ¢ither and
benzenesul f oni.c aci.ds. O her, acids,. such as gxalic acid,. while not
henmer vt r RTAT el bER sitne s EgmdE el frSatiied™ REBRlssar at i on
of sal t smas&dydlic Bsetodi@lcradicat @slide t&b&}@ﬂfﬂfﬂgnylh%tﬁﬂy@@%mdﬁyl,a@c&tatnlygi r
pharmaceutically acceptable acid addition salts. Salts derived from

appr opr i #eddBak e3rrphdinyldayranKlatetrahydrapyrpgylgdioxagylithigynorpliokiayl Ad-eart h net al
(e.qg., qnesh e all > - CA4-alky-1) 4+ sal ddi.Lion,

W ihin tRaReds Bon TR AR ot f b AR R er b INERLE O 1 e

i nvent i olimitRreathmges iofiabnmdemhtitos & tiompoibactd fudedthicyefio mdicatineludbiem cal
transformation, are nodifjed to. produce co unds of the invention. Sinple
chem cal SHREdiBTeHEh PERLYdrhkangete gl Aer §Sst g‘yocge?ﬁnaa@il ca¥ld Noadieingn.

Speci fical) lesvgf%'angroﬂ{aﬁg 549 11 Sn AL $i e@@iéy@li@raﬁﬁ;ais":iﬂéludé @—e_ prodrug may

be transtormed into a conpound di scl osed "herer'nabove, thereby inparting the
desi r ed phbicyelof.2dlheplangtf B-actbicythe 3 ddiboungs awd 3-fapatieyicio[B.2ndgctiveyl.made

using th ner.al synthetic nmethads descri bed bel ow, ich also constitute
par £ St R TR Eh e P N BRAO S ONPAE H Eh e ookl TefTeieRon ol oo

provi des; plcaGaesaes 7-afa- Pl NI HepBROUNASiref3 4106thM 3arldl-azal N al | Schenes,

unl ess specified otherwse, Rl, R2, R3, R4 and R5 in the Fornul as bel ow
shal | hasprofhélogtsapi ng of Rl, R2, R3, R4 and R5 in Formula (1) of the

i nvention described herein above. Optinumreaction conditions and reaction
times may vary depending on the particular reactants used. Unl ess otherw se
speci fi ethe ®ahVeMd $1-nicdifRedidirosyl Whes St fserstadd toxhber an #amhitiOn te¢endi ti ons
may be readily selected by one of ordinary skill in the art. Specific

pr ocedur B§MEPEd BRAVFHAY hetprodiyl wypatarmatc ‘EeahipMmembsise hietsrarshyhieXehir | v,

edur & ne p s . TLC
react i onipg QRERIE IS RSN LN LAYE AU BRRERDEARRK, (TLO) o

LG M5, | esired, a iates and ucts my uri

chr omat ogtaphynsush 4d §a0get S. Mewrlysitalglexzmples pf &ndb-onenpseeghmanooyelitPL C.
The exanples which follow are illustrative and, as recogni zed by one

ski | | ed Psieropy! Hpgs inglude fugh rowéaigimog‘aw Vi BiitRbihah GOtV PHENBY i ed as

needed for individual conpounds w thout undue experinentation. Starting
materials and internedi ates used, in the Schenes bel ow, are either
comercially available or easily prepaged fromcomercially avail able
materials by those skilled in the art.”” The conpounds of Fornmula (1) may be
synt hesi zed according to Schene 1: 1 di borane Schenme 1 As illustrated
in schene 1, reaction of a conpound of formula Il with a boronic acid or

t he correspondi ng boronic acid ester shown in the above schene, in a
suitable solvent, in the presence of a suitable catal yst, provides a

o Y r —~ o —~ o o T



the acid XIl may be reacted with an organi c base such as a primary or
secondary amne, in a suitable solvent, to provide the corresponding salt.
React i on wb 2a120mut50xyl i c acid of XIlI with a reagent suclrCIaSanmmOWI3a8e in a

sui tabl e solvent, provides an am de of formula XVII. Reaction of the am de
of formula XVII with a suitable dehydrating agent, in a suitable sol vent,
provides a nitrile of formula VII. Non-limting exanples of bases useful in

step (a) inglude potassiumt-butoxide, sodiumtbytoxide, lithiu

£ bt o] BT BTGy A FaEE b 4G dHeRy i 2o ¢ Y Gl RTRE T s odt um
hexanet hwrﬂia%i_nl[y%y&%myp,Qﬁ@ﬁﬂlymmﬁfﬁ%tmaﬁ-ﬂhﬁﬂiﬁg@a%lesl detbum
hexaret hyl di si [ azi de, “sodi um et hoxi de, potassium nmethoxide, |ithium

met hoxi deembouil bnteerahgXiies]ic poteepasylumge iebydedenzihiiddzoly qinvdayde, LDA,
n-butyl | it hiu sec- butyl Lit.hi.umor.t-butyl.lithi . Non-1im t.ing exanpl es
o sof velib g SRSp B byl Pulh Heitra g et isiR b P efPa St hane.
et hyl acpaly isdiftod1ebe26RE @18, bededlyddtiyl, Hehfodislylybenk6%dzolBUt yI et her,

i sopropyl acetate, toluene, and cyclopropyl methyl ether. Non-limting
exanpl espyfdograamydt diydrageridgoxpgatyly|dif yedre-prmoloayridinyl, ppeolgpyrdinyll sul f at e,
di met hyl - onm, met hyl trifl uoronet hanesul fonate and
iodoneth%ﬁgﬁaﬁg%%ﬁWhg{lngggig%p %s of silylating agents useful in step (a)
i nclude trinethylchlorosilane, tertbutyldi nethylchloro

silane, triphenyl chl orosil ane, andtrii sopropyl.chl oraosil ane

tri et hyl EWIBPsneiaod Nishors i¢ithicr grden e edoigfesdb retel ol defCuto i n step (b)
| nel ude dihRhbNL ﬁﬁ%m{@% L1GhERbOER REERRYSlc A4 InedichiBhiic BeRARs heptane,
acetonitrile,” nethyl tert-butyl ether, isopropyl acetate, toluene, and

cycl opr othg Ibnathy hryétihgs, andNtgre-rlonarotrianig pestenpif de wEydadesrams@fruigsican st ep (b)

i nclude 1, 8-di,azahi cyc] oupndec-7- ene ( L triethyl amne, pyridjne, 4-

ot hy | roPHRRPERGD o FEBEHORYN aEhgar ROt Beitys dob: TRorCHCE 4 i ng
exanpl es_(qEsdeRy deatNRY- 28Rt H cHS /fhdle RMis 9t 8dridd)abbRe! ude acetic anhydri de,
met hanesul fonyl chloride, trifldoroacetic anhydride, toluenesulfonyl

chl or i deThssunihethspptsok] asrisedhereiml sbiall e hygrysthddia mearariems ether thany |
hypochlo&ﬁ &im%ggggjgj%%yg exanpl es of bases useful in step (c) include

pot assi um hydroxi de, $odi Um hydr oxi de, |ithium hydroxide and cesium
hydroxi de. Non-limting exanples of solvents useful in step (c) include

met hanol , met hanol -water m xture, dinmethylforman de, dichloronethane,

et hyl acdthatem Falogee, ahessd dhde PRRseRiGREEFFAtION shall Ry indesstpodhipreanet her |

i sopropy : . ne, C ; el ution of
e acepro i P pt AP or Sfh XL AR AR BEP cpard MG G388 1
carried habganaicd pretidiiyds fklofhmori mateddh Esudk tituted dlyloghe g mdr©halexanpbmes”,
fractional cry&}allization ggd chi ral. chromat ography. I n_one enbodi nent,

the i nvelfElUgR® 108 PETBRICHOR0- o BERERIQHCTRERN AL M TRUF SP00RIHS- 1P, XI1 A
or XA ;iRECONGH Tichilife SE wBuRRRVeH,CRranet e enbodi ment the invention
relates to an intermediate acid of formula Xir, XI1A or XA Conpounds of
formula | as well as internedi ates prepared by the above nethods nay be
further gonverted to additional internedjates or. conpounds of fornula | by
ot hods. KT HEY AL MBI PE oh LS TR e g B B oct | on
bel ow.  SYNTiHE ThfesesOWRY-BSoptidiall§ ghﬂti@m BEfAlyalRBAASENt at i ve conpounds of
the invention which can be made by the genéral synthetic schenes, the
exanpl es, and known nmethods in the art. LCMS retention tinme and observed

m z dat or the go unds_bel ow i bt ai nhed by ope of foll ow
et ogs. Theba it ARAR RS S oty AR ALIER oflecfiu i Boe RhRIMAT ¢ 1 6 0mm
Anbi ent  §gpressatilrbelpbiccRitdatasBods skilleariffitiee &€ iFdr &:-aanpl6),. al¥ntpoandomivhc aci d

(acetonitrile) 0.1%Flowrate 1.5 m/mn Injection volume 7uL Detector
200- 600 WA hayaai dmelingy #enqyr H4) cagbgion’(arg not cpnmpgundscogtemplagedgy 9.3 1

10 1 LQh%‘%EE??%eE‘ﬁ%QH%SM&SHF Zorbax C18 SB 3.5[tm 4. 6x30mm Anbi ent

t enperature
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= Formic acid (aq) 0.1%B = Formc acid (acetonitrile) 0.1%Flow rate 2.5
/mn Injection volunme 7[tL Detector 200-600 nm Gradient Tinme (mns) %B
5 1.7 8Wb20R2/@%1502.1 5 2.3 5 LC M Method C Col um ARgiriuspa11887364.8

8[tm 3x50mm Anbi ent tenperature Mbile phase A = Formic acid (aq) 0.1%B
= Formic acid (acetonitrile) 0.1% Flowrate 1.5 m/mn Injection vol une
3[tL Detector 220 and 254 nm G adi ent Time (mns) %B 05 3.8 90 4.5 100

LC- M5 Me Col.u Il ent SB- 1. 3x50mMm col um i.ent
t enper at I't]ﬁ mN/B‘qunemgﬁg%gg)hﬂ&mcﬁB??ﬁ AGETP bgea‘éﬁnvéui%%CQH’@BP?F,}ASHQ&mHﬂa
(acet oni {r5.i Aephfmhutically acceptable derivative” refers to any pharmaceutically acceptable

A
m
0
1

salt or ester, or any other compound which, upon administration to a patient, is capable of
providing (directly or indirectly) a compound useful for the invention, or a
pharmacologically active metabolite or pharmacologically active residue thereof. A
pharmacologically active metabolite shall be understood to mean any compound of the
invention capable of being metabolized enzymatically or chemically. This includes, for

example, hydroxylated or oxidized derivative compounds of the invention.

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

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

(e.g., magnesium), ammonium and N-(C;-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,
are modified to produce compounds of the invention. Simple chemical transformations
include hydrolysis, oxidation and reduction. Specifically, when a prodrug is administered
to a patient, the prodrug may be transformed into a compound disclosed hereinabove,

thereby imparting the desired pharmacological effect.

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

below, which also constitute part of the invention.

GENERAL SYNTHETIC METHODS
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Flowrate 1.5 m/mn Injection volume 3[tL Detector 220 and 254 nm G adi ent
Time (mns) %B 012 0.25 30 0.3 40 1.19 95 1.75 100 LC M5 Method E
Col um Agwbent2/@BsAQ 1. 8[tm 3x50mm Anbi ent t enper at ur e Pibhiisb@1phzse A =
Formic acid (agq) 0.1%B = Formc acid (acetonitrile) 0.1% Flowrate 1.5
m/mn Injection volune 3p.L, Detector 220 and 254 nm Gradi ent Tinme (mns)
%B 05 0.2550 0.3 70 1.3 90 1.7 100 LG M Method F Columm Waters
Atlantis dCl18 100 x 2.1mm 3p.m col umm

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,

recrystallization and/or preparative HPLC.

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:

ORa
/

diborane

R3X

catalyst R
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40C Mobil e phase A - 0.1% Formc acid (water) B - 0.1% Formc acid
(acetonitrile) Flowrate 0.6 mM/mn Injection volune 3p.L, Detector 215nm
(nom nal )wGOratvemtsoTime (mns) %B 05 5 100 5.4 100PC3/U$2015/048g6t het i
Met hods The conpounds of the invention may be prepared by the nethods
descri bed below. Optinumreaction conditions and reaction tines may vary
dependi ng on the particular reactants used. Unl ess otherw se specified,

sol vents, tenperatures, pressures and other reaction conditions may be
readily sel ected by one of ordinary skill in the art. Specific procedures
are provided in the Synthetic ExanpiB8Médction. Typically, reaction
progress nmay be nonitored by thin | ayer chromatography (TLC) or HPLC-MS if
desired. Ap Hhétrﬁ@diilas@smaddrq@ﬁm@ftascqmoubé Oﬁﬁmhlfuiaeldi with acharomaoigreiphy on
silica ggl 0 ndior re e PLC urlflcatlon
et hods s sar SRR Lo rPBa s B hao SR PP S AR Sl R ¥itoin ai n
0.1% for mecpr@@m& of Q. sk blE at@lyst) pRYI REERBpBuiY S foxhele (BNRa uﬁ@ﬂb@ﬂe of the
followi ng colums: a) Waters Sunfire OBD C18 5 i.tM 30x150 nm col umm b)
Wat er s regra ol anddkistogethn Bk tsexyaetyPmmto Bhichsher e etmhed fam a t M

19x150 19x50 mm col umm. e)
Waters Atl an% %H%%%&{aﬁ{/@%@%%%wmn coflhIgth ! SOhg%nenomenex Gem ni Axia
Cl8 5 i. A%ﬁ@u\]@ﬂ reaation lofl mompodt efrfsrntuin A wih €& oRimepuidBbstandard9 x 100 nm
h) Waters XBridge Prep C18 5 um 19 x 100 nm Starting materials and reagents
are eit h@ﬁ“&?rﬁ?é?héi‘)a? myma%ﬁa%om@uaii by bt S 94pP'ERe thy HEAE Pled in t he
art usi ”%rﬁﬁfaﬁﬂd@uﬁ@ﬁ&ﬁdeb&%ﬂ&ewﬁ chemiGale solveff ?x“l'lre rese@émfgesﬁit§b19f
Nitrile I'ntermedi ates 024150PCT/ US2011/ 047356 Synt hesi's of

2- ( 4- br ocapal péieprphide@q ordpomatdhof Ifuniuta Ani X rs ¢hdoroRrdrtie Ariflategorsioflait i on of R-1
(20.0 g, 0.102 nol) in DMF (300 nmL.) at O0Cis added NaH (60%in oil
suspension, 4.28 g, 0.107 nol) slowy. The mxture is then stirred for a
further ih Sopt@as 6Pﬁor§fu@i@%ﬁ§QB§Fh%afe% Borllng 9 sifimd™®! ) is added. The
reaction mxture is allowed to Wwarmto roomterrperature stirring continued
for 2 hours and then concentrated in vacuo. The residue is partitioned

bet ween CH2C12 and brine. The combined organics are dried with Na2SO4,

filtered and conge Rt ed in vacuo. The residue i Rfied by flash
chr omat ogr ap 2,  0-\i5% Et ORschey hept ane) ) (21.3 g); mz
238. 3, 240.2 £21.3_g, 89.6 mol) ssollved @n DMF (300 ).

oOCand BPH(GO%IH sp4erp§' , 3.76 g, 94.1
ol ) |sR]a ; TR i xture is theR%tir a fNrther 15 minutes
and met hyl iodi de (5.9 nL, 94.1M@PPH s added. The reacti dh m xture is
stirred at 0 Cto omtenperature for 2 hours and t Hen concentrated in
vacuo. The residue is partitioned between nethylene chloride and brine. The
conbi ned organics are dried with Na2SO4, filtered and concentrated in
vacuo. The residue is purified by flash chromatography (Si 02, 0-15% Et OAc
in hepatne) to give the title interYfB8M8t%e (21.7 g); mz 252.3, 254.3

[ M M2F1]. The follow ng internedi ates are synthesized in simlar fashion
from t heAapprsopted at e:hﬁma@emastion oft eegomebivad of f@mulcMiweh anagidBhldrige N WO

2012/ 024 1. US20 nt hesi

2- (3~ br o Bty P ol B SRS Gt uigble bagg: preies  compound of
formula (I).
Alternatively, reaction of a compound of formula IV with an acid R’COOH, in a suitable

solvent, in the presence of carbonyl diimidazole, or other suitable amide coupling

reagent, provides a compound of formula (I).

The intermediate of formula II may be synthesized as outlined in Scheme 3:
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To a solution of RR2 (5.00 g, 22 mml) in THF (30 nL) is added a solution
of MeMgBr (1.0Min butyl ether, 27.0 nL). The solution is stirred for 30

m n t hen woeat2t4180t h sat ur at ed aqueous NaHCO3. The m XPUTAS2EL104T3656 oned
bet ween CH2C12 and brine then organics are collected, dried with MySO,
filtered, and concentrated to give R-3 (5.35 g). To a solution of R-3 (5.35
g, 22.2 mol) in CH2C12 (100 nlL) is added TMSCN (5.9 nL, 44 mmol) and InBr3
(790 ng, 2.22 mmol ). The reaction is stirred overnight then poured into 20%
aqueous Na2CO3. The mixture is extraci'ed with CH2C12, dritediwith MySOH4,
filtered, and _cgrgcentrated in vacyo. [he residue is Q%
chr omat ogr & | O i
i nt er medi atle £8 82 g); LEENVR, A
7.52 (2HX(d:J=12 Hz); 1.69 (X¥H)

8 2H) (d: J=12 Hz);
s);R1.41 (1H (m; 0.68 (1H (m; 0.58

(2H(m; 0.41 ¢1H) (m. The following internedi ates aré&llsynt hesi zed in
R

simlar fashion fromthe appropriate reagents: il ntﬁzrmedi ate Structure ntz
[MtH 1-5 265.2 Bl A N

2- (4- BromoNp#enyl ) -

QpLopyl pr &pCoei tri 7 Nﬁqbe prepared in the
fol | owi ng manner: ti on of "R-Z" (309 1. 3¢ ) in THF (3.0 L) is
added dropw se IM Nt 20 1. 87 Lx74 %2 naf) %{)5- 78 C. The m xture
is stirred at -78 C for 10 nin and 3! at rooqq]tenpépl*ature for 2 h. The
reaction mxture is quentthed with saturated aqueous NH4C1 and extracted

wi th Et OAc. The conbi ned organic | ayers are washed with gi ne, dried over

anhydrous Na2SO4 gangk2concentrated to & (;szd the cr udeR(l;,p mound R-3 (330 g)
{ LRicatin. To a solution
s -addef opw3sg BF3. Et 02 (198
g, 1.37 nol) ' S 8 tenperature for
30 min. TMXC 72Ry, 2.74 mol) *'s added drop-wi'se at -78 C. After
addition, the mxture is allowed to sfiar at roomtengekature for 2 h. The
reaction mxture is quenched with chilled water and the organic |layer is
separated. The aqueous phase is extScheined W th CH2Cl2 The organic |ayer is
washed with brine, dried over anhydrus Na2SO4 and concentrated. The residue
is purifhediRiaeBiPERERIRARAY A0S hitfid oSR)rmMal ¥ vRald RIRWR']E ies / Et OAc
(50:1) to give the title intermediate (160 g). Preparation of
(R) - 2- (4sibteblesophehyl the Prasyedespropitipe bpieoneh ad dodiyiml hgdriderd po8)psiam(t4-

ona o o R e R B VT g SRS e B 1 C
300x20myiSbfneiaarmith £hatiden® 8% 4 Suillbl vt AR preBAcdde I¥uitable ®wkd, at €) .

The faster eluting isoner is determned to be 1-7; 1H NVR, 400 Mz,
CDC13- d6Pigpites thesgrrespopding ziiqubpijtuted nafgilezoffprmulpilgX ischigo(igppo( ey ;

1.26-1. 1! m - ; i r is 1-6;
1H NVR, %88%?1%%%%‘88‘%% é%@g&%%@ |3)§/ {j‘%;% fa’?l_ef‘ﬁléﬁ‘b&%‘?ka?’gﬁ)%( m; 1.73
(3H) ('s)ieadtictibeohditi@ng, Pirhviden)a cddpolind obfbridiH) VIIMRea8yoit dfaké Sordpound of

2- (4-brono- phenyl ) - 3, 3-di net hyl but Y)r onitrile R4R-51-8 To a solution of

t - BuMyBr formely VALl with gn geid shiprjdy K §OSddad syitalle selve: prthepgsqrepofa 54 mol )
in THF ( tame)base;l,_ lﬁ?ov?&gslétdo obiid Sf fo'iﬁlﬁﬂ Ii.OAltel‘QatfveI}r, E&@@oﬁ 5L Hnfh

sat urat ed aqueous NaHCO3. The m xture 1s partioned between nethyl ene

chl or i deofafiodnilaiVAE, withhen mig&%Cé)QHzrie acoitdbde sadeknt,dnitledpredenbe MyG@Eqnyt i | t er ed,

and concentrated. Purification of the crude by flash chromatography (Si02,
Fept ane. SONEBoRIE AL NI SRR cat Be TS P S I At HRIEe PLr R B,
purifiedby slurrying in heptane to give after filtration RR5 (4.67 g). To

a solution of R-5 (4.63 g, 19.0 mmol) in CH3CN (100 nl) is added im dazole
(3. 89 g, ABgatiyaplryactioh lodweompguirh@pBrmeulg XAl wigh a Bagantymedl 3s. The mixture is

heated at_ 40 C.for, 6.h then cool ed t c.a artioned en Et OAc and
ot uar ecab L Rafutr o s 58P pRAMA TP T w B IS REGRIER veter
dried W trihfaeebn dfithit eOBﬂmaﬁBchﬁrﬁB@Qﬁttti(}@fir@&dhf’es\I@QW-in tHeeurt, eSpidvilel S
slurried in hepatane and resulting solid is filtered. The filtrate is

col | ect edfditienaleqrapqunds obrosmpladhved i n vacuo. The residue is dissolved in
DMSO (100 mL) and treated with NaCN (1.11 g, 22.7 mmol ). The m xture is
heated at 140 C for 3h then cooled to 23 C. The m xture is pardoned between
Et 20 and water. The organics are washed with water, dried with MgSOH,
filtered, and concentrated. Purifi catfo%n of the crude by flash
chromat ogr aphy (Si 02, Hep to 15%tOAc 1'n Hep) yields the title internediate
(2.37 g) 1HNWR, 400 MHz, CDC13 ppm 7.59 (2H)(d: J=12 Hz); 7.33 (2H)(d:
J=12 Hz); 4.26 (1H)(brs); 1.35 (9H)(s). Synthesis of Carboxam di ne

I nt er redi at es Synt hesi s of

2- (4- brono- phenyl ) - N- hydr oxy- 2, 3-di nmet hyl but yram di ne 1-21-14 A sol ution

P - e N NN o o

of R-3 (330 g




NH2 I N, OH 283.1/285.0

Synt hesi sof 2-[ 4- (2- am nopyri m di n-5-yl ) phenyl ] - N- hydr oxy- 2, 3- di net hyl

but ani m osoi2de2/02¥¥302012/ 024150PCT/ US2011/ 047356 A solpatiuspoiaf4Bs@ (2. 00
g, 7.93 mmol), 2-am nopyri m di ne-5-boronic acid pinacol ester (2.63 g, 11.9
mol ), and tetrakis(tri phenyl phosphi ne)pal | adi un{0) (459 ng, 0.397 muol) in
THF (20 nL) and saturat ed aqueous NaZCCB (10 m.) is heated at 80 C for 3 h.
The mxtﬁre i.5S CO0O0 ed w g§ t ween Et OAc and brine. The

or gani csNYF¥ BEFPE f‘t&? ese VF ¥adasoluing et ated to
give a resdwiie dnbakillkd 1rpfhre'afrt' rBYidE kiRSdhafils RERHNADK aRNY TIAST Bfoh SFiRd2 to
3%ve0H in CH2C12) to afford 0 (mz 267.5 [MtH]). The foll ow ng

i nt er medémnesmexs meaysyenfuttbeli @@dellteni teiardommoufdishioomularldm thhrecaalpgy opri at e

reagents: | nter Vgl ate Sltrélcet ur ink [ Mr11] 1-20A 264.0 Si NI H2N
1-20B 7 1°GPegey N B85 2012/ 024150PCT/ US2011/ 047356 | -20C H2N N
| lei 267.0I-20DH2NNNO 253.1 |-20E 2N N1 lei Not available I-20F

The intermediate of formula II may also be synthesized as shown in Scheme 4:

R1 R1 R2 R1 R2
OO = O — 0
N
X R* X R X R*

Scheme 4

As shown in scheme 4, reaction of a carbonyl compound of formula IX with a grignard
reagent R*MgX,, in a suitable solvent, provides a hydroxy compound of formula X.
Conversion of the hydroxyl group in compound of formula X to a cyano group, using
standard procedures, provides a compound of formula VII. The compound of formula
VIl is converted to the intermediate of formula II by the reactions shown in scheme 3. X

in R®MgX is chloro, bromo or iodo.

The intermediate of formula IV may be synthesized according to Scheme 5:

NH,OH

w

Xl \Y]
Scheme 3

As illustrated above in scheme 5, reaction of a nitrile of formula VII with a boronic acid

or the corresponding boronic acid ester shown in the above scheme, in a suitable solvent,
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0 281.7 1-20 is dissolved in EtOH (30 nL) and treated with 50% aqueous
hydr oxyl am ne (12 nL). The reaction is heated at 80 C for 48 h then cool ed
to 23 C awio2bidieersed t hrough Celite. The filtrate is paPCiramsedioetsdeen

Et 0OAc and water. The organics are collected, dried with MgSO™, filtered,
and concentrated in vacuo. Purification of the crude by flash

chromat ography (Si 02, CH2C12 to 10%veOH in CH2Cl12) provides the title

internedjate (1.56 c mz: 300.4 [MF The foll.owi ng nternmediates were
Lot heer b€ plraicgof hiuliels sl s mhVIRED aompos at et SR EL AR kS o ot o
St ruct ur Rydrben\¥iRa M@@t%%é@@%ﬁﬁ%ﬂx??&@%&@@ %ﬁﬁ:hlth%Zark\'anadﬂ%&'%mM"Z NI,
OH 312. 4 0 1-23 H2NN 4 NH2 N,OH 298.4 1-24 N ,lk HZNN I S NH2 |

N. OH Not S-@unérhbkdyedering optiagally spNtionpdwih 2eHN2R§] group RepetionHf N NH2 S1 N, OH

compound of formula XI with hydroxylamine, under standard reaction conditions,

provides a compound of formula IV.

