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pr eggdenio308091pr the Preparations herein, or routine adaptation thereof.
The conpound of general formula (V) can be made by renoval of the

NprOt?—?tN”QaBF% Psﬁe ﬁ&ddj%’t& |' dpr?ézslr?d&%gzﬁ |%r%‘t’|B

readi | 0 t,0n

or by & g%%ﬁ rgftrwsm Yiar p%@tgggt Beaéthg 'B@ﬁ%
gr oup, Nlgdig UNEIAT I%“nr @?I8§ Qégus acid sol uti on.
Whef®in X represents a direct link, the -C(0O)Rl group may be introduced by
acyl at iltbriN 20abfoyh&.i htSaleedDathe Sm)thu& Bpttarabyd & 8. &c\BeddyorProstadlsndin
such aseeeptora sei meldiatofsiof vaateldr fanctios uic lenaio naetread ipd tieblogie sleMBLCEUl  or
anhydr iEHRIdcRAE0 230, 191200v(2dec).he conpounds of general formula (11). The
acylation is preferabl y carried out using the acid chloride with a suitable
base, such as triethylam ne, and in a solvent such as dichl oronet hane, 1,2
di chl oroet hane or tetrahydrofuran. Acid chlorides RLCOCI are 25 either
comercially available or will be well-known to those skilled in the art
with reference to literature precedents. WD 2010/ 052625PCT/ 1B2009/ 054824
23 conpounds of forrmula (I1). The urea formation is preferably carried out
using the isocyanate with a suitable base, such as triethylamne, and in a

yst



C(0)OR1 group. The carbamate formation is preferably carried out by using
the appropriate chlorocarbonate, RL1O(CO Cl, and internediates of fornula
(V) w th wol01mmseé2abl e base, such as sodi um hydrogen caPb®MB2009/0:82 i N a
sol vent, such as dichl oronet hane, 1, 29di chl oroet hane or tetrahydrofuran to

provid aunds of orrru I rocarb R10 CL are epther
comr@ﬂaﬁ%'&@%q &I O%zf' {Im Y(arﬁe I'wé% B 3%6'\/' §§8 &g)% gl\’?rﬁ EEtZ

wi th r SeeprRIRE ©riRCF2; Eegiales timaraligiegenesis t@agehtdérept ?ﬁ@@t}sr@uﬁa@%@%al
gener alceflmtﬂltsaaod|suyvmale0éicpg@neaérrﬁ@ﬂaﬁﬁl (0Q08)ai | able or will be
wel | -known to those skilled in the art wwth reference to literature

pr eCfedQntPSar@IRdFoReﬁé‘ter pive Bhaferohs ezatiradn ek dnweBrdkwalst. IRGES dritePGH2 e
used t @IhiH rdleNRbE hepTEPpEMDNeEI BaRRiFHadesliméndofatriosis. RbstbieRdinBes,
pyrrol s g (qggg gen is protected and C(O)XRL is introduced in the final
step. Ar-CH(II'l) \V/z \ LG ether formation\\ 0-A).- HN\V/z \OAr r

PG N, G rot ect 1 25P 009/ P54, 24
26 1rofidh R W Y”g%w g @§%5? Yyrouan &Eé ﬁsz ?é%g 8, b

de- p? NH9PNs 'y YEh &M@r jeRE?! YGMP gs! VIEQJ
Any suiredpged m&tlﬂlbgéhmﬂﬁ%t%mgwﬁﬁagpmﬁéamdb“eEE@e@C@&éordé%‘rM%dd i a17
"Prot ed1999). G oups in Organic Synthesis", 3rd edition, T.W G eene and P.G
Wits, W/l ey-Interscience, 1999). 5 The C(O) XR1 group nay be introduced by
acyl at immwofldsakdenr BliegtrdCL. Sceeedi Bt €ol(ival B, MaD . IMEN( @ruﬁeledﬁ&;léyd?@d
for 153ChsiBerdasd-D |ﬁ‘h|’6|tﬁﬁﬂﬁhdubgé Ye§R3skh GFBut%Y L@Sﬁ@éﬁ@ rYaI‘Qert@%yad‘dW'n-

chlorigd tiBn @1 L& 855 8latdohtAadt s fo “Ch
a2 i3 ?%?Hﬁfg% ?gé?@ iny Al f%*f@gi@@%ﬂ BT

chl orocar bonat e, wi.th a suitable base, such as sodj um hydrogen
car bondt-éV &ﬁéhiyn% Lsdpv&ﬁrg YudNang, B v OWEHEE HANE; Kokd &qi chi MasdeHghe or
t et 2&hyEicFaxyganase-2xIthibiien mhiGelesaxbe RedieeeP e dpeationyand dnduces

i socyargioptedis in Angingeaid Endaibelialsuels iasVivoi 6ahgerdren €2, 6Rd-31n(2808pl vent ,
such as dichl oronet hane, 1,2 dichloroethane or tetrahydrofuran. 15

| nt er ngglijat g, sf H. @Hawga K( Warko C@”Cbﬂr’rlﬂafrﬁmt'ﬁd\/\fur Eerﬁ’tr?rGﬂH%@é@%cNId T.

for”U;fF (1130 ?CrleEe@)\}é}e *Pé%uloﬁm 0%&% ﬁé‘i'é ﬁcragrn%%%t ed
pro ectﬁ%&g&é&%’% hr@%ﬁgg g:%z ?B'g enzoyl gcco 3 to a further

enbodi t.he en Vv i on rQV|des novel i nt rnedla conpounds of
generaIrBef rlrit I%R(?'f C?ﬁg é'& GHIRSISF IS ABSQGIIERN iR TREPIEAGE fNENsiryation,

cont i n@ysmENosg1ged @'ﬂ@\ﬁ@'%@@'ﬁgyf BGHﬁQQOﬂma@f%@mﬁ%&t@MﬁﬂWgy 93,
cryst al859@2 (MH6)t er m ' anor phous' refers to a state in which the materi al
|l acks | ong range order at the nolecular level and, depending upon

t enper 8. Wigtsuiai, RXIGavis, ¢ MBaehysRC Blallgr, € @Kdnesratd G M&dé.Cyllodkylgeids -
Typi calj yeiab6ive Wu@ﬁb@bﬁa@‘hté‘%p%‘n&’&tucﬂi &t bﬂﬁidué’%néfoﬁ@fn n‘nftfof@&blo%uE@é iner ns
and, whid eF%ﬁmtfbha rsgettn[ﬁg g 986?t1'5e(520®‘21a§a5° Id, are more form

descrlbe as a n’heati ng, nge 30fromsoI|dtoI|qU|d

propertje ccur i S _characterjseq by a chan e of state ally
e odnd Sor Msyzaiéi’@‘ Eaidor Daoh Potlre: ter IS Br (Phamui &, SF 8083 i o
phase i WWEeﬂﬁ%e#a?éplrﬁﬁslﬁ% in degel aﬂd@mekréasmtaér%@nagqh@:etw@mp t he
mol eculeadomglenmahertdity asd Sterildy iBac B08- 1% (28048).f fracti on pattern with
defined peaks. Such materials when WD 2010/052625PCT/ 1B2009/ 054824 25

heat ed S WNdruenigal YySuglrotel & . aJdHikubi. Prestanolefeceptorsf steudtups, groperties he

chapnge dndoihegonsd Ftr@/sldlmévdmswg@-?@@t erdoegd by a phase change, typically
first order (Melting point' The conpounds of the invention nay al so exi st

hgsgpf%' gt ba}ed »é%ge;rggniaorﬁs RIS LY AhE, b ASIARRE R0t 0
one. or ﬂ& PO, é@%%mﬁ  Rofoln® ol ﬁo%cg;f'a@ Prapogis

et hanolStl e?e?rrﬂm 8‘?3@@ $HOR qyggé?ﬂ OF'SsdpUve éma.%e IJQIUr al of
cur #entGlipical Eastosinelogy and Metabehs G086 (H99Ani c hydrates is one that
defi nes 10 isolated site, channel, or netal-ion coordinated hydrates - see
" Pol ymv p@isbimand PEaDiveatelk, iS:dl. Keaiginsd, ByOKhirRa, BbHansoCkdE. Kwdag, J. M.
Brittaizadkyssal FDEkkRs & MIRP)Taket®! Suimstessiba dTystesti®s gulgodyieh Apc BT 1N

t he wat i t er by
i nt sdvekﬁpﬁgaétﬁgfﬁﬁ’é/ Iﬁ‘f)‘lﬁ)elﬂéﬁpggé%&%ﬁanneé Qﬁ?%{?&g@éltl EZ gg???(hr?glsecul es lie
a

ttice channels where they are next to other water nolecules. In 15
netal-lon coordi nated hydrates, the water nolecul es are bonded to the netal
ion. Wen the solvent or water is tightly bound, the conplex will have a
wel | -defined stoichionetry independent of humidity. Wien, however, the
solvent or mater |s meakly bound ‘as in channel solvates and hygroscopic

~ N



Al so included within the scope of the invention are nulti-conponent

conpl exes (other than salts and sol vates) wherein the drug and at | east one
ot her componrerwosase 25 present in stoichiometric or nonPsTaB0d/0FM8L4 | C
anounts. Corrpl exes of this type include cl at hrates (drug-host inclusion

conpl e nd The | e o def S, GrYV. l'i ne
Sonpl eﬁ O ¥ e peRaramon dis Araudles B Lhkch lérvgngohmﬂt@ i 0

t hr ougFURHs- %@Q%PV‘PW!@ %WQﬁﬁ@m BQWP@%‘@I'B the Spch 18 PeHPE @X rgfecexiad r al
ol eculseesificteyalooxygenase-2ighibiers GangepResradp 47834 (3891. crystal | i sati on,
by 30 recrystallisation fromsolvents, or by physically grinding the
conpdnentGtal Séddrashi, MeSasare R 'COTIanHka Distrib&86n d88¢clobyydenalermirssmopind

M J. Zmeos@bie drdfddetriurPin éndishétridsis’ &vd adeRbmiybSis . F®rgY1eges,
see J gggm Scr, 64 (8), 1269-1288, by Hal eblian”(August 1975). WD

2010/ 052 5PCT/ 182009/ 054824 26 The corrpounds of the invention may al so

exist i hrc st soph s ui d en s cte
Co ui taies Al fargr%mar U8 A SEee
trud cly §'PQP<Y9<?P@S§[ t"éh'é’HG’rtSH@ptr? s’r Qﬁo‘é’ PIHIFIOR Kegpgeaits via
sol ut i GitiangHeaadiCoRtisviaim §errgr%1§omréneesmmuaodaﬂ@r@mgemqe themiitvende is
descr i Bderility 86, HdAberT @P06). and that resulting fromthe addition of a
second conponent, such as water or another solvent, is described as

"l yot r @piRelletieenpaimss, Ahaifllehavee t heGpaERNQI ¥|anQOBf eattidtrol GOGLdleTrStPBases
ar e1gleger s etk asprgd hﬁdr'n' 7 Weﬁ@é&s' e clféf NWIPecé‘rlrc?srrYHTb@sh Bﬁéétﬁéﬁnﬂln

i onic

- N N gggg@ﬁ 1%5 @?Wﬂw tré’%%%ﬁi%ﬁ%%% g R O B

Pol ari o 9 Hart shorne and A. Stuart, 4th Edition

( Edward Ar nol d, 1970 Hereinafter all references to corrpounds of fornmula
(1) indé (Rrenties- ﬁ%ﬂﬁ@s@@%ﬁ@@m%@'%@l BME323,03-Pi(208bonent conpl exes and
liq¥@d crystals thereof and to solvates, nulti-conponent conpl exes and

| i qui d MrsPadbctoof Pskl.tlsatthesr@ol. F/Wq'uhd'r,dél 8d Kalaov& N si8- dahhgoh . urgicalgs'
of t he igteMmeptivts odbefvic mérae (Jathaagsabs @rishafy and ke condpey dlystriendravesdi on.

Thus cegdchrandl eratatiddevSystFecCmpOYBIs (2004)0r nul a (1), which 20 may have
little or no pharnacologrcal actrvrty t hemsel ves, can be converted into

compou SQ?J grémA?mstr}o?r\é 53# H%ﬁt%‘f@d’été% csfé%d1 y%%%cglog& Hope
YOO L M Bsrah K, 2 o 5 @aﬁ%%k” e a0, L ne body” e

of prodrggs n%y be found in "Pro-drugs as Novel Delivery Systens", Vol. 14,
ACS Syirbd3einmdss: ifdynadt, UpBgepnesnd. MyrsiCelHeind M. diamza; r Babk &. Brene,

Car ri erss Narubriyg, DeNluger & Hreld géeithofer. &pdnal igamridorythypBralgesiaes mediaiedan
Phagoradgusrostaglshatin & reiceptors oPthedE B@subity pec doGtiankwest. t11 51 BE31A9v@006pn can
be produced by replacing appropriate functionalities present in the

fﬁgpggtr:)@% efald O8I, 4dabdurt®ga66k eIy ARSI @a@&@ﬁgmaﬁd@aﬂ in
Pr odrug%c H{jﬁm%ﬂﬁnd a§§pro?jEFs§@ﬁer gq%ggqbogéﬁe exarrpl es of prodrugs in
accord nce th the invention includ éOlO 052625PCT/1 2009/.054824 27
(i)3her 't é"%%%uh)&rﬁp”re@r‘rﬁﬂ MEfriogh Uss' M ensBHa!  PIRSEMIBAiaN ¢

(- OH) , eadlamabiak iesuintor be pRetN@al %ta\ﬁ'ék‘rpﬁmﬂj"fr‘/ﬁfeﬂépﬁn@'h@f RRFtBHEGH

the al daynsicolagyct4,dtPR-91§92f)- t he compound of formula (1) is replaced by (Cr
5C6) al kanoyl oxynet hyl ; and (ii) where the conmpound of formula (lI) contains
a pri M YS erio, SMc Isthany, AFONGsHikawhi Bn@sHima( KN2kaku - NHBhibae 1S Narlntia 8an
am ge tepeofakdter O%/W(SM erfa P prbStEgiahdiRE 2 h@c@@t@? FRY-dependaRt or
bot h hygh Cegi{) ntrh g? ranUQé'WE@tFnTaY ;SéﬁeC%HEEPLF%%ééfrcﬁ th2m566(1'1)

i s/ are al kanoyl er exanpl es of dacenent
groups |n cor dance vvrth t he foregoi ng exarrpl es and exanpl es of ot her

prodru es ou e agfqgrenenti ef erences. . reover,
Certal M ﬁﬁmn 2 Ko oKk Sp99K iy SUREHIEI BSOS D ikgs MOSTRE 15
conmpourkd¥.d¥l Fakﬂiﬂ d\qqejerahrpacp 'ﬁtﬁﬁitﬂ‘@d PRI XAASHS mr@ugbdw@saglan@n PEERieTon
are netERDIin tAgeDy1 6c snpckondsnice. Natuel Medigine t(hew York,cidpdlnigs Sates)d7) n
vi vo up@48a8{20Git)r ati on of the drug. Thus within the scope of the

i nvention are envisaged the netabolites of the conpounds of 20 formula (1)
when formed in vivo. Conmpounds of fornula (1) contain one or nore
asynmmetric carbon atons and can therefore exist as two or nore

stereoi soners. \Were a conpound of forrmula (1) contains an al kenyl or

al kenyl ene group, geonetric cis/trans (or Z/ E) isoners are 25 possible.
Where structural isonmers are interconvertible via a | ow energy barrier,
tautomeric isomerism('tautonerism ) can occur. This can take the form of
proton tautomerismin conmpounds of formula (1) containing, for exanple, an



optically active, for exanple, d-lactate or /-lysine, or racemc, for
exanple, d/-tartrate or d/-arginine. Cis/trans isoners may be separated
by converwoanalost@shni ques wel |l known to those 5 skill e@CirnBoogoms4, f or
exanpl e, chromat ogr aphy and fractionah,crystallisation Convent i onal

t echni for the r n n of nd|V| uaI ntioners i ude
chiral c’@ﬁwm A0 51AB a0y M’ CsBld & Pengﬁ sfﬁvaevag%%%. s of
the raleHHERPN §?e@he'Pa QWJB°§aUVeo r&@ﬁ\/ ) ENp Eek Ie,
chiral INVgh ME&Ur@FlAE]duﬂNDODEﬁaoJre@I@bQ}ﬂW IH, lﬂ@@)49 5&” tively, the
racemate (or a racem c precursor) may be reacted with a suitable optically
act ize Sdnpalleyd L. ForAuioiyiE ehl. Hitks| EORIKimoP. Ji Fldriterg abeMwideffendh& B. H.
conpournkb|rdr. R¥pgrebactile fapttebAd reduaeddieolpreasite M infitk. ladkipstheEPaci d
such agrdsta %nﬂh?EZ'r@&éWtbﬁ TRin0linViedt L AFd, 4 536145 (1) r esul ting

1
di aste eone IC mxture may e separate by chro tog?aphy and/ or fractional

crysta qﬁ an @ﬁ QgﬁWGB qégﬁgggdla e%gO|soner 'éﬁﬁiSf' dto th
Co”eis wﬁ&%@% 5 Y ﬁrﬁ\%f@ﬁ A éer'@va%#}&% g ﬁ; be

obtalnéa OH enantionerical | y- enrlched f or m usi ng chr omat ogr aphy, typlcally
HPLC, on an asymmetric resin with a nobile phase consisting of a

hydr ocarbon, typically heptane or hexane, containing fromO to 50% by

vol une of isopropanol, typically from2%to 20% and fromO to 5% by vol une
of an al kylam ne, typically 0.1% di et hyl am ne. 25 Concentration of the
eluate affords the enriched m xture. Wien any racemate crystallises,
crystals of two different types are possible. The first type is the racemc
conpound (true racemate) referred to above wherein one honogeneous form of
crystal is produced containing both enantioners in equinolar amounts. The
second type is the racem c m xture or conglonerate wherein two forns 30 of
crystal are produced in equinolar anmounts each conprising a single
enantiomer. WD 2010/ 052625PCT/ 1B2009/ 054824 29 Racem ¢ m xtures may be
separated by conventional techni ques known to those skilled in the art -
see, for exanple, "Stereochem stry of O ganic Conpounds"” by E. L. Eliel and
S. H Wlen (Wley, 1994). 5 The present invention includes al
pharmaceutically acceptabl e i sotopically-Ilabelled conmpounds of formula (1)
wherein one or nore atons are replaced by atons having the sanme atomc
nunber, but an atom c mass or mass nunber different fromthe atom c mass or
mass nunber which predom nates in nature. 10 Exanpl es of isotopes suitable
for inclusion in the conmpounds of the invention include ,-.3 13 isotopes of
hydr ogen, such as 2H and 3H, carbon, such as 11u -0 and 140, chlorine, 3-
such as 3601, fluorine, such as 18h iodine, such as 1231 and 1251,

nitrogen, such as 13N and 15N, oxygen, such as 150, 170 and 150,

phosphorus, such as 32P, and sul phur, such as 35S. 15 Certain

i sotopically-Iabelled compounds of fornula (1), for exanple, those

i ncorporating a radi oactive isotope, are useful in drug and/or substrate
tissue distribution studies. The radi oactive isotopes tritium i.e. 3H and
carbon-14, i.e. 140, are particularly useful for this purpose in view of
their ease of incorporation and ready nmeans of detection. 20 Substitution
wi th heavier isotopes such as deuterium i.e. 2H, may afford certain

t herapeutic advantages resulting fromgreater netabolic stability, for
exanple, increased in vivo half-life or reduced dosage requirenents, and
hence may be preferred in some circunstances. 25 Substitution with positron
emtting isotopes, such as 110, 18-3

h 150 and 13N, can be useful in Positron Em ssion Topography (PET) studies
for exam ning substrate receptor occupancy. |sotopically-Iabelled conpounds
of formula (1) can generally be prepared by conventional techniques known
to those skilled in the art or by processes anal ogous 30 to those descri bed
in the acconpanyi ng Exanpl es and Preparations using an appropriate

i sotopically-I1abelled reagent in place of the non-1labelled reagent
previously enployed. WD 2010/ 052625PCT/ 1B2009/ 054824 30 Pharmaceutically
accept abl e solvates in accordance with the invention include those wherein
the solvent of crystallization may be isotopically substituted, e.g. D20,
d6- acetone, d6-DVBO. 5 The conpounds of formula (1) should be assessed for
t heir bi opharmaceutical properties, such as solubility and sol ution
stability (across pH), perneability, etc., in order to select the nost
appropriate dosage formand route of adm nistration for treatnment of the
proposed indication. 10 Compounds of the invention intended for
pharnaceutlcal use may be adnlnlstered as crystalllne or anDrphous
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31 dlpyrimdin-7-0 ne (see E P-A-0526004); 3-et hyl-5-[5-(4-ethyl pi perazin-1-
yl sul phonyl)-2-n-p ropoxy ph en

y1] - 2- ( pywOdn/@2625) et hyl - 2, 6- di hydr o- 7Hpyr azol o[ 4, 3- dppyYnBmMoYDFISI- 0 ne
(see WO 98/4 91 66) 3- ethyl 5-[5-(4-12

et hyl pi azi u oxy ytidi n- 1]. ridin-2
*t oo Db FoRLShigel R MBRRA, - '%Hﬁﬁei%‘é S ES?%{%F Nefve sibibsca perhenest
W099/ 5 gj‘netrloss Human Reproduction 21, 3001-07
(+)-3-ethyl-5-[5-(4-ethyl pi perazin-1-yl sul phonyl)-2-(2-nmet hoxy- 1(R) -

net hyl éN.himéyshige, R. Markham, P. Russell & I. S. Fraser. High density of small nerve fibres
pyrisli nn $rey inRiomat yker 2f Grelehgdmetrilin iy vasraeo [Withi3edd@yetriogis. rl—lumYRepmd

al so krpawrgasy @oeiah %I 5-{5-[4-et hyl pi perazi n-1-yl sul phonyl ] -2-([(1R)-
net hoxy- 1- met hyl et hyl Joxy)pyrid in-3-y11-2-nethyl-2, 6 d | hydr o- 7TH

LOpyrazol oL farailla PG 'IéT?“n‘{i)' é BReE o ehly? ﬁ%%éé@ i g%t%w
ethylp erazin-1- i di t
di h¥dr “?H”RFH%%%@['QO @%P Bl H-AT fRaiosc 5 [3
ethyi-6, 7-d i hydro- 2-(2- nethoxyethyl 7- 0X0- 2H pyrazol o[ 4, 3 dpyrimid

i n-5-y{.-Van MﬂtapﬁwlLmﬁmtjeruﬁdéuﬁwpméb&@mIr( gt@éuwn@ilo\@r@isar@(aﬂw e
8) ; 5- [ Ztsch K K Gesellsch der Aerzte zu Wien 37, 577-81 (1860).

15i so- But oxy- 5- (4- et hyl pi perazi n-1-yl sul phonyl ) pyri di n-3-y1] - 3-et hy1-2- (1-

net hyl r@ penwvaiker4Rold oRhérribhaicing rdproduen@ Rictors-idlthewtiblogdi and treaghese WO

01/ 24113 eﬁmicﬁn a Recent Progress in Hormone Research 57, 277:04 (2002).
542- Ethoxy 5- (4 et plpera2|n -yl sul phonyl) pyri di n3-y1] - 3- et hy1l- 2- pheny1-

65) 5. (B %ﬁg@ %@; “f?‘% Ry HdEnest, fFe00ielist EAAIOREME, o

inyl)- §‘@ BeF 98Y§ 4 3-d]pyrinmd in-7-one (see WO 01/27112,
Exanpl e 124); 5-(5-Acetyl-2- butoxy 3-pyridinyl)-3-ethyl-2-(1-

et h0 - ©.xeditd. Pajhogenesisiof endproetriasisyr. &xyolaspiogic & @ slietﬁICdlrWﬁSVQ@tm b8ee
WO 01/ 52182 (2@Ynpl e 132); (6 R 12a R)-2, 3,6, 7,12, 12a- hexahydr o- 2- met hy1- 6-
(3, 4-net hyl enedi oxyphenyl) pyrazino[ 21, 11 6, 1]pyr|do[3 4-Db] i ndol e-1, 4-di one

AN T e
d
SEOL e el i i

phenyl] - % $B

(varde 9 LEVITRA (r)) al so known as
1-1[3-(3,4-di hydro-5-net hyl- 4- oxo-7-

30pr OpiK iMi d&ioun &43- lésturazArpmagalge A keh8)8lpaelsyintegIRaibaphysialogy of

et hyl piendlommtriesisiand. a thesapeutjotangetoF editiynphe Sterdity 72, 983B8%(1899B6 of

pubgo shed i nternational application WO99/24433;the conpound of exanple 11
of published international application W93/07124 (EI SAl); conpounds 3 WO
2010/ 0532eB bLE B3N BTE3n BB HloR hoh iR RIS PhEve dodathy ChgetL
2000, 43, 12 |'or obenzyl ) am no- 6 8-trimet hoxyqui nazol I'ne;

N[ 3- (ph,a?macbymai-plepmmbyl -Their potentlal use is related to , but is not limited to, their

1- et Tt SbiAatR Ry rﬁéot:!ﬁ% S L B e S S ROt
5 56l 148l MR Bini AP ARROHRDRI! dackbihyssa? oy sBesRban

and 1- [3 uor

yl] -7, &ydnigrdrrda@ean@mcﬂﬂmms@azpﬂbms%f dyspaneand,i dysehek]a dngdrabporicobemid |
car boxam. de (3-chloro

rzret PoxP@é‘?ﬁbﬁWQ%’i%ﬁ?W'&Q P?@S?ﬁ@dr%%ir%&ﬁ?&ﬂ% PEYEFYI carvical yRrgniRg Hy?*?%‘i d: n
22| T hoR dh B SRSRRATIAR R ArISELocf{ch T dtlecrprageY.

ypet hyle]nd%menp@b(wmmem spmdsiaeeno@ec(rimnalw) mainch rp hedreircemtal, Ctelstlxtular
acceptabl e salts thereof. ( i

4- 311 SAECINQNR; BASHRG 19AGIRPMA) f@eql@ar( deganeiasioneryiammatangxgnd r!?U(pr?Hh)pr
1
L0 2o eorkihC1ednbr ot orelesaH TR RREaRe] AR llided ovaion

5, 6a, 7,s9n8rdae hexahydro-2-[ 4- (tri fl uoronet hyl) - phenyl nmet hyl- 5- nethyl cyclop
ent-4,5 i m dazo[ 2, 1-b] purin-4(3H)one; furazlocillin; cis-2-hexyl-5-

net hyl-3, 4,5, 6a, 7,8, 9, 9a-

oct ahydr ocycl opent [ 4, 5] -i m dazo[ 2, 1- b] puri n- 4-one;
3-acetyl-1-(2-chlorobenzyl)-2-p ro py | i ndol e-6- ca rboxyl ate;
3-acetyl-1-(2- 20 chl orobenzyl)-2-propylindole-6-c ar boxy 1lat e

4- br ono- 5- (3- pyridyl net hyl am no) - 6- ( 3- (4- chl orophenyl ) propoxy) - 3-

(2H) pyri dazi none;

| met hy1l- 5(5- nor phol i noacet y1- 2- n- pr opoxyphenyl ) - 3- n- propyl - 1, 6- di hydr o-



5 buserelin (Suprefact - Shire), goserelin (Zoladex - Astra Zeneca),

triptorelin (Decapeptyl - Ipsen), nafarelin (Synarel - Searle), deslorelin

( Somagar dwe 28twaeseg2s and hi strelin/supprelin (Otho Phar mataB200e/ed4824

Corp/ Shire). GiRH antagoni sts suitabl® for the present invention include

tevereldx.. el ix abareli Pl enaxi

har el ATPRATY GG et BRdplaWiesdissasas o dhesteRt pridometdpaokferine

(Neur oqitjragds ANshodiyb MBhbY. A HEGM, 2aCHORIPBYs it tdRgeRT ot 4! ©
for the pr eseIIIt |%\%nt| on)(l ncl ude tgrmx'lafJ n, as%lodex ?ra Zeneca) , ¥

i doxi f elysiesieerhGeantiesludingalsympies)ofClyspmre teis, cﬁlspheﬂamdm)tmomcateixld ene
15 or EM 652 (Labri F et a 2001) J Steroid B ochem Mol Biol, 79, 213).
Estr ogé)@'@;)yﬁh ¢ pelVinpsin 6Y%dr9I]1€t, aRSI')éCWSg'F(I‘t'I%é%E@%ﬁ? ARV SYHIC Q¥ (7t

aro t@zﬁ dhhi bitors. Exanples of aromatase inhibitors include Formestane

(4-0 rost enedi one), Exenestane, Anastrozole (Arimdex) and Letroxole.

