WD 2012/ 039972PCT/ US2011/ 051163 1 PHARMACEUTI CAL COVPGCSI TI ON BACKGROUND OF
THE | NVENTI ON Upon encountering antigen, naive CD4+ T hel per

precur sorwQbBhp)o3ewhkl s are differentiated into two disti rctr/tsabsesaes Type 1
T helper (Thl) and Type 2 T helper (Th2). Recently, a novel T cell subset,
the Thl7 cells, has also been identified and characterized These
differentiated Th cells are defined both by their distinct functional
abilities and by uni que cytokine profiles. Specifically, TMcells produce
interferon-gamm, interleukin (I1L)-2, and tunor necrosis factor (TNF)-beta,
whi ch activate nmacr ophaddSARMAGER T1€5do (XOMPOSIFIORE] | - nedi ated i nunity
and phagocyt e-dependent protective responses. In contrast, Th2 cells are
known to produce IL-4, IL-5 1[1L-6, 1L-9, IL-10 and IL-13, which are
responsi bl e for strong gicReAYOPNIY 03t THE INEWENTPOIN | activation, and

i nhibition of several nmacrophage functions, thus providin

phagocyt e- i nde byt encoprteringcaniigeny v po AI¥S Tmhi’ﬁfdiéwuﬁﬁoﬁrﬁ%hp)yceélﬁdﬁﬁce
| L-17A, 1L:A7F, . 1L-2 112 T i f t f
agai nst ekl{ffeé%lg]lahﬁil ! ﬂd By %é%%ssuggr%ﬁ QS’ gg(rzlslr{hlgg}g* E@tﬁaiaa? O]S’g) §o2f ?glﬁﬁ%?ﬁwuni ty.

Accor di ngkyh2)Tteceditg a @vdl Thekll subbdtstharkh1dseigitak athoviceh idbntified and
i munopat hol ogi cal - responses. n addition, the devel opnent ,of each

I'n ad
type of Tehara¢tprizes FhaveatifderentisfeddiThy eplbhniare dedlrdebgiht Wnaheir shadacti cal |y,

it has be ﬁgo(é,(—g . b ff i i I aneously
bl ocks Th?ﬁln Zl\ggg{iﬂc}lp?%%% ah{i}ﬁc‘%ﬁl ra t&lg{&fgﬂgsl ﬁ@gﬁﬂ;ﬁ@ﬁfg@&gﬁ%&ﬂ;’f é;e t he

cyt oki nes igeiftroaghmher, iktbdedév €lloPyentt todoil hbcrosh Ifsctod QMK bate, wHidk- p &
1L-6 are critical for the induction of K Thl7 cel]l differentiation, while in
huran, | L-ait,lvaﬁmecr&_phge_@gnéﬁr@ rFSrPﬁB?lP]%rfPf ]I-vle&]éteéflmﬁ*ﬂyca@ﬂ PhgRRrEIoprent .
Accor di ng'dfx%ng%ﬁﬁggﬂeme leymcel l@éso% Eo&%ﬁ%@%@]l@m&@#b% 1@ Prcduont-i nual

bal ance be | per T activation and regulatory T cell (TregQ)

suppr essi 6nlL-6, IL-9, ITR10 ewl IIs 13 rehichwe resniible foe spenghatidbady pwdottian, vari et y

of organ-speci fi. ut oi mrune .di.sorders ohn' s di sease |.i cobact er
oo S RGP ot By SO OF he ey ik TosTp s RAPRSs, [ HFRAREE

unexpl ai N@HafRGHLIMEHIendBA HrdtdtEre rbdpoRRRL MAIY celd meeprodnaciif-17A, 2
responses are responsible for atopic disorders in genetically susceptible

i ndi vi duallgF, VoRéoller? &hDNF eangors asquitpdi fosthost defensenpanonih extracelules

predom nate.i n Onenn' ynar i di i b i

progressi \Pgtho Szﬁ%z?%ﬁ%ﬁ%ﬂ%@@@?%ﬁ? %%@5}& sr%/)ését% é%%&’swgr%lszl’ gﬂgThﬂ
cel I s causg1i7eug@p atdholaedywitnditicfdne rentnspdelriafl rapdaicsmmuni ty, such as
rheumatoid arthritis, nmultiple sclerosis, 's di sease andggfori asi s.

S Crohn
I L-17 (the si giaeddisonihe devalansment el caghdure Guk %?Uénéqﬁ!&]i‘?m% F&i st ance
toinfla Lti n LNt t tyron 4 node
can be aggﬁﬁg%ﬁtgé Qé&théﬁggﬁﬁﬁﬁﬁgﬁaﬁfbﬁgg %ﬂﬁ@u?#§|gé?n%%§%?%-%%?17
ant i body. differentiafioaraad semdianeowlyhblgtksurirtedevateginenl. Ineeudirasy IbelZellop8 new
t her apeutic  t tnments that are useful ip treati t he varjous. conditions
associatedmﬂiéﬁﬁgﬂﬁﬁPéﬁ%é ?ﬁ@ﬁ?ﬁ%CHﬁﬁﬂTﬁﬁfg%Z?VaggpmﬁiW?ibgﬁ?pﬁtiBn. For
many of these Ccopgisikons r ' SRR Qgear e
i nadequat e. Aé%g?%tag y,6%ﬁgxgﬁﬁﬁ$ﬂgk§ﬁgﬁﬁﬁg§?g§}Zgﬁg%iproeideé a ?ationale
for the deéwchmpmedl-Iofllsé réatldg2eard onparent tdipempyf dhlaldelr divelopnunt.
aut oi nmune, di sQrders . . Prostaglandi ns have.been sho t dul ate
various_pH§§@§ﬁ@gYIﬁg?ﬁﬁﬁuHBmFﬁ@Bg sg@n?W%mFi6&5Snﬁﬂi%f@%ﬁﬁwgsﬂgﬂpﬁndin E2
(PGE2) is kﬁ&v&'n%ﬁﬁf‘q”cglltab@&aﬁbﬁ N Houlh@VIT LBt (TR LESReGIdhr T cell
activation through el evation of intracellular cAVP and inactivation of Ick.
PGE2 has been alldocdlsosm inwolybdyin ghe glathogenasisgoll at yasighyTRf orgaspwesiéis by

R T M O S T g

recept or GabteakigfeihaN@prifd@ejeftRAS iahe Wkkfiined RediRlet BBOrHONIOTE cdittast,
differentiation (Prostaglandin E receptor subtypes EP2 and EP4 pronote

di f f er ent adlerash-saprifie Xpansrpmses arpntespaidibin i dpmshdegrdes nngeasltldi 1 f er ent
si gnal i ng £ [.clne, - - oducti on
in acti vatsgg&%}:‘)ﬁé lgg%%ﬁ%{{a%P%rg%‘%g’ngﬁgqé?oé%ﬁe gﬁgﬁéﬁlﬁgﬂ%ﬁr#&gms

i nt er | eukipredidnihate Gh SOMuE syifltdmexidénpathin puBload; iBOBS, add Progd&8Be3703;
Prostagl andin E2 regul ates Thl7 cell differentiation and function through
cyclic AMP and EP2/EP4 receptor signaling, J Exp. Med. 2009, 206, 535-548;
Prost agl andi n E2 enhances Th1l7 response via nodul ation of 1L-17 and I FN-7
production by nmenory CD4+ T cells, Eur. | 1-171111111101. 2009, 39,
1301-1312. Consistent with this, antagonismof EP4 with either a novel

sel ecti ve EP4 antagoni st or a PCGE2-neutralizing antibody suppresses Thi
differentiation, Th1l7 expansion, as well as IL-23 secretion by activated

4 — N L Y T . pem NI~ " -



R5 is hydrogen, halo, fluoronmethyl, nmethoxy, or fluoromethoxy; R6 is

hydr ogen, hal o, nethyl, or nethoxy; R7 is hydrogen, halo, nethyl, or

met hoxy; woaoi/i3g97exygen; or pharnmaceutically accept abl ecsaisee 1obaseof .

In sone enbodi nents, one of Ria and Reb is hydrogen, and the other is

met hyl " and the carban mahked ﬁ/ith a* is a st reoaen(ggf center, .In_sone
enbodi menfiSteBifesAFons-a AR ricHs i aus, drpyanpalhgiaey de Gitrent iTaoqely Ryl and
the carbo ﬂaﬁfér%ﬁfﬁtyvi Bn 8s ThdsudiASrBriEO LA ALdQ8sis, OrohaBdisERodhdrent s,
one of Riguan Rbi's V\Dr2012/t01399721PCTnl§ﬂU%?%011/ OSSlli’GBr4 hydlrogen, and the
ot her is pmiriugls. dbel? Hthec sighanrendihkEd opdokinea kndeksout heicR- slorv i ganked | on.

In some enbodi nents,. the present. invention pr.ovides a ph utical
conposi t 1 GG SRS AbaHa doreepeh 0t drstietubedhe X makT ¢
thereof. L 5OMBEIRRMLYRIY SimihiiGatidVEt ARk RsinY bAESL 2 7Rtibay. of treating
rheumatoid arthritis in a subject, conprising the step of admnistering to
t he subj ect a dbeposindion ac bighr vgingy needsehpregd dicoleybomuicsy thesepestisubset or
exanpl e thereof. In sone e di nents, the inventiaon. provides a,nethod of
Croating. AGFEIBIe Bt Bk st ihaidirfiee it VRNET <o yBhh - Siduy i

admi ni st egmBfakcdting/ Bi2binCTh1d @DIRe diffdr&itiatOMPFosinagy af tespammdtioas For nul a
| or a subset or exanple thereof. A further aspect of the invention

i s the usdheotureendymyailahle Geatmsahoptions ag ingdeqistcet Aspordinghpithe ThELBSf in the
manuf act ur, i: . t I d, ratis.

Anot her asag%c hlgf ngégrlﬁ:ﬁg‘%lltd %éc)):%l é@g?a%%?ﬁs%@o v%ﬁg%q%@?)ﬁ%%ﬁ%&?g@%?d%ut}% | or a
subset or tigxgnpdfalieies aaf autsininmerdisudast ure of a medi canent for the
treatment of nultiple sclerosis. BRI EF DESCRI PTI ON OF THE W NGS

Figure 1: Suppréesisbndys havemert skowee VRioUs REases F IR HCa
conpound | t ; Fi 1 'an APRR oM arthritis
devel opmg%Sp%ﬁS%é%Fz os&egﬁgﬁggﬂ%lgﬂ%%gr%e }235%23(%63%0 n%lg)z(?&%?tléﬁ%ae conpound
of the présewn tbrsvppssofD4DETAHL EDiVBESCRIBTEION c ORI OER TR EVBEIRIAVERTS OF

THE I NVENTI ON A, Definitjo Conpounds of this inventipn i ude
Chose dosch Suttuas 0 ok BEEa das ket B8 Shoe fepl s wld rorenBhpe ARt

embodi ”emréspoﬁéég'bﬁ“ﬁ%g}e@ﬁﬂﬁ of iMBde®RaGhRS AFschasas) pedgidn A8 wseld herein,
the follow ng definitions shall apply unless otherw se indicated. As

descri bed phedrfeiation.ddengeren d_GB2 stitpelating it the AiPepbbpe o RATHAreprpteds8t i t ut ed

with one o re.sub stituents, such as a i k- r bove, or
as exenpl iaisioggwf)ymp(ﬁ)rpf) F%eu erCE’éll’aglse ge%, prg%celeghsls%lg% }egﬁ%‘?‘g‘pgﬁ%@%@‘% ﬁe
i nvent i on.redeptod &Biypts EPHentl el padistt idifiéreatiativafidsextpanditre of bl amement  of

hydrogen radicals in a given structure with the radical of a specified
subst i t uenthl7UpmabecyssHbromeh slifferantcyguading gnodytysp eoyre Idat p@ﬂ/ﬂré B26%1/ 051163

5 SUbSti tyhad,gs oy RY| Na¥Bad AUDh | LURAgalcI9Re NodibShiokukaRlie oSt on

of the group, an one position in any given structure nay be
subst i t ut egnapisticatiyr with heterl@hén-33 istord baremt ThET expandiohy Bimod, 2H8cili2.ed

roup, the substituent nay ei t her e.or di.fferent at er
bosi £ on. 630y RtroreelaRde %@gﬁ%@a@ﬁﬁyﬁﬁéfgﬁﬁmaﬁv o @W‘ﬁ%ﬁ%ﬁ are
pr ef er abl %g#pﬁkgzﬁ%gheﬁ{d E@@@% tRepibe sfoRbImRL | oo J@&@bim?rzos,hemmé-l y

t ;
feasible c used herein, the term"nodul ator of Thl
di f f er ent iPabstagiamlin TEOL ZnbapansitdT" repotiseodial atodnlatempduHd 1 df anfihEFN-y

Fef ers 1o HOCEHED G NG Clgbr Loedl, Aeddoderrof miog: o, TpiAT2nt: at i on
of naive r@%;is'l&ﬁf RlithSthisNhRagdidsnt 8F EB4 wilh SRIRE 2 SIPAd-IRATS EPL RBtabS1iH

“nmodul at o differentiation or Thl7 expansion"” or "nodul ator conpound
of Thl di fdrer BaERakitorizing diiibpdespporsison Thhslifirrentiationcihl 7 efpansion.cisa

conmpound whi.ch suppresses, . reduces, or .i.nhi bjt the n .. | L-17
produci ng ”Ef‘[ljﬁq-s i‘ggls?%mtb?ﬂ Pl(__fiiﬁ;\fa_gﬁ‘rdogﬁlgflﬁg r‘f%;lﬁ‘n SI%%‘{“W%PEW%IF“%%H%_
"Isomers” yyeper2tie mATROAMKSPIBAY kibfaliriewhae®s Bufbetomd IKimdpotuatdns and
hence the sane nol ecul ar weight, but differing wwth respect. to the

ar r angenerrequtes soMP gignalingoningfdditiea, adraigistration of an EP4 antagonist to DBA/I

or C57BL/6 mice suppressed innate and adaptive immune responses, and suppressed

disecase in collagen induced arthritis (CIA) and experimental autoimmune



"Stereoi soners” refer to isonmers that differ only in the arrangenent of the
atons in space. "Diastereoi soners” refer to stereoisoners that are not
m rror i msgesixiivwach ot her. "Enanti oners"” referspPro/tst@n®siispner s
that are non-superinposable mrror inmges of one another. Enanti oners
i ncl ude "enantionerj call ure" isonpers that | se. subst ant i al a
si ngl e en&pgapbaigmyeltsy (%é@frﬁ?@,eisgF‘éﬁ‘f‘?aémgttﬁéhpg’%%&aﬁlgp g0 %, C@?QAB;QS%
98% or 99{%@01\%@ iGAHAL LRidRKR gﬁwﬁl%iéggfﬁesﬁ%ﬁﬂﬂs%%éest that suppression of
"Enanfionerically pure” as used heré&l n neans a conpound, or conposition of
a conpoun®GEMER4 cognaling e mag ubstearthérapdigica valuagie eodifiting neflamfratorgxanpl e,
greater than or equal to 90% 92% 95%, 98% .or 99% or equal to 100% of a
si ngl e endRPrBREPe i SHE2LD P%Eﬁ@ﬁ%‘i@g%? %%Eﬁsﬁer st er eoi sonmer s
of that conpound. For exanple, a stereonerically pure conposition of a
conpound having one chiral center will be substantially free of the
opposite enantionmer of th > il |y pure conposition of
a conpound havi ng two chi SMn eSgF\;Tvimlﬁﬂge sugs(tﬁgnti ally free of
di ast er eoner s, Aanttsaibed harin, ahd prefenemveftidrneoedantinopmemnds of Férmmlacbnmpound. A
typi cal stereonerically pure conmpound conprises greater than about 80% by
wei ght of one stereoisoner of the conpound and | ess than about 20% by
wei ght of other stereoisoners of e c%np?und, nore preferably greater than
1

about 90% by wei ght of one swRgreoilsd the conpound and | ess than about
10% by wei ght of the other ste 'S
5

Gm’-ﬁr the conpound, even nore
preferably greater than about N9 Ry we &{)ﬂone st ereoi sonmer of the

conpound and | ess than about 5% by |wei ght of B other stereoisomers of the
conpound, and nost preferably gﬁﬁ@than about 97% by wei ght of one
S

st ereoi somer of the conpound and &g t han about 3% by wei ght of the other
st ereoi soners of the compound. Se®, e.Ry., US Patent No. 7,189, 715.

"R' and "S" as terns describing isonmers are descriptors of the

stereochem cal configuration at an asyfrmstri cally substituted carbon atom
The designation of an asymmetrically substituted carbon atomas "R' or "S"
is done by application of the Cahn-Ingold-Prelog priority rules, as are
wel | knowVR&Bhose skilled in the art, and described in the International
Uni on of Pure | i 1 . | gteur e of
Organi ¢ Chemi sﬁg.ﬁ%&fﬁgﬂmﬁ%ﬁ%ﬁg cr)tgw %smé@m?gg{ﬁ%\?g@ngﬁ %teexcess"
(ee) of analendogdticrie farm § ¢tichepromil eingy act i on of the maj or enantionmer) m nus
(the nmole fractjon of e mnpor enantioner)] x .100. .St abl.ey, as
used herein, rerers g gor%oﬂﬁﬂré’n}eﬁyﬁ %r% dﬁ?ﬂoﬁ'ﬁg‘%"éﬁ@ﬂaﬂ%}“‘%{r’{@hé% when
subj ect ed i£ipu&ehRtyi@pns to allow for their production, detection, and
preferably their récovery, purification, and use for one or nore of the
pur poses di scl dedenteddi n. I n some enbodi nents, a stable conpound or

chem cally feasjbl.e ¢ ound ks @n h i upst i I ed when
kept at a tenp at‘%rlg%g?geﬁt)%l%?’ élgrsofme?ﬁr?’lt ﬁ%&gé)}ggn%z @&tﬂr}%&% i‘??e “&¢ ot her

cheni cal | ynéRARbIonEtEeId diuonsnetheNy, aifliogastthaxypek. "Ar" or "aryl"
refer to an aromatic carbocyclic noiety having gne or nore closed rings.
Exanpl es i ncl ud® s Wwdmsen bpiopilveremsthyl sretheny. onHpHempthoxsnt hr acenyl |

phenant hr acenyly :Di n 2012/ 039972PCT/ US2011/ 051163 7
"Heteroaryl" re Géggy({l}gg%ﬂ’gg%f ?lg%s)g%%eﬂh%%ng one or nore closed rings,

wi th one or norRy ikbyéneat dae, (kthyl,examiexy; andygen, nitrogen or sulfur) in
at | east one of_the rings, wherein at |east one of the rings is aromatic,
and wherein theSfHgES® rings nmay i ndependent|y be fused, and/or bridged.
Exanpl es id;%%@ac%ﬁdag?racgebfgbgeastah@ﬂwwnoI inyl, isoquinolinyl, indolyl,
furyl, thienyl, pyrazolyl, quinoxalinyl, pyrrolyl, indazolyl,

t hi eno[ 2, 3-c] pyrazol yl, benzofuryl, pyrazolo[1, 5-a]pyridyl,

t hi ophenyl pyrazol yl , benzat hi enyl zot hj azol. t hi azalwyl, .

2- phenyl t hi azol I%gnjél%ﬁmi S‘g%??gsr e o R arﬂ %‘l 'lygydmg?rkyf?ndg{rhgu(ﬁ)t,hﬁr Ys used
herein, maagsyld Shd aihghéarbiiiMarked ewith unby agchedireofimancaedr. o @yl i C
hydrocarbon chain that is conpletely saturated. |n certain enbodi nents,

al kyl gr oupebodéments.rpng-of ReaptisoRinds Brdrogem 2peé theaptherdsisdndend she cirlf@m  gr oups
contain 1- al ks i : u in 1-3
carbon at oIrﬁr%r%g(? %?@tal I ﬁ&(;;tp %@Pcogﬁgﬁo%#lgn%ﬁﬁg ?glg{é&ﬁoalgr?%{tj%?h%gafﬁﬁ%d%gﬁfar bon
atons, and in yet other enbodi nents al kyl groups contain 1-2 carbon atons.
In certain enbodi nents, the term"al kyl"™ or "al kyl group” refers to a

cycl oal kyl group, also known as carbocycle. Non-limting exanpl es of

exenpl ary al kyl groups include nmethyl, ethyl, propyl, isopropyl, butyl,

cycl opropyl and cycl ohexyl . "Al kenyl " or "al kenyl group,” as used
herein, refers to a straight-chain (i.e., unbranehed), branched, or cyclic

o I .



"Al kenylidene" refers to a bival ent hydrocarbon group having one or nore
doubl e bonds fornmed by nono or dial kenyl substitution of nethylene. In
certain ewbadizmpd7s, an al kenyl i dene group has 2-6 car benTatseems/051183 ot her
enbodi nents, an al kenyl i dene group has 2-6, 2-5, 2-4, or 2-3 carbon atons.

According, to one aspect, _ an. al kenylidene has two daubl e bqnds. .Exenplary

al kenyl i dB)‘FgO%?rbLPﬁzl ﬁ’ﬁc‘PtB%rel ﬁd@q&&@lﬁ’g@%ﬁ?ﬁ Wgﬁda%—| 2 CHCH=.

"G _6 al kylaRshh or amide” refers to a Cl..6 alkyl ester or a Cl_6 alkyl

am de where each Cl_6 al kyl group is as defined above. Such Cl1_6 al kyl

ester groups afwe sofnet hmbpdimenisa thClpre®ntl ikyentiog( pE)yidepra (Tharmgeutical

al kyl)C(=0)0-. .Such Cl.-6 al kyl am r ou are.of the fornula I 6

21 k1) PRSI g Rneq D)ot tor Y gl of Ao Ml AC

am de" 1 ef&hs efr®odinfedisd (R HeMonaHbEHePs nieiliedl 6 @eHap ¥heaiviteid aMneitie each

C2.6 al kenyl group is as defined above. Such C2..6 alkenyl ester groups are

of the fofmal subject eomapiicing thSepoyl adminiBrings i the sYhipc( &0powosigeh C2_6

al kenyl amnm de.groups are qf e faormula_( I =0) C2-6

al kenyl )Cf%)‘?’i@r}%-a. O US o%%?ﬂwlﬁa ggoﬁges grogri éé%%%rlﬁgé%%fpalnngérﬁél gr oup

subst i t ut eghbBiiiten@NEhOinvieBtieh blaidded Dhtiiod ef Greating noilfiplersokrishyin a

di fl uoronet hyl, trifluoronethyl). "Fluoronethoxy" as used herein, refers to
a

f | " y
an fl uor ofEiPRH cOmmSLIE the sisp oV induanisterdeg fortbe SUbjE¢t QOB OFIHON KEMBFFIAR pal

carbon chai . ]ﬁ%’% ," "treat," and "treating"
refer to ?é@%ﬁ’gfi%maﬂqﬁq‘ém‘?‘?‘n%‘%‘%g8’;%%9% e tct;'nset of, inhibiting the
progress of, onA firtheemdpecigpfahediseasen trtheinsoolie compowdsaltfdyedla WS a

2012/ 039972PCT/ US2011/ 051163 9, hereip. In sone enbodi nents, trea nt may
be. admi ni SHRFGEF STEHC SRE-G N 1bF BCYRERBNE Rave HEVE Gats SeATGohaT

enbodi MentgnldGataBits. Biohs: AMRENGSHEN RN BehARKEBEE Rinpoui@lbens. For
exanple, treatnent nmay be adm nistered to a susceptible individual prior to
t he onset fafudy kpt assbsetonexaniphe thegdof imfheamirivgacturg obfe megdippmaas ferrilig or i n

| i ght of genetig{: r ﬁi pﬁgr susceptibility factors). Treatnent may al so be
conti nued “&f 8@‘% BHEHAE 1 esol ved, for exanple to prevent or del ay

their recurrence. "Patient" or "subject", as used herein, nmeans an

ani mal subject, preferably a mammualian subject (e.g., dog, cat, horse, cow,
sheep, goat, nonkey, amxﬁws&mmo&pgr HE ngﬁﬁﬁects (i ncl udi ng both

mal e and fenal g, j ec i n¢l.udi . | , Jyventh e

adol escent, adgﬁlglylgjng' tg’?z‘PP %Fsrq?lt Q)gu | ec s?@gﬁ%ﬁ%h 'nhlhrga?qn%c{aﬂl?%i ?Icg}llt:hya

accept abl ogpbiindst'th@presagthvaati@i.n refers to a nontoxic carrier, adjuvant,
or vehicle that does_not destroy the pharmacol ogi cal acti vi of . t he
conpound wi th Fgw® 7% Si‘lgplﬁﬁﬁl%loﬁtaéglé’mp_tf?ﬁ’ﬁ]%@ﬁ § Eay %_uﬁﬁst?é%f\;]é‘ﬁp_@at‘éar riers,
adj uvant s ;i ¥ER1EEPA O Wil AfiaRTof fle PRRCAIMAELR! 0NS OF Lhi S

i nvention i ncl u e, but are not limted to, 1on exchangers, alum na,

al um num stearate, lecithin, serum proteins, such as human serum al bum n,
buf f er substances such | ' L g.acid, potassium
sorbate, partial gl yceﬂwmiﬁméyﬁﬁﬁmm%gqabl e fatty acids,
wat er, salts or el ectrolpgVMI@HDIMENTRSOPTIRINVENHIORt €, di sodi um hydr ogen
phosphat e, potassi um hydrogen phosphate, sodium chloride, zinc salts,

col | oi dal 4iDefedtiomagnesi umtrisilicate, polyvinyl pyrrolidone,

cel | ul ose- based, subst anc .nol yet hyl.ene.qgl yeol ., cycl i.ns ium
car boxynet hyl cceé‘;qrrﬁﬁoélg ¥ "ﬁ%ﬁlgﬁ Ilogt%(él,l&]em%gse%?esmbe% gen&%ﬂ%?%&&:, ané%

pol yet hy| gaghdpoliexated any Henembbdietenpo | syvRithodpednyet iyl epeicg! disebsednd wool
fat. "Pharnaceutically acceptable salt” refers to an acid or base
salt of abhemipound wedtheaeipn P dolsrvingyficEmitions ¢ shall sappdy dwlesh O rawiseed

phar macol qg&igﬁhd activity and is neither biologically nor otherw se

undesi rabl é. € salt can be formed with acids that include w thout
limtation acetfd aeles@ibicpahesciml gompdveyds aspahe amepntoan nemt exptionally be

benzenesul fonate, bhisulfate butyrate, citrate, carr%qorate

canphor sulsEBHYEd wikhang 98 mosn S berNash agig ilyake 2engatL A0S uPH 3t e,

et hanesul f H:;Tgé heaphahen fgrisul fate,
hept anoat ee?gﬁggg%%at rﬁ%@%ﬁ%&%ﬁ%? %%ﬁé}g%%ibsr%lﬁnﬂégg?&ﬁydr oihodi deé{t‘iﬁ ’

2- hydr oxyehdaerer Esibistmeds, refae ttattes repladesmne of ydrave saflicalnaines given

2- napht hal enesul f o e, nieotinate xal, ate, thiocyanate,. tosyl ate and
undecan oatsg".“c%ﬂ’btﬂgbe 6"!’([}%153 bcgjsae siekfjed W@%ﬁ&%ﬁtwhpﬂ%ést Oﬁ%leweafl?%???e%

2012/ 039972PCT/ US2011/ 051163 10 ammonium salts, alkali netal salts such as
sodi um and potassiumsalts, alkaline earth nmetal salts such as cal ci um and
magnesi um salts, salts with organic bases such as dicycl ohexyl am ne salts,
N- et hyl - D- gl ucam ne, and salts with am no acids such as arginine and

l ysine. In sone enbodi nents, the basic nitrogen-containing groups can be

oy oy




wher ei n: one of RI. and Rib is hydrogen, and the other is nethyl; or

Ria and Rib are taken together to forma cycl opropyl ring; R2 is
met hyl orwOl2ovwesehyl (e. g., nonofl uoronet hyl, difl uor ecetusgd1,1/051163
trifluoronethyl); R3 is nethyl; SR4 is hydrogen, halo, fluoronethyl,

nmet hoxy, or, f.l uoyomnet ho e. g., monofl uor.ornet. di.f | uog gnet hoxy,
Tri e nor onsHbiSH SRS M by oyetTong: o S B HG, St REGY B
f1 uor onet hexwheifotSHaN ShO96Hioh A By TR Muctu®E mAB LB QusHNRId Wveth gt ogen,

hal o, nmethyl, or nethoxy; and X is oxygen; or pharnmaceutically acceptable
sal ts t hetteofone substitueng sdesied Bomodipeeificd srawmethsfsubitiuent enagilis ditberihelr ogen,
and the other is.pethyl: R2 is.nethyl ...difluoronet-hyl (- 1ri .omet hyl ;
231 s et RGPS ORI GG PPREET, Copyiisrb At s RLiskBs e RIS ety
et hoxy, givehtie QrehRaxYbly Ghode! thid veuRMERItheXyrmating dRSsthtde hy dhe@&vaily chl or o,
fluor, nethyl, or nethoxy. In sone enbodinents, R5 is hydrogen. In sone
enbodi rrenlf%%SIb%C(Elﬂqu‘?S-_are bot h hydrogen. WD 2012/ 039972PCT/ US2011/ 051163
12 I n some enbqdi . 0 ' B -&g&ﬂg her is
met hyl , and R4%gsuq§e#ezrgwégl%ft%nmﬂéﬁq@é}gr, @ﬁ}lf‘ﬁgfg%égﬁlnet yrl, gieH9 %lg%tgrret hyl ,
di f I uor omegt haxyulatn dobpolthdiof dimtdiffesentiation or Thl's erganeiwvhbdi rfentislatdRi a and
Ri b are taken together ta@{eorma c¥clopropyl ring, R2 is nethyl,
trifluorofemrgpad ops dsgd BhétlRip o pacemaporadny ich SEPPRESGSs Teduces or
trifluoromahinyd il LdiiA6QTELAYE CTsY Plelus o ThUOAIR: 1 enfbodRithts,

enbodi ms\nIt?ig{,d;%%’u{a}‘1 ofr Rliéa and Ri% Ps:4 hygr osgeno, and thengstoﬁlgr s nmet hSyI " and
t he conpotind tafn Fatodalatax of ddnsigfesentifition nirxThi'e expansier’'eot sSowdnkiori n sone

enbodi nents, one, o0 a d Ripis rogen, .and the her is.nmethyl", and

t he COWDOGHWPB‘FHC‘ZB% ﬁiad&'%ﬁeéﬂ@&%‘} ot gfthg g’EPSETIB?lt F‘%HS?/A)BW&P g fg'se%ﬁ)l éomsr. In

sone enbodhbABBER Wil gippE@Iséesa@@hl&@_oi SnkI¥RY, age mundee dffie- Dt Resdutimgnet hyl
a

and the carbon of Formul marked with a * has substantially the
S- conf i gurEd4oR celisnordbrly madedionamaetivateddCIdd+ Ricglland Rib is hydrogen, and

the other is nmgthyl” .an he carb of Fornula. l WM * has
substantially t#é’}/'ﬁfscﬁﬁ%f E’u‘f"é‘fﬁ%‘ﬁ. > .VI%%F %%gﬁ??g%[a%ﬁg(ﬁ%‘#%t%%s

Active conp@udets thé sdniempleesianiveighy ®t didferis@witheegeoiionktaringbmant or
pharmaceutically acceptable carrier to provide pharmaceutical formulations
t her eof . 'Fﬁ@ﬁgiﬁﬁfwlb‘kﬁtE@ aleAsi ce of carrier and fornulation will depend upon
the particular route of adm nistration for which the conposition is

i nt ended. “SteTémasappnposdifen onisomprst that gifesenty imibenarangemest olethsui t abl e
for oral, par enteral, inhalation spray, topical, rectal, nasal, buccal,
vagi nal o™ {"p"aRt€d reservoir admnistration, etc. Preferably, the
conposi tions arg.adm ni stered or dntraperitoneally or intr v%ﬂousl y.