The nitrile intermediate of formula VII may be synthesized according to Scheme 6:

O._OR
R2
R1
X R*
XV
O+ OH
R2
é1
X R*
XII XIIA XIIA'
/
o. o BH
R2
R1
X R*
XVI XVIi Vil

Scheme 6

As illustrated in scheme 6, reaction of a ketone of formula XIII with methylating agent in
the presence of a suitable base, in a suitable solvent, provides an enolether of formula
XIV. Reaction of the enolether XIV with an oxidizing agent such as ozone, under suitable
conditions, provides an ester of formula XV. Hydrolysis of the ester of formula XV, in a
suitable solvent, in the presence of a suitable base, provides an acid of formula XII. This

racemic acid may be resolved to provide the enantiomers XIIA and XIIA’. Alternatively,
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272.1 1-27 ONH2 I N, OH Not available Synthesis of:

(R)-244-(2-am no- pyrim di n-5-y1)-phenyl] - 2-cycl opr opyl - N- hydr oxypr opi onam d
ine To awoizatumersof 1-6 (18.5 g, 0.074 nol) in THF (30@CRDS2@ne4Bdeed
5-(4,4,5,5- tetranethyl-[1, 3, 2] di oxaborol an-2-yl1)-pyrimdin-2-ylam ne (19.6
g, 0.089 nol), tetrakis (triphenyl phosphine)palladium(0) (8.5 g, 0.007
nol ) and 2M Na2CO3 (74 nL, 0.148 nol). The mxture is heated to 80 C for 24
hours. The solution .is coo({:ed down to room }lenper.ature and |s extracted
with Et 0lg?2 2y;be Teele iR AR AERABICPART P 4y APTIATYPY EEOWANIRYEOL and i s
filteredpalh@ablelsbivabetd fotRR e AL SSHd afthe residue is re-suspended in
CH2C12. The solid that precipitated out fromthe solution is collected by
filtratiBeactihef g oubdxyle agid efdXHvdth sreggant iswaheas apondyga,.iin 28uitade 8 g); ' z

P ol e e e S RS Ap AR SRR SR e s
i's stirrgeigbledehGdhhg 4&nhatl b Suitablesdvet Yireviles £Rigedf edchuldrelisol i d is

filtered and is dried to afford the title internediate (12.5 g); mz 298.4
[ MtH] . SYAp-Hhisyfiag gramples of bases useful in step (a) include potassium t-butoxide, sodium t-

(R-2-C I ~ N- h - = (R- ' imdin-b-yly- .

pheny1l] -%tg%fig’ﬁgiﬁ%u% %1%}%%18 8gﬁg1( @d}ﬁ%gﬁg%\g}\}%%@%if %tﬂiu\%g%%@ea?og "¢0mbi ned
5- br ono- Rexamethyydisinizive) myotaskiuei nex§msthyldisilaZidd9 lithiom) haxanethyldisilazide,
hexanet hyl di st annane (0.456 m, 2.19 mol) in toluene (5 ml). The m xture

i s degasErEiepXifes BB Mafikxds, Pg’tl‘r“al@ilf‘élwil@epﬁ%‘ﬁw&ﬁ'&%‘%ﬁ’ RSN adi um

(0) (115&H%Xiﬁc,319hiﬁﬁpétﬂo;!i§%i‘i%%qq-bﬂ-t ﬁ1t]5iﬁﬂi9Eé@ﬁhﬁ%ﬁtﬂ%ﬁ%%@)ﬁﬂl@tﬁﬁlm&— capped

and warnmed to 115C for on cooling to anbient tenperature, 1-6 (500
mg, 1.99limtolg) dxsmplesr oflusddensd omgfuli tfor tsetpr ak sinchidp hdimpéthylbsplainnidd,

pal I adi um (0 115 .10 | ). The vessel is .capped and warnmed to 115C
bver i GRENOK SR ety shgiafndevinge drBHNT- o EBONEL AHATEORC ALY nE D8 The
resul tingosebildat&aBUkdhdRd ddacidigsbp Aot 9edramdh-h$iddeC axdfples Gr100%
Et OAc/ heptanes) to afford [-29bi's (134 mg); mz 279.4 [MH . To a

suspensi dkylefing -a2omis suefig4imgtep0 (@8 inchds| Winathyt owifatl. dimthyli earheltie
hydr oxyl ami ne sol ution,i.n H20 (50% b i ght 1.18 19. mol.) is
¥t red BEnRERE: SankE 8ok REtiuliPLA0 dnd Spdeindhanct on SonTPHIkE, ° and
di | ut ed wahiplsvabersilgnenetdyvhtsagetat . siépi & isaudd timefhyldhesrediaandtdrs dri ed,
organic is purified by flash chromatography and conbined with solid to

af ford tbeyldimetbylchlogsiaef. at eriphamichierpsilage; 3apd 4 [tHispPopYIShlierestlans of

Aryl Bropm . i ates

Synt hesi ggﬁ?}ﬂérﬁfﬁ%gbmphenyl) - 3- net hyl but an- 2-y1] - 5- cycl opropyl-1, 2, 4-
oxadiazole o Cl )i. Pyridine 1-141-30 A m xture of 1-14 (150 ng, 0.53
nmmol ) and cycl.opropyl carbopyl chloride (60 ng, 0.58 mml) jin _pyridine (2
m) is stPPIBHUAE TOBRITeRbePRElFei Tty 15 SFﬁPn&IB)_eénoi‘éjfofignﬁ B{TTHYHEe 110 C
for 18 NyiclBrk@Rflel Ay atlitic® HoSareOEAAR Ackthrk Bl ARy IEALPAEAEL] Oned
bet ween CH2C12 and sat urated aqueous HCO8. The organics are dried with
Na2SO4, opropylesteqated tduemeeatd ayadebrppylnathyd ether. g anelimtimgtaxtingleis wf daseedi at e

167 ; 336. 0 . T | | owi ng j nt i at t hesi zed i
Simi 1 ac pslHTR AR B HE AL M Rap B re S, Hiddianis; IeRE K r e
1-31 CH fgbkhy iR didobropWdhylamime and\diMedhylamind -Noch-itineH&ahipfesNfO \

NO Br N 1-33 CH3 H3 N-0 401
dehydrating agents useful in step (b) include acetic anhydride, methanesulfonyl chloride,

trifluoroacetic anhydride, toluenesulfonyl chloride, sodium hypochlorite, calcium

hypochlorite and tert-butyl hypochlorite.
Non-limiting examples of bases useful in step (c) include potassium hydroxide, sodium

hydroxide, lithium hydroxide and cesium hydroxide. Non-limiting examples of solvents

useful in step (c) include methanol, methanol-water mixture, dimethylformamide,
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Br /. NFr 1-34 CH3 cH3 H3C N NO Br 401

Synt hesi sof 5- 1342- (4- br onophenyl) - 3- net hyl but an- 2-y1] - 1, 2, 4- oxadi azol - 5-

yl | pyri mwoOrne12/024i60 a sol uti on of pyri m di ne-5-carboxyl iPCTASR2E 102066 ny,
0.70 mmol ) in pyridine (1.0 nm.) is added thionyl chloride (61 jut, 0.84
mmol ). The m xture is stirred at roomtenperature for 15 m nutes before
1-14 (91 ng, 0.74 mml) is added. The resulting mxture is heated at 110 C

for 18 h, then co cent ted in vacu The residu rt|t|on bet ween
e One andicBrmar e ShiL it N e lopar e o BT et bl e Na s,

fil teredysof%g 1%8@%n£d1@én%daﬂdrb mgug) {fetBiMEndrhe title conpound (236 ny);
Mz 373.0, 375.0 [M M-2H] /024150PCT/ US2011/ 047356 The fol | ow ng

i ntermedi ates were synthesized in simlar fashion fromt he appropriate
reagent s, I nter e Structure 1,361.0/363.0
[0 Rh2rg T R RE TS R he 8B P getsribed oS AR 1 368 e
N 397. Oésﬁﬁ&i Sut[uMnitrddthods knbiw@ ih tHe arlmdRidsng, fkkexample! fradMonal - NO

crystallization and chiral chromatography.

In one embodiment, the invention relates to a process of making intermediate acids XII,

XII' A or XIIA’ according to scheme 6 above. In another embodiment the invention

relates to an intermediate acid of formula XII, XIIA or XIIA’

Compounds of formula I as well as intermediates prepared by the above methods may be
further converted to additional intermediates or compounds of formula I by methods

known in the art and exemplified in the Synthetic Examples section below.

SYNTHETIC EXAMPLES

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.

LCMS retention time and observed m/z data for the compounds below is obtained by one
of the following methods:
LC-MS Method A

Column Agilent Zorbax Eclipse XDB-C8
Spum 4.6x150mm

Ambient temperatur

Mobile phase A = Formic acid (aq) 0.1%

B = Formic acid (acetonitrile) 0.1%

Flow rate 1.5 ml/min

Injection volume | 7uLL

Detector 200-600 nm
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NBr 380.0 [M+2H] 1-40 Br N,/s 1\ 7--- N-ON 392.0/394.0 [M M+2H] 1-41 O Br
01 % N-O/\-- 362.0/364.0 [MM2H 1-42 N, rilBrN1_O\\ NH 389.0/391.0

[ M Mt2H wo28128r4150 N | N-O Not avail abl e 401 YOT/US2011/047356

2012/ 024150PCT/ US2011/ 047356 1-44 N Il N-ON Br Not available 1-45 Not

al\ll\l<|ai|ab|e I N Br *NNO 1-46 NN 372.0/374.0 [MM2H \ 1 0 Br 1-47
Gradient Time (mins) % B
0 1
2 20
7 95
9 95
9.3 1
10 1

LC-MS Method B

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 | 7uL.
Detector 200-600 nm
Gradient Time (mins) % B
0 5
1.7 95
2 95
2.1 5
2.3 5

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%
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1 \\ NH N-O Br 361.0/363.0 [MM2H 1-48 N N lel NO/ Br 374.0 [M+H 1-49 01
N\ BrN-0 450.0 [MrH 1-50 \ .0 0--S Br O0LN-NO4. Not available 1-51 NN
| iel N-OWBroBaR4GO[ MrH] 1-52 N Br 401 N\\NH2 N-O BBS1B2§1viek]356 VO
2012/ 024150PCT/ US2011/ 047356 1-53 Oi N- N O Br 388.0 [M-H 1-54 --1\j\S

| SIIN BrNO 407.0 [M+H] 1-55 N-. OONNO Br 390.0 [ M+H] 1-56 ON-NO-N Br 404.0

[MFH 1-57 HO 01 N\--- / N-O Br

Flow rate 1.5 ml/min
Injection volume | 3uL.
Detector 220 and 254 nm
Gradient Time (mins) % B
0 5
3.8 90
4.5 100

LC-MS Method D

Column Agilent SB-C18
1.8um, 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 | 3uL.
Detector 220 and 254 nm
Gradient Time (mins) % B
0 12
0.25 30
0.3 40
1.19 95
1.75 100

LC-MS Method E

Column Agilent SB-AQ
1.8um, 3x50mm
Ambient temperature
Mobile phase A = Formic acid (aq) 0.1%
B = Formic acid (acetonitrile) 0.1%
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403.0 [MtH] 1-58 01 N\\--- / NO Br 372.4/374.5 [ M Mt2H]
341- (4- brono- phenyl) - 1-cycl opr opyl
oxadi azol w0 20121024163ar bonyl di i m dazole (4.9 g,
m xture of 1H pyrazol e-4-
(150 m).

cooled t
extract g

o _roomt enper at

carboxylic acid (3.4 g,

The m xture is stirred at 50C for 30 m nutes,
the reaction mxture is heated at 85C for 48 hours.
seluti+9n of saturated NaHCO3 and

He noaorod 1 nt A o

-ethyl]-5-(1H pyrazol

Synt hesi s of
-4-y1) 41, 2, 4]

30. 7 nmol ) PCI/Usdaaemd41366 a

30.7 mml) in 1, 4-di oxane
1-16 i s added and
The reaction m xture is

FIQW EMe Et 0AC.

T o POCTCT—1 III.\.I T

fﬁ@m»ﬁb%nlc layers are dri ¢

ed over My504, filtered and

concentr
chr omat @

TPy

€ crude product that 1S
8- % MeOH CH2C12) to aff or(

purified via flash
| the title internediate

(6.9_g)
in siml

atEctdb9, 361 ||

ar fashion frd

b0 Mt2bB4 nthhe fol | owi ng i nf

bm t he appropriate r p;mpnf S:

er medi at es are synt hesi zed
Internmediate Structure

m z 1-6d

Gyageny |, N -

-Time\(@ind NN H 38%. 8 [WW

Synt hesis of 3-

[(R)-1-(4

1 1 4
4= DT UTTu= Pricily 4

[1,2,4]d
(484 ny,
1,1 -car
stirred
(5 m) i
120 C fd
resi due

Na2SO4,

xadi azole To

=% ctopropyt—ethyti=5

a sealed tube is a%ded 1H—[

1H pyrazol - 4-y1) -
Dyr azol e- 4- car boxylic acid

4.2 mmol) in
bonyl di i m daz

T, 4 1§ oxape (8 msgy, Tolloy
le (679 mogl 4.2 mmol). The

ved by the addition of
reaction mxture is

at 55 C for 3

s added to the

m nBes. [Then 1-T0 (1.1 g,

Ahnvun Thao

-\ roact 1 d
AUV LAY 3 III\/

IIV'D

4.0 mmol ) in 1,4-di oxane
DN m xture is stirred at

r 18 hours. TH

o rcoactTt v

e rekétion n1xtur§ | S conce

bntrated i n vacuo. The

is diluted w
filtered and q

Tt AT,

sted Mﬂb@ wWater,
oncentrate

H. The residue i g

brine, dried under anhy.

b purified by flash

chromatography (Si 02, 0-5% MeOH CH2C12) to afford the title internediate

(1.3 g); mz 359.0, 361.0 [M Mt21-1]. Synthesis of

2 (4 134@ ( enyl) - 1- cyclopropyl ethyl]- [1 2, 4] oxadi azol -5-yl | pyraz
-1-yl) Ngrmet iyt 159 (6.9 g, 19 mol) in

OV (50 | B e addod | OO {LT° €8 EBp L IR <

2-chl ord- N, N-di net hyl qegtadtlgien(2. 9 g, 28 nnDI) at roomtenperature. The

m xturel|is stirred at |[the same tenperature for 24 hours. Water (200 niL) is

added arld the mixture 48 @ktacted with EtOAc (300 nl). The conbined organic

| ayer i d-witr—iviy ter: e—f++tnate is concentrated and

t he rerreulﬁ‘)f?%"?hélé f due %503%“1.’?% a“@\é”%tﬁ%/ 024150PCT/ US2011/ 047356 vi a

silica del flash coIunmgg@qqq@ﬁﬁgggg@ﬁxﬁk%ﬁnﬁgb MeOH in CH2C1l2 as the el uent

to afforld the title ifternediate (8.3 9); .2, 446.2 [M M2]. The

follow rlg internedi atg¢s are synthesized in Slﬁl|dr fashion fromthe

appropril|gfgygagents: [ s/agd ate Structure z [MM2H 1-63 Br 4 1. N

.- .0 /L1 444, 2/446. 2 1-64a Br 4 S N--- 0 /1 INN

Injection volume

3ul

Detector 215nm (nominal)
Gradient Time (mins) % B
0 5
5 100
54 100
542 5

Svynthetic Methods
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Y 431.2/433.2 OH 1 65b Br 1.1 N....-. \ 415.1/417.1 a) The
reaction mxtures is stirred at 80C for 48 hours b) The reaction is run
starti ng woam2delseor r espondi ng i odi de and the m xture PESTAISROMMAT38¢ 80C
overni ght WD 2012/ 024150PCT/ US2011/ 047356

Synt hesi sof 3- [ (R) - 1- (4- br ono- pheny1) - 1- cycl opropyl - et hyl ] - 5- (1- et hyl -
pyrazol -4-y1)-[1, 2, 4]oxadiazole To a vial is added 1-61 (550 ny, 1. 531

nmol ), iadonet hane, ( 3.062 mol 4 i
ol ), GRS LRane (6 4ot it & 002 oL, and KRooR, P B 5 b
then poupglmuhf Ra¥@nelorANtbnRdnAGeacidd Bl AGY %r%ﬂéﬂ%n@h@% théAnihlar The

conbi ned organic fractions are dried with sodiumsulfate, filtered, and
concent reaetdnts wsedic U@lqss) Odfer‘msd spératied, tspbyentst empethitacs P(résﬁereﬁglgﬁ otlrg 7

374.0, 376.0 [ M Nw2 nt er nedi at e ar e, synt. i.n simlar
Fashi on FRATHECHSBe Ghbt el s B HFEb bt Sl ePERs” RPshies war
4 Br 4fbeddurdd arf providehi/inZhé 39nidedc €Rahples MNtionVypically, reaction progress

2012/ 024150PCT/ U82811/ 047356 Synthesis o

244- ( 3- 1magykq apndieier- by [ thiy Jayer schmomatopeppby hfiLC) 103 BRI -Mabbrdssied. 2-

1 h t
b PreThBIIGS ad frodheld Rl PE8L - Mt I T Rlndodden i gy B TR 2
pr essur ereeiyatallémagomd aistF ol ﬂawa(«pp]me (312 ()] HPh@rpmﬁbRuéh ®eth8dSusedahywhés©Ac (2. 3

g, 23 mml) and tetrakls trlg ‘ill phosphi ne aIIadlu 0 481 0.6
mol ). THeM G580 % gretamifitle i watsr ap W@@O@fﬁ@é} rfopic a1 4 HArﬂs&r % The

m xture jSn %1018?%{ OV¥Be anfuded 099393‘?%% Cg waguo. The reS| due is diluted

wi th Et OAC and 1s passe rough ug of Celite and is rinsed
thoroughly with EtOAc (20 mL). The filtrate is dried with nagnesium sulfate

and is filtere aff t ptle intermediate (1.9 g); mz 492.3 (MH)
The foll ﬁ@rﬁéﬂnéﬁr?@ Fég%\}d(te'\flé%wrﬁ@s‘i WA n simlar fashion fromthe

appropriate reagents: Internediate Structure mz [MtH 1-70a (:)B

b) Waters XBridge OBD C18 5 uM 30x150 mm column

c) Waters ODB C8 5 uM 19x150 mm column.

d) Waters Atlantis ODB C18 5 uM 19x50 mm column.

e) Waters Atlantis T3 OBD 5 uM 30x100 mm column

) Phenomenex Gemini Axia C18 5 uM 30x100 mm column
g) Waters SunFire C18 Prep OBD 5um 19 x 100 mm

h) Waters XBridge Prep C18 5 um 19 x 100 mm

Starting materials and reagents are either commercially available or may be prepared by

one skilled in the art using methods described in the chemical literature.

Synthesis of Nitrile Intermediates:
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ol N---\o /1 4 92.4 WO 2012/ 024150PCT/ US2011/047356 I-71la 4 O, N ,- \O
/1 NN OH 479.5 1-72a 0 4 B ON----\ o NNI 421.51-73b Bol O ,NO 463.3
1 74b B oW04£201210241800 465.3 1 75b 4 B O 1 0O ,NNO 421. BCTA)S2d1,1D47356

- bi s(di phenyl phosphi no) ferrocenedi chl oropal |l adi unm(11) dichl oronethane is
used instead b) 1,1 -bis(diphenyl phosphino) ferrocenedichl oropalladiun(ll)
di chl oronet hane is used instead and the reaction mxture is stirred at 100C
over ni ght, Synt hesj] f Boc- p| r.idine er medj ates. Synt hesis of

Yo(3-11 %Qﬂ%ﬂf i B{/P‘P?n %9‘%@2@’3}}@“& 4 opropyl -ethyl [ 1, 2, 4] oxad
iazol -5-y1)-2,3,5,6-tetra o [1, 2" ] bi pyrazi nyl-4-carboxylic acid
tertbutyl ester A 250nL flask is rgedwlth R-7 (5.4/9, 28.99 nmmol)
in 100 nL of NWP. R—8(5009, 28. 99 I)isaaedfollo

triethylam ne 3479 0l ) cm’heat 80 C under
ni trogen over “the redettii on | led Yo r@mte re, Npoured
into ice wder and t he preci pltalBéd 1-76 (8.60 g) is i rol at ed by
filtration; nlzRBR3.4 [ MtH] I-1 -2

To a solution of R-1 (20.0 g, 0.102 mol) in DMF (300 mL) at 0 °C is added NaH (60% in
oil suspension, 4.28 g, 0.107 mol) slowly. The mixture is then stirred for a further 15
minutes and 2-bromopropane (9.60 mL, 0.107 mol) is added. The reaction mixture is
allowed to warm to room temperature, stirring continued for 2 hours and then
concentrated in vacuo. The residue is partitioned between CH,Cl, and brine. The
combined organics are dried with Na,SOy, filtered and concentrated in vacuo. The
residue is purified by flash chromatography (510, 0-15% EtOAc in heptane) to give I-1
(21.3 g); m/z 238.3, 240.2 [M/M+2H]

I-1 (21.3 g, 89.6 mmol) is dissolved in DMF (300 mL). The mixture is cooled to 0 °C
and NaH (60% in oil suspension, 3.76 g, 94.1 mmol) is added slowly. The mixture is then
stirred for a further 15 minutes and methyl iodide (5.9 mL, 94.1 mmol) is added. The
reaction mixture is stirred at 0 °C to room temperature for 2 hours and then concentrated
in vacuo. The residue is partitioned between methylene chloride and brine. The
combined organics are dried with Na,SOy, filtered and concentrated in vacuo. The
residue is purified by flash chromatography (SiO,, 0-15% EtOAc in hepatne) to give the
title intermediate (21.7 g); m/z 252.3, 254.3 [M/M+2H].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:

Intermediate Structure

I-3

X
=N

Br
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To a stirred suspension of 1-76 (8.60 g, 26.68 mvl) in ethanol (250 m) is
added 5M NaOH (26.68 nml, 133.39 mmol ) at roomtenperature. The m xture
becones hwoogermusobef ore a persisting precipitate fornmpCans2eoerses a
solid mass. Water (200 ml) is added and the mxture is stirred for 4 h
after which tinme the reaction appears conplete. The |ight brown sludge is
poured into a beaker and treat ed with water. AcOH is added to reach acidic

G ca. ovBrmBity o Sk Brigesphent b 2eelpogaey bEenaE ca Co give Che product

as a solid which i .uspended in hept nes. The solid is cg|lected via

filtration and Washd W t eBOtanes gi ve 1-178r,(7.90 g)~Am,z 309.4 [ MtH] .
To a suspensi on %7 9. k) | A—FHF40 '
T G

TR& ni xture is
stirred at 5@r or 30 mnutes. BAfte&r this tinme 1-16 2.5 g, 8.83 mmwl) is
added and the regdting mxture is Reated at 80C for 3 hpyrs. The m xture
is cooled down and treated with AcOH The m xture is warned to 80C

and stir¥ed selpsionef @h@ o. %@n%mqlhgl i[HFdé@nﬂrﬂéritﬁ)é@@aduaf wlutidieofr MaMeBon | s
concent r Qt(ﬁ\qngntgut tHé 7‘“ }nlﬂll) Wafhef:r %ollgd-tlilo% f q rpe(d:t for 3 r ﬁlchetgealte%t \9v1t
(2x). conbi ne organl Cs are was h°Brine an riea over anhydrous

MySC4. TmlrmeataqneoussNéHCO@r fthe aNB 10O NS MMtioAEE Uetwbbie OTRITR MdBrigd théﬁ is
purified via flash_chromatography q()S| lica gel, 0-5% MeOH/ DCM_to afford
1- 78 (2. 2eg)ics v callnted: émawn#lé\é{é@ orﬁﬂwgs@}d jasceiEned to-2rg R3.665¢): 0. 90

mol ) i nrdgnlebn @E’E@ I{soiﬂ otli“fn f&lt 0 r%) ijgdded TMSON (50 gL

2- am nopyri m di ne-5-bo on| acid pi nac
t et r aki s44 minpdipmyd piBrs pHIONaY pAL2 adneliThe I(eac@ﬁ»nrrg stl@ecﬁevdmcght) thamgoagd Na2CO3

Lni s i o\ PR TPt uT B TG g TEEHED S8 B Gttt PARE et

Et OAC ( 3ptered NEndCSHREMEAPL030HK. T TRELEQNR @r;ﬁlrﬁfeﬁ% AY&r cﬁeﬂmwg%ﬁyl\/gsm
filtered, then concentrated in vacuo to give the crude nat

|
Puri fi catSiOn Ol 5% E@ste ghheptaed ¢v gpleyth¢ gitlei inwrmediate035% gaegwrmw 480f or ds

bot2) 0pa Ul SR s Tone e T 1Rl O 2 Hend 69 @Mt i zed i n

simlar f13phieno.68 per)t(hg @ggr(my(fnat(mr gqg)qﬁ{)s Internediate Structure niz

dded 1,1'-
carbonyl diimd g, 9.71 at roonvs@nper at

[MtH 1 -80 H2N 4 101 (N-)V---N---.0569.4 1-81 2 A 40 - / )1 N
c== (N--) \--N -0 569.4 1 82 Nl 2N ---NI,0 N/4 N (N--)\---N---0 570.4
WO 2012/ 024150PCT/ US2011/ 047356 1-83 570.4  Synthesis of

-(3-{(S)-144- (5-am no- pyrazin-2-y1)-phenyl] - 1-cycl opropyl -ethyl I [ 1, 2, 4] ox
adi azol - Bhey IpHRvidg Snerhedin@h gk @y][ltﬂ;es?Zze]dbinpyﬂfrﬁYak Mytdhid Gaoib abey lapgropaate
tertbutyl ester To a suspension of 1-77 (1.0 g, 3.53 mmol) in THF (20
m) is afastst, 1' - car bonyl di i m dazol e (0 63 g, 3.88 mmol) at room
tenperature. The mi xture is stirred at 50 C for 30 mnutes. After this tine
1-19 (1.2 g, 3.88 mmol) is added as a THF solution (15 m) and the
resul ti pg Imitesimudéates heat Sttuatur80C flor @/HMwH] The mi xture is cool ed and
treat edtwi-th—-AcOH (8 M) thenwarmed to-80C and-stlirred over night. After
this tipre the reaction is cpodl ed to|roomtenperatyre, concentrated and
dilutedfwth water. Extracted e product _into DCM (2x). The conbi ned
organics are Washed W th kfiy ﬂ dried %%04) Filtered and
concentfated. The remni niAg_Lrude’i$ purified vial|flash chronatography
(silical gel, 0-5%!\/!90—!/%01\/9 to affond 1-84 (1.2 g)). In a5 mM mcrowave
reacti on—vessel—are conbined 5-am no-2-bronopyrazine (60 ng, 0.34 mmol) and
hexanet hyl di stannane (120 ng, 0.38 mmol) in toluene (2 mM). The mxture is
degassed using argon after which tetrakis(triphenyl phosphine) palladium (0)
(40 mg, 0.03 nnnl) i s added. The reaction is degassed once nore, capped and
var med t &(@-BsemoghengD-2-gxslonrepyt iPRaPioBitElh; et Néﬁp&eatlmeeareﬂ gn (theo ny,
0.48 mo ced along with tetrakis(tri phenyl phosphi ne) pall adi um
(0) (30 f(ﬁlo\vgn%@:tahﬂgﬁ” The vessel is capped and warned to 115C over night.
After t hTe atsolgon héRrEe@@Q igoh. 37 snad piol BE &hd Le onasided depedse Mkl edr (3 ins

suspende treate th.silica. gel ntrated. The
ottt O FhLs A oo ol 5 q%ﬁﬂf&ﬁ%ﬁﬁﬂ@&@%ﬁfﬁ%ﬁﬁ@l&&nggﬁnaé 10%
MeOH/ DCM to afford the title internediate (100 ng). To a suspension of R 9
(100 mg, 0.77 mmol) in CH3CN (10 nl) ﬁadded HF |n Et 3N (0.26 L, 1.5
mmol ) at roomtenperature. The sol uti is heated to 80 C for 48 hours. The
solution is cooled down and water (10 nlL) is added. The solution is
extracted with Et0Ac (20 nL) and H20 (5 nL). The conbi ned organic | ayer is
dried with MgSH4 and is filtered. The filtrate is concentrated to afford
1-86 (25 ng) rﬂz 113 9 [MH—l] V\D 2012/ 024150PCT/ USZOll/ 047356 The

o, o - o r




127.9 Synt hesi s of 5-bronp-4-fluoro-pyrim din-2-ylam ne
1-861-87 To a solution of 1-86 (280 ngy, 2.5 mml) in CH3CN (20 nL) is
addedNor owoogimisn de (881 ng, 4.9 nmol) at room t enpePaTirse011/MBs60l ut i on
is stirred at the sane tenperature for 12 hours. The solid that precipiates
out fromthe solution is collected and is dried to afford the title
internmediate (250 ng); mz 191.9, 193.9 [M M2H The foll ow ng
internedi ates are sg? f&es%ed in S|mlar fashion fromthe ap Broprlate

¥

r eagent s"OMhEBIPREHT It TR HeATiEon HPSUE iy Weashqd witlgsagyrgted aqliegys o/ 207. 9

N/ \ NH2NBId extracted with EtORN e ombRfed organic layers are washed with brine,
5-bromo-3-trifl uor onet hyl - pyri di n- 2-yl am ne R°101-88 To a stirred

sol uti ong,dd R’eﬂ@n}(ﬁr&g Nh,SHO aﬁ\tﬁcdmgﬂt}atéd‘to%rc{ fe cilde dotnpRUAER- 3 (330 g)

Nbr onosucci nim de (3.00 g, 16.8 as a DWF solution (15 m, dr opw se) .
Aiter 4 %hfcﬂ?s 1;15%?% tRrhekSst W[tﬁgut ﬁ’er % ficgtfp, F€sul ting precipitate is
collected via tratlont give t epouct as an off-white solid.

Di ssol veto iarsbkuuﬁ)@M BRid(3Raghed’ \mdl}nntﬁlﬂjfég (ZThe) IsadeddmpeissdifartOed and t he

organic se dried | tered and concentrated to.give the title
Coar medhiobe 137 g S ST imsirs S R R ey ppa g ff 38 mik

5- br ono- @MCS{CN) M?Q'ﬁ'rﬂolglsﬂdﬁ&! Bl%melg@EtBWS P@Nw&{ﬂr %kiﬁllén aﬁe ﬂ:ﬁ)xtﬁrerlg)und
bottom flask is added R-11 CN'(120 nl) 0 C

f ol | onedallyweadre sad@ilrm)mmemperhmmf@n@éluélﬂvuerrﬁmtlde n(l@@l?e ngl,uelzchzewml ) The
reaction_m urels irred rotected fragm t) orousl for 15

i nut e, HHERYAEr pELER RS AR Sphate bl bt IF PR s o of

N- br onDs@eGCRi mh@lsrg@&%ayw is \2as213d iRl brink Sdraddedr athydrds,N4,8enahdie reaction

m xture is stirred at roomtenperature for 2 hours. The reaction nmixture is
concent reansentrated; abheoesitgeis pagifiad by chroglasessaphe i siligt Ghwithwaspledmwi t h sat
Na2S203 ] , filtered and concentrated.
The resﬂ%}tﬁgﬂﬁg[& (ll'gb 1?? glgélﬂfeldtltgehlﬁ{eﬁ@g&r%eégra hy (Si 02, 0-20% Et OAc/ hept ane)
to afford the t|tIe internediate (772 ng); mz 190. 89/192 86 [I\/!I\/HZH] The

foll ow ng [ nterrredl ates are synthesized in simlar fa n fromth
appr opr i Lcefpar (d%)-2-(4-bromo-phenyl)-2- cyclopropylproplonltrlle (I 6) and ($)-2- (4-

<
+ /©/<\\N
Br

-4 -6 |-7

bromo-phenyl)-2-cyclopropylproplonltrlle I-7)

Br

Enantiomers I-6 and I-7 are prepared by resolution of I-4 (150 g) on a ChiralPak AY-H
300x20mm SFC column (eluting 85:15 SF CO;:ethanol, 80 mL/min flow rate). The
faster eluting isomer is determined to be I-7; 'H-NMR, 400 MHz, CDCI3-d6 ppm: 7.54-
7.50 (2H)(m); 7.41-7.37 (2H)(m); 1.73 (3H) (s); 1.26-1.19 (1H) (m); 0.74-0.50 (4H) (m);
the slower eluting isomer is I-6; 1H—NMR, 400 MHz, CDCI13-d6 ppm: 7.54-7.50 (2H)(m);
7.41-7.37 (2H)(m); 1.73 (3H) (s); 1.26-1.19 (1H) (m); 0.74-0.50 (4H) (m).