20 The conmpounds of the present invention may be adm nistered in

conbi natlon wi th an al pha- 2- delta | igand. Thus, in a further aspect of the

i nvent ildPari¢dere the corpeLaEs 2Ad ARl MAEVes Of I:I?ﬁ pfﬁs@@E&VetE‘Bﬁf‘zﬁXﬁImba%Iﬁ“tEFﬁ?
I I
o0t 290D Sl EL P Feddy19 209 o€l S PR

treat nwrterefEmclw@pwnmagomedfueﬁndlbatreldne fl br0| ds. Exarrpl es of
al pha-2-delta ligands for use in the present invention are those conpounds,

or phar maceutical |y acceptable salts thereof, generally or specifically

or eqabdipis Paprigls e BhaEHuE A, 83008000 8y v Bheeei ipPBhibf 453k 7
WO- A- 99.{8311(9761’ tr&/Miry Enddmatrdsis dhdior We@né fﬂﬁbi@giﬁﬁ&ny@m@ta)w' arly

[ (1R 5R, 65)-6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept-6-yl]acetic acid,
WO A- 99/ 31075, particularly 3-(1-

C L1 ( By baePLieRIE Ma R sTichngs et Thousa 0undad s Hidubte symotoms,
yl mgs h)élMﬁbI&tth@Riam%Iah@@thélaﬁh 'aﬁeﬁmpomy%rgp%rﬁ%t Basisi 6HI@bIé90%ﬁ§ofI§Ibm( 1-
am nonet hy1- 3, 4- di net hyl - cycl opentyl)-acetic acid, WO A 01/90052

WO A- olhaagpearance of symptoms. The term "treatment" mcludes aIIeV|at|on ellmlnatlon of

T
(3S, 5R)ah% Qbr‘&‘érr‘?'ég?émat%danﬁl’?m'é’Ind%ttl%ﬁg'rﬁeﬁ‘?drféd M. OBROELERent may be

particularly (3S,5 3- ani no- 5- net hyl hept anoi ¢ aci d

(38 5R)a Breatreatméninas el amaatr&atmea}d:mdtrwldn(smcﬁlyrr@tmnaﬁertmdiMenbmaa/noi c
200 39367, articularly

(ZSZQIS)a AI’ I’Sﬂ?}@ﬁgﬁ"?net hyl)-pyrrol id ine-2-carboxyl ic acid,

(2S, 4S)-4- (2, 3 di fl uoro-benzyl)- pyrrolidine-2-carboxylic

L uoh ggf?é}? 3%@?\%@%.8&%%@%%%%@%%& R 31034 0 A 03/ 000642,

WO A- 02/ 22568, WO A- 02/ 30871, WO A-02/30881 WO A-02/ 100392, WO A02/ 100347,
WO A- 02/ 42414, WO A-02/ 32736 and WO A- 02/ 28881, all of whi ch are

i ncorporated herein by reference. 015 Preferred al pha-2-delta ligands for
use in the conbination of the preéen nvemtion include: gabapentin,
pregabal in, [(1R 5R 69)- 6( | o[ 3. 2. 0] hept-6- yl]acetic
aci d, 3- (1- am nonet hyl - cycl ohexyl net h I) 4H—[52 4] oxadi azol - 5-one, C[1-
(1H—tetrazo| 5-y1l nethyl

) - cy£l QhepLL] - met hyl am ne, (3S, 45) - (1- am nonet hyl % 4- di met hyl - cycl opent yl
)-acetic aclid, (1a, 3a, 5a) (13- am no- net hyl - bi cycl o[ 3. 2. 0] hept - 3-y1) - 20
acetic acid, (38 SR) - 3- ami nonet hy1-5- et hyl - oct anoi ¢ aci d,

(3S, 5R)-,3- ami no- 5- net hyl hept anoic acid, (3S, 5R)-3-am no-5-methyl -nonanoi ¢

acid , FIS@ Qﬁ?e@ﬁaﬁhﬁ'&w59rr9éllph9PIbQ;'IaeIIr¥o$‘éb%t§W@d y one or two substituents each
(2S, 4S). r r=olAn S orobe l.ine
or phar'?r%le(:déIl ca IS%I)%I%%@)SIQFEFO(II Ia@IIIh é‘oalfI@IZQ; If yftIeIIrb pC?Ie4 éI%X IIIu%rb

al pha- . dellky dnidgarts-d qralkee, ion is 8 € ;6 @ybloaikyl gros; t he pr esent [ nventl on
are (3S,5R )-3-am no-5-net hyloctanoic acid, (3S, 5R)-3-am no-5-

met 81 nonanoi ¢ aci d, (3R, 4R, 5R)-3-ani no- 4, 5-di net hyl hept anoi ¢ aci d and
(3R, 4R, t ctanoic acid, and the pharmaceutically
accept i@grg%rﬁ%‘qtﬁ@dtiﬁ QEI BIII:I)l cularly preferred al pha-2-delta |igands
for use in the conbination of the present invention are selected from
gabapentin, pregabalin, (3S,5R)-3-am no-5-nethyloctanoic acid,

(3S, 5R) - 3-am nonet hyl- 5- met hyl - oct anoi ¢ acid, (1la, 3a, 5a)(3-am no-net hyl -
WO 2010/ 052625PCT/ 1B2009/ 054824 36 bi cycl o[ 3. 2. 0] hept-3-y1)-acetic acid,
(28 4S) 4 (3-chl or ophenoxy) pr oI i ne and (28 4S) 4 (3- fI uor obenzyl )pr ol i ne

. T o I e Y o Y .



(xi) Mcrotobul e nodul ator, e.g. Mcrotobule stabilizer; (xii)

Topoi sonerase | inhibitor; (xiii) Protease inhibitor; WO

2010/ 052626RCIVEGB2809/ 054824 37 (xiv) Chenoki ne recept oPCANBAYYNI4824 ( XV)
Neur oendocrine receptor nodul ators; oe (xvi) Anti-NG- antibody, e.qg.
tanezumab.. 5 Thus, in a further aspect of the invention, there is provided
a pharmaceuti cal product containing an EP2 antagonist of the fornula (I)
and any one or nore of {he following (i Aromatase inhibitor; (ii) Nuclear

hor none recept or ul at Lii) Angidgenesis isnhibitor; 10 (iv)VEG-
inhibitor; (v) Ki nasc—Jn&@ %or; (vi t eSS Far nesylantlr ansf@ase
i nhi bi tor; ﬁw i) Prostanoid receptor ant

onist; (viii) Prostaglandin
synt hetal§ee HEBMOM : 15 (i x) Bi of | avanoi d; (x)AI kyl ating agent;;
(xi )M crotobul e modul at or, e.g. Mcrotobule stabilizer; (xii)Topoisonerase
| inhibitor; (xiii)Protease inhibitor; 20 (xiv) Chermkl ne receptor
ant agomZss ; HoA0, sNekyl eptidaghy BEbStRG@RNith MRsHIMab® Buodie ftorg; Anti - NGF
anti body, e.g. tanezunab:. as a conbi ned preparation for si mul t aneous,
sepa¥ate or sequential use in the treatnent of endonetriosis and/or uterine

2 ormif a1 o piRv g oLl FORSUSe Bt i e oS ol Ty Bccept abl o

excipients, diluents or carriers. The term' exci p| ent is used herein to
describe any ingredient other than the conpound(s) of the invention. The
choi ce Adgfis @carpineiic gmup QO@sestlhgrcg‘é @@re&tar@@ptaﬁdlnga, BOichaaporadicsings ar€ t he
parti cul tion ient

h
ol ubl 196 REpetaasy st Fan Bnebvird 85 ond- RUThE TbRHE g atic ring
20104 O28heahny/ 1B20D8¢ @Wa&ﬁn?'@%ﬁ%@éﬁérﬁ@ntly%@%&éa s N AR drfer

the delivery oOf conpounds of the present 1nvention and nethods for their

pr epar avhicm avwmtatmelnge,alﬂthqreaqmgé}@rnmore; aamoise fdad dreadior hnketebrone c&m@re
corrp05|t|o t hods for their aration y . be fo d r e

o ReONBlESH EONeREs e iprappuRaiss Bt BptBa o bRt techBl T ohok

Conpan é\ﬁtﬂfa f t ter Iy
O al §&b%ﬁt§%n§?%§hﬁgy I nvVo t@ Sél@ e(b)\rl’f\ﬁ?’cﬁﬂ i gig mt@?hggggm oucg1 eﬁk?gﬁé t he
gast r oifiubesd:gadlkyt, dietorodhd/ erkybhma‘luorb@ug;ualkoxqr GsgbklikogyaSO,R*, NR°R®,

adm ni n by which t Gepoun s the blood 10 stream di rectly
froft ﬁ@"%@%h S(ﬁﬂ\' QQJﬁB %J R@’?@éﬁ oral adm nistration include
solid, sem-solid and |iquid systens such as tablets; soft or hard capsul es
containing multi- or nano-particulates, |iquids, or powders | ozenges

(i ncl udt’ngndli RUiade f éddre depsneiently gel 6sall¢ya31pt|cbnarb¢rwblsgtu1éd dnys &rgen fotorsy
films; ovules; sprays; and buccal / mnucoadhesive patches. Liquid formul ations
i ncl udé@ﬂ@ﬁ@i@méns sol utions, syrups and elixirs.Such fornul ations may be
enpl oyed as fillers in soft or hard capsules (nmade, for exanple, from
gelatin or hydroxypropyl net hyl cel l ul ose) and typically conprise a carrier,
for2@0 RxaRPIRS, R4t R, RY'hameR"™ paey ebbly lirdepgnderaly, HPoP I leakyDbytehally

met hyl cel | ul ose, or a suitable oil, and one or nore enulsifying agents

and/ or ssgsieited hgfr@@éﬂntt@3f|_tlclﬁlﬁiecﬁtpmsnul ations may al so be prepared by the
reconstitution of a solid, for exanple, froma sachet. 25 The conpounds of
the invention nmay al so be used in fast-dissolving, fast-disintegrating

dosage or@f ﬁ&é‘c’é ficallynaese 6'dalesolvatepRand yair8) | gt prBeFRPReres .
Patentsr yﬁﬁar , 88185%6 t;;ﬂﬁﬁl ar?g and Chen ( m%ﬂi)y@ )'orp

25 Unless otherwise indicated, alkyl and alkoxy groups may be straight or branched and
contain, where applicable, 1 to 6 carbon atoms and typically 1 to 4 carbon atoms.
Examples of alkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl and hexyl. Examples of alkoxy include methoxy, ethoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy and tert-butoxy. Fluoroalkyl and fluoroalkoxy mean,

30 respectively, alkyl and alkoxy each independently substituted by 1 to 3 fluorine atoms.

The term “C;.Cq cycloalkyl” means cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.



For tabl et dosage forns, depending on dose, the drug may make up from1l

wei ght % to 30 80 weight % of the dosage form nore typically from5 wei ght
%to 60 weDghto/PR@F t he dosage form In addition to thePdTaB2000/65385L S
generally contain a disintegrant. ExaWples of disintegrants include sodium
starch gl ycol ate, sodi um carboxynet hyl cellul ose, cal ci um carboxynet hyl

cel lul ose, croscarnell ose sodium crospovidone, WO

2010/ 0 REIA A 39 ' r j I

m cr oc;rhf/gat’Z a rﬁ-élre&i{eglglaﬁﬁ%@g%l %@P%WI I@Hs)ﬁ%sc{qﬁtdntg gges#%g %%(:jorbg/g%él dFto

cel | ul csibstiseatscbacipirspseatiently sdlested onmahd CGi,o00i.ualkgl ghdaia. alexeralis
the disintegrant will conprise from1 weight %to 25 weight % preferably
from S%icd%[oa@éyﬂ 8"%MP-wei ght % of the dosage form 5 Binders are generally
usedsto inpart cohesive qualities to a tablet formulation. Suitable binders
include mcrocrystalline cellulose, gelatin, sugars, polyethylene glycol,
nat ur alln and/es yfatthet ientmaimenhoRY s ray lphgnylobralgneptipnaltelsabstitusat byt B G,
hydr oxypr opyl cellul ose and hydroxypropyl nethylcellul ose. Tablets may al so
cont ai MANPRLRIBOXEACHENY as | act ose (nmonohydrate, spray-dried nonohydrate,
anhydrous and the like), mannitol, xylitol, dextrose, sucrose, sorbitol,

m crocrystalline cellulose, starch and di basic cal ci um phosphat e di hydrate.
Tabl et gn @yetaiwmeﬁ@rﬁtmmﬂnbm,d@h‘@rcb}&mmpi/k;l@?clabmw,ecmrﬁyl, guforeshemd] um
| auryl 15 sulfate and pol ysorbate 80, and glidants such as silicon dioxide

andq aliclluarpenepybLehiorepiand o4 -£btarophagun2scthayyremil i Sengthexyrnenyhedght

%to 5 i % t nd glidants may conprise fromO0.2 weight %
to 1 we’II%‘h%}aho%”% RLQ@%@I&&%& ets also generally contain |ubricants such
as nmagnesi um stearate, calcium 20 stearate, zinc stearate, sodium stearyl
fumarate, and m xtures of magnesium stearate with sodium lauryl sul phate.
Lubri cdnt8 yehdurhery esahasimest,f Ronisophenybi giehloropbenyd, wemgiinoxphgngl ed-abl y
from O.meei %ht l%ta% wei ght % of the tablet. Q her possible

i ngr ediBRYPREY uQE 2 PP)-( “Mhts, colourants, flavouri ng agents, 25
preservatives and taste-nmasking agents. Exenplary tablets contain up to
about 80% drug, from about 10 weight % to about 90 wei ght % bi nder, from
about Onwaeyejitrthen emaodimergsSRWsi 4fmetboxtiohesyt or 4-flopremy@mnyl.2 wei ght % to
about 10 wei ght %di sintegrant, and from about 0.25 weight %to about 10 30
wei ght % | ubricant. WD 2010/ 052625PCT/ 1B2009/ 054824 40 or extruded before
t abl et tlﬁ%&urtﬁ@?efﬂb%Imérﬂr UL 3t difdet MRY. conpri se one or nore |ayers and nay
be coated or uncoated; if may even be encapsul at ed. The fornmul ati on of
tablets is discussed in "Pharmaceutical Dosage Forns: Tablets", 5 Vol. 1,
by H. Lieberman and L. Lachman (\Marcel Dekker, New York, 1980). Consunabl e
oral filns are typically pliabl g water-soluble or water-swellable thin film
dosage forns which nmay be rap+ di/RéoI ving or nucoadhesive and typically
co i o] la (1)Q a filmform ng polyner, a binder, a
sorg(gentﬁﬁ a@ﬁﬁ%@%&@ﬁ?%%&ig%l asticiser, a stabiliser or emulsifier, a

vi scosity-nodi fyi ng agent and a solvent. Sone conponents of the formulation
may perform nore than one function. The filmform ng pol yner may be

sel ect dd af yed iurkenerabogingid at éhdsPedds, proteins, or synthetic hydrocoll oids
and is typically present in the range 0.01 to 99 weight % nore 15
typically in the range 30 to 80 weight % O her possible ingredients

i ncl uden ankukthex eAMRdIdTme sl BhSarohlAetbUP T8 REING| IO W oreB BedagtS rin?s,
preservatives, salivary stinulating agents, cooling agents, co-solvents

(i n23 udvingha@rbs)aticenngs iaeartegchbinde pendardit seleated ffosaphegyhgedta p- or 6-
surf act antg an(f tf’iste- 20. maski ng agents. . Fi I@ LP cc.?rdance W tﬁgéhe

i nvent iBHRPEET BILRIAM e HRY tPTBY MBS Y AIYUGOEN AR M ULy PDe
films I [ t [ i in
o dryi e O o P oo SPRGF gioffiahd T Ay

f r eeze-aiorysngndwhiéh eemoatic niggs Shtheref anendibatriarascémbeduaéd adaiarilstkedtbhyon
may be fornmulated tq be i di ate and/ or dified release. Modified release
f of mul QNEGHAPHR Favrleridranflal ang s AERmatis (ngs ire QRBRALY FRBSUIUIERHBE] od
and,pr I S Su It & & f thon ret he
pur%d;s%gbﬁ t egtlﬁ%t\%grﬁﬁeFgﬁﬁéﬁgpﬁ?gﬁlgﬁlédﬁﬁg aﬁﬁ?"@@% f’%%ﬂ{ﬁD%YGai S
of ot helkydthid,afliaror@].eakkgl, t fuadroal agakkyltisioc Hluaso4dl; g hal kovey, o944l akpay s SR’ and
osnoti ¢ ang coated particles are tg be found in, WO

2010/ 03B FEPRTIS@ID 0 SHDUB R GONBR AR “Technol ogy On-1ine", 25(2),
1-14, by Verma et al (2001). The use of chewing gumto achieve controlled
rel ease is described in WO 00/ 35298. The conpounds of the invention may

al so be adm nistered directly into the bl ood



5 stream into nuscle, or into an internal organ. Suitable neans for
parenteral adm nistration include intravenous, intraarterial,

i nt raper iwonewlos2é2at r at hecal , intraventricul ar, i ntraur @ChmB2009/054824
intrasternal, intracranial, intranmusciél ar, intrasynovial and subcut aneous.
Sui t abl e devices for parenteral adm nistration include needle (including
m croneedl e) injectors, needle-free injectors and infusion techniques.

Par ent aha) LB BhiinAe ALl YAI CB | phéidieoy rﬁﬁ&”“%%t%fﬁ‘?ﬂygrafy ‘o

exci pients such as salts, carbohydrates ‘and buffering a s (pref

a pH ofpyfinodnglphengl), , bphenfyd)pytsdrrwlapplelrtyapynrmd|rty1eyohmwl|b¢ramngl sui orabl y

formul at ed as steril e non-aqueous tion a drjed formto be used

in con,r{yr@%wﬁﬁ@m'h 5o ORI EA Ders i Do dh he 2t @ | §o SUBSITEER. reasd
nger | a un e n ons,

for exa &]%) @%%l ‘el%fsg?ﬁ%ﬁ e @Nr g%mgy %L@gigongq g ngrﬂldls)ﬁlgos%éry&

phar rracfmmomJG aﬂleyl:lhm dueso- @l |a|lkmym1 + alkorpsSOsiRT INRRY, NHI@, R, soszgm;e

SO|UbI|ItN of _compaunds of fornula (1) used in the preparation of

parentéﬂ% F%d?u@PQH%Hﬁﬁbee i ncreased by the use of appropriate fornulation

t echni ques, such as the incorporation of solubility-enhancing agents.

Fornmul ati ons for parenteral adm nistration may be fornulated to be

i medi ahea ged/forth2d ermdb‘diuménrtel/aase ph\@?{m‘ lr%bhtleylea@ghéwlmmtdumﬁhemﬁj ude

del ayed-, sustained-, pulsed-, controlled- tar eted and programred

rel &s@yrlmh@@ytp@ﬁwumewlnwedlrrWernh%ywnﬂs@ fW'mﬂfh@'éWFb}éTaZ'@Mlspen@r i on

ot anPUEAR RS, At oRfin DL RuEd o8 fie ZeolVE BURHITRAE" AT

of SUChndéﬁéﬁde@‘tly%@%dté@frbdﬁFdCU@NO@I@dH%ﬂGt@ Gélélkjo)@/em solids 30 and
suspensi ons conprising drug-|oaded poly(d/-lactic-coglycolic)acid (PGA)

m cr ospheres. MD 2010/ 052625PCT/ 1B2009/ 054824 42 The conpounds of the

L ansadrad ey AR EuBP AL 5 R ey HOGET ahridienenyose

'nchyd%yﬁﬂhélnyﬁ)}ﬁ@hwe' sphbﬁypgmmysol upheny pySFRAAR, C oi ﬁrﬁé@vbﬁazwﬁtl ner

powders,” dresSings, skin atc npl ants, “sponges,
fibres pyb@mﬂyslgbensdneanin substiuted dyst 05 Z_B@bﬁrtmtsmchﬂr@epbeda@tadseregztﬂobal

carriers C ter al oil, liquid petrolatum white

pet r ol & rﬂ? 6%%3@ (ﬁSR%gIQ£$H?1éﬂgl 531 and propyl ene glycol. Penetration
enhancers nmay be incorporated - see, for exanple, J Pharm Sci, 88 (10),
955-958, by Finnin and Morgan (COctober 1999). |lo Other neans of topical

adm ni din eadtdurthercérodedident var ip dejeaed dtonopor at i on, i ont ophoresi s,
phonophore5|Q\Bsonophore5|s and nlcroneeqkf\og needl e-free (e.qg.

Powderj ect TM o) e¢t TM etc.) injection ul ations for topical

adm ni stration e fornmulated to be inme iate and/ or 15 nodifi ed

rel ease. Modified ge exfornul ati ons i ncl >d-, sustai ned-,

pul sed-, controlled-, ted and progrannedNreIes he conpounds of the
i nvention can al so be & stered intranasally or hal ati on, typically
inthe formof a dry powd eCNher, Bl one, as a m xture, {ON, &afple, in a
dry 20 blend with | actose, or as a m xed conponent particle, for exanple,

m xed wi th phospholipids, such as phosphatidylcholine) froma dry powder

i nhal er, as aer@Qsol spray froma presswi cont ai ner, punp, spray,
atom ser (prefe aﬁry an atom ser using eIectLohyirodynanics to produce a

i ebullser, with or wthout t use¢ of a suitable propellant,
such as 1, 1 1,2-tgfra ~Net hane or 1,1, 1, 2, Rept af | uor opr opane,
or as nasal drops For anasal use, the pomder 8 gnpri se a

bi oadhesi ve agent, for “exahphe {tesan or cycl odext surlsed
cont ai ner, punp, spray, atom gPﬁQ%Tﬁiebullser cont ai ns a &gﬁdﬂrg
suspensi on of the compound(s) of the invention conprising, for exanple,

et hanol, 30 agueo et hanol, or a suitabl ative agent for

di spersi ng, sol ing, or extending rele i the active, a

. : g~ .
propel | ant (s) @ an optional sur , ﬁuch as sorbitan
trioleate, ol eic™aero i i i

ol igolactic aci { ;E
2010/052625PCT/182009/lE482ﬂ 43 Prior to use in a dﬂy pawder or suspension
formul ati on, the drug prodd i j.cronised to a si f del i very
by emhal ation (typically ess(Fﬁ$255£hicrons). Thi s may be&ﬁ% %3 d by any
appropriate conm nuti ng nethod, such as spiral jet mlling, fluid bed jet
mlling, supercritical fluid processing to form nanoparticles, high
pressure 5 honpbgeni sation, or spray drying. Capsul es (made, for exanple,
fromgelatin or hydroxypropyl methylcellul ose), blisters and cartridges for

use |n an |nhaler or insufflator may be fornulated to contaln a pomder m x

Y " o Y M - M o o e A~




30 The kit of the invention is particularly suitable for adm nistering
different dosage forns, for exanple, oral and parenteral, for adm nistering
t he separwiDeomaspasi ti ons at different dosage interval sPConBL009/034824 at i ng

t he separate conpositions agai nst onel7 WO 2010/ 052625PCT/ 1B2009/ 054824 45
anot her. To assist conpliance, the kit typically conprises directions for
adm ni stration and nmay be provided with a so-called nenory aid. For

adm ni g LAkt A& dHPBMnRM: | &PisS, the total daily dose of the conpounds of
the 5 invention is typically in the range <lng to 1000 ny dependi ng, of
cour se,2, ddiftuozopineley| 03-cabmoi-Buoraphenyl, For exanpl e, oral adm nistrati on may
require

dose nﬁy&o%}(’)%tﬁa@l%‘%ﬁ”)éhgrﬁ)ﬁﬁ% 2% f%%n@fl %ﬁﬁnylloo?’:’t gﬁlgroméﬂqm %656 - aI//enous

adm I § i h

R g B R S A A AR s s
dosageyljphenpladgd- famrapymmm&geyl}rphmm s1u¢ﬁ anmndtmvbasrg/layrvmwghtz yiphelglyt 60kg
to 80k The physi ci eadi |y ble to determ ne doses for subjects
whose %e("gﬁfﬂbf%ﬁh%‘yl)et/@‘i"Be’St’hl?s(“rfélﬂf@r@Ph@mé'PP&%j'” ﬁﬂdn@é‘f:&rﬂ(@”?ﬁ'@e@{'ﬂ%’ﬂﬂw 15
As use%_ erein, the terns "treating” and "to treat", nmean to alleviate
synpt ors; " el i n1 nate the causation either on a terrporary or permanent basi s,
or to P-emembraphedlydpytim@iadpgar ance of synptons. The term "treatnment”
includes alleviation, elimnation of causation (either on a tenporary or
per fanént4 ﬁfa@rcagheﬁwl)pwiazm Ené 9f idold-orephenyiRyradin-Ztysor der s associ at ed
with endonetriosis and/or uterine |eiomyoma. The treatnent 20 nmay be a
pre-treatnent as well as a treatnment at the on-set of synptons. The
conpoundpredérré@embariibht 6f Rt he DoeAenéted mpeNtirtay Baonitinéd Witham

antagoni sts in the treatment of various disease states. Preferably said EP2
ant agomrgm@reeothetoprtef@rredj gotasiraenite) teripvige a fustherpreferegdiarmbedipiant oée as
an 1050, | ower tf o(bt 1000nM 25 nore preferably | ower than 500nM yet
nor e prcé’%oroéﬂpyo 8%?3 an about 100nM and nore preferably still |ower than
aboys 50nM wherein said 1050 nmeasurenent of EP2 functional potency can be
carried out using Protocol 1 below. Using this assay, the Exanples

her eaf tRrefesfeccorrppomnds atiherfdimyglat(h) areesepeciedmonm:nventi on exhibit a
functional potency at the EP2 receptor expressed as an 1050 | ower than
1000nM 30 Preferred conpounds herein exhibit functional potency at the EP2
recept | L

Pr ot or Sbll A BB e S o6l o1
sai d ERR' =Fé€f&p1rophe1mla1gerdlrecsllmk eZ=atC(D@da-BtAr A L2 Oyl apt e 5 piaanyl B2009/ 054824

46 abouyt tinmes, pref at st abou O-tines re preferaply at
oat bl cxaioEprBET EyBrliaRinyil Tre ATpuber iy eline fHEstOnie  or e
ref er 1A i BeS n at
Peast Aol sbmatholities yﬁé’@‘e‘%'.riﬁq'”“‘ PESCCRRTADIRBLEh SRR et
functi Gf4(g- chtdrepymmejlmtﬁ ylazrhdfﬁxyhnetept}dr-(faﬂuommpazeyl)r:a'yrmltdlme—Be DP1
receptor wherein said relative selectivity assessnents are_based on the

meas ur SREPRXYYE agish (RiTA-Eporanhsayt. &m@'r%t“é‘thESCmHhAE'aﬁ (Be carried out
usi ng Cﬁ@ggﬁ@*ﬁ)ﬁ@g;ﬂ%@%&er ein. DP1 activity is measured using Protocol

2 bel ow. era 2 antagoni sts have a selectivity for EP2 over
EP425helr-gi- ohlsmbbrﬁBal)m{[nqeeﬂﬂ@rbpgﬂd g2yl )phenanydmethyllpgablidinetd-caftbaxyhies,
pr ef er abl t | east about 30-tinmes, nore referabl at | east about

100- t i @@ﬁl (%%Cbm@@hwlyxstdmept ik, sadt beu?tr éot/ﬁ ehlpEapyrigNier- nor e
prefer %@éeﬁ% at | east about 500-tines and especially at |east about
1000- re functionally selective for an EP2 receptor as conpared

wi th t he(&BdlofatasRibr)-3MTE8- gt -BhRaoshers J@zhdﬁl -3gl1e%yIndthy)AFESRINEBL S are

based on the nmeasur ement of EP4 an P2 functional potencies which can

be car cageplie agisl (R =thehigserlyenyhsXddiett Ihd ZreGORH, BPa 2acdi vi ty is
Pro elow. Most preferred are EP2 antagoni sts have a
{1 R0 hRiGe e Perein sa ; -

sel 1 and EP4 wherein said EP2 receptors antagonists
are at 3ﬁ Agb- mb 1d|hfﬂe§lszt@rﬁfxﬂrﬁé’thyl}ﬁﬂt-(2 ﬁ@tﬁo%em@y?pﬁﬁbwdnr@g, nor e
preferably at Ieas about 100-tines, nofe preferably sti at | east about
300-ti masboxysl/leracmthé -p’&m@h@mghe@yl = directdinkt Zab6GOHDAT4-(Tres nor e
functi opal | el or .an EP2 receptor as conpared with the DP1 and EP4
recept6$g) opyim *ﬁ% ﬁ%ﬁh Hs of the present invention may be tested using
the Protocols set out 25 below 1.0 Measurenent of in vitro antagoni st
potency (1C50) of conpounds agai nst reconbi nant human Prostagl andin E2
receptor in CHO cells The prostaglandin E2 (EP-2) receptor is Gs coupled
and agoni sm of the receptor by 30 PGE2 results in activation of
|ntracellular adenylate cyclase enzymes that synthe5|se the second

I N T T T T T T 1 1 . 7 AR R\



25 percent effect. 1050 estimates were determ ned as the concentration of
test conmpound giving an effect half way between the bottom and top

asynpt ot esoabiwdses2si gnoi dal dose response curve. Each eppnBrmemdsssnc| uded
an 1050 deternination for the literati¥re conpound as a standard to track