. Iy,
Sterile injectabl&HENRNGE fofe %&%SQF‘frflgﬁgﬁ%far? HPTsmil%Qf sh° be

aqueous orygpl-eagi nous suspension. These suspensions may be fornul ated
according to techniques known in the art using suitable dispersing or

wetting agent s FagcHaRENUDA BORHDioRlR Bifidd GohNkAGH AR GHR SRRGAL I on

may al so be a steri I njecta sol ution or suspension inh a nontoxic
par ent er alimggaodent abdtberdi | uent or solvent, for exanple as a solution in
1, 3- but anedi ol . Anong t he accept abl e

Enantiomers include “enantiomerically pure” isomers that comprise

substantially a single enantiomer, for example, greater than or equal to 90%, 92%,

95%, 98%, or 99%, or equal to 100% of a single enantiomer.

"Enantiomerically pure" as used herein means a compound, or composition of
a compound, that comprises substantially a single enantiomer, for example, greater
than or equal to 90%, 92%, 95%, 98%, or 99%, or equal to 100% of a single

enantiomer.

"Sterecomerically pure" as used herein means a compound or composition

thereof that comprises one sterecisomer of a compound and is substantially free of
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enpl oyed are water, Ringer's solution and isotonic sodiumchloride

sol uti on.wOnoeddp47eon, sterile, fixed oils are conventi enalusgoienpiieyed as a
sol vent or suspendi ng medi um For this purpose, any bland fixed oil
may be enpl oyed including synthetic nQ- or di-glycerides.. Fatty acids,
such as oPEIE HETRISAMERS; ok éﬁ&ccé’mﬂ?érq@e i%a?’?@@g‘gatae SEE%’F‘EFIHCP%' tgﬂie
preparat | Q&ng(f)s ‘#i(gﬁ G2X g@und%vﬁffrgeoﬂ%%h%ﬁ&er@é}%'i'IBiSéeé’lﬂ)klﬁﬁ‘didiw R&LePhabl e

. i . . ; :
oils, such as olive ol r castor oil, especially in their "pol yoxyet hyl at ed

ver si ons. ofipeite @iahtisnéubf dins compeswsh eh sitaasmenallyl pwe comtpmsitioa ¢foag- chai n
al cohol diluent or dispersant, such car.box t hyl |lul ose or simlar
di sper si nﬁ?@@%‘i‘ﬂdshatvﬁh?t&éﬂ étng{l) ﬁﬁ’ﬂf‘ﬁﬁsywﬁilé‘ﬂs bﬁ%flﬁg%‘f E%?‘rﬂf glaftgﬁeoﬁers’ and

phar maceutiglifil A 6eeBE aﬁ: SafRSAGE of OEBmpbiAd N BPieNefdoaRsicaARdpure

suspensions. ther commonly used surfactants, such as Tweens, Spans and
ot her enuksinpyingcangires govatdyi thapy abdduat$ots by veaghirdems siipeiboragreoicibemonl y

used in the manufacture of phar tical l.y, accent abl e sol i | i-quid, or

ot her dosﬁ&@p?'ﬁ}%né'narauk?“a?‘%% Sgoﬁ@f ¥ htpt??p((g){é%rs S% eollég%n %ﬁ & iqt?)llﬁ.

The phar magepbifRkdre pRESRIIRRietGaRRDSIdut 00% 1f wiihsSofl dieanirédsoni@fbe
orally admnistered in any orally acceptabl e dosage form includi ng, but not
limted tdhe ecmprandndtless| than aboyd JO%UBY srragt it athsr ssrsoisemsksol the t he
case of t o] r S [ [ | act ase and
corn ot ar ShPLsh Pl Rlortl oY SERGC W Mkt 5% 11 FERRS,

typi cal | y segaedmerosf theatoragtndi sid &isk athan mbautc s bl ewéightmof ubefatierdi | uent s

i nclude | actose and drjed cornstarch. Wen_agueous suspensi o required
for oral §¥EOIPRMETH it{'}‘le CPH’@P%‘E&»&W F@Stcﬁﬁ?ﬁqrg‘gﬁ §RFRPF gﬁ’ﬂl é%“l"‘gm% gﬁd _
suspendi ngfve"?'ﬁ,q‘ﬁ R Bne Etglgggéinrefgf th@%}[f&fn?bﬁldsﬂﬁﬂte%&g abdut BYPEY Dl of@kOr i Ng

agents may alfso be a ernatively, the pharnaceutically

accept abl etlwosposiswiensofdhe tdmgoundy.gaet &.gn Utebattd Nadifi 89stiéred in the form
of suppositories,for rectal adm nistration. These can repared by m xing
Che agent w t h B et S5 e iR PP RS pen reiwSrhetc BeEBMESR, Som

t enper at urgnBptiratidfis sh adyrhBeikidhily SRELAUESbendidneref @¢stunatibh offeht in the
rectumto release the drug. Such materials include cocoa butter, beeswax
and pol yetahythenticglly gebstituted carborrhenphaiRacelit] éadong it arpicaipreof the
conpositi f this .invent.ion,ma | s 1. 0i I cal by,

especi al | ?%H'gﬂg‘%lﬁ'ﬁ%l% é’gtoh]gf rutlerséé %ﬁ’n ellp%lé u ég@%§§§%8§ QIglrﬂgeagrl{Jé’ a’rn(caladi |y
accessi bl glefyibe@ph gl Ineppdtional Uaivn diifaledhd g pplis® asemisaly (IHRAEY Ruldshe ski n,
or the lower intestinal tract. Suitable topical fornulations are readily
prepar ed foFthe MNomeselaiwie ebOmgapieChmiglry aygstion fytereochemistry.

2012/ 039972PCT/ US2011/ 051163 14 Topi cal application for the |ower

i ntestinal tracEneativnmeiceéfoesy ege] af anreengrmeuispitict @ple frastivn alt then (see
above) or in a sui.table.ene f | at | Qp, i.cal mal pat ches
may al so B]%a}ﬂrseéﬁp{lomerl) i (¢ onﬁlgféa acﬁ%rbﬁf]%lg |lg¢1rse,%aﬁ%&%rm?grr§{ieut ically
accept abl e conpgsi ti,ons be fo |lated in sui tabl e, oi nt rent, cant ai ni ng
the active co%gﬁaﬁ ’ %@6”@%8@8% oF e%i%g 50811\?8‘6“‘}5311%%6 get %?tg&b%ﬁr?i&tg?eg.
Carriers fifentQBjceRl 8 ¢DhMiishS RLAIRMY R thdiepRANBIM dstetior, Rhs prefvigBllyl on
include, but are not limted to, mneral oll, liquid petrolatum white

pet r ol at urtheipraspydrgrpirglopion, ang gk for ot ley Mere of helpymeppt dipslpeddiedrpound,
enul si fyi wax and water. r ' Y. . I ' cecept abl e
conposi t i gtﬁssog]gnerg%odflg?ﬁfﬂ & éiél%i érzlj%aﬁ Oglﬁ%itogbcﬁl gl%fc(%p?of%% goﬁytg?%glr)ﬁk%doﬁt(gflﬁni ng the
active conpangnios sabisRende ditered diissokate Gt iaNeMPerabive DM EhRIBRC uthecal | y
acceptable carriers. Suitable carriers include, but are not [imted to,

m neral oidbsernsephimoisturaonodeeeheatieallygegiiye chaditomsy forgblopt ek s wax,
cetearyl alcohol, 2 octyldodecanol, benzyl al cohol and water. For
opht hal mi ¢ usé&Art e “phd’ mefee it ianalrbmatac capoabllie woiehobating wae maymbes

formul ated, as m. croni zed suspensions in.isotoni H adj.usted. sterile

sal i ne, orCloSA ERESabgIPles 13@]"@%‘6@%0”5 anfzag{ognp ?HYE;FP%P%"!‘Q}’; afhiaeesly o

sal i ne, eifglniiabdhyDbipMehPOBAd ByrBR@SEr vative such as benzyl al koni um
chloride. Alternatively, for ophthal mc uses, the pharmaceutically

accept abl e conpositions may be fornulated in an oi ntnent such as

petrol at um The pharnaceutically acceptabl e conpositions of this
invention may al so be adm nistered by nasal aerosol or inhalation. Such
conpositions are prepared according to techniques well-known in the art of
phar maceuti cal formulation and nmay be prepared as solutions in saline,

enpl oyi ng benzyl al cohol or other suitable preservatives, absorption
pronoters to enhance bioavailability, fluorocarbons, and/or other
conventional solubilizing or dispersing agents. Most preferably, the
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February, 2008), Keystone Synposia, Mntana, February, 2008; Prostaglandin
E receptor subtypes EP2 and EP4 pronote differentiation and expansi on of
Thl and TWo2oiymspdtecyt es t hrough different signaling noaairasoilasiuse

Medi ci ne, 2009, in press); (c)7system c | upus erythematosus (see,
e.g., T-bet regulates |1gG class sw tching. and pat hoge ic auto ?ﬁ
product i on, Prigeterorgil| reaers dp a eyglic mpdaly huging agg or sROrE closed §ingsa R 0Be of
Thl / Th2 t WL ' Lent ' I : ket J

Rheumat of oy LU oA rS00R I RRY LR shudlehlbr D MAPICEE b 0100 e,
e.g., |denings ivisréinal hstanaod die diygsds droticdioetreswhersimgpe ribg lor ripgymar, T- bet

H Genet | 004,. 111, 177-84; .T-b trol s. aut [
Yooyt SeBEBRLE bh Bk othiapiigsl FRERpRs VugtaBoBahs e tnes o).
(€) psori @gindlihPe8saqindiinylA AL C;ﬂ;@i;ﬁ%é@ﬁ PERAIIIAS i@hoRMISE ,Ebgg&mpr api es

for psoriasis inducing interl euki 2 Tesponses, J N}g d 2003, 81,
471-80) ; Tinkazolyl, 23/ THiienp[Akicdpyrarolte | mhehopanhogenesrazolof Lpadmirdsls, J

| nvest Dermat.ol 2009, doi :10.1038/] id.2009.59; 0..at heroscl,erosi s
(oo o g oy fovap bl g Bisbih b Ot Bt 2y PPE D RECe
anti gen- spe&htdigl. | mmune responses, Proc. Natl. Acad. Sci. USA 2005, 102,

1596- 601) ; (g) Crohn's disease (see, e.g., IL-23/I1L-17 imunity as a
hal | merk of Cr Rk dirSearf. gtdubl-ammn Bew ndkin; BOR9, o Idvaicht Chaik 184, The

proi nfl ammat ory effect of pr ost‘agl andin E2 in experinental inflammtory
bowel di seabenclsdyduiathed, erhayolighydioearbon elain (that 7s asanpletely patumatsd. 12007,

178, 8138-8147); . h) | nfl anmat or ai see. £.40.... Prgst.agl andin E2
recept or EPFRSHbPHRGRLE, aekéii EWPP%?H@IB%GO%%F?{{ %t%ér@e%?f”t“i A 0§1 }nqequ’

Phar macol ,1i§XRBroupl @bntaiti008 cadbfl atok 8n 233 embodimenty b)kyhgtouppashizia pai n
(see, e.g., 'Localisation and nodul ation of prostanoid receptors EP | and
EP4 in t hd-3 sarbemptenisc Te sl pihet embedims gy slkyieypsgonidy 2 S naleyahn, Eur.
J Pain 2007, .11,  605-6 s J i | e-e jat ai , e.g.,
Ba20- 15300 4Tt s Shbesments i el Yol 125 306LE RitE 2 18 AR
putati ve nrewolileatsané térer "dkgdr airnalkye agaphecfcdr 1o 4. cyehalkyhacalp, aB009, 156,

316-327). (k) Spondy] oart hropat hi es (see, e.qg.,Nansteroidal

Anti i nfl ak®averds ext C}eedﬁ@éﬁf%iléger"éﬁ’ﬁﬁ‘é r Q@F&g@ﬁy Y'n&HHRs é"ﬁ? ¢

w t hankyl gsi nadyloif i bp i HipR lohedvl. 1756-1765; Efficacy
of ' ool esostisl BRI AL el Bl & B o, 7 Pt US2011/ 051163
17 inhi bitor, i"Alkdngl"torciatieny] gfoup)iksl wwsd mgregpontiyd to & straighis¢hainE ek

controll ed stud it h conpari saon i ns | acebo and agai nst _a conventi onal
nonst ef of EPTERadIn PRI OF Yt B CRFEReT cREnprEn e Sgot Der YR g

I ncreased yab S cQaif bfebliichiRd aleh f d#56ds! @nddin Thel darBBHRIoYsCA! deftainn
patients with seronegative spondylarthritides, Arthritis Rheum 2008, 58,
2307- 2317)embodiments, Alkegki groophewmtain Sed carbor atonth ekiopi lestben ¢rabppdaments,

nonmel ano ski n_cancer. w t,h, Cel.ecoxi b: A yan i , - bl i

pl acebo- ¢ e,néd SEQIPE (GORfRR ?'Mﬂbo %%nel?’ ?Ihd;?h, grggféi%gfag’%ﬂ%h%%jaj W1 (m
Breast canggips(&fain ©-9.cardat @odk.al AsRwdids 4g dndthgetaspeagahestrm alkenyl

hor none- dependent breast cancer identified, Exp, Rev. Antiggncer Ther.
2008, 8, 3efrrstoa sipighigelwin Aydpcarhen Brvag Ayp sleabls tondcalsn ttertndato; ashi it s
met ast asi s n€ SarhBS a0, ) ] : ferd 399, 117,
235-242; nggg'agpgﬁ)g}?eg rgiﬂg%ﬁ%rtﬂgﬁﬁn?%n ni SB% ?%Ei?}gi%rgﬁ]ﬁ?{aea%%qcancer
met ast asi scycloalkesyl fesp. 2006limbihg FARPIRIF Igxemplary alkefpl) groopoinebtdal- cancer
(see, e.g.. .lncreased EP4 receptor expression in colorectgl er pro
gessi on pr%‘ﬁ"ﬁ@g@ cet Fgrohtta a‘%ifoanE%‘g‘?"ége tp nd@peﬁ@%l ce,'&%éﬁ_ fRes. 2006,
66, 3106- Ak pr,cH=CH,, (O,dMAsHaLE, Q@?P@Im@ﬁ@m,e--@H;G}Q@B#dﬂﬁaéﬂdon of
EP4 as a potéential target for the treatnent of castration-resistant
prost at e cankénteugi. ng a novel xenograft nodel, Cancer Res. 2010, 70,

1606- 1615) . " Ki , ,.e.g . P | andin E2. | at
renal cel I) car ciAf'HSw i "Pfsléﬁ%é} @ﬁ%&ﬁé‘iﬁ%eﬁgﬁﬁgﬁo %?g‘kgﬁggf{% ﬁ%lﬁg Bﬂeg%cirugﬁ’u e
pat hway, Jiefigb@-attéi@to MtGprinkthal 8bdn (RN rdugh an Oxgéelg: MalleeyWigallifgancer

(see, e.g., COX—_Z expression is correlated with VE , | ynphangi ogenesi s
and | ynph (fdielthiet)aéemsi s in human cervical cancer, Mcrovasc Res. 2011,

82, 131-40). (r) Ovarian cancer (see, e.g.,Ovarian epithelial cancer:
a role for PGE2 synthesis and signaling in malignant transformtion and
progression, Ml Cancer, 2006, 5, 62.) (s) Endonetrial cancer (see,

e.g., Prostaglandin E2 induces proliferation of 3 andular epithelial cells
of human endonetrium via extracel lul ar regul ated ki nase 1/2-nedi at ed

pat heway. J din Endocrinol & Metabol. 2003, 88, 4481-4487). (t)

G ioblastoina (see, e.g. Mcrosomal prostaglandin E synthase-1 regul ates
human glioma cell growh via prostagl andin E2- dependent activation of type
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(u) Head and neck cancer (see, e.g. Expression of prostaglandin E2
receptors in oral squanous cell carcinonmas and growh inhibitory effects of
a sel ectiwe RA3mT2agoni st, ONO AE3-240. Int. J. Oncol ogg¢TAG0®,1/03U63
847-852). (v) Medul | obl astorma 8$see, e.g. Tunor-growt h-pronoting
cycl ooxygenase-,2 st agl andi n, E2 pat h provi des medul | obl ast o

%B’s}'? CIReur I>. a0 o BEPY B%Hﬁe%eherem e eﬂ@thﬁi’ﬁ It ncer

t herapeutic tar

(see, e. gmo'[é{{ggrcgycl ngﬁecﬁzgﬁg@ng.g}@ péitRek2- dependent pronotion of
FOXP3 expression and 5+ T regul atory ceII activities in |ung cancer.
Cancer Res. 200Bthe6Bends? 111rope152®@) and "butenylsne” Ursi weedyhereincielardnctbes (see,

celi car conamat omordts L ol-Cl P AN "y R R e 620
- 829). -CHCA=a¢dCH, O iind PEER CrBE HRERN, iwhehd eaheshas @R, pfRenian,

consi tuenf in’'the i nMmunosuppressi ve environnent creatéd by many solid
tunors. | ahd bbutm@ertehgrmmh ichi tlsy sn theakisapr r‘i@dﬂégé@n figuratioget i hg cetdditer

i MMunosuppr ion iLnion p 0

1019- 35. Eﬁﬁlpég%%% ‘%ﬁﬁﬁlsﬁPHm?’ eéﬁlgﬁé oggg d%%m%h%5?wﬁg Sst asi s:
Host and @bﬁﬁ@hmﬂﬂﬂltunbr effects and profound reduction in tunor
metastasis with sel ective EP4 receptor antagonism Cancer Res. 2006, 66,

9665 -9672.  “Alkyhdens/ercismyiedivaleny hydrosarion; sroep Jarne! SubneRt STby any
o o £y LTS ALY OB\l iy D Ll PRI,
reservoir ,6 éﬁh&)nt aom haoteaﬁ anbddimasisusedkneteae groupdias Qs Isfibildf ranbaus

i ntravenous, intranusc r, intra- icular, infrasyngvial, i stenal,
i ntrat hec&ft 0PntaJi‘OélfF?epal\té'ila1 Wﬂ??%l‘@glpa%a?roﬁﬁédqnﬁt ﬁ@?@g?gﬁ_} th ‘%6% or
I nfusi on (@eNAaHIYERd i3 hé&lexcmt@{ﬁ@ﬁ&wna'tmeare adni ni stered orally,

&
i nt raperl toneal | or |E |P§venous he active corrpounds are
adni ni st ered t dAlvayEddset eefersi to abwaémt ﬁwdtocme(gmu{eha‘dhg oheroapedei cal |y

effective, he unt of the.co nds...of esen ention
that nay lﬁlga@D#ﬁnﬂﬁg‘”ﬁeﬁ Y FETCFY ihg‘keﬁ@%ﬂ%istéqugo? gﬂglée th&& G8ition in
a singl e dagRaRnd@, Bh WikkhylkRhY ofRPEAS D HcadR itdhe, hp&heﬂernaﬂidaﬁem@rad t he
particular route of administration. Preferably, the conpositions should be

f or mul at edlissykidese groutokasget.ol-Shetwericadrn alame AGrRgIBdawIRasfst./ day of
th hi bi d
e o PihonRaRE, B SL SRS A2, PLARL, WAGSLNARG, HDRREnoude

i nventi on qui@ii=ce-=, @I@pﬁgﬁ{@fcﬁg@n@mcm azﬁmmmﬂn#@smu 051163 19
0.01 ng and 50 ny |slwgrow ded. .In %her enbodi nment s, 8 of between
0.1 and 25 ng oFrbafkubasterongmids ratsrntp # & 1sradiil fstet or 4 k#Bifed al so

be unders%@e Emtcmqﬁﬁﬁge&g& AQSRGRe ARG RREARNL AI89'HRP oo s%yof
particul ar patient Wi nd upon a variety of factors, rnclud ing the
activity ahe titnvemdp€€i.f |aﬁ<yd:)@ﬂ{e®r}doeﬁﬁi pyﬁ«j})@h@)@ge Sub]mcﬁﬂ swakghamidgener al

(r:]gﬁilt)lt Eat f?ﬁ)ﬁouljg%é ‘t’ﬂg ?%Hg‘j?e&g @&YM¢ g)gt Plh@} ﬁl‘?@?’ )ﬁcﬁﬁ\yﬂd t hgr ggverl ty of

the particul ar ¢i seags 1b@§tagort5rﬁﬂaesiefeﬂ§h6 aaapyame@il @t&%ﬂp@ﬂgaﬁ&nﬁhe
present invention in tﬁe conposition will also depend upon the particular

conpound iamithevhoompashi €i.cowkenyl group is asr Mmed hlb@vq h§u¢1h€entaﬂ@nyld@€§@r i bed

h b || d t forth.
I 1(:a r ghgurgy%%ue%%oaé? tﬁjgg%%f‘ﬁaaf@rérs?ﬁélgegwg?yﬁﬁ?gs g?ny?ﬁ(ﬁéié At e ﬁlfr pgges

only and Qﬂl@en Ptarhide Frdﬁ@ﬁlséréuaﬂ e lforfuld n@jztﬁhhﬁcenylWHC(@m) i Br afCh.gmanner .
EXAMPLES 1 Gener a M crowave heating was done using Biotage
Ensys Li b@fl]@cnﬁ})chOl}Hﬂ‘tl ator mcrowave. Col urm chronat ography was carri ed
out using Bi ot ag ) c [ t

Bi1chi 1 rotary cgualsherit Ko RN ArolND AL ERrl SR SR Pt ve
LC M5 was @engddiuesh ashne. @, Mahmlmramempudlﬂdo&rmahyl &Hlmrdrﬂﬁhyh) XTerra 5

m cron M5 C18 col um under, acidic bile ep])chase con%‘é on. ectra were

recorded usi ng VHoramethooRHAS spedt Dgielit efelers to an FP“t‘eﬁléytgf i Hert ed"
i's used t G &dr%%h&rt (iR 1c8®6h CRAn Y8SSAI an &yagK atotil. @SS
reactor, f’:\brll7 ﬁ”?% 'S r?ea% H%CI%% ct he al I’nl nt eanr ea%t O?Ohas been
repl ac ed vm t h dﬁrmelm‘ﬁ '%mlew ool ‘Steating "frefee toreversing, alr}ﬁe’ﬂatm@aéeléﬁsug theas

ni t rogen, 0 d.th exper . ntals
For | pr eparti] HoiOUHte T PRSP S RPYEREh b o & SaTOrTs Jr BT
certain cases, a particular conpound is described by way of exanple.
However, it V\,i |1 be appreciated that in each case a series of conmpounds of
the present invention were prepared in accordance with the schenes and
experinmental s described below. The foll ow ng abbreviations are used herein:
Definitions: The follow ng abbreviati ons have the indicated neanings: WO

NN A PN NN NN ™ NI NVT ] L 1SN A A D A=A A /PSS SN L LA™ 1



THF: tetrahydrofuran DCM dichl oronet hane TFA: trifluoroacetic acid
Materials: The foll ow ng conpounds are commercial ly avail abl e:

5- chl or o-wp2etased7dy 1- 1H pyr azol e- 4- car bal dehyde ( Maybr ipdgarsanensuas Co. ,
Ltd.) 5-chloro-1-methyl-3-(trifluoronethyl)-1H pyrazol e-4-earbal dehyde
(Maybridge Chem cal Co., Ltd. ..