Synthesis of 2-(4-bromo-phenyl)-3,3-dimethylbutyronitrile
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Internediate Structure ink [MM2H 1-90 HZN N CI N 207.9/209.9 Synthesis
of (5-brono-pyrimdin-2-yl)-tert-butyl-amne Br F)Le R-12 Br NN 1-91

To a vi alwpgomdderfoR- 12 (200 ng, 1.13 nmmol) in DVF (5 mpCT/USediiowesds by t he
addition of K2CO3 (312 ng, 2.26 nmol) and isopropylam ne (134 ny, 2.27
mmol ). The reaction mxture is stirred at 70 C for 3 hours. The reaction

m xture is concentrated in vacuo. The residue is dissolved in Et0OAc, washed
with water, brine, dried under anhy. Na2SO4, fitered and concentrated to
affordthetltle|nrHerrred|ate(221 mz 216.0/218.0 | 1-1]. The
following inter sl es_eBuigdynt hesi zedl in di Ml fashion fromthe

appropriate red | nt er medr at Oﬂﬂrerga [ M2 < /I*NHNII N
Br 202.2/ 2048 93 213. 93/ 215, Synt i é'\' N

3- Benzyl oxy- 5- br ono- pyri di ne HEr 1 , e ClBr 1 N B 1794 To a vial is
added 3- br ono- 5-fhydr oxypyri dine (2¢05ng, 1.15 mml) benZIy3I aI cohol (137
ng, 1.27 mml and tri hosphi he (332 ng F (5 m) at
0 C fol ToRed uﬁynpﬁéB&@lﬂﬁrméﬁoa? L, di{ %}@r%‘@ 18&%%11 %éﬁl%@ewfaw @Q%Sﬂg 1.27

mol ) . Tll?lﬁlorl)eﬁlc’i’Hﬁrbmn)fﬁ)ur?hé §olﬁttl(1)1{ dﬂ;eglriaetd P ?U‘rﬁ;ﬁr‘iﬂgﬂ % LE leﬂlr %?]u?ratrég urs.

The reaction mxture is concentrated i n vacuo e resi ue 'S uted with
Et OAc, wapleedk N/aHﬁ‘,@atTH&lahﬁ‘mﬁ isvpdréipnedobdétween chiethgtbne retlbridaralng .briNa 2@B€4

N TN T MR A e T

[M M2H Sy B hesi dushad gﬁbﬁy@s@mmﬂm&%q@% B APH B} thhe3 o WealiyBRo
solid that is further purified by slurrying in heptane to give after filtration R-5 (4.67 g).
To a solution of R-5 (4.63 g, 19.0 mmol) in CH3CN (100 mL) is added imidazole (3.89 g,
57.1 mmol) followed by Ph3PBr; (24.1 g, 57.1 mmol). The mixture is heated at 40 °C for
6 h then cooled to 23 °C and partioned between EtOAc and satuared aquoues NaHCO;.
The organics are collected, washed with water, dried with MgSQ,, filtered, and
concentrated in vacuo. The residue is slurried in hepatane and resulting solid is filtered.
The filtrate is collected and volatiles are removed in vacuo. The residue is dissolved in
DMSO (100 mL) and treated with NaCN (1.11 g, 22.7 mmol). The mixture is heated at
140 °C for 3h then cooled to 23 °C. The mixture is partioned between Et,O and water.
The organics are washed with water, dried with MgSQ,, filtered, and concentrated.
Purification of the crude by flash chromatography (SiO,, Hep to 15%EtOAc in Hep)
yields the title intermediate (2.37 g) "H-NMR, 400 MHz, CDCl; ppm: 7.59 (2H)(d: J=12
Hz); 7.33 (2H)(d: J=12 Hz); 4.26 (1H)(brs); 1.35 (9H)(s).

Synthesis of Carboxamidine Intermediates

Synthesis of 2-(4-bromo-phenyl)-N-hydroxy-2,3-dimethylbutyramidine

NH,OH \H

W

Br Br N*OH
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F To a solution of 2-am no-5-bronopyrazine (174 mg, 1 mol) in DVSO (3ml)

stifling under Ar is added ferrocene (56 ng, 0.3 mmol) and degassed for 5

m nut es Wohorre24nl of 1IN H2SO4 in DVSO i s added, fol | eeedsby10FB66 (0. 276
m, 3 mol) in DMSO (2 m), giving a slight yellow solution. 0.2nl of 30%
H202 is added slowy, causing the reaction to go fromyellow to dark green
in color. The reaction was heated to 50 C for 2 hours under Ar After

cooling to roomt erature, the rea re i s _poutr to brine, and
roduct feschinsgt B3 UPthe et Aol agupt hidohsrs BT SHes! ons
are dri eghdibtaiRGNSS It Skl Rh&ionfik IhEﬁé&gt: 84 NeRv&ANKE! ﬂ{eh%ﬁgeﬂtﬁte\‘l%uo The

crude material was purified by flash chromat ography (Si 02, Bi ot age SNAP
10g, O- 50848t (TA@/ShJe@uS) fikghed hn@rlwelshﬁsi With mgteo theni helptaaneor'fm@unkid 1sn¢qileQmQ 0,

244.0 ( X br,ono [

1-901- Qg/gngl\m]ﬁm%ﬁte hlb\&;\% g %dgséoé\%“e% caﬁgré %{n f%rtgnzyl tlgfscohol

(7.0 m)m@dﬁﬂle&ﬁdﬂ@%(gl%/zmﬁ 46283/32 mM}zH]The vessel is capped and stirred
at anbi ent tenperature until the sodiumis consumed. After this ti rre 1 90

(1.10 g, 5.28 nmmol ) is added and the reaction is warnmed to 130C for

Upon coo t a d to
o vol s T v AERGES oSBT, AR G ot SROSEHORAMEC
decant edreaghtd:he remaining oil is treated with net hanol . The precipitated
solid is collected via filtration and washed with nethanol to give the
title intermedi ate (0.86 g) mz 282.0 [I\/H—l] Synthesis of

(5-bro I met hy. =-96bI S Ix[,m SffjiCrovjave reaction
vessel iéﬁarqe t\-/‘\ellyth [§%rom) pyridin (@g * 31]44 nmol ) and treated

with rrethyl am ne (10.45 rri of a;33% sol utlon in ethanol, 84.43 nmmol) and
warnmed fo 80C for 3 days. After{this tine the reaction is cloncentrat ed and
the renpiningrgelid is|treated WMSHONEM HC1 (5@ 0rhyairBR DCM| The | ayers are
separatpd and t he aqueous p ¢ isllbasified using IN NaOH (fto pH11). The
product| was extracted |i ntgp”DSHI (2X)"aand fhe conbi ned organijcs were dried
(MSH) | _filtered and lconcentrated to give the desired product |-96bis
(1.20 g). 1H NMR (400&1—&, D|v56) 2.75 ppm (d, 3H), 6.44 ppm (d, 1H), 6.72

ppm (bs} 1H), 7.51 pp .05 ppm (s, 1H) Synthesis| of
244- (3-{ (R) - 11{18- (2- Ami o= pytti mi di 2835/989.0 phenyll] - 1- cycl o
propyl -pthyl }-[1, 2, 4] oxadi az L) - pyrazol -1-y1] - N, N-di neft hyl - acet am de
1-97 is| prepared foll owi g "Mefhod 26H(using Pall adiumtetrakis, 2M Na2CCB,
and DVF-at—85C—+er—t6h)-—mz565- 01 MH-—Synthests—of
2-12-[4} (3-{(R-1-[4-(|2- Am no rimdin-5%-yl)-phenyl]-1-cycll opropyl -
hyl I -[1} 2,4] 0 |azoI 5-y1) - pyragol yi-yl] -ethyl] dol e-|1, 3- dlone
53, - HEES )

Exanpl e| 48 (1 (tréated wt
2-(2-BronD-ethyI) |50|ndQ e (101 ng, 0.399 nnDI) and Cs2CO3
(83.0 ng, 0.599 nmol) Jand "t he reactlon i$ stirred overnight|. The resulting
m xture[is diluted witlh water and et hyl acetate and the phases separated.
The orgpni c phase i s washed wt\h ter and brine, dried over Na2SO4,
filtered, and concentrlated in vagpo. JH@ resulting residue fis purified by
flash chromat 6égPaphy over st 0- 109%383%el/Pé&nol / CH2C12 to give 1-98
(120 ny). Synthesis of| Fin npouthds Mgt hod 1 Synt hesis |of
2- (3-1244- ( 5- met hoxypylr Lo 1) p il 13- et hyl but an-2-y11-1, 2, 4-

oxadi azpl - 5- yppyr azi ne % anple 1, table|l) 1-27Exanpl e |1 To a sol ution
of 1-27 (200 ng, 0.64 mmol) in DVF (5 nL) is added Huni g s base (0.3 ni,
1.6 mol ) foll owed by pyrazi ne-2-carbonyl chloride (110 ng, 0.80 mmol). The
reaction mxture is heated at 120 C for 2 h then volatiles are renoved in
vacuo. The residue is purified by flash chromatography (Si 02, heptane to
60% Et OAc in heptane) to give the title conpound (165 ng). The follow ng
conpoundsgyeds Syntdresi zeq4iD-aniftbp Aimidiaty- AHph _9BLdi 1
|nterned|ates Exanpl es 2q5 t abl eb?rEfg QW%«ﬁ?gth@aﬂ%?;H%ﬁégkﬁ?% 118,
tabl e 1 bwtanphidanide tabl el Met hod 2 Synt heS| s of

[ 2-am no-5-(4-13-met hyl -2-[5-(pyridin-3-yl)-1, 2, 4-oxadi azol - 3-yl ] but an2-yl |
phenyl ) pyri di n-3-yl ] met hanol (Exanple 6, table 1) 1-58 (0.450 g, 1.21 nmol)
is suspended in 1,4-dioxane (3.0 nL). Bis(pinacol ato)di borane (0.364 g,
1.43 mml ), potassium acetate (0.500 g, 5.09 mmol) and 1,1' -

bi s(di phenyl phosphi no) f er r ocenedi chl o %palladlun(ll) di chl or onet hane
conplex (0.100 g, 0.122 mml) is addeH' This reaction m xture is de-gassed
and heat ed under argon at 100 C for 4 h. The m xtue is cooled to room
tenperature then diluted with Et0Ac and washed with water. The organics are
coll ected and concentrated in vacuo to afford a residue that is purifed by
flash chronatography (S|02 hexane to 30%)Et0Ac |n hexane) to glve 1 99

N NS - AN o~ A a ~ ~ NOA NN - P~ NSNS o e




Met hod 4 Synt hesis of

3-(3-12-[4-(2-am nopyri m di n-5-yl ) phenyl] - 3- net hyl but an-2-y11-1, 2, 4-
oxadi azolwb-292)qyrsodi n- 2( 1H) - one (Exanple 12, table 1) PCir/US201204733€0
1-21 (100 ng, 0.255 mmol) is dissoved in 1-nethyl-2-pyrrolidinone (1 ni).
Et hyl di i sopropylamne (0.3 nL, 1.6 mml) is added foll owed by 2
chloro-nicotinyl chloride (62 ng, 0.35 mmpl). The reaction mxture is
heated at 120 C for 1 h then cooled to roomtenperature and pardoned

bet ween CH2C12 and water. The organics _afe collected and vol ati

renmoved in v . ThePHESisHue is purifhes

0-100% et h tate in ptane) to X
1-100 (3 0.083 $.x di s§love n 1, 4-di oxane (ZﬁO\nL . A 1@@6(VWVW
aqueous Li OH sol ution 450 [t. h)N /.dded The reactlpn/hu ture is heated at
70 Cfor 2 h. The solvent is rénoved in vacuo and the residue is suspended
in water (2.9 nL). The precipetate is gollected by filtration,, washed wth
wat er, and alr-drled The solid is fur ter purified by flash chronatography
(Si02, 0-10%veOH in CH2Cl12) to give the title conpound (28 ng). The

fol | ow nd wbrpauwtds? &2.60 Qy AtR3emnoéd 2iamisbmrirai|dirfea$bbmnicf zrodnh‘ptriaeolaqsmropri ate

i nt er nedi at es: anple 10, table 1 t he

5- (4- 124@% dé%wbw@cgieﬁalgs fphepy’p pi;e};awaié 81/@158%&3}%%9%2 yllp
henyl ) pyfi i iﬁb Z19Tha atuFXRR] u%o&slNa@% @0 JfﬂL)qs"h‘ea@Ji 'at1§(§) NG PRHOTHN + @ N
A H2N N 1-21 Met hoxy-ni coti ni c aci d is dissoved in

1- nethylm®qmyUSQDMddm@ﬁé Cﬂthpmmndathﬁb@nwEdDAnwdéiwme (B¢ arganics. 88 nmol )

dded. .The t t f th 21 0. 255
oo T ceallbi B I M iR, BRLeqRe Pkl e SR wht £ e
cool ed tey mmh@mgawye(saog @!H&@Iﬁ@ W MROMEICH,TNE t8Alffdd I120cohiect ?d
by filtration and purified by flash chronmat ogrophy (S 02, 0-100% Et 0Ac in

hept ane) 27> vk he title conpound (19 ng). The fol | owi ng conpounds wer e
synthesized in simlar fashion fromthe appropriate internediates: Exanples
13-15, table 1 Exanples 18-22, table 1 Exanples 25-29, table 1 Exanples

33- 34, tahkd eollbvaxanpkendilated floleesyntimcanplie sh8ilat fbhien Yrdox ahPlapsroprate9,

table 1 Exanple 119, table 1 Synthesis of

5-(4- {(F&ﬁgﬂﬁyclopropyl 1-[5-(1H pyrazol -4-y1)-[1, 2, 4] oxadi azol - 3-y1] -

et hyl | - phenyl ) -pyri m di n-2-yl am ne (Exanpl e 48, Tabl e 1) To a suspensi on
of 1H pyrazol e-4-carboxylic acid (7.1 g, 0.063 nmol) in THF (200 nl) is
added 1| linteandtiatel di i M dazoSeult®e2 g, 0.063 nol ) miz [Mxdhj t enperature. The

m xt ur e-s—stirred gt 50 C for 30 mnutes—A-suspensionof1-29 (12.5 g,

0.042 npl) in THF (2100 nl) i led to the |above mixture and the riesulting
m xture is heat ed urjder reflux for R4 hours. The m xture is cool ed down and
t he sol g | | ectled by neans it atijon. The sq%jg}is t hen sjuspended
in AcOH (15 éﬁ% room t eppELS . e nixture is 8ated to 90 C for 2

hours. [The solutlon IS coo|ed down and i s concentrated under vaccuum The
residue|is dissolved i g &OA¢ (100 nL) and |the solution is washed with H20
(200 nlL) and sat uratjed NaHCCB sol uti on (200 nL). The organic layer|is
concentfated to affqrd the title npound ({14.7 g, 0.040 nol). Method 6
Synt hes| s of
4-(3-11t[4-(2- Am no-[pyri m di n-5: enyl |- 1, 2- di net hyl - propy11-
1, 2, 4- okadi d20B- 5- y1) - pi peri di n xyllic acid t&@ob:-butyl este

(Exanpl p 109, table (1) andN N

5- (4-13f net hyl - 2- [5-(p|$;r -4-y1)-1, 2, 4-loxadi azol - 3-yl ] but an- 2-
yIIphenyI)pyrlnldln- Exanple 110, tjable 1) To a suspension of
N- Boc- i seft pocotie et \J.J.d e —0-50 IIIIUI) i!"l FHF (1 nAL) -s—added
carbonyl dii m dazole (81 ng, 0.50 mmol ). The mixture is heated at 55 C for
20 mn then treated with 1-21 (100 ng, 0.33 mmol ). The reaction m xture is
heated at 55 C for 17 h then heated in mcrowave at 150 C for 20 mn. The
m xture is cooled to roomtenperature then directly purified by flash
chromat ography (Si 02, 15-100% Et OAc in heptane) to give Exanple 109 (89
ng). Exanple 109 (83 ng, 0.17 mml) is dissolved in CH2C12 (1 nL) and
treated with a solution of HCL in 1,4-dioxane (4.0 M 0.4 nL). The m xture
is stirred at roomtenperature for 3.5 h then resulting solid is filtered,
washed with CH2C12, collected, and drﬂ»d to afford the title conpound (63
ng). The follow ng conpounds are synthesized in simlar fashion fromthe
appropriate internedi ates: Exanples 111-114, table 1 Method 7 Synthesis of
5-(4-13-net hyl - 2-[5- (1H pyrazol -4-y1)-1, 2, 4- oxadi azol - 3-yl ] but an- 2-

yl I phenyl ) pyri m di n-2-am ne (Exanple 146, table 1) 9-4- N13 0 H, NIN
PdC12(PPh3)2 2M aq thCIB DIVF A‘nlxture of 1 47 (70 g, 0.19 mmol ),

~ e L - o o R 1 . A P~ NS 1N T - ]

=




Exanpl es 140- 141,

table 1 Method 9 Synthesis of 24443-11-

[ 4-(2-am nopyri m di n-5-yl)phenyl]-1-cycl opropylethyll-1, 2, 4-

oxadi azolwb-2912)y024t30pyr azol
1) To a solution of exanple 21 (350 ng,
1.9 mmol ) and 2-chl oro-N, N-di net hyl acetam de (0.19 niL, 1.9

K2CO3 (
nmol ) .
directl

260 nmg,

ad
154

0.9

The reaction m xture is stirred for

nronart i vn
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4 mmol) in DVF (1 ni) i

20 h at
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tion performed to form Exanple 89 Exanple 91,
& derivative is not isolated and the anide si depr oduct

is isolated Exanpl e 134,

te internmedi at es:

table 1 -

t abl

Exanpl es 81-83, table

is isolate
table 1

e 1 Exanple 171, table

1 Exanpl e
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the intended am ne derivative is not
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heat ed

w th water,
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Synt hes

is of

144-(3-12-[4-(2-am nopyri m di n-5-yl ) phenyl] - 3- net hyl but an-2-y11-

1, 2, 4- oxawloaa026159 1) - 1H pyr azol
table 1) To a suspension of 1-47 (336 ng,

-1-y1] - 2- met hyl pr opan- 2Polr/USExasopies 159,
0.93 mmmol ) and pot assi um

carbonate (154 ng, 1.12 mmol) in DVF (6 nL) is added

1-chl or o- 2- net hyl - propan-2-ol (100 [tL, 0.98 nmol). The reaction m xture is
stirred—at—86—Ctor 16-h-then—eoncentratedinvacwo—TFheresidueis
extractpd with CH2C12, saturated agueous NHACLl, dried mith
Na2SO4, | fil tered and vaguo to afford 1-104 (365 ng); nz
434 [ MtH] . Fg fol | gw atef afe synthesiz§ﬁr|n S|ntlar fashi on
fromthe app %rlate reagepks; 'temnaﬂlate Structuté? mz M M+-2H]

| - 104A 101 432.0/|434.0 ITWO4B | ei NN O 474.0/476.0 I-104C lei Br ,
- 419.0/421.0 | -|10ARBrQ 417.0/419.0 A mxture of 1-104 (365 ny,
0.84 mmpl), 2-aninopyr|n1d|ne 5-boronic aci|d pinacol ester (279 ng, 1.26
nmmol ) aphd 2M aqueoug Na2CO3 (0.8 in DMF (4 nl) is degassed under N2
for 5 mnutes. To this mxture iS\agded

bi s(triphenyl phosphiine) pal | adi y Meride (59 ng, 0.08 mmol). The
mxture|is stfred gt 80 C hen cdncentrat e vacuo. The resi due
is extrpcted with CH2CL12, mnth(%hturated aqueous NaHCO3, drjied with
Na2SO4, | filtered, and cemncenfrated in vacuo. The residue is purifiged by
flash chromat ogr aphy (S|02 0-5% MeOH in CH2C12) to give the titlel conpound
(268 ng). The followi ng conpounds aje synthesized in simlar fashion from
the appropriate intgrnedi ates: Exanpi’e 142, table 1 Exanple 144, table 1
Exanpl e| 158, table 1 Exanple 16 tabl gl NMet hod 14 Synt hesis of

1- (3- 12} [ 4- (R2ani nogyrim din-5 phemy 1T - 3- met hyl kgt anidsgll- 1, 2, -

oxadi azpl - 5-y1) cycl qpr opayesg ﬁ%&jd (Exanple 95, table 1) To a
solutiop 1-21 (189 ng, O0.@3 1 in (Y4 nm) is added a solution of 1-
chl orocprbonyl - 1-cyclie necar boxylic acid nethyl ester (113 ng, O0.69
mmol) in DMF (1 nml).| The reaction mxture ijs stirred at roomtenperature
for 15 mn then heatled at 120 C for2 h. The m xture is cooled then treated
with water and extrgcted with EtQAg shed with brine, dried wth Na2SO4,
filtered, anﬂ goncentrated in The residue is p#gi ied by fal sh

chr omat pgr ap (Si 02, 0- 10N ORA n NkﬁﬁlZ) to give | 8 (30 ng); Mz 408
[MtH] . [To a solutlon of 1-405 (30 ng, 0.074 mmol) in MeOH (0.5 nl)| i s added
an aquepus sol ution |of N(4.0M 90 [IL).| The reaction mixture ils stirred
at roonrtenperaturefor—1h—then—<concentratied—+n—vacuo—Fherestdue i s
pardoned betmeen Et G gueos | ayer was acidified to pH
- 4 with N&? ueoug reis extnﬁﬁted w th Et|0Ac and
concentyat ed vacu hat is pur led by preparative
HPLC to|l afford the tji (% Met hod 15 Synt hesi s of

1- (3- 12} [ 4- ( 2- ani nogyri m di n-5-yl ) pheny1] - 3-nethy|butan-2-y11-1,2,4-

oxadi azpl - 5-yI') cycl dhexanecar boxyljic acid ([Exanple 145, table 1) A mxture
of cyclohexane 1 1 di carboxylic gﬁ?oethyl ester (142 ny, 0.50 mmol),
HATU (1P9 ng 2 mol ) and trg ine (80 ju ) in DMF (2.5
m) is ik or mi ne (190 ny.| 0.50 mI%IDPa‘ﬁaElatr’ngded The
mxture|is stirred gt roomltehperature for |2 h then at 90 C for 18 h then
concentfated in vacdo. The resultant residde is partitioned between 1 M
aqueous HCI and EtOAc. The orgamnics are wastied witit brine, dried over
MySH, filtered and concentrated in vacuo. The residue is purified by flash

449/ 451
2-am no

chr omat ogywthbsis (&t 0(2R) 2 B4 EhAD- pyritydinsi el phehyl] - «gtcl@lrgipﬁlm -hlydbdxyy) ;

aqueous Na2C33 (1.9 nl)

[ M M-2F1]

phranienAmiding:

A m xture of 1-106 (223
boroni c acid pinacol es
in DMF (5 nL) is de

nmg, 0.50
ter (121 ng,

gassed under

0.55 mmol)

m z

and 2M

N2 for 5 m nutes.

To this mxture is added bi s(triphenyl phosphi ne)pal |l adiun(l1)chloride (35

mg, 0.0

vacuo.

5 mol). The mxture is stirred at 80 C for 1 h then concen
The residue is extracted with Et0Ac, washed with saturated
NaHCO3, dried with Na2S™, filtered, and concentrated in vacuo. Th

trated in
aqueous
e residue

is purified by flash chromat ography (Si 02, 0-20% EtO0Ac in cycl ohexane) to

give 1-
nmol )

in vacu

107 (182 ng);

in 1.1 THF:. water (3 nli)
reaction mxture is stirred at
The aqueous m xture is washed with EtOAc then acidified with

0.

mz 464 [ M+H) .
i s adde
room-t

To a solution of 1-107 (175 ny,
Li OHH20 (17 nm,
erature for

0.40 mmol ).
2 d then THF |

0. 38
The
s renpved

sat urat ed agueous NHACl. The aqueous m xture is extracted with EtOAc,

washed

with brine,

dried with MySO4,

coIIect

ARA 2 1 r\.,_‘.l___

filtered, and concentrated in vacuo.
The resultant solid is tr|turated with Et20 then filtered,

ed and



mz [M2H 1-108bi5a Br N N-O 463.0 a) The reaction is run at 80C for 8
hours using K2COB in DVF A m xture of 1-108 (290 ng, 0.46 mmol),

2- am nopyworhth/a2e¢tss- bor oni ¢ aci d pi nacol ester (307 ng, PCTAS20mm08)35@nd 2M
aqueous Na2C33 (0.46 nlL) in DMF (6 nL) is degassed under N2 for 5 m nutes.
To this mxture is added bi s(tri phenyl phosphi ne)pal |l adiun(11)chloride (65
ng, 0.09 nmmmol ). The mxture is stirred at 80 C for 3 h then concentrated in
vacuo. The residue is extracted with Et 0Ac, washed with saturated aqueous
NaHCC3, dried with Na2}518 \ f,<i> ered, and concentrated in vacuo. The residue

is purified bflasht aphy (51 02, 0-1% MOH in CH2@G12) to give
1109 (171 ng)T z 504.90 [M+H] Th { ol.] owi H\&ZPHtermedl at S synt hesi zed
in simlar fashidq fromihe 'appropr'at~reagent-s.—>|nterne' WO
2012/ 024150 US203N/ O4356, | - 10§ G- A mxtu 1-1109 (171

mg, 0.282 Y Li OH H20 (1 e )N~ LHF (2.5
m.) and water (1.3 nmL) is h |ate at 40 Cfor 8 h then goncentrate

vacuo. The residue is qu ~by preparative Hp Ai ve the t|tIe
conmpound (33 ng). The foltow ng coppound is synt hesi zed inosinilar fashion
from t herappraRiidlg 1.8t G8ReE! 8198 mEYAIPRIFLBsho HAD! SeladdRbOd 15 5.

Synthesis o
6- ( 3- 12- fetran2thg v IndPjdioxmbdiotan52-yl)ypmiengib} 2-3lamabdy1 Db tea - (BQymml),lteﬂaldls

FoN N PGB PHRE BT B TAD A SRR T8 ot |4 785: 6 145

sol uti onygf) %‘h@%’i&ﬁffé/ ks 'HEaé@'tSIS@*’@Xf?% g&l hodt Q%é %&&uSﬂJls c%oﬂ:@ JOR td rbdn DVF (3

m) is added carbonyl di 1 m dazol e ( mol ). The m xture Is
stirred feorpe@furmiand tstextﬁ@ted:“nthﬁlaﬁr@aatdedatw tFhelcobibif B0 gage layeOs dmed| ) and

stirred at 0 for. ture is concentrated in vacuo and the
Tl oo Tih SESGebblis el BT § anearom g dind dh Bt o S RETdepo
dried w fphcYag94phelso 1t1 @ﬁa@ recgt@tea%@ﬁeh{tﬁt e8lutid R Joﬁ@été@ﬁy mra%hl fiped by
fl ash chromat ography (5i0 % MeOH in CH2C12) to give 1-110 (223 ng); mz

389. 95 [ daid]is df[maarfddls Icgmﬁlmgdltnfoeﬁﬁﬁdiléaﬁgé et @68 Hivhid i zed in simlar

| 221001 s e B B A5 8 4 RS KA U R s e oty Pefink ' v )
in THE (Jndon inHaded, K2 eknt)a84 ML, (pS(fll%og‘]pLﬂrre%ir'Q 8"5/B>b o398 hbkss. @rhé9

mml ). The m xture is stirred at 40 C for h and is treated with

addi t i onalixtiviglis ¢@deq and the sdigd imfdieyedand3s Hriech aftordh theTitle infexmetietei($2.6r eat ed
with sat rat e@%ﬁﬁﬁoﬁ ammoni a and MeOH then vol atiles are renoved in
vacuo. extracted with Et OAc, washed with saturated aqueous
NaHCQ3, water brine, dried with My504, filtered, and concentrated.
Purification of the crude by flash chronat o[graphy (5102, 0-10% EtOAc in

cycl ohexSyrthesjs elofis (R)-24Gyqiarropy)-N-ydrozp3-[d=2imethylamine-pysimigin-Ag)-
i nt er med] ized in simlar fashion fromthe appropriate
r eagent sbﬁl% an’é‘?% gﬁ%uct uremz [ M Mt2H] PREOP

N7 Br
N, A
Br \/ /

-6 1-29bis N
H

|-29tris

In a 5 ml microwave reaction vessel are combined 5-bromo-2-(methylamino)pyrimidine
(451 mg, 2.39 mmol) and hexamethyldistannane (0.456 ml, 2.19 mmol) in toluene (5 ml).
The mixture is degassed using argon after which tetrakis(triphenylphosphine) palladium

(0) (115mg, 0.10 mmol) is added. The reaction is degassed once more, capped and
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|-111bis 406.0/408.0 A m xture of 1-111(80 ng, 0.19 mmol),

2-am nopyri m di ne-5-boroni c acid pinacol ester (124 ng, 0.56 nmol) and 2M
aqueous NNQCCR/2®1580 L) in DVMF (2 mL) is degassed underPCRAUSE@/0%735 nut es.
To this mxture is added PdC12(PPh3)2 (26 ng, 0.094mmvol). The m xture is
stirred at 80 C for 3 h then concentrated in vacuo. The residue is
extracted with EtOAc, washed w th saturated aqueous NaHCO3, dried wth

Na2SO4, filt t Th fied b
Fash ChFOREO0: 3y SR0B POt RO AP RO By o VD e P ompound
(30 o) . isThgoduetd a%g%ﬁqmmgglgﬁﬁ?}z&?ﬁm@ﬁpm&uhﬂ 03 (M3 AL d?@ﬁfnm from

the appropriate internedi ates 6-167 tab el - the reactlon i's
run st arThmgesfS¢1@ma@pnd snduwerngdd tp-113 b@rgatgjlﬂﬂflentbusglmeshb reatigels coI um

h ff 6

o e SRR 3 ph PR AR b R (308 i ek B B PR BB

1, (2]I 421 oxgesll@zm%%t@&ﬂmbbkaﬁma@@ﬁforhnfzp]blsl\mhehgrmmmaqqﬂ\@mpe (Exarml e 115)
an -

[ 4- (3-{ (1T®)a supppngipnapd dciPisi i ms- GH$phampel)] in-BYH dgriopyl) eis hgdded1, 2, 4-

oxadi az H t hyl i tabl e
) Enant Toneld e QR 2y OISk nEl R (MERE, ATl AR R8s 50
ng) on a°Chibr 20 Paks! ) THRDmikt(i@Vvigicoalet exntl ot ddiatedl aff@@hﬁ@hqgﬂﬂewatelr ned,