M e Rz ot b AR G S IR A E A
ligand g ErRld ﬁg-'éﬂﬂhdﬁ) Py X=Ogipedt &hR1 28 -Koyal Aesof(@r ant agoni st

dose responses usl ng- Prusoff equation. Cbnsequently an agoni st
dose remhnophenwnnmwm@wn&wnced out for each experlnent usi ng the sane

L Dol A R S

b1 (bp A 1R captae GHREIH S e %#BQSSQF@FH At Reera Eﬁ?@%@”d' ’

resul t S-{[#- (amlmapynnmud)rh -2- ylwrtemixy}uhammdewmmmb@naeﬁ)@rmmm -Bhat
synthesi se the second nmessenger si nol ecul e, adenosine 3',5 -cyclic

onoph SRS AORNED) = AR5 CRRIAN DY brasdr kg IPRe2r 66 CIRM AT fiman DP- 1

recept I i\ BW245C (10nM equival ent to approxi mately EC70
vaIues%':(lj(ﬂ.gE;)ﬁ/ﬁ'In 2ﬁgﬁgnay)CANP signal. Decreases in cAWP | evels follow ng

t r eat NMEI{{[>{4-shloraprasrgd) oy agipndiynaximidn R4 Y 4cidrebanidyl pytrentinat3-ant agoni st
conpounds wer e neasdr and otenggyélOSO calcul ated as follows. A Chinese

hantd ercapRayic @CiddR cet-flupiapdesyh X dired gk et e@ ORI hAFTA-(4- engt h cDNA
encodi in D1 was established using standard nol ecul ar
biologggﬁgﬁﬁﬁgnwF$E?ﬂg§§agounds wer e di ssolved in dinmethyl sul phoxide

( DMSO) ﬁ({[@@khlb%d@r‘g@ppﬁd|fn6k"5-fyl]bkl>gmmml’ll) |1qqrmam@txgdehz&ylmrr@ﬁdm@ss-of t est
conmpound were are n DMSO then dil uted fer conprised
of pho§§l‘m>@|lﬁ@ﬁf (R'& 2mathexypesy!, XrddiceCdnkplar6MQ@HFAERH 4 ur f act ant .
Freshly uIt ﬁﬂ cells at 80-90% confl uence were harvested and re-suspended
in 90% Eﬁyé')dirb >f_'>}vso The cells were frozen using a planar freezer
and1§t<2fr%dphérnferdéaﬂeaw a@ﬁébttaomrsaﬁryava@érp)r@dmwf gnytHdregen until 20 the
day of the experinent.” A vial of cells was defrosted 1n a 37C water bath
for 2 nln then transferred to 10nl of Eulbecco S Nbdlfled Eagl e' s Medi um
( DVE @ wer & t hen cantrlﬂu ed for 5 mn %09?@ and e pel | et
re- susd’éﬁ&&c?”&?o IMsH6, BB EEF N FRNUOR RERes 6%99%” g e added to
5ul of the conpound dilution series in a 384 well assay plate and
pre-incubated for 30 mn at 37C. 5ul of agonist (30nM 25 BW45C in PBS to
gi ve 10nM FAG was added and plates further incubated for 90 mn at 37C.
The relative(SANP concentration in each well was then neasured using a 8-
gal act osi dasejenzyne fragnent conpl enentati on nethod purchased in kit form
as the Djsco MP,41 kit from GE Heal thcare, UK The | um nescence

readi ngs—taken Nggﬁyéaen assay well were converted into percent effect
relative to maxi contggol wells 30 corresponding to a 30uM of S-5751,
denpmstrated to give a maxi laeffect. Signoidal curves were fitted to

plots of logio inhibitor concentration vs percent effect. 1050 esti nates
were determ ned as the concentration of test conpound giving an effect half

way be . 1he Do (o) - L . do n

car ve. WREPR0 D) B85 s AT 4 BB 8RR 54 hokR Wl R o AR EIE ot 50
det er mifoghilien(If, oncltibimg 4 enfiodi® ep@IRMincomdirtatRingnsfasattit lal rerathodifferts,
consi stency and allow fair conparison between val ues obtained in different
exper i 1@@nedf. The EC70 of BW245C is used in conbination with the |igand

con gntratlon in the assay to determ ne Ki values for antagoni st dose 5
resgonses usi ng the Cheng- Prusoff equation. Consequently an agoni st dose

I espongk afBtHes énﬁbcfcﬁfd’eh@dh@lp)ﬁ*eéé?ﬁ iRAHRiAXRB VBB R catipdthd BEfCPRIR (IPFubat i on
as the antagonist plate. 3.0 Measurenent of in vitro antagoni st
potency (1C50) of conpounds agalnst 10 reconbi nant human Prostagl andin E4
receptor in CHO cells The prostaglandin E4 (EP-4) receptor is Gs coupled
and agoni sm of the receptor by PGE2 results in activation of intracellular
adenyl ate cycl ase enzynmes that synthesise the second nessenger signalling
nol ecul e, adenosine 3',5'-cyclic nonophosphate (cAMP). CHO cells expressing
t he reconbi nant human EP-4 receptor are stinulated 15 with PGE2 (6nM

equi val ent to approxi mately EC50 values to give the maxi mal cAMP signal .
Decreases in cAWP |levels follow ng treatnent of stinulated reconbi nant EP-2
cells with potential antagonist conpounds were neasured and potency (10
calculated as follows. A Chinese hamster ovary (CHO cell line stably
transfected with full length cDNA 20 encodi ng human Prostagl andin E4 was
establlshed u5|ng standard nDIecuIar blology nethods Test conpounds were

o R A~



were then centrifuged for 5 mn at 1000g and the pellet re-suspended at
1,000,000 30 cells/mM in DMEM 5,000 cells (5ul) were added to 5ul of the
conpound wDl20tovse628eri es in a 384 well assay plate and pceABmowbaszd for 30
mn at 37C. 5ul of agonist (6nM PGE2 ¥n PBS to give 2nM FAG was added and

plates furth i ncubated for 90 mn at 37C. The relative cAMP concentration
in each well s then neasured using a 13- WD 2010/ 052625PCT/ 1B2009/ 054824
50 gal act osi dase Zy, fragnent conpl enentation method purchased in kit

form aRtiX 'Di sboverk'©AWP 1| kit from GE Heal thcare, UK The |uninescence
readi ngs taken f eacrOQ%say wel | were converted into percent effect

rel ative to maxi mum controlw@h) s corresponding to a 30uM of
4-{(S)-1-[5-Chl oro-2-(4-chl oro-benzyl oxy) - benzoyl am no]- 5 ethyl}-benzoic
acid (W2005105733), denonstrated to give a maxi mal effect. Signoidal
curves fRited t.S. .0 L Qq ibnhi bi I n

ot oot WESER' B5: ey el 2 ey 8Pfhey HerkmakBle ST RN 189 doipBEpRETds
conpoundrrguhal (hy imeludfifgesit ehddddimentd ednteesmbireatiovist ofpartidulad @ raisydinierites of
t he signoi dal dose response curve. Each experinment included an 1050

det e mth@fE0bn for the literature conpound as 10 a standard to track assay
consi stency and allow fair conparison between val ues obtained in different
experinments. The EC50 of PGE2 is used in conbination with the Iigand
concentThat pivdrmdtelifialfs S8septableaiapsamAe Wonpunes dfdorranb dhantistie des ecid
responses using the Cheng-Prusoff equation. Consequently an agoni st dose

r esponsé@dgianvand basasaitethesaof.f or each experiment using the sanme incubation
as the antagonist plate. 15 In-vitro Biol ogical Data obtai ned using
Protocol 1 above Exanple no. EP2 Ki (nM 1 0.633 2 0.344 3 24.4 4 82.15

1. 64p 6 S PPatfie?alitl 8BRS $PR0ald Orritd Fbr?@&cidd wHicBZokh Ad-tbkic salts.

Examples include the acetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, cyclamate,
edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
15 hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate,
methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate, tannate, tartrate, tosylate,

trifluoroacetate and xinofoate salts.

20
Suitable base salts are formed from bases that form non-toxic salts. Examples include
the aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine,
lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine and zinc
salts.

25

Hemi-salts of acids and bases may also be formed, for example, hemi-sulphate and

hemicalcium salts.

For a review on suitable salts, see “Handbook of Pharmaceutical Salts: Properties,
30 Selection, and Use” by Stahl and Wermuth (Wiley-VCH, 2002).
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Pharmaceutically acceptable salts of compounds of formula | may be prepared by one
or more of three methods:
(i) by reacting the compound of formula (1) with the desired acid or base;
(i) by removing an acid- or base-labile protecting group from a suitable precursor of
5 the compound of formula (l) or by ring-opening a suitable cyclic precursor, for
example, a lactone or lactam, using the desired acid or base; or
(i) by converting one salt of the compound of formula (l) to another by reaction with

an appropriate acid or base or by means of a suitable ion exchange column.

10 All three reactions are typically carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may be recovered by evaporation of the
solvent. The degree of ionisation in the resulting salt may vary from completely ionised

to almost non-ionised.

15 The routes below, including those mentioned in the Examples and Preparations,
illustrate methods of synthesising compounds of formula (I). The skilled person will
appreciate that the compounds of the invention, and intermediates thereto, could be
made by methods other than those specifically described herein, for example by
adaptation of the methods described herein, for example by methods known in the art.

20 Suitable guides to synthesis, functional group interconversions, use of protecting
groups, etc., are for example:

“‘Comprehensive Organic Transformations” by RC Larock, VCH Publishers Inc. (1989);
Advanced Organic Chemistry” by J. March, Wiley Interscience (1985); “Designing
Organic Synthesis” by S Warren, Wiley Interscience (1978); “Organic Synthesis — The

25 Disconnection Approach” by S Warren, Wiley Interscience (1982); “Guidebook to
Organic Synthesis” by RK Mackie and DM Smith, Longman (1982); “Protective Groups
in Organic Synthesis” by TW Greene and PGM Wuts, John Wiley and Sons, Inc.
(1999); and “Protecting Groups” by PJ, Kocienski, Georg Thieme Verlag (1994); and
any updated versions of said standard works.

30
In the general synthetic methods below, unless otherwise specified, the substituents R,

X, Z and Ar are as defined above with reference to the compounds of formula (I) above.
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21
The routes below illustrate methods of synthesising compounds of formula (l). The

skilled person will appreciate that other methods may be equally as viable.

Scheme 1 illustrates the preparation of compounds of formula (l) via ether formation
from intermediates (ll) and (lll), if necessary adding a suitable base (such as potassium
carbonate) and/or additive (such as sodium iodide), and in a suitable solvent, where LG
in (ll) is a suitable leaving group. Suitable leaving groups include, but are not limited to,

Cl, Br, |, mesyloxy and tosyloxy.

o) ether formation )

z z
)X\ + Ar-OH > )X\
LG O—Ar

(I (1) (1)

Scheme 1

Typical conditions employed involve stirring the pyrrolidine of general formula (ll) and
the hydroxy-aryl compound of general formula (lll) together with potassium carbonate,
cesium carbonate or 1,8-diazobicyclo[5.4.0]lundec-7-ene (DBU), in dimethyl sulphoxide
(DMSO), dimethylformamide (DMF) or acetonitrile, and at a temperature of from room
temperature up to the reflux temperature of the solvent. A suitable alternative is to use
an additive (such as sodium iodide or tetrabutyl ammonium iodide) as well as a base.
Any suitable solvent may be used in place of those mentioned above. At least one
equivalent of the intermediate hydroxyaryl compound (lll) and at least one equivalent of
the base should be used and an excess of one or both may be used if desired. Where
Z is C(O)O(C1 alkyl) in intermediate (ll), if Z= CO,H of (l) is desired the required
hydrolysis can be performed in situ, adding a suitable base and/or water to the reaction
mixture after the ether formation has taken place. Suitable bases for this hydrolysis

include lithium hydroxide or sodium hydroxide.

Scheme 2 illustrates the route for preparation of the pyrrolidine intermediates of general
formula (ll) from protected intermediates of general formula (IV) wherein PG is a

suitable N-protecting group. Any suitable nitrogen protecting group may be used (as
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described in “Protecting Groups in Organic Synthesis”, 3" edition, T.W. Greene and
P.G. Wuts, Wiley-Interscience, 1999). Common nitrogen protecting groups (PG)
suitable for use herein include tert-butoxycarbonyl (t-Boc), which is readily removed by
treatment with an acid such as trifluoroacetic acid or hydrogen chloride in an organic
5 solvent such as dichloromethane or 1,4-dioxane, and benzyl, which is readily removed
by hydrogenation in the presence of a suitable catalyst or by treatment with 1-

chloroethyl chloroformate.

z

0
deprotection z )X\ z
PG~y N . Rl NQL\
\ /D LG
LG LG

(V) (V) (n

Scheme 2

Compounds of formula (IV) can be made by methods well-known to those skilled in the
10 art, for example with reference to literature precedents and/or the Preparations herein,

or routine adaptation thereof.

The compound of general formula (V) can be made by removal of the N-protecting
group (PG). For example if PG is a benzyl group, it can be readily removed by
15 hydrogenation in the presence of a suitable catalyst or by treatment with 1-chloroethyl
chloroformate, or if PG is a benzoyl group, it can be readily removed by refluxing in

aqueous acid solution.

Wherein X represents a direct link, the -C(O)R" group may be introduced by acylation
20 of the intermediate (V) using standard acylation chemistry, such as with a suitable
(activated) acid such as an acid chloride R'COCI or anhydride (R'CO),0 to provide the
compounds of general formula (ll). The acylation is preferably carried out using the acid
chloride with a suitable base, such as ftriethylamine, and in a solvent such as
dichloromethane, 1,2 dichloroethane or tetrahydrofuran. Acid chlorides R'COCI are
25 either commercially available or will be well-known to those skilled in the art with

reference to literature precedents.

Wherein X represents —NH-, the C(O)NHR" group may be introduced by reaction of the

intermediates of formula (V) with a suitable isocyanate R'NCO to provide the
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Wherein X represents —O-, standard carbamate chemistry may be used to introduce the
C(O)OR’ group. The carbamate formation is preferably carried out by using the
appropriate chlorocarbonate, R1O(CO)CI, and intermediates of formula (V) with a
10 suitable base, such as sodium hydrogen carbonate, and in a solvent, such as
dichloromethane, 1,2 dichloroethane or tetrahydrofuran to provide compounds of
formula (ll). Chlorocarbonates R'O(CO)CI are either commercially available of will be

well-known to those skilled in the art with reference to literature precedents.

15 Reagents / intermediates of general formula (lll) are either commercially available or
will be well-known to those skilled in the art with reference to literature precedents

and/or the preparations herein.

Scheme 3 illustrates the route used to for prepare compounds of general formula (l), in

20 which the pyrrolidine nitrogen is protected and C(O)XR1 is introduced in the final step.
Ar-OH

PG\NQLZ\ (m PG~y QL\ deprotection z
LG i O—Ar

ether formation

(V) (VI) (Vi)

|

0
Z
R1 \X)LNQL\
O—Ar

Scheme 3

In Scheme 3 the intermediate of general formula (IV) is reacted in an etherification

reaction as previously described in Scheme 1 to provide a protected intermediate (VI)



pharmaceutically acceptabl e derivative thereof, together with a

phar maceutical |y acceptabl e excipient, diluent or carrier; (iv)a conpound
of for mulwoO@2bjo/05e62a phar maceutical ly accept abl e deri vat iPC&/1B2002/038DISi t | ON
thereof, for use as a medicanment; 10(M)the use of a conpound of fornula (1)
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di sor d&YNikesis dSmadiiyilsVarfaresneanst Pt Widks. JiViley- (nterssignseat!299)-(vii) a
met hod of treatment of a manmmal to treat endometriosis, uterine fibroids
(I eionyomata), nenorrhagi a, adenonyosis, primary and secondary 20
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(1 ei onyomata): (ix) novel internediates as described herein; (x)

conl naeactionass ae&‘eraubsed:anee@qmt L(smgjtmsarapamtate Qbﬂorpherho:ma&thh(G(D)Gl be
apparent. from.t rgf 20625PCT/ B200Q9/ 054824 54I thﬁ

i terattifbd it %ﬁﬁé?a?ﬂ%?sﬁ "BOGILICAERINAG: BRY dht 59VERhySURRSES
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typically second order (‘glass transition’). The term ‘crystalline’ refers to a solid phase
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gives a distinctive X-ray diffraction pattern with defined peaks. Such materials when
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stoichiometry mdependent of humidity. When, however, the solvent or water is weakly
bound, as in channel solvates and hygroscopic compounds, the water/solvent content
20 will be dependent on humidity and drying conditions. In such cases, non-stoichiometry

will be the norm.

Also included within the scope of the invention are multi-component complexes (other
than salts and solvates) wherein the drug and at least one other component are

25 present in stoichiometric or non-stoichiometric amounts. Complexes of this type
include clathrates (drug-host inclusion complexes) and co-crystals. The latter are
typically defined as crystalline complexes of neutral molecular constituents which are
bound together through non-covalent interactions, but could also be a complex of a
neutral molecule with a salt. Co-crystals may be prepared by melt crystallisation, by

30 recrystallisation from solvents, or by physically grinding the components together - see
Chem Commun, 17, 1889-1896, by O. Almarsson and M. J. Zaworotko (2004). For a
general review of multi-component complexes, see J Pharm Sci, 64 (8), 1269-1288, by
Haleblian (August 1975).
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‘prodrugs’. Further information on the use of prodrugs may be found in “Pro-drugs as
Novel Delivery Systems”, Vol. 14, ACS Symposium Series (T. Higuchi and W. Stella)
25 and “Bioreversible Carriers in Drug Design”, Pergamon Press, 1987 (Ed. E. B. Roche,

American Pharmaceutical Association).

Prodrugs in accordance with the invention can be produced by replacing appropriate
functionalities present in the compounds of formula (l) with certain moieties known to

30 those skilled in the art as ‘pro-moieties’ as described, for example, in “Design of
Prodrugs” by H. Bundgaard (Elsevier, 1985).

Some examples of prodrugs in accordance with the invention include
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(i) where the compound of formula (l) contains an alcohol functionality (-OH), an
ether thereof, for example, a compound wherein the hydrogen of the alcohol
functionality of the compound of formula (l) is replaced by (Cs-
Cs)alkanoyloxymethyl; and

(i)  where the compound of formula (l) contains a primary or secondary amino
functionality (-NH, or -NHR where R # H), an amide thereof, for example, a
compound wherein, as the case may be, one or both hydrogens of the amino

functionality of the compound of formula (1) is/are replaced by (C+-Cio)alkanoyl.

Further examples of replacement groups in accordance with the foregoing examples

and examples of other prodrug types may be found in the aforementioned references.

Moreover, certain compounds of formula (I) may themselves act as prodrugs of other

compounds of formula (1).

Also included within the scope of the invention are metabolites of compounds of
formula (l), that is, compounds formed in vivo upon administration of the drug. Thus
within the scope of the invention are envisaged the metabolites of the compounds of

formula () when formed in vivo.

Compounds of formula (l) contain one or more asymmetric carbon atoms and can
therefore exist as two or more stereoisomers. Where a compound of formula (l)
contains an alkenyl or alkenylene group, geometric cis/trans (or Z/E) isomers are
possible. Where structural isomers are interconvertible via a low energy barrier,
tautomeric isomerism (‘tautomerism’) can occur. This can take the form of proton
tautomerism in compounds of formula () containing, for example, an imino, keto, or
oxime group, or so-called valence tautomerism in compounds which contain an
aromatic moiety. It follows that a single compound may exhibit more than one type of
isomerism. Included within the scope of the present invention are all stereocisomers,
geometric isomers and tautomeric forms of the compounds of formula I, including
compounds exhibiting more than one type of isomerism, and mixtures of one or more

thereof. Also included are acid addition or base salts wherein the counter ion is
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optically active, for example, d-lactate or /-lysine, or racemic, for example, d/-tartrate or

dl-arginine.

Cisltrans isomers may be separated by conventional techniques well known to those

skilled in the art, for example, chromatography and fractional crystallisation.

Conventional techniques for the preparation/isolation of individual enantiomers include
chiral synthesis from a suitable optically pure precursor or resolution of the racemate
(or the racemate of a salt or derivative) using, for example, chiral high pressure liquid

chromatography (HPLC).

Alternatively, the racemate (or a racemic precursor) may be reacted with a suitable
optically active compound, for example, an alcohol, or, in the case where the
compound of formula () contains an acidic or basic moiety, a base or acid such as 1-
phenylethylamine or tartaric acid. The resulting diastereomeric mixture may be
separated by chromatography and/or fractional crystallization and one or both of the
diastereoisomers converted to the corresponding pure enantiomer(s) by means well

known to a skilled person.

Chiral compounds of the invention (and chiral precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography, typically HPLC, on an
asymmetric resin with a mobile phase consisting of a hydrocarbon, typically heptane or
hexane, containing from 0 to 50% by volume of isopropanol, typically from 2% to 20%,
and from 0 to 5% by volume of an alkylamine, typically 0.1% diethylamine.
Concentration of the eluate affords the enriched mixture.

When any racemate crystallises, crystals of two different types are possible. The first
type is the racemic compound (true racemate) referred to above wherein one
homogeneous form of crystal is produced containing both enantiomers in equimolar
amounts. The second type is the racemic mixture or conglomerate wherein two forms

of crystal are produced in equimolar amounts each comprising a single enantiomer.

While both of the crystal forms present in a racemic mixture have identical physical

properties, they may have different physical properties compared to the true racemate.
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Racemic mixtures may be separated by conventional techniques known to those skilled
in the art - see, for example, “Stereochemistry of Organic Compounds” by E. L. Eliel
and S. H. Wilen (Wiley, 1994).

The present invention includes all pharmaceutically acceptable isotopically-labelled
compounds of formula () wherein one or more atoms are replaced by atoms having the
same atomic number, but an atomic mass or mass number different from the atomic

mass or mass number which predominates in nature.

Examples of isotopes suitable for inclusion in the compounds of the invention include

isotopes of hydrogen, such as *H and °H, carbon, such as "'C, "°C and "C, chlorine,

123 125

such as *°Cl, fluorine, such as "°F, iodine, such as "I and "*l, nitrogen, such as "N
and "N, oxygen, such as °O, O and "0, phosphorus, such as **P, and sulphur, such

as *°S.

Certain isotopically-labelled compounds of formula (l), for example, those incorporating
a radioactive isotope, are useful in drug and/or substrate tissue distribution studies.
The radioactive isotopes tritium, i.e. °H, and carbon-14, i.e. "C, are particularly useful

for this purpose in view of their ease of incorporation and ready means of detection.

Substitution with heavier isotopes such as deuterium, ie. “H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements, and hence may be

preferred in some circumstances.

Substitution with positron emitting isotopes, such as ''C, "°F, O and N, can be useful
in Positron Emission Topography (PET) studies for examining substrate receptor
occupancy. lsotopically-labelled compounds of formula (l) can generally be prepared
by conventional techniques known to those skilled in the art or by processes analogous
to those described in the accompanying Examples and Preparations using an
appropriate isotopically-labelled reagent in place of the non-labelled reagent previously

employed.
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Pharmaceutically acceptable solvates in accordance with the invention include those
wherein the solvent of crystallization may be isotopically substituted, e.g. D;O, de-
acetone, de-DMSO.

The compounds of formula (l) should be assessed for their biopharmaceutical
properties, such as solubility and solution stability (across pH), permeability, efc., in
order to select the most appropriate dosage form and route of administration for

treatment of the proposed indication.

Compounds of the invention intended for pharmaceutical use may be administered as
crystalline or amorphous products. They may be obtained, for example, as solid plugs,
powders, or films by methods such as precipitation, crystallization, freeze drying, spray
drying, or evaporative drying. Microwave or radio frequency drying may be used for

this purpose.

The compounds of the invention may be administered alone or in combination with one
or more other compounds of the invention or in combination with one or more other

drugs (or as any combination thereof).

The compounds of the present invention may be administered in combination with
PDES5 inhibitors. Thus in a further aspect of the invention, there is provided a
pharmaceutical product containing an EP2 antagonist of the formula (I) and one or
more PDEYV inhibitors as a combined preparation for simultaneous, separate or

sequential use in the treatment of endometriosis and/or uterine fibroids.

PDEYV inhibitors useful for combining with compounds of the present invention include,
but are not limited to:

(1) Preferably 5-[2-ethoxy-5-(4-methyl-1-piperazinylsulphonyl)phenyl]-1-methyl-
3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (sildenafil, e.g. as
sold as Viagra®) also known as 1-[[3-(6,7-dihydro-1-methyl-7-0x0-3-propyl-
1H-pyrazolo[4,3-d]pyrimidin-5-yl)-4-e thoxyphenyl] sulphonyl]-4-
methylpiperazine (see E P-A-0463756);5-(2-ethoxy-5-
morpholinoacetylphenyl)-1-methyl-3-n-propyl-1,6-dinydro-7H-pyrazolo[4,3-
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d]pyrimidin-7-one (see E P-A-0526004);3-ethyl-5-[5-(4-ethylpiperazin-1-
ylsulphonyl)-2-n-propoxy phenyl]-2-(pyridin-2-yl)methyl-2,6-dihydro-7H-
pyrazolo[4,3-d]pyrimidin-7-one (see WO 98/49166); 3-ethyl-5-[5-(4-
ethylpiperazin-1-ylsulphonyl)-2-(2-methoxyethoxy)pyridin-3-yl]-2-(pyridin-2-
yl)methyl-2,6-dihydro-7H-pyrazolo [4,3-d]pyrimidin-7-one(see W099/54333);
(+)-3-ethyl-5-[5-(4-ethylpiperazin-1-ylsulphonyl)-2-(2-methoxy-1(R)-
methylethoxy) pyridin-3-yl]-2-methyl-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin -
7-one, also known as 3-ethyl-5-{5-[4-ethylpiperazin-1-ylsulphonyl]-2-([(1R)-2-
methoxy-1-methylethylloxy)pyridin-3-yl}-2-methyl-2,6-dihydro-7H-
pyrazolo[4,3-d] pyrimidin-7-one (see  WQ099/54333);5-[2-ethoxy-5-(4-
ethylpiperazin-1-ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2-methoxy ethyl]-2,6-
dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, also known as 1-{6-ethoxy-5-[3-
ethyl-6,7-dihydro-2-(2-methoxyethyl)-7-oxo-2H-pyrazolo[4,3-d]pyrimidin-5-yl]-
3-pyridylsulphonyl}-4-ethylpiperazine (see WO 01/27113, Example 8);5-[2-
iso-Butoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-3-yl]-3-ethyl-2-(1-
methylpiperidin-4-yl)-2,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one(see WO
01/27113, Example 15);5-[2-Ethoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-
3-yl]-3-ethyl-2-phenyl-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (see
WO 01/27113, Example 66);5-(5-Acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-
isopropyl-3-azetidinyl)-2,6-dinydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (see
WO 01/27112, Example 124); 5-(5-Acetyl-2-butoxy-3-pyridinyl)-3-ethyl-2-(1-
ethyl-3-azetidinyl)-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (see WO
01/27112, Example 132); (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-
(3,4-methylenedioxyphenyl)  pyrazino[2',1':6,1]pyrido[3,4-b]indole-1,4-dione
(tadalafil, 1C-351, Cialis®), i.e. the compound of examples 78 and 95 of
published international application W0O95/19978, as well as the compound of
examples 1, 3, 7 and 8; 2-[2-ethoxy-5-(4-ethyl-piperazin-1-yl-1-sulphonyl)-
phenyl]-5-methyl-7-propyl-3H-imidazo[5,1-f][1,2,4]triazin-4-one (vardenafil,
LEVITRA ®) also known as 1-[[3-(3,4-dihydro-5-methyl-4-ox0-7-
propylimidazo[5,1-f]-as-triazin-2-yl)-4-ethoxyphenyl]sulphonyl]-4-
ethylpiperazine, i.e. the compound of examples 20, 19, 337 and 336 of
published international application W099/24433;the compound of example
11 of published international application W093/07124 (EISAI); compounds 3
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32
and 14 from Rotella D P, J. Med. Chem., 2000, 43, 1257; 4-(4-
chlorobenzyl)amino-6,7,8-trimethoxyquinazoline; N-[[3-(4,7-dihydro-1-methyl-
7-0x0-3-propyl-1H-pyrazolo[4,3-d]-pyrimidin-5-yl)-4-propxyphenyl]sulfonyl]-1-
methyl-2-pyrrolidine propanamide [“DA-8159" (Example 68 of WO00/27848)];
and 7,8-dihydro-8-ox0-6-[2-propoxyphenyl]-1H-imidazo[4,5-g]quinazoline and
1-[3-[1-[(4-fluorophenyl) methyl]-7,8-dihydro-8-oxo-1H-imidazo[4,5-
glquinazolin-6-yl]-4-propoxyphenyl] carboxamide; 4-[(3-chloro-4-
methoxybenzyl)amino]-2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]-N-(pyrimidin-
2-yImethyl) pyrimidine-5-carboxamide (TA-1790); 3-(1-methyl-7-oxo-3-propyl-
6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-N-[2-(1-methylpyrrolidin-2-
yl)ethyl]-4-propoxybenzene sulfonamide (DA 8159) and pharmaceutically
acceptable salts thereof.
4-bromo-5-(pyridylmethylamino)-6-[3-(4-chlorophenyl)-propoxy]-
3(2H)pyridazinone; 1-[4-[(1,3-benzodioxol-5-yImethyl)amiono]-6-chloro-2-
quinozolinyl]-4-piperidine-carboxylic acid, mono-sodium salt; (+)-Cis-
5,6a,7,9,9,9a-hexahydro-2-[4-(trifluoromethyl)-phenylmethyl-5-methyl-
cyclopent-4,5]imidazo[2,1-b]purin-4 (3H)one; furazlocillin; cis-2-hexyl-5-
methyl-3,4,5,6a,7,8, 9,9a- octahydrocyclopent[4,5]-imidazo[2,1-b]purin-4-one;
3-acetyl-1-(2-chlorobenzyl)-2-propyl indole-6- carboxylate; 3-acetyl-1-(2-
chlorobenzyl)-2-propylindole-6-c a r b o x y |l a t e ; 4-bromo-5-(3-
pyridylmethylamino)-6-(3-(4-chlorophenyl) propoxy)-3- (2H)pyridazinone; |-
methyl-5(5-morpholinoacetyl-2-n-propoxyphenyl)-3-n-propyl-1,6-dinydro- 7H-
pyrazolo(4,3-d)pyrimidin-7-one; 1-[4-[(1,3-benzodioxol-5-ylmethyl)amino]-6-
chloro-2- quinazolinyl]-4-piperidinecarboxylic acid, monosodium salt;
Pharmaprojects No. 4516 (Glaxo Wellcome); Pharmaprojects No. 5051
(Bayer); Pharmaprojects No. 5064 (Kyowa Hakko; see WO 96/26940);
Pharmaprojects No. 5069 (Schering Plough); GF-196960 (Glaxo Wellcome);
E-8010 and E-4010 (Eisai); Bay-38-3045 & 38-9456 (Bayer); FR229934 and
FR226807 (Fujisawa); and Sch-51866.