5 (3 chi oFeBion Tk oye RO, (rsatpPoBHLe sy PATPE 25 @ Boxyl i

aci d (Bi onalBes8@YE Bdveloped. In other embodiments, treatment ma?I be administered in _
1, 3-dimet hy1-5-(3-(trifl uoromet hyl)phenoxy)-1H pyrazol e-4-carboxylic acid
(Bi onet Rémeabshye of symptoms. For example, treatment may be administered to a

cal o Skihiie HREATT ek 17 o heel oF \RLRNR Q%) BREROPa RSy o 2! o4

car boxyl i

5- (4-chl og RRXalA0! 18 1ight T8t funktid br RiHeaz@dcepiibihar faewys)i Clragindny Bapnet
Research) Ethyl 4,4-difluoroacetoacetate (Matrix Scientific) gS) - met hyl

4- (1- ami nalse by chifinied after syyriieran hoie raelyade fazreepimpledeprevent or delay their

4- (1-am ngcycl opropyl ) benzoic acid (A Ilweys LLC) Al phenols except for
3-di f | uor OfF ﬁ%‘%oephenol were comercially available. WO

2012{ 039972PCT. /'Rﬁ%ﬁl ﬂ'MzO?&Bjﬁ&",Zails used Ihgﬁem@,][méa;r]ﬂmnodlﬁmelpmm ntmaticably a
non-limting exanpl es of the_ conpounds of the invention are descri bed

bel ow. V@W@%SW@BUS%%S&%@% PV, EXTPL B VollGdt i#Bh Schene

5- ol or o B (G PG Bt Rolef £oskidinn Cofhumye a6 femoje sblesy apd oefuting o) .
Ot ol uene hyJnatal Onfan KatdnN® adolescent, adult and geriatric subjects).

"Pharmaceutically acceptable carrier” as used herein refers to a nontoxic
carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of the
compo.und with which it is formulated. Pharmaceutically acceptable carriers,
adjuvants or vehicles that may be used in the compositions of this invention include,
but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum
proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, cyclodextrins, sodium carboxymethylcellulose,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene
glycol and wool fat.

“Pharmaceutically acceptable salt” refers to an acid or base sait of a compound
of the invention, which salt possesses the desired pharmacological activity and is
neither biologically nor otherwise undesirable. The salt can be formed with acids that
include without limitation acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanoate,  glycerophosphate,  hemisulfate,  heptanoate,  hexanoate,
hydrochloride hydrobromide, hydroiodide, 2-hydroxyethane-sulfonate, lactate,
maleate, methanesulfonate, 2-naphthalenesulifonate, nicotinate, oxalate, thiocyanate,

tosylate and undecanoate. Examples of a base salt include without limitation



Et hyl 4, 4-difl uoroacetoacetate (30.12 g, 0.172 nol) was stirred in tol uene
(600 m.) over ice water. Solution of N nethylhydrazine (7.6 nL, 0.14 nol)

i n tol uerwo(BM3d72 was added slow y, dropwi se over 20mPaT/USh@1/08H6S I ON

m xture was heated at 100 C for 2 hourwos. The reaction m xture evaporated to

dryness. The resulting material was triturate
t- %ut yl et ﬁ)@p}w s§Hts ,g a]g imeial salts such as sodium an pvc\)ntésgim sa?t\é alkaline earth

3-(difl uo%&)@éﬁtsgﬂ Yich ABLAIN H&I{Ely ﬁﬁél?ésnéﬁ "}’Eﬁs QRRs Witht Qb88c bat&hgsh Gf ot al

10.7 g, as orange po IS material was used w thout further
puri fi cat dieyclbhexyldmeina exds, ﬂ\émethyd)-ﬁ) glStapide, and NN VDﬂFammOSaoﬂd_s suoh 32 nol)

addeq dr opaBs and BRine’ d8sae SR ERAER SR B P EOr e PR s call > ) 1S
met hyl - 1H,py, chl%?tellmzléﬁ‘]\;dftﬂ)ag%@ ihSludihg FJower Qﬁ@? Hambds P@ht hPmethyaeedpd t he

m xture was heated at 120 C for 40 mnutes. "The reaction m xture was
cool ed, apwpyhenphuiyphlioyifies Ibr(lmldd%awhs)dqlﬁéhélﬁ&dl ByAfaderdsueh asampthghunks of

i oo ¢ e By GRS HDE PRSI0 S8R i BRSE  aR De ™'

dried ovepndie¥ 1 anmhrR¢apGoMIREY afn@ igilides; %nd aralkyl hahdes such as phenethyl
chl or o- 3- %dl fl uoronethyl)-1-methyl-1H pyrazol e- 4- car bal dehyde (5.66 g,

78.2% as tongidek or ange/ brown solid. This material was used without further
purification for the next reaction. WD 2012/039972PCT/ US2011/051163 23
Producti on Schéhéesz inRfientert ethémvisep nomenilature wed g déscibo elomicsharpmswsl . OH

01-1 m[())eletw% as usecli Eztreln follow the convention where, reading the name from left to

right, the point of attachment to the rest of the molecule is at the right-hand side of the
name. For example, the group "(C,.3 alkoxy)C,.3 alkyl,” is attached to the rest of the
molecule at the alkyl end. Further examples include methoxyethyl, where the point of
attachment is at the ethyl end, and methylamino, where the point of attachment is at
the amine end.

Unless indicated otherwise, where a bivalent group is described by its
chemical formula, including two terminal bond moieties indicated by "-," it will be
understood that the attachment is read from left to right.

Unless otherwise stated, structures depicted herein are also meant to include
all enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for examiple, the R and S configurations for each asymmetric center, (£) and
(E) double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the
invention. Unless otherwise stated, all tautomeric forms of the compounds of the
invention are within the scope of the invention. Additionally, unless otherwise stated,
structures depicted herein are also meant to include compounds that differ only in the
presence of one or more isotopically enriched atoms. For example, compounds
having the present structures except for the replacement of hydrogen by deuterium or
tritium, or the replacement of a carbon by a *C- or *C-enriched carbon are within the
scope of this invention. Such compounds are useful, for example, as analytical tools

or probes in biological assays.



To a solution of 3-hydroxybenzal dehyde (1.01g, 0.0083 nol) in nethyl ene
chloride (3.3 nL) was added a sol ution of bis(2-nmethoxyethyl)am nosul fur
trifluoriwe208/m@»7g, 0.0140 nol) in methyl ene chloride e8TASEIN/0F163 owed by
et hanol (95.0 pL, 0.00163 nol). The r®action m xture was stirred at room
tenperature for 12 hours. The m xture was then quenched careful |y adding
sat ur at ed aqueous sodi um bi carbonate sol ution. The organic | ayer separated,
washed wi fgh @J,;,J;]ﬁ, Jdried over MgSH4, and evaporated to give yellow oil.
This oil was purified by colum chromat ography (0% to 50% et hyl

acet at e/ hept an#) otcoerghademetethe iprdsentdovgntion grqvédes agmpdnog obBorouvilok| ess oi | .
Production Schene 3. Exenplary Procedure for the preparation of

5- Aryl oxy- pyrazol e-4-carboxylic acid. Production Exanple 1:

5- (3, 4-di chl orophenoxy) -1, 3-di net hyl - 1H pyrazol e-4- carboxylic acid Step 1:
Cl 5-chloro-1, 3-di met hyl- 1H gyr az §Re= 4RGAP bal dehyde (500.0 ng, 0.00315

nol ), 3,4- dichlorophenol (5 ; | ) and potassi um hydr oxi de
(265 ny, 0.00472 nol) were st'hfrr d Hn 2 0 nL). Mxture was heated at
150 C for 20m n using m crowavay and resulting m xture was
extracted with ethyl acetate. qz*(ag iCc |l ayer was washed with brine tw ce,
dried over MgSO4 and evaporated.” [The|resulting oil was purified by colum
chromat ography (10%to 20% et hyl 2012/ 039972PCT/ US2011/ 051163 24

acet at e/ heptane) to give

5- (3, 4-di chl orophenoxy) - 1, 3-di net hy1l- 1H pyr azol e- 4- car bal dehyde (492 ng,
54.7% as white solid. Step 2: I

5- (3, 4-di chl orophenoxy) - 1, 3-di net hy1l- 1H pyr azol e- 4- car bal dehyde from Step 1
(492 ny, Q26 nol) and 2-net hyl -2-butene (300 L, 0.002832 nol) were
stirred in tert-butﬁ{j al cohol . .. A solution of sodiumchlorite (400

(2.0 nm)
ng, 0.003538 neny ohkds st Rumisdiidyercaganh Hsspshert is metbyl; g RigambBpsatenpl ) in
wat er (3. i m xture was stirred for 12 hours at
room tenpga}ﬂaéb)ﬁ?%gﬁiégt?g%%taa%ypg%%gggi ed and resulting residue was
di ssol ved i n etylis anahdt er Theoordahi @ 4,ayesnofimsronasindd difledromathel,, dri ed
over MgSO4 .and evapgrated to give the title conpound (340 ng, 65.5% as
white sol f"aﬂuq'ﬁ%thﬁﬁieri al was used in the next step w thout further
purification. i.on Exanple 2: 5-(3-fluorophenoxy)-1,3
-di net hyl- 1H p%}gggﬂ%ﬂyg-car boxylic acid The title conpound was prepared
usi ng 5-chl or oRk, 3 diydeigey.l-Hbké, pfinemoicthyd- nedhdxgl dehyiiwremeth®yf [{(agr. ophenol
in the manner .siml ar tod. he nefﬁlitlod i n. Prodyction Exanple 1 above.
Product | orbeedpfomeRony. difigoromahany, aillusrrapions 3
- di met hy1- 1H py{.a¢ Rl doden, BA6PA¥FbMmehyBGhdhokieot filidremeMioReuUNd was prepar ed
using 5-chloro-1, 3-di net hﬁl- 1H pyrazol e- 4- ear bal dehyde and
3, 5- di f | uor ophdtd$ hydrogene hatanmethyk iopinethoxyo t he met hod in Producti on

Bcampl e 1 abovgy ; Y0 20124 A399(ARCT} LSAALY §1163 25

X is oxygen;

Rs

or pharmaceutically acceptable salts thereof.

In some embodiments, one of Ry, and Ry is hydrogen, and the other is methyl;
R, is methyl, difluoromethyl, or trifluoromethyl; Rs is methyl; R4 is chioro, fluoro,
trifluoromethyl, difluoromethyl, methyl, methoxy, difluoromethoxy, or
trifluoromethoxy; and R; is hydrogen, chloro, fluoro, methyl, or methoxy.

In some embodiments, Rs is hydrogen.

In some embodiments, R and R are both hydrogen.



The title conpound was prepared using 5-chloro-1, 3-di nethyl-1H pyrazol e- 4-
car bal dehyde and 2, 3-di fluorophenol in the manner simlar to the nethod in
Product i omoBrepbey21 above. Production Exanple 5: 542, 5pcaiustmonsphenoxy) -
1,3 -dinethyl- 1 H pyrazol e-4- carboxilic acid The titIe conpound was

prepared usi ng_5-chl oro- di net hyl-1 yr. baldeh nd
2, 5- d|f|uoroph@h%ﬂn?ﬂn?%éﬂﬁ%ﬁﬂﬁp(£¥h1@£¥£@é§ﬁﬁ% HfﬁFS%H@#Y
Exanple 1 above. Production Exanple 6: 5 -(3 5 dlehlorophenoxy) 1,3

_di met hy| and Refspyleated (fepmmchlor; biflupronsethyt diftnororethyledidlopismatersia@idor epar ed
usi ng 5-chl oro-1, 3-di net hyl- 1H pyrazol e- 4- car bal dehyde and
3,5-dich|qﬂmnm@nahokﬁ the manner simlar to the nethod in Production
Exanpl e 1 above. ProductionExanpl e7:5 -(3 -chl orophenoxy)- 1,3 -dinethyl -

1 H pyrazol e- 41, cahdembbdifeS] 18, B RG drb @1kER RRRURE toMBEmRY §RRHRHYUSI NG
5-chl oro-1, 3-di net hy1l- 1H—pyrazoﬁe 4- carbal dehyde and 3-chl orophenol in the

manner si 1P5.9 roduction
Exanpl e 8¥5§aﬁ%§9§§ﬂ§iﬂﬁ$@8%m%@% &”ﬁﬁ&%%ggt % ﬁhw%qgﬁ-pygazole 4-

car boxylic, Cld e tl | e co d was repared usi ng

5-chl or o- ?1 1HPRE §f1‘¥¥$9g: OQEOEQ@BQIdehyde and 2, 3-di chl orophenol in
the manner simlar to the nethod in Production Exanple I above. Production
Exanpl e 9: 543 1n ¢amgr gubpdimpafsr ofth ©h dlay )and 1Rp3is. %ﬁ%@qﬁwandlt HR S0l e- 4-
carboxylic acid The title conpound was prepared using

5- chl or o- Inelhydj, mpd el edrbpaundacfofemtila taotsidtslehydeixane of stereoisomers. In

3-chl oro-5-fluorophenol in the manner simlar to the nethod in Production

Exanpl e 1 38R0 ¢fbodMRn) 3¢ OBRY AARET 14930 1cked SdntitiBe BﬁleP[stu:hy]l,,pchhanpl e 10:
542 -chloro-5 -quoropheno Xy)- 1,3 -dinethyl- 1 Hpyrazole-4- carboxylic

acid The %fﬂlm SERAT 8 2USIHRGntiall ¢ I
5 Ch| or o- % ‘%'!Pdl met yl 1H— pyrazeﬁﬁé a acar banéaéhyygure SCI’GOISOIHBI‘ I Some

2-chl 5-f1 h | hod, i

Exanpl ¢ 1 S8 BrBr Shc el R E R Bt g g bhe} Mﬁﬁh A P stay 1"
H- | e-4- I d The titl d

S CHl or or DI ST oy pyH ol .15 CHFBHIEN{hso EATAPeH Bol (S ne

manner simlar to the nethod in Production Exanple 1 above. Production
Exanpl e 12mbsdignenss, ode phBtaapil Preisdwgiyogen, aad-thiy eibemiy methylpjapd theretheng.-
carboxylic acid The title conpound was prepared using

5- chl or o- bf Bedhuie i hyatkciHvitly & ddat esbétantiaibék debyrdeueaten3, 5- di met hyl phenol in
the manner simlar to the nethod in Production Exanple 1 above. Production
Exanple 13: 5 -(3 ,5 -dinethoxypheno x y)- 1, 3 -dinethyl- 1 Hpyrazole-4-
carboxylic acid The title conpound was prepared using

5-chl or o- Ifgmunweahyﬁﬂ&ﬁvmyh@26$e 4- carbal dehyde and 3 , 5- dlnethoxypheno

in the manner Iar to t D o] I b
Pr oducti on Exaﬁ% ©159ME0Y § -chFor&e%end§9§ﬁK%'@?Fﬁgﬁugggkg %X
- net hyl - %hhﬁﬂd&ﬂt@laﬁy‘hc@@ﬁﬁﬂé%bﬁrﬁr &¢ ipebvideplidrinhesutiomploun dlaticss mmpﬁr ed

usi ng 5-chl oro- 3- {dlfluoronethyl )-1 -nethyl -1Hpyrazol e- 4- car bal dehyde and
3- chi or ophldwdrartiGylar ghoisa ahesrrisi #rd formplgtiom il deprod 4PAD PR RATEEHIBIFO anple 1

SQPZS13?gggggggégﬁﬁggg%%?@gg?%%%Hﬂﬁgngﬁegmkgﬁg£ad of potassi um hydroxi de.

The compositions of the present invention may be suitable for oral, parenteral,

inhalation spray, topical, rectal, nasal, buccal, vaginal or implanted reservoir
administration, efe. Preferably, the compositions are administered orally,
intraperitoneally or intravenously. Sterile injectable forms of the compositions of this
invention may be aqueous or oleaginous suspension. These suspensions may be
formulated according to techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be
a sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent

or solvent, for example as a solution in 1,3-butanediol. Among the acceptable



27 The title conmpound was prepared using

5-chl oro-3-(difluoronethyl)-1-nethyl-111- pyrazol e-4-carbal dehyde and
3-trifl uowvormidngbghenol in the manner simlar to the nerhoasconiPsadict i on
Exanpl e 1 above except potassium carbenate was used instead of potassium
hydr oxi de. Production EXx 6: 1,3 -dinmethyl-5- 3 . . .
Clerit1 uovehieeheny FheRD Ry mazthey}péeeﬂderweg%%%w FLSUEi R apdsUpRif e
conpound \é@ﬁuﬁr%@@rm%uﬁfoﬁg IR 2805, ekl - ARk RYde ddivitiaaaY Sntpoyed

car bal dehyde and 3-trifl uoromet hoxyl phenol in the manner simlar ‘to the
met hod i naPaedueitionsudpeadipg enedivabove. Producti on Exarrpl e 17: 5 (3

el T e o b ey U G B b VLR a1
5- chl or o- lygmet By af-gxy&ﬁdefsl %&meid@ymchlame;@)émzmden glg@éﬂzeldéelbmesand

3-fluorophenol in the manner Simlar to the nethod in Production Exanple 1
above excemquﬁxlaeﬂiemmatMtlelemblem@e@rq rrferehphasmagrtisaldy apeepiplieoxi de.
Producti on.,Exa 3 ,.4-difl uor ophenax

PEErT T boPUresth 5 Tl o rdof ol BSENT Rt A rsgsiomt v
prepared Uhesdoidselutionol su¥pélitns Indit 4lsd bowt@netdtglchaibhldicohol diluent or

pyrazol e- 4 car bal dehyde and 3, 4-di fl uorophenol in_the manner simlar to the

met hod i n dEpewa: isael Bx saposynehpbyelldesept sholasdmpmming BeHatbatwis used
instead of,, Lo,
, 4-di chl oro en???(;# %’Q{,‘ﬁ){c ’ggl tFJI’HI gf Ec}r onet ﬁ&%ﬁ%‘mﬁé?ﬁma‘ge forms
pyr azol e- 4n¢1ﬁiibg)>eyddlﬂomcmdi I@eﬁsmﬂse Oclip awnenavilg yped parfadantsi sugh as
5-chl oro-1-methyl-3-(t |quoro y 1Hp razol 4- car hal deh e and
3. 4-di chi JERBRGIA AN USRI e Ao o PRy #6n
Exampl e 1 .8ReVfi Ph RELASRIAEILE HTRAIRLE MESIIYSRE:[tARE 8864, AfquROtASST UM
hydr oxi de. &Z}Sif%%lofébgnPCT/ USZOllﬁ%SllG?? 28 E#he %ﬂlt | e corrpoqund was
prepar ed w@mgo&get%rmsanay @salberasedyfar mblppmoafzsoifégmnulaimﬂbal dehyde and
3-di fl uoroneth henol %gge mar i er Si mt1 %&H t he et hod Wgoductl on
Exarpl e 1 abov Sriiasle sortpdptocof fic M ABTHORGY b
- met hyl - adnﬁﬁlétbfehum ergebfwﬂy) ackEpiBdleadRhes foreRlildXdihg, Coachdl ThRed itd, I e
conmpound wa repared using
5- chl or o- |ca etsymblsatS( aquqous:msomwmysglﬂpwazl@nbe gase g bl Fy eeal asel
3-di fluor OTTE GI'S C(}/[RIngn]SJ US!3 1&0&&%&8@ an%' @‘ﬂ’arctho ]£ %CQ‘?@%%%D’[S SlPCﬁlOa(gUCt Ion
Exanpl e 1 “GB6Ve EXEEpt ot asst um carbonat e Was use of “pot assi um
hydr oxi de mzfgrnesiu&t StmatE)(a’@pilﬁ) Bpically -alded. ( Fof btudradmidibgatiohpinen capsiie3
-(difluoronethyl)- 1 - net 1 H-pyrazola 4- car boxyl i c\ﬁ,ﬁl d The title
conpound gn,prug%fg} éahﬁgqsn@c@dec hacess- gnd dried cornsiarch. en agqueous
-(difluor 1Ry daivdenand mbined_with
3-difl uor%gg& E%&%%#eno%g‘%{%edt Eipf Egaﬁﬁ%sr% Ls%?é?:n cﬁ?étogrt ennet cg iu}? PFN(IJductl on
Exanple 1 eabﬂsaﬁm@(eﬁ@tsumdml agmmsar H6 riasieednasrtainesivéatating diloforipgt@ssi um
hydr oxi de. Er oduction Ex -(difluoronethyl)-5 -(3
- (di f I uor TR 22HHE ABX S ?ﬂet hyl -1 H pyrazol e-4-carboxylic acid The
title conpound Al‘l@e?nﬁf\%@a'ﬂ%dpﬂhﬂnﬁ&utlcaﬁ acceptable compositions of this invention
5-chl or o- 3- (di f | uor omet’h yl)-1-methyl- f’prrazo | e- 4- car bal dehyde and
3-di f | uor onwt beyadehiaistired mthh@m@ﬁwppmlmibefortr@tﬂmdm@swwm M bepovilict i on

Exanple 1 above except assi um car bonat e was ed inste ssium
v ox1 de. SEBPIEEL TR eRa e sy T A G P R BRE kPR ROk fR 85" 5

-di rnet hylorh fen¥fazeliad- m@ﬁcbewédtﬂ @mperaﬁre dnidt {hereteapeln ehet i ﬂfeEpar ed
usi ng 5-chloro-1, 3-di net hyl- yrazol e- 4- car bal dehyde and

3-di f | uor gRetmy pdese the cﬂme Aete maigridly anclads P‘Pf‘é’arr@f%dbi:%“lﬂ?‘oﬂ’@ctl on
Exanmple 1 2/ 039972PCT/ US2011/ 051163 29 The title conpound was
or epar ed L}%}?ﬁ\ﬁ%lenevggfgc?sl

5-chl oro-1I - net h};&ibﬁ:a@&aefuhMBOWEﬁybl)a-cbh@psmmﬁ ef thicavbataeydelsans

3-di fl uor onet, hyI phenol in the sim | ar to the nmethod jn Production

Exanpl e 1 apuystessd Epicadst §§5§’F c‘éi Bother brged 0Ty LeRiments (elfied fIgsst ¥ssi um

hydr oxi de. organs readily accessible by topical application, including diseases of the eye, the
skin, or the lower intestinal tract. Suitable topical formulations are readily prepared

for each of these areas or organs.



Production Exanple 26: 5 -(3,4-dichl orophenoxy)-3

-(di fluoronethyl)-1-nethyl-1Hpyrazol e-4-carboxylic acid The title conpound
was prepawedoresizmy25- chl oro-3 - (di fl uoronmethyl)-1 PCT/US2011/051163

- met hyl - 1Hpyr azol e- 4- car bal dehyde andi43, 4- di chl orophenol in the manner

car bonat o wao. JGBHA ATBAPTD 1o 5t JQUFm R RaGHT SE S TRIoEoR TRaH
27: 5- (4- f LdosRhenexMiiatidn %eeQbB%)wlm al sitftaB) @%plaefoAmulabROXpicalipci d The

title corrpound was prepared using 5-chloro-1, 3-di met hyl- 1H pyrazol e- 4-
car bal dehymrsdgrmalpaidhapmeplsadr ubedl. t he manner simlar to the method in

d
(a2t ri 11 uor omePhiPaRamSe s e by SRR SsiRiaplt drih bR Be

conmpound @suditean ed sutibld ofrt @Bk tOF it dinig dihe rv@;tlhy Tokdgopytit asteparddd or
carbal dehyde and 4-(trifluoronethyl)phenol in the manner simlar to the

met hod i n'dpselied tinoPheEpan®re tamistve EXEEHt [Felanieal cadnyaisation,of ﬁb@ed
instead of, g&@%d%' &g}ﬁyqﬁ&@gﬂw 1n§ﬁ§€uﬁ}t' 80 ORI 49 i G Ala- 4.

-quoropheno razol'e- 4- carbox ic acid
conpound wasolptugpaxleck ples:rditgul‘ﬁ- pi‘dpgrene Zgl)&oﬂlplﬂ}ydxyﬂ:ﬂ]jz}dﬂp,yp(ﬂy@iypm@ylene

car bal dehyde and 2- Ch{E}&i 4-f | uor gphenol b{; @tp%%y mlar to the
met hod i nCPmBageh i RS avax an W2@12/ F%%af%t@agﬁ The
title CO”BQ&&?)E’ab(YjLﬁ r@é&ﬁﬁfn@%ﬁ%%ﬁula&ﬁl HraOSLﬁtagle 19’(1&?59)696&%%(9?{51@1%8' e-4-

car bal dehyde"an esol in the manner simlar to the nethod in Production
Exanpl e 1 tlabavteve E\nmnmmtsomﬁpaxrdwe@idtsselm hy long 91( pyaré Iphermmvettnplly- 5 - (4

- (trifluoro heno razol boxyl.i C The titl.
e OI(’rpound \%%eggaﬁ) I ﬁ%&a 168% e i enﬁp{]ﬁe ot f:mat (l,l(%o mineral otl]
-(trifl uorsmmyhbonéﬁwa@z%@ysér@w b, deftyldes@pd wax( t edtkdriiorampbhyb) phenol

in the manner simlar to the method in Production Exanpl e 1 above except
pot assi umogtyidsineanel, \baBZBdlnghfiﬂrﬁSiﬂé@(ﬂﬁof pot assi um hydr OXI de

Producti onExa e32 dl flu rone

(trifluoroneth ns‘lof por%1 ])c tlSfl—l-?hpy*?azo u}fcgja?? gs @Y:bﬁ:“' g%l s gy be conpound
was preparfegnisied ths mlcromzed suspensmns in isotonic, pH adgusted sterlle sahne or,

5-chl oro-3-(di fl uoromet hyl)-1-net hyl- 1prrazo| e- 4- car pal dehyde, and

4- (trifI udredaisbhypy priebsls ip fsopgnac, phhaksted ﬂ?mlérsalﬂ%teﬁ%ﬁrﬁ*éﬁh%fdm tPubroduct i on

Exanpl e | %ﬁ“’*—% t e\ Mas, d ] OfaSSi um
hydr oxi de p?%?%é%&?{l on ag_)%@f}%/ﬁzﬁk %h%?ifaghﬁl optN 1gle/dr?) f’tlﬂ?l-gfriri'leﬁl@ltQ fusé% %

- (trifl uorphmebdeghijcall§ hipoptantot@ngositams axayl becfomnibitelhia ani dihtencnd ﬂlp:dlmsd was
prepared usi 5 -chloro-l-nmethyl-3 -(trifluoronethyl)- I
Hpyr azol e &%f%% dehyde and 4-chl orophenol in the manner sinmilar to the
met hod in Produglel qpkXHéM %cé\%ﬁéﬂﬁe UHPHLiti Ol @fsawmv@ﬁmoia@;& glswae used
i nstead of potassi um hydr oxi roducti on Exanpl e : -(4-
chl or opherdmyistdred( &y f haselr apesdly by -inhalatist, hyPuch] cmp;pmz@meam oupbesdy| i ¢
acid The titl

B nl on . et RO SRS 5 Rt pharmaacquticnl formulation and ey

4- chl or ophgnplephRdt e sHRAMBEY B slihedl erhloding mgapdldonol%pdﬂﬁetrl mataEbeanpl e 1
above except pot assi um car bonat e was used | nstead_of fim assi um hydr oxi de.

WO 2012/ 039SrpRETESPmi@snoe®tey tperhwnes Pisavatlshidite fuorocarbons, and/or

other conventional solubilizing or dispersing agents.

Most preferably, the pharmaceutically acceptable compositions of this

invention are formulated for oral administration.