Ext on, P?A% sem -preparative (250 x 20 nm HPLC colum (eluting with 95%

Et OH i n #f8p: asrtateont¥dhitg riglid. lﬁ‘%&lt@?ﬁy¢®mlhé§fledTWég%tlérpuﬂfﬁﬁil by f&shnt i oner
115 havi f [ |orrer
116 havi %g‘“%a‘ro {§H§' |a§% %ﬁn’gﬁleg{ with goildmonaf%%g ghe] ?tllje:m?égﬁlg?% égncen téd to
provi de ExalieH]15 (32 ng) and Exanple 116 (27 ng). The fol |l ow ng
conpounds are synthesized in simlar fashion fromthe appropriate

i nternedi ates: Exanples 23-24, table 1 Exanples 31-32, table 1 - eluting
with 70%t OH wit h 0. 1% di et hyl am ne/ hept ane Exanpl es 61-62, table 1

Exanpl es 65-66, table 1 Exanples 77-78, table 1 Exanples 102-103, table 1
Exanpl e 104-105, table 1 - 95% EtOH i n heptanes +0. 05% di et hyl am ne at
8ml/ m n 8BitheiaobAed Biomid® nteidbdiatet Exanpl e 115-116, table 1 - 95% Et OH

i n heptanes +0.05% di et hyl am ne at 55ml/ m n Exanples 121-122, table 1 - 95%
EtOH i n heptanes +0.4% di et hyl am ne at 55ml/m n Exanples 123-124, table 1

Exanpl e , tapble 3 1 = 23 ) N3 - ndable 1
Exanpl e %éﬁthgég tabl e %[ggr@g Igoég%ég%m%tgﬂbgta]f %@%F’Z’“l@? %gﬁzﬁabl el
Met hod 18xadPazpar ati on of 5-(4-{(2R)-3- met hyl -2- [5-(1-nmethyl- (Exanple
46) and 5-(4-{(2S)-3-nethyl -

[ 5- (1- et hyl - 1H pyrazol - 4; yl) 1,2,4-0 E(EI azol - 3-yl] but an- 2-yl | phenyl ) pyrim
din-2- am ne (Exanple 47 abl e 1) ant i onexLs and 47 are prepared by
resol uti on of exanpl e 1§ (5 /NIBH on—aChiwal p 9 (avail able form
Chiral Technol ogi es, on, PA}yridiani - pr atiN& (250 x 30 m) HPLC
colum (eluting w tir , 2in CR) at 250 bar. The flaster el uting
enantioner 46 having a retention tine of -5 mn (Chiralpak(r) AD-H

anal ytical HPLC columm 416 x 100 nm) and the slowes eluting enantionmer 47
having a retention tinme of -13 mn. The eluants are concentrated to provide

Exanpl e Aenixtre of)- lér(dIS(Eﬂmr@lfé mm%)l@dmlopmlqamqndhphigﬂé@(ﬁfbmgd@ Sére

resolved in simla Pl es, 614 bl l.es tabl e
1 Meth Odmﬂ?l)sm pyrl 1ne h]I_l) 18 stlrre oom temperature ?o 195 mmutesr%fore hez%mg at

Pr epar at i mntf ?orll[SEh (1%re {réaldibn hﬁém&@rsajashé@mfddw G thn) Rik@ed bétween

cycl opro ethyll-1,2, 4-oxadi azol - ) pyrazin-2-yl]am nol - 2- et hyl propan- 1
-ol (Ex a&%‘t@lz BBd SQ’[HI@FG‘@ ag}le%md\l O{ ﬁ@@rga(nlcg)arq_dmed with Na,SQOy, filtered and
[4-(2-a i

cycl opr g%nil(a%ﬁdtéﬁll%l‘}aﬁ;o %%g%@g)zﬁﬂ% I%térmedlate 167-15‘%)3’/ Za3rr?6r'1(()) FMerlret hyl pr opan- 1-
ol (Exanmple 57, table 1) Enant| oners 56 and 57 are prepared by resolution

of Exanp 5, (89 on_a |sPa avaj | abl. form i ral Technol ogi es,

I nc. JP%# olisrying o eﬂBF‘Bbtﬁ? wgntF%é dyIng Cg iR EBPGPTIMG wi t h
70% Neoweh?engoz) at 250 bar. The faster eluting enantl omer 56 having a
retention me of -5 mn (Chiral pak(r) AD-H anal ytical HPLC colum 4.6 X
100 mm and the slower eluting enantionmer 57 having a retention tine of -13
mn. The eluants were concentrated to provide Exanple 56 (12 ng) and
Example 57 (15 ng). The follow ng co unds are resolved in simlar

fashi on: Exanples 50-51, table 1 - eluting with 55% MeOH in CO2

Exanpl es52- 53, t abl el-el uti ngw t h45%0f 3/ 1/0. 1

MeOH/ i sopr opanol /i sopropyl am ne in CO2 Exanpl es 54-55, table 1 - eluting
with 55% EtOH in CO2 Exanples 56-57, table 1 - eluting with 45%1/1

met hanol/| spr opanol Exarrpl e 100 101, tabI e 1 - eI ut| ng with 40% co- sol vent

Y a N ~ r~ns " B o, A ™~ o p—




N, Br40N=< ci--)

s 0-' 0428.2/430.2 |-117a NBr N-.(0 C) N

----- 0

| el N=<

421.2/423.2 1-118b N, N=(c) ci--) N..--- OO0 457.2/459.2 |-119a Br
~-\ -1 NVOBI202B12215425.2  1-120b N, ON----X N H2NO 422. PCAAs2@1J0453db N,
N--- - - - (C) g< Ho 436.4/438.4 1-122b BrN, N--z---(C) N G0 N H 393. 2/ 395. 4
|-123b Br ONz----- e IHJ OH 366.2/368.2 1-124b --,,z( Nb Br NH 6

408. 4/ 410.4 1-125b N,

Intermediate Structure
H,C T e I\
: 3 N =N 0
I 31 /@% A\ \ / N /
Br ~0
H,C g s
3 N N=
132 N \’>
Br N-o N
CH,
33 H,C CHr\i — F
I- N p
Br ’\LO X N RF
H,C g CH,
1-34 : ‘ N\%Co
Br N-o
Synthesis of 5-{3-[2-(4-bromophenyl)-3-methylbutan-2-yl]-1,2,4-oxadiazol-5-
yl}pyrimidine
o o s0Cl, _N,
@)
Now + :é\\\ > Br N=
N ridine
=/
l-14 K

To a solution of pyrimidine-5-carboxylic acid (200 mg, 0.70 mmol) in pyridine (1.0 mL)

is added thionyl chloride (61 pL, 0.84 mmol). The mixture is stirred at room temperature

for 15 minutes before I-14 (91 mg, 0.74 mmol) is added. The resulting mixture is heated

at 110 °C for 18 h then concentrated in vacuo. The residue is partitioned between EtOAc

and saturated aqueous NaHCQO;, washed with brine, dried with Na,SQO,, filtered, and

concentrated in vacuo to give the title compound (236 mg); m/z 373.0, 375.0 [M, M+2H]
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BrN--z----(C) 0 N\ 407.1/409.1
|-127b N Nz--ze Br q HO 408.2/410.2 1-128b ONz----K Br

-126b N N-< N

..S.--- 0 b 456.2/458.2
N OH 422. 3/ 424.2

| -129b ONWO=012/B4150\ J--) t----0 H2N 421.2/423.2 1-130b BCHUS24/047356 (0O no

N 421.2/423.2 1-13lb Br

Nz---e NH (N--- 407.4/409. 4

|-132b BrON------ KO

NH HP 408.2/410.1 1-133b N, BrONz----(c) N -NS \ 395.4/397.4 1-134b N,
ONz---(C) \ _.1- A 435.4/437.4

The following intermediates were synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z
H
L3 N \)/(/\N 361.0/363.0
’\\l N/) [M/M+2H]
Br O
L N *N/ 422.0/424.0
- \
B N~ [M/M+2H]
—N 397.0/399.0
1-38 Ny =N
|\\| \ 7 [M/M-+2H]
-0
Br
380.0
3 N S
139 L \>’§/\\“N [M-2H]
Br o
40 y S 392.0/394.0
_ ] H\NE\ [M/M+2H]
Br -0
362.0/364.0
3 N O
4l I O‘f’@ [M/M+2H]
Br
389.0/391.0
N =N
1-42 \ A\ \ "\IH
. N-G [M/M+2H]
S .
1-43 N \ Not available
1S
Br N\OHN]
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1-135b N, BrONz----(c) <OH 394.4/396.2 1-136b N ON----=(.0 Q)
419. 4/ 421. 2
c_N) N -WO2014B8154/ 452. 4 |-139b BrN, ON-
1140 420.4/422.4 1.N=(C) \1?2.

421.4/423.4 1-137c N, Br

N--,< /-\1).

OH

1-1380 N, ON=< Br
(0 (\| _PCO/USOBIDA7SEQ. 2

| -140bis N ON=.< (\l__ 0 507.3/509.3

71---( O 1-240tris N O=<. NBr(\I__ 0 493,3/4953 J\J---( HO
NC O .
I-44 ‘ W\N Not available
Br N-o
1-45 /@gﬂ/’\ /)’\“ Not available
Br N~-o S
372.0/374.0
1-46 N [M/M-+2H]
- \ 7 +
Br N~o
361.0/363.0
1-47 NN
\\ N\ NH [M/M+2H]
Br O
g N>/CN‘ 374.0
; N
h\l\c; N/ [M-+H]
Br
/
O=
0 450.0
1-49 N
(I [M+H]
Br N-o
N _O
O:S/
I-50 /@I\(N@ Not available
Br N0
393.0
51 \ N»,CN"‘
N [M+H]
Br o
_N 388.0
1-52 NS NH,
N\ N\ / [M+H]
Br ~0
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a) 1.2
equ.

equ.

of am ne and 1.2 equ.
of am ne (either as free base or
di i sopr opybevteyi2arsone are used.

c) 1.2 equ.

of diisopropylethylamne are used. b) 1.2
hydrochl oride salt) and 2.5 equ.
of am ne asPdirAlsganoetssori de

of

salt and 5 equ. of diisopropylethylam ne are used. The m xture of 1-114
(45.000 ng, 0.114 mmol), 2-am nopyri m di ne-5-boronic acid pinacol ester
(30.286 ng, 0.137 nml) and tetrakis (tr|phenylphosphlne)palladlun1(0)
(13. 17360+l )—in—a—vial+s—evacuatedandbackFHHedwthAr 3
times. Then THF (1 ni) |and sat 2CO8 aqueous sol ution % g added and the
m xturelis hegtgd to 65 C for olrs. ter this time, 58H& reactior
m xturelis quenched wi th wat c>€a wi tth Et OAc twige. The organcis
are conpi ned and washed wig; i neN"Qried over Na2504, filtered and
concentrated in vacuo. |The residue is purified by flash chromatography
(5102, [12-100% EtOAc in heptane 0 give Exanple 96 (12 ng). The fol ljow ng
internmedi ates are synthesized in gimlar £ashion fromthgyappropriate
reagents: | ntgraedi ate St st z H 1-{141a H2 NNN N --,---N
(b 10 Ne ( 522.4 0 I- PQ}‘Z"&f}e/'ﬁoN----:(N[b/HxI€1]508.4 N
--e ((HD | -143a 465]/4 Br eaction has |been perforned in the
m crowapye oven at 110C[for 45 mnutes. The foll ow ng conpounds are
synthesjzed in simlar|fashion fromthe approprijate internedi ates: Exanples
168, taple 1 Exanple 169, table t he _lyast step has bedf0pPerforned|in the
m crowaje oved-3&t 110C|for o §X4§%Veol70 table 1 -hﬁ?e | ast step
has been perforned in the € -fv§~ ve t 110C for 45 M es Exanpl es
186, taple 1- the | ast |step has been perforned iln the m crowave oven |at
110C fof 45 m nutes Exanples 197, table I Exanpljes 198-20Z, table I- |the
|l ast step has been perforned in Yhe mcrowave oven at llgggbor 45 m nutes
Exanpl es 208-239, table 1- t E;Lég)has been perfornmed in the
m crowaye oven at 110C|for i N anpltes 212-213, BMbHE 1 - the |ast
step has been perforned i "t he ni crowave oven at| 110C for 45 ni nutes
Exanpl eg—218—table—1-—thetast—step—has—been—performedin—them-ecroWave
oven at| 110C for 45 m nutes Exanppe 23hp table 1 - the Iasb 6tep has bheen
perforned in the mcrowave ov 100 r_two |hours
VTN [M+H]
Br 0o
372.4/374.5
I-58 \N "/
N Neg N [M/M+2H]

Synthesis of 3-[1-(4-bromo-phenyl)-1-cyclopropyl-ethyl]-5-(1H-pyrazol-4-yl)-[1,2,4]

oxadiazole

o)

HO
/ }N
N
NH, ——8
| Br
Br N\OH
-16 -59
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Exanpl es 236-237, table 1- the |l ast step has been perforned in the

m crowave oven at 110C for 45 m nutes Exanples 260, table 1 Exanples

261- 262, wabkbe/m@4150he | ast step has been perforned in tRETAISCOIOMNERBE6 Oven at
110C for 45 m nutes Exanples 264, table 1 - the |ast step has been
performed in the mcrowave oven at 110C for 45 m nutes Exanples 266, table
1- the last step has been perfor med in the mcrowave oven at 110C for 45
m nut es a es bl e t he |.ast step has bee rfor dlnthe
M o N A e L Vs Y et R AR

4-(3- 12461&6(%@%6%!8{2%’54 ] @0’7 éfn)bl)) QRQWhﬂox%ié”fﬁtSOthf?Ufrﬁé‘nﬁxﬁéﬂelrslsu%feﬂ at

oxadi azol - 5-y1) - di met hyl but anoi ¢ acid (Exanple 85, tabl eI) 1- 21Exanpl e
85 To a éQ)Cufqro%@ minuleszi léllsolddgi agd ﬁB‘Arqaﬂtmn) mixfuoMs l(eateera)t §55Cdrd8 2, 2-

di et hyl Iut anh dr xture is
neat ed’ t 50T RS RS Boeokhafy b Witk Bop 130 f%mp s

quenc hedsa\fdrbﬁéd\l\ﬁd}mogimﬁi @éﬁﬁal‘:t@@t\)ﬁfh EMOAE Eul@/e@gatnm GQers Eﬂed@dg@m

conbi ned and washed with water then brine, dried over Na2SO4, fi tered and
concent r Btegd | ndy genesntrrigd  FeSitipnd tihg HUAF f produdsy taf ai hp@lhﬁ@rr&%gﬂaé hy
(Si02, 1 % 1 anpl e
85 (40 %&g%h %ﬁﬂ(&'@b%‘%@‘ I%/)e(gjun s ar ngﬁérﬁg%% Qgg?ét%&%:&nﬂﬁt‘%%@?é%n from
t he appr@iQr}@lt[MlMtreHmedl ates: Exanple 92 94, Table 1 Method 23 Synthesis
of : 5-(4-{(R)-1-Cycl opropyl-145-(3,4,5,6-tetrahydro-2H[1, 2']bi pyrazinyl-
5'-yl)-[1, 2, 4] oxadi azol - 3-y1] - et hyl | - phenyl ) - pyrazi n- 2-yl am ne (Exanpl e

195, tablel) Stepl: To cold (0C) nethanol (20 m) is added 1 m of
acetyl chloride (dropwi se). Upon conplete addition, 1-83 (350 ng, 0.61

mol ) i sThaddetbvasg anmenbdinted asolsybthesizedSinmiimilaAl fhgort droge athaplblxopmMBm to RT
and stir_over night. After this tine the reaction is basified using 7N
anmmoni a A& Oncentrated to dryness. The remaining residue is purified via

flash cphrogrigedigRhy [(SiTica gel, s@ad% MBOH DCV) t¢ give 13135 The
follow png internedi ates are synthesized in simlar flashion fromthe

appropr|ate reagents: Internediate | -1] -143tis NH2 N ? 401 N N -
N - Not| available 7 401 N - <l43quadris H2 N 469. 4 N -
& /N\
o 388.4
I-60 N N= ML H)
+
A
~ = 7/ |
N N N
H N~
H

Synthesis of 3-[(R)-1-(4-bromo-phenyl)-1-cyclopropyl-ethyl]-5-(1H-pyrazol-4-yl)-
[1,2,4]oxadiazole
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The follow ng conpounds are synthesized in a simlar fashion fromthe
appropriate internedi ates: Exanple 214, Table 1 - the crude is purified via
flash chrwoabegraphy (silica gel, 0- 100% MeOH DCM Examplras2@i/047abl e 1
Exanpl e 268, Table 1 - the crude is concentrated to dryness and purified
the crude via flash chromatography (silica gel, 0-10% MeOH DCM w th 0.5%
NHAOH) Step2: 1- 143bi skExanpl e 195 Chiral resolution of 1-135 was
perforned using a Chiral Pak(r) AD-H colum (3.0 x 25.0 cm available from

Chiral Technol ogi es, West ChHeOst r PA). Elutipg with nmethanol /1 PA (1:3) with
1% i sopropyl am ne at 150 bar af ded Exarrpl 95.(6 ng). The follow ng
conpounds areZsynthesized in a ginlar fashion X

{romthe appropriate
i ntermedi ates: Bxagple 196, Tabl g'l- t he el g 2gBlMtion is perforned at

125 psi Exanphe 2X0, Mt} e t—the—emiral i Operforned at 125
psi, with ng propyflam ne in the elu (P nt hesi s of

1-(3- 114%— A A no- N i mdi n-5-y1)-phenyl ] -1, 2-di met hyl_- propyl | [ 1, 2, 4] oxadi
azol - 5-y ¥} - 2- net hyl - pr@Pan- 2- ol (Exanpl e 225, table 1y 1- 21R- 13Exanpl e

225 To a suspension of R-13 (118 ng, 1.0 mml) in TH lO/\NTi) is added 1,1' -
car bonyl di i m dazdi7e (162 ng, 1.0 nmol) at rob®itenper aFjur e. The mxture is
stirred at 50 C for 30 mnutes. After this time 1-21 (200 ng, 0.67 nmol)

i s addedrandtiag fiesSW iddag I'H-i@ﬂd&&le-usca?&ﬁtyﬁ@ a’éﬂd@lrSﬂrﬁ;g,l AX 151%601&3 ihqurs.
After this time the reaction IS cooled to"RT, treated"wth c (1 mM) and
war med t dio8QE. (Afmlpr fodlowielli g theoonddtidayd t.hecaronyldienidszadodb&d mo RT and
concentrated. .The remai ning resjdue js_.purified via flash r t ography
(o1 ca Gare. dhegieiabRy Betrers rreabSs e or cPemufisodhth Lo (o) & The

fol | ow nginfdRPYAdsoR SYMNRSIdRE thNh@ abbve haktufed SiheORadtiRAMmiigre is
appropriate internedi ates: Exanple 229, Table 1- no AcCH is added in the
react i onstiiedtard 80 B derpl Seh@re Theapicsion mixyrovs@en¢entagddn vigior e rasigdeei on

m xt ure g 2 . . . )

Synt hesi SoPARR " EDAP ahad 1t asates s, diedgnier iy N fligreg g

[ 1, 2, 4] oxademzadd. 3-Thd] redithyd | isphparisied - pyr iffiskli Bhidmekaraphe ((Ex@ploes 206,
table 1) S )

Synt hesi ¥6O85U/CELGh) oyafasd hspifte- integmediats kb8 #8239 D6 hY Bz dl+24ly 1) -

[ 1, 2, 4] oxadi azol - 3-y1] -et hyl | - phenyl ) - pyri m di n- 2-yl am ne (Exanpl e 207,
table 1) To a suspension of 1-trityl-1Hi m dazol e-4-carboxylic acid (893
nmg, 2.5 mol) in THF (10 nm.) is added 1,1'-carbonyldiimdazole (409 ng, 2.5

nol ) at _room.te The m xt is stirred far 3 inutes. A
SUspenei SHIBFIA 055 (4-Bhbl-iAybraime Ry Irey ciemeopy-<si 63 dlpradiargl HE above

m xture gnd;LevhesN-Gifdnfi-Xdeifides heated at 130 Cin a mcrowave reactor
for 2 hours. Thé mXxture 1S cooled down and is concentrated under vaccuum
The residue is extracted with H20 (10 nL) anEt OAc (20 nlL). The conbi ned
organic layer ns dried with MgpSO4 and is filterxedr The filtrate is
concentrat ed the residue i ® i fied byssii gel flash col um

chromat ogr a _MN0% MeOH i n N\CHZ2C12 as nt ®o afford 1-144 (150
mg), mz 37 trijtylogroup]. To a sol gj+ORof 1-N (80 ng, 0.13 mmol) in
CH2C12 ( L is d TFA (0.015 ni, 0.19 mml) at m t enperature. The
solutionis stirred at\fhe same tenperature for 24 h@urs. The solution is
concentrated under vagcuumto afford 1-145 (48 ny); muzN374 [MtH] . To a

round bottom flsgsk is adbed 1-145 (100 ny, 0.27 | )J 3-iodooxetane (98
ng, 0.54 mmvol) and K2CG® (111 ng, 0.8 mml) in DVF){10 nL). The reation
m xture is stirred at 80 C for 12 hours. reactpon i s cool ed down and

water (10 nL) is added. The solution is extracted with Et0Ac éﬁao m.) and
H20 (10 He)p. sofrenceinbdhédd @ dannsolaipePMIS (& mdd ag aedadySeiO0a 3 igs 38

filtered, The fildtrateyl ntrate d resi due | urifie y

il ca gatl et HBEN R PRI EhR A ESubREoFH e ML e
to afforaitthe it btifr&l aonpouRdemMbEsarpfa 20Gurd Waier BCINMRLEis2Qded d4Y 1Y) .

Met hod 26 Synt hesi s

f

244- ( 3- 190ytaie(ip -CAFﬁCF?é?‘MiﬂP IE8A6- Y9 inkidi hbs combingd organic nyey i disidopithet hyl | -
1,2, 4 ' By - - 1- v - ' - a6 i pl.e 275,

bl e 1y MRSORARA TRielch) B Rl bt ShETANUAREL RIS dESRE £200

ng, 0.6 mol) in DMF (10 nmL) are added 1-87 (140 ng, 0.7 nmol), tetrakis
(triphenyl phosphi ne) pal | adi um (0) (70 , 0.06 mvol) and 2M Na2C33 (1.5 ni,
3.0 nmol ). The m xture is heated to 1 Cfor 1 hour in a mcrowave
reactor. The m xture is cooled down and is extracted with H20 (20 nL) and
Et 0OAc (30 nmL). The conbined organic layer is dried with MgJSO4 and i s
filtered. The filtrate is concentrated and the residue is purified by
silica gel flash colum chromat ography with 10% MeOH in CH2Cl2 as the
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The reaction m xture is
The residue is diluted
filtered

U 58,0 A R i

smyg44ar2 hashifen Mrgm t he appropriate

Na2SO4,

i nternme Exanpl e 173-174, Table 1 Exanple 181, Table 1 Exanple 183,
Table 1 Exanple 263, Table 1 - the reactlon is run at 80C overni ght Method
28 Synt of 5- 11..2-Di ne hy; i r|d|

(2, 2.4 o aurng TS TITE sRUM ot T eS0T e bbpaton 7,
table 1) redeékAdt (138 ng, 0.265 nmol) is dissolved in DCM (2 nL) and 4N HCl

in 1, 4-dioxane (0. 663 2. 65 mmol) is added and the reaction mxture is
stirred athﬁﬁ@ﬁXW%mperature for 3 hoUrsturafter this ting, WhMMNEHIE] dn
th urerts bUIIbCIILId.LtU ' vautuu d.llu LIIC ICDI UUC Ib UI bbUI vcd ill M?GH and
passed t hrough a PL-HCO3 MP-resin leunn to free base tHe product. The
filtratp is concentrated in vacuo and he crude is puriflied by preparative
TLC usi hg 10% MeOH DCM as sol vent A Pes Mo afford the title conpound (71
ng); mg 422.4 [ Mt1l]. |The foll ow monpo nd are synthgsized in a sijm|lar
fashion| fromthe appropriate é 2di at eExanpl e 222, TQO§M£6%btrod 29
WO 2012f 02415QR¢T/ US2(011/ 0473 3 Synt hesi s of ' '
244- (3-[L1-[4-(2- Ami no4pyrim di n-5-y1)- phenyl - 1y} 2- di met Ryl - propyl I - -
[1, 2, 4] pxadi azol - 5-y1) - pi perazi n-1-y1] Nhyl acetlam de (Exanplie 193,
table 1 N K2C33I | |[DVF H2N Nr |----\§ Exanpl e 193 Synt hesi s |of
244- (3-[L1-[ 4- (2- Ami noqpyrim di n-5-y1)-ph -1, 2-di met hyl - propyl | - -
[ 1, 2, 4] pxadi azol - 5-y1) - pi perazi n-1-y1] - N, M di net hyl - acetlam de Synthesgis is
perfornmed in simlar ¢onditions used in M&hod 9 using tlhe appropri atle
reagents—The following | i i iR-simlar fashion
fromthe appropriate neagents: Int= pdi at e Structurg mz [ Mt1-1] |1- 146
H2 NNN40 N, Nz--4-(O (N) \--\ ¢ - 466.0 The fol|l ow ng conpoynds
are synfhesized in a simlar fashon auhe appropri atje internedi ates:
Exanpl e| 211, Table 1 |[Method 30 @ hesl s
1-(3-1144- (2- Am no- pyri m di n- 5=y phenyNT=(1, 2- di net hyl - progilué§,2,4]oxadi
azol-5-y1)-pi£ al di ne{4-carboxylic acid (Ex le 219, t dbl & '?/ Mthesis is
simlar|to conditions|used in Method 14 St 3l using theg appropriate
reagents; mlz 437.4 [Mt1]. Conpound is puri Léﬁ by tritdation from hot
MeOH. The foll owi ng conpounds are synt hesi z d in a simllar fashion frjomthe
approprjate internedi ates: Exanple 272, Tabl Met hod 31 Synt hesi s |of
1-(3-1144-(2-Anino-pyrinidin-5-y1)-pheny|]-1, -di met hyl -[propyl I [ 1, 2, 4] oxadi
azol -5-y1)-3-nethyl -azetidin-3-o0l (Exanple 203H table 1) Step 2 MeMyCll
THF Synthesis of
1- 1341-( 4- Brono- phenyl) - 1, 2-di net Ayl - propyl ] -[ 1, 2, 4] oxadi azol -5-yl | azeti din
- 3-one >
/N\O
415.1/417.1
1-65° 5 N=
r
X _N
N
\C\O

a) The reaction mixtures is stirred at 80°C for 48 hours

b) The reaction is run starting from the corresponding iodide and the mixture is stirred at

80°C overnight
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Synthesis is performed in simlar conditions used in Method 21 Step 3 using
the appropriate reagents; nfz 364 [MrH . The follow ng i nternedi ates are
synt hesi 2&0 20re/irsd| ar fashion fromthe appropriate reagemus20iinysseredi at e
Structure mz [M M+2F1] 1|-147bis 40------ No BrN--( QO 392.2/394.2 WO
2012/ 024150PCT/ USZOll/ 047356 | - 147t ri S Bri. N, N=< Q0 390.1/392.1

| -147quadris A 10 Br . Ni . 0 362 2/364.0 Synthesis of

et hyl - SOV 2“@“1 @1%211 53512%} ohylanrapt i Agmedybdi- oo

in THF (%yl‘ﬁ'zbl-@-’fyl) 1 AlbRaBifdRed 3M et hyI magne5| um chloride in THF (0. 485
m., 1.456 mol). 'I[he reaction mxture is stirred at -78C for 10 m nutes

then at roomtenperature for 20 mnutes. After is tinme, the reaction

m xture i s quepghed with water and extracted w TINEtQAC tw ce. The organcis
are conbi ned 4 washed with brine, dried over Na2504, filtered and
concentrated j S o afford [’h/etltle coIfp Tw); mz 380 [ M+H].
The fol |l ow T EdiNgt es are synt hesi zed ilg m | aK shion fromthe
appropri ate jent sy=J /Mt er medi-ate—St+ust e Nz [M M2 |-148bis 40 N

= 408. 4/ 410\ 4 WD 2012/ 024150PCT/ US2011/ 04735 148tris BrO

- = - - r
N.----(.ONO—|406.1/40. | -148quadris A lei N NO OH 37A3. Z{(380. 2
N/
~N /
- N -
1-61 N 1-67

To a vial is added I-61 (550 mg, 1.531 mmol), iodomethane (0.191 mL, 3.062 mmol) and
K>CO;3 (423 mg, 3.062 mmol) in 6 ml of DMF. The reation mixture is stirred at room
temperature for 2 hrs, then poured into water and brine, and extracted with EtOAc
(4x25ml). The combined organic fractions are dried with sodium sulfate, filtered, and
concentrated in vacuo to afford the title intermediate (516 mgs); m/z 374.0, 376.0
[M/M+2]

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z [M/M+2H]
417.2/419.2
1-68 728
N/N
0
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Synt hesi s of

1- (3-1144-(2- Am no- pyrimdi n-5-yl1)-phenyl]-1, 2-di nmet hyl -propyl I [ 1, 2, 4] oxadi
azol - 5- yIWwo2emanish- azet i di n-3-ol Synthesis is performe@Crasgenmiolzse
conditions used in Method 21 Step 4 using the appropriate reagents. The
foll owi ng conpounds are synthesized in a simlar fashion fromthe
appropriate internedi ates: Exanple 216, Table 1 Exanple 238, Table 1

Saa 5. 15vmness ot 2 kB PR ronst T 1 A e s rametra - E 3 Bl Paborgin . 2. 4] ox

adi azol - gpyphbnAlLAIRZ[ 12,4100 PO pye AN IS N2 R Aindepb @lcdtampy @t hesi s of
341- (4- r?))r%%pﬂqenyf?]-z![- cy%l oplraopyl ?gtpﬁﬁ%l 1-17, ;- 4] o;ad?glzol - él. ol Synthesis
is perfornmed in simlar condi used in Method 21, Step 1 using the
appropriate reagents; mz 30 H . Synthesis g

341- (4- Brono- pnyl) -1-cycl oprogyl - et hyl ] -5-chl oro 2, 4] oxadi azole To a
solution of 1-TAQ (847 ngy, 2.74,mmvl) in DCM (8 M crowave vial is
added POC13 N4.384 rgiold) and pyridi f 107" L0 13.7 mol ). The
reaction m & i s |heaoed iz%g\h/vav @en dt_320C f hour. After this
time, the reaciton Mx{ure i ed yd t iPwat &r and extXacted with CHC12
twi ce. TRE or ganci s are, conbi ned and over Na2504,
filtered and concentra in vacuo. Th& ¢rude is purified byyflash

chromat ography (5i 02, &- 506 EA/ Hep) to afford the titlle ir¥ernediate (694
ng). 1H NVR (DMSO O6) ppm 7.5 (2H, d), 7.3 (1H, &N 1.8 (1H m, 1.4
(3H, s), 0.6 (1H-T '5 (1H, m, 0.4 (1H, rlea 0.3 (1 M. Synthesis of
2- (4-1341- (45 Bromo- pffeny1) - 1- cycl opr opyl - et hyl ? [ 1, 2, 4Yoxadi azol - 5-

yl | - pi perazin-1-yl)-@thanol Synthesis is simlar to conditions used in

Vet hod 24, St SBios 45109 35S BPLIRY) 31 6 4 ST By M5 13 U AZ3LMiN

244- (3- 1&@&&&?@&%&%%&8& db -2y #)nRBBNKIdAL £y, 0Br ARl Sld Wby
[1, 2, 4] oxadi azol -5-y1) - pi perazi n-1-yl]-ethanol To a m xture of 1-151 (193

my, 0. 45@ripelylphasphiropPRAB (538 hgng, ©.Oa8nehvoThe irgactiominixtowaisestivied| i s

added t he ol ution. of 2-am nopyrin di ne-5-boroni ci d pinacol
cster (19men A 1O HbYRTRe sk RRBY ot TS0 A Cor O G276 The
reacti onTha ykidi€ id Gludd G8H EYOAD (F50 ANY ahdBHabRatiRdubha Fluz Sv@tee axeR at
110C for 45 mnutes. After this tine, the reaction m xture is quenched wth
wat er andnsditherergdy withHEO eAZ0 e elheTiératsrig drie¢ withmeagnesipinteliagriddwas hed
with bri i e r : | a rated in vacuo. The
crude i sﬂﬁﬂ%e?%ﬁ‘)eagf‘)%ﬁ]ﬁ@%ﬁﬁ? f%l%%?&@?égh"ﬁ?%?-ggﬁ D210% MeOH DOV to
afford the title conpound (83 ng). The foll ow ng conpounds are synthesized
ina simlar fashion fromthe appropriate internediates: Exanple 204-205,
Tabl e 1 Bxafgllawipganterragsliates) weteapithesizeg insimily fosiien ffre thagpprogpnte 1
Exanpl e %Zéents'rabl e 1 Exanpl e 287-288, Table 1 Exanple 297, table 1 Method
33 SyntheSis of

1- (3-{ (R - IntdrihedidteAm no- pyri m di n- 5- $detplreny 1, 2-di met hyhApwepiil | [ 1, 2, 4]
oxadi azpl-5-y1)-piperidin-4-ol (Exanmple 223 tabl

1-(3-1(8) - 1-[ 4- ( 2- AR

Am no- pyri m di n-5-y1)|- phenyl ] -1, 2-di net h(W.propyl I --[1, 2, 4] oxadi azo| - 5-y1) -
pi peridj n-4-ol (Exanple 224, table 1 WO 204 510024150PCT/ JS2011/ 047856
Exanpl e| 223 and Exanpl e 224 are Rr epir ed by \=egol ution of | Exanpl e 262 (90.3
ng) on g RegisPak (avail abl e fhghT@Reghs Technol ogi es, Mrton4&dve, | 1L)
sem - prepar atliVe (30x250 mm &olum (el ut}) with 35% 1:1 MeOH|in

| soproppgnol containing 0.1% i sopropyl am ne in at 100| bar. The faster
el uting| enanti omer Exanpl e 223 having a ret itéy'\bn time of | 2.07 mn

o —
(V) [S—
!