Preferably the PDEV inhibitor is selected from sildenafil, tadalafil, vardenafil, DA-8159

a n

d 5-[2-ethoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2-

methoxyethyl]-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one. Most preferably the
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PDES5 inhibitor is sildenafil and pharmaceutically acceptable salts thereof. Sildenafil

citrate is a preferred salt.

The compounds of the present invention may be administered in combination with a
V1a antagonist. Thus, in a further aspect of the invention, there is provided a
pharmaceutical product containing an EP2 antagonist of the formula (1) and one or
more V1a antagonists as a combined preparation for simultaneous, separate or

sequential use in the treatment of endometriosis and/or uterine fibroids.

A suitable vasopressin V1a receptor antagonist is, for example, (4-[4-Benzyl-5-(4-
methoxy-piperidin-1-ylmethyl)-4H-[1,2,4]triazol-3-yl]-3,4,5,6-tetrahydro-2H-
[1,2']bipyridinyl), which is Example 26 in WO 2004/37809. A further example of a
suitable vasopressin V1a receptor antagonist is 8-chloro-5-Methyl-1-(3,4,5,6-
tetrahydro-2H-[1,2']bipyridinyl-4-yl)-5,6-dihydro-4H-2,3,5,10b-tetraazo-
benzo[elazulene, or a pharmaceutically acceptable salt or solvate thereof, which is
Example 5 in WO 04/074291.

Further examples of vasopressin V1a receptor antagonists for use with the invention
are: SR49049 (Relcovaptan), atosiban (Tractocile®), conivaptan (YM-087), VPA-985,
CL-385004, Vasotocin and OPC21268. Additionally, the V1a receptor antagonists

described in WO 01/58880 are suitable for use in the invention.

The compounds of the present invention may be administered in combination with an
agent which lowers estrogen levels, or which antagonises the estrogen receptor. Thus,
in a further aspect of the invention, there is provided a pharmaceutical product
containing an EP2 antagonist of the formula () and one or more agents which lower
estrogen levels, or antagonise the estrogen receptor, as a combined preparation for
simultaneous, separate or sequential use in the treatment of endometriosis and/or

uterine fibroids.

Agents which lower estrogen levels include gonadotropin releasing hormone (GnRH)

agonists, GnRH antagonists and estrogen synthesis inhibitors. Agents which
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antagonise the estrogen receptor, i.e. estrogen receptor antagonists, include anti-

estrogens.

GnRH agonists suitable for the present invention include leuprorelin (Prostap - Wyeth),
5 buserelin (Suprefact - Shire), goserelin (Zoladex — Astra Zeneca), triptorelin (De-
capeptyl — Ipsen), nafarelin (Synarel — Searle), deslorelin (Somagard — Shire), and

histrelin/supprelin (Ortho Pharmaceutical Corp/Shire).

GnRH antagonists suitable for the present invention include teverelix (also known as
10 antarelix), abarelix (Plenaxis — Praecis Pharmaceuticals Inc.), cetrorelix (Cetrotide —

ASTA Medica), elagolix (Neurocrine) and ganirelix (Orgalutran — Organon).

Anti-estrogens suitable for the present invention include tamoxifen, Faslodex (Astra
Zeneca), idoxifene (see Coombes et al. (1995) Cancer Res. 55, 1070-1074), raloxifene
15 or EM-652 (Labrie, F et al, (2001) J Steroid Biochem Mol Biol, 79, 213).

Estrogen synthesis inhibitors suitable for the present invention include aromatase
inhibitors. Examples of aromatase inhibitors include Formestane (4-OH
androstenedione), Exemestane, Anastrozole (Arimidex) and Letroxole.
20

The compounds of the present invention may be administered in combination with an
alpha-2-delta ligand. Thus, in a further aspect of the invention, there is provided a
pharmaceutical product containing an EP2 antagonist of the formula (1) and one or
more alpha-2-delta ligands, as a combined preparation for simultaneous, separate or

25 sequential use in the treatment of endometriosis and/or uterine fibroids.

Examples of alpha-2-delta ligands for use in the present invention are those
compounds, or pharmaceutically acceptable salts thereof, generally or specifically
disclosed in US4024175, particularly gabapentin, EP641330, particularly pregabalin,
30 US5563175, WO-A-97/33858, WO-A-97/33859, WO-A-99/31057, WO-A-99/31074,
WO-A-97/29101, W O-A-02/085839, particularly [(1R,5R,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid, WO-A-99/31075, particularly 3-(1-
aminomethyl-cyclohexylmethyl)-4H-[1,2,4]Joxadiazol-5-one  and C-[1-(1H-tetrazol-5-
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ylmethyl)-cycloheptyl]-methylamine, WO-A-99/21824, particularly (3S,4S)-(1-
aminomethyl-3,4-dimethyl-cyclopentyl)-acetic acid, WO-A-01/90052, WO-A-01/28978,
particularly (1a,3a,50)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acetic acid ,
EP0641330, WO-A-98/17627, WO-A-00/76958, particularly (3S,5R)-3-aminomethyl-
5 5-methyl-octanoic acid, WO-A-03/082807, particularly (3S,5R)-3-amino-5-methyl-
heptanoic acid, (3S,5R)-3-amino-5-methyl-nonanoic acid and (3S,5R)-3-amino-
5-methyl-octanoic acid, WO-A-2004/039367, particularly (2S,4S)-4-(3-fluoro-
phenoxymethyl)-pyrrolidine-2-carboxylic acid, (2S,45)-4-(2,3-difluoro-benzyl)-
pyrrolidine-2-carboxylic acid, (2S5,4S)-4-(3-chlorophenoxy)proline and (2S,45)-4-(3-
10 fluorobenzyl)proline, EP1178034, EP1201240, WO-A-99/31074, WO-A-03/000642,
WO-A-02/22568, WO-A-02/30871, WO-A-02/30881 WO-A-02/100392, WO-A-
02/100347, WO-A-02/42414, WO-A-02/32736 and WO-A-02/28881, all of which are

incorporated herein by reference.

15 Preferred alpha-2-delta ligands for use in the combination of the present invention
include: gabapentin, pregabalin, [(1R,5R,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-6-
ylJacetic acid, 3-(1-aminomethyl-cyclohexylmethyl)-4H-[1,2,4]oxadiazol-5-one, C-[1-
(1H-tetrazol-5-yImethyl)-cycloheptyl]-methylamine, (3S,4S)-(1-aminomethyl-3,4-
dimethyl-cyclopentyl)-acetic acid, (1a,3a,50)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-

20 acetic acid, (3S,5R)-3-aminomethyl-5-methyl-octanoic acid, (3S,5R)-3-amino-5-methyl-
heptanoic acid, (3S,5R)-3-amino-5-methyl-nonanoic acid , (3S,5R)-3-amino-5-methyl-
octanoic acid, (2S,4S)-4-(3-chlorophenoxy)proline and (2S,45)-4-(3-

fluorobenzyl)proline or pharmaceutically acceptable salts thereof.

25 Further preferred alpha-2-delta ligands for use in the combination of the present
invention are (3S,5R)-3-amino-5-methyloctanoic  acid, (3S,5R)-3-amino-5-
methylnonanoic acid, (3R,4R,5R)-3-amino-4,5-dimethylheptanoic acid and (3R,4R,5R)-

3-amino-4,5-dimethyloctanoic acid, and the pharmaceutically acceptable salts thereof.

30 Particularly preferred alpha-2-delta ligands for use in the combination of the present
invention are selected from gabapentin, pregabalin, (3S,5R)-3-amino-5-methyloctanoic

acid, (3S,5R)-3-aminomethyl-5-methyl-octanoic acid, (1a,30,50)(3-amino-methyl-
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bicyclo[3.2.0]hept-3-yl)-acetic acid, (2S,4S)-4-(3-chlorophenoxy)proline and (2S,4S)-4-

(3-fluorobenzyl)proline or a pharmaceutically acceptable salt of any thereof.

The compounds of the present invention may be administered in combination with an
5 oxytocin receptor antagonist. Thus, in a further aspect of the invention, there is
provided a pharmaceutical product containing an EP2 antagonist of the formula (l) and
one or more oxytocin antagonists, as a combined preparation for simultaneous,

separate or sequential use in the treatment of endometriosis and/or uterine fibroids.

10 Examples of oxytocin receptor antagonists suitable for the present invention are
atosiban (Ferring AB), barusiban (Ferring AB), TT-235 (Northwestern University), and
AS-602305 (Serono SA).

The contents of the published patent applications mentioned above, and in particular
15 the general formulae of the therapeutically active compounds of the claims and
exemplified compounds therein, are incorporated herein in their entirety by reference

thereto.

The compounds of the present invention may also be administered in combination with
20 any one or more of the following
(i) Aromatase inhibitor;
(i) Nuclear hormone receptor modulator;
(i) Angiogenesis inhibitor;
(iv)  VEGF inhibitor;
25 (v) Kinase inhibitor;
(vi)  Protein farnesyl transferase inhibitor;
(vii)  Prostanoid receptor antagonist;
(viii) Prostaglandin synthetase inhibitor;
(ix) Bioflavanoid;
30 (x) Alkylating agent;
(xi)  Microtobule modulator, e.g. Microtobule stabilizer;
(xii)  Topoisomerase | inhibitor;

(xiii) Protease inhibitor;
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(xiv) Chemokine receptor antagonist;
(xv)  Neuroendocrine receptor modulators; or

(xvi) Anti-NGF antibody, e.g. tanezumab..

5 Thus, in a further aspect of the invention, there is provided a pharmaceutical product
containing an EP2 antagonist of the formula (1) and any one or more of the following
(i) Aromatase inhibitor;
(i) Nuclear hormone receptor modulator;
(i) Angiogenesis inhibitor;
10 (iv)  VEGEF inhibitor;
(v) Kinase inhibitor;
(vi)  Protein farnesyl transferase inhibitor;
(vii)  Prostanoid receptor antagonist;
(viii) Prostaglandin synthetase inhibitor;
15 (ix) Bioflavanoid;
(x)  Alkylating agent;
(xi)  Microtobule modulator, e.g. Microtobule stabilizer;
(xii)  Topoisomerase | inhibitor;
(xiii) Protease inhibitor;
20 (xiv) Chemokine receptor antagonist;
(xv)  Neuroendocrine receptor modulators; or
(xvi) Anti-NGF antibody, e.g. tanezumab:.
as a combined preparation for simultaneous, separate or sequential use in the
treatment of endometriosis and/or uterine fibroids.
25
Generally, compounds of the invention will be administered as a formulation in
association with one or more pharmaceutically acceptable excipients, diluents or
carriers. The term 'excipient’ is used herein to describe any ingredient other than the
compound(s) of the invention. The choice of excipient will to a large extent depend on
30 factors such as the particular mode of administration, the effect of the excipient on

solubility and stability, and the nature of the dosage form.
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Pharmaceutical compositions suitable for the delivery of compounds of the present
invention and methods for their preparation will be readily apparent to those skilled in
the art. Such compositions and methods for their preparation may be found, for
example, in “Remington’s Pharmaceutical Sciences”, 19th Edition (Mack Publishing

5 Company, 1995).

The compounds of the invention may be administered orally. Oral administration may
involve swallowing, so that the compound enters the gastrointestinal tract, and/or
buccal, lingual, or sublingual administration by which the compound enters the blood

10 stream directly from the mouth.

Formulations suitable for oral administration include solid, semi-solid and liquid
systems such as tablets; soft or hard capsules containing multi- or nano-particulates,
liquids, or powders; lozenges (including liquid-filled); chews; gels; fast dispersing

15 dosage forms; films; ovules; sprays; and buccal/mucoadhesive patches.

Liquid formulations include suspensions, solutions, syrups and elixirs.  Such
formulations may be employed as fillers in soft or hard capsules (made, for example,
from gelatin or hydroxypropylmethylcellulose) and typically comprise a carrier, for
20 example, water, ethanol, polyethylene glycol, propylene glycol, methylcellulose, or a
suitable oil, and one or more emulsifying agents and/or suspending agents. Liquid
formulations may also be prepared by the reconstitution of a solid, for example, from a

sachet.

25 The compounds of the invention may also be used in fast-dissolving, fast-disintegrating
dosage forms such as those described in Expert Opinion in Therapeutic Patents, 11
(6), 981-986, by Liang and Chen (2001).

For tablet dosage forms, depending on dose, the drug may make up from 1 weight % to
30 80 weight % of the dosage form, more typically from 5 weight % to 60 weight % of the
dosage form. In addition to the drug, tablets generally contain a disintegrant.
Examples of disintegrants include sodium starch glycolate, sodium carboxymethyl

cellulose, calcium carboxymethyl cellulose, croscarmellose sodium, crospovidone,
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polyvinylpyrrolidone, methyl cellulose, microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinised starch and sodium alginate. Generally,
the disintegrant will comprise from 1 weight % to 25 weight %, preferably from 5 weight

% to 20 weight % of the dosage form.

Binders are generally used to impart cohesive qualities to a tablet formulation. Suitable
binders include microcrystalline cellulose, gelatin, sugars, polyethylene glycol, natural
and synthetic gums, polyvinylpyrrolidone, pregelatinised starch, hydroxypropyl
cellulose and hydroxypropyl methylcellulose. Tablets may also contain diluents, such
as lactose (monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol,
xylitol, dextrose, sucrose, sorbitol, microcrystalline cellulose, starch and dibasic

calcium phosphate dihydrate.

Tablets may also optionally comprise surface active agents, such as sodium lauryl
sulfate and polysorbate 80, and glidants such as silicon dioxide and talc. When
present, surface active agents may comprise from 0.2 weight % to 5 weight % of the

tablet, and glidants may comprise from 0.2 weight % to 1 weight % of the tablet.

Tablets also generally contain lubricants such as magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and mixtures of magnesium stearate
with sodium lauryl sulphate. Lubricants generally comprise from 0.25 weight % to 10

weight %, preferably from 0.5 weight % to 3 weight % of the tablet.

Other possible ingredients include anti-oxidants, colourants, flavouring agents,

preservatives and taste-masking agents.

Exemplary tablets contain up to about 80% drug, from about 10 weight % to about 90
weight % binder, from about 0 weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from about 0.25 weight % to about 10

weight % lubricant.

Tablet blends may be compressed directly or by roller to form tablets. Tablet blends or

portions of blends may alternatively be wet-, dry-, or melt-granulated, melt congealed,
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or extruded before tabletting. The final formulation may comprise one or more layers

and may be coated or uncoated; it may even be encapsulated.

The formulation of tablets is discussed in “Pharmaceutical Dosage Forms: Tablets”,
Vol. 1, by H. Lieberman and L. Lachman (Marcel Dekker, New York, 1980).

Consumable oral films are typically pliable water-soluble or water-swellable thin film
dosage forms which may be rapidly dissolving or mucoadhesive and typically comprise
a compound of formula (l), a film-forming polymer, a binder, a solvent, a humectant, a
plasticiser, a stabiliser or emulsifier, a viscosity-modifying agent and a solvent. Some

components of the formulation may perform more than one function.

The film-forming polymer may be selected from natural polysaccharides, proteins, or
synthetic hydrocolloids and is typically present in the range 0.01 to 99 weight %, more

typically in the range 30 to 80 weight %.

Other possible ingredients include anti-oxidants, colorants, flavourings and flavour
enhancers, preservatives, salivary stimulating agents, cooling agents, co-solvents
(including oils), emollients, bulking agents, anti-foaming agents, surfactants and taste-

masking agents.

Films in accordance with the invention are typically prepared by evaporative drying of
thin aqueous films coated onto a peelable backing support or paper. This may be done
in a drying oven or tunnel, typically a combined coater dryer, or by freeze-drying or

vacuuming.

Solid formulations for oral administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,

controlled-, targeted and programmed release.

Suitable modified release formulations for the purposes of the invention are described
in US Patent No. 6,106,864. Details of other suitable release technologies such as

high energy dispersions and osmotic and coated particles are to be found in
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“‘Pharmaceutical Technology On-line”, 25(2), 1-14, by Verma et al (2001). The use of

chewing gum to achieve controlled release is described in WO 00/35298.

The compounds of the invention may also be administered directly into the blood
stream, into muscle, or into an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intramuscular, intrasynovial and
subcutaneous. Suitable devices for parenteral administration include needle (including

microneedle) injectors, needle-free injectors and infusion techniques.

Parenteral formulations are typically aqueous solutions which may contain excipients
such as salts, carbohydrates and buffering agents (preferably to a pH of from 3 to 9),
but, for some applications, they may be more suitably formulated as a sterile non-
aqueous solution or as a dried form to be used in conjunction with a suitable vehicle

such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sterile conditions, for example, by
lyophilisation, may readily be accomplished using standard pharmaceutical techniques
well known to those skilled in the art.

The solubility of compounds of formula (l) used in the preparation of parenteral
solutions may be increased by the use of appropriate formulation techniques, such as

the incorporation of solubility-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. Thus compounds of the invention may
be formulated as a suspension or as a solid, semi-solid, or thixotropic liquid for
administration as an implanted depot providing modified release of the active
compound. Examples of such formulations include drug-coated stents and semi-solids
and suspensions comprising drug-loaded poly(dl-lactic-coglycolic)acid (PGLA)

microspheres.
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The compounds of the invention may also be administered topically, (intra)dermally, or
transdermally to the skin or mucosa. Typical formulations for this purpose include gels,
hydrogels, lotions, solutions, creams, ointments, dusting powders, dressings, foams,
films, skin patches, wafers, implants, sponges, fibres, bandages and microemulsions.
Liposomes may also be used. Typical carriers include alcohol, water, mineral oil, liquid
petrolatum, white petrolatum, glycerin, polyethylene glycol and propylene glycol.
Penetration enhancers may be incorporated - see, for example, J Pharm Sci, 88 (10),
955-958, by Finnin and Morgan (October 1999).

Other means of topical administration include delivery by electroporation,
iontophoresis, phonophoresis, sonophoresis and microneedle or needle-free (e.g.

Powderject™, Bioject™, etc.) injection.

Formulations for topical administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,

controlled-, targeted and programmed release.

The compounds of the invention can also be administered intranasally or by inhalation,
typically in the form of a dry powder (either alone, as a mixture, for example, in a dry
blend with lactose, or as a mixed component particle, for example, mixed with
phospholipids, such as phosphatidylcholine) from a dry powder inhaler, as an aerosol
spray from a pressurised container, pump, spray, atomiser (preferably an atomiser
using electrohydrodynamics to produce a fine mist), or nebuliser, with or without the
use of a suitable propellant, such as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-
heptafluoropropane, or as nasal drops. For intranasal use, the powder may comprise a

bioadhesive agent, for example, chitosan or cyclodextrin.

The pressurised container, pump, spray, atomizer, or nebuliser contains a solution or
suspension of the compound(s) of the invention comprising, for example, ethanol,
aqueous ethanol, or a suitable alternative agent for dispersing, solubilising, or
extending release of the active, a propellant(s) as solvent and an optional surfactant,

such as sorbitan trioleate, oleic acid, or an oligolactic acid.
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Prior to use in a dry powder or suspension formulation, the drug product is micronised
to a size suitable for delivery by inhalation (typically less than 5 microns). This may be
achieved by any appropriate comminuting method, such as spiral jet milling, fluid bed
jet milling, supercritical fluid processing to form nanoparticles, high pressure

5 homogenisation, or spray drying.

Capsules (made, for example, from gelatin or hydroxypropylmethylcellulose), blisters
and cartridges for use in an inhaler or insufflator may be formulated to contain a
powder mix of the compound of the invention, a suitable powder base such as lactose
10 or starch and a performance modifier such as /-leucine, mannitol, or magnesium
stearate. The lactose may be anhydrous or in the form of the monohydrate, preferably
the latter. Other suitable excipients include dextran, glucose, maltose, sorbitol, xylitol,

fructose, sucrose and trehalose.

15 A suitable solution formulation for use in an atomiser using electrohydrodynamics to
produce a fine mist may contain from 1ug to 20mg of the compound of the invention per
actuation and the actuation volume may vary from 1ul to 100ul. A typical formulation
may comprise a compound of formula (l), propylene glycol, sterile water, ethanol and
sodium chloride. Alternative solvents which may be used instead of propylene glycol

20 include glycerol and polyethylene glycol.

Suitable flavours, such as menthol and levomenthol, or sweeteners, such as saccharin
or saccharin sodium, may be added to those formulations of the invention intended for
inhaled/intranasal administration.

25
Formulations for inhaled/intranasal administration may be formulated to be immediate
and/or modified release using, for example, PGLA. Modified release formulations

include delayed-, sustained-, pulsed-, controlled-, targeted and programmed release.

30 The compounds of the invention may be administered rectally or vaginally, for example,
in the form of a suppository, pessary, or enema. Cocoa butter is a traditional

suppository base, but various alternatives may be used as appropriate.
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Formulations for rectal/vaginal administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-, sustained-,

pulsed-, controlled-, targeted and programmed release.

The compounds of the invention may be combined with soluble macromolecular
entities, such as cyclodextrin and suitable derivatives thereof or polyethylene glycol-
containing polymers, in order to improve their solubility, dissolution rate, taste-masking,
bioavailability and/or stability for use in any of the aforementioned modes of

administration.

Drug-cyclodextrin complexes, for example, are found to be generally useful for most
dosage forms and administration routes. Both inclusion and non-inclusion complexes
may be used. As an alternative to direct complexation with the drug, the cyclodextrin
may be used as an auxiliary additive, i.e. as a carrier, diluent, or solubiliser. Most
commonly used for these purposes are alpha-, beta- and gamma-cyclodextrins,
examples of which may be found in International Patent Applications Nos. WO
91/11172, WO 94/02518 and WO 98/55148.

Inasmuch as it may desirable to administer a combination of active compounds, for
example, for the purpose of treating a particular disease or condition, it is within the
scope of the present invention that two or more pharmaceutical compositions, at least
one of which contains a compound in accordance with the invention, may conveniently

be combined in the form of a kit suitable for coadministration of the compositions.

Thus the kit of the invention comprises two or more separate pharmaceutical
compositions, at least one of which contains a compound of formula (l) in accordance
with the invention, and means for separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An example of such a kit is the familiar

blister pack used for the packaging of tablets, capsules and the like.

The kit of the invention is particularly suitable for administering different dosage forms,
for example, oral and parenteral, for administering the separate compositions at

different dosage intervals, or for titrating the separate compositions against one
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another. To assist compliance, the kit typically comprises directions for administration

and may be provided with a so-called memory aid.

For administration to human patients, the total daily dose of the compounds of the
invention is typically in the range <1mg to 1000 mg depending, of course, on the mode
of administration. For example, oral administration may require a total daily dose of
from <1 mg to 1000 mg, while an intravenous dose may only require from <1 mg to 500
mg. The total daily dose may be administered in single or divided doses and may, at

the physician’s discretion, fall outside of the typical range given herein.

These dosages are based on an average human subject having a weight of about 60kg
to 80kg. The physician will readily be able to determine doses for subjects whose

weight falls outside this range, such as infants and the elderly.

As used herein, the terms "treating" and "to treat", mean to alleviate symptoms,
eliminate the causation either on a temporary or permanent basis, or to prevent or slow
the appearance of symptoms. The term "treatment" includes alleviation, elimination of
causation (either on a temporary or permanent basis) of, or prevention of symptoms
and disorders associated with endometriosis and/or uterine leiomyoma. The treatment

may be a pre-treatment as well as a treatment at the on-set of symptoms.

The compounds of formula (1) of the present invention have utility as EP2 antagonists
in the treatment of various disease states. Preferably said EP2 antagonists exhibit a
functional potency at the EP2 receptor expressed as an ICso, lower than about 1000nM,
more preferably lower than 500nM, yet more preferably lower than about 100nM and
more preferably still lower than about 50nM wherein said ICs, measurement of EP2
functional potency can be carried out using Protocol 1 below. Using this assay, the
Examples hereafter of compounds according to the present invention exhibit a

functional potency at the EP2 receptor expressed as an I1C5, lower than 1000nM.

Preferred compounds herein exhibit functional potency at the EP2 receptor as defined
herein before and are selective for EP2 over DP1. Preferably said EP2 antagonists

have a selectivity for EP2 over DP1 wherein said EP2 receptor antagonists are at least
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about 10-times, preferably at least about 20-times, more preferably at least about 30-
times, even more preferably at least about 100-times, more preferably still at least
about 300-times, even more preferably still at least about 500-times and especially at
least about 1000-times more functionally selective for an EP2 receptor as compared
5 with the DP1 receptor wherein said relative selectivity assessments are based on the
measurement of DP1 and EP2 functional potencies which can be carried out using the

assays described herein. DP1 activity is measured using Protocol 2 below.

Preferably said EP2 antagonists have a selectivity for EP2 over EP4 wherein said EP2
10 receptor antagonists are at least about 10-times, preferably at least about 30-times,
more preferably at least about 100-times, more preferably still at least about 300-times,
even more preferably still at least about 500-times and especially at least about 1000-
times more functionally selective for an EP2 receptor as compared with the EP4
receptor wherein said relative selectivity assessments are based on the measurement
15 of EP4 and EP2 functional potencies which can be carried out using the assays as

described herein. EP4 activity is measured using Protocol 3 below.

Most preferred are EP2 antagonists have a selectivity for EP2 over DP1 and EP4
wherein said EP2 receptors antagonists are at least about 10-times, preferably at least
20 about 30-times, more preferably at least about 100-times, more preferably still at least
about 300-times, even more preferably still at least about 1000-times more functionally

selective for an EP2 receptor as compared with the DP1 and EP4 receptors.

The compounds of the present invention may be tested using the Protocols set out

25 below.

1.0 Measurement of in vitro antagonist potency (ICs) of compounds against

recombinant human Prostaglandin E2 receptor in CHO cells

The prostaglandin E2 (EP-2) receptor is Gs coupled and agonism of the receptor by
30 PGE2 results in activation of intracellular adenylate cyclase enzymes that synthesise

the second messenger signalling molecule, adenosine 3',5'-cyclic monophosphate

(CAMP). CHO cells expressing the recombinant human EP-2 receptor are stimulated

with PGE2 (5nM) equivalent to approximately EC50 values to give the maximal cAMP
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signal. Decreases in cAMP levels following treatment of stimulated recombinant EP-2
cells with potential antagonist compounds were measured and potency (ICso)
calculated as follows.