D. Subjects and methods of use.

Prostaglandins have been shown to modulate various phases of the immune
response. The lipid mediator prostaglandin E2 (PGE2) is an eicasanoid that is well
known to suppress CD4" T cell activation through elevation of intrécellular cAMP

and inactivation of Ick. PGE2 has been also shown to play a role in regulating Thl



Exenpl ary Procedure for Am de Coupling and Ester Hydrolysis. 5

-(3-chl orophenoxy)-1 -nmethyl -3 (trifluoronethyl)-1H pyrazol e-4-carboxylic
acid (50 wp,200/0B3002 nol ), HATU (65 ng, 0.00017 nol) andPDIEA2¢130511k1,
0.00017 nol) were stirred in DMF (1.05nL) for 20min at rt. Solution of

S)-nethyl 4-(1- am noethyl)benzqate hydrochl oride (40 0. 19 nol) and
b EA gszywpoéﬁee)@msglﬂ%wgn W BRIqTen g @Eﬁ-@é&&@%éﬁj%&nﬁgﬁ the
reaction ﬁ}%{féﬁxﬁom&éﬁe{: MRGEALihHAAAb: SIREE r@tpws@btfyeé 0?—%@3‘3‘2&%@6 Watgh was

added and"the resulting precipitate was collected, washed with water and
dri ed undelsohaeethm dppogtevedics® namely tofpremetenigtirdiffersgtiggrongdPrastiglandgoki d. Thi s

met hyl ester was di sso d i t hanol . 0 and THE (1.0 .. 2.0M

Tt b um nyeBiRr suORBRUET ot 340 PRE gt esthbn A et o Shhaanfsc r' e
at room tq*'E}WHﬁhﬂﬁ&g{@fthﬁ%ﬁﬁlﬂiﬁereﬁhﬁﬁﬁeﬁﬁl@tIhaﬂlulE@',W&t&@ PRFicHRUR0E,iiAed with
IN hydrochloritc acid solution (480 u and resulting enul sion was extracted

with et hylpseseranddL- hproduejion|impetivaigasCiRép aeltn EaostasdandinnBd sancagisticr

resultin terial i ssokved i nd.. . of. o] Kfied b
Larve (0 TR SRRE R o na i AP paRT Sg M P 10 o e
wer e evap@raadarddn B2 aeates Th1di cell difi@rehtidtioadng diigeoiun throdgh exglic tAMP st eps
46% . Exanple 2 (ER-885290). Exanple 2 was prepared usin )

1, 3- di net #pd ER2(EP4 repenten %@%i%y@%%ﬁo?&ﬁ?l @ﬁﬁp@}ﬁa%&ﬁﬁ%i@é%&% c acid

o the Branpiced ThE AR IS ¥R RARR AL GRNERL fedlich BF MY 81 LS g
1-methyl- D4+ T cells, Eur. J. Immunol. 2009, 39, 1301-1312). Consistent with this,

(trifluoromethyl)-5-(3-(trifluoronethyl)phenoxy)-1H pyrazol e-4-carboxylic
aci d and @seeprisinypf £R4 vath sBbehy| eeh 2skecBva iRt ertasenige of 2 &' Hediner

simlar t - F 7 / 2 Exanpl e
4 (ER- 8853’?@ SIZ@%%{"?C‘% s sgﬁﬁ%ﬁgfgﬁﬁfﬁggﬁ@%ﬁﬁﬁ% ragﬁﬁ%ﬁ%xy ;

1, 3- di met RBlseddekipy bpaoiietett daritiox yelisc Imtticdomnti Th Byliffae¢diiatiod by PGE2 is

am noet hyl ) benzoat e_hydrochlorjde in. a manner _sjiJilar to the EX el
above exp@mdlﬁﬁﬁbm{ R - Lﬂa@}lﬁﬁ‘m 5 SR 20C 1 or
10m n usi %%nmiﬁg.owasfiﬁa& RrQdUeh G MR ST ARGl R 15 PR A/186 €57BL/6
neutralization.” Exanple 5 (ER-885717). Exanple 5 was prepared using

5- ( 3- f | uomoiph enppryysed iBrated amd adaplive Hnpyma zesrengesc and exyiressed disdasgnd

(S)-methyl 4-(1-aminoethyl)b ate, hydrochloride in a manner simdar to

t he ExarrpICQﬂﬁéeé‘bg@E‘?e%EﬁhﬁFbﬁ)‘se?@%Eﬂ%%ﬁ@}@t aé&r%fnémglevﬁéce% aé%rg}“g}&lsusi ng
5- (3, 4-di f(m@? GRORIDO XM cating3 tHdl PEIHYVEPAL ipMNiaZ & eriflc 48T Q¥ dnabésd and
(S)-nethyl 4-(1- am noethyl)benzoate hydrochloride in a manner _simlar to
t he Exanplagtoimanoe epatiagips-e TheeERsgls mrgyest Ehalmsieprossighs obr Bgb2&d4usi ng
5-(2, 3-di fl uar.opheno - - di yi- g -4- ox Yyl id and
(S)-mnet hyISIgL’P-a[1 £ M )r%l)gF hélesagglﬁgcoaq}t% @ghglhd Erg%cﬁﬁér?% g’éﬁ?‘[ﬁmg%%gn%}e{élbg?‘%%l ar to
t he ExanpldsedscaRosieas dxanpbil Bih(iiRaBBmuR)e sdirasipl e 8 was prepared using
5- (2, 5-di fl uorophenoxy)- 1,3 -dinethyl-1H pyrazol e-4-earboxylic acid and
(S)-net hyl 441'A&%Q@%Bﬁﬁ&sbﬁ@ﬂ@%%§enm&%ﬁﬁéﬁ Rl 86 allMifstBRA AE patfintd drar t o
the Exanple 4 above. Exanple 9 (ER-885721). Exanple 9 was prepared using
5- (3, 5- di cubiseEpRetentyy varicty ofgdifistany |conditiopy parrieylatly natens,ay| jublestsi d and
(S)-net hylafﬁlf {e%l'wi%m noet hyl ) benzoate hydrochloride in a manner simlar to
t he Exanpl'e A EboVE. Exanpl e 13 (ER-885744). Exanple 13 was prepared using
5- (3- chl or ophenaxyheulmaboid dirtheiltiBy(teel H- oy Tazetigg 4haandioiyinteitacad fria
(S)-methyl 4-(1-am noethyl)benzoate hydrochlaoride in manner, sjm/jar to

t he Exanpliaflamaphorin thegnphss, L4C{ERIBEB0IW2, / Ié%aé%&r 8341 P\Kﬁ%ta%f“éiﬂr;ﬁj@d usi ng
5-(2,3-dic < (] ] - - hasARRasY i id and
(S)-met hylé}%%fgﬁgkfngﬁ%é%%il ) %ﬂg@%tgyléy%% g@?ﬂ% 1?1;]1 a na%ri%edrl@g‘?ﬁéinflar to

t he Exanpl2/itcalookia-17 M3, 26vk2i0 36z POV USRDABF1XH 91,63 33 Exanpl e 15

ER- 886024). Ex l e, 15 . d i 5. (3-¢hl -5-, ,
1£ | uor ophen2)xy) @ygmg‘fé%?‘\ﬁ?rs §1§k§%§%§2 azﬁlgg'@aﬁi()%&wei g’[ Oﬁ@"ﬁldalﬁecfe*f@f‘? Het hyl
4-(1- arnineatihyl M@Bﬁp@i@mw%%%ﬁg@- IThe ROMBBALP i% I BT drmdfcit- @bl Exanpl e

4 above. Exanplé 16 (ER-886025). anple 16 was prepared using,
5- ( 2- chl orluBondryudribphinoxyl) - fhe3- Releeohy EP¥Hipy dapetinental adwoswyrine aci d

d (9)- hyl, 4-(1-.. am. h te h hl.ori ' iml
0.t he ExcrpterdoBEaR. i) & T epes sikpagon Aifr Ry SRk T,

using 1, 3-di met hyl-5-(ntolyl oxy)-1H pyrazol e-4-carboxylic acid and
(S)-nmethyl 4-(1-am n.oethyl)benzoate hydrochloride in a manner simlar to
t he Exanpl e 4 above. Exanple 18 (ER-886033). Exanple 18 was prepared using
5- (3, 5-di met hyl phenoxy) - 1, 3-di met hyl- 1H pyrazol e-4-carboxylic acid and
(S)-methyl 4-(1- am noethyl)benzoate hydrochloride in a manner simlar to
t he Exanple 4 above. Exanple 19 (ER-886035). Exanple 19 was prepared using

- o o o " o o




Exanpl e 20 (ER-886045). Exanple 20 was prepared using

5-(3-chl orophenoxy)-3- (difluoronethyl)-1-nethyl-1H pyrazol e-4-carboxylic
acid and wepemasbyk 4- (1- am noet hyl ) benzoat e hydr ochl orcadaseetiasmaenner
simlar to the Exanpl e 4 above. Exanplée 21 (ER-886046). Exanple 21 was

prepared usjn fl uoronethyl)-1- 3. .

met hyl - ?Qbr g"ryr le%a& J#%WF)%E@&%%)MRT%“ p@ﬁb%}”ezglo 6 ABSREErn R d and

(S) met hykec@ foi SW&GEMQQ@@Q I%H{B)Yéjﬁﬁ’fe%rﬁfahgﬁ ahﬂ ApARNResf Fhilizhar to the
Exanpl e 4 ab ove Exanpl e 22 (ER-886061). Exanple 22 was prepared using

1, 3- di net Axl7 Elyr(mﬁhoc(ytemthmugh@kuﬁ@rthgxpﬂimgdnyéumHJﬁWWzMéwmeeaﬁ(ﬁbxyI ic acid

and (S)-net h%/ 4-(1- am noet hyl)benzoate hydrochloride in a manner simlar

to the Ex&fPe 4 above. WD 2012/ 039972PCT/ US2011/ 051163 34 Exanple 23

(ER- 886072) ferdid PESBRERELSUS | (98, Se.g3- TlHeor@pliereXiplr klass

met hyl - 3-(tri ﬁ(‘%grg%rr%th Fﬁ)-ﬁ:sfl-l-gﬁazolse 4(@car ngyl ic ac?ﬁll and g’(’%»é’ t hyl

441- " ami newitbing be@p@@pgems/am@ oradgetion Proeral¥i e rdcgiindqiat/Sd 3 Fxanple 1

The.producr i ik AF 3t gp Bisg o (R3bATS il JhERBRGyENT ond

(ER- 8860733)aeumm)¢02ﬁrmop,r£x)aﬁed) usi ng 5-(3, 4 d| f | uor ophenoxy) -

1-met hy1l-3-(trifluoronet h%/ -1H pyrazol e-4-carboxylic acid and (tﬁé; nmet hyl
4- (1- anmi noet hy®) bawz badia eﬁ‘;‘ﬁdt@%hle(ﬁl B@nﬂﬁ"?’al%ﬁﬁé‘r ngyehi yg¢ + dligbstes Exanpl e
23 ( gbgvgl CE&?&@?@A ﬁtgz%eﬁ%zRT%%poﬁi‘v)nan ESBRRIS ZRvanefs 1PT e £ 0T YR NYntrols

1- met hy 1- 3ufohggrbisiver ODBUphocktd-reyromzoiretyfe ¢ diabetey, [ Exachdd.30M@4( 54 net hy|
4-(1- am rﬁg%%Dbenzoate hydrochloride in a manner simlar to the Exanple
23 above. ke 26 (ER-886077). Exanple 26 was prepared using

5-(3-chlor Ophegép}x HotihsiS (s hijlllé'léblﬁé, Is8RRS PsdtiRRN Mp¥ehii€ tReafdeantd NeL hyl

4- (1- ami nocycl opropyl ) benzoat’e@ hydrochloride’in a manner simlar to the
Exanpl e 4 patriases. infixcing ngerRTkinERa88 802 83sposcarp | oD Magad 03y éfartétr8iki ng
3-(difl uor

et hyl - 50 (e (LR RIS iR FuRaiaR PP eISsiogf Rsviogion! ERPUAGTTE! 2% and

nmet hyl 4 d@ﬂi@mogmﬁ&gomgapyl ) benzoate hydrochloride in a manner simlar to
t he Exanpl e 4 above. Exanpl e 28 (ER-886080). Exanple 28 was prepared using
5-(3- (difl uor dhethessepieptrin@ss 1e-aL, Bbet defichpey Tedusg #heyselepssappeRGIi ¢ aci d

?E(S Eeamp s i BUIRARHRSERERR Gy il SAL LR S POTIMSL 1A C i ng
5- (3- 1596-601);

Wi c acid and (&) CrRBmeasy Beam ol byl BERRRTEY Ay atBlArB S a0oMs 5 manner
simlar t@%ﬂ%g’%@%@% @?9%09 YW 20721 D39 IRPLbidBaMIAORSLFES o35

Exanpl e 3 anpl'e 30 was preparfed using 3-(difluoronethyl)-1-
met hy1- 5- (p%eitztgmrfcﬂimﬁﬁ onetpeyilieptad indbay)matbiyvhovat diseasd icmediokyl|througleihd and

R) - met hyl 1 noe | ) ben ride in a manner simlar to
'EhZa Exarr%l%zdf3 ]ib?),[(?@x %%?@%QWEﬁig%g%g’g@lﬂE;anp: e 31 was prelpar ed using
543- (di fl uor ot hRRBNAKH 33, 2. @'ﬁr&éﬂ%lm EY'r):ce%tor EP4 contributes to
-met hyl - 14 pyrazol e- 4-car'’boxylic acid
4-(1-am noaﬂmﬁmzmaﬂlépmﬁwﬁmﬂlﬂ@rmad rTélﬁf" 2006.1349. 16t HE3Exanpl e
23 above. {Tﬁl ??g%(_)é I_:\l)é 81385;1er1 éoe)e eI(ng,aﬂBca%sg’t on85a REGRAGH éﬁsbt%gtanmd

3-(difluorone

(difluor Orfeé Yors piFanandy FP4 eyl chidmity emtliciof-iapipexodel of agirdpathid

(S) - net hyl am noet gﬂ&%benzoate hydrochloride in a manner simlar to the
Exampl e 4 E‘-@Bb ek et 2097 o bl OP5wWAd3)iobt ai ned after LC/ MB pur| fication.

Exanpl e 33 (ER- 4 e Lg§3pga tent

(di fl uoronet hyl pﬁl %g%?)? a%%@%fﬁéghﬁél{épﬁgﬁﬁ eZ4-carb Pc?“éc"’f“ and
(S)- net hykledti(d E8diracptdrydnidpenizoat puthtydr ooh lteainamt ifor mlgranmérea@chi:,l ar to

t he Exarrpl e 4 bove and NVP was used instead of HATU, DI EA
and DWVF. a OE@%WEG3%5AWI e 34 was prepared using 543-
(difl uoronet hy|(%c§)|'5%@3®d);arﬁlr lmfsl “(Bee; e% Nonsteloldal Antnnﬂammatoryl Drugs

(trifluoronmeth pyrazole4carbox ic acid and (S)-neth
4- (1- ar ni medudey tdbemzet erégrdssorh irorplati@lts rwighamaplosing sspenigitisy oAltﬂmilSExarrpl e

33 above ce d t ed a er, LCYNB ificatio

(R 88802 e 986 331 131 ARk PG iy Flocs i % Bl E bt ey 105
-(difluoronethyl) 1 -nethyl - 1H pyrazol e- 4-carboxylic acid and (S)-nethyl 4-
(1- am noet hypbenzoate hydrochloride in a manner simlar to the Exanple 4
above. Exanple 36 (ER-888348). Exanple 36 was prepared using

5- (3, 4-di chl or ophenoxy) -

3 (dlfluoronethyl) 1 nethyl 1H—pyrazo|e 4 carboxyllc aC|d and met hyl 4- (1-

o e M p—



Exanpl e 38 (ER-888363).

5-(3, 4-di chl or ophenoxy) - 1-net hyl1l-3-(trifl uoronet hyl) -

1H pyr azove-24rxmedrexyl ic acid (104 ng, 0.0002929 nol), PEMRSedIT/08e3
0.000139 nol ), PS-HOBT (1.00 mml /g |©Badi ng; 191 ng, 0.000191 nol), were
stirred in 20% DV in DCM (4.1, DCM DMF, 5.00 nl). Cl 40 ulL, 0.0008941
mol ) was Hudatprandhe Heatment Qﬁ'%ﬂ(N}é’élngﬁaﬂ‘é‘g’l%: %@g‘ﬁvefpgﬁ(?ﬂ*&éledﬁ‘édyr‘éfg n was
then wash Gk Madthd B Pk atbohverB¥Ral (BnibloiddPeMiibBafinkiory HE (3
m), and ?ﬂrgﬁﬁgslgai%% vv%tﬂhaDCM (3 m), aandvedri ed url}dermvacuulrre? Thi(_)sf;-r esin
was stirr dehg nA@BEDNWheim. DCMOL4: 4, OAW-DBA;, IS ré@Sedrinnndwes 6| atculatingf et hyl

4-(1-am nocycl opro enzoate drochl ori d 27 .. 0.000118,,nml,) in 20%
T AR B BoRt TR ER e et T rets T ob T et e SRR i 2t e
was shaken akiid Rhcuhoto0k2hougy-2Bhe)resin was filtered and was washed with

DCM The conmbined filtrafes were concentrated in vacuo to give a DWF
sol ution. The $BISkin emcersea ielgut@Enwipréveation df prnamcdanenwasdve ganget wWithat er and

brine, dri ov.er S4 an Vi rated, t iV ige i olid was
purified 6@96881“5%%%%‘29 ofBle ity P%‘C%?fgﬁoﬁ%’ﬁﬁﬁ?@éﬁwje?%@g‘ens‘fg‘gﬁls 18ny) as
a white sobi@l.;oThi-sopet hyl ester was dissolved in 1,4-dioxane (1.0 nmL). 2.0
M 1ithium hydr oxi de solution (200 [IL) was added and the m xture was heat ed
at 60C for 12hémw Breasheapesiceeore-gn Yolmbahagw fding Halgeeaieddt domase for
20m n usi i . . j10 i r gl f i p t .

hydr ochl or'al ?%égg%lgtg&g% uctalil;%ﬁ 1?%?5{61& ?Xgnggghggﬁ%?gg%ﬁg%‘n% ﬁrhepﬂs%qgt’i ng

preci pi t atrgtyeaisaodl e padiaglundinad rovieptor Wl éuhibitdmatastagls hsdlethangisWK t he

it d 9Ny, 0 ' lid. |
(ER 88000 0y1em cisr8 CHoosielesy R parbobnlay i oo PERtesIsp P osesos 234
di met hy1- Jah%a%xfd%%lﬁbﬁs‘ &%%é?%&% feBSlats ahcbrT 1RGN b6, 2923-2927);

4-(1- am noet enzoate hydrochloride 1n a manner simlar to the Exanple 4
above. Exanpl e (d0 (diRe@8530R%cr Eranplge dicremed prpatceptersichpression in

5- (4-fluorophengxy)-1,3- dinmethyl-111- raz}gﬁe-4-cargox li.c.acid and
(S) - met hy COIPIReLa A PRAEBISARR, SURORS, SPL HPBHY 48 4ty dPRRnfer (o ¢ ne
Exanpl e 4 ahouMSRes. M06264,21063972PCT/ US2011/ 051163 37 Exanpl e 41

(ER-885311). Exanple 41 was prepared using 1, 3-dinmethyl-5- &41
(trifl uor onet hyp) Plestatsapncer Ksasy ¢-gz dlantificationodhdif4 @ apotant g)onideny|

4-(1- am noet hyl)henzoate hyd hl oride in. a er Si I Exanpl e
4 sbove. BRAMTY o CRR TERSDARE N e yIRE O pol Tkt Berd AR

5- (2- chl or@méer Hdsuo1OPh@N@RyI1615)3- di net hyl- 1H- pyrazol e- 4-car boxylic acid
and (S)-nethyl 4-(1- am noethyl)benzoate hydrochloride in a} manner sim/lar

to the Exanpi e (@¥dfesvecangsiaiipd. - a3 Praskendiiy regalatpmrepaleell gaciypaiaar ed
a1 3ot by ] A . ;
(3 ety T S P R ki TR AR BBl 30BN, Chal AT 1o

t he Exanpl281#4(ghbye. Exanpl e 44 (ER-888365). Exanple 44 was prepared using
1- net hyl- 3- . . .

(trifluoronet hy®) Covicl eRcer (s§er e CRVET SHBISSIOY s ompiated 51t YEGE boxy i ¢
acid and ( HE—E i dPhpReidug nenspatendiVgl QG HAr dadeer] MigrotBRNET
simlar tgﬁ%lﬁe h%agrer%‘léség 38. "Exanpl e 45 (ER-888367). Exanple r45 1W§S pr epar ed
usi ng 3- ( el AWriofB hlHY). 1-

met hy1-5-(4-(trifluor.onmet hyl)phenoxy)- 1H pyr.azel.e-4-carpboxyl i.C id and
(S)-nethyl 4- ({DaAvAGH ﬁﬁ?‘%leﬁe(ﬁﬁ%a?'%’ ‘f/a&]ragc%lfl Flﬁ%lecglmr?e%i arlmrr(%r?erfors?re}ii ar to

t he EX&WP'S?ﬂ@%Si@Qﬁ&%i%%ﬁQ tin hydicahMSirgnsi@matian lah€ hregtssiin, 888 Carced,2hour s.
Exanpl e 46 ( ER-888369). anpl e 46 was prepared using

5- (4- chl ord®9heh@Ry) - 1- net hyl - 3- (tri fl uoronet hyl ) - 1H pyr azol e- 4- car boxyl i c
acid and (S)- - (.- ] yl )b 3 o] i ¥ ner
il ar to the Ekeniitds QEKOORLEY L, TRRANRA RoOR dL A B R R T

puri fi cat i@Randigamepithelpilacedls eff yimaacaidatretriumt mia excicdllasr raghlated phase.

Exanpl e 47 (ER-888371). Exanpl e 47 was prepare i_ng

5- (4-chl or‘dé)ﬂ@ﬁb%&%mé%e"‘(ad’i { Eﬁar‘?@éﬁwﬁ)ﬁMﬁ@?h?@bjiﬁ@p%ﬂrgéz%‘lsgl-4- car boxylic
acid and (S)- hyil: = ds jN . achl oL 1 nner
i ar to 1 he Bl A N B A AR Ry Se

Exanpl e 48nnER-BB8364) . gréxhmd prod@glaadingi-efepcetntaitivgtidn efybe fl-pBetein
(trifluorqgmethyl)-5-(4-(triflyoro I enoxy) - 1H pyrazol e- 4- car boxyl i c
acid and ﬂ%{l@%ﬁﬁ%fléa&ﬁéfnﬂwﬁg&%ﬁﬂéﬁ oat e hydrochloride in a manner
simlar to the Exanpl e 38 above. Exanple 49 (ER-888366). Exanple 49 was
prepared using 3-(difluoronethyl)-1-

met hy1l-5- (4-(trifl uoronet hypphenoxy)-1H pyrazol e-4-carboxylic acid and

met hyl 4- (1-am nocycl opropyl )benzoate hydrochloride in a manner simlar to
t he Exanpl e 38 above. Exanple 50 (ER-888368). Exanple 50 was prepared using



am nocycl opropyl ) benzoie acid in a manner simlar to the Exanple 10 above.
Pr epar ati onpr ocedur ef or et hyl 4- ( 1- am nocycl opr opyl ) benzoat e hydrochl ori de.
Step 1. wo4e(2l03gam2nocycl opropyl ) benzoic acid (1.75 g, @COQS3@ 1081153 was

stirred in THF (20 nL) and Met hanol (180 rrL) over ice/water bath. 2.00 M of

trimethylsilyldiazonethane in he ane (9.9 n_L, O. added and the
m xture was st K‘F)rlé‘%ﬁda%“dr%l‘ncf‘%‘i% $eat Eré eLxXRyession P,fggqﬂgtaglftﬁ%{a%égg@q PYHS i xt ur e
was concett bay %gﬁl&gam ) é’a‘réﬁ&&l& Qﬁd gwtﬁhnﬁ.@hw éf‘fé’c@% gPancREARIEPY to give

a crystal I ne s Crude material was dried on high vacuumline for 12
hours to gitagonisf GNO-ALEGL40ahitroOpcdlogy 2R8H, pHci/edliX. (1. 65 g, 87% as pale

brown solid. St T | ut f ER-886774- 0. 0085 I
in ethyl acet a@p?“%’éuw)la%?ﬂga %&gd"lgg ?ﬂﬁfo&“’?@ﬂ lngh?y(?&ioéggei her m()6) 0

ni, 0.012, f&{%lanﬁ‘fnt &0 phthivhi rigo‘fllﬁés $RRNBHlafb MYt @SrapbhiR KAaaL] Neuddl xt ure
was concentrated to %I ve the title conpound (quantitative yield) as pale

br own sol iQmkcol. WHROEEP/HFE0972PCT/ US2011/ 051163 40 Table 1. Anal yt i cal Data

for Exenpl ar nds of Formul a |..Exanmpl e, Struct ur&, ER H
assi gnrrenﬁt 1yFE:O Ry S8 \T}IIB rTpyciooxygvanase flprosta%i‘lan EE NIVIR

dependent promotlon of FOXP3 expression and CD4+CD25+ T regulatory cell
activities in lung cancer. Cancer Res. 2005, 65, 5211 — 5220).

(x) Urinary tract cancers (see, e.g. Pathological function of prostaglandin E,
receptors in transitional cell carcinoma of the upper urinary tract. Virchows Archiv.
2006, 448, 822 — §829).

In addition, PGE2 has been implicated as an important consituent in the
immunosuppressive environment created by many solid tumors: Inhibit_ing the
inhibitors: evaluating agents targeting cancer immunosuppression. Expert Opinion in
Biological Therapy. 2010. 10, 1019-35.EP4 receptor antagonism has been shown to
reduce tumor metastasis: Host and direct antitumor effects and profound reduction in
tumor metastasis with selective EP4 receptor antagonism. Cancer Res. 2006, 66, 9665
—9672.

Active compounds may be administered to subjects by any suitable route,
including orally, parenterally, by inhalation spray, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. The term "parenteral" as used
herein includes subcutaneous, intravenous, intramuscular, intra-articular, intra-
synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection
or infusion techniques. Preferably, the compositions are administered orally,
intraperitoneally or intravenously.

The active compounds are administered to the subjects in a treatment
effective, or therapeutically effective, amount. The amount of the compounds of the
present invention that may be combined with the carrier materials to produce a
composition in a single dosage form will vary depending upon the host treéted, and
the particular route of administration. Preferably, the compositions should be
formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of the
inhibitor can be administered to a patient receiving these compositions. In certain

embodiments, the compositions of the present invention provide a dosage of between
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Cl ER-885289-00 1H NVR (400 MHz, CD30D) 6 ppm 8.56 (1H, d), 7.87
7.30 (1H, n), 7.18 (2H, d), 7.08 (1H t), 6.88 (1H m), 4.96 (111,
3. 78 WOMp12889972. 34 (3H, d) 2 MeOME ,,,,,, -------- LNPRIr/ud2d11/03#163 - - \ OH
kF F F ER 885290-00 111 NVR ¥400 MEl z, CD30D) 6 ppm 7.88 (1H, d),

pailmg find 30 S5 Bpingd Boothdr opbodiigerty sahagin Riieenl) gitno i

FN 1119%g or between 5 mg and 40 mg is provided.

It should also be understood that a specific dosage and treatment regimen for
any particular patient will depend upon a variety of factors, including the activity of
the specific compound employed, the age, body weight, general health, sex, diet, time
of administration, rate of excretion, drug combination, and the judgment of the
treating physician and the severity of the particular disease being treated. The amount
of a compound of the present invention in the composition will also depend upon the
particular compound in the composition.

In order that the invention described herein may be more fully understood, the
following examples are set forth. It should be understood that these examples are for
illustrative purposes only and are not to be construed as limiting this invention in any

manncr.

EXAMPLES 1-113
General:

Microwave heating was done using Biotage Emrys Liberator or Initiator
microwave. Column chromatography was carried out using Biotage SP4. Solvent
removal was carried out using either a Biichii rotary evaporator or a Genevac
centrifugal evaporator. Preparative LC/MS was conducted using a Waters autopurifier
and 19 x 100mm XTerra 5 micron MS C18 column under acidic mobile phase
condition. NMR spectra were recorded using Varian 400MHz spectrometer.

When the term “inerted” is used to describe a reactor (e.g., a reaction vessel,
flask, glass reactor, and the like) it is meant that the air in the reactor has been
replaced with an essentially moisture-free or dry, inert gas (such as nitrogen, argon,
and the like).

General methods and experimentals for preparing compounds of the present
invention are set forth below. In certain cases, a particular compound is described by
way of example. However, it will be appreciated that in each case a series of
compounds of the present invention were prepared in accordance with the schemes

and experimentals described below.