=

(Regi sPack 4.6x100 nm avail abl e from Regi’s hnol ogi es, | Morton G pve, IL)
and the| sl ower eluting enantioner Exanple 2 having a retention tife of
2.68 mn. The eluents| are concentrated to provi de Exanpl e| 223 (36 ng) and
Exanpl e 224 (34 ng). Method 34: Synthesis of

5-[44(R) - 1- Cycl opropyl - 1- 15-[ 1- ( 2- di net hyl am no- et hyl ) - 1H pyr azol - 4-

y1l]-[1, 2, 4] oxadi azol -yl | -et hyl ) - phenyl ] - pyri m di n-2-yl am ne (Exanple 182,
table 1) Exanple 48 Exanple 48 (75.0 ng, 0.201 nmol) is treated with
(2-Chl oro-ethyl)-dinmet hyl -am ne hydrochl oride (43.4 ng, 0.301 nmol), Cs2CO3
(147 ng, 0.452 mmol ), and DVF (1.5 7and the resulting mxture is stirred
at 60 Cfor 1 hour. At this time the M'xture is treated with

(2-Chl oro-ethyl)-di nethyl -am ne hydrochloride (14.5 ng, 0.100 mmol), Cs2CC3
(32.7 ng, 0.100 nmol) and stirred for 1 hour longer. The reaction is then
purified directly by flash chromat ography over C-18 silica eluting 10-60%
acetonitrile/water/0.1%trifluoroacetic acid. The resulting sem -pure
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WD 2012/ 024150PCT/ US2011/ 047356 1 1SIo 1 7.4 402.6 A2 ...... ONONI11 1
8.23 386.6 A3 0\c) / \ _17.32387.6 A4N'"'01/ \ - 17.66401.2 A5
NO''O | /WD2012M241507. 51 401.6 A WO 2012/ 024150PCT/ US20 PLr0AZB3M4B5¢10 H2NN
ON..--\ o/ \ - 26 416.6 A7 N 1110

a) 1,1’-bis(diphenylphosphino) ferrocenedichloropalladium(Il) dichloromethane
is used instead

b) 1,1’-bis(diphenylphosphino) ferrocenedichloropalladium(Il) dichloromethane is

used instead and the reaction mixture is stirred at 100°C overnight

Synthesis of Boc-piperidine intermediates.
Synthesis of 5'-(3-{1-[4-(2-amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-ethyl}-
[1,2,4]oxadiazol-5-yl)-2,3,5,6-tetrahydro-[1,2' |bipyrazinyl-4-carboxylic acid tert-

(0]
0] N,
o .
o - X
I SN N )
(N o +0 Ny —— SN 5M NaOH L_no
HN\) | pZ k/
N

butyl ester

NMP [

cl N\fo o
g <

R-7 R-8 176

_ =
Br “OH N ’\O

N
H,N" N |
_— HQN)\N/ 4 :}
O
179 <\N
s’
A 250ml RB flask is charged with R-7 (5.4 g, 28.99 mmol) in 100 mL of NMP. R-8 (5.00

g, 28.99 mmol) is added followed by triethylamine (4.85 ml, 34.79 mmol). The reaction

is heated to 60 °C under nitrogen overnight. The reaction is cooled to room temperature,

129



---NMO0O/ VG 17.98 421.5 A8 N NO\O/ \ - 38.04 417.6 A9 N1 H2NN

./ \ o/l \ 36.55403.5A10N ON-," \ o\ 47.82417.6 A WD
2012/ 024 MSORCH/ISR011/ 047356 11 N | 1-12N 0 -'\0 \ 5 OCTASIUTN67386 12
- .0

poured into ice water and the precipitated I-76 (8.60 g) is isolated by filtration; m/z 323.4
[M-+H]

To a stirred suspension of I-76 (8.60 g, 26.68 mmol) in ethanol (250 ml) is added SM
NaOH (26.68 ml, 133.39 mmol) at room temperature. The mixture becomes homogenous
before a persisting precipitate forms and becomes a solid mass. Water (200 ml) is added
and the mixture is stirred for 4 h after which time the reaction appears complete. The
light brown sludge is poured into a beaker and treated with water. AcOH is added to
reach acidic pH and the product is extracted into DCM (2x). The combined organics are
dried over anhydrous MgSOQ,, filtered and concentrated to give the product as a solid
which is suspended in heptanes. The solid is collected via filtration and washed with
heptanes to give [-77 (7.90 g); m/z 309.4 [M+H].

To a suspension of 1-77 (3.0 g, 9.71 mmol) in THF (40 ml) is added 1,1'-
carbonyldiimidazole (1.6 g, 9.71 mmol) at room temperature. The mixture is stirred at
50° C for 30 minutes. After this time I-16 (2.5 g, 8.83 mmol) is added and the resulting
mixture is heated at 80°C for 3 hours. The mixture is cooled down and treated with
AcOH (8ml). The mixture is warmed to 80°C and stirred over night. Upon cooling
toroom temperature, the reaction is concentrated and diluted with water. The product is
extracted into DCM (2x). The combined organics are washed with brine and dried over
anhydrous MgSQ,. The mixture is filtered and concentrated. The remaining crude is
purified via flash chromatography (silica gel, 0-5% MeOH/DCM) to afford 1-78 (2.2 g).
In a microwave reaction vessel is added 1-78 (0.50 g, 0.90 mmol) in 15ml of DMF,
followed by the addition of 2-aminopyrimidine-5-boronic acid pinacol ester (0.30 g, 1.35
mmol), tetrakis(triphenylphosphine)palladium(0) (105 mg, 0.09 mmol) and aq. Na>;CO;
(2.0M, 1.8 ml). The reaction mixture is stirred at 85 °C for 16 hours. After this time the
reaction mixture is poured into brine and extracted with EtOAc (3x). The combined
organic fractions are dried over anhydrous MgSOQ,, filtered, then concentrated in vacuo to
give the crude material. Purification via flash chromatography (silica gel, 0-5%

MeOH/DCM) affords the title intermediate (150 mg); m/z 570.4 [M+H]
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The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z [M+H]
/N~
o)
XN N==
N
H,N N 7\
1-80 = 569.4
1-81 569.4
N\
AL 7\
1-82 ? th 570.4
)
-
)0
o )L
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Synthesis of 5'-(3-{(S)-1-[4-(5-amino-pyrazin-2-yl)-phenyl]-1-cyclopropyl-ethyl}-

[1,2,4]oxadiazol-5-yl)-2,3,5,6-tetrahydro-[1,2' |bipyrazinyl-4-carboxylic acid tert-
butyl ester

Br OH K/N\g/o Y <r1~>
119 177 1-84 )0
y

I-85 }‘O
o2

To a suspension of 1I-77 (1.0 g, 3.53 mmol) in THF (20 ml) is added 1,1'-
carbonyldiimidazole (0.63 g, 3.88 mmol) at room temperature. The mixture is stirred at

50° C for 30 minutes. After this time I-19 (1.2 g, 3.88 mmol) is added as a THF solution
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(15 ml) and the resulting mixture is heated at 80°C for 3 hours. The mixture is cooled
and treated with AcOH (8 ml) then warmed to 80°C and stirred over night. After this time
the reaction is cooled to room temperature, concentrated and diluted with water.
Extracted the product into DCM (2x). The combined organics are washed with brine and
dried (MgSOy). Filtered and concentrated. The remaining crude is purified via flash
chromatography (silica gel, 0-5% MeOH/DCM) to afford I-84 (1.2 g).

In a 5 ml microwave reaction vessel are combined 5-amino-2-bromopyrazine (60 mg,
0.34 mmol) and hexamethyldistannane (120 mg, 0.38 mmol) in toluene (2 ml). The
mixture is degassed using argon after which tetrakis(triphenylphosphine) palladium (0)
(40 mg, 0.03 mmol) is added. The reaction is degassed once more, capped and warmed to
115°C for 1h. Upon cooling to ambient temperature, I-84 (270 mg, 0.48 mmol) is
introduced along with tetrakis(triphenylphosphine) palladium (0) (30 mg, 0.05 mmol).
The vessel is capped and warmed to 115°C over night. 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, O-

10% MeOH/DCM) to afford the title intermediate (100 mg).

Synthesis of 4-fluoro-pyrimidin-2-ylamine
Cl F
N 3.HF-Et,N N
H2N—</ \ > H2N_</ \
N— N=

R-9 |-86

To a suspension of R-9 (100 mg, 0.77 mmol) in CH3CN (10 mL) is added HF in Et;N
(0.26 mL, 1.5 mmol) at room temperature. The solution is heated to 80 °C for 48 hours.
The solution is cooled down and water (10 mL) is added. The solution is extracted with
EtOAc (20 mL) and H,O (5§ mL). The combined organic layer is dried with MgSO, and
is filtered. The filtrate is concentrated to afford I-86 (25 mg); m/z 113.9 [M+H].
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The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z [M+H]
N
. un—/ N
1-86bis > 127.9
N=
F

Synthesis of 5-bromo-4-fluoro-pyrimidin-2-ylamine

F F
NBS
N N
H2N—</ y ——— H2N—</ N gy
N= N=
-86 -87

To a solution of I[-86 (280 mg, 2.5 mmol) in CH3;CN (20 mL) is addedN-
bromosuccinimide (881 mg, 4.9 mmol) at room temperature. The solution is stirred at
the same temperature for 12 hours. The solid that precipiates out from the solution is

collected and is dried to afford the title intermediate (250 mg); m/z 191.9, 193.9 [M,

M+2H]
The following intermediates are synthesized in similar fashion from the appropriate
reagents:
m/z
Intermediate Structure
[M/M+2+H]
N
i HN—  H—B
I-87bis 2 r 205.9/207.9
N=
F
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Synthesis of 5-bromo-3-trifluoromethyl-pyridin-2-ylamine

F
F, F~F
"Tr NBS NH
N 2
X NH2 _— | !
| _N Br Z
R-10 I-88

To a stirred solution of R-10 (2.70 g, 16.66 mmol) in DMF (15 ml) is added N-
bromosuccinimide (3.00 g, 16.85 mmol) as a DMF solution (15 ml, dropwise). After 4 h
the reaction is poured onto ice. The resulting precipitate is collected via filtration to give
the product as an off-white solid. Dissolved into DCM and washed with brine. The layers

are separated and the organic phase is dried (MgSQy), filtered and concentrated to give

the title intermediate (3.8 g); m/z 241.2/243.2 [M/M+2H].

Synthesis of 5-bromo-3-fluoro-pyridin-2-ylamine

AN NBS P B
- — B
H2N N H2N N
R-11 -89

To a round bottom flask is added R-11 (500 mg, 4.46 mmol) in CH3CN (120 ml) at 0 °C,
followed by the addition of N-bromosuccinimide (397 mg, 2.23 mmol). The reaction
mixture is stirred (protected from light) vigorously for 15 minutes, then at room
temperature for 1 hour. The additional portion of N-bromosuccinimide (397 mg, 2.23
mmol) is added at 0 °C, then the reaction mixture is stirred at room temperature for 2
hours. The reaction mixture is concentrated in vacuo. The residue is dissolved in EtOAc,
washed with sat Na;S,0; (20 ml), brine, dried over anhy. Na,SO,, filtered and
concentrated. The residue is purified by flash chromatography (SiO,, 0-20%
EtOAc/heptane) to afford the title intermediate (772 mg); m/z 190.89/192.86 [M/M+2H].

135



N----\o 51.74 388.3 C 0 /1 N
N\ O
WO 2012/024150 PCT/US2011/047356

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
m/z
Intermediate | Structure
[M/M+2H]
Cl
Br
1-90 x>
JNl\ 207.9/209.9
.,
HN" N

Synthesis of (5-bromo-pyrimidin-2-yl)-tert-butyl-amine

N Br N Br
F” N H
R-12 [-91

To a vial is added R-12 (200 mg, 1.13 mmol) in DMF (5 ml), followed by the addition of
K>COs (312 mg, 2.26 mmol) and isopropylamine (134 mg, 2.27 mmol). The reaction
mixture is stirred at 70 °C for 3 hours. The reaction mixture is concentrated in vacuo. The
residue is dissolved in EtOAc, washed with water, brine, dried under anhy. Na;SOy,
fitered and concentrated to afford the title intermediate (221 mg); m/z 216.0/218.0
[M/M+2H].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:

m/z
[M/M+2H]

X Br
1-92 )|\ 202.2/204.2
~

Intermediate Structure
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Synthesis of 3-Benzyloxy-5-bromo-pyridine

HO X Br
| P O N Br
N |
P
N
[-94

To a vial is added 3-bromo-5-hydroxypyridine (200 mg, 1.15 mmol), benzyl alcohol (137
mg, 1.27 mmol) and triphenylphosphine (332 mg, 1.27 mmol) in THF (5 ml) at 0 °C,
followed by the addition of diisopropyl azodicarboxylate (256 mg, 1.27 mmol). The
reaction mixture is stirred at room temperature for 18 hours. The reaction mixture is
concentrated in vacuo. The residue is diluted with EtOAc, washed with sat NaHCOQOs,
water, brine, dried under anhy. Na,SQOy, filtered and concentrated. The residue is purified
by flash chromatography (SiO,, 0-5% MeOH/CH,Cl,) to afford title compound (97 mg);
m/z 264.0, 266.0 [M, M+2H]

Synthesis of 5-Bromo-3-trifluoromethyl-pyrazin-2-ylamine
Ne_ _Br N
=y
H,N d H,N N
1-95

To a solution of 2-amino-5-bromopyrazine (174 mg, 1 mmol) in DMSO (3ml) stirring

under Ar is added ferrocene (56 mg, 0.3 mmol) and degassed for 5 minutes with Ar. 2ml
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of 1N H,>SOy4 in DMSO is added, followed by CFsI (0.276 ml, 3 mmol) in DMSO (2 ml),
giving a slight yellow solution. 0.2ml of 30% H-O, is added slowly, causing the reaction
to go from yellow to dark green in color. The reaction was heated to 50 °C for 2 hours
under Ar. After cooling to room temperature, the reaction mixture is poured into brine,
and product is extracted with EtOAc (4x20ml). The combined organic fractions are dried
with magnesium sulfate, filtered, then concentrated in vacuo. The crude material was
purified by flash chromatography (SiO,, Biotage SNAP 10g, 0-50% EtOAc/hept) which
yields 70 mg of title compound; m/z 242.0, 244.0 (M, M+2H)

Synthesis of 4-benzyloxy-5-bromo-pyrimidin-2-ylamine

Cl
N N Br Na
)l\ = Benzyl Alcohol @)
H,N" TN B

N7
PP

H,N" TN

1-90 1-96

A 20 ml microwave reaction vessel is charged with benzyl alcohol (7.0 ml) and sodium
(145 mg, 6.33 mmol). The vessel is capped and stirred at ambient temperature until the
sodium is consumed. After this time, I-90 (1.10 g, 5.28 mmol) is added and the reaction
is warmed to 130°C for 2h. Upon cooling to room temperature the reaction mixture is
concentrated to low volume. The remaining residue is diluted with water. The water is
decanted and the remaining oil is treated with methanol. The precipitated solid is
collected via filtration and washed with methanol to give the title intermediate (0.86 g);

m/z 282.0 [M+H].

Synthesis of (5-bromo-pyridin-2-yl)-methyl-amine
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A 20 ml microwave reaction vessel is charged with 2,5-Dibromo-pyridine (2.00 g, 8.44
mmol) and treated with methylamine (10.45 ml of a 33% solution in ethanol, 8§4.43
mmol) and warmed to 80°C for 3 days. After this time the reaction is concentrated and
the remaining solid is treated with 1M HCI (50 ml) and DCM. The layers are separated
and the aqueous phase is basified using IN NaOH (to pH~11). The product was extracted
into DCM (2x) and the combined organics were dried (MgS0O4), filtered and
concentrated to give the desired product [-96bis (1.20 g). 1H-NMR (400MHz, DMSO-
d6): 2.75 ppm (d, 3H), 6.44 ppm (d, 1H), 6.72 ppm (bs, 1H), 7.51 ppm (dd, 1H), 8.05
ppm (s, 1H)

Synthesis of 2-[4-(3-{(R)-1-[4-(2-Amino-4-benzyloxy-pyrimidin-5-yl)-phenyl]-1-cyclo
propyl-ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide

N
=\
’ @ —_— ] /N
+ 0

N=

‘0
[N
Br )l\ = —
N NI X H,NT TN N\ N
N
- )\ I~
N H,N" N 1-97
| oZ >N
I-70 1-96 |

1-97 is prepared following Method 26 (using Palladium tetrakis, 2M Na,COs, and DMF
at 85°C for 16h); m/z 565.0 [M+H].

Synthesis of 2-{2-[4-(3-{(R)-1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-et
hyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-ethyl}-isoindole-1,3-dione
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1-98

Example 48 (100 mg, 0.266 mmol) is treated with DMF (2.5 mL), 2-(2-Bromo-ethyl)-
isoindole-1,3-dione (101 mg, 0.399 mmol), and Cs,CO; (83.0 mg, 0.599 mmol) and the
reaction is stirred overnight. The resulting mixture is diluted with water and ethyl acetate
and the phases separated. The organic phase is washed with water and brine, dried over

Na,SOy, filtered, and concentrated in vacuo. The resulting residue is purified by flash

chromatography over silica eluting 0-10% methanol/CH,Cl, to give I-98 (120 mg).

Synthesis of Final Compounds

Method 1
Synthesis of 2-(3-{2-[4-(5-methoxypyridin-3-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)pyrazine (Example 1, table 1)

Cl
N-oy o N Hunig's base o N/N‘O
+ _— =
O NH, 4 D DMF Y \
| N= NZ /)
N=

I-27 Example 1

To a solution of [-27 (200 mg, 0.64 mmol) in DMF (5 mL) is added Hunig’s base (0.3
mL, 1.6 mmol) followed by pyrazine-2-carbonyl chloride (110 mg, 0.80 mmol). The
reaction mixture is heated at 120 °C for 2 h then volatiles are removed in vacuo. The
residue is purified by flash chromatography (SiO-,, heptane to 60% EtOAc in heptane) to
give the title compound (165 mg).
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The following compounds were synthesized in similar fashion from the appropriate
intermediates:

Examples 2-5, table 1

Example 7, table 1

Examples 117-118, table 1

Example 120, tablel

Method 2
Synthesis of [2-amino-5-(4-{3-methyl-2-[5-(pyridin-3-yl)-1,2,4-oxadiazol-3-yl]butan-
2-yl}phenyl)pyridin-3-ylJmethanol (Example 6, table 1)

iyt

N O.B O KOAc, Cl,Pd(dppf) ’N‘o
\O + |'3 > 0. N=
N \ oBo DMF 3{5
R -
N=
58 [-99
Pd(PPh,), /N‘o
R N=
Br HO =
oyt I
HN N H,N" N 7
N=
Example 6

I-58 (0.450 g, 1.21 mmol) is suspended in 1,4-dioxane (3.0 mL). Bis(pinacolato)diborane
(0.364 g, 1.43 mmol), potassium acetate (0.500 g, 5.09 mmol) and 1,1'-
bis(diphenylphosphino)ferrocenedichloropalladium(Il) dichloromethane complex (0.100
g, 0.122 mmol) is added. This reaction mixture is de-gassed and heated under argon at
100 °C for 4 h. The mixtue is cooled to room temperature then diluted with EtOAc and
washed with water. The organics are collected and concentrated in vacuo to afford a
residue that is purifed by flash chromatography (SiO,, hexane to 30% EtOAc in hexane)
to give 1-99 (0.362 g); m/z 420.61 [M+1]

1-99 (0.100 g, 0.238 mmol) is dissolved in DMF (2.0 mL) and treated with 2-amino-5-
bormo-3(hydroxymethyl)pyridine (0.051 g, 0.25 mmol),
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tetrakis(triiphenylphosphine)palladium(0) (0.029 g, 0.025 mmol), and aqueous Na,CO3
(2.0M, 1.0 mL, 1.0 mmol). This reaction mixture is de-gassed and heated under argon at
100 °C for 4 h. The mixtue is cooled to room temperature then diluted with EtOAc and
washed with water. The organics are collected and concentrated in vacuo to afford a
residue that is purifed by flash chromatography (SiO,, 0-10% MeOH in CH,Cl,) to give
the title compound (0.025g).

Method 3
Synthesis of 5-(4-{2-[5-(6-methoxypyridin-3-yl)-1,2,4-oxadiazol-3-yl]-3-methylbutan-
2-yl}phenyl)pyrimidin-2-amine (Example 8, table 1)

N,
TP NaOMe N
—
)[\i X > —_— )’\i N N
H,N" N » HNT N 7\
N =
cl 5

Example 7 Example 8 /

Example 7 (35 mg, 0.083 mmol) is dissoved in MeOH (2.0 mL). A 25% (w/w) NaOMe
solution in MeOH (50 uL) is added. The reaction mixture is heated at 70 °C for 6 h then
volatiles are removed in vacuo. The residue is purified by flash chromatography (SiO,,

0-10% MeOH in CH,Cl,) to give the title compound (26 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 9, table 1
Method 4

Synthesis of 3-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)pyridin-2(1H)-one (Example 12, table 1)
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Example 12

I-21 (100 mg, 0.255 mmol) is dissoved in 1-methyl-2-pyrrolidinone (1 mL). Ethyl-
diisopropylamine (0.3 mL, 1.6 mmol) is added followed by 2 chloro-nicotinyl chloride
(62 mg, 0.35 mmol). The reaction mixture is heated at 120 °C for 1 h then cooled to
room temperature and partioned between CH,Cl, and water. The organics are collected
and volatiles are removed in vacuo. The residue is purified by flash chromatogrophy
(Si02, 0-100% ethyl aceatate in heptane) to afford I-100 (78 mg); m/z 421.48 [M+1]
I-100 (35 mg, 0.083 mmol) is dissoved in 1,4-dioxane (2.0 mL). A 10% (w/w) aqueous
LiOH solution (50 pL) is added. The reaction mixture is heated at 70 °C for 2 h. The
solvent is removed in vacuo and the residue is suspended in water (2.0 mL). The
precipetate is collected by filtration, washed with water, and air-dried. The solid is furhter
purified by flash chromatography (SiO,, 0-10%MeOH in CH,Cl,) to give the title
compound (28 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 10, table 1

Method 5
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Synthesis of 5-(4-{2-[5-(4-methoxypyridin-3-yl)-1,2,4-oxadiazol-3-yl]-3-methylbutan-
2-yl}phenyl)pyrimidin-2-amine (Example 11, table 1)

O
AL
OH /N7 NN\
N 0 \ (N;' ‘;r} =N,
Z"OH ® NS
+ ——
NN NH, 7\ )Nu\ X 0
I N= z 7\
HZNJ\N HN"N _
N
[-21 Example 11

4-Methoxy-nicotinic acid (54 mg, 0.35 mmol) is dissoved in 1-methyl-2-pyrrolidinone (1
mL) and carbonyldiimidazole (57 mg, 0.35 mmol) is added. The mixuture is stirred for
15 minutes then I-21 (100 mg, 0.255 mmol) is added. This reaction mixture is heated at
120 °C for 1 h then cooled to room temperature and diluted with water. The solid is
collected by filtration and purified by flash chromatogrophy (SiO,, 0-100% EtOAc in
heptane) to give the title compound (19 mg).

The following compounds were synthesized in similar fashion from the appropriate
intermediates:

Examples 13-15, table 1

Examples 18-22, table 1

Examples 25-29, table 1

Examples 33-34, table 1

Example 37, table 1

Example 58, table 1

Examples 67-69, table 1

Example 119, table 1

Synthesis of 5-(4-{(R)-1-cyclopropyl-1-[5-(1H-pyrazol-4-yl)-[1,2,4]oxadiazol-3-yl]-
ethyl}-phenyl)-pyrimidin-2-ylamine (Example 48, Table 1)
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To a suspension of 1H-pyrazole-4-carboxylic acid (7.1 g, 0.063 mol) in THF (200 mL) is
added 1,1'-carbonyldiimidazole (10.2 g, 0.063 mol) at room temperature. The mixture is
stirred at 50 °C for 30 minutes. A suspension of I-29 (12.5 g, 0.042 mol) in THF (100
mL) is added to the above mixture and the resulting mixture is heated under reflux for 24
hours. The mixture is cooled down and the solid is collected by means of filtration. The
solid is then suspended in AcOH (150 mL) at room temperature. The mixture is heated
to 90 °C for 2 hours. The solution is cooled down and is concentrated under vaccuum.
The residue is dissolved in EtOAc (100 mL) and the solution is washed with H,O (200
mL) and saturated NaHCO; solution (200 mL). The organic layer is concentrated to
afford the title compound (14.7 g, 0.040 mol).

Method 6

Synthesis of 4-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
1,2,4-oxadiazol-5-yl)-piperidine-1-carboxylic acid tert-butyl ester (Example 109,
table 1) and 5-(4-{3-methyl-2-[5-(piperidin-4-yl)-1,2,4-oxadiazol-3-yl]butan-2-
yl}phenyl)pyrimidin-2-amine (Example 110, table 1)
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Example 110

To a suspension of N-Boc-isonipocotic acid (115 mg, 0.50 mmol) in THF (1 mL) is
added carbonyldiimidazole (81 mg, 0.50 mmol). The mixture is heated at 55 °C for 20
min then treated with I-21 (100 mg, 0.33 mmol). The reaction mixture is heated at 55 °C
for 17 h then heated in microwave at 150 °C for 20 min. The mixture is cooled to room
temperature then directly purified by flash chromatography (SiO,, 15-100% EtOAc in
heptane) to give Example 109 (89 mg).