A Chinese hamster ovary (CHO) cell line stably transfected with full length cDNA
encoding human Prostaglandin E2 was established using standard molecular biology
methods. Test compounds were dissolved in dimethyl sulphoxide (DMSO) at 4mM. 11
point half log unit increment dilution series of test compound were prepared in DMSO
then diluted 1 in 40 in a buffer comprised of phosphate buffered saline (PBS) and
0.05% pluronic F-127 surfactant. Freshly cultured cells at 80-90% confluence were
harvested and re-suspended in 90% growth media/10% DMSO. The cells were frozen
using a planar freezer and stored in frozen aliquots in cryovials in liquid nitrogen until
the day of the experiment. A vial of cells was defrosted in a 37°C water bath for 2 min,
then transferred to 10ml of Dulbecco's Modified Eagle's Medium (DMEM). The cells
were then centrifuged for 5 min at 1000g and the pellet re-suspended at 1,000,000
cells/ml in DMEM. 5,000 cells (5ul) were added to 5ul of the compound dilution series
in a 384 well assay plate and pre-incubated for 30 min at 37°C. 5ul of agonist (15nM
PGE2 in PBS to give 5nM FAC) was added and plates further incubated for 90 min at
37°C. The relative cAMP concentration in each well was then measured using a B-
galactosidase enzyme fragment complementation method purchased in kit form as the
Discoverx cAMP Il kit from GE Healthcare, UK. The luminescence readings taken from
each assay well were converted into percent effect relative to maximum control wells
corresponding to a 30uM of 6-chloro-2-(4-pentyloxy-benzoyl)-1H-indol-3-yl]-acetic acid
(prepared according to methods outlined in WO 9935130) demonstrated to give a
maximal effect. Sigmoidal curves were fitted to plots of log inhibitor concentration vs
percent effect. 1Csy estimates were determined as the concentration of test compound
giving an effect half way between the bottom and top asymptotes of the sigmoidal dose
response curve. Each experiment included an ICsy determination for the literature
compound as a standard to track assay consistency and allow fair comparison between
values obtained in different experiments. The EC50 of PGE2 is used in combination
with the ligand concentration in the assay to determine Ki values for antagonist dose
responses using the Cheng-Prusoff equation. Consequently an agonist dose response
curve is carried out for each experiment using the same incubation as the antagonist

plate.
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2.0 Measurement of in vitro antagonist potency (ICs,) of compounds against
recombinant human Prostaglandin D1 receptor in CHO cells

The prostaglandin D1 (DP-1) receptor is Gs coupled and agonism of the receptor by
PGE2 results in activation of intracellular adenylate cyclase enzymes that synthesise
the second messenger signalling molecule, adenosine 3',5'-cyclic monophosphate
(CAMP). CHO cells expressing the recombinant human DP-1 receptor are stimulated
with BW245C (10nM) equivalent to approximately EC70 values to give the maximal
cAMP signal. Decreases in cAMP levels following treatment of stimulated recombinant
DP-1 cells with potential antagonist compounds were measured and potency (I1Cso)
calculated as follows.

A Chinese hamster ovary (CHO) cell line stably transfected with full length cDNA
encoding human Prostaglandin D1 was established using standard molecular biology
methods. Test compounds were dissolved in dimethyl sulphoxide (DMSO) at 4mM. 11
point half log unit increment dilution series of test compound were prepared in DMSO
then diluted 1 in 40 in a buffer comprised of phosphate buffered saline (PBS) and
0.05% pluronic F-127 surfactant. Freshly cultured cells at 80-90% confluence were
harvested and re-suspended in 90% growth media/10% DMSO. The cells were frozen
using a planar freezer and stored in frozen aliquots in cryovials in liquid nitrogen until
the day of the experiment. A vial of cells was defrosted in a 37°C water bath for 2 min,
then transferred to 10ml of Dulbecco's Modified Eagle's Medium (DMEM). The cells
were then centrifuged for 5 min at 1000g and the pellet re-suspended at 1,000,000
cells/ml in DMEM. 5,000 cells (5ul) were added to 5ul of the compound dilution series
in a 384 well assay plate and pre-incubated for 30 min at 37°C. 5ul of agonist (30nM
BW245C in PBS to give 10nM FAC) was added and plates further incubated for 90 min
at 37°C. The relative cAMP concentration in each well was then measured using a B-
galactosidase enzyme fragment complementation method purchased in kit form as the
Discoverx cAMP Il kit from GE Healthcare, UK. The luminescence readings taken from
each assay well were converted into percent effect relative to maximum control wells
corresponding to a 30uM of $-5751, demonstrated to give a maximal effect. Sigmoidal
curves were fitted to plots of logy inhibitor concentration vs percent effect. ICso
estimates were determined as the concentration of test compound giving an effect half

way between the bottom and top asymptotes of the sigmoidal dose response curve.
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Each experiment included an ICs determination for the literature compound as a
standard to track assay consistency and allow fair comparison between values
obtained in different experiments. The EC70 of BW245C is used in combination with
the ligand concentration in the assay to determine Ki values for antagonist dose
responses using the Cheng-Prusoff equation. Consequently an agonist dose response
curve is carried out for each experiment using the same incubation as the antagonist

plate.

3.0 Measurement of in vitro antagonist potency (ICs) of compounds against
recombinant human Prostaglandin E4 receptor in CHO cells

The prostaglandin E4 (EP-4) receptor is Gs coupled and agonism of the receptor by
PGE2 results in activation of intracellular adenylate cyclase enzymes that synthesise
the second messenger signalling molecule, adenosine 3',5'-cyclic monophosphate
(cAMP). CHO cells expressing the recombinant human EP-4 receptor are stimulated
with PGE2 (6nM) equivalent to approximately EC50 values to give the maximal cAMP
signal. Decreases in cAMP levels following treatment of stimulated recombinant EP-2
cells with potential antagonist compounds were measured and potency (ICso)
calculated as follows.

A Chinese hamster ovary (CHO) cell line stably transfected with full length cDNA
encoding human Prostaglandin E4 was established using standard molecular biology
methods. Test compounds were dissolved in dimethyl sulphoxide (DMSO) at 4mM. 11
point half log unit increment dilution series of test compound were prepared in DMSO
then diluted 1 in 40 in a buffer comprised of phosphate buffered saline (PBS) and
0.05% pluronic F-127 surfactant. Freshly cultured cells at 80-90% confluence were
harvested and re-suspended in 90% growth media/10% DMSO. The cells were frozen
using a planar freezer and stored in frozen aliquots in cryovials in liquid nitrogen until
the day of the experiment. A vial of cells was defrosted in a 37°C water bath for 2 min,
then transferred to 10ml of Dulbecco's Modified Eagle's Medium (DMEM). The cells
were then centrifuged for 5 min at 1000g and the pellet re-suspended at 1,000,000
cells/ml in DMEM. 5,000 cells (5ul) were added to 5ul of the compound dilution series
in a 384 well assay plate and pre-incubated for 30 min at 37°C. 5ul of agonist (6nM
PGE2 in PBS to give 2nM FAC) was added and plates further incubated for 90 min at

37°C. The relative cAMP concentration in each well was then measured using a B-



35
Cl

10

15

NN 40 A B Enantioner 2 LCMS Rt 3.30 mins ES mz 472 [ M -1]

WO 2010/052625 PCT/IB2009/054824
50

galactosidase enzyme fragment complementation method purchased in kit form as the
Discoverx cAMP Il kit from GE Healthcare, UK. The luminescence readings taken from
each assay well were converted into percent effect relative to maximum control wells
corresponding to a 30uM of 4-{(S)-1-[5-Chloro-2-(4-chloro-benzyloxy)-benzoylamino]-
ethyl}-benzoic acid (WO2005105733), demonstrated to give a maximal effect.
Sigmoidal curves were fitted to plots of logo inhibitor concentration vs percent effect.
ICso estimates were determined as the concentration of test compound giving an effect
half way between the bottom and top asymptotes of the sigmoidal dose response
curve. Each experiment included an ICs, determination for the literature compound as
a standard to track assay consistency and allow fair comparison between values
obtained in different experiments. The EC50 of PGE2 is used in combination with the
ligand concentration in the assay to determine Ki values for antagonist dose responses
using the Cheng-Prusoff equation. Consequently an agonist dose response curve is

carried out for each experiment using the same incubation as the antagonist plate.

In-vitro Biological Data obtained using Protocol 1 above

Example no. | EP2 Ki (nM)
1 0.633
2 0.344
3 24 .4
4 82.1
5 1.64
6 102
7 2.97
8 10.9
9 520
10 0.741
11 28.9
12 4.82
13 333
14 522
15 84.7
16 0.692
17 2.01
18 17.2
19 2.35
20 89

21 4.09
22 142
23 94.6
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24 42.7
25 192
26 0.0376
27 4.34
28 0.334
29 28.2
30 0.461
31 282
32 0.735
33 141
34 0.743
35 105
36 1.16
37 30.3
38 3.08
39 48.1
40 2.36
41 66.9
42 2.93
43 145
44 3.83
45 170
46 23.7
47 226
48 43.8
49 124
50 1.88
51 19.3
52 134
53 17.5
54 389
95 28.9
56 466
57 29.4
58 884
59 98.1
60 979
61 26.2
62 868
63 174
64 621
65 175
66 3.3
67 85.7
68 14.6
69 309
70 22.7
71 23.9

ES mz 454 [M -1]

PCT/IB2009/054824

411



10 B Enantioner 2 LCMS Rt 3.30 mins, ES mz 454 [M-1] 40 Cl
38 "'t N lel C B Enantioner 1 LCMS Rt 3.11 nmins, ES mz 468 [M -1]

WO 2010/052625 PCT/IB2009/054824
52
72 25.5
73 459
74 35.6
75 504
76 158
77 213
78 511
79 21.3
80 344
81 55.5
82 524
83 119
84 438
85 7.29
86 5.36
87 225
88 14.9
89 252
90 4.16
91 37.4
92 7.81
93 165
94 431
95 1.03
96 178
97 1.89
98 260
99 1.99
100 518
101 3.59
102 160
103 3.77
104 392

The invention includes all polymorphs of the compounds of Formula (1) and crystal

habits thereof.

5 The compounds of the invention may have the advantage that they are more potent,
have a longer duration of action, have a broader range of activity, are more stable,
have fewer side effects or are more selective, or have other more useful properties

than the compounds of the prior art.

10 Thus the invention provides:
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(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)
(x)

53
a compound of formula (l) or a pharmaceutically acceptable derivative
thereof;

a process for the preparation of a compound of formula (I) or a
pharmaceutically acceptable derivative thereof;

a pharmaceutical formulation including a compound of formula (l) or a
pharmaceutically acceptable derivative thereof, together with a
pharmaceutically acceptable excipient, diluent or carrier;

a compound of formula (l) or a pharmaceutically acceptable derivative or
composition thereof, for use as a medicament;

the use of a compound of formula () or of a pharmaceutically acceptable
derivative or composition thereof, for the manufacture of a medicament for
the treatment of endometriosis, uterine fibroids (leiomyomata), menorrhagia,
adenomyosis, primary and secondary dysmenorrhoea (including symptoms of
dyspareunia, dyschexia and chronic pelvic pain), chronic pelvic pain
syndrome, polycystic kidney disease or polycystic ovarian syndrome;

use as in (v) where the disease or disorder is endometriosis and/or uterine
fibroids (leiomyomata);

a method of treatment of a mammal to treat endometriosis, uterine fibroids
(leiomyomata), menorrhagia, adenomyosis, primary and secondary
dysmenorrhoea (including symptoms of dyspareunia, dyschexia and chronic
pelvic pain), chronic pelvic pain syndrome, polycystic kidney disease or
polycystic ovarian syndrome, including treating said mammal with an
effective amount of a compound of formula (I) or with a pharmaceutically
acceptable derivative or composition thereof;

a method as in (vii) where the disease or disorder is endometriosis and/or
uterine fibroids (leiomyomata);

novel intermediates as described herein;

a combination as described herein.

Other aspects of the invention will be apparent from the claims.

The Preparations and Examples that follow illustrate the invention but do not limit the

invention in any way. All starting materials are available commercially or described in
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the literature. All temperatures are in °C. Flash column chromatography was carried
out using Merck silica gel 60 (9385). Thin layer chromatography (TLC) was carried out
on Merck silica gel 60 plates (5729). “R¢ represents the distance travelled by a
compound divided by the distance travelled by the solvent front on a TLC plate.

5 Melting points were determined using a Gallenkamp MPD350 apparatus and are
uncorrected. NMR was carried out using a Varian-Unity Inova 400MHz NMR
spectrometer or a Varian Mercury 400MHz NMR spectrometer. Mass spectroscopy
was carried out using a Finnigan Navigator single quadrupole electrospray mass
spectrometer or a Finnigan aQa APCI mass spectrometer.

10
Where it is stated that compounds were prepared in the manner described for an
earlier Preparation or Example, the skilled person will appreciate that reaction times,
number of equivalents of reagents and reaction temperatures may have been modified
for each specific reaction, and that it may nevertheless be necessary, or desirable, to

15 employ different work-up or purification conditions.

The invention is illustrated by the following non-limiting Examples in which the following

abbreviations and definitions are used:

APCI atmospheric pressure chemical ionisation mass spectrum
br broad

d chemical shift

d doublet

DMF N,N-Dimethylformamide

ES electrospray ionisation

HPLC high pressure liquid chromatography
LRMS low resolution mass spectrum

m multiplet

Me methyl

m/z mass spectrum peak

NMR nuclear magnetic resonance

g gram

mg milligram

Rt retention time
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S singlet
SM starting material
soln. solution
t triplet
() racemic mixture

For the avoidance of doubt, named compounds used herein have been named using
ACD Labs Name Software v7.11™,

For all the compounds of the following Examples and Preparations that have
been analysed by LCMS, System 1 was used unless otherwise stated. Four
different LCMS systems have been used throughout these sections as described

below.

System 1 — 6 minute acidic run:

A: 0.1 % formic acid in water

B: 0.1 % formic acid in acetonitrile

Column: C18 phase Phenomenex Luna 50 x 4.6mm with 5 micron particle size
Gradient: 95-5% A over 3min, 1 min hold, 1mL/min

UV: 210nm - 450nm DAD

Temperature: 50°C

System 2 - 2 minute acidic run:

A: 0.1 % formic acid in water

B: 0.1 % formic acid in acetonitrile

Column: C18 phase Fortis Pace 20 x 2.1mm with 3 micron particle size
Gradient: 70-2% A over 1.8min, 0.2 min hold, 1.8mL/min

UV: 210nm - 450nm DAD

Temperature: 75°C

System 3 - Mass Spec:
ESCi: MS

Solvent 20mM Ammonia 1minute run
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System 4 — 5 minute acidic run:
A 0.0375% TFA in water
B 0.01875% TFA in acetonitrile
Column Ymc ODS-AQ 50mm x 2mm with 5 micron particle size
Gradient: 90-10% A over 4.7min, 1 min hold, 0.8mL/min
Temperature: 50°C
Mass Spectrometer Model:  Agilent 1956A
lonization Mode: API-ES
Polarity:  Positive
Where singleton compounds have been purified by High Performance Liquid

Chromatography, unless otherwise stated, one of two methods were used, and these

are shown below.

Method a
Column Sunfire C18 4.6 x 50 mm id
Temperature Ambient

Mobile Phase A

0.05% formic acid in water

0.05% formic acid in

Mobile Phase B acetonitrile
Gradient - Initial 5% B

Time 0 mins 5% B

Time 3 mins 98% B
Time 4 mins 98% B
Time 4.1 mins 5% B

Time 5 mins 5% B

Flow rate 1.5 mL / min
Injection volume 5L

Method b

Xterra 4.6 x 50 mm id
Ambient

0.05% ammonia in water
0.05% ammonia in
acetonitrile

5% B

5% B

98% B

98% B

5% B

5% B

1.5 mL / min

5uL

Example 1: 3-(4'-Cyano-biphenyl-4-yloxymethyl)-1-(4-methoxy-benzoyl)-pyrrolidine-3-

carboxylic acid (enantiomer 1)
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o 9
N

SN

Sodium trimethyl silanolate (72.1 g) and water (7.72 mL, 428.6 mmol) were added to a
stirred solution of  3-(4'-cyano-biphenyl-4-yloxymethyl)-1-(4-methoxy-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (see Preparation 28a) (207.7 g, 428.6 mmol)
in acetonitrile (2090 mL). The resulting mixture was stirred at room temperature (RT)
for 18 hours. The reaction mixture was filtered and the solid was partitioned between
ethyl acetate (2000 mL) and aqueous hydrogen chloride solution (2000 mL, 2M). The
organic layer was washed with water (1000 mL) then concentrated under reduced
pressure to afford a pale orange foam. This was recrystallised twice, from ethyl acetate
(700 mL) then isopropyl alcohol (700 mL) to afford the title compound as a white solid
(107.2 g, 55%).

1H NMR (400 MHz, DMSO d-6) & ppm 1.89-2.05 (m, 1H), 2.15 - 2.19 (m, 1H), 3.40-
3.53 (m, 3H), 3.66 (s, 3H), 3.82 (d, 1H), 3.96 - 4.23 (m, 2H), 6.84 (d, 2H), 6.90 (d, 1H),
6.96 (d, 1H), 7.36 — 7.42 (m, 2H), 7.54 — 7.58 (m, 2H), 7.70 - 7.75 (m, 4H)

LCMS (System 4) Rt 2.18 mins, ES m/z 457 [MH]"

This methodology is termed Hydrolysis method A hereafter.

Example 2: 3-(4'-Cyano-biphenyl-4-yloxymethyl)-1-(4-fluoro-benzoyl)-pyrrolidine-3-
carboxylic acid (enantiomer 1)

o)
OH
)
()—
=N

0O

Lithium hydroxide (16 mg, 0.67 mmol) was added to a stirred solution of 3-(4'-cyano-
biphenyl-4-yloxymethyl)-1-(4-fluoro-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester
(see Preparation 29, peak 2) (105 mg, 0.22 mmol) in ethanol (1 mL) and water (1 mL).

The resulting mixture was stirred at RT for 5 hours. The mixture was concentrated
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under reduced pressure to remove ethanol and the residue was partitioned between
ethyl acetate (5 mL) and 2M HCI aqueous solution (5 mL). The organic layer was
washed with brine (5 mL), dried over magnesium sulphate and concentrated under
reduced pressure to afford a white solid. This was recrystallised from isopropyl alcohol
(2.5 mL) to afford the title compound as a white solid (76 mg, 77%).

LCMS Rt 3.06 mins, ES m/z 445 [MH]"

This methodology is termed Hydrolysis method B hereafter.

Example 3: 3-(4-(5-cyanopyridin-2-yl)phenyloxymethyl)-1-(2-methoxybenzoyl)-

pyrrolidine-3-carboxylic acid (enantiomer 1)

O
/
o O OH

N O

N

=
N

SN
Potassium trimethyl silanolate (14 mg, 0.10 mmol) was added to a stirred solution of 3-
[4-(5-cyano-pyridin-2-yl)-phenoxymethyl]-1-(2-methoxy-benzoyl)-pyrrolidine-3-
carboxylic acid ethyl ester (see Preparation 43, peak 1) (40 mg, 0.08 mmol) in
tetrahydrofuran (5 mL). The resulting mixture was stirred at RT for 18 hours. The
reaction mixture was concentrated under reduced pressure and the residue was
partitioned between ethyl acetate (5 mL) and 2M HCI aqueous solution (5 mL). The
organic layer was washed with brine (5 mL) then concentrated under reduced pressure
to afford a colourless gum. The residue was purified by column chromatography on
silica gel, eluting with ethyl acetate then methanolic ammonia to afford the title
compound as a white solid (18 mg, 48%).
LCMS Rt 2.79 mins, ES m/z 458 [MH]"
This methodology is termed Hydrolysis method C hereafter.

In Examples 4-7, 10-13, 15-16, 26-84 and 86-104 that follow, “Enantiomer 1” was
prepared from the “Peak 1” fraction of the corresponding intermediate described
in the Preparation section, and “Enantiomer 2” was prepared from the “Peak 2”

fraction of the corresponding intermediate described in the Preparation section.

o
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Examples 4 to 85 were prepared according to one of the methods described above for
Examples 1-3, starting from the appropriate halo or tosylate compounds of formula (ll)

and the appropriate alcohols of formula (lll) (where X = direct link).

o O
)\\ OH
R1—y” "N
O—Ar
Ex |R' Ar Hydroly | Data
sis
Method

4 B Enantiomer 2
F‘Q_’ O LCMS (System 2)
O Rt 1.51 mins ES m/z
S 445 [MH]"

SN
5 XN N B Enantiomer 1
F g | P LCMS Rt 3.12 mins
N ES m/z 456 [MH]*
cl
6 XN N B Enantiomer 2
F g | P LCMS Rt 3.08 mins
N ES m/z 456 [MH]*
cl

> N B Enantiomer 1
F4©—> P LCMS Rt 3.06 mins,
N ES m/z 455 [MH]"
Cl
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N B Enantiomer 2 LCMS Rt 3.03 mins, ES miz 457 [MH +
WO 2010/052625 PCT/IB2009/054824
60
3 N B Enantiomer 1
= — P LCMS Rt 2.86 mins,
N ES m/z 439 [MH]*
F
i .
9 N B Enantiomer 2
F — P LCMS Rt 2.87 mins,
N ES m/z 439 [MH]+
F
10 N\ B Enantiomer 1
F4©—> | P LCMS Rt 3.15 mins,
N ES m/z 456 [MH]*
Cl
11 N\ B Enantiomer 2
F4©—> | P LCMS Rt 3.16 mins,
N ES m/z 456 [MH]*
Cl
12 B Enantiomer 1
F;@—» LCMS Rt 3.09 mins,
N ES m/z 455 [MH]"
=
Cl
13 B Enantiomer 2
F;@—» LCMS Rt 3.09 mins
N ES m/z 455 [MH]"
=
Cl
12 N B° Enantiomer 1
F4©—> LCMS Rt 2.07 mins
F ES m/z 380 [MH]"
F




49

N 40 C

WO 2010/052625

B Enanti oner

1 LCVMS Rt 3.08 mnins,

61

ES mz 468 [MH+ o

PCT/IB2009/054824

15

AN

Enantiomer 1
LCMS Rt 2.63 mins
ES m/z 456 [MH]"

16

Enantiomer 2
LCMS Rt 2.65 mins
ES m/z 456 [MH]"

17

Enantiomer 1

1H NMR (400 MHz,
CHLOROFORM-d)
o ppm 2.07 (br. s. 1
H) 2.47 (br.s. 1 H)
3.08 - 3.20 (m, 2 H)
3.40-3.85 (m. 3 H)
3.94 - 422 (brm. 1
H) 7.12 (m. 5 H)
7.50 (brs. 1 H)7.49
-7.53 (br.m. 6 H)

18

Enantiomer 2

1H NMR (400 MHz,
CHLOROFORM-d)
0 ppm 2.45 (br. s.
2H)

3.65-3.80 (br. d.

3 H)4.05 (br.s. 1
H) 4.25 (br. m. 2

H) 6.88

(br.m. 2 H) 7.05 (m.
4.H)7.38-7.45(m,
4 H)7.51 (m, 2 H)




N N40 Cl B Enantioner 2 LCMS Rt 3.18 mins, ES mz 468 [ MH +
WO 2010/052625 o PCT/IB2009/054824
o B Enantiomer 1
F‘@ﬁ LCMS Rt 3.17 mins,
| N ES m/z 446 [MH]*
N~
\\N
20" B Enantiomer 2
F‘©—> LCMS Rt 3.16 mins,
| N ES m/z 446 [MH]*
N~
\\N
T ~_ B Enantiomer 1
F‘©—> N LCMS Rt 3.28 mins,
|j\ ES m/z 440 [MH]'
N = E
> ~_ B Enantiomer 2
F4©—> N LCMS Rt 3.21 mins,
|j\ ES m/z 440 [MH]’
N~ E
23 \ B Enantiomer 1
F4©—> P LCMS Rt 3.12 mins,
N ES m/z 446 [MH]"
\\N
T N\ B Enantiomer 1
F‘@ﬁ \[ P LCMS Rt 3.11 mins,
N ES m/z 440 [MH]"
F
55 Cl B Enantiomer 1

ES m/z 396 [MH]"




51

"iN1 N 40 Cl B Enantioner 1 LCMS Rt 3.26 mins, ES niz 482 [MH+ o
WO 2010/052625 o PCT/IB2009/054824
26 B Enantiomer 1
CI@ O LCMS Rt 3.12 mins,
O ES m/z 461 [MH]"
\\N
27 B Enantiomer 2
CI@ O LCMS Rt 2.84 mins,
O ES m/z 461 [MH]"
\\N
28 B Enantiomer 1
CI4<;>—> LCMS Rt 3.21 mins,
;S APCI m/z 472 [MH]"
N .= Cl
29 B Enantiomer 2
CI4<;>—> LCMS Rt 3.21 mins,
oS APCI m/z 472 [MH]’
N .= Cl
30 AN B Enantiomer 1
CI4<;>~> N LCMS Rt 3.12 mins
|j\ ES m/z 472 [MH]"
N~ Cl
31 g B Enantiomer 2
CI4<;>—> N LCMS Rt 3.17 mins
|\j\ ES miz 472 [MH]'
NP4 Cl
32 AN B Enantiomer 1
C|—©~» | P LCMS Rt 3.01 mins,
APCI m/z 471 [MH]*
Cl




52 'N
40

401 CI B Enanti oner

WO 2010/052625

53

64

2 LCMB Rt 3.26 nmins ES mz 482 [MH+ o

PCT/IB2009/054824

33

Cl

Enantiomer 2
LCMS Rt 3.09 mins
ES m/z 471 [MH]

34

\[L@

Enantiomer 1
LCMS Rt 3.30 mins,
ES m/z 472 [MH]"

35

\[L@

Enantiomer 2
LCMS Rt 3.30 mins
ES m/z 472 [MH]

36

Enantiomer 1
LCMS Rt 3.31 mins,
ES m/z 454 [MH]"

37

O

Enantiomer 2
LCMS Rt 3.30 mins,
ES m/z 454 [MH]"

38

¢

TLQ

Enantiomer 1
LCMS Rt 3.11 mins,
ES m/z 468 [MH]"

39

\@@

Enantiomer 2
LCMS Rt 3.11 mins,
ES m/z 468 [MH]"




S 18l

B Enanti oner

1H) 2. 35-2.50(m 1H) 3. 40- 3. 50(m
2010/ 05268B6REM/I5BR809/ 054824

4i

65

1 1H NMVR (400 MHz, METHANOL-d4)6 ppm 2.12-2.25(m

WO
PCT/IB2009/054824

40

o~
/

AN

Enantiomer 1
LCMS (System 2)
Rt 1.49 mins, ES
m/z 450 [MH]"

41

o~
/

Enantiomer 2
LCMS (System 2)
Rt 1.49 mins, ES
m/z 450 [MH]"

42

o~
/

Enantiomer 1
LCMS Rt 2.97 mins,
ES m/z 468 [MH]"

43

o~
/

/

Enantiomer 2
LCMS Rt 3.00 mins,
ES m/z 468 [MH]"

44

o~
/

Cl

Enantiomer 1
LCMS Rt 3.00 mins,
ES m/z 467 [MH]"

45

o~
/

Cl

Enantiomer 2
LCMS (System 2)
Rt 1.46 mins, ES
m/z 467 [MH]"

46

o~
/

Enantiomer 1
LCMS (System 2)
Rt 1.46 mins, ES
m/z 467 [MH]"




67

6H) .ES rrilz 464 [WMH + 54

2H) 3.68-4.34(m 9H)6.94-7.04(m 3H)7.12-7.25(m 3H)7.39-7.58 (m
B Enanti oner 2
VETHANCL-w@)2610p32628. 10- 2. 24(m

66

1H NWVR (400 MHz,
PCT/IB2009/054824

47

Enantiomer 2
LCMS (System 2)
Rt 1.47 mins, ES
m/z 467 [MH]"

48

/4

Enantiomer 2
LCMS Rt 3.03 mins,
ES m/z 457 [MH]"

49

Cl

Enantiomer 1
LCMS Rt 3.08 mins,
ES m/z 468 [MH]"

50

Cl

Enantiomer 2
LCMS Rt 3.18 mins,
ES m/z 468 [MH]"

51

Ty

Enantiomer 1
LCMS Rt 3.26 mins,
ES m/z 482 [MH]"

52

TLQ

Enantiomer 2
LCMS Rt 3.26 mins
ES m/z 482 [MH]"

53

Enantiomer 1

1H NMR (400 MHz,
METHANOL-d;) &
ppm 2.12-2.25 (m,
1H) 2.35-2.50 (m,
1H) 3.40-3.50 (m,




1H) 2. 35-2.47(m 1H) 3.40-3.50(m 2H)3.65-4.34(m 9H)6.94-7.04(m

3H)7.12-7.29(m 3H) 7.340-7.58 (m 6H).ES rrilz 464

Enant i onew02010/052625

[ VH + 55 B

1H NVR (400 MHz, METHANOL- d4) 6 PppBRNYB548230( m

67

2H) 3.68-4.34 (m,
9H) 6.94-7.04 (m,
3H) 7.12-7.25 (m,
3H) 7.39-7.58 (m,
6H). ES miz 464
[MH]*

Enantiomer 2

1H NMR (400 MHz,
METHANOL-d;) &
ppm 2.10-2.24 (m,
1H) 2.35-2.47 (m,
1H) 3.40-3.50 (m,
2H) 3.65-4.34 (m,
9H) 6.94-7.04 (m,
3H) 7.12-7.29 (m,
3H) 7.340-7.58 (m,
6H). ES m/z 464
[MH]*

54 —
o)

55 —
o)

Enantiomer 1

1H NMR (400 MHz,
METHANOL-ds) &
ppm 2.15-2.30 (m,
1H) 2.37-2.50 (m,
1H) 3.40-3.51 (m,
1H), 3.71-3.85 (m,
3H) 4.08-4.13 (m,
3H) 4.26-4.38 (m,
1H) 6.96-7.06 (m,
2H) 7.20-7.26 (m,
1H) 7.37-7.41 (m,
1H) 8.29-8.25 (m,
2H) 8.75 (d, 2H)

ES m/z 482 [MH]"




1H) 2. 37-2.50(m 1H)3.40-3.51(m 1H),3.71-3.85 (m 3H)4.08-4.13(m 3H)
4.26-4.38(m 1H)6.96-7.06(m 2H)7.20-7.26(m 1H)7.37-7.41 (m

1H) 8. 29- SVOR00524d5 8. 75 (d, 2H)

[M -

2010/ 052625PCT/ | B2009/ 054824 68 56 68 N NCI B Enantioner 2 ES mlz 482
F5e —\ AN B Enantiomer 2
o N ES m/z 482 [MH]*
. |J
NP
57 —\ X N B Enantiomer 1
o C LCMS Rt 3.16 mins,
. N ES m/z 482 [MH]*
Cl
58 —\ AN N B Enantiomer 2
o C LCMS Rt 3.16 mins,
. N ES m/z 482 [MH]*
Cl
59 \ N\ B Enantiomer 1
O \[ P LCMS Rt 3.09 mins
. N ES m/z 468 [MH]"
Cl
60 \ C Enantiomer 2
O LCMS Rt 2.79 mins,
. B ES m/z 458 [MH]*
N
Y
61 \ AN C Enantiomer 1
O P LCMS Rt 2.73 mins,
. N ES m/z 458 [MH]*
Ny
62 \ SN C Enantiomer 2
O P LCMS Rt 2.73 mins,
. N ES m/z 458 [MH]*
S

ES rrilz 482 [ MH +PCWIB2009/054824




40 57 N N40 C B Enantioner 1 LCMS Rt 3. 16
mns, ESnmz 482 [M-1] o
WO 2010/052625 0 PCT/IB2009/054824
63 \ AN B Enantiomer 1
O N LCMS Rt 2.35 mins,
. |j\ ES m/z 452 [MH]"
N A
64 \ A B Enantiomer 2
O N LCMS Rt 2.35 mins,
. |\j\ ES m/z 452 [MH]"
N A
65 \ C Enantiomer 1
O \ LCMS Rt 2.29 mins,
. |j\ ES m/z 459 [MH]'
N
Ny
66 \ B Enantiomer 1
O O LCMS Rt 2.92 mins,
. O ES miz 457 [MH]’
Y
67 \ B Enantiomer 2
O O LCMS Rt 2.95 mins,
. O ES miz 457 [MH]’
Ny
68 \ g B Enantiomer 1
O O LCMS Rt 3.09 mins,
. O ES m/z 450 [MH]*
.
69 \ g B Enantiomer 2
O O LCMS Rt 3.09 mins,
. O ES m/z 450 [MH]*
.