The following abbreviations are used herein:

Definitions: The following abbreviations have the indicated meanings:



ER- 885291- 00 1H NVR (400 Mz, CD30D) 6 ppm 8.60 (1H, d), 7.81 (2H d), 7.51
(2H, m, 7.39 (111, s), 7.18 (3H, m, 4.92 (1H m), 3.79 (311, s), 4 0 Me
Me NSI HOwdI2b/o3@H2Me 111 C O ER-885716- 00 1H NVR (40@Chhis201CDSOB) 6 ppm
7.84 (211, d), 7. 42 (1H d), 7.15 (21, d), 7.13 (1H, d), 6.83 (111, (Id),

RS IRYR: U 3 T %@ enii zebior}éu?“ B 7.8 (3 ™ 734

(1H m, e;ﬁ&&gbhogghat@ 91 (H, m, 6.73 (2H, m, 5 (1H, q), 3.61 (3H, s),
2.35 (31- (3H, d) VO 2012/ 039972PCT/ US2011/ 051163
COMU: (1-Cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethylamino-morpholino-

carbenium hexafluorophosphate
DPCI: N,N"-Diisopropylcarbodiimide
DIEA: N,N-diisopropylethylamine
TEA.: triethylamine

DMAP: 4-Dimethylaminopyridine
DMF: N,N-dimethylformamide
NMP: N-methylpyrrolidine

THEF: tetrahydrofuran

DCM: dichloromethane .

TFA: trifluoroacetic acid

Materials: The following compounds are commercially available:
5-chloro-1,3-dimethyl-1H-pyrazole-4-carbaldehyde (Maybridge Chemical Co., Ltd.)
5-chloro-1-methyl-3-(trifluoromethyl)-1H-pyrazole-4-carbaldehyde (Maybridge
Chemical Co., Ltd.)
5-(3-chlorophenoxy)-1-methyl-3-(trifluoromethyl)- 1 H-pyrazole-4-carboxylic acid
(Bionet Research)
1,3-dimethyl-5-(3-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid (Bionet
Research) ‘
1-methyl-3-(trifluoromethyl)-5-(3 —(triﬂuoromethyl}phenoﬁy)— 1H-pyrazole-4
carboxylic acid (Bionet Research )
5-(4-chlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid (Bionet Research)
Ethyl 4,4-difluoroacetoacetate (Matrix Scientific)

(S)-methyl 4-(1-aminoethyl)benzoate hydrochloride (NetChem, Inc)
4-(1-aminocyclopropyl)benzoic acid (Allweys LLC)

All phenols except for 3-difluoromethylphenol were commercially available.

Compounds of the invention were made according to the general synthetic scheme

shown in Scheme I:



41 6 O M M N/

| HL1100 NO /OH Me 10 ER-885718-00 1H NWR (400 MHz, CD30D)

5 ppm7.86 (3H, m, 7.19 (3H m, 6.92 (1H, n), 6.68 m, 5.02 (1H, Qq),
3.61 (3Hweo12238%2(3H, s), 1.37 (3H, d) 7 0 M Me 1100PCT@A20M1/05H16NO Me 40
ER-885719-00 1H NWR (400 MHz, CD30D) B ppm 8.01 (1H, d), 7.84 (2H, d), 7.19
(2H, d), 7.01 (2H, m, 6.58 (1H, m, 4.99 (1H, q), 366(%!—! s), 2.33 (3H,
s), 1.37 (3H, dcg 8 0 M Me NTill00 "N ----NOH / MeRe x’H
o) H 2Y>: 7
XY+ o N_ N0 A PN
Rs 0 HoN™ Ry ~N N |
: EtOH rt R, DMF/ POCl; g/ cl / g
Y = Me, Et ?orluene 90C Rs *

]
R
4
N

:1/ ):HL + H2N Ry
KOH, DMF R X NaClO, , o
or L NaH,PO, Ra ~

) tBuCHMH,0 & &

Rz @ R1_a Rip R R, 9 Ria RﬂFS o
7

N/ J H N/‘ N 7
N 0L — N | H OH
/ X .
R LiOH ;X

s A © 1.4-Dioxane T3 ! o

/ / THF /

Rs R4 R5/ R,

Amide coupling

Preparation of representative non-limiting examples of the compounds of the

invention are described below.



11111 ER-885720-00 1H NMR (400 MHz, CD30D) 6 ppm 8.06 (1H, d), 7.85 (2H,
d, 7.22 (3H n), 6.87 (1H ), 6.63 (1H m, 5 (1H q), 3.66 (3H s), 2.32
(3H, s), WORW1@H72d) 9 0 Me Me N NLHI1100 NOOH / Me CPCAIS®11ER1885721- 00
114 NMR (400 MHz, CD30D) 8 ppm 7.97 (21-1, d), 7.85 (2H, d), 7.18 (3H m,
6.89 (1H, d), 5.03 (1H, q), 3.62 (3H, s), 2.35 (3H, s), 1.38 (3H, d) 10 MO
ER- 885740-00 1H NMR (400 MHz, CD30D) 5 ppm 8.45 (1H, s), 7.79 (2H, d), 7.59

(1H, n), 7.52 (1H, 4, d), m), 7 S}, «7.21 (1H dd), 7.03 (213.67
(3H s). 2.38 (3H, s), 1.22 (2Hﬁgﬁ}1§fﬂé‘f1§il(§ . m 7 NOT "NI*OHi0 Me .0
Production Scheme 1.

Preparation procedure for 5-chloro-3-(diflueromethyl)-1-methyl-1H-pyrazole-4-
carbaldehyde.

Step 1:

F

2 9 H toluene Fmo
[
F\[)k/u\o/\ + N N

HN™ ™ ~N
A

Ethyl 4,4-difluoroacetoacetate (30.12 g, 0.172 mol) was stirred in toluene (600 ml.}
over ice water. Solution of N-methylhydrazine (7.6 mlL, 0.14 mol) in toluene (200
mL) was added slowly, dropwise over 20min. The reaction mixture was heated at 100
°C for 2 hours. The reaction mixture evaporated to dryness. The resulting material
was triturated with methyl t-butylether/heptane to give 3-(difluoromethyl)-1-methyl-
1H-pyrazol-5(4H)-one in three batches (totai 10.7 g, 51%) as orange powder. . This

material was used without further purification for the next reaction.

Step2:

o]

F F X
CMF/ POCIy F
Fmo . T3 cl
N N

-~ =N
N\ !

DMEF (9.5 mL, 0.12 mol) was stirred over ice bath and phosphoryl chioride (24.0 mL,
0.257 mol) was added dropwise. To the solution was added 3-(difluoromethyl)-1-
- methyl-1H-pyrazol-5(4H)-one (5.51 g, 0.0372 mol) portion wise and the mixture was
heated at 120 °C for 40 minutes. The reaction mixture was cooled, and the
phosphoryl chloride was quenched by adding small chunks of ice slowly with stitring.
The mixture was then extracted with ethyl acetate three times and combined organic
layer was washed with water and brine, dried over MgSO4 and evaporated to give 5-
chloro-3-(difluoromethyl)-1-methyl-1H-pyrazole-4-carbaldehyde (5.66 g, 78.2%) as a
dark orange/brown solid. This material was used without further purification for the

next reaction.



FFF 11 FF 0 ER885741-00 1H NMR (400 MHz, CD30D) 6 ppm 9.03 (1H, s),
7.77 (2H, d), 7.58 (211, m), 7.46 (1H, s), 7.26 (1H, d), 7.03 (2H, d), 3.83
(31-1, s)WOLoRM3®R, n), 0.84 (2H, nm) w NL110 |H OH Nec@/use@tosiiks F F
WD 2012/ 039972PCT/ US2011/ 051163 42 12230

Production Scheme 2

Preparation procedure for 3-difluoromethylphenol.

OH OH

Deoxo-Fiuor®
B —_—
0 F

;
To a solution of 3-hvdroxybenzaldehyde (1.01g, 0.0083 mol) in methylene chloride
(3.3 mL) was added a solution of bis(2-methoxyethyl)aminosulfur trifluoride (3.09 g,
0.0140 mol) in methylene chloride (3.3 mL) followed by ethanol (95.0 pL, 0.00163
mol). The reaction mixture was stirred at room temperature for 12 hours. The mixture
was then quenched carefully adding saturated aqueous sodium bicarbonate solution.
The organic layer separated, washed with brine, dried over MgSO4, and evaporated to
give yellow oil. This oil was purified by column chromatography (0% to 50% ethyl
acetate/heptane) to give the title compound (649 mg, 57%) as colorless oil.

Production Scheme 3.

Exemplary Procedure for the preparation of 5-Aryloxy-pyrazole-4-carboxylic

acid.

Production Example 1: 5-(3,4-dichlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-

carboxylic acid

Step 1:

o]

|
3
0 OH KOH, DMF N.Lf
! Microwave N
N +

- ;9

/
N i “Cl
cl
/ cl @
cl

cl

5-chloro-1,3-dimethyl-1H-pyrazole-4-carbaldehyde (500.0 mg, 0.00315 mol), 3.4-
dichlorophenol (565 mg, 0.00344 mol) and potassium hydroxide (265 mg, 0.00472
mol) were stirred in DMF (2.0 mL). Mixture was heated at 150 °C for 20min using
microwave. Water was added and resulting mixture was extracted with ethyl acetate.
Organic layer was washed with brine twice, dried over MgSO4 and evaporated. The

resulting oil was purified by column chromatography (10% to 20% ethyl



40 0 OH ER-885743-00 1H NMR (400 MHz, CD30D) 8 ppm 7.80 (2H, d),

m,

me/ 0 4110 Cl le 24

acetate/heptane) to  give  5-(3,4-dichlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde (492 mg, 54.7%) as white solid.

Step 2:
al
N ] METHYL2BUTENE N ]| o0
N, toH s
; cl J; ol

i cl
5-(3,4-dichlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-carbaldehyde from Step 1 (492
mg, 0.001726 mol) and 2-methyl-2-butene (300 pL, 0.002832 mol) were stirred in
tert-butyl alcohol (2.0 mL). A solution of sodium chlorite (400 mg, 0.003538 mol)
and sodium dihydrogenphosphate (450 mg, 0.003751 mol) in water (3.0 mL) was
added and reaction mixture was stirred for 12 hours at room temperature. Solvent was
evaporated and resulting residue was dissolved in ethyl acetate. The organic layer was
washed with water, dried over MgSO4 and evaporated to give the title compound
(340 mg, 65.5%) as white solid. This material was used in the next step without

further purification.

Production Example 2: 5-(3-fluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic
acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3-fluorophenol in the manner similar to the method in Production

Example 1 above.

Production Example 3: 5-(34-difluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3,5-diflucrophenol in the manner similar to the method in

Production Example 1 above.

Production Example 4: 5-(2,3-difluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-

carboxylic acid

7.39 (1H,
7.26 (1H, d), 7.17 (111, t), 7.04 (2H d), 6.97 (1H dd), 3.82 (3H,
1.23 (2H,wWORM1203922(2H, M) wV NIH N M/ 40 C

s),

1BCivEGha1/sha3 1 ' NI



0 OH ER-885744-00 111 NWR (400 MHz, CD30D) 8 ppm 7.83 (211, d), 7.32 (1H,
m, 7.19 (1H, m, 7.14 (211, d), 7.00 (1H t), 6.85 (1H, dd), 5.01 (1H, m,
3.63 (3HweRo123862(3H, s), 1.35 (3H, d) 14 MeOMe N NI HPHNT/UB20/051163 cl cl

0 OH ER-886022-00 1H NMR (400 MHz, CD30D) 8 ppm 7.81 (2H, d), 7.72 (111,

d), 7.31 (1H, d), 7.14 (3H, 4 d (3H s),
2.35 (3H, 18y, tife 3gomppppd - gas 1Br%@3/e iR ﬁt?%k?é ey
carbaldehyde and 2,3-diffuorophenol in the manner similar to the method in

Production Example 1 above.

Production Example 5: 5-(2,5-difluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using S5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 2,5-difluorophenol in the manner similar to the method in

Production Example 1 above.

Production Example 6: 5-(3,5-dichlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid .

The title compound was prepared using S5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3,5-dichlorophenol in the manner similar to the method in

Production Example 1 above.

Production Example 7:  5-(3-chlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title ¢ompound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3-chlorophenol in the manner similar to the method in Production

Example 1 above.

Production Example 8: 5-(2,3-dichlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 2,3-dichlorophenol in the manner similar to the method in

Production Example 1 above.

Production Example 9: 5-(3-chloro-5-fluorophenoxy)-1,3-dimethyl-1II-pyrazole-4-
carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3-chloro-5-fluorophenol in the manner similar to the method in

Production Example 1 above.



0 OH ER-886024-00 1H NMR (400 M{z, CD30D) 8 ppm 7.96 (1H, d), 7.85 (211,
d), 7.19 (211, d), 6.98 (111, dt), 6.79 (1H m), 6.67 (1H, dt), 5.03 (1H,
q), 3.62 WoHp129972. 35 (311, s), 1.38 (3H, d) 16 MeOMe RCNUS201V0AQ6ME fil i
Cl 0 0 OR ER 886025-00 1H NMVR (400 M6z, CD30D) 8 ppm 7.83 (3H, m), 7.49

(312] 5) Pesdurtoy ol 18: 42 chloro 1o S ebith b bl >
carboxylic acid
The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 2-chloro-5-fluorophenol in the manner similar to the method in

Production Example 1 above.

Production Example 11: 1,3-dimethyl-5-(m-tolyloxy)-1H-pyrazole-4-carboxylic
acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and m-cresol in the manner similar to the method in Production

Example 1 above.

Production Example 12: 5-(3,5-dimethylphenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3,5-dimethylphenol in the manner similar to the method in

Production Example 1 above.

Production Example 13: 5-(3,5-dimethoxyphenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and. 3,5-dimethoxyphen61 in the manner similar to the method in

Production Example 1 above.

Production Example 14: 5-(3-chlorophenoxy)-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carbaldehyde and 3-chlorophenol in the manner similar to the method in
Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.

Production Example 15: 3-(difluoromethyl)-1-methyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid



0 OH ER-886032-00 111 NMR (400 MHz, CD30D) 8 ppm 7.78 (2H,d), 7.53 (1H,d),
7.24 (1Ht), 7.07 (1H m, 7.00 (1H d), 6.72 (2H n), 4.99 (1H n), 3.59

(3H, %), 2we=zo(2ABy®e, 2.29 (3H, %), 1.32 (3H,d) WO PCT/US2011/051163

2012/ 039972PCT/ US2011/ 051163 43 18 MeOMe N H N i40 "1\1 10 Me Me Ili Me OH

0 ER-886033-00 1H NWR (400 , CD3 , , : ,
(2H d), 6188 t‘(thmqwqun(é. %ps E-%%eﬂ, u%l%é%@%&r#@%ﬂ%égeg@)1?@@2%}(_13
2.24 (3H ﬁgn'azaiegécagﬁgmg])ydg’%nmyﬁ%rﬁmétﬁ}l'plh&dw in' the dnarméd Lnitr/ @ the

method in Production Example 1 above except potassium carbopate was used instead

of potassium hydroxide.

Production Example 16: 13-dimethyl-5-(3-(trifluoromethoxy)phenoxy)-1H-
pyrazole-4-carboxylic acid '

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 3-trifluoromethoxylphenol in the manner similar to the method in

Production Example 1 above.

Production Example 17: 5-(3-fluorophenoxy)-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carbaldehyde and 3-fluorophenol in the manner similar to the method in
Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.

Production Example 18: 5-(3,4-difluorophenoxy)-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carbaldehyde and 3,4-difluorophenol in the manner similar to the method
in Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.

Production Example 19: 5-(3,4-dichlorophenoxy)-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carbaldehyde and 3,4-dichlorophenol in the manner similar to the method
in Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.

Production Example 20: 5-(3-(difluoromethoxy)phenoxy)-1,3-dimethyl-1H-

pyrazole-4-carboxylic acid

d), 7.05
H $),
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carbaldehyde and 3-difluoromethoxyphenol in the manner similar to the method in

Production Example 1 above.

Production Example 21: 5-(3-(difluoromethoxy)phenoxy)-1-methyl-3-
(trifluoromethyl)-1H-pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carbaldehyde and 3-difluoromethoxyphenol in the manner similar to the
method in Production Example 1 above except potassium carbonate was used instead

of potassium hydroxide.

Production Example 22: 5-(3-(difluoromethoxy)phenoxy)-3-(difluoromethyl)-1-
methyl-1H-pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carbaldehyde and 3-difluoromethoxyphenol in the manner similar to the
method in Production Example 1 above except potassium carbonate was used instead

of potassium hydroxide.

Pr;)duction Example 23: 3-(difluoromethyl)-5-(3-(difluoromethyl)phenoxy)-1-
methyl-1H-pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carbaldechyde and 3-difluoromethylphenol in the manner similar to the
method in Production Example 1 above except potassium carbonate was used instead

of potassium hydroxide.

Production Example 24: 5-(3-(difluoromethyl)phenoxy)-1,3-dimethyl-1H-pyrazole-
4-carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-111-pyrazole-4-
carbaldehyde and 3-difluoromethylphenol in the manner similar to the method in

Production Example 1 above.

Production Example 25: 5-(3-(difluoromethyl)phenoxy)-1-methyl-3-
(trifluoromethyl)-1H-pyrazole-4-carboxylic acid

7.84 (211, d),
3.

1.36 (311,d) 20 OMe NLFlilo 1PCT/B20dk/081153 Cl OH O
ER- 886045- oo 1H NVR (400 Mz, CD30D)288 ppna 8.05 (1H, m),
7.32 (111
(3H,

75
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pyrazole-4-carbaldehyde and 3-difluoromethylphenol in the manner similar to the
method in Production Example 1 above except potassium carbonate was used instead

of potassium hydroxide.

Production Example 26: 5-(3,4-dichlorophenoxy)-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carbaldehyde and 3,4-dichlorophenol in the manner similar to the method
in Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.

Production Example 27: 5-(4-fluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using S5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 4-fluorophenol in the manner similar to the method in Production

Example 1 above.

Production Example 28: 1,3-dimethyl-5-(4-(trifluoromethyl)phenoxy)-1H-pyrazole-
4-carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 4-(trifluoromethyl)phenol in the manner similar to the method in
Production Example 1 above except cesium carbonate was used instead of potassium

hydroxide.

Production Example 29: 5-(2-chloro-4-fluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-
carboxylic acid

The title compound was prepared using 5-chloro-1,3-dimethyl-1H-pyrazole-4-
carbaldehyde and 2-chloro-4-fluorophenol in the manner similar to the method in

Production Example 1.

Production Example 30: 1,3-dimethyl-5-(p-tolyloxy)-1H-pyrazole-4-carboxylic acid
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1 above.

Production Example 31: 1-methyl-3-(trifluoromethyl)-5-(4-
(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carbaldehyde and 4-(trifluoromethyl)phenol in the manner similar to the
method in Production Example 1 above except potassium carbonate was used instead

of potassium hydroxide.

Production Example 32: 3-(diftuoromethyl)-1-methyl-5-(4-
(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carbaldehyde and 4-(trifluoromethyl)phenol in the manner similar to the
method in Production Example 1 above except potassium carbonate was used instead

of potassium hydroxide.

Production Example 33: 5-(4-chlorophenoxy)-1-methyl-3-(triflucromethyl)-111-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-1-methyl-3-(trifluoromethyl)-1H-
pyrazole-4-carbaldehyde and 4-chlorophenol in the manner similar to the method in
Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.

Prodﬁction Example 34: 5-(4-chlorophenoxy)-3-(difluoromethyl)-1-methyl-1H-
pyrazole-4-carboxylic acid

The title compound was prepared using 5-chloro-3- (dlﬂuoromethyl) 1-methyl-1H-
pyrazole-4-carbaldehyde and 4-chlorophenol in the manner similar to the method in
Production Example 1 above except potassium carbonate was used instead of

potassium hydroxide.
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Example 1: ER-885289
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5-(3-chlorophenoxy)-1-methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid (50
mg, 0.0002 mol), HATU (65 mg, 0.00017 mol) and DIEA (30 pL, 0.00017 mol) were
stired in DMF (1.0 mL) for 20min at rt.  Solution of (S)-methyl 4-(1-
aminoethyl)benzoate hydrochloride (40 mg, 0.00019 mol) and DIEA (32 ul., 0.00019
mol) in DMF (1.0 mL) was added dropwise and the reaction mixture was stirred at
room temperature for 12hours. Water was added and the resulting precipitate was
collected, washed with water and dried under vacuum to give 59.2 mg of the methyl
ester as white solid.

This methyl ester was dissolved in methanol (1.0 mL) and THF (1.0 mL). 2.0 M
Jithium hydroxide solution (240 uL) was added and the mixture was stirred at room
temperature for 12hours. The reaction mixture was neutralized with 1N hydrochloric
acid solution (480 ul) and resulting emulsion was extracted with ethylacetate. The org.
layer was separated and evaporated. The resulting material was dissolved in 3 mL of
methano! and was purified by LC/MS (0.1% TFA acetonitrile/water mobile phase).
The desired fractions were evaporated by Genevac to give the titled compound (27

mg, two steps 46%).

Example 2 (FR-885290). Example 2 was prepared using 1,3-dimethyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 1 above.

Example 3 (ER-885291). Example 3 was prepared using I-methyl-3-
(trifluoromethyl)-5-(3-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and
(S)-methyl 4-(1-aminoethyl)benzoate hydrochioride in a manner similar to the

Example 1 above.
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Example 4 (ER-885716). Example 4 was prepared using 5-(3,4-dichlorophenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-
aminoethyl)benzoate hydrochloride in a manner similar to the Example 1 above
except hydrolysis was carried out in THF and 1,4-dioxane at 140°C for 10min using

microwave and product was obtained as a solid after neutralization.

Example 5 (ER-885717). Example 5 was prepared using 5-(3-fluorophenoxy)-1,3-
dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-aminoethyl)benzoate

hydrochloride in a manner similar to the Example 4 above.

Example 6 (ER-885718). Example 6 was prepared using 5-(3,4-difluorophenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 7 (ER—885719). Example 7 was prepared using 5-(2,3-difluorophenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 8 (ER-885720). Example 8 was prepared using 5-(2,5-difluorophenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic . acid and {S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 9 (ER-885721). Example 9 was prepared using 5-(3,5-dichlorophenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 13 (ER-885744). Example 13 was prepared using 5-(3-chlorophenoxy)-1,3-
dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-aminoethyl)benzoate

hydrochloride in a manner similar to the Example 4 above.

Example 14 (ER-886022). Example 14 was prepared using 5-(2,3-dichlorophenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.
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fluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 16 (ER-886025). Example 16 was prepared using 5-(2-chloro-5-
fluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 17 (ER-886032). Example 17 was prepared using 1,3-dimethyl-5-(m-
tolyloxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-aminoethyl)benzoate

hydrochloride in a manner similar to the Example 4 above.

Example 18 (ER-886033). Example 18 was prepared using 5-(3,5-dimethylphenoxy)-
1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 19 (ER-886035). Example 19 was prepared using 5-(3,5-
dimethoxyphenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-

(1-aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 20 (ER-886045). Example 20 was prepared using 5-(3-chlorophenoxy)-3-
(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 21 (ER-886046). Example 21 was prepared using 3-(difluoromethyl)-1-
methyl-5-(3~(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl

4-(1-aminoethyl)benzoate hydi'ochloride in a manner similar to the Example 4 above.

Example 22 (ER-886061). Example 22 was prepared using 1,3-dfmethyl-5—(3-
(trifluoromethoxy)phenoxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.
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methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-
aminoethyl)benzoate hydrochloride in a manner similar to the Example 1 above
except COMU, TEA and NMP was used instead of HATU, DIEA and DMF, and the

product was obtained as solid after neutralization.

Example 24 (ER-886073). Example 24 was prepared using 5-(3,4-difluorophenoxy)-
1-methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 23 above.

Example 25 (ER-886074). Example 25 was prepared using 5-(3,4-dichlorophenoxy)-
1-methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 23 above.

Example 26 (ER-886077). Example 26 was prepared using 5-(3-chlorophenoxy)-1,3-
dimethyl-1H-pyrazole-4-carboxylic acid and methyl 4-(1-aminocyclopropyl)benzoate

hydrochloride in a2 manner similar to the Example 4 above.

Example 27 (ER-886078). Example 27 was prepared using 3-(difluoromethyl)-1-
methyl-5-(3-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and methyl 4-
(1-aminocyclopropyl)benzoate hydrochloride in a manner similar to the Example 4

above.

Example 28 (ER-886080). Example 28 was prepared using 5-(3-
(difluoromethoxy)phenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-
methyl 4-(1-aminoethyl)benzoate hydrochloride in a manner similar to the Example

23 above.

Example 29 (ER-886082). Example 29 was prepared using 5-(3-
(difluoromethoxy)phenoxy)-1-methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic
acid and (S)-methyl 4-(1-aminoethyl)benzoate hydrochloride in a manner similar to

the Example 23 above.
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MeO



401 ER-887480-00 1H NVR (400 MHz, CD30D) ppm 8.01 (1H,d), 7.79 (2H,d),
7.46 (1H,t), 7.36 (1H,d), 7.19 (1H $), 7.11 (21-1,d), 7.06 (1H ), 6.96
(1H t), 6Wd0(2de47k, 4.95 (1H, m), 3.74 (3H $), 1.31 (3HPEX/USYD1/051163
2012/ 039972PCT/ US2011/ 051163 46 33 M8 N M 4. NH M 40 0 OH
ER-887495- 00 1H NVR

(1H d), 7%&“'(131%3@) (éﬁ;%g@’%airﬁéﬁmpl? 35’4"@%1’?713&33%6 S?%g(lfiqlfi‘)‘”‘mﬁ%?f I1H, ZI) >

methyl 4-(1-aminoethyl)benzoate hydrochloride in a manner similar to the Example 4

above.

Example 31 (ER-886090). Example 31 was prepared using 5-(3-
(difluoromethoxy)phenoxy)-3-(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic
acid and (S)-methyl 4-(1-aminoethyl)benzoate hydrochloride in a manner similar to

the Example 23 above.

Example 32 (ER-887480). Example 32 was prepared using 3-(difluoromethyl}-5-(3--
(difluoromethyl)phenoxy)-1-methyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-
(1-aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above

except product was obtained after LC/MS purification.

Example 33 (ER-887495). Example 33 was prepared using 5-(3-
(difluoromethyl)phenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-
methyl 4-(1-aminoethyl)benzoate hydrochloride in a manner similar to the Example 4

above except HBTU, TEA and NMP was used instead of HATU, DIEA and DMF,

Example 34 (ER-887995). Example 34 was prepared using 5-(3-
(diffuoromethyl)phenoxy)-1-methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic
acid and (S)-methyl 4-(1-aminoethyl)benzoate hydrochloride in a manner similar to

the Example 33 above except product was obtained after LC/MS purification.

Example 35 (ER-888024). Example 35 was prepared using 5-(3,4-dichlorophenoxy)-
3-(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 36 (ER-888348). Example 36 was prepared using 5-(3,4-dichlorophenoxy)-
3-(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic acid and methyl 4-(1-
aminocyclopropyl)benzoate hydrochloride in a manner similar to the Example 4

above.
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(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic acid and methyl 4-(1-
aminocyclopropyl)benzoate hydrochloride in a manner similar to the Example 4

above.

Example 38 (ER-888363). 5-(3,4-dichlorophenoxy)-1-methyl-3-(trifluoromethyi)-
1H-pyrazole-4-carboxylic acid (104 mg, 0.0002929 mol), DMAP (17 mg, 0.000139
mol), PS-HOBT (1.00 mmol/g loading; 191 mg, 0.000191 mol), were stirred in 20%
DMF in DCM (4:1,DCM:DMF, 5.00 mL). DPCI (140 ul, 0.0008941 mol) was added
and the mixture was shaken at 40 °C 12hours. The resin was then washed sequentially
with DCM (3 ml), DMF (3 mL), DCM (3 ml), THF (3 ml), and then again with DCM
(3 ml), and dried under vacuume. This resin was stirred in 20% DMF in DCM
(4:1,DCM:DMF, 5.00 mL) and solution of methyl 4-(1-aminocyclopropyl)benzoate
hydrochloride (27 mg, 0.000118 mol) in 20% DMF in DCM (5.00 mL) and DIEA (20
ul, 0.000115 mol) were added. The mixture was shaken at 40 °C for 1Zhours. The
resin was filtered and was washed with DCM. The combined filtrates were
concentrated in vacuo to give a DMF solution. The solution was diluted with ethyl
acetate washed with water and brine, dried over MgS8O4 and evaporated to give a
beige solid. The solid was purified by column chromatography (0 to 40%) to give
methyl ester (18mg) as a white solid. This methyl ester was dissolved in 1,4-dioxane
(1.0 mL). 2.0 M lithium hydroxide solution (200 uL) was added and the mixture was
heated at 60°C for 12hours. The reaction mixture was further heéted at 140°C for
20min using micrbwave. The reaction mixture was acidified with 1N hydrochloric
acid solution (420 ul) and water was added. The resulting precipitate was collected,
washed with water and air dried to give the title compound (15.9mg, two steps 26%)

as white solid.