Example 109 (83 mg, 0.17 mmol) is dissolved in CH,Cl, (1 mL) and treated with a
solution of HCI in 1,4-dioxane (4.0 M, 0.4 mL). The mixture is stirred at room
temperature for 3.5 h then resulting solid is filtered, washed with CH,Cl,, collected, and
dried to afford the title compound (63 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Examples 111-114, table 1

Method 7

146



60 9 4.74 445.5 A 1 HN 4 N

WO 2012/024150 PCT/US2011/047356

Synthesis of 5-(4-{3-methyl-2-[5-(1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl]butan-2-
yl}phenyl)pyrimidin-2-amine (Example 146, table 1)

Q ,S_\/
N B-o
A 2
HNTN

_N, PACI(PPh,) N,
O 2 3/2 - e O
Br N= 2M aguizoos N N N
7 HzNJ\N/ 7\
N'N N/N
1-47 H Example 146 H

A mixture of I-47 (70 mg, 0.19 mmol), 2-aminopyrimidine-5-boronic acid pinacol ester
(51 mg, 0.23 mmol) and 2M aqueous NaCOs (0.2 mL) in DMF (1 mL) is degassed under
N, for 5 minutes. To this mixture is added PdCI,(PPhs), (14 mg, 0.02 mmol). The
mixture is stirred at 80 °C for 18 h then partitioned between EtOAc and water. The
organics are washed with water, dried with Na;SQ,, filtered, and concentrated in vacuo.

The residue is purified by preparative HPLC to give the title compound (13 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Examples 125, table 1 — upon reaction of I-38 with -aminopyrimidine-5-boronic acid ,
PdCl,dppf (0.05eq) and dppf (0.05eq) only Example 125 is formed instead of Example
128

Example 126-133, table 1

Example 139, table 1

Example 143, table 1

Examples 146-157, table 1

Method 8
Synthesis of 5-[4-(3-methyl-2-{5-[6-(trifluoromethyl)pyridin-3-yl]-1,2,4-oxadiazol-3-
yl}butan-2-yl)phenyl]pyrimidin-2-amine (Example 136, table 1)
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To a suspension of I-33 (156 mg, 0.35 mmol), 2-aminopyrimidine-5-boronic acid (58 mg,
0.42 mmol) and 2M aqueous Na,COs (0.53 mL) in ethanol:toluene (4:1, 2 ml) in a
pressure tube is added [1,1’-bis(diphenylphosphino)-ferrocene]dichloro palladium (II)
(25 mg, 0.030mmol) and 1,1’-bis(diphenylphosphino)ferrocene (15 mg, 0.02 mmol). The
reaction mixture is stirred at 90 °C for 2 h. The reaction mixture is filtered through a pad
of Celite, washed with EtOAc and CH,Cl,. The collected filtrate is concentrated in vacuo.

Purification by preparative HPLC gives the title compound (72 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 135-138, table 1

Examples 140-141, table 1

Method 9
Synthesis of 2-[4-(3-{1-[4-(2-aminopyrimidin-5-yl)phenyl]-1-cyclopropylethyl}-1,2,4-
oxadiazol-5-yl)-1H-pyrazol-1-yl]-N,N-dimethylacetamide (Example 59, table 1)

o

/N‘O \TJK,G /N‘O

| K,CO4 |

NN a DMF HNT N /1

N N

H OV

Example 21 Example 539 N
N
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To a solution of example 21 (350 mg, 0.94 mmol) in DMF (1 mL) is added K,CO; (260
mg, 1.9 mmol) and 2-chloro-N,N-dimethylacetamide (0.19 mL, 1.9 mmol). The reaction
mixture is stirred for 20 h at room temperature then directly purified by prepartive HPLC

(10-60% CH;CN in water containing 0.1%TFA) to give the title compound (200 mg).

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z
[M+H]
Ny 446.4
I-100bis® N=
N~
A 2 ?ﬁ
H2N N \N N~ O/

a) The reaction mixture is heated at 50°C

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 30, table 1

Example 43, table 1

Example 60, table 1Example 75-76, table 1

Example 79, table 1

Examples 97-99, table 1

Example 106, table 1

Example 271, table 1 — the reaction is performed at 130°C for 48 hours starting from the

corresponding bromide

149



l.
0...-
1\ 0

J)\0 ---- H5 1.08 346.4 D WO 2012/ 024150PCT/ US2011/ 047356 |
\' 0 70 H2Nr\i/\ 12 1.19 446.4 D - NH HO N
WO 2012/024150 PCT/US2011/047356

Synthesis of 2--[4-(3-{(R)-1-[4-(2-amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-
ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 115,
table 1)

—N

Example 48 Example 115 N

To a solution of Example 48 (14.7 g, 0.040 mol) in DMF (150 mL) are added 2-chloro-
N,N-dimethylacetamide (6.1 mL, 0.059 mol) and K,CO; (10.9 g, 0.079 mol) at room
temperature. The mixture is stirred at the same temperature for 2 hours. Water (100 mL)
is added and the mixture is extacted with EtOAc (200 mL). The combined organic layer
is dried with MgSO, (20 g) and is filtered. The filtrate is concentrated and the remaining
solid is re-suspended in small amount of acetonitrile (30 mL) for 10 minutes. The solid is
collected by filtration and is washed with cold acetonitrile. The resulting solid is dried

under vaccuum and is confirmed to be the title compound (10 g).

The title compound is further purified, if desired, by recrystallization from ethanol,
methanol or THF. Alternatively, the title compound is converted to its hydrochloride salt
by dissolving the free base in ethanol or isopropyl alcohol followed by addition of

aqueous hydrochloric acid to the solution.
Method 10

Synthesis of 2-[(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)amino]ethanol (Example 80, table 1)
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Example 80

To a solution of 1-21 (900 mg, 3.0 mmol) in toluene (35 mL) is added trichloroacetic
anhydride (0.69 mL, 3.6 mmol). The reaction mixture is heated at reflux for 2.5 h then
cooled to room temperature. The mixture is diluted with EtOAc, washed with saturated
aqueous NaHCOs, dried with Na;SQ,, filtered and concentrated to afford I-101 (1.25 g);
m/z 426.31/428.22 [M/M+2H].

To a solution of I-101 (80 mg, 0.19 mmol) and KOH (19 mg, 0.28 mmol) in DMSO (1
mL) is added ethanolamine (20 pL, 0.28 mmol). The reaction mixture is stirred at room
temperature for 1 h then treated with water. The mixture is extracted with EtOAc,
washed with brine, dried with Na,SQ,, filtered, and concentrated. The residue is purified

by flash chromatography (Si0,, 0-10%MeOH in CH,Cl,) to yield the title compound (45
mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Examples 81-83, table 1

Example 84, table 1 — sideproduct isolated from the reaction performed to form Example
83

Example 86, table 1 — the intended amine derivative is not isolated and the amide
sideproduct is the only one that is isolated

Example 87, table 1

Examples 89, table 1
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Example 90, table 1 — sideproduct isolated from the reaction performed to form Example
89

Example 91, table 1 — the intended amine derivative is not isolated and the amide
sideproduct is the only one that is isolated

Example 134, table 1

Example 171, table 1

Method 11
Synthesis of 1-{[5-(3-{1-[4-(2-aminopyrimidin-5-yl)phenyl]-1-cyclopropylethyl}-
1,2,4-oxadiazol-5-yl)pyrazin-2-ylJamino}-2-methylpropan-2-ol (Example 44, table 1)

OH
@)

/—Né Ny

N_ —
N-on cl )Nl\\ N N
N NH, HNT N7 w»

P N
HNT N \

¢

[-23 [-102 N

Example 44 HO

To a solution of 5-chloro-pyrazine-2-carboxylic acid (490 mg, 3.1 mmol) in NMP (3 mL)
is added carbonyldiimidazole (500 mg, 3.1 mmol). The mixture is stirred at 50 °C for 0.5
h then treated with 1-23 (830 mg, 2.8 mmol) and heated at 110 °C for 2 h. The mixture is
cooled to room temperature, treated with water, and stirred for 18 h. The resulting solid
is filtered, dried, and collected to give I-102 (1.0 g). 1H NMR (DMSO-d6) & ppm 9.40
(1H, s), 9.20 (1H, s), 8.75 (1H, s), 8.55 (2H, s), 8.10 (1H, s), 7.60 (2H, d), 7.40 (2H, d),
7.20 (1H, s), 6.75 (2H, s), 1.65-1.75 (1H, m), 1.55 (3H, s), 0.3-0.75 (4H, m).
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[-102 (300 mg, 0.66 mmol) is dissolved in 1-amino-2-methyl-propan-2-ol (1.5 mL) and
heated at 80 °C for 4 h. The mixture is cooled to room temperature and treated with
water. The resulting solid is filtered, collected, and further purified by recrystallization

from CH;CN to give the title compound (155 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 42, table 1

Example 45, table 1

Examples 35-36, table 1

Examples 73-74, table 1

Examples 162-163, table 1

Method 12
Synthesis of 5-{4-[1-cyclopropyl-1-(5-{6-[(2-methoxyethyl)amino]pyridin-3-yl}-1,2,4-
oxadiazol-3-yl)ethyl]phenyl}pyrimidin-2-amine (Example 38, table 1)

P SR

[-103

HNTO~
2

D
Example 38
O\

To a solution of 6-chloronicotinic acid (500 mg, 3.2 mmol) in NMP (7 mL) is added

carbonyldiimidazole (520 mg, 2.9 mmol). The mixture is stirred at room temperature for
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1 h then treated with I-23 (860 mg, 2.8 mmol) and heated at 130 °C for 2 h. The mixture
is cooled to room temperature and treated with water. The resulting solid is filtered,
dried, and collected to give I-103 (350 mg); m/z 419.33 [M+H]

I-103 (150 mg, 0.36 mmol) is dissolved in 2-methoxyethylamine (0.5 mL) and heated at
80 °C for 2 h. The mixture is cooled to room temperature and treated with water to afford
a residue. The water is decanted and the residue is purified by preparative HPLC (10-
60% CH;CN in water containing 0.1%TFA) to give the title compound (98 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 39-41, table 1

Examples 70-72, table 1

Method 13
Synthesis of 1-[4-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-
1,2,4-oxadiazol-5-yl)-1H-pyrazol-1-yl]-2-methylpropan-2-ol (Example 159, table 1)

Q%
N\B"O
A

HN" °N

OH
N Cl 2
Br N - N o oM NA v N=
Br

= 2M aq Na,CO, [\{ A
/1 DMF
-N a NN /|
N N 2 NN
1-47 H N~
104\ / Example 159 %)
HO HO

To a suspension of I-47 (336 mg, 0.93 mmol) and potassium carbonate (154 mg, 1.12
mmol) in DMF (6 mL) is added 1-chloro-2-methyl-propan-2-ol (100 pL, 0.98 mmol).
The reaction mixture is stirred at 80 °C for 16 h then concentrated in vacuo. The residue
is extracted with CH»Cl,, washed with saturated aqueous NH4Cl dried with Na;SOs,
filtered and concentrated in vacuo to afford I-104 (365 mg); m/z 434 [M+H].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
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N
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A mixture of I-104 (365 mg, 0.84 mmol), 2-aminopyrimidine-5-boronic acid pinacol
ester (279 mg, 1.26 mmol) and 2M aqueous NaCOs (0.85 mL) in DMF (4 mL) is
degassed under N, for 5 minutes. To  this mixture  is added

bis(triphenylphosphine)palladium(II)chloride (59 mg, 0.08 mmol). The mixture is stirred
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at 80 °C for 18 h then concentrated in vacuo. The residue is extracted with CH,Cl,,
washed with saturated aqueous NaHCOs3, dried with Na;SQOs, filtered, and concentrated in
vacuo. The residue is purified by flash chromatography (Si0;, 0-5% MeOH in CH,Cl,) to
give the title compound (268 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Example 142, table 1

Example 144, table 1

Example 158, table 1

Example 161, table 1

Method 14
Synthesis of 1-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)cyclopropanecarboxylic acid (Example 95, table 1)

e

I-21 [-105

NaOH/H,O

—"
N ;<]
I -~
HZNJ\ N

Example 95

To a solution I-21 (189 mg, 0.63 mmol) in DMF (1 mL) is added a solution of 1-
chlorocarbonyl-1-cyclopropanecarboxylic acid methyl ester (113 mg, 0.69 mmol) in
DMF (1 mL). The reaction mixture is stirred at room temperature for 15 min then heated
at 120 °C for 2 h. The mixture is cooled then treated with water and extracted with

EtOAc, washed with brine, dried with Na;SO,, filtered, and concentrated in vacuo. The
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residue is purified by falsh chromatography (SiO», 0-10% MeOH in CH,Cl,) to give I-
105 (30 mg); m/z 408 [M+H].

To a solution of I-105 (30 mg, 0.074 mmol) in MeOH (0.5 mL) is added an aqueous
solution of NaOH (4.0M, 90 uL). The reaction mixture is stirred at room temperature for
1 h then concentrated in vacuo. The residue is partioned between EtOAc and water then
the aqueos layer was acidified to pH ~ 4 with 1 M aqueous HCI. The aqueous mixture is
extracted with EtOAc and concentrated in vacuo to afford a residue that is purified by

preparative HPLC to afford the title compound (20 mg).

Method 15
Synthesis of 1-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)cyclohexanecarboxylic acid (Example 145, table 1)

Q
B. %i
N O
I ~
OH O - HZNJ\/Nj/
°rN° N PdCL,(PPhy),
N NP O -
7 OH ————> p 2M aq Na,CO,
NH, HATU 0™ DMF
Br
-14 -106
/N\ 1 /N\
06 LiOH 06
N= _— N=
N ~ N X
PP o) Py OH
HN"N H,N"N
I-107 Example 145

A mixture of cyclohexane-1,1-dicarboxylic acid monoethyl ester (142 mg, 0.50 mmol),
HATU (199 mg, 0.52 mmol) and triethylamine (80 puL, 0.55 mmol) in DMF (2.5 mL) is
stirred for 5 min then I-14 (100 mg, 0.50 mmol ) is added. The mixture is stirred at room
temperature for 2 h then at 90 °C for 18 h then concentrated in vacuo. The resultant
residue is partitioned between 1 M aqueous HCI and EtOAc. The organics are washed
with brine, dried over MgSQ,, filtered and concentrated in vacuo. The residue is purified
by flash chromatography (Si0O,, 15% EtOAc in cyclohexane) to give 1-106 (251 mg); m/z
449/451 [M/M+2H].
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A mixture of I-106 (223 mg, 0.50 mmol), 2-aminopyrimidine-5-boronic acid pinacol
ester (121 mg, 0.55 mmol) and 2M aqueous Na>CO; (1.9 mL) in DMF (5§ mL) is degassed
under N> for 5 minutes. To this mixture is added
bis(triphenylphosphine)palladium(Il)chloride (35 mg, 0.05 mmol). The mixture is stirred
at 80 °C for 1 h then concentrated in vacuo. The residue is extracted with EtOAc, washed
with saturated aqueous NaHCOs, dried with Na,SQ,, filtered, and concentrated in vacuo.
The residue is purified by flash chromatography (SiO,, 0-20% EtOAc in cyclohexane) to
give 1-107 (182 mg); m/z 464 [M+H].

To a solution of I-107 (175 mg, 0.38 mmol) in 1:1 THF:water (3 mL) is added LiOH-
H>O (17 mg, 0.40 mmol). The reaction mixture is stirred at room temperature for 2 d
then THF is removed in vacuo. The aqueous mixture is washed with EtOAc then
acidified with saturated aqueous NH4CIl. The aqueous mixture is extracted with EtOAc,
washed with brine, dried with MgSQO,, filtered, and concentrated in vacuo. The resultant
solid is triturated with Et,O then filtered, collected and dried to yield the title compound
(88 mg).

Method 16
Synthesis of  3-[4-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-
1,2,4-oxadiazol-5-yl)-1H-pyrazol-1-yl]-2,2-dimethylpropanoic acid (Example 164,

table 1)
(e}
N o™ N /=N
0 s P S Ao
N\ NH N-g
Br N-o Cs,CO, Br o
TBAI I-108
I-47
g& Pd(PPh,),Cl,
N e}
A~
H,N" N
N N LiOH N N
1 ?"QN\)%OH - v ‘)"QN)%O\/
N7 "0 N "0
A 0 A 0
H,N" TN H,NT N
Example 164 1-109

To a mixture of I-47 (407 mg, 1.13 mmol) and 3-chloro-2,2-dimethyl propionic acid ethyl
ester (557 mg, 3.38 mmol) in DMF (8 mL) is added Cs,CO3 (734 mg, 2.25 mmol) and
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tetrabutylammonium iodide (832 mg, 2.25 mmol). The mixture is stirred at 80 °C for 36 h
then concentrated in vacuo. The residue is partitioned between CH,Cl, and saturated
aqueous NaHCQO;. The organics are dried with Na,SO,, filtered and concentrated in
vacuo. The residue is purified by flash chromatography (SiO,, 10% EtOAc in
cyclohexane) to give I-108 (299 mg); m/z 489/491 [M/M+2H].

The following intermediate is synthesized in similar fashion from the appropriate

reagents:

Intermediate Structure m/z

[M+2H]

I-108bis* N Ch 0 463.0
NN L
Br N-0 %LO

a) The reaction is run at 80°C for 8 hours using K,CO5 in DMF

A mixture of I-108 (290 mg, 0.46 mmol), 2-aminopyrimidine-5-boronic acid pinacol
ester (307 mg, 1.39 mmol) and 2M aqueous NaCOs (0.46 mL) in DMF (6 mL) is
degassed under N, for 5 minutes. To this mixture 1is added
bis(triphenylphosphine)palladium(II)chloride (65 mg, 0.09 mmol). The mixture is stirred
at 80 °C for 3 h then concentrated in vacuo. The residue is extracted with EtOAc, washed
with saturated aqueous NaHCOs, dried with Na,SQ,, filtered, and concentrated in vacuo.
The residue is purified by flash chromatography (SiO,, 0-1% MeOH in CH,Cl,) to give I-
109 (171 mg); m/z 504.90 [M+H].

The following intermediate is synthesized in similar fashion from the appropriate

reagents:

Intermediate Structure m/z

[M+H]
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A mixture of I-109 (171 mg, 0.282 mmol), LiOH.H,0 (12 mg, 0.286 mmol), methanol
(2.5 mL), THF (2.5 mL) and water (1.3 mL) is heated at 40 °C for 8 h then concentrated
in vacuo. The residue is purified by preparative HPLC to give the title compound (33
mg).

The following compound is synthesized in similar fashion from the appropriate
intermediates:

Example 160, table 1

Method 17
Synthesis of 6-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)-1-methylpyridin-2(1H)-one (Example 165, table 1)

Og OH

;NE
|
N-on
I-110 /
o)
J:j/
/N\
N\O PdCI ,(PPh),
B
' = 2M aq Na200
N DMF
411 © Example 165 O

To a solution of 2-carboxylic acid-6-oxo-pyridine (161 mg, 1.16 mmol) in DMF (3 mL)

is added carbonyldiimidazole (188 mg, 1.16 mmol). The mixture is stirred for 20 min at
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50 °C then treated with I-14 (300 mg, 1.05 mmol) and stirred at 110 °C for 3 h. The
mixture is concentrated in vacuo and the residue is extracted with EtOAc, washed with
saturated aqueous NaHCOs, dried with MgSOQy, filtered, and concentrated. The residue is
purified by flash chromatography (SiO,, 2% MeOH in CH,Cl,) to give 1-110 (223 mg);
m/z 389.95 [M+1].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z
[M/M+2H]
/N\
_0
I-110bis Br N 392.0/394.0
HN
0

To a solution of I-110 (223 mg, 0.41 mmol) in THF (3 mL) is added K,CO; (68 mg, 0.49
mmol) and Mel (30 pL, 0.49 mmol). The mixture is stirred at 40 °C for 20 h and is
treated with additional Mel (30 pL, 0.49 mmol) at 3 h and 15 h. The mixture is treated
with saturated aqueous ammonia and MeOH then volatiles are removed in vacuo. The
residue is extracted with EtOAc, washed with saturated aqueous NaHCOQ;, water, brine,
dried with MgSOQO,, filtered, and concentrated. Purification of the crude by flash
chromatography (Si0,, 0-10% EtOAc in cyclohexane) yields I-111 (80 mg); m/z 403.85
[M+1].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:

Intermediate Structure m/z

[M/M+2H]
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A mixture of I-111 (80 mg, 0.19 mmol), 2-aminopyrimidine-5-boronic acid pinacol ester
(124 mg, 0.56 mmol) and 2M aqueous Na,COs; (0.20 mL) in DMF (2 mL) is degassed
under N, for 5 minutes. To this mixture is added PdCl,(PPh3), (26 mg, 0.094mmol). The
mixture is stirred at 80 °C for 3 h then concentrated in vacuo. The residue is extracted
with EtOAc, washed with saturated aqueous NaHCOs, dried with Na;SOy, filtered, and
concentrated in vacuo. The residue is purified by flash chromatography (SiO,, 0-1%

MeOH in CH,Cl,) to give the title compound (30 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:
Example 166-167, table 1 — the reaction is run starting from a mixture of I-110bis and I-

111bis. Silica gel column chromatography affords Example 166 and 167.

Method 18

Synthesis of 2-[4-(3-{(1R)-1-[4-(2-aminopyrimidin-5-yl)phenyl]-1-cyclopropylethyl}-
1,2,4-oxadiazol-5-yl)-1H-pyrazol-1-yl]-N,N-dimethylacetamide (Example 115) and 2-
[4-(3-{(1S)-1-[4-(2-aminopyrimidin-5-yl)phenyl]-1-cyclopropylethyl}-1,2,4-
oxadiazol-5-yl)-1H-pyrazol-1-yl]-N,N-dimethylacetamide (Example 116, table 1)

/N\O
N Né\\
I -~
HZNJ\N &
N”
O?)
N N
Example 59 Example 115 Example116 N
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Enantiomers 115 and 116 are prepared by resolution of example 59 (100 mg) on a
Chiralpak® AD-H (available form Chiral Technologies, Inc., Exton, PA) semi-
preparative (250 x 20 mm) HPLC column (eluting with 95% EtOH in heptane containing
0.1%diethylamine). The faster eluting enantiomer 115 having a retention time of ~ 35
min and the slower eluting enantiomer 116 having a retention time of ~ 73 min. The

eluants are concentrated to provide Example 115 (32 mg) and Example 116 (27 mg).

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Examples 23-24, table 1

Examples 31-32, table 1 — eluting with 70%EtOH with 0.1% diethylamine/heptane
Examples 61-62, table 1

Examples 65-66, table 1

Examples 77-78, table 1

Examples 102-103, table 1

Example 104-105, table 1 — 95% EtOH in heptanes +0.05% diethylamine at 8ml/min
40°C

Examples 107-108, table 1

Example 115-116, table 1 - 95% EtOH in heptanes +0.05% diethylamine at 55ml/min
Examples 121-122, table 1 - 95% EtOH in heptanes +0.4% diethylamine at S5ml/min
Examples 123-124, table 1

Example 227-228, table 1

Example 230-231, table 1

Example 233-234, table 1

Example 254-255, table 1

Example 257-258, table 1

Example 282-283, table 1

Method 19

Preparation of 5-(4-{(2R)-3-methyl-2-[5-(1-methyl-1H-pyrazol-4-yl)-1,2,4-oxadiazol-
3-yl]butan-2-yl}phenyl)pyrimidin-2-amine (Example 46) and 5-(4-{(2S)-3-methyl-2-
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[5-(1-methyl-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl]butan-2-yl }phenyl)pyrimidin-2-
amine (Example 47, table 1)

/N‘O
N N R N
A 2 /1 |
HN" N
2 NN HZN)\
/

/
Example 15 Example 46 Example 47

Enantiomers 46 and 47 are prepared by resolution of example 15 (50 mg) on a
Chiralpak® AD-H (available form Chiral Technologies, Inc., Exton, PA) semi-
preparative (250 x 30 mm) HPLC column (eluting with 70% MeOH in CO,) at 250 bar.
The faster eluting enantiomer 46 having a retention time of ~5 min (Chiralpak® AD-H
analytical HPLC column 4.6 x 100 mm) and the slower eluting enantiomer 47 having a
retention time of ~13 min. The eluants are concentrated to provide Example 46 (12 mg)

and Example 47 (15 mg).

The following compounds are resolved in similar fashion:
Examples 16-17, table 1
Examples 48-49, table 1

Method 20

Preparation of 2-{[5-(3-{(1R)-1-[4-(2-aminopyrimidin-5-yl)phenyl]-1-
cyclopropylethyl}-1,2,4-oxadiazol-5-yl)pyrazin-2-yl]Jamino}-2-methylpropan-1-ol
(Example 56, table 1) and 2-{[5-(3-{(1S)-1-[4-(2-aminopyrimidin-5-yl)phenyl]-1-
cyclopropylethyl}-1,2,4-oxadiazol-5-yl)pyrazin-2-yl]Jamino}-2-methylpropan-1-ol
(Example 57, table 1)

NH
Example 45 x\ Example 56 >& Example 57 ><\
OH OH OH
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Enantiomers 56 and 57 are prepared by resolution of Example 45 (89 mg) on a RegisPak
(available form Chiral Technologies, Inc., Exton, PA) semi-preparative (250 x 30 mm)
HPLC column (eluting with 70% MeOH in CO,) at 250 bar. The faster eluting
enantiomer 56 having a retention time of ~5 min (Chiralpak® AD-H analytical HPLC
column 4.6 x 100 mm) and the slower eluting enantiomer 57 having a retention time of
~13 min. The eluants were concentrated to provide Example 56 (12 mg) and Example 57

(15 mg).

The following compounds are resolved in similar fashion:

Examples 50-51, table 1 — eluting with 55% MeOH in CO,

Examples 52-53, table 1 - eluting with 45% of  3/1/0.1
MeOH/isopropanol/isopropylamine in CO;

Examples 54-55, table 1 — eluting with 55% EtOH in CO,

Examples 56-57, table 1 — eluting with 45% 1/1 methanol/ispropanol

Example 100-101, table 1 — eluting with 40% co-solvent of 1:1 methanol:isopropanol
with 0.5% isopropylamine at 150 bar

Example 63-64, table 1

Method 21
Synthesis of 5-(4-{3-methyl-2-[5-(4-methylpiperazin-1-yl)-1,2,4-oxadiazol-3-
yl]butan-2-yl}phenyl)pyrimidin-2-amine (Example 96, table 1)
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.0 HZN)\N/ N
j® X . v
r
2 Pd(PPh3)4 N
H,N" N
2 <~:l> aqu. Na2CO3 14 &3
Example 96 \ THF i N\

To a mixture of I-14 (1.029 g, 3.61 mmol) and carbonyldiimidazole (702 mg, 7.33 mmol)
is added acetonitrile (20 mL). The reaction mixture is heated at 75 °C for 18 hours. After
this time, the reaction mixture is concentrated in vacuo and purified by flash
chromatography (SiO2, 12-100% EtOAc in heptane) to give I-112 (373 mg); m/z
311.2/313.2 [M/M+2H].

To a solution of I-112 (163 mg, 0.523 mmol) in pyridine (0.5 mL) is added POCl; (0.479
mL, 5.23 mmol). The reaction mixture is heated at 90 °C for 18 hours. The reaction
mixture is cooled to room temperature and carefully poured into ice water and then
extracted with EtOAc twice. The organcis are combined and washed with brine, dried
over Na,SQy, filtered and concentrated in vacuo. The residue is purified by flash
chromatography (Si0,, 12-100% EtOAc in heptane) to give I-113 (59 mg); 1H- NMR
(DMSO-db6) 6 ppm 7.50 (2H, d), 7.35 (2H, d), 2.62 (1H, m), 1.60 (3H, s), 0.83 (3H, d),
0.6 (3H, d).

To a solution of I-113 (44 mg, 0.133 mmol) in DMSO (I mL) is added I1-
methylpiperazine (0.148 mL, 1.33 mmol) and the reaction mixture is stirred at room
temperature for 1.5 hours. The reaction mixture is quenched with water and extracted
with EtOAc twice. The organics are combined and washed with water then brine, dried
over Na,SQO,, filtered and concentrated in vacuo. The residue is purified by flash
chromatography (Si0O;, 10-100% MeOH in CH,Cly) to give I-114 (45 mg); m/z
393.0/395.0 [M/M+2H].
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The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z
[M/M+2H]
/N~
1;% L
I-115° Br N 450.2/452.2
QO
O _
N,
/&%\ 0 428.2/430.2
-116* Br ‘<N
& <
O
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1

a) 1.2 equ. of amine and 1.2 equ. of diisopropylethylamine are used.
b) 1.2 equ. of amine (either as free base or hydrochloride salt) and 2.5 equ. of
diisopropylethylamine are used.

¢) 1.2 equ. of amine as di-hydrochloride salt and 5 equ. of diisopropylethylamine are used.
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0.114 mmol), 2-aminopyrimidine-5-boronic acid

pinacol ester (30.286 mg, 0.137 mmol) and tetrakis (triphenylphosphine)palladium (0)

(13.173 mg, 0.011 mmol) in a vial is evacuated and back filled with Ar 3 times. Then

THF (1 mL) and sat. Na,COj3 aqueous solution are added and the mixture is heated to 65

°C for 18 hours. After this time, the reaction mixture is quenched with water and

extracted with EtOAc twice. The organcis are combined and washed with brine, dried

over Na,SQy, filtered and concentrated in vacuo. The residue is purified by flash

chromatography (5102, 12-100% EtOAc in heptane) to give Example 96 (12 mg).