40

ESmz 482 [M-1] o

WO 2010/052625

58

N ClI B Enantiomer

2 LCVS Rt 3.16 m ns,

PCT/IB2009/054824

70

\
O

Enantiomer 1
LCMS Rt 2.96 mins,
ES m/z 467 [MH]"

7

Cl

Enantiomer 2
LCMS Rt 2.96 mins,
ES m/z 467 [MH]"

72

/

Enantiomer 1

1H NMR (400 MHz,
METHANOL-d;) &
ppm 2.10-2.30 (m,
1H) 2.33-2.45 (m,
1H) 3.42-3.49 (m,
1H) 3.65-3.80 (m,
3H) 3.83 (s, 3H)
4.10-4.15 (m, 1H)
4.27-4.37 (m, 1H)
6.96-7.07 (m, 4H)
7.18-7.25 (m, 1H)
7.40 (t, 1H), 8.33
(dd, 2H), 8.75 (d,
2H)

ES m/z 468 [MH]"

73

Enantiomer 2
LCMS Rt 2.96 mins,
ES m/z 468 [MH]"

74

Cl

Enantiomer 1
LCMS Rt 3.02 mins,
ES m/z 468 [MH]"




59 0 NN 40 C

WO 2010/052625

B Enanti oner

1 LOMS Rt 3.09 nins ES mz 468 [M -1]

PCT/IB2009/054824

75

\
O

Cl

Enantiomer 2
LCMS (System 2)
Rt 1.43 mins, ES
m/z 468 [MH]"

76

Enantiomer 1
LCMS Rt 2.85 mins,
ES m/z 451 [MH]"

77

Cl

Enantiomer 1

1H NMR (400 MHz,
METHANOL-d;) &
ppm 2.21-2.24 (1H,
m) 2.27-2.48 (m,
1H) 3.40-5.52 (m,
2H) 3.71-3.86 (m,
2H) 3.85 (s, 3H)
6.99-7.27 (m, 5H)
7.42-745 (m, 1H)
7.91-7.94 (m, 2H)
8.25-8.27 (m, 1H)
8.55-8.64 (m, 1H)
8.88-8.89 (m, 1H).
ES m/z 466 [MH]"

78

Enantiomer 2

1H NMR (400 MHz,
METHANOL-d;) &
ppm 2.21-2.27 (1H,
m) 2.27-2.48 (m,
1H) 3.41-5.52 (m,
2H) 3.70-3.89 (m,
2H) 3.85 (s, 3H)
6.99-7.27 (m, 5H)




60

N/ N C Enanti omer

WO 2010/052625

2 LCVS Rt 2.79 m ns,

72

ES mz 458 [M - 1]

PCT/IB2009/054824

7.41-7.45 (m, 1H)
7.90-7.94 (m, 2H)
8.25-8.30 (m, 1H)
8.54-8.64 (m, 1H)
8.86-8.89 (m, 1H).
ES m/z 466 [MH]*

79

/

Enantiomer 1
LCMS Rt 2.49 mins
ES m/z 398 [MH]"

80

/4

Enantiomer 2
LCMS Rt 2.52 mins,
ES m/z 398 [MH]"

81

B,

/

Enantiomer 1
LCMS Rt 2.57 mins
ES m/z 412 [MH]

82

B,

Enantiomer 2
LCMS Rt 2.61 mins
ES m/z 412 [MH]

83

/

Enantiomer 1
LCMS Rt 3.14, MS
ES m/z 384

84

s

/

A1

Enantiomer 2
LCMS Rt 3.13 mins
ES m/z 384 [MH]"




61 o 01 N C Enantioner 1 LCMS Rt 2.73 mns, ES miz 458 [M -1]
41D 62 Si N C Enantioner 2 LCMS Rt 2. 73 mns, ES mz
458 [ M - WO 2010/052625 PCT/IB2009/054824

73

85%* B Enantiomer 1
F@ N LCMS Rt 2.66 mins,
~3

| ES m/z 465 [MH]"

a: Ethyl ester precursor prepared according to Preparation 29, using 1-(4-fluoro-benzoyl)-3-iodomethyl-
pyrrolidine-3-carboxylic acid ethyl ester, enantiomer 1 (Preparation 12). Hydrolysis of crude product
(hydrolysis method B) afforded product.
b: Ethyl ester precursor prepared according to Preparation 29, using 1-(4-fluoro-benzoyl)-3-iodomethyl-
5 pyrrolidine-3-carboxylic acid ethyl ester, enantiomer 2 (Preparation 12). Hydrolysis of crude product
(hydrolysis method B) afforded product.
c: Enantiomers separated using a Chiralpak AD-H, 70:30 heptane:IPA. Rt 36.12 mins. 94.2% e.e
d: Enantiomers separated using a Chiralpak AD-H, 70:30 heptane:IPA. Rt 14.52 mins. 99.5% e.e
e: Enantiomers separated using a Chiralpak AD-H, 70:30 heptane:IPA. Rt 16.86 mins. 93.0% e.e
10 f: Enantiomers separated using a Chiralpak AS-H, 70:30 heptane:IPA. Rt 15.15 mins. >99.% e.e
g: Expected product was 3-[4-(5-Cyano-pyrimidin-2-yl)-phenoxymethyl]-1-(4-fluoro-benzoyl)-pyrrolidine-
3-carboxylic acid, however hydrolysis of the nitrile group was observed in addition to hydrolysis of the

ethyl ester

15 Examples 86 to 94 were prepared according to one of the methods described above for
Examples 1-3, starting from the appropriate halo or tosylate compounds of formula (ll)

and the appropriate alcohols of formula (lll) (where X = O).

o O
)X\ OH
R1\X N
O—Ar
Hydrolysis
Ex |R' Ar yare Data
method
\ C Enantiomer 1

86 LCMS Rt 3.57
—
mins, ES m/z

F 450 [MH]*




WD 2010/ 052625PCT/ |1 B2009/ 054824 69 63

2.35 m ns,

ES mz 452 [M -1]

WO 2010/052625

*

N NF B Enantioner 1 LCMS Rt

PCT/IB2009/054824

87

/

@_,

Enantiomer 2
LCMS Rt 3.62
mins, ES m/z
450 [MH]"

88

/

Cl

Enantiomer 1
LCMS Rt 3.60
mins, ES m/z
470 [MH]

89

Cl

ol

Enantiomer 2
LCMS Rt 3.60
mins, ES m/z
470 [MH]

90

Enantiomer 1
LCMS Rt 3.53
mins ES m/z
454 [MH]"

91

/

Enantiomer 2
LCMS Rt 3.53
mins ES m/z
454 [MH]"

92

/

Enantiomer 1
LCMS Rt 3.48
mins ES m/z
466 [MH]"

93

/

o~
/

v
A S

Enantiomer 2
LCMS Rt 3.48
mins ES m/z
466 [MH]+




64 NFlel N B Enantioner 2 LCMS Rt 2.35 mins, ES miz 452 [M-1]
WO 2010/052625 PCT/IB2009/054824
75
\ \ C Enantiomer 1
O LCMS Rt 2.48
94
mins, ES m/z
F 466 [MH]"

Examples 95 to 104 were prepared according to one of the methods described above

for Examples 1-3, starting from the appropriate halo or tosylate compounds of formula

(I and the appropriate alcohols of formula (Ill) (where X = NH).

o O
)X\ OH
R1\X N
5 O—Ar
Hydrolysis
Ex |R' Ar Data
method
\ B Enantiomer 1
LCMS Rt 3.33
95 O —
/ mins, ES m/z
F 465 [MH]"
\ B Enantiomer 2
LCMS Rt 3.33
96 O —
/ mins, ES m/z
F 465 [MH]"
/ \ B Enantiomer 1
O LCMS Rt 3.24
97
O mins, ES m/z
F 465 [MH]"
/ \ B Enantiomer 2
O LCMS Rt 3.25
98
mins, ES m/z
F 465 [MH]"




65

10 NN1 NC Enantioner 1 LCVMS Rt 2.29 m ns,

66

WO 2010/052625

~1
(=)

ES mz 459 [M - 1]

PCT/IB2009/054824

99

/

Enantiomer 1
LCMS Rt 3.40
mins, ES m/z
469 [MH]"

100

/

Enantiomer 2
LCMS Rt 3.40
mins, ES m/z
469 [MH]"

101

/

Enantiomer 1
LCMS Rt 3.39
mins, ES m/z
469 [MH]"

102

Enantiomer 2
LCMS Rt 3.39
mins, ES m/z
469 [MH]"

103

/

Enantiomer 1
LCMS Rt 3.25
mins, ES m/z
453 [MH]"

104

A Y PPN

/

ek

Enantiomer 2
LCMS Rt 3.25
mins, ES m/z
453 [MH]"




N B Enantioner 1 LCMS Rt 2.92 mins, ES mz 457 [M-1]+ :

67

10

15

20

25

le O NB Enantioner 2 LCMS Rt 2.95 mins, ES miz 457 [M-1]+

WO 2010/052625 PCT/IB2009/054824
77

The following Preparations illustrate the preparation of certain starting materials used

in the preceding Examples.

Preparation 1: Pyrrolidine-3-carboxylic acid ethyl ester (1)
O

HNQ/Z(O/\

Palladium hydroxide on carbon (10% by weight, 32 g) was added to a solution of 1-
benzyl-pyrrolidine-3-carboxylic acid ethyl ester (320 g, 1.37 mol) in ethanol (3000 mL)
and hydrogenated (40 psi, 60°C) for 16 hours. The reaction mixture was filtered through
Arbocel™ then the filtrate was concentrated under reduced pressure to afford the title
compound as a brown oil (195 g, 99%).

1H NMR (400 MHz, CDCl;) &: 1.23 (t, 3H), 1.90 - 2.00 (m, 2H), 2.79 - 2.88 (m, 2H) 3.00
-3.12 (m, 3H), 4.10 (q, 2H)

Preparation 2: 1-(4-Methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (+)

O o
Y e
o

4-Methoxy-benzoyl chloride (185 mL, 1.36 mol) and triethylamine (259 mL, 1.86 mol)
were added to a stirred solution of pyrrolidine-3-carboxylic acid ethyl ester (177.5 g,
1.24 mol) (see Preparation 1) in THF (2500 mL) at 10 °C. The resulting mixture was
stirred at room temperature for 18 hours. The reaction mixture was quenched with 10%
citric acid aqueous solution (2000 mL) then ethyl acetate (2000 mL) was added. The
organic layer was washed with saturated aqueous NaHCO; (2000 mL) and water (2000
mL), dried over magnesium sulphate then concentrated under reduced pressure to
afford the title compound as a brown oil (285.3 g, 83%).

1H NMR (400 MHz, CDCl;) &6: 1.27 (m, 3H.) 2.15-2.20 (m, 2H) 3.09-3.13 (m, 1H) 3.65-
3.90 (m, 4H) 3.83 (s, 3H) 4.17 (m, 2H) 6.90 (d, 2H) 7.51 (d, 2H), ES m/z 278 [MH]"

Preparation 3: 1-(4-Fluoro-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester ()



68

5

10

15

20

01 SI B Enantioner 1 LCMS Rt 3.09 mins, ES mz 450 [M-1]+

WO 2010/052625 PCT/IB2009/054824
78

@) O
: : NQ/MO/\
F

The title compound was prepared according to the method described for Preparation 2
using pyrrolidine-3-carboxylic acid ethyl ester (see Preparation 1) and 4-fluoro-benzoyl
chloride to afford the title compound as a colourless oil (4.3 g, 76%).

1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.25-1.29 (t, 3H) 2.16 - 2.27 (m, 2H)
3.05-3.15 (m, 1H) 3.50-3.92 (m, 4H) 4.16-4.20 (m, 2H) 7.09-7.11 (m, 2H) 7.51 - 7.57
(m, 2H)

Preparation 4: 1-(4-Chloro-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester ()

! 0
jopeas
Cl

The title compound was prepared according to the method described for Preparation 2
using pyrrolidine-3-carboxylic acid ethyl ester (see Preparation 1) and 4-chloro-
benzoyl chloride to afford the title compound as a pale yellow oil (3.02 g, 79%).

1H NMR (400 MHz, CHLOROFORM-d) d ppm 1.26-1.29 (t, 3H) 2.10 - 2.15 (m, 2H)
3.01-3.05 (m, 1H) 3.35-3.61 (m, 4H) 4.15-4.20 (m, 2H) 7.52-7.53 (m, 2H) 8.05 - 8.07
(m, 2H)

Preparation 5: 1-(2-Methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester ()

™~
0O O 0
D

The title compound was prepared according to the method described for Preparation 2
using pyrrolidine-3-carboxylic acid ethyl ester (see Preparation 1) and 2-methoxy-

benzoyl chloride to afford the title compound as a colourless oil (4.17 g, 68%).
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lel A B Enantionmer 2 LCMS Rt 3.09 mins, ES nmz 450 [M-1]+

WO 2010/ 052625PCT/ | B2009/ 054824 70 70 o
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WO 2010/052625 PCT/IB2009/054824
79

1H NMR (400 MHz, CHLOROFORM-d) d ppm 1.20 - 1.29 (m, 3H) 2.10-2.27 (m, 2H)
2.98-3.28 (m, 1H) 3.30-3.37 (m, 1H) 3.45-3.48 (m, 1H) 3.66-3.91 (m, 2H) 3.82 (s, 3H)
4.11-4.19 (m, 2H) 6.89-6.97 (m, 2H) 7.33-7.35 (m, 2H). ES m/z 278 [MH]

Preparation 6: 1-(2-Ethoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester ()

.
Syt

The title compound was prepared according to the method described for Preparation 2
using pyrrolidine-3-carboxylic acid ethyl ester (see Preparation 1) and 2-ethoxy-
benzoyl chloride to afford the title compound as a pale yellow oil (5.13 g, 83%).

1H NMR (400 MHz, CHLOROFORM-d) d ppm 1.21-1.26 (m, 3H) 1.35-1.38 (m, 3H)
2.02-2.24 (m, 4H) 2.97-3.12 (m, 1H) 3.29-3.38 (m, 1H) 3.48 (d, 1H) 3.60-3.95 (m, 2H)
4.04-4.19 (m, 2H) 6.86-6.89 (m, 1H) 6.94 (t, 1H) 7.25-7.32 (m, 2H). ES m/z 292 [MH]"

Preparation 7: 1-(4-Methoxy-benzoyl)-pyrrolidine-3,3-dicarboxylic acid diethyl ester

2 0
jsgece
~0 ; o\_
Lithium bis(trimethylsilyl)amide (1000 mL of a 1.0M solution in tetrahydrofuran, 1.0 mol)
was added to a stirred solution of 1-(4-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid
ethyl ester () (268 g, 0.97 mol) (see Preparation 2) in THF (1600 mL) at -70°C. The
mixture was stirred for 20 mins at -70°C then ethyl chloroformate (104 mL, 1.09 mol)
was added over 15 minutes. The resulting mixture was stirred at -60°C for 1 hour. The
reaction mixture was quenched with 10% citric acid aqueous solution (1200 mL) at -
50°C then warmed to room temperature. The organic layer was separated, washed with
saturated aqueous NaHCO; (1200 mL) and water (1200 mL) then concentrated under

reduced pressure to afford the title compound as an orange oil (316.0g, 94%).
LCMS (System 4) Rt 2.07 mins
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1H NMR (400 MHz, CDCls) 8: 1.20 (m, 6H), 2.33-2.50 (m, 2H), 3.55-3.72 (m, 2H), 3.77
(s, 3H), 3.90 — 4.21 (m, 6H), 6.84 (d, 2H), 7.44 (d, 2H).

Preparation 8: 1-(4-Methoxy-benzoyl)-pyrrolidine-3,3-dicarboxylic acid ethyl ester (non

O 0
QAD%“
\O OH
O

1-(4-Methoxy-benzoyl)-pyrrolidine-3,3-dicarboxylic acid diethyl ester (679.9 g, 1.95

racemic)

mol) (see Preparation 7) in acetonitrile (1000 mL) was added to pH 7 buffer solution
(10 L, 0.1M potassium phosphate) then Savinase 16T Type W enzyme (3200 g) was
added and the resulting slurry was heated to 30°C. The pH of the reaction mixture was
kept at 8.5 using a pH stat (TIM856 Titration Manager) and stirred for 6 days. Water (6
L) and ethyl acetate (12 L) was added to the reaction mixture then acidified to pH1
using 2M HCI aqueous solution (6 L). This was filtered through Arbocel™ and the
organic layer was separated, washed with water (5 L) then extracted with 0.5M NaOH
aqueous solution (7 L). The aqueous phase was acidified using 2M HCI| aqueous
solution (5 L) and extracted with ethyl acetate (6.5 L). The organic phase was
concentrated under reduced pressure to afford the title compound as an orange oil
(334.3g, 53%). (92.9:7.1 ratio of isomers)

LCMS (System 4) Rt 2.38 mins, ES m/z 310 [MH]"

Preparation 9: 3-Hydroxymethyl-1-(4-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid
(non racemic)

O OH
N OH
O
0
Lithium borohydride (207 mL, 414.0 mmol, 2M in THF) was added to a stirred solution
of 1-(4-methoxy-benzoyl)-pyrrolidine-3,3-dicarboxylic acid ethyl ester (88.63 g, 275.8

mmol) (see Preparation 8) in isopropyl alcohol (600 mL) at 5°C. The mixture was



72 [ B Enantioner 1 1H NWMR (400 MHz, METHANOL-d4)6 ppm 2. 10-2.30(m
1H) 2. 33-2.45(m 1H)3.42-3.49(m 1H)3.65-3.80 (m 3H)3.83(s,3H) 4.10-4.15
(m1H) 4.\N0-241008¢51H) 6.96-7.07(m 4H) 7.18-7.25 (m 1HPCT/IBD0/puBY4, 8. 33
(dd, 2H), 8. 75(d, 2H) ES mlz 468 [ MH] + 81

stirred for 4 hours at 5°C then quenched with 2M HCI aqueous solution (300 mL) and
stirred for 15 minutes. The solvent volume was reduced by concentration under
reduced pressure and the aqueous residue was extracted with ethyl acetate (300 mL).
The organic layer was separated, washed with water (300 mL) then concentrated under
5 reduced pressure to afford a pale brown solid. This was triturated with acetonitrile to
afford the title compound as a white solid (27.8 g, 36%). (99.3:0.7 ratio of isomers)
LCMS (System 4) Rt 1.197 mins
1H NMR (400 MHz, DMSO-d6) &: 1.84 — 1.91 (m, 1H), 2.07 - 2.13 (m, 1H), 3.40 - 3.64
(m, 5H), 3.75 (s, 2H), 3.78 (s, 3H), 6.96 (d, 2H), 7.47 (d, 2H).
10
Preparation 10: 3-Hydroxymethyl-1-(4-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid

ethyl ester (non racemic)

0 0
jeases
\O OH

Acetyl chloride (80.2 mL, 1130 mmol) was added to a suspension of 3-hydroxymethyl-
15 1-(4-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid (210.0 g, 751.9 mmol) (see
Preparation 9) in ethanol (2100 mL) and the reaction mixture was heated at 80°C for 4
hours. Water (200 mL) was added then ethanol was removed by concentration under
reduced pressure. The aqueous residue was partitioned between ethyl acetate (2 L)
and saturated aqueous NaHCO; (1500 mL). The organic layer was separated, washed
20 with water (1500 mL) then concentrated under reduced pressure to afford the title
compound as a colourless oil (140.7 g, 61%). (99.3:0.7 ratio of isomers)
LCMS (System 4) Rt 1.564 mins

Preparation 11: 1-(4-Methoxy-benzoyl)-3-(toluene-4-sulfonyloxymethyl)-pyrrolidine-3-

25 carboxylic acid ethyl ester (non racemic)

O 0
y“ﬁo“
\O O\S
o

O
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4-Toluenesulphonyl chloride (131 g, 687 mmol) and trimethylamine hydrochloride (43.8
g, 458 mmol) were added to 3-hydroxymethyl-1-(4-methoxy-benzoyl)-pyrrolidine-3-
carboxylic acid ethyl ester (140.7 g, 457.8 mmol) (see Preparation 10) and
triethylamine (160 mL, 1140 mmol) in dichloromethane (1400 mL) at 0°C. The reaction

5 mixture was stirred at 0°C for 4 hours then at RT for 18 hours. Cooled to 0°C and
trimethylamine hydrochloride (21.9 g, 229 mmol) was added, followed by 4-
toluenesulphonyl chloride (17.45 g, 91.6 mmol). The reaction mixture was stirred at
0°C for 4 hours. Water (500 mL) was added and stirred for 10 minutes. The reaction
mixture was washed with 2M citric acid aqueous solution (1400 mL) and saturated

10 aqueous NaHCO; (1400 mL). The organic layer was separated, washed with water
(1300 mL) then concentrated under reduced pressure to afford the title compound as a
brown oil (215.15 g, 100%).
LCMS (System 4) Rt 2.29 mins

15 Preparation 12: 1-(4-Fluoro-benzoyl)-3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl

ester (1)

F

To a stirred solution of 1-(4-fluoro-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester
(4.20 g, 15.8 mmol) (see Preparation 3) in tetrahydrofuran (50 mL) at -78°C under a
20 nitrogen atmosphere, was added lithium bis(trimethylsilyl)amide (19.0 mL of a 1.0M
solution in tetrahydrofuran, 19.0 mmol). The resulting mixture was stirred at -78°C for
30 minutes and then diiodomethane was added (1.40 mL, 17.4 mmol). The mixture
was allowed to warm to room temperature and stir for a further 16 hours. The mixture
was quenched with 10% aqueous citric acid (50 mL) and extracted with ethyl acetate (2
25 x 100 mL). The combined organics were washed with brine (100 mL), dried over
magnesium sulphate, filtered and concentrated under reduced pressure. The crude
material was purified using silica gel column chromatography, using a gradient eluent
of 30% ethyl acetate in heptane to 50% ethyl acetate in heptane to afford the title

compound as a colourless oil (4.2 g, 65%).
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1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.27-1.30 (m, 3H) 1.90-2.17 (m, 2H),
2.47-2.53 (m, 2H) 3.30-4.24 (m, 6H) 7.09-7.11 (m, 2H) 7.52-7.55 (m, 2H)
ES m/z 406 [MH]*

The enantiomers of 2.6 g of title compound were separated using a Chiralpak IC 70:30
heptane:IPA.
Peak 1 Yield 686 mg, 98.99% e.e. (first eluting peak at 14.95 mins) — Enantiomer 1

Peak 2 Yield 615 mg, 98.93% e.e. (second eluting peak at 16.82 mins) — Enantiomer 2

Preparation 13: 1-(4-Chloro-benzoyl)-3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl

O 0
Q*D&o“
Cl |

The title compound was prepared according to the method described for Preparation

ester (1)

12 using 1-(4-chloro-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (see
Preparation 4) to afford the title compound as a yellow oil (531 mg, 60%).