Example 39 (ER-880663). Example 39 was prepared using 5-(4-chlorophenoxy)-1,3-
dimethyl-1H-pyrazole-4-catboxylic acid and (S)-methyl 4-(1-aminocethyl)benzoate

hydrochloride in a manner similar to the Example 4 above.

Example 40 (ER-885302). Example 40 was prepared using 5-(4-fluorophenoxy)-1,3-
dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-aminoethyl)benzoate

hydrochloride in a manner similar to the Example 4 above.,

38(3 H d)
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Example 41 (ER-885311). Example 41 was prepared using 1,3-dimethyl-5-(4-
(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 42 (ER-886023). Example 42 was prepared using 5-(2-chloro-4-
fluorophenoxy)-1,3-dimethyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 4 above.

Example 43 (ER-885749). Example 43 was prepared using 1,3-dimethyl-5-(p-
tolyloxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-aminoethyl)benzoate

hydrochloride in a manner similar to the Example 4 above.

Example 44 (ER-888365). Example 44 was prepared using l-methyl-3-
(trifluoromethyl)-5-(4-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and
(S)-methyl 4-(I-aminocthyl)benzoate hydrochloride in a manner similar to the

Example 38.

Example 45 (FR-888367). Example 45 was prepared using 3-(difluoromethyl)-1-
methyl-5-(4-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and (S)-methyl
4-(1-aminoethyl)benzoate hydrochloride in a manner similar to the Example 38 above

except hydrolysis was carried out at 60°C for 12hours.

Example 46 (ER-888369). Example 46 was prepared using 5-(4-chlorophenoxy)-1-
methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-
aminoethyl)benzoate hydrochloride in a manner similar to the Example 38 above
except the product was obtained after purification using heptane/ethyl acetale/formic

acid as mobile phase.

Example 47 (ER-888371). Example 47 was prepared using 5-(4-chlorophenoxy)-3-
(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic acid and (S)-methyl 4-(1-

aminoethyl)benzoate hydrochloride in a manner similar to the Example 38 above.



110 0 OH ER-888355-00 1H NVR (4001V[ Hz, CD30D) 8 ppm 8.63 (1H, $),

(2H,d),

6. 93 (1HwWD,20R/08797¢3H, $), 1.23 (2H,dd), 0.96 (2H, dd) POTNIS2011/05119D

7.79

7.38 (1H, t), 7.25 (1H M), 7.14 (1H t), 7.03 (2H d), 6.95 (1H M,

2012/ 039972PCT/ US2011/ 051163 47 38 ER-888363-00 1H NWR (400 MHz, CD30D) 8

ppm 7. 81
(3H, %),

2H, d 752 1 7.33 (1H d), 7.06 (2H.d 0 H
1Exa RS @h mpxampley 48 | Kes | of opepatcd using “Petiy 4
(triﬂuoromethyl)-S-(4-(trxﬂuoromethyl)phenoxy)—IH -pyrazole-4-carboxylic acid and

methyl 4-(1-aminocyclopropyl)benzoate hydrochloride in a manner similar to the

Example 38 above.

Example 49 (ER-888366). Example 49 was prepared using 3-(difluoromethyl)-1-
methyl-5-(4-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and methyl 4-
(1-aminocyclopropyl)benzoate hydrochloride in a manner similar to the Example 38

above.

Example 50 (ER-888368). Example 50 was prepared using 5-(4-chlorophenoxy)-1-
methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid and methyl 4-(1-
aminocyclopropyl)benzoate hydrochloride in a manner similar to the Example 38

above.

Example 51 (ER-888370). Example 51 was prepared using 5-(4-chlorophenoxy)-3-
(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxylic  acid and methyl 4-(1-
aminocyclopropyl)benzoate hydrochloride in a manner similar to the Example 38

above.

Example 10 (ER—885740).

o)
HATU
DIEA
N ] DMF NN OH
— N7 i
q .y

£F g F
1,3-dimethyl-5-(3-(trifluoromethyl)phenoxy)-11-pyrazole-4-carboxylic acid (20 mg,
0.00007 mol), HATU (28 mg, 0.000073 mol) and DIEA (13 pL, 0.000073 mol) were
stitred in DMF (0.5 mL) for 20min at rt. Solution of 4-(1-aminocyclopropylybenzoic
acid (14 mg, 0.000080 mol} and DIEA (14 pL, 0.000080 mol) in DMF (0.5 mL) was
added dropwise and the reaction mixture was stirred at room temperature for 12
hours. The reaction mixture was diluted to 3 mL with methanol and purified by
LC/MS (0.1% TFA Acetonitrile/water mobile phase). The desired fractions were
evaporated by Genevac to give the title compound (15 mg, 50%).

3.82



iN MO C Cl 39 MeOMe It NINla HOH IV ndO .0 Cl ER-880663-00 1H NWVR (400
MHz, CD30D) 5 ppm 7.83(2 H, s), 7.74(1 H, d), 7.33 (2 H m, 7.13 (2 1-1,
d), 6.93 wD2b2/a399725.01 (1 H m, 3.62 (3 H s), 2.35 p8THS26)/05M685 (3 H,
d 40 Meil10 ------- "'N NIHOH I V's'. nmei900 fit ER-885302-00 1H NVR (400 MHz,
CD30D) 8 ppm 7.78 (3 1-1, m 7.05 (6 H m 501(1 H m 3.62 (3 H s)
2.35(3 H s) 1.35(3 H, d) 41 MeOMe

Example 11 (ER-885741). Example 11 was prepared using 1-methyl-3-
(trifluoromethyl)-5-(3-(trifluoromethyl)phenoxy)-1H-pyrazole-4-carboxylic acid and

4-(1-aminocyclopropyl)benzoic acid in a manner similar to the Example 10 above.

Example 12 (ER-885743). Example 12 was prepared using 5-(3-chlorophenoxy)-1-
methyl-3-(trifluoromethyl)-1H-pyrazole-4-carboxylic - acid and 1 4-(1-

aminocyclopropyl)benzoic acid in a manner similar to the Example 10 above.

Preparation  procedure  for methyl 4-(1-aminocyclopropyl)benzoate

hydrochloride.

Step 1:

TMS-diazomethane
THFMeOH HaN
HoN e —— G
oH O-.

) o

4-(1-aminocyclopropyl)benzoic acid (1.75 g, 0.00988 mol) was stirred in THF (20
mL) and Methanol (10 ml) over ice/water bath. 200 M of
trimethylsilyldiazomethane in hexane (9.9 mL, 0.020 mol) was added and the mixture
was stirred at room temperature for 12 hours. The reaction mixture was concentrated
down to viscous oil which solidified upon standing to give a crystalline solid. Crude
material was dried on high vacuum line for 12 hours to give methyl 4-(1-

aminocyclopropyl)benzoate (1.65 g, 87%) as pale brown solid.

Z.0M Hg‘ci)?\ dioxane
tOAC
HN I o
' OH HCI ™~

o]

Step 2:

To a solution of ER-886774-00 (1.63 g, 0.0085 mol) in ethyl acetate (1'0 ml.) was
added 2.0 M of hydrogen chloride in Ether (6.0 mL, 0.012 mol). After stirring for
several minutes, the reaction mixture was concentrated to give the title compound

(quantitative yield) as pale brown solid.



N, 1IH NNlbOH / M0 O 4110 F F ER-885311-00 1H NWMR (400 MHz, CD30D) 6 ppm
7.75 (511, m 7.12 (4 HmM 501 (1 H nmM 3.63 (3 HS$ 2.37(3 HSP 1.33 (3
H,d) 42 MNeONB12¥3b970S) NOH Me/ 0 0 Cct ER-886023-00 1H NMRCTABRo1MIOR11655D30D) 8
ppm 7.83 (2H M, 7.30 (1HmM, 7.17 (244, M, 6.95 (1H M, 6.73 (1H M, 5.00
(1H, m, 3.63 : 3H 1.38(3H,d) WO

able i : OE ippunds gf Formula 1

2012/ 0399 X
Example Structure ER number 1H NMR assignment
F e 1H NMR (400 MHz, CD30D) 5 ppm 8.56
F 0O Me (1H, d), 7.87 (2H, m), 7.30 (1H, m), 7.18

- (2H, d), 7.08 (1H, 1), 6.88 (1H, m), 4.96 (1H,
N N m), 3.78 (3H, s), 1.34 (3H, d)
L H OH .
1 N"Ng ER-885289-00
M

Cl
Me 0 Me 1H NMR {4606 MHz, CD30D) & ppm 7.88
(1H, d), 7.80 (211, d), 7.49 (2H, m), 7.30 (1H,
N7 ] N br. 8.), 7.13 (2H, d), 4.99 (1H, m), 3.64 (3H,
N H OH 5), 2.37 (3H, m), 1.32 (3H, d)
2 Mé O% S ER-885290-00
F

10 NMR (400 MHz, CD30D) 5 ppm 8.60
(1H, d), 7.81 (2H, d), 7.51 (2H, m), 7.39 (16,
s), 7.18 (3H, m), 4.92 (1H, m), 3.79 (31, s),

1.30 (3H, d)
3 ER-885291-00
1H NMR (400 MHz, CD30D) & ppm 7.84
(2H, d), 7.42 (1H, d), 7.15 (2H, d), 7.13 (1H,
d), 6.83 (1H, dd), 5.01 (1H, q), 3.62 (31, s),
2.35(3H, 5), 1.36 3H, d)
4 ER-885716-00

1H NMR (400 MHz, CD30D) & ppm 7.8
(3H, m), 7.34 (1H, m), 7.14 (2H, d), 6.91
(1H, m), 6.73 (2H, m), 5 (1H, g), 3.61 (34,
s), 2.35 (3H, 5), 1.34 (3H, d)
ER-885717-00




Me Me O OH ER 885749-00 HN 1H NVR (400 Mz, CD30D) 5 ppm 7. 77

3
F

7.54 (1H,d),
H,\8,202/B3497¢ 3H, $) ,

7. 15 (4]
AN

7.14 (2H, d),

7.06 (2H, d),
2.32 (3H $),

M

6.80 (2H,d), 4.99 (1H, p),

1.32 (3H,d) 44 OpPNT/AG20/0511E8 FE F

0 OH ER-888365-00 1H NVR (400 M+, 'CD3OD) 6 ppm 8.60 (1H d),
7 64 (?I—I, rl)

e M A 4 (2H %) 131 (3H

Me
Me o

N
4 H

4 94 (1H
T

ER-885718-00

o

" 1H NMR (400 MHZ/ CD30D)Y 5 ppm 7. 86 )
(3H, m), 7.19 (3H, m), 6.92 (1H, m), 6.68
(1H, m), 5.02 (1H, q), 3.61 (3H, s), 2.34 (3H,
s), 1.37 (3H, d)

ER-885719-00

11 NMR (400 MHz, CD30D) & ppm 8.01
(1H, ), 7.84 (2H, d), 7.19 (21, d), 7.01 (2H,
m), 6.58 (1H, m), 4.99 (1H, q), 3.66 (3H, s),
2.33 3H, 8), 1.37 (3H, d)

/

N
!
e

M

ER-885720-00

TH NMR (400 MHz, CD30D) 6 ppm 8.06
(1H, d), 7.85 (2H, d), 7.22 (3H, m), 6.87 (111,
m), 6.63 (1H, m), 5 (1H, q), 3.66 (3K, 5),
2.32 (3H, 5), 1.37 (3H, d)

&f‘
Q

ER-885721-00

IHENMR (400 MHz, CD30D) & ppm 7.97
(1H, d), 7.85 (2H, d}, 7.18 (3H, m}), 6.89 (1H,
d), 5.03 (1H, g}, 3.62 (3H, 5), 2.35 (3H, 5),
1.38 (3H, d)

10

q

ER-885740-00

1H NMR (400 MHz, CD30D) & ppm 8.45
(11, 5), 7.79 (2H, d), 7.59 (1H, m), 7.52 (1H,
m), 7.36 (1H, s), 7.21 (1H, dd), 7.03 (2H, d),
3.67 (3H, 5), 2.38 (3H, 5), 1.22 (2H, m), 0.91
(2H, m)

13

Hk

ER-885741-00

TH NMR (400 Mz, CD30D) 8 ppm 9.03
(1H, ), 7.77 (2L d), 7.58 (2H, m), 7.46 (iH,
s), 7.26 (111, d), 7.03 (2H, ), 3.83 (3H, 5),
1.20 (2H, m), 0.84 (2H, m)




\NN / Mel FFNHM OO0 O ER888367-00 1H NVR (400 1VLEl z, CD30D) 6
ppm 8.07 (1H,d), 7.81 (2H,d), 7.66 (2H d), 7.14 (4H ), 6.96 (1Ht), 4.99
(1H, M, 3WoR0(2Av%Hr, 1.34 (3H,d) 46 0 ,1 N/O0O Me C | NLPChVS@105H6F OH
ER- 888369- 00 1H NVR (400 MHz, CD30D) € ppm8 53 (1H,d), 7. 85 (2H d) 7 30
(?’I-’I 6 07 {’)I-Irl\ 495 1 2 77 (24
(2H M7 — A8 R iR oot e o
(2, d), 7.39 (1H, m), 7.26 (1H, d), 7.17 (1H,
1), 7.04 (2H, d), 6.97 (1H, dd), 3.82 (3H, s),
1.23 (24, m), 0.92 (2H, m)
12 ER-885743-00
0
CI ‘
Me O Me I NMR (460 MHz, CD30D) § ppm 7.83
(2H, d), 7.32 (1H, m), 7.19 (1H, m), 7.14
N7 ] N (2H, d), 7.00 (1H, ), 6.85 (1H, dd), 5.01 (1H,
N H OH m), 3.63 (3H, 5), 2.36 (3H, 5), 135 (3H, d)
13 Me @) ER-885744-00
e
S
Cl
Me O Me 1H NMR (400 MHz, CD30D) & ppm 7.81
(2H, d), 7.72 (1H, d), 7.31 (1H, d), 7.14 (3H,
NG ] N m), 6.64 (11, ), 5 (1H, q), 3.63 3H, 5), 2.35
N H OH (H, 5), 1,37 3H, d)
14 /0 ER-886022-00
Me o
@ i
Cl
Me O Me 1H NMR (400 MHz, CD30D) & ppm 7.96
(1H, d), 7.85 (2H, d), 7.19 (21, d), 6.98 (11,
N7 j N dt), 6.79 (1H, m), 6.67 (1H, dt), 5.03 (1H, q),
N H OH 3.62 (3H, 5), 2.35 (3H, 5), 1.38 (3H, d)
15 / 0 ER-886024-00
Me o
g
Cl
Me O Me 1H NMR (400 MHz, CD30D) & ppm 7.83
' (3H, m), 7.49 (1H, dd), 7.18 (2H, m), 6.91
N ] ﬁ (1H, m), 6.53 (1H, dd), 5.01 (1H, g), 3.64
16 NN OH Erosssazs.oo | G 9234 (3H, 5), 1.38 (3H, d)
Me 0
lon
F
Me O Me 11 NMR (400 MHz, CD30D) & ppm 7.78
(2TLd), 7.53 (1H,d), 7.24 (1H,1), 7.07 (1H,m),
N7 ] N 7.00 (1H,d), 6.72 (2H,m), 4.99 (1H,m), 3.59
N H OH (3H.s), 2.35 (3H.8), 2.29 (3H,5), 1.32 (3HLd)
17 / 0 ER-886032-00
Me ,' o)
. Me




47 ONL'N /0 Me Et O r,
CD30D) 5 ppm 7.99 (1H, d),

Me 40 0 OH ER-888371-00 1H NWVR (400 Mz,

7.85 (2H, d),

7.33 (2H d), 7.15 (211,d),

6.96 (3H,

M), 4.99 WOHITY4398274 (3H, $), 1.36 (3H d) WD 2012/ 0399 PRPTRLAISASMAS 051163
49 48 01 s1?1 MelO FF io O 43
Me O Me TH NMR (400 MHz, CD30D) 6 ppm 7.77
(2H,d), 7.47 (1H,d), 7.05 (2H.d), 6.83 (1H,5),
NN 6.52 (2H,8), 5.00 (1H,m), 3.58 (3Hs), 2.35
N H OH (3H,s), 2.24 (3H,5), 133 (3H,d)
18 ;0 ER-886033-00
Me O
Me/@
Me
Me O Me 1H NMR (400 MHz, CD30D) 3 ppm 7.79
(2H,d), 7.11 (2H,d), 6.29 (1EL1), 6.04 (2H,d),
NN 5.00 (1H,m), 3.71(6ELs), 3.60 (3ELs), 2.35
N OH (3H,9), 1.36 GELd)
19 ;0 ER-886035-00
Me 0
MeO
OMe
TH NMR (400 MHz, CD30D) & ppm 8.05
Me (1H, m), 7.84 (2, d), 7.32 (1H, 1), 7.20 (1H,
m), 7.15 (2H, d), 6.96 (3H, m), 4.99 (1H, q),
3.75 3H, s), 1.36 (3H, d)
20 N OH | ER-886045-00
vie
@ O
cl
F_F 1H NMR (400 MHz, CD30D) & ppm 8.11
O Me (1H, m), 7.81 (2H, d), 7.52 (2H, m), 7.37
) (1H, 5), 7.15 (3H, m), 6.96 (1H, m), 4.97
NN (1H, q), 3.76 (3H, §), 1.32 (3H, d)
N OH
21 | md @ FR-886046-00
j O
F
FF.
Me ©O Me TH NMR (400 MHz, CD30D) & ppm 7.83
(3H, m), 7.43 (1H, 1), 7.12 (3H, m), 6.95 (1H,
NN 5), 6.87 (LHL dd), 5.00 (1H, quin), 3.63 (3H,
N H OH ), 236 (31, ), 133 (3H, d)
/ O
Me
22 @\ 0 ER-886061-00
o)
FA
¢ F




OH ER-888364- 00 1H NVR (400 Mz, CD30D) 6 ppm 9.02 (1H,$), 7.76 (4H m,
7.24 (214,d), 7.03 (2H d), 3.82 (3H $), 1.21 (2H ), 0.88 (2H M w HN
49 0 | NwWONBI2/BIFH2 INO OH ER-888366-00 | H NVR (400 PWHAIS2GDAOMDF3 6 ppm
8.64 (1H $), 7.76 (4H m), 7.22 (2H d)44 7.04 (2H,d), 6.95 (1Ht), 3.78
(3H,$),1.23 (2H ) 0 04 (2H )
. F e D 11 NMR (400 MHz, CD30D) 8 ppm 8.56
' F 0 Me (1H,d), 7.82 (2H,d), 7.33 (1H,m), 7.18
(21,d), 6.91 (1H,m), 6.79 (2H,m), 4.95
NG N (1ILm), 3.77 (3H,5), 1.34 (3H,d)
Ll - H OH
23 NN, ER-886072-00
Me ; o)
F
F e 1H NMR (400 MHz, CD30D) 6 ppm 8.60
F O Me (1H,d), 7.86 (21Ld), 7.19 (3ILm), 6.99
(1H,m), 6.75 (1ILm), 4.97 (11Lm), 3.77
N\/ j El o (3H,3), 1.35 (31Ld)
24 ;0 ER-886073-00
Me o)
F; F
F e 1H NMR (400 M1z, CP30D) & ppm 8.61
F 0 Me (1H,d), 7.86 (2H,4), 7.40 (1H,d), 7.22 (1H,d),
7.18 (2ILd), 6.91 (1H,m), 6.89 (1H,dd), 4.96
NG N (11,m), 3.78 (3H.s), 1.35 (3H,d)
L H oH
25 N0 FR-886074-00
Me 0
; Cl
Cl
Me O 1H NMR (400 MHz, CD30D) § ppm 8.40
(11, 5), 7.81 (2H, d), 7.38 (1H, 1), 7.24 (1H,
N N m), 7.06 (3H, m), 6.92 (1H, dd), 3.66 (3H, s),
N H OH - 2.37 3, 5), 1.24 (2H, m), 0.98 (2H, m)
26 / O ER-886077-00
Me r 0
Cl
1H NMR (400 MHz, CD30D)  ppm 7.78
(I, d), 7.59 (2H, m), 7.44 (1H, ), 7.24 (111,
m), 7.00 (3H, m), 3.80 (3H, ), 1.21 (211, m),
0.89 (2H, m)
27 ER-886078-00




w NH , 50 i N
MHz, CD30D) 6 ppm 7.81

| 4*
d),

C 4110 0 OH ER-888368-00 1H NI VIR (400

Me
( 7.40 (2H,d), 7.04 (4H ), 3.81 (3H $), 1.23

(2H, M, OwWe2o(22BYyTp

w

0
2H,
\Y

45

PCT/US2011/051163

28

ER-886080-00

1H NMR (400 MHz, CD30D) & ppm 7.81
(2H,d), 7.77 (11L,d), 7.35 (1H,1), 7.14 (2H,d),
6.95 (11Lm), 6.80 (1H,5), 6.78 (1H,m), 6.73
(1H,m), 5.00 (1ILm), 3.61 (3H,s), 2.35
(3H,5), 1.33 (3ILs)

29

ER-886082-00

TH NMR (400 MlIz, CD30D) 6 ppm 8.55
(1H,d), 7.82 (2H,d), 7.34 (1H), 7.17 (2ILd),
6.95 (1H,m), 6.83 (1H,1), 6.80 (111,0), 6.78
(2H,dd), 4.94 (1L,m), 3.76 (3ILs), 3.65
(3H,5), 1.32 (3ILs)

30

ER-886083-00

[H NMR (400 MHz, CD30D) 6 ppm 8.10
(11, d), 7.81 (2H, d), 7.52 (2H, m), 7.37 (1H,
m), 7.08 (4H, m), 4.97 (1H, q), 3.76 (31, 5),
1.32 (3H, d)

31

ER-886090-00

1H NMR (400 MHz, CD30D) § ppm 8.02
(1H,d), 7.81 (2H,d), 7.36 (1H,1), 7.15 (2ZH.d),
6.98 (1H,m), 6.83 (1H,m), 6.81 (1H,1), 6.76
(2IL,dd), 4.99 (1H,m), 3.73 (3H,s), 1.34
(3H,s)

32

ER-887480-00

TH NMR (400 MIz, CD30D) & ppm 8.01
(1H,d), 7.79 (2ILd), 7.46 (1H}), 7.36 (1H,d),
7.19 (115, 7.11 (2H,d), 7.06 (1H,m), 6.96
(1H,%), 6.73 (1H,5), 4.95 (1H,m), 3.74 (3H,9),
1.31 (3H,9)




N H 51 '14 i MOl 040 C w00 0 OH ER 888370-00 1H NMVR (400 Mz,
CD30D) 8 ppm 7.81 (2H,d), 7.41 (2H d), 7.03 (4H ), 6.94 (1H t), 3.77

(3H, $), Iwddo(22B997m), 1.00 (2H, rn) N H PCT/US2011/051163
46
Me O Me 1H NMR (400 MHz, CD30D) § ppm 7.77
(3H,m), 7.46 (11,£), 7.34 (1H,d), 7.14 (1H.s),
N7 ] ﬁ 7.10 (1H,d), 7.04 (1H,m), 6.73 (111,t), 4.97
N OH (1H,q), 3.62 (3H,8), 2.35 (3Hs), 1.31 (31,4}
/ @] -
33 | Me 0 ER-887495-00
F

TH NMR (400 MHz, CD30D) 6 ppm 8.53
(1H,d), 7.79 (2H, d), 7.43 (1H, t), 7.34 (1H,
d), 7.20 (1H,s), 7.13 (2HL,d), 7.06 (1H,m),
6.72 (1H,0), 4.91 (1H,m), 3.76 (3H,3), 1.28
(3H,d)

34 ER-887995-00

1H NMR (400 MHz, CD30D) 6 ppm 8.12 (1
H, d), 7.86 (2 H, d), 7.44 (1 5, d), 7.17 (S 11,
d), 5.00 (1 H, g), 3.76 (3 H, 5), 1.38 3 IL, d)

ER-838024-00

35

1H NMR (400 MHz, CD30D) § ppm 8.65
(11,s), 7.81 (2H,d), 7.52 (1H,d), 7.30 (1H,d),
7.03 (2H,d), 6.97 (1H,m), 6.91 (1H, 1), 3.77
(3H,5), 1.24 (2H,dd), 0.99 (2H,dd)

36 ER-888343-00

1H NMR (400 MIiz, CD30D) & ppm 8.63
(1H,5), 7.79 (2ILd), 7.38 (1H,1), 7.25 (1H,m),
7.14 (1IL1), 7.03 2H,d), 6.95 (1H,m), 6.93
(1,0, 3.77 (3H,s), 1.23 (2H,dd), 0.96

37 [R-888355-00 | (CTLAd)
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ER-885302-00

1H NMR (400 MHz, CD30D) 6 ppm 7.78 (3
I, m) 7.05 (6 H, m) 5.01 (1 H, m) 3.62 3 H,
§)2.35(3H,s) 1.35 3 H, d)

Me

o

Me

ER-885311-00

1H NMR (400 MHz, CD30D) 5 ppm 7.75 (5
If,m) 7.12 (4 H;m) 5.01 (1 H, m) 3.63 (3 H,5)
2.37 (3 1,8) 1.33 (3 H,d)

Py
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N
H OH

ER-886023-00

1H NMR (400 MHz, CD30D) 6 ppin 7.83
(2H,m), 7.30 (1H,m), 7.17 (2H,m), 6.95
(1ILm), 6.73 (1H;m), 5.00 (1H,m), 3.63
(3Hs), 2.33 (3H,8), 1.38(3H,d)




M C

Me 110 O OH ER-885289-00 0.045 53 M0 ,,, 0,1 "1 N-----\ /O M fik N
HM F a0 OHER885290-00 0.018
WO 2012/039972 PCT/US2011/051163
48
Me 0O Me 1H NMR (400 MHz, CD30D) & ppm 7.77
(2H,d), 7.54 (1H,d), 7.14 (2I1,d), 7.06 (2H,d),
N / N 6.80 (ZH,d), 4.99 (1H,p), 3.59 (3H,s), 2.34
’ H OH (3H,9), 2.32 (3H,s), 1.32 (3H,d)
43 ,' S ER-885749-00
Me
F E 1H NMR (400 MHz, CD30D) 8 ppm 8.60
(1H,d), 7.81 (2H,d), 7.64 (2I1,d), 7.15
(4H,m), 4.94 (1H,m), 3.77 (3H,s), 1.31
(3H,d)
OH
A4 , 5 ER-888365-00
TH NMR (400 MHz, CD30D) & ppm 8.07
(1H,4), 7.81 (2H,d), 7.66 2H,d), 7.14
(4H,m), 6.96 (1H,1), 4.99 (1H,m), 3.75
(3H,s), 1.34 (3H,d)
OH
45 ( o FR-888367-00
F TH NMR (400 MHz, CD30D) 8 ppm 8.53
F 0O Me (1H,d), 7.85 (2H,d), 7.30 2I0,d), 7.17 (2H,d),
6.97 (2H,d), 4.95 (1H,m), 3.77 (3H,s), 1.34
N (3H,d)
H
OH
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:l O
1H NMR (400 MHz, CD30D) 3 ppm 7.99
(1H,d), 7.85 (2H,d), 7.33 (2H,d), 7.15 (2H,d),
6.96 (3H, m), 4.99 (1H,m), 3.74 (3H,s), 1.36
(3H,d)
OH
47 ER-888371-00
:l O
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1H NMR (400 MHz, CD30D} § ppm 9.02
(1H,s), 7.76 (4H,m), 7.24 (2H,d), 7.03
(2H,d), 3.82 (3H,5), 1.21 (2H,m), 0.88
N {(2H,m)
H
OH
48 s ER-888364-00
F e
£ F 1H NMR (400 MHz, CD30D) & ppm 8.64
O (1H,5), 7.76 (4H,m), 7.22 (2H,d), 7.04
(2H,d), 6.95 (1,1, 3.78 (3HLs), 1.23 (21Lm),
NN 0.94 (2H,m)
) OH
/ O
49 Me 0 ER-888366-00
F e
F e 1H NMR (400 MHz, CD30D) & ppm 7.81
F 0 (2H,d), 7.40 (QH,d), 7.04 (4H,m), 3.81
(3H.5), 1.23 (2H,m), 0.94 (2H,m)
N
N )] H
N OH
50 ;0 ER-888368-00
Me 0
1H NMR (400 MHz, CD30D)  ppm 7.81
(2H,d), 7.41 CH,d), 7.03 (4H,m), 6.94 (1H,1),
N 3.77 (3H,5), 1.24 (2H,m), 1.00 (2H,m)
H CH
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EXAMPLES 52-111

In vitro Biological Activity

CRE-PLAP reporter assay: SE302 is a clone of the HEK/293 cell line that

harbors a reporter construct containing a promoter with cAMP response elements

(CRE) driving secreted alkaline phosphatase (PLAP), constructed by T. Arai, Eisai
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Pharamceuticals, Japan. These cells express endogenous EP4 and show induction of
PLAP in response to PGE2 and other agonists of EP4, but not of EP1, 2 or 3 (data not
shown). Cells were maintained in DMEM/F12 (50:50) (MediaTech) supplemented
with 10% FBS (Tissue Culture Biologicals) plus penicillin/streptomycin. When used
for assays, cells were plated in a 96-well plate at 2x10% cells/100 uL/well in serum-
free assay medium (DMEM/F12 supplemented with 0.1% BSA plus
penicillin/streptomycin) and incubated for 4-6 h. Cells were then stimulated with 3
ng.mL” of PGE2 in the presence or absence of various concentrations of ER-819762
overnight, and PLAP activity was measured By mixing 15 pL of culture supernatants
with 75 pl. of Lumi-phos (Lumigen, Inc.) and 60 pL of assay buffer containing 8
mmol.L' MgS0,in 0.1 mol.L"! carbonate-bicarbonate buffer pH11 in a new 96-well
black plate and incubated for 2h at room temperature. Luminescence was read with an
Envision 2102 Multilabel reader.