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z
[M-+H]
/N~
N:(O
I-141° ) N 522.4
H,N" N Q
O
-
/
O
/NO
N= 508.4
1-142° b !
H,N" N Q
O
ey
H'o

172



N< NH S O\ 18 1.33 461.4 D WD 2012/ 024150PCT/ US2011/ 047356 124 2 \
N\ ON NHS O\ 18 1.33 461.4 D 125 N H2N \

430.1 F 62012402430/ \ O \ 7 3.47 376.1 F 127 0 \ ROT/US201104735¢

N
= \O
N= 465.4
1-143° )@ =
HN" N Q
Q
o

a) The reaction has been performed in the microwave oven at 110°C for 45 minutes.

The following compounds are synthesized in similar fashion from the appropriate
intermediates:

Examples 168, table 1

Example 169, table 1 - the last step has been performed in the microwave oven at 110°C
for one hour

Example 170, table 1 - the last step has been performed in the microwave oven at 110°C
for 45 minutes

Examples 186, table 1- the last step has been performed in the microwave oven at 110°C
for 45 minutes

Examples 192, table 1

Examples 198-202, table 1- the last step has been performed in the microwave oven at
110°C for 45 minutes

Examples 208-209, table 1- the last step has been performed in the microwave oven at
110°C for 45 minutes

Examples 212-213, table 1 - the last step has been performed in the microwave oven at
110°C for 45 minutes

Examples 218, table 1- the last step has been performed in the microwave oven at 110°C
for 45 minutes

Exampe 235, table 1 - the last step has been performed in the microwave oven at 100°C
for two hours

Examples 236-237, table 1- the last step has been performed in the microwave oven at
110°C for 45 minutes

Examples 260, table 1
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Examples 261-262, table 1- the last step has been performed in the microwave oven at

110°C for 45 minutes

Examples 264, table 1 - the last step has been performed in the microwave oven at 110°C
for 45 minutes
Examples 266, table 1- the last step has been performed in the microwave oven at 110°C
for 45 minutes
Examples 269-270, table 1- the last step has been performed in the microwave oven at

110°C for 45 minutes
Method 22

Synthesis of 4-(3-{2-[4-(2-aminopyrimidin-5-yl)phenyl]-3-methylbutan-2-yl}-1,2,4-
oxadiazol-5-yl)-2,2-dimethylbutanoic acid (Example 85, tablel)

0
NH, T);;T /\N'o
N 0 NS "
N™~ “OH )l\ Z o)
A DMF HN" N
H,N" N H

1-21 Example 85

To a solution of I-21 (100 mg, 0.334 mmol) in DMF (1 mL) is added 2,2-
dimethylglutaric anhydride (52 mg, 0.367 mmol). The reaction mixture is heated to 120
°C for 2.5 hours. After this time, the reaction mixture is quenched with water and
extracted with EtOAc twice. The organics are combined and washed with water then
brine, dried over Na,SQ,, filtered and concentrated in vacuo. The residue is purified by
flash chromatography (5102, 10-100% MeOH in CH,Cl,) then triturated in hot MeOH to
give Example 85 (40 mg).

The following compounds are synthesized in similar fashion from the appropriate

intermediates:
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Example 92-94, Table 1

Method 23
Synthesis of: 5-(4-{(R)-1-Cyclopropyl-1-[5-(3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-
5'-yl)-[1,2,4]oxadiazol-3-yl]-ethyl}-phenyl)-pyrazin-2-ylamine (Example 195, tablel)

Stepl:

N
— ‘o =
iN\ - ® =
N MeOH J:
HNT N 4 N

N\
O
N
2 :2 ————= HN 7 N
N Acetyl chloride N=
N‘> N‘>
- C
-
o )L

I-83 [-143bis

To cold (0°C) methanol (20 ml) is added 1 ml of acetyl chloride (dropwise). Upon
complete addition, I-83 (350 mg, 0.61 mmol) is added as a methanol solution (5 ml).
Allow to gradually warm to RT and stir over night. After this time the reaction is basified
using 7N ammonia and concentrated to dryness. The remaining residue is purified via
flash chromatography (silica gel, 0-10% MeOH/DCM) to give 1-135.

The following intermediates are synthesized in similar fashion from the appropriate

reagents:

Intermediate Structure m/z

[M+H]

175



8 4.65 472.1 F I
| el _
WO 2012/024150

H2N 136

) -
1-143tris HQNJ\N

I-143quadris H,N N/

N

&

N N2 O / FF 8 4.87 455 F
PCT/US2011/047356
Not
available
469.4

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

intermediates:

Example 214, Table 1 — the crude is purified via flash chromatography (silica gel, O-

100% MeOH/DCM)
Example 267, Table 1

Example 268, Table 1 - the crude is concentrated to dryness and purified the crude via

flash chromatography (silica gel, 0-10% MeOH/DCM, with 0.5% NH40OH)

Step2:
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I-143bis Example 195

Chiral resolution of I-135 was performed using a ChiralPak® AD-H column (3.0 x 25.0
cm, available from Chiral Technologies, West Chester PA). Eluting with methanol/IPA
(1:3) with 1% isopropylamine at 150 bar afforded Example 195 (6 mg).

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

Example 196, Table 1- the chiral resolution is performed at 125 psi

Example 210, Table 1- the chiral resolution is performed at 125 psi, with no

ispropylamine in the eluent

Method 24
Synthesis of 1-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-yl)-2-methyl-propan-2-ol (Example 225, table 1)

0 N
NH, CDI 2
| + HO —_— N=
NS "Son OH i
P P
H,N" N HN N
2 OH
1-21 R-13 Example 225

To a suspension of R-13 (118 mg, 1.0 mmol) in THF 10 ml) is added 1,1'-

carbonyldiimidazole (162 mg, 1.0 mmol) at room temperature. The mixture is stirred at
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50 °C for 30 minutes. After this time I-21 (200 mg, 0.67 mmol) is added and the
resulting mixture is heated under reflux for 3 hours. After this time the reaction is cooled
to RT, treated with HOAc (1 ml) and warmed to 80°C. After stirring for 3 days the
mixture is cooled to RT and concentrated. The remaining residue is purified via flash

chromatography (silica gel, 0-8% MeOH/DCM) to afford the title compound (80 mg).

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

Example 229, Table 1- no AcOH is added in the reaction mixture

Example 232, Table 1- no AcOH is added in the reaction mixture

Method 25

Synthesis of 5-(4-{1-Cyclopropyl-1-[5-(3-oxetan-3-yl-3H-imidazol-4-yl)-
[1,2,4]oxadiazol-3-yl]-ethyl}-phenyl)-pyrimidin-2-ylamine (Example 206, table 1)
Synthesis of 5-(4-{1-Cyclopropyl-1-[5-(1-oxetan-3-yl-1H-imidazol-4-yl)-
[1,2,4]oxadiazol-3-yl]-ethyl}-phenyl)-pyrimidin-2-ylamine (Example 207, table 1)

o]

HO Y™y F
N HO
5 & Y
NH, S N= \ e
P S
NEN Noy — HNTN /N,l\ - N N
b H,N"N k)
H,N"N Q O N
1-23 I-144 I-145
0
A A N
N NS LT N
LN JN HZNJ\N /’j\l
. N . (@
o
Example 206 Example 207
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To a suspension of 1-trityl-1H-imidazole-4-carboxylic acid (893 mg, 2.5 mmol) in THF
(10 mL) is added 1,1'-carbonyldiimidazole (409 mg, 2.5 mmol) at room temperature.
The mixture is stirred at 50 °C for 30 minutes. A suspension of I-23 (500 mg, 1.7 mmol)
in THF (5 mL) is added to the above mixture and the resulting mixture is heated at 130
°C in a microwave reactor for 2 hours. The mixture is cooled down and is concentrated
under vaccuum. The residue is extracted with H,O (10 mL) and EtOAc (20 mL). The
combined organic layer is dried with MgSO, and is filtered. The filtrate is concentrated
and the residue is purified by silica gel flash column chromatography with 10% MeOH in
CH:Cl; as the eluent to afford I-144 (150 mg); m/z 374 [M-trityl group].

To a solution of I-144 (80 mg, 0.13 mmol) in CH,Cl, (10 mL) is added TFA (0.015 mL,
0.19 mmol) at room temperature. The solution is stirred at the same temperature for 24
hours. The solution is concentrated under vaccuum to afford I-145 (48 mg); m/z 374
[M+H].

To a round bottom flask is added I-145 (100 mg, 0.27 mmol), 3-iodooxetane (98 mg, 0.54
mmol) and K,COj3 (111 mg, 0.8 mmol) in DMF (10 mL). The reation mixture is stirred at
80 °C for 12 hours. The reaction is cooled down and water (10 mL) is added. The
solution is extracted with EtOAc (20 mL) and H,O (10 mL). The combined organic layer
is dried with MgSO, and is filtered. The filtrate is concentrated and the residue is
purified by silica gel flash cloumn chromatography with 10% MeOH in TBME as the
elunet to afford the title compounds (Example 206: 8§ mg; Example 207: 10 mg).

Method 26

Synthesis of 2-[4-(3-{1-[4-(2-Amino-4-fluoro-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-
ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 275,
table 1)
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Example 275
To a solution of I-69 (300 mg, 0.6 mmol) in DMF (10 mL) are added I-87 (140 mg, 0.7

mmol), tetrakis (triphenylphosphine)palladium (0) (70 mg, 0.06 mmol) and 2M Na,COs
(1.5 mL, 3.0 mmol). The mixture is heated to 100 °C for 1 hour in a microwave reactor.
The mixture is cooled down and is extracted with H,O (20 mL) and EtOAc (30 mL). The
combined organic layer is dried with MgSO, and is filtered. The filtrate is concentrated
and the residue is purified by silica gel flash column chromatography with 10% MeOH in
CH,Cl, as the eluent to afford the title compound (200 mg).

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

Example 175, Table 1 — the reaction is run at 120°C

Example 176-180, Table 1 — the reaction is run at 120°C

Example 184-185, Table 1 — the reaction is run at 120°C

Example 187-189, Table 1 — the reaction is run at 120°C

Example 191, Table 1 — the reaction is run at 120°C

Example 239-243, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath
Example 244-246, Table 1

Example 247, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath
Example 249-250, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath
Example 251, Table 1- the reaction is run at 85°C overnight

Example 253, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath

Example 256, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath
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Example 265, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath
Example 273, Table 1 — the reaction is run for 6 hours at 100°C in an oil bath
Example 275, Table 1

Example 279, Table 1

Example 280-281, Table 1 — the reaction is run for 48 hours at 80°C
Example 284-286, Table 1

Example 289-291, Table 1

Example 292, Table 1- the reaction is run for 16 hours at 85°C

Example 293-294, Table 1

Example 298, Table 1

Method 27

2-[4-(3-{(R)-1-[4-(6-Amino-pyridin-3-yl)-phenyl]-1-cyclopropyl-ethyl}-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 172, table 1)

Pd(PPh,),

Example 172

To a microwave vial is added 1-63 (100mg, 0.225 mmol) in DMF (2 ml), followed by the
addition of 2-aminopyridine-5-boronic acid pinacol ester (55 mg, 0.25 mmol),
tetrakis(triphenylphosphine)palladium(0) (26 mg, 0.023 mmol) and 2 M aq. Na,COs (0.4
ml, 0.8 mmol). The reaction mixture is stirred in microwave reactor at 120 °C for 1 hour.
The residue is diluted with EtOAc, washed with water, brine, dried under anhy. Na,SO.,
filtered and concentrated. The residue is purified by flash chromatography (SiO,, 0-5%
MeOH/CH,Cl,) to afford the title compound (39 mg).

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

intermediates:

181

*\ HO
0



159 H2 NI O I\ NO-N1 NOH 13 4.06 448.3 F WO
2012/ 024150PCT/ US2011/ 047356 160 _ N o OH16 3.93 462.2 F 0
161 N * WO202/02M5013 3.91 432.2 F 162 N1 I-I,N PCT/US2011/047356

Example 173-174, Table 1

Example 181, Table 1

Example 183, Table 1

Example 263, Table 1 — the reaction is run at 80°C overnight

Method 28
Synthesis of 5-(4-{1,2-Dimethyl-1-[5-(4-methylamino-piperidin-1-yl)-
[1,2,4]oxadiazol-3-yl]-propyl}-phenyl)-pyrimidin-2-ylamine (Example 217, table 1)

N
/N\ i \O
O N\
— _ N \<
X N\< + H—C — .
N

B e
8 <.

-141 /N Example 217

I-141 (138 mg, 0.265 mmol) is dissolved in DCM (2 mL) and 4N HCl in 1,4-dioxane
(0.663 mL, 2.65 mmol) is added and the reaction mixture is stirred at room temperature
for 3 hours. After this time, the reaction mixture is concentrated in vacuo and the residue
is dissolved in MeOH and passed through a PL-HCO3; MP-resin column to free base the
product. The filtrate is concentrated in vacuo and the crude is purified by preparative
TLC using 10% MeOH/DCM as solvent mixtures to afford the title compound (71 mg);
m/z 422.4 [M+1].

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

Example 222, Table 1

Method 29
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Synthesis of 2-[4-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1 2.4]Joxadiazol-5-yl)-piperazin-1-yl]-N,N-dimethyl-acetamide (Example 193, table

/
ﬁ/&% - I \>’“\—J DS
K2C03 o
DMF

Example 83
Example 193

Synthesis of 2-[4-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-yl)-piperazin-1-yl]-N,N-dimethyl-acetamide

Synthesis is performed in similar conditions used in Method 9 using the appropriate

reagents.

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z [M+H]
/N\
N\
I-146 N B 466.0
HN"N <:>
N o
¢
O—

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

intermediates:

Example 211, Table 1

183



165 101 \/ \ 17 3.97 417.2 F 166 101 \ 17 3.79 421.1 F 167 0\ 17
3.6 407.1 F 168 Itr\INIl O ...%O0 / 0 21 1.37 443.4 E W

2012/ 024 NsORGR/IEBZ011/ 047356 169 HZN N S N ,.-- \ N---\POoTAIS201/047339 436. 4
E 170 0
Method 30

Synthesis of 1-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-yl)-piperidine-4-carboxylic acid (Example 219, table 1)

N N
2l \O — \O

N= N=

NT \< N7 X \<
Jl\ " )l\ §

7 7
HN" N HN" N
[-143 0 Example 219 OH
o \__ o

Synthesis is similar to conditions used in Method 14 Step 2 using the appropriate
reagents; m/z 437.4 [M+1]. Compound is purified by trituation from hot MeOH.

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

Example 272, Table 1
Method 31

Synthesis of 1-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-yl)-3-methyl-azetidin-3-ol (Example 203, table 1)
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Example 203 OH 148

Synthesis of 1-{3-[1-(4-Bromo-phenyl)-1,2-dimethyl-propyl]-[1,2,4]oxadiazol-5-yl}-
azetidin-3-one
Synthesis is performed in similar conditions used in Method 21 Step 3 using the

appropriate reagents; m/z 364 [M+H].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:

Intermediate Structure m/z [M/M+2H]

N
s ‘O
I-147bis Br/&e“:( 392.2/394.2
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Synthesis of 1-{3-[1-(4-Bromo-phenyl)-1,2-dimethyl-propyl]-[1,2,4]oxadiazol-5-yl}-3-
methyl-azetidin-3-ol

To a cooled solution of I-147 (132.6 mg, 0.364 mmol) in THF (1 mL) at -78°C is added
3M methyl magnesium chloride in THF (0.485 mL, 1.456 mmol). The reaction mixture is
stirred at -78°C for 10 minutes then at room temperature for 20 minutes. After this time,
the reaction mixture is quenched with water and extracted with EtOAc twice. The
organcis are combined and washed with brine, dried over Na,SQy, filtered and

concentrated in vacuo to afford the title compound (122 mg); m/z 380 [M+H].

The following intermediates are synthesized in similar fashion from the appropriate

reagents:
Intermediate Structure m/z [M/M+2H]
/N~
- O
I-148bis Br N\<N 408.4/410.4
on
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Synthesis of 1-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-yl)-3-methyl-azetidin-3-ol
Synthesis is performed in similar conditions used in Method 21 Step 4 using the

appropriate reagents.

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

Example 216, Table 1

Example 238, Table 1

Example 276, Table 1

Method 32

Synthesis of 2-[4-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-ethyl}-
[1,2,4]oxadiazol-5-yl)-piperazin-1-yl]-ethanol (Example 252, tablel)
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Example 252 8

OH

[-151

Synthesis of 3-[1-(4-Bromo-phenyl)-1-cyclopropyl-ethyl]-[1,2,4]oxadiazol-5-o0l
Synthesis is performed in similar conditions used in Method 21, Step 1 using the
appropriate reagents; m/z 307 [M+H].

Synthesis of 3-[1-(4-Bromo-phenyl)-1-cyclopropyl-ethyl]-5-chloro-[1,2,4]oxadiazole
To a solution of I-149 (8§47 mg, 2.74 mmol) in DCM (8 mL) in a microwave vial is added
POCl; (0.401 mL, 4.384 mmol) and pyridine (1.107 mL, 13.7 mmol). The reaction
mixture is heated in microwave oven at 120°C for 1 hour. After this time, the reaction
mixture is quenched with water and extracted with CH,Cl, twice. The organcis are
combined and washed with brine, dried over Na,SO,, filtered and concentrated in vacuo.
The crude is purified by flash chromatography (SiO,, 6-50% EA/Hep) to afford the title
intermediate (694 mg). IH-NMR: (DMSO-d6) 6 ppm 7.5 (2H, d), 7.3 (1H, d), 1.5 (1H,
m), 1.4 (3H, s), 0.6 (1H, m), 0.5 (1H, m), 0.4 (1H, m), 0.3 (1H, m).

Synthesis of 2-(4-{3-[1-(4-Bromo-phenyl)-1-cyclopropyl-ethyl]-[1,2,4]oxadiazol-5-
yl}-piperazin-1-yl)-ethanol

Synthesis is similar to conditions used in Method 21, Step 3 using the appropriate
reagents; m/z 421/423[M/M+2H] .
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Synthesis of 2-[4-(3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-ethyl}-
[1,2,4]oxadiazol-5-yl)-piperazin-1-yl]-ethanol

To a mixture of I-151 (193 mg, 0.458 mmol) and Pd(PPhs), (53 mg, 0.046 mmol) in a
microwave vial is added the DMF (5 mL) solution of 2-aminopyrimidine-5-boronic acid
pinacol ester (121.6 mg, 0.55 mmol) and 2M Na,COs aqueous solution (0.92 mL). The
reaction mixture is purged with Ar and then heated in microwave oven 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,;SOy,
filtered and concentrated in vacuo. The crude is purified by flash chromatography (SiO»,

1.2-10% MeOH/DCM) to afford the title compound (83 mg).

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

Example 204-205, Table 1

Example 248, Table 1

Example 252, Table 1

Example 259, Table 1

Example 274, Table 1

Example 287-288, Table 1

Example 297, table 1

Method 33

Synthesis of 1-(3-{(R)-1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-yl)-piperidin-4-ol (Example 223, table 1) and 1-(3-{(S)-1-[4-(2-
Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-[1,2.,4]oxadiazol-5-yl)-
piperidin-4-ol (Example 224, table 1)
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Example 223 and Example 224 are prepared by resolution of Example 262 (90.3 mg) on
a RegisPak (available from Regis Technologies, Morton Grove, IL) semi-preparative
(30250 mm) HPLC column (eluting with 35% 1:1 MeOH in Isopropanol containing
0.1% isopropylamine in CO2) at 100 bar. The faster eluting enantiomer Example 223
having a retention time of 2.07 min (RegisPack 4.6x100 mm, available from Regis
Technologies, Morton Grove, IL) and the slower eluting enantiomer Example 224 having
a retention time of 2.68 min. The eluents are concentrated to provide Example 223 (36

mg) and Example 224 (34 mg).

Method 34:
Synthesis of 5-[4-((R)-1-Cyclopropyl-1-{5-[1-(2-dimethylamino-ethyl)-1H-pyrazol-4-
yl]-[1,2,4]oxadiazol--yl}-ethyl)-phenyl]-pyrimidin-2-ylamine (Example 182, table 1)

+ 2
N_
/
/1 CIH
N’N
H
Example 48 Example 182

Example 48 (75.0 mg, 0.201 mmol) is treated with (2-Chloro-ethyl)-dimethyl-amine
hydrochloride (43.4 mg, 0.301 mmol), Cs>CO; (147 mg, 0.452 mmol), and DMF (1.5
mL) and the resulting mixture is stirred at 60 °C for 1 hour. At this time the mixture is
treated with (2-Chloro-ethyl)-dimethyl-amine hydrochloride (14.5 mg, 0.100 mmol),
Cs2,CO; (32.7 mg, 0.100 mmol) and stirred for 1 hour longer. The reaction is then
purified directly by flash chromatography over C-18 silica eluting 10-60%
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acetonitrile/water/0.1% trifluoroacetic acid. The resulting semi-pure material is treated
with CH»Cl, and saturated aqueous NaHCOs and the phases are separated. The resulting
aqueous phase is extracted 5 additional times with CH,Cl, and the combined organic
phases are dried over Na,SQy, filtered, and concentrated in vacuo to give a residue that is
further purified by preparative TLC eluting 8% methanol/ CH>Cl, to give the title
compound (35.0 mg).

The following compound is synthesized in a similar fashion from the appropriate
intermediates:

Example 215, table 1

Method 35:

Synthesis of 2-[4-(3-{(R)-1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-
ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-1-((R)-3-methoxy-pyrrolidin-1-yl)-
ethanone (Example 220, table 1).

o VN ° N( ?)
153 HO \r \r Example 220 N
O\L?
Synthesis of [4-(3-{(R)-1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-ethyl}-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-acetic acid ethyl ester
Example 48 is alkylated according to Method 9; m/z 460 [M+H].
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Synthesis of [4-(3-{(R)-1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1-cyclopropyl-ethyl}-
[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-acetic acid
I-152 is hydrolyzed according to the final step of Method 16; m/z 432 [M+H].

[-153 (94.0 mg, 0.218 mmol) is treated with (R)-3-methoxy-pyrrolidine (33.1 mg, 0.327
mmol), HATU (125 mg, 0.327 mmol), DIEA (114 uL, 0.654 mmol), and DMF (1.50 mL)
and the resulting mixture is stirred for 1 hour. The reaction is purified directly by reverse
phase preparative HPLC eluting 30-70% acetonitrile/water/0.1% formic acid to give the
title compound (16.0 mg).

The following compounds aresynthesized in a similar fashion from the appropriate
intermediates:

Example 194, table 1

Example 221, table 1

Method 36

Synthesis of 2-[4-(3-{(R)-1-[4-(2-amino-6-0x0-1,6-dihydro-pyrimidin-5-yl)-phenyl]-
1-cyclopropyl-ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide
(Example 197, table 1)

N
EO /N\ = o
N= N=
N —_— HN
A A =
H,N™ °N HN" N N

@]
8 ~N
~
Ned o hll

o
|

[-97 Example-197

[-97 (170 mg, 0.30 mmol) is dissolved in ethanol (10 ml) and treated with Pearlman's

catalyst (Palladium hydroxide, 35 mg, 50% wet, 0.12 mmol). The vessel is degassed and
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placed under hydrogen (balloon). Upon complete conversion, the reaction is filtered
through a pad of celite and the solids are washed with methanol. The combined filtrates
are concentrated and the remaining crude is purified via flash column chromatography (0-

10% MeOH/DCM) to give the title compound (100 mg).

Method 37
Preparation of 5-[4-((R)-1-{5-[1-(2-Amino-ethyl)-1H-pyrazol-4-yl]-[1,2,4]oxadiazol-
3-yl}-1-cyclopropyl-ethyl)-phenyl]-pyrimidin-2-ylamine (Example 190, table 1).

)N'\ ?\\
~
H,NT N |
N”
[-98 Ox-N
? ?::O
Example 190

Intermediate I-98 (120 mg, 0.22 mmol) is treated with ethanol (2.7 mL) and THF (0.5

NH

2

mL) and hydrazine (97 mg, 1.93 mmol) is then added. The resulting mixture is stirred at
50 °C for 2 hours. The resulting mixture is filtered, rinsing with ethanol, diluted with
ethyl acetate and water, and the phases separated. The organic phase is washed with
brine dried over Na,SOy, filtered, and concentrated in vacuo. The residue is purified by
reverse-phase preparative HPLC eluting 10-80% acetonitrile/water/trifluoroacetic acid to

give the title compound (33.0 mg).

Method 38

Syntheses of 2-[4-(3-{1-[4-(2-Amino-6-fluoro-pyridin-3-yl)-phenyl]-1-cyclopropyl-
ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 277,
table 1) and 2-[4-(3-{1-[4-(6-Amino-2-fluoro-pyridin-3-yl)-phenyl]-1-cyclopropyl-
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ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 278,
table 1)

/N-O /N~
.
B~
/Nt Y O T N ﬁ«h
N
N FONTF kf
g ;
0
N
-69 ~N_ |-154 h

/N\ /N\
_0 _0
— X7 L
P /1 + P /1
F* "N~ 'NH HN N °F
2 N'N 2 N'N
\po \po
~N_ ~N_
Example 277 Example 278
To a mixture of I-69 (300 mg, 0.68 mmol) in 1,4-dioxane (10 mL) are added 2.,6-
difluoropyridin-3-boronic acid (128 mg, 0.81 mmol), PdCIl,(PPhs), (47 mg, 0.068 mmol)
and 2 M Na,COj; solution (2M aqueous solution)(1 mL, 02 mmol). The mixture is heated
to 100 °C for 1 hour in a microwave reactor. The solution is cooled down and is

extracted with H,O and EtOAc. The combined organic layer is dried with Mg,SO, and is
filtered. The filtrate is concentrated and the residue is purified by silica gel flash column
chromatography with 10% MeOH in CH,Cl, as the eluent to afford I-154 (200 mg) (m/z:
479.2 [M*+H])).

[-154 (150 mg, 0.31 mmol) is dissolved in NH3 in MeOH (2M solution)(10 mL) and the
solution is heated to 100 °C for 72 hours. The solution is cooled down and is
concentrated. The residue is purified by preparative silica gel TLC to obtain the title

compounds (example 277: 10 mg; example 278: 14 mg)

194



0 184 26 0.85 389.5 G [/ H2N N 4
0o
WO 2012/024150 PCT/US2011/047356
Method 39

Synthesis of 2-[4-(3-{1-[4-(5-Amino-3-cyano-pyrazin-2-yl)-phenyl]-1-cyclopropyl-
ethyl}-[1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 295,
table 1)

7% 0, f%

Lo

~N /N
N /N

1-69 [-155 Example 295

To a solution of I-69 (100 mg, 0.2 mmol) in DMF are added 2-amino-5-bromo-6-
chloropyrazine (51 mg, 0.24 mmol), Tetrakis (triphenylphosphine)palladium (0) (24 mg,
0.02 mmol) and 2M Na,CO; solution (2M aqueous)(0.5 mL, 1 mmol). The mixture is
heated to 100 °C for 1 hour in a microwave reactor. The mixture is cooled down and is
extracted with H,O and EtOAc. The combined organic layer is dried with MgSO, and is
filtered. The filtrate is concentrated and the residue is purified by silica gel flash column
chromatography with 10% MeOH in CH,Cl, as the eluent to afford 1-155 (86 mg) (m/z:
493.2 [M*+H])).

In a microwave reaction vessel is dissolved I-155 (80 mg, 0.16 mmol) in DMF (8 mL).
Zinc cyanide (23 mg, 0.19 mmol) and Pd(PPh;), (18 mg, 0.016 mmol) are added and the
solution is heated to 120°C in a microwave for 2 hours. The solution is cooled down and
is poured into water and extracted the product into EtOAc. The combined organics are
dried with MgSQOy,, filtered and concentrated. The residue is purified by silica gel flash
column chromatography with 10% MeOH in CH,Cl, as the eluent to afford the title
compound (38 mg).

Method 40
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Synthesis of 2-[4-(3-{1-[4-(6-Amino-2-cyano-pyridin-3-yl)-phenyl]-1-cyclopropyl-
ethyl}-1,2,4]oxadiazol-5-yl)-pyrazol-1-yl]-N,N-dimethyl-acetamide (Example 296,

table 1)

N N - Br
o, — LAl — L
H,N"N""Br HNT NSy HNT NSy

-156 -157
=N
o)
[ "
—_— ~ |
HNTN S /N‘N
‘o
~N_
Example 296

To a solution of 2-bromo-6-aminopyridine (200 mg, 1.2 mmol) in DMF (10 mL) are
added Zn(CN), (163 mg, 1.4 mmol) and Pd(PPhsy (134 mg, 0.12 mmol) at room
temperature. The solution is heated at 120 °C in a microwave reactor for 2 hours. The
solution is cooled down and water is added. The solution is extracted with EtOAc and
the combined organic layer was dried with MgSO, and is filtered. The filtrate is
concentrated and the residue is purified by silica gel flash column chromatography with
10% MeOH in CH,Cl, as the eluent to afford I-156 (54 mg) (m/z: 119.9 [M™]).

To a solution of I-156 (54 mg, 0.46 mmol) in CH3CN (10 mL) is added NBS (162 mg,
0.9 mmol) at room temperature. The solution is stirred at the same temperature for 12
hours. The solution is concentrated and the residue is purified by silica gel flash column
chromatography with 10% MeOH in CH,Cl, as the eluent to afford I-157 (35 mg) (m/z:
197.9 [M™]).

To a solution of I-69 (50 mg, 0.1 mmol) in DMF (8 mL) are added I-157 (24 mg, 0.12
mmol), Tetrakis (triphenylphosphine)palladium (0) (11 mg, 0.01 mmol) and 2M Na,CO;
(0.25 mL, 0.51 mmol). The mixture is heated to 100 °C for 1 hour in a microwave

reactor. The mixture is cooled down and is extracted with H,O and EtOAc. The
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combined organic layer is dried with MgSO, and is filtered. The filtrate is concentrated
and the residue is purified by silica gel flash column chromatography with 10% MeOH in
CH,Cl, as the eluent to afford the title compound (26 mg).