1H NMR (400 MHz, DMSO-dg) & ppm 1.14-1.26 (m, 3H) 1.95-2.36 (m, 2H) 2.30-2.36
(m, 2H) 3.35-4.20 (m, 6H) 7.49-7.59 (m, 2H)

ES m/z 422 [MH]"

Preparation 14: 3-lodomethyl-1-(4-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid

9 0
ﬁ“&o“
\O |

The title compound was prepared according to the method described for Preparation

ethyl ester (z)

12 using 1-(4-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (see

Preparation 2) to afford the title compound as a yellow oil (5.09 g, 27%).
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Preparation 15: 3-lodomethyl-1-(2-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid

5 ethyl ester (z)
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The title compound was prepared according to the method described for Preparation
12 using 1-(2-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (see
Preparation 5) to afford the title compound as a pale yellow oil (4.80 g, 61%)

1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.27-1.35 (m, 3H) 2.01-2.13 (m, 2H)
2.46-2.52 (m, 2H) 3.34-3.45 (m, 2H), 3.70-3.77 (m, 2H) 3.85 (d, 3H) 4.20-4.29 (m, 2H)
6.90-7.05 (m, 2H) 7.27 (dd, 1H) 7.33 - 7.40 (m, 1H)

Preparation 16: 1-(2-Ethoxy-benzoyl)-3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl

o o .
@*Q&A

The title compound was prepared according to the method described for Preparation

ester (1)

12 using 1-(2-ethoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (see
Preparation 6) to afford the title compound as a pale yellow oil (1.68 g, 24%)

1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.26-1.33 (m, 3H) 1.39-1.62 (m, 3H)
1.99-2.04 (m, 1H) 2.07-2.15 (m, 1H) 2.46-2.51 (m, 2H) 3.36-3.46 (m, 2H) 3.73-3.83 (m,
2H) 4.04-4.30 (m, 4H) 6.91 (t, 1H) 6.98 (td, 1H) 7.26 - 7.37 (m, 2H)

Preparation 17: 4-(5-Chloro-pyridin-2-yl)-phenol
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(1H, m 2 . 2 7-2.48 (m 1H)3.40-5.52(m 2H)3 71-3.86 (m 2H)3.85(s, 3H)
6. 99- 7. 2WOrp108t623. 42- 7. 45(m 1H) 7.91-7. 94(m 2H) 8. 25- 8CZ/IBL00y/0uBY4
8.55-8.64(m 1H) 8.88-8.89(m 1H). ES r85i |z 466 [VH +

HO
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Palladium(0),tetrakis(triphenylphosphine) (4.69 g, 4.05 mmol) was added to a stirred
suspension of 2,5-dichloropyridine (12.0 g, 81.08 mmol), 4-hydroxybenzene boronic
5 acid (11.2 g, 81.1 mmol) and potassium carbonate (11.2 g, 81.1 mmol) in dioxane (100
mL) and water (100 mL). The mixture was refluxed for 2 hours, then partitioned
between diethyl ether (100 mL) and water (100 mL). The organics were washed with
brine (100 mL), dried over magnesium sulphate and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel, eluting
10 with 4% methanol in dichloromethane, to afford the title compound as an off-white solid
(15.5 g, 81%).
1H NMR (400 MHz, METHANOL-d4) & ppm 6.87 (d, 2H) 7.73 - 7.82 (m, 3H) 8.50 (s,
1H). ES m/z 204, 206 [MH]

15 Preparation 18: 6-(4-Hydroxy-phenyl)-nicotinonitrile
HO

NN
SN

The title compound was prepared according to the method described for Preparation
17 using 4-hydroxybenzene boronic acid and 2-bromo-5-cyanopyridine to afford the
titte compound as a white solid (250 mg, 23%)

20 1H NMR (400 MHz, METHANOL-d4) & ppm 6.85 - 6.91 (d, 2H), 7.90 - 8.15 (m, 4H)
8.83 (s, 1H). ES m/z 204, 195 [MH]

Preparation 19: 4-(5-Chloro-pyrimidin-2-yl)-phenol
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The title compound was prepared according to the method described for Preparation
17 using 4-hydroxybenzene boronic acid and 2,5-dichloro-pyrimidine to afford the title
compound as a pale yellow solid (1.91 g, 29%)

1H NMR (400 MHz, DMSO-d6) d ppm 6.88 (q, J=4.94 Hz) 6.88 (m, 2H) 8.20 (m, 2H),
8.89 (s, 2H) 10.02 (s, 1H)

Preparation 20: 4-(5-Fluoro-pyrimidin-2-yl)-phenol

HO
|\j\
N. =
F

The title compound was prepared according to the method described for Preparation
17 using 4-hydroxybenzene boronic acid and 2-chloro-5-fluoro-pyrimidine to afford the
titte compound as a white solid (575 mg, 42%)

1H NMR (400 MHz, METHANOL-d4) & ppm 6.83 - 6.87 (m, 2H), 8.19 - 8.23 (m, 2H)
8.67 (s, 2H). ES m/z 189 [MH]

Preparation 21: 6-(4-Fluoro-phenyl)-pyridin-3-ol

HO N

/
N

F

The title compound was prepared according to the method described for Preparation
17 using 2-bromo-5-hydroxypyridine and 4-flurophenylboronic acid to afford the title
compound as an off-white solid (270 mg, 51%)

1H NMR (400 MHz, METHANOL-d4) & ppm 7.13-7.17 (m, 2H), 7.26-7.29 (m, 1H), 7.64-
7.66 (m, 1H), 7.83-7.87 (dd, 2H), 8.14-8.15 (m, 1H). ES m/z 188 [MH]
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Preparation 22: 4-(5-Hydroxy-pyridin-2-yl)-benzonitrile

HO X

| b7
N

N

The title compound was prepared according to the method described for Preparation
17 using 2-bromo-5-hydroxypyridine and 4-cyanophenylboronic acid to afford the title
compound as a yellow solid (300 mg, 26%)

1H NMR (400 MHz, METHANOL-d4) & ppm 7.30 (dd, 1H) 7.77 - 7.81 (m, 3H) 8.06 (m,
2H) 8.22 (m, 1H). ES m/z 195 [MH]

Preparation 23: 6-(4-Chloro-phenyl)-pyridin-3-ol

HO X

=
N

Cl

The title compound was prepared according to the method described for Preparation
17 using 4-chlorophenylboronic acid and 2-bromo-5-hydroxypyridine to afford the title
compound as an off-white solid (1.3 g, 73%)

LCMS Rt 2.49 mins, ES m/z 204 [MH]-

Preparation 24: 2-(4-Chloro-phenyl)-5-methoxy-pyrimidine

Cl

The title compound was prepared according to the method described for Preparation
17 using 2-chloro-5-methoxy-pyrimidine and 4-chlorophenylboronic acid to afford the

titte compound as an off-white solid (4.05 g, 40%)

Preparation 25: 5-(4-Chloro-phenyl)-pyrazin-2-ol
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To a stirred solution of (4-chloro-phenyl)-oxo-acetaldehyde (300 mg, 1.69 mmol) in
methanol (15 mL) was added 2-amino-acetamide (187 mg, 1.69 mmol). The resulting
mixture was cooled to -30°C and 12.5M aqueous sodium hydroxide solution (0.3 mL)
added. The resulting mixture was allowed to warm to -5°C and was stirred at this
temperature for 2 hours, followed by stirring at room temperature for 2 hours.
Concentrated aqueous hydrogen chloride (0.3 mL) was added, followed by saturated
sodium bicarbonate solution (1.0 mL). The reaction mixture was filtered and the
resulting solid was washed with water (10 mL) and dried in a vacuum oven to afford the
titte compound as a brown solid (130 mg, 37%)

1H NMR (400 MHz, DMSO-d6) d ppm 7.47 (m, 1H) 7.57 (m, 1H), 7.88 - 7.96 (m, 3H),
8.11 (s, 1H)

Preparation 26: 5-(4-Fluoro-phenyl)-pyrazin-2-ol

HO N
AN
\[J\Q\
N
F

The title compound was prepared according to the method described for Preparation
25 using (4-fluoro-phenyl)-oxo-acetaldehyde and 2-amino-acetamideto afford the title
compound as a pale yellow oil (2.33 g, 42%).

1H NMR (400 MHz, CHLOROFORM-d) d ppm 7.12-7.18 (m, 2H) 7.62 (s, 1H) 7.73 -
7.79 (m, 2H) 8.35 (s, 1H), ES m/z 189 [MH]

Preparation 27: 2-(4-Chloro-phenyl)-pyrimidin-5-ol
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precursor prepared according to Prepa®ation 29, using
1-(4-f|uoro-benzoyl)-3-iodoneh | pyrrolidine-3-carboxylic acid ethyl ester,
enantioner 1 (Preparation 12). I's of crude product (hydrolysis

nmet hod B) afforded product. b: ester precursor prepared according
to Preparation 29, using 1-(4-flu p
pyrrolidine-3-carboxylic acid ethyl anti omer 2 (Preparation 12).
Hydr ol ysis of crude product (hydrolysis

To a stirred solution of 2-(4-chloro-phenyl)-5-methoxy-pyrimidine (100 mg, 0.45 mmol)
was added hydrogen bromide in acetic acid (3 mL of a 33% by weight solution). The
resulting mixture was stirred at reflux for 4 hours. The mixture was then partitioned

5 Dbetween diethyl ether (25 mL) and saturated sodium hydrogen carbonate solution (25
mL). The organics were further washed with water (25 mL), brine (25 mL), dried over
magnesium sulphate, filtered and concentrated under reduced pressure. The resulting
precipitate was washed with pentane (10 mL) and then dried under reduced pressure
to afford the title compound as a white solid in 88% vyield, 82 mg.

10  1H NMR (400 MHz, CHLOROFORM-d) d ppm 7.43-7.46 (m, 2H) 7.44-7.46 (m, 2H)
8.29-8.30 (m, 2H) 8.30 8.48 (s, 2H)

Preparation 28a: 3-(4'-Cyano-biphenyl-4-yloxymethyl)-1-(4-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (non racemic)

o [
N O§

4’-hydroxy-4-biphenyl carbonitrile (107.0 g, 549 mmol) and potassium carbonate (94.9

0

~
15 O

g, 687 mmol) were added to a stirred solution of 1-(4-methoxy-benzoyl)-3-(toluene-4-
sulfonyloxymethyl)-pyrrolidine-3-carboxylic acid ethyl ester (211.3 g, 457.8 mmol) (see
Preparation 11) in dimethylsulphoxide (422 mL). The reaction mixture was heated at
20 80°C for 18 hours then partitioned between ethyl acetate (2000 mL) and water (2000
mL). The organic layer was washed with water (2000 mL) then separated and
concentrated under reduced pressure to afford the title compound as an orange oil
(207.7 g, 93%). (>99.5% e.e.)
LCMS (System 4) Rt 2.571 mins
25
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5 The title compound was prepared according to the method described for Preparation

29 using 4’-hydroxy-4-biphenyl carbonitrile and 3-lodomethyl-1-(4-methoxy-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (Preparation 14) to afford the racemate as a
white solid (124 mg, 71%)
The enantiomers were separated using a Chiralpak 1A 55:45 heptane:IPA.

10 Peak 1 Yield 28 mg, 99.5% e.e. (first eluting peak at 17.7 mins)
Peak 2 Yield 23.5 mg, 95.8% e.e. (second eluting peak at 20.6 mins)

Preparation 29: 3-(4'-Cyano-biphenyl-4-yloxymethyl)-1-(4-fluoro-benzoyl)-pyrrolidine-

3-carboxylic acid ethyl ester ()

0

O —
—N
15

4’-Hydroxy-4-biphenyl carbonitrile (329 mg, 1.68 mmol) and potassium carbonate (317
mg, 2.30 mmol) were added to a stirred solution of 1-(4-fluoro-benzoyl)-3-iodomethyl-
pyrrolidine-3-carboxylic acid ethyl ester (620 mg, 1.53 mmol) (see Preparation 12) in
dimethylformamide (7 mL). The reaction mixture was heated at 80°C for 18 hours then

20 partitioned between ethyl acetate (100 mL) and water (100 mL). The organic layer was
washed with water (2000 mL), dried over magnesium sulfate then concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel,
eluting with 3:1->1:1 heptane:EtOAc to afford the title compound as a white solid (517
mg, 71%).
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The enantiomers were separated using a Chiralpak 1B 55:45 heptane:IPA.
Peak 1 Yield 140 mg, 96.7% ee (first eluting peak at 11.8 mins)
Peak 2 Yield 132 mg, 98.8% ee (second eluting peak at 15.4 mins)

Preparation 30: 3-[6-(4-Chloro-phenyl)-pyridin-3-yloxymethyl]-1-(4-fluoro-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (1)

@) © O
o—/—N

\
Cl
F

The title compound was prepared according to the method described for Preparation
29 using 6-(4-chloro-phenyl)-pyridin-3-ol (Preparation 23) and 1-(4-fluoro-benzoyl)-3-
iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 12) to afford the
racemate as a pale yellow solid (128 mg, 53.6%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 15 mg, 99.5% ee (first eluting peak at 16.9 mins)

Peak 2 Yield 20 mg, 98.0% ee (second eluting peak at 26.2 mins)

Preparation 31: 3-[2-(4-Chloro-phenyl)-pyrimidin-5-yloxymethyl]-1-(4-fluoro-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

o o J

The title compound was prepared according to the method described for Preparation
29 using 2-(4-chloro-phenyl)-pyrimidin-5-ol (Preparation 27) and 1-(4-fluoro-benzoyl)-
3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 12) to afford the
racemate as a pale yellow solid (89 mg, 37%)

The enantiomers were separated using a Chiralpak |A 55:45 heptane:IPA.

Peak 1 Yield 28 mg, 98.3% ee (first eluting peak at 10.8 mins)
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Peak 2 Yield 18mg, 99.5% ee (second eluting peak at 14.8 mins)

Preparation 32: 3-[4-(5-Chloro-pyridin-2-yl)-phenoxymethyl]-1-(4-fluoro-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (1)
o [
Q o)
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The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyridin-2-yl)-phenol (Preparation 17) and 1-(4-fluoro-benzoyl)-3-
iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 12) to afford the
racemate as a white solid (127 mg, 53.2%)

The enantiomers were separated using a Chiralpak 1B 55:45 heptane:IPA.

Peak 1 Yield 43 mg, 99.5% ee (first eluting peak at 8.6 mins)

Peak 2 Yield 51 mg, 99.5% ee (second eluting peak at 10.3 mins)

Preparation 33: 3-[4-(5-Chloro-pyrimidin-2-yl)-phenoxymethyl]-1-(4-fluoro-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

o o J

The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyrimidin-2-yl)-phenol (Preparation 19) and 1-(4-fluoro-benzoyl)-
3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 12) to afford the
racemate as a pale yellow solid (103 mg, 43.1%)

The enantiomers were separated using a Chiralpak IC 100% MeOH.

Peak 1 Yield 29 mg, 99.1% ee (first eluting peak at 9.7 mins)

Peak 2 Yield 28 mg >99.5% ee (second eluting peak at 11.6 mins)
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Preparation 34: 1-(4-Chloro-benzoyl)-3-(4'-cyano-biphenyl-4-yloxymethyl)-pyrrolidine-

3-carboxylic acid ethyl ester ()

s O Oﬁ
fracsa oW

The title compound was prepared according to the method described for Preparation
29 using 1-(4-chloro-benzoyl)-3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester
(Preparation 13) and 4’-hydroxy-4-biphenyl carbonitrile to afford the racemate as a
white solid (181 mg, 79.6%)

The enantiomers were separated using a Chiralpak 1A 55:45 heptane:IPA.

Peak 1 Yield 52 mg, 93.1% ee (first eluting peak at 14.4 mins)

Peak 2 Yield 46 mg, 99.5% ee (second eluting peak at 20.3 mins)

Preparation 35: 1-(4-Chloro-benzoyl)-3-[4-(5-chloro-pyridin-2-yl)-phenoxymethyl]-
pyrrolidine-3-carboxylic acid ethyl ester (1)

o [
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The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyridin-2-yl)-phenol (Preparation 17) and 1-(4-chloro-benzoyl)-3-
iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 13) to afford the
racemate as a white solid (63 mg, 30%)
The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.
Peak 1 Yield 12 mg, 97.7% ee (first eluting peak at 10.60 mins)
Peak 2 Yield 12 mg, 69.7% ee (second eluting peak at 14.7 mins)

Preparation 36: 1-(4-Chloro-benzoyl)-3-[4-(5-chloro-pyrimidin-2-yl)-phenoxymethyl]-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyrimidin-2-yl)-phenol (Preparation 19) and 1-(4-chloro-benzoyl)-
3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 13) to afford the
racemate as a white solid (153 mg, 65.7%)

The enantiomers were separated using a Chiralpak |A 55:45 heptane:IPA.

Peak 1 Yield 56 mg, 94.4% ee (first eluting peak at 12.30 mins)

Peak 2 Yield 47 mg, 99.3% ee (second eluting peak at 18.90 mins)

Preparation 37: 1-(4-Chloro-benzoyl)-3-[6-(4-chloro-phenyl)-pyridin-3-yloxymethyl]-

pyrrolidine-3-carboxylic acid ethyl ester

0

Cl

The title compound was prepared according to the method described for Preparation
29 using 6-(4-chloro-phenyl)-pyridin-3-ol (Preparation 23) and 1-(4-chloro-benzoyl)-3-
iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 13) to afford the
racemate as a white solid (56 mg, 27%)

The enantiomers were separated using a Chiralpak |A 55:45 heptane:IPA.

Peak 1 Yield 11.04 mg, 99.2% ee (first eluting peak at 18.4 mins)

Peak 2 Yield 10.4 mg, 98.5% ee (second eluting peak at 29.8 mins)

Preparation 38: 1-(4-Chloro-benzoyl)-3-(4'-fluoro-biphenyl-4-yloxymethyl)-pyrrolidine-

3-carboxylic acid ethyl ester ()
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The title compound was prepared according to the method described for Preparation

Cl

29 using 4'-fluoro-biphenyl-4-ol and 1-(4-chloro-benzoyl)-3-iodomethyl-pyrrolidine-3-

carboxylic acid ethyl ester (Preparation 13) to afford the racemate as a white solid (84

5 mg, 37%)

10
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The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.
Peak 1 Yield 20 mg, 97% ee (first eluting peak at 8.02 mins)
Peak 2 Yield 23 mg, 98.6% ee (second eluting peak at 10.50 mins)

Preparation 39: 3-(4'-Fluoro-biphenyl-4-yloxymethyl)-1-(4-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation

0

o)

29 using 4'-fluoro-biphenyl-4-ol and 3-iodomethyl-1-(4-methoxy-benzoyl)-pyrrolidine-3-
carboxylic acid ethyl ester (Preparation 14) to afford the racemate as a white solid
(162 mg, 73.2%)

The enantiomers were separated using a Chiralpak 1B 55:45 heptane:IPA.

Peak 1 Yield 67 mg, 97.4% e.e. (first eluting peak at 9.70 mins)

Peak 2 Yield 68 mg, 98.7% e.e. (second eluting peak at 14.9 mins)

Preparation 40: 3-[4-(5-Chloro-pyrimidin-2-yl)-phenoxymethyl]-1-(4-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation

29 using 4-(5-chloro-pyrimidin-2-yl)-phenol (Preparation 19) and 3-iodomethyl-1-(4-

methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 14) to afford
5 the racemate as a white solid (245 mg, 76%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 60 mg, 96.7% e.e. (first eluting peak at 12.1 mins)

Peak 2 Yield 51 mg, 98.8% e.e. (second eluting peak at 20.6 mins)

10 Preparation 41: 3-[6-(4-Chloro-phenyl)-pyridin-3-yloxymethyl]-1-(4-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

0

e

The title compound was prepared according to the method described for Preparation

29 using 6-(4-chloro-phenyl)-pyridin-3-ol (Preparation 23) and 3-iodomethyl-1-(4-
15 methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 14) to afford

the racemate as a white solid (94 mg, 46%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 17 mg, >99.5% e.e. (first eluting peak at 14.27 mins)

Peak 2 Yield 8 mg, 99.3% e.e. (second eluting peak at 22.3 mins)
20

Preparation 42: 3-[4-(5-Chloro-pyridin-2-yl)-phenoxymethyl]-1-(4-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation

29 using 4-(5-chloro-pyridin-2-yl)-phenol (Preparation 17) and 3-iodomethyl-1-(4-

methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 14) to afford
5 the racemate as a white solid (133 mg, 65.2%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 23 mg, >99.5% e.e. (first eluting peak at 12.2 mins)

Peak 2 Yield 16 mg, 99.4% e.e. (second eluting peak at 18.5 mins)

10 Preparation 43: 3-[4-(5-Cyano-pyridin-2-yl)-phenoxymethyl]-1-(2-methoxy-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (1)
o o [
\O O
N

\ / §N

The title compound was prepared according to the method described for Preparation
29 using 6-(4-hydroxy-phenyl)-nicotinonitrile (Preparation 18) and 3-iodomethyl-1-(2-
15 methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (112 mg, 64.6%)
The enantiomers were separated using a Chiralpak |A 55:45 heptane:IPA.
Peak 1 Yield 40 mg, 99% e.e. (first eluting peak at 14.4 mins)
Peak 2 Yield 22 mg, 98.8% e.e. (second eluting peak at 21.6 mins)
20
Preparation 44: 3-[6-(4-Cyano-phenyl)-pyridin-3-yloxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation
29 using 4-(5-hydroxy-pyridin-2-yl)-benzonitrile (Preparation 22) and 3-iodomethyl-1-
(2-methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (149 mg, 85.2%)

The enantiomers were separated using a Chiralpak IA 55:45:0.1 heptane:IPA:DEA.
Peak 1 Yield 34 mg, 99.5% e.e. (first eluting peak at 13.04 mins)

Peak 2 Yield 36.2 mg, 99.5% e.e. (second eluting peak at 22.77 mins)

Preparation 45: 3-[4-(5-Fluoro-pyrimidin-2-yl)-phenoxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

e ad
OOy,

The title compound was prepared according to the method described for Preparation
29 using 4-(5-fluoro-pyrimidin-2-yl)-phenol (Preparation 20) and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (85 mg, 49%)

The enantiomers were separated using a Chiralpak IA 70:30:0.1 heptane:IPA:DEA.
Peak 1 Yield 34 mg, 96.4% e.e. (first eluting peak at 9.13 mins)

Peak 2 Yield 35 mg, 99.5% e.e. (second eluting peak at 12.04 mins)

Preparation 46: 3-[4-(5-Cyano-pyrimidin-2-yl)-phenoxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation
29 using 2-(4-hydroxy-phenyl)-pyrimidine-5-carbonitrilie and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (53 mg, 30%)

The enantiomers were separated using a Chiralpak IA 55:45:0.1 heptane:IPA:DEA.
Peak 1 Yield 19 mg, 96.4% e.e. (first eluting peak at 9.13 mins)

Peak 2 Yield 4 mg, 99.5% e.e. (first eluting peak at 12.04 mins)

Preparation 47: 3-(4'-Cyano-biphenyl-4-yloxymethyl)-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

o [
N OQN

The title compound was prepared according to the method described for Preparation

~0 O

29 using 4’-hydroxy-4-biphenyl carbonitrile and 3-iodomethyl-1-(2-methoxy-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford the racemate as a
white solid (157 mg, 66%)

The enantiomers were separated using a Chiralpak 1B 55:45 heptane:IPA.

Peak 1 Yield 39 mg, 98.5% e.e. (first eluting peak at 13.5 mins)

Peak 2 Yield 42 mg, 96.8% e.e. (second eluting peak at 17.10 mins)

Preparation 48: 3-(4'-Fluoro-biphenyl-4-yloxymethyl)-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation
29 using 4'-fluoro-biphenyl-4-ol and 3-iodomethyl-1-(2-methoxy-benzoyl)-pyrrolidine-3-
carboxylic acid ethyl ester (Preparation 15) to afford the racemate as a white solid
(178 mg, 76%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 46 mg, 99.5% e.e. (first eluting peak at 10.10 mins)

Peak 2 Yield 42 mg, 98.4% e.e. (second eluting peak at 12.70 mins)

Preparation 49: 3-[6-(4-Chloro-phenyl)-pyridin-3-yloxymethyl]-1-(2-methoxy-benzoyl)-
pyrrolidine-3-carboxylic acid ethyl ester (1)
o [
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The title compound was prepared according to the method described for Preparation
29 using 6-(4-chloro-phenyl)-pyridin-3-ol (Preparation 23) and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (116 mg, 47.7%)
The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.
Peak 1 Yield 11 mg, 99.5%e.e. (first eluting peak at 12.2 mins)
Peak 2 Yield 7 mg, 99.5% e.e. (second eluting peak at 16.9 mins)

Preparation 50: 3-[4-(5-Chloro-pyridin-2-yl)-phenoxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyridin-2-yl)-phenol (Preparation 17) and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (133 mg, 54.7%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 39 mg, 97.7% e.e. (first eluting peak at 10.3 mins)

Peak 2 Yield 36 mg, 98.2% e.e. (second eluting peak at 12.9 mins)

Preparation 51: 3-[4-(5-Chloro-pyrimidin-2-yl)-phenoxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

e ad
OO

The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyrimidin-2-yl)-phenol (Preparation 19) and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (160 mg, 65.7%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 56 mg, 97.6% e.e. (first eluting peak at 10.01 mins)

Peak 2 Yield 54 mg, 98.8% e.e. (second eluting peak at 13.07 mins)

Preparation 52: 3-[6-(4-Fluoro-phenyl)-pyridin-3-yloxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)



101
Cl

10

15

20

10 10 B Enantiomer 1 LCMS Rt 3.39 mins,ESmz 469 [M - 1]

WO 2010/052625 PCT/IB2009/054824
102

9 0 O//
NQX/O =N
\
F

The title compound was prepared according to the method described for Preparation
29 using 6-(4-fluoro-phenyl)-pyridin-3-ol (Preparation 21) and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (127 mg, 73.7%)

The enantiomers were separated using a Chiralpak AD-H 55:45 heptane:IPA.

Peak 1 Yield 57 mg, 96.9% e.e. (first eluting peak at 12.25 mins)

Peak 2 Yield 50 mg, 99.3% e.e. (second eluting peak at 21.4 mins)

Preparation 53: 3-[2-(4-Chloro-phenyl)-pyrimidin-5-yloxymethyl]-1-(2-methoxy-

benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (+)
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The title compound was prepared according to the method described for Preparation
29 using 2-(4-chloro-phenyl)-pyrimidin-5-ol (Preparation 27) and 3-iodomethyl-1-(2-
methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford
the racemate as a white solid (110 mg, 45.2%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 24 mg, 98.7% e.e. (first eluting peak at 12.0 mins)

Peak 2 Yield 24 mg, 99% e.e. (second eluting peak at 16.9 mins)

Preparation 54: 1-(2-Ethoxy-benzoyl)-3-(4'-fluoro-biphenyl-4-yloxymethyl)-pyrrolidine
(£)
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The title compound was prepared according to the method described for Preparation

29 using 4'-fluoro-biphenyl-4-ol and 1-(2-ethoxy-benzoyl)-3-iodomethyl-pyrrolidine-3-

carboxylic acid ethyl ester (Preparation 16) to afford the racemate as a white solid
5 (191 mg, 70%)

The enantiomers were separated using a Chiralpak OD-H 55:45 heptane:IPA.

Peak 1 Yield 65 mg, 99.5% e.e. (first eluting peak at 6.8 mins)

Peak 2 Yield 60 mg, 99.3% e.e. (second eluting peak at 8.5 mins)

10 Preparation 55: 3-[4-(5-Chloro-pyrimidin-2-yl)-phenoxymethyl]-1-(2-ethoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

Lo ol
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The title compound was prepared according to the method described for Preparation
29 using 4-(5-chloro-pyrimidin-2-yl)-phenol (Preparation 19) and 1-(2-ethoxy-benzoyl)-
15 3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 16) to afford the
racemate as a white solid (103 mg, 36.3%)
The enantiomers were separated using a Chiralpak 1B 55:45 heptane:IPA.
Peak 1 Yield 20 mg, 98.7% e.e. (first eluting peak at 8.10 mins)
Peak 2 Yield 15 mg, 99% e.e. (second eluting peak at 10.8 mins)
20
Preparation 56: 3-[2-(4-Chloro-phenyl)-pyrimidin-5-yloxymethyl]-1-(2-ethoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (%)
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The title compound was prepared according to the method described for Preparation
29 using 2-(4-chloro-phenyl)-pyrimidin-5-ol (Preparation 27) and 1-(2-ethoxy-benzoyl)-
3-iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 16) to afford the
racemate as a white solid (238 mg, 83.9%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 45 mg, 98.7% e.e. (first eluting peak at 9.60 mins)

Peak 2 Yield 48 mg, 99.1% e.e. (second eluting peak at 13.7 mins)

Preparation 57: 3-[5-(4-Chloro-phenyl)-pyrazin-2-yloxymethyl]-1-(4-fluoro-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

o o d

The title compound was prepared according to the method described for Preparation
29 using 5-(4-chloro-phenyl)-pyrazin-2-ol (Preparation 25) and 1-(4-fluoro-benzoyl)-3-
iodomethyl-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 12) to afford the
racemate as a white solid (73 mg, 20%)

The enantiomers were separated using a Chiralpak IB 55:45 heptane:IPA.

Peak 1 Yield 20mg, 97.8% e.e. (first eluting peak at 9.09 mins)

Peak 2 Yield 22mg, 97.5% e.e. (second eluting peak at 11.1 mins)

Preparation 58: 1-(4-Chloro-benzoyl)-3-[5-(4-chloro-phenyl)-pyrazin-2-yloxymethyl]-

pyrrolidine-3-carboxylic acid ethyl ester (1)
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MHz, 5 CID@t@)wa&ag.aZ)'QIe( yeIIcS/Hsblld(%Fr@,M"/()m 2H) 3.09-3.13 (m 1H) 3.65- 25
3.90 4 3 83 2 6. 90 7.51 ES m
275 [ MINE ARSI Iesb B 2ePEiT st OBIBEIA SR NSk A e conpound
was r i aration 2 usin

by v ol TCh YRGB Pl 9998 B TFe! PRUBIE A R0 a2 Bt M ™™

4-f | uorRedkeh Xtid 1010 o1y, 99.2% eaé f(@edondhelutingl preakaatpl®2® ndssya col our |l ess oi |

(4.3 g, 769%. 5 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.25-1.29 (t, 3H) 2.16
- 2.27 (m 2H) 3.05-3.15 (m 1H) 3.50-3.92 (m 4H) 4.16-4.20 (m 2H)

1 (16 GrtepaPuid ol 3 183-<inb-Riba hy D Ry EeiRiyl;4-methgrv senzond)- 1

The ti thyProfiaMeosudrme i aeRPERY sfep(«di ng to the method described for
Preparation 2 using pyrrolidine-3-carboxylic acid ethyl ester (see

Preparation 1) and 4-chl orobenzoyl chlori to afford the title conpound as
a pale yellow oil (3.02 g, 9 . ll-DNR 400 MHz, CHLOROFORM-d) d ppm

1.26-1.29 (t, 3H 2.10 - 2. (n] 2 \iB\\KCi::>\\

The title compound was prepared according to the method described for Preparation

e

29 using 5-(4-chloro-phenyl)-pyrazin-2-ol (Preparation 25) and 3-iodomethyl-1-(4-
15 methoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (Preparation 14) to afford

the racemate as a white solid (44 mg, 22%)

The enantiomers were separated using a Chiralpak |A 55:45 heptane:IPA.