Exemplary compounds of the present invention were assayed according to the
methods set forth above in the CRE-PLAP reporter assay described above. Table 2
below sets forth exemplary compounds of the present invention having an 1Csg of up

to 5.0 uM as determined by the normalized CRE-PLAP assay described above.

Table 2. 1Csy Values of Exemplary Compounds

Example Structure ER number CRE-PLAP IC50 (nM)
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Radioligand EP4 receptor binding assay: The radioligand EP4 binding assay
was performed using ChemiScreen recombinant human EP, receptor membrane
preparations from Millipore, according to manufacturer’s instructions. Briefly,
membranes prepared from Chem-1 cells overexpressing human EP; cDNA
(Millipore) were mixed with 1.8 nmol.L? [PH}- PGE; and 5 pmol.L! unlabelled PGE,
in the presence or absence of various concentrations of testing compounds in binding
buffer (50 mmol.L." HEPES, pH 74, 5 mmol.L* MgCly, 1 mmol.L* CaClz, 0.2%
BSA) in a nonbinding 96-well plate, and incubated for 1-2 h at room temperature.
Prior to filtration, a GF/C 96-well filter plate was coated with 0.33%
polyethyleneimine for 30 min, then washed with 50 mmol. L' HEPES, pH 7.4, 0.5%
BSA. Binding reactions were transferred to the filter plate, and washed 3 times with
Wash Buffer (1 mL per well per wash). The plate was dried and radioactivity counted.
Binding of testing compounds to other related prostanoid receptors was performed by
MDS Pharma Services (Bothell, WA) using a similar radiolabeled ligand
displacement method.

Exemplary compounds of the present invention were assayed according to the
methods set forth above in the radioligand EP4 receptor binding assay described
above. Table 3 below sets forth exemplary compounds of the present invention
having Ki values as determined by the radioligand EP4 receptor binding assay

described above.
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Table 3. Ki Values of Exemplary Compounds

Example Structure ER-number EP4 binding Ki (pM)
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EXAMPLES 112-113

In vive Biological Activity

Example 112: Suppression of arthritis development in CIA model: Male DBA/1
mice were immunized by injection at the base of the tail with 0.1 mL emulsion
containing 150 pug bovine type 11 collagen (bCII) emulsified in CFA. Three weeks
after the 1* immunization, all mice were boosted with bovine type II collagen

emulsified in Freund’s incomplete adjuvant. ER-886046 was orally administered
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daily at a dose of 10, 30 or 100 mgkg’ from day 20 after primary immunization but
before disease onset (prophylactic evaluation) or after the disease induction
(therapeutic- evaluation). The severity of arthritic symptoms in the paws of each
mouse was graded every other days, double-blind, according to Williams RO
(Collagen-induced arthritis as a model for rheumatoid arthritis. Methods Mol Med
2004, 98:207-216). Results are given in Figure 1.

.Example 113: Suppression of arthritis development in glucose-6-phosphate
isomerase (G6PT) model: Male DBA/1 mice were immunized by injecting at the base
of the tail 0.15 mL of emulsion containing 300 pg recombinant human GPI-
glutathione-S-transferase (GST) fusion protein (hGPI) in CFA. ER-886046 was orally
administered daily at a dose of 100 mgkg” from day 6 after primary immunization
but before disease onset (prophylactic evaluation) or after the disease induction
(therapeutic evaluation). Each treatment group consisted of 6-8 mice. Arthritic
animals were clinically assessed every other day by an arthritis scoring system as
follows (Iwanami K, Matsumoto [, Tanaka-Watanabe Y, Mihira M, Ohsugi Y,
Mamura M et al. Crucial role of IL-6/IL-17 axis in the induction of arthritis by
glucose-6-phosphate isomerase. Arthritis Rheum 2008, 58:754-763.): 0 = no evidence
of inflammation, 1= subtle inflammation or localized edema, 2 = easily identified
swelling but localized to dorsal or ventral surface of paws, and score 3 = swelling on

all aspects of paws. Results are given in Figare 2.
Certain embodiments of the invention

1. A compound of formula I:

OR R
R2 1a R1b 6 R
* 7
7 N
NS H
N X COOH
R3 o |
R? Ry
I

wherein:
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one of Rj, and Ry is hydrogen, and the other is methyl; or Ry, and Ryp are
taken together to form a cyclopropyl ring;

R, is methyl or fluoromethyl (e.g, monofluoromethyl, difluoromethyl, or
trifluoromethyl);

Rj is methyl;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy {(e.g,
monofluoromethoxy, difluoromethoxy, or trifluoromethoxy);

Rjs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

R is hydrogen, halo, methyl, or methoxy;

Ry is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

2. The compound of embodiment 1, wherein

one of Ry, and Ry is hydrogen, and the other is methyl; R, is methyl,
difluoromethyl, or trifluoromethyl;

Rj is methyl;

Ry is chloro, fluoro, trifluoromethyl, difluoromethyl, methyl, methoxy,
difluoromethoxy, or trifluoromethoxy;

Rs is hydrogen, chloro, fluoro, methyl, or meﬂ‘loxy;

R and Ry are hydrogen,;

or a pharmaceutically acceptable salt thereof.

3. The compound of embodiment 2, wherein Rs is hydrogen; or a

pharmaceutically acceptable salt thereof

4, The compound of embodiment 3, wherein Ry is selected from chloro,

trifluoromethyl, difluoromethyl, difluoromethoxy, and trifluoromethoxy;
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or a pharmaceutically acceptable salt thereof.

5. The compound of any one of embodiments 1 - 4, wherein,
one of Ry, and Ryp is hydrogen, and the other is methyl, and the compound of Formula
1 consists of a mixture of stereoisomers;

or a pharmaceutically acceptable salt thereof.

6. The compound of any one of embodiments 1 - 4, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the compound of Formula
I consists of a substantially pure stereoisomer;

or a pharmaceutically acceptable salt thereof.

7. The compound of embodiment 6, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the carbon of the
compound of Formula I marked with a * has substantially the S-configuration;

or a pharmaceutically acceptable salt thereof.

8. The compound of embodiment 6, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the carbon of the
compound of Formula I marked with a * has substantially the R-configuration;

or a pharmaceutically acceptable salt thereof.

9. The compound of embodiment 1, wherein
R, and Ry are taken together to form a cyclopropyl ring;

Rz is methyl, trifluoromethyl, or difluoromethyl;
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Rj3 is methyl;
R, is trifluoromethyl, difluoromethyl, chloro, or fluoro;
R¢ and R7 are hydrogen;
or a pharmaceutically acceptable salt thereof.
10.  The compound of embodiment 1, selected from the group consisting of:
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and pharmaceutically acceptable salts thereof.

11 . The compound of embodiment 10, which is:
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CH
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or a pharmaceutically acceptable salt thereof.
12.  The compound of embodiment 10, which is:
F
F F O
N
N .
N | H oH
M / O
© 0O
cl - ?
Ci ;
or a pharmaceutically acceptable salt thereof.
13. A pharmaceutical composition comprising a compound of formula I:
RZ OR1a R1 bRG R
N+ 7
N X
?}E COOH
R3 " |
Ré R4
I

wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and Ry, are
taken together to form a cyclopropyl ring;

R; is methyl or fluoromethyl;

R3 is methyl;
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R, is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;
R; is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;
Rs is hydrogen, halo, methyl, or methoxy;

R7 is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.
14. A pharmaceutical composition comprising a compound of embodiment 10, or
a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.

15. A pharmaceutical composition comprising the compound which is:

=
Ir=z

N OH

or a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.

16. A pharmaceutical composition comprising the compound which is:



F F vi

0 OH ER-888364-00 0.012 100 Ni "N--NiO M Fti 7 010 O
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=

OH

Cl !

Cl

or a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.

17. A method of treating multiple sclerosis in a mamrhal, comprising the step of

administering to the mammal a pharmaceutical composition comprising a compound

of formula I:
R OR'la R1 bRB
2 R.?
N *
N)if_ik”&@:
N X COOH
R3 o l
R? R4
1

wherein:

one of Ry; and Ry, is hydrogen, and the other is methyl; or Ry, and Ry are
taken together to form a cyclopropyl ring;

R; is methyl or fluoromethyl;

Rj; is methyl;

R, is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rg is hydrogen, halo, methyl, or methoxy;

R7 is hydrogen, halo, methyl, or méthoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.
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18. A method of treating multiple sclerosis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound
of embodiment 10;

or a pharmaceutically acceptable salt thereof.

19. A method of treating multiple sclerosis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

F
. F O Me
/4 N .
N Hm‘)“
AR I

F
FF :
or a pharmaceutical salt thereof.
20. A method of treating multiple sclerosis in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

OH

cl

Cli

or a pharmaceutical salt thereof.



60 102 N/ Me FO O fit d OH ER-888370-00 0.035 wTO

Radi ol i gand EP4 receptor binding assay: The radioligand EP4 bi ndi ng assay
was perf owvoediusdIrg Chem Screen reconbi nant hunman EP4 r @CetSes11/081mbs ane
preparations fromMI!lipore, according to manufacturer's instructions.
Briefly, nenbranes prepared from Chem 1 cells overexpressi ng human EP4 cDNA
(MIlipore) were mxed with 1.8 mol .L-1 [314]- PGE2 and 51..tnol.L-1

unl abel l ed PGE2 in the presence or absence of various concentrations of
testing cdhpouhlds of actmpalindgfisafpdimensd imthsiranuiagapegt a grydicamentsfopnpLL- 1
MyC12, 1 mmol.L-1 -Cad 2, 0.2% BSA) in a nonbinding 96-well plate, and

i ncubat ed tHeareatméht lof afultipdosoitresiper ature. Prior to filtration, a GF/C
96-wel |l filter plate was coated with 0.33% pol yet hyl enei m ne for 30 mn,

t hen washed with 50 nmol . L-1 REPES, pH 7.4, 0.5% BSA. Binding reactions
were transferred to the filter plate, and washed 3 tines with Wash Buffer

'l : . . L d.
(1 m per ]2% ﬁpl%gth\g@%mreat%lgq{l% 1&% E%neﬁjmgﬂﬁlnarla(g) Vhd e BENL €

Bi ndi ng of "testi’ng conpoun ated prostanoi'd receptors was

per f or med . MDS, Phar Service Bot hel WA) . usi ng a simlar radiol abel ed
and. i ST O Hatmal & Phatiegrhse QR P et ppR8Eng

i nvention were assayed according to the nethods set forth above in the

radi ol i garfifEmalalecept or bi ndi ng assay described above. Table 3 bel ow sets

forth exenplary conpounds of the present invention having Ki values as
determi ned by the radioligand EP4AORgceRt 85 binding assay described above.

61 Table 3. Ki Values of Exefgl ar (Pr dR;
N N .H
- X
ITI COOH
"l
R Ry
1
wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Rla and R1b are
taken together to form a cyclopropyl ring;

R> is methyl or fluoromethyl;

R3 is methyl;

R, is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rg is hydrogen, halo, methyl, or methoxy;

Ry is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

23. A method of treating theumatoid arthritis in a mammal, comprising the step of
administering to the mamimal a pharmaceutical composition comprising comprising a
compound of embodiment 10;

or a pharmaceutically acceptable salt thereof.
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0 ER-885290-00 0.014 104 OH 0 ER-885740-00 0.043 V Ntii 0 'N/O .
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24. A method of treating theumatoid arthritis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

F
F 0 Me
2 N
N‘N l HJQYOH
mé @ i
F

£ F

or a pharmaceutically acceptable salt thereof.

25. A method of treating rheumatoid arthritis in 2 mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:
F
F F e}
4 N
N
- N } H2©YOH
/ 0
Me o)
cl i

Cl

or a pharmaceutically acceptable salt thereof.

26.  Use of a compound of embodiment 1 in the manufacture of a medicament for

the treatment of rtheumatoid arthritis.

FF



105 FF OH 0 ER-885741-00 0.016 V / 46 F F F 106 0 1111 ON/ ik G OH
0

WO 2012/039972 PCT/US2011/051163
76

27. A method of treating systemic lupus erythematosus in a mammal, comprising

the step of administering to the mammal a pharmaceutical composition comprising a

R OR1a Rﬁ,RG
2 R
P 7
N7 X

compound of formula I:

l}l COOH
Ry =~ [
Ré\ R4
I

wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and Ry, are
taken together to form a cyclopropyl ring;

R; is methyl or fluoromethyl;

R3 is methyl;

Ry is hydrogen, halo, fluoromethy!, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rg is hydrogen, halo, methyl, or methoxy;

Ry is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

28. A method of treating systemic lupus erythematosus in a mammal, comprising
the step of administering to the mammal a pharmaceutical composition comprising a
compound of embodiment 10,

or a pharmaceutically acceptable salt thereof.

29. A method of treating systemic lupus erythematosus in a mammal, comprising
the step of administering to a mammal a pharmaceutical composition comprising the

compound of Formula I which is:



ER- 886045-00 0.050 107 Fo 411 N/O th F F F OH 0 ER-886046-00 0.008 62 108
O NNhi I1V/0. d d 0 OH ER-886074-00 0.013 109
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4 N
N\N / HJ\C[\WOH
vé ©

g F

or a pharmaceutically acceptable salt thereof.

30. A method of treating systemic lupus erythematosus in a mammal, comprising
the step of administering to a mammal a pharmaceutical composition comprising the

compound of Formula I which is:

N
OH
O
Cl
Ci .

or a pharmaceutically acceptable salt thereof.
31.  Use of a compound of embodiment 1 in the manufacture of a medicament for
the treatment of systemic lupus erythematosus.
32. A method of treating type 1 diabetes in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising a compound

of formula I:



0
0

w .
OH

0 OH ER-886078-00 0. 008 ,Nhi /0 (11 FFF

WO 2012/039972

wherein:

78
R 0R1a Rﬂ)Rs
2 R
* 7
7 N
N)_KL**)U
N X COOH
R3 o !
R? R4
|

110 O IN IV /0 FNF
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one of Ry, and Ry is hydrogen, and the other is methyl; or R, and Ry are

taken together to form a cyclopropyl ring;

R; is methyl or fluoromethyl;

Rj3 is methyl;

R4 is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

R is hydrogen, halo, methyl, or methoxy;

Ry is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

33. A method of treating type 1 diabetes in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising a compound

of embodiment 10;

or a pharmaceutically acceptable salt thereof.

34. A method of treating type 1 diabetes in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:



ER- 886090-00 0.010 111 O ,N111 /0 40 O OH ER-887480-00 0.026 EXAMPLES
112-113 In vivo Biological Activity Exanple 112: Suppression of arthritis
devel opnmew0 2012/03b9x2nodel : Mal e DBA/ 1 mice were i muni ze@#Cloyuseonjiesticdn at
the base of the tail with 0.1 nL enul®ion containing 150 Itg bovine type |
collagen (bCll) emulsified in CEA. Three weeks after the 1st immunization,
all mce were boosted with bbyj e<5yp@F11 col l agen enulsified in Freund' s

i nconpl ete adjuvant. ER-886046\wasjordlly adm nistered WO

2012/ 039972PCT/ US2011/ 051163 [ dose of 10, 30 or 100 ny. kg-1
fromday 20 after -primary i befgre di sease onset

(prophyl actic eval uation) orygfteP the di'Seage induction (therapeutic

eval uation). The severity of ar
was graded every ot her days, dg ¢-blind, according to WIlians RO

(Col | agen-i nduced arthritis as Bdel- for rheumatoid arthritis. Methods
Mol Med 2004, 98:207-216). Results & given in Figure 1. Exanple 113:
Suppression of arthritis devel opmenft 'i n gl ucose-6- phosphate i somerase
(G6P1) nodel: Male DBA/1 mice were inmunized by injecting at the base of
the tail Qraphidnaebutkally stweptablentitrag. 300 in reconbi nant human

GPl gl ut at hi one-S-transferase (GST) fusion protein (hGPl) in CFA ER-886046
was orally adm nistered daily at a dose of 100 ng.kg-1 fromday 6 after
primary inmuni zati on but before di sease onset (prophylactic evaluation) or

et ot g 35t " A clt P e LAPET BRBULL f LYBRNAL ARG LRt Ten! o7 ouP

consi sted of 6- c animals werée clinica assessed every
other day hy.an arthrjtis scqri systemas follows (lwangm K, Matsunoto
|, Tanaka?NRPYsgpHas t?,thW’éﬁl@lp%%“i%%ﬁ?t‘ m,[c‘f\’/ﬁmﬁ‘téonl\ﬁoé'%prﬁ;}qg uci al role of
IL-6/1L-17 axis in the induction of arthritis by glucose-6-phosphate

i somer ase comppind eff Bormuladnivipoln®: 58: 754-763.): 0 = no evi dence of

i nfl anmation, 1= subtle inflammtion or |ocalized edema, 2 = easily
identified swelling but IocaEf gd to dorsal or ventral surface of paws, and

score 3 = swelling on all as f ws. Results are given in Figure 2.
Certain enbodi nents of the inv npound of fornula |

N
) 5 OH
/ .
Me o)
Cl
cl :

or a pharmaceutically acceptable salt thereof.
36.  Use of a compound of embodiment 1 in the manufacture of a medicament for
the treatment of type 1 diabetes.
37. A method of treating psoriasis in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising a compound

of Formula I:



WO 2012/ 039972PCT/ US2011/ 051163 64 one of Ria and Rib is hydrogen,
and the other is nethyl; or RRa and Rib are taken together to forma
cycl opr opyb 2012139972 R2 is methyl or fluoronethyl @EeTgis2011/051163
rnonof | uoronet hyl , difluoronethyl, or8trifluoronethyl); R3 is nethyl;

R4 is hydrogen, halo, fluoronethyl, methoxy, or fluoronethoxy (e.g.,
nmonof | uor onet hoxy, difl uororrEt hox Rer{bRus fl uor onet hoxy); R5 is hydrogen,
hal o, fluoronethyl, nethoxy, "&r QP ho¥; R6 i s hydrogen, hal o,

met hyl , or nmethoxY; R7 is hydroden Hhal et hyl , or met hoxy; and X is
oxygen; or pharmaceutically a ptébl e se ddeBI‘ eof . 2. The compound of
enbodi nent 1, wherein ong of/ a and Rib is hydrogen, and the other
is nethyl; R2 is methyl, di f1 uor metjhyl, or trifluoromethyl; R3 is nethyl;
R4 is chloro, fluoro, tr|fI uor o R d|f| uor oret hyl , net hyI , et hoxy,

di fl uoronet hoxy, or trifluoromethdxy; R5 is hydrogen, chloro, fluoro,

met hyl , or nmethoxy; R6 and R7 are hydrogen; or a pharmaceutically
acceptabl e salt thereof 3. The conpound of enbodi nent 2, wherein R5 is
hydrogen; or a pharmaceutically acceptable salt thereof 4.The conpound of
enbodi ment;3yeipherein R4 is selected fromchloro, tri fI uor or net hyl ,

di fl uoronet hyl, difluoronethoxy, and trifluoronethoxy

2012/ 039972PCThs20 R/ 08l RG3isdHdorgen. pihthwethartis @@ﬁthxl at:Beqo@%Rea a8l t

thereof . taien][-ogether %Plflr?}% c%clopp%yqurelg,Of embodi ments 1 - 4, wherein,

R, is methyl or fluoromethyl;

Rj is methyl;

R4 is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;
Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;
Rg is hydrogen, halo, methyl, or methoxy;

R-} is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

38. A method of treating psoriasis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound
of embodiment 10;

or a pharmaceutically acceptable salt thereof.

39. A method of treating psoriasis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:



one of Rla and Rib is hydrogen, and the other is nethyl, and the conpound
of Fornmula | consists of a m xture of stereoi soners; or a pharnmaceutically
accept ablwozailzospdrer eof . 6. The conpound of any one of echbascomnsaei - 4,
wherein, one of Ria and Rib is hydrogdan, and the other is nmethyl, and the
conpound of Folinula I consists _of a substantially pure stereoisoner; or a
phar maceutically acceptable B thergRf. 7. The conpound of enbodi nment 6,
wherein, one of Ria and Rib is\hydtoggn, and the other is nethyl, and the
carbon of the conpound of For I"Nfarkéosywi th a * has substantially the
S-configuration; or a pharnmac caﬁ1y gpt alpje salt thereof. 8. The
conpound of enbodi ment 6, whggei nO one of "RL}) and Rib is hydrogen, and the
other is methyl, and the carbon_gif the conpoOnd of Fornula | marked with a
* has substantially the R—confiégﬁption; or a pharmaceutically acceptable
salt thereof. 9. The conpound ofvenbogdi ment |, wherein R, and Rb are
taken together to forma cyclopropylNring; R2 is nmethyl, trifluoronethyl,
or difluorotnethyl; WD 2012/039972?6%/U82011/051163 66 R3 is nethyl; R4 is
trifluoronmethyl, difluoromethyl, cWro, or fluoro; R6 and R7 are hydrogen;
or a phar gpgghirtatkicaly aeRpablegak ddredfher eof . 10. The conpound of

enbodi nent 1, selected fromthe group consisting of:

40. A method of treating psoriasis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

N OH

Ci
Ci

or a pharmaceutically acceptable salt thereof.

41,  Use of a compound of embodiment 1 in the manufacture of a medicament for

the treatment of psoriasis.

42. A method of treating atherosclerosis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound

of Formula I



WO 2012/ 039972PCT/ US2011/ 051163 68 WO 2012/ 039972PCT/ US2011/ 051163 69
d G and pharmaceutically acceptable salts thereof. 11 . The conpound
of enbodiwernni2lB3997hi ch is: W 2012/ 039972PCT/ US2011/ 0BCTaB200/0011k& or a

pharmaceutically acceptable salt ther&of. 12. The conpound of enbodi nent 10,
which is: d

R2 OR1a quRB R
N+ 7
N/ N\ H
N X COOH
Ry =~ *
Ré\ Ry
I

wherein:

one of Ry, and Ryp is hydrogen, and the other is methyl; or Ry, and Ry, are
taken together to form a cyclopropyl ring;

Rz is methyl or fluoromethyl;

R3 is methyl,;

Ry is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rg is hydrogen, halo, methyl, or methoxy;

R is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

43. A method of treating atherosclerosis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound
of embodiment 10;

or a pharmaceutically acceptable salt thereof.

44, A method of treating atherosclerosis in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:



or a pharmaceutically acceptable salt thereof. 13. A pharnaceuti cal
conposition conprising a conpound of fornula I: R2R a RIbR6 N, x R3

wher ei n: wo2012/6m520f Ria and Rib is hydrogen, and the ecwmars2013/0sabhyl; or
Ria and Rib are taken together to for8 a cyclopropyl ring; R2 is nethyl or
fluoromethyl; R3 is methyl; WD _2012/039972PCT/US2011/051163 71 R4 is

hydr ogen, hal o, fluoronethylF th@xyMeor fl uoronet hoxy; R5 is hydrogen,
hal o, fluoromethyl, nethoxy, or gnet hoxy; R6 is hydrogen, halo,

met hyl, or nmethoxy; R7 is hyd'qo thyl, or methoxy; and X is
oxygen; or a pharrmaceutically ) | t @,tper eof; and a
pharmaceutically acceptable gdrriér. . armaceuti cal conposition
conprising a conmpound of enbodi 10, or aOpharnaceutically acceptable
salt thereof; and a pharnmaceuti y acceptable carrier. F F or a

phar maceut i cal | y accept abl e sal ergof; and a pharmaceutically acceptable
carrier. 16. A pharnmaceuti cal corrposg_ don conprising the conpound which is:

-4

or a pharmaceutically acceptable salt thereof.

45. A method of treating atherosclerosis in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

OH

Ci

Cl

or a pharmaceutically acceptable salt thereof.



Cl or a pharmaceutically acceptable salt thereof; and a pharnaceutically
acceptable carrier. 17. A method of treating nultiple sclerosis in a

mant hal , worpramsiIrg t he step of administering to the nmamo&lusa011/051163
pharmaceuti cal conposition conprising4a conpound of fornula I: wher ei n:
one of Rla and Rib is hydrogen, and the other is _ nethyl; or Ria and Rib are
t aken t ogéé-her Use of acampowidcoismrbasiment Ingy:; thﬁlllapﬁaﬁ%‘{f?@faﬁ}e dicpipgiidRbt hyl ; R3
i s nethyl 4 J.0, fluoronethyl, methoxy, or fluoromnet hoxy_

R5 is hy thgl%reeahﬁ%nQ?(’%tﬂgﬁ%gﬁg?ﬁglet hyl, methoxy, or fluorornethoxy; R6 is
hydrogen halo met hyl , or rret hoxy, R7 is hydrogen, halo, nethyl, or

nmet hoxy; and X is ox gen gar maceutically acce tabl e. sal fls thereof WO
2012/ 03099BPCTAUBIBY P6 & eaiFE TpHamIBlor P MR SOOI RIRE PP &f
sclerosis F{ﬁ{?@ eJalgsalel manmal
a phar nace%rglngsgt rrp%lgl ti on{dc&ls Hﬁ?’i‘%‘?ﬁéﬂl% og%ﬁﬂ‘c@h@%ﬁi%%%?c%%oﬁ?% or a
phar maceubt Eadntula Bccept abl e salt thereof. 19. A nethod of treating
multiple sclerosis in a mammal , ¢ I’ISIEg the step of adm nistering to the

manmal a pharnaceuti cal corrpﬂgi ti gms ?siRng t he conpound of Fornula I
NX@ 7
H
X COOH

whi ch is:

wherein:

one of Ry, and Ry is hydrogen, and the other is methyl; or Ry, and Ry are
taken together to form a cyclopropyl ring;

R, is methyl or fluoromethyl;

Ryis methyl;

R4 is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Re is hydrogen, halo, methyl, or methoxy;

R7 is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically accepteible salts thereof.