Method 41:
Synthesis of 3-{1-[4-(2-Amino-pyrimidin-5-yl)-phenyl]-1,2-dimethyl-propyl}-
[1,2,4]oxadiazol-5-o0l (Example 88, table 1)

Cl 0
NH, Y N,
| + N _— N=
NT X N\OH [ j )Nl\\ \<
O = OH
)l\ P H,N

N
H,N" N 1-21 ? Example 88

To a suspension of morpholine-4-carbonyl chloride (32.907 mg, 0.220 mmol) in DMF (1
ml) is added [-21 (60.000 mg, 0.200 mmol). The reation mixture is stirred at room
temperature for 20 mins then Hunig’s base (0.038 mL, 0.22 mmol) is added and the
reaction mixture is heated at 55°C for 1 hour then heated in microwave oven at 150°C for
30 mins. After this time, the reaction mixture is concentrated in vacuo. Purification of the
crude by flash chromatography (5102, 0-10% MeOH in DCM) then pre-TLC (10%
MeOH in DCM) yields Example 88 (23 mg) as a white solid; m/z 326.0 [M+H].

Final Compounds: Table 3

LC-
m/z
Retention MS
Method [M+
Example Structure time (min) HI* meth
od
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Assay Cowpaorede4ene assessed for the ability to bind t @CFUARIL4B501 Nndi ng
assay that measures conpound-specific displacenent of an iodinated (1251)

FLAP inhibitor via a Scintillation Proximty Assay format (adapted from S.

Charl eson et al

from
ot

1992, 41, 873-879).
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Wwand R8 are each independently hydrogen, 5-6 nenbered heterocycle
optionally substituted with C1 6 alkyl , C3_10 carbocycle optionally
substi t utwo 20i2d24ts9dr oxy or G _6 al kyl; R9, Rl and Rl11l ace/useadepersdent |y
selected from (a) -H (b) -OH (c) halogen, (d) -CN, (e) -CF3, (f)

C _6al kyl optionally substituted with one to three -OH, -N(R12)(R13) , 3-6
menber ed heterocycle, Cl_6al koxy, G _6al koxy-0- C 6a|ky| -02R12,

- C( 0) N( 12\ ( R12) oF («J4 n\ 1 1 ﬁ RQ| |/\l| (Y 64l |/nvu '\\ |\|/ D12
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(i) -S (0)11C i|_6al kyl, (j 02R12, (k) -C(O)N(R12)(R13), (1) -S
(0)2N(RL2) (R13)[, (m a 3-10 .ybered het erocycl i ¢ group optionally
substituted wtlh one to t : 6\al kyl groups, |(n') oxof (o) |-C(0){C1_3
al kyl ; R12 and |R13 are eg ndependent |y [sel ected from-H, -C| 6al kyl,
C(0) G _pal kyl, |and fenber ed \het erogyclic group, each of whichlis
optiona Iyﬂﬁndepeno y substitut th|on@lto|t hrie® G | 83b-Ryl drolips,
-OH, G| 6al koxy,"NC(0YN(RL4) (R15), \- S(0) 11C _6al kyl, CN, a 3-6 |menbened
het er ocycl i ¢ grljoup, -0C _6al kyl, or; | Rl12 and R13 taken togethen with
the nitrogen rijng to which they are ativ-ached forma heterpcyclyl ring
optionally subgtituted with one to three -{OH, CN| -0G _6al kyl ar oxo; Rl14
and R15| are eagh i ndependently selected from-H and -G 6alkyl;| nis|0, 1
or 2; of a pharjmaceutically agceptable sallt thereof. 2. Al conpaund
accordinpg to cllaim1, wheretrm™{ /Rl and R2 are each independentl|y hydrogen,
met hyl , | et hyl, |propyl, i ) sputyl, i|sobutyl, tert. butyl, penty
hexyl , cycl opragpyl, or cyl ohexyl,|with the proviso
that both Rl and RZ.a ﬁﬁén; R3 i|s pyridinyl, pytrimdi|nyl,
pyrazinyl,zﬁwridazihyl pyrronI i-dazol|yl gt hilenylsg furagyh |or g
t hi azol yl, wher|gj 1 heteroaryl g ig optionally independently
substitputed witlh one to three grou elegted fromCl_3 alkyl optionally
substituted with one to three hal ogenyators, Cl_3 al koxy, | Cl_3 hydroxy,
hal ogen}, hydroxy, -0-benzyl, oxo, cy "am no, 41NH- C3_6 carbocycle, |G _6
al kyl anmf no and |C1_3 dlalkylanino; or R3ig pyrldooxazinyl
di hydro- PYT —ogxazi ||yi —¢h hydl O=pPyTH ot OpPyt i—ch ||y| Pyt ot Opyt i—ch ||yi )
pyrrol opyrazi nyl, wherein endi heteroaryl [ring is optionally independently
substituted witlh one to three % GUpS selegted fromCl_3 alkyl agptionally
substitputed wtlh one to thge Qg atons, G _3 al koxy, | G _3 |hydroxy,
hal ogen| hydroXy, -0-benz am no, +NH C36cafbocycle, G|_3

(R13),

N~

O
<
(@]
o=
@)
©
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=)
—
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al kyl am no and |C1- 341 3 ; i s hydrogen,| methyl or fluoro; R5 is
met hyl , | et hyl, |propjl, |sopropyl il[sobutyll, tert-butyl, |pentylf,
hexyl, pycl oprgpyl+~"syef obutyl, cycl efit yl, cycliohexyl, cycloheptyl,
cyclooctylzxphenjl, plperidinyl, piper@Z?rylgsnnrpho 7nyI 5g%hom)rpholinyl,
azetidi pyl5= pyrirolidinyl, tetrahydropgyranyl,  pynrol t hitenyl|, furanyl,

t hi azol yl, oxazolyl, isoxazolyl, ﬁ%ﬁ&golyl, |n1ddzolyl t i azolyl,

pyridinyl, pyriim di nyl, pyrazinyl, !pyridazinyl, quinoliny , 1saqui nolfi nyl,
i ndol yl'} pyrroljopyridinyl, pyrrol p i mdinyl, -C(0)-R6, hydroxy or -
NR7R8, Wwherein|each R5 is optiondlly independentlly substifuted with one to
t hree groups seglected fromR9, and R11;| R6 is|piperidipyl, piperazinyl,
t et rahydropyranyl, norpholinyl, \thionmorphglinyl or -NHpiperadinyl each
optionally indgpendently substituted with|one to|three gr pups slel ected from
R9, Rl and Ri1l:l Wand R8 are each independently hydrogen 5-6 nenbered
het erocycl e optionally substituted with nmethyl, C3_6 carbocycle optionally
substituted with hydroxy, or G _5 alkyl; R9, Rl and RL11 are independently
selected from (a) -H, (b) -OH, (c) halogen, (d) -CN, (e) -CF3, (1)

C _6al kyl optionally substituted with one to three -OH, -N(R12)(R13) , 3-6
menber ed heterocycle, Cl_6al koxy , G _6al koxy-0- G _6al kyl, -0Q2R12,

-C(0) N(R12) (R13) or -S(0)11G _6al kyl, (g) G _6al koxy, (h) -N(R12)(R13), (i)
-S(0)11C _6al kyl, (j) -02R12, (k) -C(O)N(R12)(R13), (1) -S(0)2N(R12)(R13),
(m a 3-8 nenbered heterocyclic group optionally substituted with one to
three Cl1-6 al kyl groups, (n') oxo, (0) -C(0)-C3 alkyl; R12 and R13 are
each independently selected from-H, -C _6alkyl, C(0)C _6alkyl, and a 3- 6
menber ed heterocyclic group, each of which is optionally independently
substituted with one to three G _6al kyl groups, -OH, G _6al koxy,

-C(0)N(R14) (R15), -S(0)11G _6al kyl, E%L a 3-6 nenbered heterocyclic group,
-0G _6al kyl, CF3; or, Rl12 and R13 ta 9 together with the nitrogen ring to
whi ch they are attached can forma heterocyclyl ring optionally substituted
with one to three -OH, CN, -0G _6al kyl or oxo; Rl4 and R15 are each

i ndependently selected from-H and -G _Ltalkyl; nis 1 or 2; or a
pharnaceutlcally acceptable salt thereof. 3. A conpound accordlng to claim
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R3 is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl,
pyrrol opyridinyl, pyrrolopyrazinyl; or a pharmaceutically acceptable salt
t her eof . WO 201200m3ound according to any of the clains 1PCT/UM@ENAITIS6 RS S
met hyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, cyclopropyl,

cycl obutyl, cyclopentyl, cyclohexyl, phenyl, azetidinyl, piperidinyl,

pi per azi nyl nnrphollnyl tetrahydropyranyl, thiazolyl, oxazolyl,

i soxazopyH—py+Hazebys =n1dazo!y!, ey pyr=n1d=ny! Py

gui nol i nyl, -((Oj-plperlzinyl -CXO)

pyridazjnyl, quinolinyl, isoq

pi peridjnyl, -{(0)- nDrphollny ,-§x0)-NWLp|peridinyI, hydr pxy or| - NR7R8,
wher ei n| each RY i s optionglkty . dentlly substituted w{th one to three
groups pelecteq from R9 ; nd |[R8 are|each independently
hydrogep, 5-6 nmembered tionglly substituted|with methyl, C3_6
car bocygl e optlonal|y S bstltuted wi th_hydroxy on Cl-05 alkyl; |[R9, Rl and
R11 are independ sel ected from /[ -H (b) [-OH (c)|hal ogen, (d) -CN,
(e) -CFB, 1) ai %alkyl optionally s Ntiuted wijith one tp three -CH

-N(R12) [R13)" , |norpholinyl, pipergzinyl, ¢ _6al koxy,td _3aPrkesy-of
G _3al kyl, -0O4R12 or -C(O)N(R12)( , (g) G _3al koxy, (h) -N(R12)(R13),
(1) -S(O)llO _Gal kyl, (j) -02R12, /(k) -C(O0)N(R12)(R13), (1)
-S(0)2N(R12) (R13), (m norpholin N i perazi nyl, |piperidipyl or| oxetanyl
each opftionally substituted withia nethyl [group, [(n") oxo| (o) |-C(0)+CH3,
R12 and| R13 arg each independerydy selected from-H and - _6alkyl, wherein
the al kyl group is optionally sybstltuted with one to three -OH,
C _6al kpxy, -C(|0) N(R14) (R15) or - S(0)11CG| _6al kyl; R14 and eareg each
i ndepenfdently dqelected from-Hand -G Italkyl; mis 2; of a
pharmaceutical lly acceptabl e salft thereof. |6. A conpound agccordijng to|claim

1 or 2,{wherein: RL and R2 ach i ndependently hydrogen, nethyl, ethyl,
propyl ,| i sopropyl, /)Qpropyl or cyclobutyl,|with {the proviso
that bofh Rl and R2 are n drogenp R3 ils pyridinyl, pyrazinyl,

pyridaz| nyl or |pyri each heteroanyl ring {s optfionally
i ndependen?2y substjjtuted w th one t two gr @aaps |seltas ed| 4o&m meGhyl|,
net hoxy} - CH2OH,| t r ronet hyl , br chl oro, filuoro, hydroxy, -0-benzyl,
0X0, cypno, anlnd -NH—CB 6 carbocy Ie C|_4 alkylam no apd C1 |3
di al kyl pmino; qr R3 is pyridooxazi nyl;\di hydro- pyri dooxazj nyl ,
di hydr o} pyrrol gpyri di nyl pyrrolopyridimyl, pyrrolopyrazinyl; R4 is
hydrogen; R5 ig nmethyl, ethyl, propyl, isagpropyl, butyl, pentyl]
cycl oprppyl, cyclobutyl, cyclepentyl, cycllohexyl | phenyl, [azeti|di nyT,
pi peridj nyl, pi|perazinyl, norpholinyl, tetrahydropyranyl, |thiazolyl,
oxazol y|, isoxdzolyl, pyrazol W,  im dazolyl, pyrildinyl, pyrimdinyl,
pyrazinyl, pyrli dazi nyl, eGknol NN i soqui nol i nyl, -C(0)}piperlazi nyll,
- C(0) - npr phol i nyl , [ ;\ |, hydroxy or -NR7R8| wherjein each R5
IS optlon%%’ iIndepenthe y ted wiith one|to three groups sel ected
fromR9 3and RLUYl wgnd R8 are eac ndepeﬁaently 9] 124 |p§ridinyl
optionally subgtigtuted with a nethyl grqup, cycl ohexyl op |onaIIy
substitputed w tth a hydroxy group, thyf or ethyl; R9, Rl|and Rll are
i ndependently gelected from (a) -H, ( {OH, (c) halogen| (d) |-CN, |[(e)
-CF3, ([L) G -64dlkyl optionally substitubted with one to three -QCH,
-N(R12) (R13) , |morpholinyl, piperazinyl, ¢ _3al koxy, C _3al koxy-0-
C _3alkyl, -CO2H or -C(0)N(R12) (R13), (g) G _3al koxy, (h) -N(R12)(R13), (i)
-S(0)2CG _2al kyl, (j) -0@2R12, (k) -C(O0)N(R12)(R13), (1) -S(0)2N(R12)(R13),
(m norpholinyl, piperazinyl, or oxetanyl each optionally substituted with
a methyl group, (n') oxo, (0) -C(0)-CH3; R12 and R13 are each independently
selected from-H and -G _6al kyl, wherein the al kyl group is optionally

i ndependently substituted with one to three -OH, C _6al koxy, -

C(O)N(R14) (R15), or -S(0)2C1_6al kyl; R14 and eare each independently
selected from-H and -C _Ltalkyl; or a pharmaceutically acceptable salt
thereof. 7. A conpound accordlng to claim6 imedi ately above, wherein: Rl
is nmethyl, R2is selected fromnethyl, ethyl, isopropyl, tert-butyl,

cycl opropyl and cycl obutyl; or a pharmaceutically acceptable salt thereof.
8. A conmpound according to claim®6, wherein: R3 is selected from or a
pharmaceutically acceptable salt theréﬁ 9. A conmpound according to claim
6, wherein: R5 is pyrazolyl optionalf@ i ndependently substituted with one
to three groups selected fromR9, Rl and R11l; or a pharmaceutically
acceptabl e salt thereof.




10. A compound according to claim®6, wherein:
from net hyl,

et

hyl ,

i sopropyl,

i s sel ectwo 20200150 R4 i s hydrogen,
pharmaceutically acceptable salts thereof.
cl ai m 10, wherein:

R2 is cycl opropyl

tert-

butyl ,

cycl op

R1 is methyl,
and cycl obutyl;

r opyl

R5 is sel ected froRCT/USRN11/047356

11. A compound according to

or cyclobutyl; or a pharmaceutically

R2 is selected

R3

acceptabl e salt thereof. 12. A conpound according to claim 10, wherein: R2
i s sel egtedframrethyh; ethy., iseproepyrand—tert—buty-—or—a
pharmaceutical lly acceptable salt thereof. |13. A conpound according to claim
6, wherpin: R3|is selected or a pharmaceutically acceptjabl e salt
t hereof| 14. Aj|conpound f NQ claim6, wherein: R3|is selected from
1 HONHZNI NI'\ J [H2N pharjmaceutical |y acg¢eptable salt tjhereof. 15.
A conpopund accdr di erein:] RL is|nmethyl, R2 is [cyclopropyl;
R3 is splexXed (fro R4 |s hydroge R5 |i s 33el ect a6 r omaoyD E
2012/024150PCT/Q§@ or ph rrmaceutical ly acceptablie salt
t hereof| 16. A conpound sel ected frgm a/group comsisting of: 00 .,..|."N\
0N -- - ., .. 141111 N ---
OH
N
" \
O
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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
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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 (ICso) 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 LTB, in a cellular system. Compounds are combined
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).
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METHOD OF USE

The compounds of the invention are effective inhibitors of 5-lipoxygenase activating
protein (FLAP) and thus suggest they inhibit leukotriene production. Therefore, in one
embodiment of the invention, there is provided methods of treating leukotriene-mediated
disorders using compounds of the invention or their pharmaceutically acceptable salts
thereof. 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 or their pharmaceutically acceptable salts thereof.

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;

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,
inflammatory pain, multiple sclerosis, systemic lupus erythematosus, transplant rejection,

inflammatory and allergic ocular diseases;
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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
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
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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.

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.
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CLAIMS

What is claimed is:

1. A compound of Formula I

wherein:

R! and R? are each independently hydrogen, C;_; alkyl or Cs_jocarbocycle, with the
proviso that both R' and R? are not hydrogen;

R’is a 5-11 membered heteroaryl ring containing one to three heteroatoms selected from
nitrogen, oxygen and sulfur, wherein the heteroaryl ring is optionally independently
substituted with one to three groups selected from C,_s alkyl optionally substituted with
one to three halogen atoms, C;_s alkoxy, Ci.3 hydroxy, halogen, hydroxy, -O-benzyl, oxo,

cyano, amino, -NH-Cs_¢ carbocycle, Ci alkylamino and C;_; dialkylamino;

R*is hydrogen, C;_3 alkyl, halogen or nitrile;

R is Ci6 alkyl, Cs.1o carbocycle, 3-11 membered heterocycle, aryl, 5-11 membered
heteroaryl, -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 Cag heterocycle or -NH-5-6 membered heterocycle, each optionally independently

substituted with one to three groups selected from R’ R®and R" ;
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R’and R?® are each independently hydrogen, 5-6 membered heterocycle optionally
substituted with C;_¢ alkyl , C5_j¢ carbocycle optionally substituted with hydroxy 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"?) , 3-6
membered heterocycle, Cisalkoxy, Ci.salkoxy-O- Cjsalkyl, —COZRIZ,
-C(O)NR"(R") or -S(0),C salkyl,
(g) Cigalkoxy,
() -NR™R"),
(1) -S(0)nCiealkyl,
() -COR"™,
(k) -CONR™HR™),
() -S(0RNRR™),
(m) a 3-10 membered heterocyclic group optionally substituted with one to three Ci.¢
alkyl groups,
(n’) oxo,

(0) -C(O)-C,_3 alkyl;

R'? and R" are each independently selected from —H, —C;_salkyl, C(O)Cj.salkyl, and a 3-
6 membered heterocyclic group, each of which is optionally independently substituted
with one to three C,_alkyl groups, —OH, Calkoxy, -C(O)N(R')(R"), -S(0),C1.¢alkyl,
CN, a 3-6 membered heterocyclic group, -OC)ealkyl, CFs, or;
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H

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

heterocyclyl ring optionally substituted with one to three -OH, CN, -OCj.salkyl or oxo;

R and R" are each independently selected from —H and —C;_salkyl;

nis 0,1 or2;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein:

R and R? are each independently hydrogen, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert. butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentyl or cylohexyl,
with the proviso that both R' and R? are not hydrogen;

R’ is pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolyl, imidazolyl, thienyl, furanyl
or thiazolyl, wherein each heteroaryl ring is optionally independently substituted with one
to three groups selected from Cj_3 alkyl optionally substituted with one to three halogen
atoms, C;.3 alkoxy, C;.3 hydroxy, halogen, hydroxy, -O-benzyl, oxo, cyano, amino, -NH-
C;¢carbocycle, C;¢ alkylamino and C;_3 dialkylamino;

or

R’ is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl,
pyrrolopyridinyl, pyrrolopyrazinyl, wherein each heteroaryl ring is optionally
independently substituted with one to three groups selected from C,_; alkyl optionally
substituted with one to three halogen atoms, C;; alkoxy, C;_; hydroxy, halogen, hydroxy,
-O-benzyl, oxo, cyano, amino, -NH-Cs_¢ carbocycle, Ci.3 alkylamino and C;.3
dialkylamino;

R* is hydrogen, methyl or fluoro;
R’ is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, fert-butyl, pentyl, hexyl,

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, phenyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, azetidinyl, pyrrolidinyl,

272



H2N"....... N *N, ..-VO0OOH?... 0 N...."..-\ 01 NN/
L *N, L \VO/NH?, ... O ,...... N\ N---- 0 HH 2N
"o, N'WO 2012/024150 PCT/US2011/047356

tetrahydropyranyl, pyrrolyl, thienyl, furanyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl,
imidazolyl, triazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl,
isoquinolinyl, indolyl, pyrrolopyridinyl, pyrrolopyrimidinyl, -C(0)-RS, hydroxy or —
NR'R®, wherein each R’ is optionally independently substituted with one to three groups

selected from R9, R!% and R”;

R® is piperidinyl, piperazinyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl or -NH-
piperadinyl each optionally independently substituted with one to three groups selected

from R9, R'% and R“;

R’and R?® are each independently hydrogen, 5-6 membered heterocycle optionally
substituted with methyl, Cs_¢ carbocycle optionally substituted with hydroxy, or C,_s
alkyl;

R’, R and R" are independently selected from
(a) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CF;,
(f) Crealkyl optionally substituted with one to three —OH, -N(R'*)(R"?) , 3-6
membered heterocycle, Ciealkoxy , Ciealkoxy-O- Cisalkyl, —CO,R",
-C(O)N(R"™*)(R") or -S(0),C.salkyl,
(g) Ciealkoxy,
() -NR™R"),
(1) -S(0)nCisalkyl,
() -COR™,
(k) -COONR)RY),
() -S(0RNRHR™),
(m) a 3-8 membered heterocyclic group optionally substituted with one to three Ci.6

alkyl groups,
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(n’) oxo,

(0) -C(O)-C.3 alkyl;
R'? and R" are each independently selected from —H, —C;_galkyl, C(O)C;_alkyl, and a 3-
6 membered heterocyclic group, each of which is optionally independently substituted
with one to three C.alkyl groups, —OH, C.salkoxy, -C(O)N(R')(R"), -S(0),C1salkyl,

CN, a 3-6 membered heterocyclic group, -OC)¢alkyl, CF;, or,

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

heterocyclyl ring optionally substituted with one to three -OH, CN, -OCj.salkyl or oxo;
R and R" are each independently selected from —H and —C;_4alkyl;

nis 1 or?2;

or a pharmaceutically acceptable salt thereof.
3. A compound according to claim 1 or 2, wherein:

R and R? are each independently hydrogen, methyl, ethyl, propyl, isopropyl, fert-butyl,
cyclopropyl or cyclobutyl, with the proviso that both R' and R? are not hydrogen;

or a pharmaceutically acceptable salt thereof.

4. A compound according to any of the claims 1-3 wherein:

R’ is pyridinyl, pyrazinyl, pyridazinyl or pyrimidinyl, wherein each heteroaryl ring is
optionally independently substituted with one to two groups selected from C;.5 alkyl
optionally substituted with one to three halogen atoms, C;_; alkoxy, C;; hydroxy,

halogen, hydroxy, -O-benzyl, oxo, cyano, amino, -NH-Cs. carbocycle, C;.s alkylamino

and C,_3 dialkylamino; or
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R’ is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl,
pyrrolopyridinyl, pyrrolopyrazinyl;

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, pentyl, hexyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, phenyl, azetidinyl, piperidinyl, piperazinyl, morpholinyl,
tetrahydropyranyl, thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, quinolinyl, isoquinolinyl, -C(O)-piperizinyl, -C(O)-
piperidinyl, -C(O)-morpholinyl,-C(O)-NH-piperidinyl, hydroxy or -NR'R?®, 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, 5-6 membered heterocycle optionally
substituted with methyl, Cs_¢ carbocycle optionally substituted with hydroxy or C;-Cs
alkyl;

R’, R and R" are independently selected from
(2) -H,
(b) -OH,
(c) halogen,
(d) -CN,
(e) -CFs,
(f) C1ealkyl optionally substituted with one to three —OH, -N(R'*)(R"®) , morpholinyl,
piperazinyl, Calkoxy, Cysalkoxy-O- Cy_salkyl, -CO,R'* or -C(O)N(R'*)R"),
(g) Cisalkoxy,
(h) -NR*)R™),
(1) -S(0)nCisalkyl,
() -COR"™,
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(k) -COONR)RY),

() -S(0):NR™)R™),

(m) morpholinyl, piperazinyl, piperidinyl or oxetanyl each optionally substituted with

a methyl group,

(n’) oxo,

(0) -C(0)-CH;
R'? and R" are each independently selected from —H and —C;_salkyl, wherein the alkyl
group is optionally substituted with one to three —OH, C;_salkoxy, -C(O)N(R"™)(R") or -
S(0)nCisalkyl;

R'* and R"%are each independently selected from —H and —C;_jalkyl;
nis?2;

or a pharmaceutically acceptable salt thereof.
6. A compound according to claim 1 or 2, wherein:

R and R? are each independently hydrogen, methyl, ethyl, propyl, isopropyl, fert-butyl,
cyclopropyl or cyclobutyl, with the proviso that both R' and R? are not hydrogen;

R’ is pyridinyl, pyrazinyl, pyridazinyl or pyrimidinyl, wherein each heteroaryl ring is
optionally independently substituted with one to two groups selected from methyl,
methoxy,-CH,OH, trifluoromethyl, bromo, chloro, fluoro, hydroxy, -O-benzyl, oxo,
cyano, amino, -NH-C;¢ carbocycle, C;4 alkylamino and C;_; dialkylamino; or

R’ is pyridooxazinyl, dihydro-pyridooxazinyl, dihydro-pyrrolopyridinyl,
pyrrolopyridinyl, pyrrolopyrazinyl;

R* is hydrogen;
R’ is methyl, ethyl, propyl, isopropyl, butyl, pentyl, cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, phenyl, azetidinyl, piperidinyl, piperazinyl, morpholinyl, tetrahydropyranyl,
thiazolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, pyridinyl, pyrimidinyl, pyrazinyl,
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pyridazinyl, quinolinyl, isoquinolinyl, -C(O)-piperazinyl, -C(O)-morpholinyl, -C(O)-NH-
piperidinyl, hydroxy or -NR’R®, 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, piperidinyl optionally substituted with a
methyl group, cyclohexyl optionally substituted with a hydroxy group, methyl or ethyl;

R’, R and R" are independently selected from

(2) -H,

(b) -OH,

(c) halogen,

(d) -CN,

(e) -CF;,

(f) C1-salkyl optionally substituted with one to three —OH, -N(R'*)(R"®) , morpholinyl,
piperazinyl, Csalkoxy, Cj.salkoxy-O- Cy_salkyl, -CO,H or -C(O)N(R'*)(R"),

(g) Ciisalkoxy,

(h) -NR*)R™),

(1) -S(0)2Calkyl,

() -COR"™,

(k) -C(ONR*)R™),

(1) ~S(0)NR"*)R™),

(m) morpholinyl, piperazinyl, or oxetanyl each optionally substituted with a methyl
group,

(n’) oxo,

(0) -C(0)-CH;

R'? and R" are each independently selected from —H and —C;_salkyl, wherein the alkyl
group is optionally independently substituted with one to three —OH, C,_¢alkoxy, -
CONR™)R™), or -S(0):Ci-calkyl;

R'* and R"%are each independently selected from —H and —C;_jalkyl;
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or a pharmaceutically acceptable salt thereof.

7. A compound according to claim 6 immediately above, wherein:

R is methyl,

R? is selected from methyl, ethyl, isopropyl, rert-butyl, cyclopropyl and cyclobutyl;

or a pharmaceutically acceptable salt thereof.

8. A compound according to claim 6, wherein:

R’ is selected from
N7 N N\ N —0 AN HO AN

JOANSO NP OISO 9
HN" °N . H,NT N , HNT ON , HNT ONTT N and  HNT ON ;
or a pharmaceutically acceptable salt thereof.
9. A compound according to claim 6, wherein:
R’ is pyrazolyl optionally independently substituted with one to three groups selected
from R9, R'and R!! :
or a pharmaceutically acceptable salt thereof.
10. A compound according to claim 6, wherein:
R is methyl,

R? is selected from methyl, ethyl, isopropyl, rert-butyl, cyclopropyl and cyclobutyl;

R’ is selected from
N | X |N\ Xy T O Ho | X
)l\ p P = | _N | P e
HNT NT HNT N HNTOONT HNT N N and HN N :
R* is hydrogen,
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R’ is selected from

Y /)N /}N /)N I\ /)N /)N
N” N N N N N N
| Yoty Y O
’ ; , , ,and
O, OH OH N _NH o)

or pharmaceutically acceptable salts thereof.

11. A compound according to claim 10, wherein:

R? is cyclopropyl or cyclobutyl;

or a pharmaceutically acceptable salt thereof.

12. A compound according to claim 10, wherein:

R” is selected from methyl, ethyl, isopropyl and terr-butyl;
or a pharmaceutically acceptable salt thereof.

13. A compound according to claim 6, wherein:

R? is selected from
O
= > Z [ I =
N N N N N N and N N
H ’ H ) H H

or a pharmaceutically acceptable salt thereof.

14. A compound according to claim 6, wherein:

R? is selected from
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or a pharmaceutically acceptable salt thereof.
15. A compound according to claim 10, wherein:
R is methyl,

R? is cyclopropyl;

R? is selected from
NT X X N\
)l\ = | 2 and | pZ
HNT N7 HNT N HN™ N

R* is hydrogen,

R’ is selected from
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or a pharmaceutically acceptable salt thereof.

16. A compound selected from a group consisting of:
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17. A compound according to claim 16, selected from a group consisting of:
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or a pharmaceutically acceptable salt thereof.

19. A pharmaceutical composition comprising a compound according to any of the
claims 1 to 18, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable excipient and/or carrier.

20. A method of treating a leukotriene-mediated disorder comprising administering
an effective amount of a compound according to any of claims 1 to 18 ora

pharmaceutically acceptable salt thereof, to a patient in need thereof.

21. The method of claim 20, wherein said leukotriene-mediated disorder is selected
from cardiovascular, inflammatory, allergic, pulmonary and fibrotic diseases, renal

diseases and cancer.

22. The method of claim 21, wherein said leukotriene-mediated disorder is

Atherosclerosis.

23. A compound of any of claims 1 to 18 or a pharmaceutically acceptable salt

thereof for use as a medicament.

24. A compound of any of claims 1 to 18 or a pharmaceutically acceptable salt

thereof for treatment of a leukotriene-mediated disorder.
25. A compound of any of claims 1 to 18 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.

326