48. A method of treating inflammatory pain in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound
of embodiment 10;

or a pharmaceutically acceptable salt thereof.



or a pharmaceutical salt thereof. 20. A nethod of treating nultiple
sclerosis in a manmal , conprising the step of adm nistering to the mammal a
phar macewocal2/msemrposi ti on conprising the conpound of Fecwuisaoih/oshksh i s:
FF c WD 2012/ 039972PCT/ US2011/ 086163 74 21. Use of a conpound of
enbodi nent | in the manufacture of a nmedi canent faor the treatnent of

mul tipl e 421 er dsngthod pbtresiingdpiisamalory painin fFapmal s g thefteP Pt in a
mammal , conprising the step of administering to the manmal a pharnaceuti cal
conposi t i adminsRingstonie mammapb@tph&t’rrmbelﬁrmhwna)dsﬂlon comipaisiwigihe one of
Ria and Rib is hydrogen, and the other is nethyl; or Rlra and Rib are taken

t oget her tompod of IoyatRArvaIM ist i ng; R2 is met hyI or fluoronethyl; R3 is

nmet hyl; R4 is hydrogen, halo, fluoronethyl, nethoxy, or fluoronet hoxy R5
IS hydrogen hal o, fluoromethyl, nethoxy, or fluoromethoxy; R6 is hydrogen,
hal o, methyl, or methoxY; R7 is hydrogen, halo, nethyl, or nethoxy; and X

i s oxygen; or pharmaceutical f cc ptﬁpl e salts thereof 23. A net hod of
treating rheumatoid arthritis in a , conprising the step of

F
FF

or a pharmaceutically acceptable salt thereof.

50. A method of treating inflammatory pain in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

F
Fij{oL

2 N
N H
Me

]

Cl
Cl

or a pharmaceutically acceptable salt thereof.

51.  Use of a compound of embodiment 1 in the manufacture of a medicament for

the treatment of inflammatory pain.

52. A method of treating neuropathic pain in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound

of Formula I:



adm nistering to the manmal a pharnmaceutical conposition conprising
conprising a conpound of enbodi nent 10; or a pharnaceutically acceptable
salt therwof2012/08®72012/ 039972PCT/ US2011/ 051163 75 24. A metrhusdoiofostiseat i ng
rheumatoid arthritis in a manmal, comfgrising the step of adnministering to
t he mammal a pharnaceuti cal corrp05| tion conprising the conmpound of Foinula
I which is: or a phar rracel:ltl ca Rya ept abl e salt thereof. 25.A nethod
of treating rheumatoid arthrifis anedRy conprising the step of

adm nistering to the nmanmal %gfph rmace conposition conprising the
conmpound of Formula | which isiy” XCl o eomaceuti cal ly acceptabl e salt
t hereof. 26.Use of a conpound odinent 1 in the manufacture of a

medi cament for the treatment of “riheypatoid arthritis. WO

2012/ 039972PCT/ US2011/ 051163 76 2% thod of treating system c | upus
erythematosus in a manmal , conpri ¥ing the step of administering to the
manmmal a pharmaceutical conposition conprising a conpound of forrmula I:
wher ei n: I

wherein:

one of Ry, and Ry is hydrogen, and the other is methyl; or Rj, and Ry are
taken together to form a cyclopropyl ring;

Rz is methyl or fluoromethyl;

R3 is methyl;

Ry is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rg is hydrogen, halo, methyl, or methoxy;

Ry is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

53. A method of treating neuropathic pain in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a compound
of embodiment 10;

or a pharmaceutically acceptable salt thereof.

54. A method of treating neuropathic pain in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:



one of Rla and Rib is hydrogen, and the other is nmethyl; or Rl. and R b are
taken together to forma eyelopropyl ring; R2 is nmethyl or fluoronethyl; R3
i s nmet hylwoRd1z/w94rgdr ogen, hal o, fluoronethyl, nethoxy, por/Udsbaansimes hoxy;
R5 is hydrogen, halo, fluoronethyl, mthoxy, or fluoromethoxy; R6 is
hydrogen, halo, nethyl, or nethgoxy; Rry is hydrogen, halo, nethyl, or

nmet hoxy; and X i s oxygen; orF rngcepti cal ly acceptable salts thereof.

28. A nmethod of treating systeffic jJlup eryt hemat osus in a mammal ,
conprising the step of adm ni in ¢ mammal a pharnaceuti ca
conposition conpri-sing a conp of" entt mendgy; 10, or a pharmaceutically
acceptabl e salt thereof. 29.,,A nePhod of trefting system c |upus

eryt hemat osus in a mammal , conpriSing the st@ép of adm nistering to a nanmal
a pharmaceutical conposition C'GEEDSing t he conpound of Fornula | which is:
WO 2012/ 039972PCT/ US2011/ 051163 OH , or a pharmaceutically acceptable
salt thereof. 30. A nethod of treatd ng system c |upus erythematosus in a
manmal , conprising the step of adnifhistering to a mammal a phar maceuti cal
conposition ¢ ri sing.the coppou of Formula 1 which is: O or a
pharnaceu?f@ﬁﬂ%@mﬁggﬁgy%ﬁFfp ool isFedds . 31. Use of a conpound of
enbodinment 1 in the manufacture of a nedicanent for the treatnent of

system c | upus erythemat osus. . ..
55. A method of treating neuropathic pain in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

F
FQ\
4 N
N || H
N h‘/OH
/ @]
Me o
Cl

cl

or a pharmaceutically acceptable salt thereof.

56.  Use of a compound of embodiment 1 in the manufacture of a medicament for

the treatment of neuropathic pain.

57. A method of treating migraine-associated pain in a mammal, comprising the
step of administering to the mammal a pharmaceutical composition comprising a
compound of Formula I:

O R‘l a R1 hRe

R, < R,
m§ B
N. X
AHI COCH
R3 " I
R? R4



32. A nethod of treating type 1 diabetes in a mammal, conprising the step
of adm nistering to the manmal a pharnmaceutical conposition conprising a
conpound Wb 2bvaspd7a |: WO 2012/ 039972PCT/ US2011/ 051163 PZ8/US201Mi06T1163 N:

one of Rla and Rib is hydrogen, and td88e other is nethyl; or Rra and R b are
taken together to forma cyclopropyl ring; R2 is nmethyl or fluoronethyl; R3
is methyl; R4 is hydrogen, halo, fluoronethyl, nethoxy, or fluoronethoxy;
R5 i s hydmbgem: hal o, fluoronethyl, nethoxy, or fluoronethoxy; R6 is

hydr ogen, halo, ne I net.haxy; R7 js hydraogen al o, nethyl, or

met oty and xoP6 ob Ryt Rer = pRadeceemd Ba i IRERsRIb P ROkt cor . s
A method @feh (QRIHeP® fo¥RQ cBbAiPpSl 88g;i N a mammal , conprising the step of
adm nistering to the nmarmal a pharnaceuti cal conposition conprising a

conpound of enBodi metyl afluasemethphar maceuti cal |y acceptabl e salt thereof.
34. A nethod o#@tireg,{hixgg type 1 diabetes in a mammal, conprising the step
of adm nisteri &) manmmal a pharmaceutical conposition conprising the

conpound of FoRgud Bydrop¥ii Bdlo,i BioroMERZI0 AP IAAROFHHER0A/ 051163 79 or a

pharmaceuti cal |y acceptabl e salt thereof.
R is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

R is hydrogen, halo, methyl, or methoxy;
R; is hydrogen, halo, methyl, or methoxy; and
X is oxygen;

or pharmaceutically acceptable salts thereof.

58. A method of treating migraine-associated pain in a mammal, comprising the
step of administering to the mammal a pharmaceutical composition comprising a
compound of embodiment 10;

or a pharmaceutically acceptable salt thereof.

59. A method of treating migraine-associated pain in a mammal, comprising the
step of administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

=
Iz

OH

or a pharmaceutically acceptable salt thereof.



35. A nethod of treating type 1 diabetes in a manmal, conprising the step of
adm nistering to the manmal a pharnaceutical conposition conprising the

conmpound wbO 2pni3gd7a 1 which is: Cl or a pharmaceuti cacirysacia@ptiabl e sal t
thereof. 36. Use of a conmpound of emiodinent 1 in the manuf acture of a
medi canment _for the treatnment of type 1 diabetes. met hod of treating

psori asi sPn aAnagihad of E@ﬁﬁ%ﬂ%@ﬁﬁm%ﬁ§0§@€6pﬁwiﬁﬁﬁ?%ﬁ@@ FPREYRR t'e mammal a
phar maceuti cal conposition conprising a conpound of Formula 1. WO

2012/ 0399 72pPOoT AdiSRit @30 1e3manmal a phgnwicentical composgioa compRsiagadid Rib i s
hydrogen, and the-other is nmethyl; or Rra and R b are taken together to
forma Cy@bﬁj6&ﬁ@ﬂfﬂﬁhﬁ@alR&nﬂsmnEthyl or fluoronethyl; R3 is nethyl; R4 is
hydr ogen, fl uoronet hyl, methoxy, or fluoronethoxy; R5 is hydrogen,

hal o, fluoronethyl, met hoxy, or fluoronethoxy; R6 is hydrogen, halo,

met hyl, or nethoxy; R7 is hydrogen, halo, nethyl, or nethoxy; and X is
oxygen; or pharmaceutically agceptable salts thereof 38. A nethod of
treating psoriasis in a m caogprising the step of adnministering to the
manmal a pharnmaceuti cal conposhti of
or a pharmaceutically accept

Cl

Cl

ora phanﬁaceutically acceptable salt thereof.

61.  Use of a compound of embodiment 1 in the manufacture of a medicament for

the treatment of migraine-associated pain.

62. A method of treating spondyloarthropathies in a mammal, comprising the step
of administering to the mammal a pharmaceutical composition comprising a

compound of formula I

OR'Ia R1bR6
Rs Ry
N N
N~~~
I}I COOH
R3 = l
Ré\ R4

wherein:

one of Ry, and Ry is hydrogen, and the other is methyl; or Ry, and Ry, are
taken together to form a cyclopropyl ring;

R; is methyl or fluoromethyl;

Rj3 is methyl;

R, is hydrogen, halo, fluoromethyl, methoxy, ot fluoromethoxy;



39. A nethod of treating psoriasis in a mammual, conprising the step of

adm nistering to the manmal a pharnaceutical conposition conprising the
conpound Wb 2pwased7a | which is: WO 2012/ 039972PCT/ US20PLr05241685843 or a
pharmaceutical |y acceptable salt ther%®of. 40. A nethod of treating psoriasis
in a mmual, conprising the step of adm nistering to the manmmal a

phar rraceutl cal Rednskoganobaledinnremsethyl, methoxsngydiaomethesemul a | which is:
FF I salt thereof. 41. Use of a
corrpound of eng]é?f{%ﬁ&%‘ ﬁiﬁ!}’trﬁtﬂﬁé @@1[0“¥e of a nmedi canent for the
treatment of pRontREirsgen, Halo, Metipl, bﬂﬂlethbszraadtl ng atherosclerosis in a
manmmal , conpri Si ng the step of administeri ng to the manmal a pharnmaceuti cal

conposi ti on corpPi%¥&dsa compound of Fornmula |: WO
2012/ 0399 %!{” grein: one of Rla and Ribis
hydr ogen, Z)?E ugggltjc%ﬂe)oé&%géblé%atsm% Ria and R- 113 are taken together to

forma eyelopropyl ring; R2 is nmethyl or fluoronethyl;
63. A method of treating spondyloarthropathies in a mammal, comprising the step
of administering to the mammal a pharmaceutical éomposition comprising a
compound of embodiment 10;

or a pharmaceutically acceptable salt thereof.

64. A method of treating spondyloarthropathies in a mammal, comprising the step
of administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

F
F 0O Me
4 N
N‘N , HnrOH
VESS I
F

£ F

or a pharmaceutically acceptable salt thereof.

65. A method of treating spondyloarthropathies in a mammal, comprising the step
of administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

N OH

Cl
Cl

or a pharmaceutically acceptable salt thereof.



R3 is methyl; R4 is hydrogen, hal o, fluoronethyl, nethoxy, or
fluoronet hoxy; R5 is hydrogen, halo, fluoronethyl, nethoxy, or
f | uor onetwoxy12/@®72s hydrogen, hal o, nethyl, or nethoxyPCRUS2G 1ydsdgen,
hal o, methyl, or methoxy; and X is oxygen; or pharnaceutically acceptable
salts thereof. 43. A nethod of treating.atherosclerosis in a manmal ,

1

conpri si n§6t heUse eha esmpewidwif swdediment b in the manwiasturg op aiedicamgnt 1eg|
conpositign .conpri.sikn g% . of enbodi nent 10; or a pharmaceutically
accept abl ﬁjes:%ﬁa ?rﬁg?%‘%)f“ay@ : %B%gi od of treating atherosclerosis in a
manmal , conprising the step of administering to the manmal a pharnaceuti cal

conposition conprising the conpound of Formula | . which is;, WD
2012/ 0399%2PCTAUBSM 4 PHBYating cancer éyp mamypal LCORNXISHEIBECRA | y accept abl e

compr i 51 ngpiAgo R (S Bl AR R R o hlhed SRR

conposi ti efifeemnil: si ng t he conmpound of Formula | which is: Cl or a
pharmaceutically acceptabl e salt Brilaereof WO 2012/ 039972PCT/ US2011/ 051163

1 Ry, '8
Rz a 1b R7
N *
N N H
‘l}l' X COOH
R3 o |
Ré R4

wherein:

one of Ry, and Ry is hydrogen, and the othér is methyl; or Ry, and Ry, are
taken together to form a cyclopropyl ring;

R, is methyl or fluoromethyl;

Rj is methyl;

Ry is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methoxy, or fluoromethoxy;

R is hydrogen, halo, methyl, or methoxy;

R7 is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof.

68. A method of treating cancer in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising comprising a
compound of embodiment 10;

or a pharmaceutically acceptable salt thereof.

69. A method of treating cancer in a mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:



84 46. Use of a conpound of enbodinent 1 in the manufacture of a

nmedi canent for the treatnent of atherosclerosis. 47. A nethod of treating
i nf | anmatwoyopai3p@zn a mammal , conprising the step of asoirnisstiensngdto the
manmal a pharnaceuti cal conposition c8nprising a conpound of Fornula I:
wher ei n: one of Rla and Ri b is hydrogen, and the other is nethyl; or
Ria and Rib are taken togeth o dorfa cyclopropyl ring; R2 is nethyl or
fluoronethyl; R3 is nethyl; i ydnqogen, hal o, fluoronethyl, methoxy, or
f1 uoronet hoxy; RS is hydrogeny” gnet hyl , rnethoxy, or

f 1 uoronet hoxy; R6-is hydrogen,jy k4 et hoxy; R7 is hydrogen,
hal o, nethyl, or nethoxy; aqgéx i & oxygen; oJf pharmaceutically acceptable
salts thereof. 48. A nethod of t

conprising the step of adm ni st

g to the mammal a pharnaceutica
conposition conprising a conpou f _enbodiment 10; or a pharmaceutically
acceptable salt thereof. WD 2012/0839972PCT/ US2011/051163 85 49. A net hod of
treating inflammtory pain in a marfival, conprisihg the step of

adm ni stering,to the. nanmal har naceut i cal conposition conprising the
conpound 8¥a%BWHﬁ?QﬁFg@%P%ﬁ®§BES it

70. A method of treating cancer in a mammal, comprising the step of

administering to the mammal a pharmaceutical composition comprising the

compound of Formula I which is:

N
OH
O
cl i
Cl

or a pharmaceutically acceptable salt thereof.
71.  Use of a compound of embodiment 1 in the manufacture of a medicament for
the treatment of cancer.
72.  The method of any of embodiments 67 — 71, wherein the cancer is selected

from the group consisting of skin cancer, breast cancer, colorectal cancer, prostate
cancer, kidney cancer, ovarian cancer, cervical cancer, endometrial cancer,
glioblastoma, lung cancer, head and neck cancer, medulloblastoma, and urinary tract
cancer.

73. The method of embodiment 72, wherein the cancer is skin cancer.

74. The method of embodiment 72, wherein the cancer is breast cancer.

75. The method of embodiment 72, wherein the cancer is colorectal cancer.



F F or a pharmaceutically acceptable salt thereof. 50.A nethod of treating
inflammatory pain in a manmal, conprising the step of admnistering to the
manmal a wbanresearki cal conposition conprising the conpeamdasediiesriaul a |
which is: Cl or a pharmaceutically acB®eptable salt thereof. 51. Use of a
conpound of enbodinent 1 in the manufacture of a nedi cament for the

treat nent of inflannatory pain. 52. A nethod of treating neuropathic pain
inam [ t
phar mac g{]?llti CBIIIG rrg ?m%%ﬁrg%ﬁt% %Ihe?eﬂmhg cﬁltu%“ O%tgtlc_‘. cgﬁce V\D
2012/039972PCT/U82011/051163 86 mhereln one of Rla and Ribis

hydr ogen, and the other is nethyl; or R a and Ribh_are taken together to
form a cyd¥obropsthod phembdimest e FhgreinihefcppesT SHEIRRY Cangel. i s nethyl: R4 s
hydr ogen, hal o, fluorotnethyl, nethoxy, or fluoronmethoxy; R5 is hydrogen,
hal o, fluoronethyl, nethoxy, or fluoronethoxy; R6 is hydrogen, halo,

met hyl , or78nEhdwexthpd BY embodiyngniolfe mehetedh the camtelnyd gvaoian ntckoxy; and X i s
oxygen; or pharmaceutically acceptable salts thereof. 53. A nethod of
treating neuropathic pain in a mammal, conprising the step of admnistering
to the MERGRYyEmRMAl TREAHEARR PORRRRIS HRRAQHH dsiidl Angempound of

enbodi nent 10; or a pharnaceutlcally acceptabl e salt thereof. 54. A nethod
of treating neuropathlc pain in a mamml, conpr|5|ng the step of

adm ni st er I n }6(.? ]ﬁ]ﬁ{hﬁg P?a ga%n}egpﬁw erce%%ij HBCC%IICCI' i r@n%%melr?aﬁ] cacn%npr I si ng the

conpound

81. The method of embodiment 72, wherein the cancer is glioblastoma.

82. The method of embodiment 72, wherein the cancer is lung cancer.

83. The method of embodiment 72, wherein the cancer is head and neck cancer.
84. The method of embodiment 72, wherein the cancer is medulloblastoma.

85. The method of embodiment 72, wherein the cancer is urinary tract cancer.

Other embodiments. While we have described a number of embodiments of
this invention, it is apparent that our basic examples may be altered to provide other
embodiments that utilize the compounds and methods of this invention. Therefore, it
will be appreciated that the scope of this invention is to be defined by the appended

claims rather than by the specific embodiments that have been represented by way of

example.
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We claim

1. A compound of formula I:

wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and taken together to form a
cyclopropyl ring;

R, is methyl or fluoromethyl;

R3 is methyl;

R4 is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Re is hydrogen, halo, methyl, or methoxy;

R; is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein

one of Ry, and Ry, is hydrogen, and the other is methyl; R, is methyl, difluoromethyl, or
trifluoromethyl;

Rz is methyl;

R4 is chloro, fluoro, difluoromethyl, trifluoromethyl, methyl, methoxy, difluoromethoxy, or
trifluoromethoxy;

Rs is hydrogen, chloro, fluoro, methyl, or methoxy;

Re and R; are hydrogen;

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 2, wherein R; is hydrogen; or a pharmaceutically acceptable salt

thereof.
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4. The compound of claim 3, wherein R, is selected from chloro, trifluoromethyl,

difluoromethyl, difluoromethoxy, and trifluoromethoxy; or a pharmaceutically acceptable salt thereof.

5. The compound of any one of claims 1-4, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the compound of Formula |
consists of a mixture of stereoisomers;

or a pharmaceutically acceptable salt thereof.

6. The compound of any one of claims 1-4, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the compound of Formula |
consists of a substantially pure stereoisomer;

or a pharmaceutically acceptable salt thereof.

7. The compound of claim 6, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the carbon of the compound of
Formula | marked with a * has substantially the S-configuration;

or a pharmaceutically acceptable salt thereof.

8. The compound of claim 6, wherein,
one of Ry, and Ry, is hydrogen, and the other is methyl, and the carbon of the compound of
Formula | marked with a * has substantially the R-configuration;

or a pharmaceutically acceptable salt thereof.

9. The compound of claim 1, wherein

Ria and Ry, are taken together to form a cyclopropyl ring;
R, is methyl, trifluoromethyl, or difluoromethyl;

Rz is methyl;

R, is trifluoromethyl, difluoromethyl, chloro, or fluoro;
Re and R, are hydrogen;

or a pharmaceutically acceptable salt thereof.

10. The compound of claim 1, selected from the group consisting of:
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F
F
F o Me Fe™ 0 e F
N v N
N N
LIl H OH N T
Me O / 8]
(<] 0 Me O M
Ct Cl ,
F
F F e
4 N
N
OH LA H OH
M 8}
C € o]
-
S
F—~F ci
F
and pharmaceutically acceptable salts thereof.
11. The compound of claim 1, which is:
OH
O
or a pharmaceutically acceptable salt thereof.
12. The compound of claim 1, which is:
§ =
P OH
f
O

Ci :

or a pharmaceutically acceptable salt thereof.

N
H
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13. A pharmaceutical composition comprising a compound of formula I:

OR R
Rg " :~R1b > R
; o 7
N
N N_.H
N X COOH
Ry o~ [
R;—./\ R4
I

wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and Ry, are taken together to
form a cyclopropyl ring;

R, is methyl or fluoromethyl;

Rz is methyl;

R4 is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Rg is hydrogen, halo, methyl, or methoxy;

R; is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.

14. A pharmaceutical composition comprising a compound of claim 10, or a pharmaceutically

acceptable salt thereof; and a pharmaceutically acceptable carrier.

15. A pharmaceutical composition comprising the compound which is:

or a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.
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16. A pharmaceutical composition comprising the compound which is:

_OH

Cl

or a pharmaceutically acceptable salt thereof;

and a pharmaceutically acceptable carrier.

17. A pharmaceutical composition comprising a compound of formula I:

OR R
Rz 1a R1b 6 R
P 7
N
N N\ H
N X COOH
R3 = l
Rgf\ Rs
1

wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and Ry, are taken together to
form a cyclopropyl ring;

R, is methyl, or fluoromethyl;

Rz is methyl;

R4 is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Re is hydrogen, halo, methyl, or methoxy;

R; is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or a pharmaceutically acceptable salt thereof for use in the treatment of multiple sclerosis in a

mammal.

18. A pharmaceutical composition comprising a compound of claim 10; or a pharmaceutically

acceptable salt thereof for use in the treatment of multiple sclerosis in a mammal.
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19. A pharmaceutical composition comprising the compound of claim 1, which is:

OH

:
or a pharmaceutically acceptable salt thereof for use in the treatment of multiple sclerosis in a

mammal.

20. A pharmaceutical composition comprising the compound of claim 1, which is:

N " OH

or a pharmaceutically acceptable salt thereof for use in the treatment of multiple sclerosisin a

mammal.

21. Use of a compound of claim 1 in the manufacture of a medicament for the treatment of

multiple sclerosis.

22. A pharmaceutical composition comprising a compound of formula I:

ORfa R Rs
R2 1b
N N e
No, ey
N COOH
0.
mf Ry
I

wherein:
one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and Ry, are taken together to

form a cyclopropyl ring;
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R, is methyl, or fluoromethyl;

Rs is methyl;

R4 is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Re is hydrogen, halo, methyl, or methoxy;

R, is hydrogen, halo, methyi, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof for use in the treatment of rheumatoid arthritis in

a mammal.

23. A pharmaceutical composition. comprising a compound of claim 10; or a pharmaceutically

acceptable salt thereof for use in the treatment of rheumatoid arthritis in a mammal.

24. A pharmaceutical composition comprising the compound of claim 1, which is:

% N
N\N I H o
mé O X
—F
£F

N
or a pharmaceutically acceptable salt thereof for use in the treatment of rheumatoid arthritis

in a mammal.

25. A pharmaceutical composition comprising the compound of claim 1, which is:

RF

OH

Ci

or a pharmaceutically acceptable salt thereof for use in the treatment of rheumatoid arthritis

in a mammal.
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26. Use of a compound of claim 1 in the manufacture of a medicament for the treatment of

rheumatoid arthritis.

27. A pharmaceutical composition comprising a compound of formula I:

ORr Rg
R, o Rt o
" 7
— N
N N\ H ;

N X ' COOH

R,g 2 l

R’s/,\' Ry
I

wherein:

one of Ry, and Ry, is hydrogen, and the other is methyl; or Ry, and Ry, are taken together to
form a cyclopropyl ring;

R, is methyl, or fluoromethyl;

Rs is methyl;

R4 is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Rs is hydrogen, halo, fluoromethyl, methyl, methoxy, or fluoromethoxy;

Re is hydrogen, halo, methyl, or methoxy;

R, is hydrogen, halo, methyl, or methoxy; and

X is oxygen;

or pharmaceutically acceptable salts thereof for use in the treatment of cancer in a mammal.

28. A pharmaceutical composition comprising a compound of claim 10;

or a pharmaceutically acceptable salt thereof for use in the treatment of cancer in a mammal.

29. A pharmaceutical composition comprising the compound of claim 1, which is:

F
F 0O Me
N
N R o
mé ¢ X
F
£F

.
s

or a pharmaceutically acceptable salt thereof for use in the treatment of cancer in a mammal.
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30. A pharmaceutical composition comprising the compound of claim 1, which is:

Ci

or a pharmaceutically acceptable salt thereof for use in the treatment of cancer in a mammal.

31. Use of a compound of claim 1 in the manufacture of a medicament for the treatment of

32. The pharmaceutical composition for use of any of claims 27-30, or 48, wherein the cancer is

selected from the group consisting of skin cancer, breast cancer, colorectal cancer, prostate cancer,

kidney cancer, ovarian cancer, cervical cancer, endometrial cancer, glioblastoma, lung cancer, head

and neck cancer, medulloblastoma, and urinary tract cancer.

cancer.

cancer.

33. The pharmaceutical composition for use of claim 32, wherein the cancer is skin cancer.

34. The pharmaceutical composition for use of claim 32, wherein the cancer is breast cancer.

35. The pharmaceutical composition for use of claim 32, wherein the cancer is colorectal

36. The pharmaceutical composition for use of claim 32, wherein the cancer is prostate cancer.

37. The pharmaceutical composition for use of claim 32, wherein the cancer is kidney cancer.

38. The pharmaceutical composition for use of claim 32, wherein the cancer is ovarian cancer.

39. The pharmaceutical composition for use of claim 32, wherein the cancer is cervical cancer.

40. The pharmaceutical composition for use of claim 32, wherein the cancer is endometrial

41. The pharmaceutical composition for use of claim 32, wherein the cancer is glioblastoma.
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42. The pharmaceutical composition for use of claim 32, wherein the cancer is lung cancer.

43. The pharmaceutical composition for use of claim 32, wherein the cancer is head and neck

cancer.

44. The pharmaceutical composition for use of claim 32, wherein the cancer is

medulloblastoma.

45. The pharmaceutical composition for use of claim 32, wherein the cancer is urinary tract

cancer.

46. The compound of claim 1, which is

F\%/F O Biﬁe
/4
NN T
N A\ _OH

Me
e °
N
V\KF
£ F

47. A pharmaceutical composition comprising the compound which is:

Me
OCH
o]
.»F *

=3

et o
4 N
}l Q
Me {
F

and a pharmaceutically acceptable carrier.

48. A pharmaceutical composition comprising the compound of claim 1 which is

F

F 0 Me

} ,
N‘N [ A OH

mé 9 il
o o)
N

F v
FF

for use in the treatment of cancer in a mammal.
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49. The compound having the formula:

o) Me
Me
N
J/ H
|
\ OoH
N
/ (¢}
Me o 0
F
or a pharmaceutically acceptable salt thereof.
50. The compound of the formula:
Me
OH
o}

Ci

or a pharmaceutically acceptable salt thereof.
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