Peak 1 Yield 14 mg, 95% e.e. (first eluting peak at 15.40 mins)

Peak 2 Yield 21 mg, 95% e.e. (second eluting peak at 18.60 mins)
20

Preparation 60: 3-[5-(4-Chloro-phenyl)-pyrazin-2-yloxymethyl]-1-(2-methoxy-benzoyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)



15 3.01-3.05 (m 1H) 3.35-3.61 (m 4H) 4.15-4.20 (m 2H) 7.52-7.53 (m 2H)
8.05 - 8.07 (m 2H) Preparation b5:
1- ( 2- Met woypotvaszayl ) - pyrrol i di ne-3-carboxylic acid et hpCTaBre/034p24 20
The title conpound was prepared accont ng to the method described for
Preparation 2 using pyrrolidine-3-carboxylic acid ethyl ester (see
Preparation 1) and 2-net hoxybenzo% chloride to afford the title conpound
as a colourless oil (4.17 g, 68%. V\Q)2010/ 052625PCT/ 1B2009/ 054824 79 1H
RV d)\ d p 0°- 1.22(m 3H 2.10-2.27 (m 2H)

2.98-3.28 (m 1H) 3.3033.3 N~ THL 3. 48-3/48(\m 1H) 3.66-3.91 (m 2H)
3.82 (s, 3H 4.11-4. 18 T 2H)\6.89-6.97 ( .35 (m 2H). ES mz
278 [WMWH + 5 Preparati dj rgﬁ 3-carboxylic
acid ethyl ester () e title conmpound was prepared”according to the
met hod described for Preparation 2 using pyrrolidine-3-carboxylic acid

et hyl dstectitld sompBuepdawas poepdrpd aaudordieg Hoxhbenatbpt dddcobeddot Prepamatibrt he
title conpound as a pale yellow oil (5.13 g, 83%. 10 1H NMR (400 MHz,
CHLORORERMSHYI b-(hahlere-phenyly-pyrzinidyoll (Reeparaiopn2saign @ Hipdonpethyind-(4+)

2.97-3.1 1 29. 3 48 3. 69-3.95..
2 04 4 ManpRl-o3hgod - BRgNdHe (hatideyic i finvligbter Brehatdtip 183 o affera, ,
292 § Mihe rfEanateadd 8White sbliddaBRhyorgpenzoyl) - pyrrol i di ne- 3, 3-di carboxylic
acid diethyl ester 00 Lithiumbis{(trinethylsilyl)amde (1000 nL of a 1.0M

sol ut i dine enardionadrg dvereseparatedusmy 3 Gharal pald#d5b dSaheptame A sol ut i on of

1-(4- hoxy=- ben [ ) - rolidi ne-3-carbo i cid ethyl ester 268 g,
0. o7 mieR L YRR b 98 06, Bl i Ege ok 0 D The it re sns
stirre r i aboo.’, 104 nL, 1.09 nol) 20
was adgaeéﬁozvg%lqlg%mgh%?és&gTﬁéggggwgn%&ﬂ%%%ﬁa@Siti rred at -60C f%)r 1

hour. The reaction m xture was quenched with 10%citric acid agueous
sol utiqn 81200 i, en warmed to_roomtenperature. The orglani c
Yy

- h
POyt BrebaEaion Bhus Ihud arot Dhe sl Oy B2 ioBeta RIca e porgBeney

wat er ﬁ@%ﬁg ) o r reduced pressure to afford the

title mﬁgﬁ?%gﬁg@@ﬁg%&@%@&?@%g@g 94% . 25 LCMS (System4) R 2. 07

m ns WO 2010/ 052625PCT/ 1B2009/ 054824 80 1H NWR (400 MHz, CDCI 3) 6: 1.20

(m 6H), 2.33-2.50 ( 2H), 3.55-3.72 (m 2H), 3.77 (s, 3H), 3.90 - 4.21

(m 6H), 6.84 (d, 2H),~0 44 @, 2H .o Preparation 8:

1- (4- Met hoxy-benzoyl) - pyrrol i|di ne-3, 3 diéa/r\b\oxyl ic acid ethyl ester (non 5
di ne

racem c) O 1-(4-Methoxy ) -3, 3-di carboxylic acid diethyl
ester (679.9 g, 1.95 T i
added to pH 7 buffer § (

in agetonitrile (1000 nL) was
ot aSsi uy osphat e) then
Savi nase 16T Type W enzy \d ¥he resulting slurry
was heated to 30C. The pH of the reaction m xt'ure was kept at 8.5 using a
pH stat- (TL.MB56 Titration Manager) and stiryred for 6, days, ter (6 L) and
Bt byl - 208 1% compopB e plRERES Aachid Hhuhd ineiPor s fen 1t Pl fraery
pHL usizeg,Lhl BH4-S8R2PA BytRh-0%! kPreddlationess ) dd ¢1(Sbth&bRbENzoyI)-3-
Arbocel T™M aﬁ% &e orgaﬁi% g? r \I/vas sle(pg?gt eadl,o vvas)he(?t vvi(th vvaty(e)r (SOyL t hen
ext 1actiedbmethlyl-0ysMidia&X3-darbagyles wxic athyli ester 7(Rrepafatiomql@ots gifeasethsas
acidified using 2M HCO aqueous sol ution (5 L) and extracted with ethyl
acet at 62¢@N8te §s aputesQJihide PHad@”has concentrat ed under reduced pressure

to aff [ - i A 38 9 (92.9:7.1
a0 o Sioers JRERRraRa M SN i St itpdieal Y 5

Prepar #tdak Yield 29.2 mg, 99.7% e.e. (first eluting peak at 11.70 minsz)

3- Hydr oxynet Q{yl- 1- (4- et hoxy- benzoyld) - pE(rroI i di ne-3-carboxylic acid (non
raceni djeak Mg &% moer 9o B ke (seendngluting peek gdf,6 MNS)n THF) was added to
a stirred solution 25 of 1-(4-nethoxy-benzoyl)-pyrrolidine-3,3-dicarboxylic
acid" ethyl ester (88.63 g, 275.8 Mol ) (see Preparation 8) in isopropyl

al cohol t _pe ) 824
NP iy N A e e e T e e b e
(300 m3rcanbdxyglid acidetiiydresids (k) nut es. The sol vent vol une was reduced by
concentration under reduced pressure and the aqueous residue was extracted
with ethyl acetate (300 nL). The organic |ayer was separated, washed with
wat er (300 nlL) then concentrated under 5 reduced pressure to afford a pale
brown solid. This was triturated with acetonitrile to afford the title
conpound as a white solid (27.8 g, 369 . (99.3:0.7 ratio of isoners) LCVS
(System4) Rt 1.197 mins 1H NWR (400 MHz, DVMSO-d6) 6: 1.84 - 1.91 (m 1H),
2.07 - 2.13 (m 1H, 3.40 - 3.64 (m 5H), 3.75 (s, 2H), 3.78 (s, 3H, 6.96
(d, 2H), 7.47 (d, 2H). 10 Preparation 10:

3- Hydr oxymet hy1l- 1- (4- nmet hoxy- benzoy1l) - pyrrol i di ne-3-carboxylic acid ethyl

. o .




Acetyl chloride (80.2 niL, 1130 mmol ) was added to a suspension of

3- hydroxynet hyl - 15 1-(4-nmet hoxy-benzoyl)-pyrrolidine-3-carboxylic acid
(210.0 g,wd2n10D506281 ) (see Preparation 9) in ethanol (2P00/1RLpY/eFE24 he
reaction m xture was heated at 80C fd#74 hours. Water (200 nL) was added
t hen et hanol was renoved by concentration under reduced pressure. The
aqueous residue was partitioned betweensethyl acetate (2 L) and saturated
aqueous NaHCO3 (1500 ni). . yer was separated, washed 20 with

title conpound as a colqur I N ) 9.3:0.7 ratio of

i sonmers) LCVS (System R 11:

1- (4- Met hoxy- benzoyl) : r[(_)l i di ne-3- 25

carboxylic acid ethyl~ester (non racemc) 0 WO

2010/ 052625PCT/ 1B20©9/ 054824 82 4- Tol uenesul phonyl chloride (131 g, 687

nmml ) and trinmet hyl am ne hydrochl oride (43.8 g, 458 mmlg were added to
e

3- hydr JmmTlﬂemmopndm&rs@par@ﬁzag@mdipgrtodhe dnetbod-dasgri dyﬁl)t Preparatioimy |
40.7 g,,,457.8 P i 10 tr i 169 i,
T340 A s o RO BT 806 T TGN al r eREp s HH e e
i > f.0r f ; .
e et BTSSR B Ecicl, (Pagration’ £) APafifid Tne FAERRAHE AsiwhlS solie,

t ol BENE$50MYPMYo)chl oride (17.45 g, 91.6 mml ). The reaction m xture was
stirred at OC for 4, hours. Water (500 nmL) was added and stirred for 10

nmi nut eFS Mhe4PéaMHlon ni xture was washed with 2Mcitric acid aqueous
solution (1400 nL) and saturated 10 aqueous NaHCO3 (1400 nmL). The organic

| ayer was separated, washed with water (1300 nL) then concentrated under

r educePrapapativ® 68033 fPDHUoRE-phehbRyriefiypLny Ator-Bé 1 PpYrréldhife B85 0.
100% . L (System 3) Rt 2. 29p:r]11_ ns?y15 IIliygpagdrati on 12@263/ PM’

1- ( 4- Floacvax\tie @culethyBested et hyl - pyrrol i di ne-3-carboxylic acid ethyl ester
() F To a stirred solution of

1- (4-fluoro-benzoyl)-pyrrolidine-3-car bﬁ?? yligacid ethyl ester (4.20 g,
15.8 nmmol ) (see Preparation 3) i@ tetrahydrefuran (50 nL) at -78C under a
20 nitrogen atnosphere, was addefl |ithi bis(tripethylsilyl)am de (19.0 niL
of a 1.OMsolution in tetrahydrof L0, Y he resulting m xture
was stirred at -78C for 30 tes and i eihane was added (1.40
m., 17.4 nmmol ). The m xturg all oned to war o~y'oom t enper ature and
stir for a further 16 hours: e mxture was gbenchéd with 10% aqueous
citgdc acid (50 nL) and éxtracted with ethyl acetate (2 25 X 100 nL). The
conbi ned or.?ani cs were washed with brine (100 nl), dried over nagnesi um
sul phatlde file cempouaddvas peeparedtangorgioe to rtae uselograassabed fonBrepanagion

e R e R e
ey A PRI P RS0 BSR4 Oy ot v

1.27-1.(367fg 68%) 1.90-2.17 (m 2H), 2.47-2.53 (m 2H) 3.30-4.24 (m G6H)
7.09-7.11 (m 2 7,52-7.55 (m 2H) ES mz 406 [IVH + 5 The enantioners of
2. 61y &S Mz re8dWiound were separated using a Chiral pak |1 C 70: 30

hept ane: | PA. Peak 1 Yield 686 ng, 98.99%e.e. (first eluting peak at 14.95
mns) - Enantioner 1 Peak 2 Yield 615 ng, 98.93%e.e. (second eluting peak
at 16. Frephfation 6EN3BiCHTBIO-2-Lré2pRRADR}NMEIMYN31-(4-fluoro-benzoyl)-pyrrolidine-

1- (4- Chl or o- benzoyl) - 3-i odonet hyl - pyrrol i1 di ne-3-carboxylic acid ethyl ester
() O 3ecarboxylithacidiethy esterdaind was prepared according to the method
described for Preparation 12 usingl-(4-chloro-benzoyl)-pyrrol id

i ne-3-carboxyl ic acid ethyl ester (seg 15 Preparation 4) to afford the
title conpound as a yellow oil @531 ngé 609 . 1H NVRH 400 MHz, DMSO- d6) 6
ppm 1.14-1.26 (m 3H) 1.95-2.36\(m 2H))2.30-2.36-(m 2H) 3.35-4.20 (m 6H)
7.49-7.59 (m 2H) ES mz 4 ’ 0 | ;

3-1 odomet hy1- 1- ( 4- et hoxy, eoxyl i c acid ethyl

ester () 0 o |



The title conmpound was prepared according to the method described for
Preparation 12 using 1-(4-nethoxy-benzoyl)-pyrrolidine-3-carboxylic acid

et hyl estwo 2088225 Preparation 2) to afford the title ®owpBrooglos24a yel | ow
oil (5.09 g, 27%. WO 2010/ 052625PCHp8LB2009/ 054824 84 1H NWVR (400 VHz,

5750-4.13% {1 BRPRAg s Prsayed aopotno oy el dekyed o e Bk s
3-1 Odogét Dé’ui‘wp %_(cﬁfdi‘@ﬁh%%(mmjénow B8] ot %%n%oglﬁ‘-gb%wﬁe?h otﬁﬁfﬁy"s’ |

ester trtle co repare acc |ngtot

descri hatbdxgtic Rickpastiayli ested ZPrspdration 12) to afford the racemate as a white solid

1- (2- met hoxy-benzoyl)-pyrrolidine-3-carboxylic acid ethyl ester (see 10
Preparéﬂ5%fﬁ‘|195§9%d afford the title compound as a pale yellow oil (4.80 g,
61% 1%\1&/& %%W CHLOROFORM ) 6 ppm 1.27-1.35 (m 3H) 2.01-2.13 (m
2H) 2 % H 3.34-3.45 (m 2H), 3.70-3.77 (m 2H) 3.85 (d, 3H)
4.20-4.29 (m 2H) 6.90-7.05 (m 2H) 7.27 (dd, 1H) 7.33 - 7.40 (m 1H 15
Preparation 16: 1-(2-Ethoxy-benzoyl)-3-iodonethyl -pyrrolidine-3-carboxylic
acid etRrgpaeatien 65) 3-(4'-Fludhe bipheng|-¢ eyigraumeth yiypymrotigeneed cadmxytic agid ethyhe
met hod described for Preparation 12 using 1-(2-ethoxy-benzoyl)-pyrrol id

i ne- 3- (%?F%"d%?/l ic acid ethyl ester (see 20 Preparation 6) to afford the
title conpound as a pale yellow oil .68 g, 24% 1H NMR (400 MHz,
CHLOROFORM d) 6 ppm 1. 26-1.33n(m bel.BQ-l. 62 (m 3H) 1.99-2.04 (m 1H)
2.07-2.15 (m 1H) 2.46-2.51 ( 3.36-3.46 (m 2H) 3.73-3.83 (m 2H)
4.04-4.30 (m 4H) 6.91 (t, 7.26 - 7.37 (m 2H WO
2010/ 052625PCT/ 1B2009/ 05§24
Pal | adi um(0), tetraki s(tri phenyl phosphi 4.05 mmol) was added to
a stirred suspension of 2,5- dlchloropyrlolne ( g~g81. 08 mMml ),

4- hydroxybenzene borom C 5 acid (11.2 g, 81.1 ©f) and pot assi um car bonate
(11.2 i n di oxane (100 wat er . The m xture was

o 1 M 1 20NBRMS SO Faf 1) WABCAUARGNS TR GATB Iy H 4ol RETBY Y (4ahd
water (100, E}ﬁq(]an&r‘ﬁ i HZQ‘%&Fr%ngﬁﬁa%hﬂamé i@ 1 NRid 10%@}0 éértérEd

magnesi um s nder reduced pressur The resi ue was

purifi erdebaram@hwm (618 /63 6gnapiyarantisi lesaRingeh ;xtlﬁbuteﬂ oged forwig ok The
met hanol 1 n dichloronethane, to afford the title conpound as an off-white

solid (reactory migtyg. wasl exaRqraey fezdrynvessHaNGhe dessugingp ersstaliing asolgHwag, 73

6. Z48i¢§9&¢%we%@8y§f@éimnﬁ% §4 b 68 rréiRich erctiansobRi 8 mhang 8y

acces dim@ot)0 THe mpktied wigsehbhatedid Bt ?@ﬁﬂﬁtfb@ﬁ 6LiloUss NI He RyisttereyRerzene
boronic acid and 2-brono-5-cyanopyridine to afford the title conpound as a

whi t e ariittbrezbbetmgenasmiyrated smmhydwwrbmﬂmuwm@ prhagdasthyl

d,
o opar doebite 1200 305 T Srobls, AVhe ek sbSiatedlagiod hin Hater (1td Y aried
2010/ 0K @R pigHesR#R QB Prid2fd %nb@ﬂat@dcﬂnd@?’?e&uéécﬁ%@%@gﬁ@”‘F'hé‘@és@ﬁ@ﬁ@és‘w

according to the nmethod described for Preparation 17 using 4-hydroxybenzene
bor oni cpuad"leid drydc@lusndiattrbon atogy aphiyddmeilica @feﬂoewtum@vwllth 1286 congffranad Bs a

pal e yel.l wsol 9 2999 5 1H 4 O-dg) .d ppm 6.88 (q,
52 50 digrioraathting T affofl 16 s Comipoury a6 adowsrgi Bhs §25¢%)" 10}
1H NMR (400 MHz, DMSO d-6) 5 ppm 1.14 (t, 3H) 1.72-1.79 (m, 1H) 2.09- 2.15 (M, 1H)
2.76-2.93 (m, 3H) 3.09 (d, 1H) 4.07-4.16 (m, 4H) 7.00 (d, 2H) 7.24 (t, 2H) 7.56 (d, 2H)
7.61-7.65 (m, 2H).

25 Preparation 66: 3-(4'-Fluoro-biphenyl-4-yloxymethyl)-pyrrolidine-1,3-dicarboxylic acid
3-ethyl ester 1-(2-methoxy-phenyl) ester (+)



Preparation 20: 4-(5-Fluoro-pyrimdin-2-yl)-phenol HO, I N F 10 The title
conpound was prepared according to the nethod described for Preparation 17
usi ng 4- hwonowyidsesziene boroni ¢ acid and 2-chl or o- 5-f | uoPCTABLOOMDHBIE t O
afford the title conpound as a whitel18dlid (575 ng, 42% 1H NWVR (400 MHz,
METHANCL-d4) 6 ppm 6.83 - 6.87 (m 2H), 8.19 - 8.23 (m 2H 8.67 (s, 2H)
ES mz 189 [ M\ 15 Prepaﬂation 21 6-(4- or o- phenyl ) -pyridin-3-ol HOF

i idg to the nmethod described for
Preparation 17 using pr o ridine and 4-fl urophenyl boronic
acid to afford the ¢ 20 as_@n._o ite solid (270 nmg, 51%
1H NWVR (400 MHz, FHANOT=@4) 13-7. 3 \ .26-7.29 (m 1H),
7.64- 7.66 (m 1FD, 7 83-7.87 ( H)y, 8.14 ). ES mz 188 [ M\
VD 2010/ 052625PC T/ | B2009/ 054824 87 Preparatlon 22: F

4- (5- Hydroxy-pyridin-2-yl)-benzonitrile HON The title conpound was

pr epar &hAGHAHrBgeh ‘éaFtﬁtﬁwd’fBéMﬂj g SZ. Q'rﬁﬁ%lf\%s Boeeartatd @t"‘rréa SeRitih of 3-
2- br ono- 5- hydrioxypyri di ne and 4-cyanophenyl’boronic acid to afford the title

5 conpddiritlcre- mply@nyldnylgnymetr(ys)ewr@;dl%%can-bm|Q4a)®|dvelihyNE'BI¥lANO_(sia© 6

o 7#3% haatgh 655, (%Omgcﬁ#@r@%ﬂ?@lq&ﬁ@q’&?tﬁ%e 8185t Darbihbe, Bl 195

co u 1 c or glRue I 17
usi ng Wcﬁﬂﬁér%ﬁéﬁy R e e R RRET 088 rhOv 0 W? f@%d
t he ti tddeledambthedrezgtian noikfuretstiredsat iodn{ ﬂerﬁpgratﬂr%"/ﬁ)rI:IGNﬁ)le IheOmimtire,  ES
mz 204 [VH - 15 Preparation 2 | or o- phenyl ) - 5- net hoxy- pyri m di ne

2-
1 ON 1W@scpartltrnﬁ1@dtbth@e@dm@r(amé)mp@lm@&p@mﬁihanﬁd%mhheT tafganic

2= on ofSisieRor ssPBRE B oatsd B, e O B BLeL BRI dRrahe ang
solid (c@rf&rgratﬂélﬁ’/dmlareepw&mm pfesshré 4-The alegidieenyas - pirifedd Nby- 6blumAO

2010/ 052625PCT/ 1B2009/ 054824 88 C To a stirred solution of

(4- thl @hmrpamyaryhsomsd@ét@ﬂld@luya@ Withoth fethyll. B tatadn Nexang toratfaechibie tites
m.) was_added am no-a , 1.69 mml ). The resulting m xture
was codPEPH 8d %S()%Wgﬂt& ng'dg%hgcmé 4sA’ggdi um hydr oxi de solution (0.3 nlL)
added. {HhRMR$400 Mz, HMEW 8- e/y@Fa*nl PUB G, 3P )V 1A 21 (AC1RNG 3RS 4-°Jetnﬁ JAaY) at
this temperature for 2 hours, | owed by stirring at roomtenperature for
2 hour S.444n¥ke(mr a1 6o 6@&1&16011!50 ﬂy@ﬁ-@g&(mhﬂﬁb i7ded (t018) M35 (agHaddedi(d, 2H)

foll ovxgd@\gy7%zat r d 10 sodi um bi carbonate solution (1.0 nL). The reaction
m Xt ur S "and the resulting solid was washed with water (10 i)

and#r i1gg dihfio Yr?ér%%r@‘é@ba?é’ceéﬁsﬂ{gia@]ﬁra%éﬂ B SQ%WaﬁéllﬁAbr own solid
(130" g, 3799 "TH VR {400 ke .57 (m 1H),

7. 88 - Pea6! lYiald 38mg, 8)71&%(@6 (Lirt dl&tm?g ppak at 9@29215ms)
5- (4- FleorkOZ Qheel\d %'o%gmé%azf% &lecgr?d |gluﬁing peak at 15.445 mins)

Preparation 67: 3-(4'-Fluoro-biphenyl-4-yloxymethyl)-pyrrolidine-1,3-dicarboxylic acid
20 3-ethyl ester 1-p-tolyl ester ()

o o d
OO,

The title compound was prepared according to the method described for Preparation

66 using 4-methyl phenyl chloroformate and 3-(4'-fluoro-biphenyl-4-yloxymethyl)-

pyrrolidine-3-carboxylic acid ethyl ester (Preparation 65) to afford the racemate as a
25 white solid (215 mg, 70%).



The title conmpound was prepared according to the method described for
Preparation 25 using (4-fluoro-phenyl)-oxo-acetal dehyde and

2- am no- awotarmvided2s afford the title 20 corrpound as a pace/rpmio/owsni | (2. 33
g, 42% . 1H NWR (400 MHz, CHLOROFORMIi#0) pm7.12-7.18 (m 2H) 7.62 (s,

o 47cﬁ?-wMFwZ®MH5ﬁM%O§ F)3 gpm ”Mib%ﬁéii%%ié@@%ﬁ%@%ﬁﬁ et

T | iy d 100 ,
0 a8 ot e G e e T PR B S ataby

wei ght Tshel emamlm)nerﬂvmremplaratag using aiGhinsdzalsiB 5546 reptard:IRA. f or 4 hours.
The m xture Jtioned 5 between d t ether (25 nL) and

sat ur at &?kngg &%q%@é}@(’e&?b i luidng perloA ?fgﬁm SIThe organi cs were
furthen é/éq(s@ ( I ver magnesi um
sulp at e, \reféyg o{?cegﬁt Gae?‘éﬂ@ elngﬁ]rg Aﬂ%:{ey g?%gﬁgﬂre The resulting

pr eci pltate Was washed with pentane (10 rrL) and then dried under reduced
pressure to afford the title conpound e solidin 88%yield, 82

10 1H rvRParRtiPRES; SChi Ein@lﬂbhwthmwne;tbyh pwo( aines - chcar@oxyhpea@ﬁ] 2Hj
8. 29- 8. 4 , 2 P 28
3-(4' - 5%“&“%?%?‘&5 %%t%rgg‘r&r:t hy:-g - 1r ?B?Irg: Ihg;]y- bgnzoyl) -

pyrrolidine-3-carboxylic acid ethyl ester n racemc) 0 15

4' - hydr oxy- 4- bi phenyl carbonitrile (g7.0/g, 549 mmol) and pot assi um
carbonate (94.9 & 68 Dl ) re add © a stirred solution of

1- (4- met hoxy- benzoyIj t ol u 0O
sul f onyl oxymet hyl ) -p icgre- 3Ncar I C ag ester (211.3 g,
457.8 tmol ) (see Preparation 11) i met hyl s\ ph# 2 ). The

reaction m xture was heated at 20 80C for 18 hours th&n partigi oned between
ethyl acetate (2000 rrL) and water (2000 nL). The organi ¢’l ayer was washed

o 11 o 1 SBihebh oS0 aRnRe8 A oRlfl U MooBhanesRABeyyoF PEGRaRURIC Ly

LCVE (@65t @y 2%) 4li¢h|c?ro57p1qéﬁ %h|dP@ro%ﬂﬂéléO%%@2?@#l%@?c%ﬁf%ﬁ%@@methyn

Prepar ati on ano bi phenyl - 4-yl oxynet hyl ) - 1- (4- fret Hoxy- benzoyl) -
pyr r ol |pyrnmdadt8}ec3crcbcb(ydyi|c aaid etretl legtere@repacfationd 65) Tcheaftard ltee cacgoatedasas
prepared according to the nmethod described for Preparation 29 using

4' - hy dvduite- splig Rgrmg €afbon itrile and 3-1odonet hyl- 1- (4- met hoxy- benzoy1l) -
pyrroli | t t ( 4 r
hcemn'dl MR GRONANE, CuSE) 865 SBbnt 37 (f FHE°ETS R 98 (i HiE B4 b
usi ngy BHNI7IGE @RKRHA 53B. 4theipﬂarre27% 4H), Peiak(d] 2W, &l € 824HzD 7. 597975% gne.
(first eluting peak at 17.7 mns) Peak 2 Yield 23.5 ng, 95.8%e.e. (second
el uti ng’;1 eak at 20.6 mns) Preparation 29:

ool o SREHBARES el bR Jéing Aol e bno aBi R difA L | &' (520 e,
1. 68 mpygk ﬁW@bl@crlzaﬁglwee/aé@mﬁtseem%ﬂ@ p8hk &.639127hg) Were added to a

stirred solution of

1- (4- f IRESKR2 Niaid 6Y1g 397 Bl A segondreJuting nea-at 8ARdKYiNSL aci d et hyl ester
(622 ng, 1.53 nmmol) (see Preparation 12) in dinmethylformamde (7 nmiL). The
reattion mixture was heated at 80C for 18 hours then 20 partitioned between
et hyl n (5513)(.“ Ve d

W th V\g:?gpﬂ%%&%@%tgi(hdlrallug(rjdvg&ﬁen%ﬂ@?%ésI un? tggstpg'f rg)ﬁtafﬁgn{ ?oﬁg%%?g%gagnder
r educe@-pthgbssiee 1-(Fhituaregihtng | )westerpt) i fi ed by col utm chr onmat ogr aphy on
silica gel, eluting with 3:1->1:1 heptane: EtOAc to afford the title
conpound as a white solid (517 ng, 71%. WO 2010/ 052625PCT/ 1B2009/ 054824
91 The enantioners were separated using a Chiral pak I B 55:45 heptane: | PA.
Peak 1 Yield 140 ng, 96.7%ee (firstnelutfng peak at 11.8 mins) Peak 2
Yield 132 ng, 98.8% eg~(secorfd el uti epk at 15.4 mns) 5 Preparation 30:
3-[ 6-(4- Chl or o- pheny %ridin- 3- xymet hy1] -A={4- f | uor o- benzoy1) -
pyrrolidi ne- 3-car box) Yoy

prepared according to e
6- (4- chl or o- phenyl ) -pyridin-3-ol (Preparation Z3 E

1- (4-fl uoro-benzoyl)-3- 10 iodonethyl -pyrrolidine-3-carboxylic acid ethyl
ester (Preparation 12) to afford the racemate as a pale yellow solid (128
ng, 53.6% The enantioners were separated using a Chiral pak I B 55:45

hept ane: | PA. Peak 1 Yield 15 ng, 99.5%ee (first eluting peak at 16.9 m ns)
Peak 2 Yield 20 ng, 98.0% ee (second eluting peak at 26.2 mns) 15




Preparation 31:

3-[2-(4-Chl oro-phenyl ) -pyri m di n-5-yl oxynet hy1] - 1- (4-fl uor o- benzoyl) -
pyrrol i diwe-28tooeed2oxyl i ¢ acid ethyl ester () F The tipCiraBzoosypiaend was
pr epar ed accor ding to the nethod desdii bed for Preparation 20 29 using

b I BiE BR Dol B e bR RochiiRE b dh hafiol Biserbed far Peraragion

t t t 9
o, a7d® ghang iucte) chend] LAIColhAICERE) 5-08 o PRNERY Ao et}
hept aney )/Haﬁdlnlée@elcaﬂbo\fd it el ety BBer3Prepatdtion 65¢/totbfiogd peakacdmad 8s @ ns)

WO 2010/ 052625PCT/ 1B2009/ 054824 92 Peak 2 Yield 18ng, 99.5% ee (second
el ut i ngvipteasolisk (180.r89n98%) Preparati on 32:

o T R Pad A andstra-6 BRI 32 Y24 PR s (P

pr epar gdoR s arli ng 8t43|-|£}”'191991 bpdndesg 7 S, fod, JE %Flﬂﬂﬂt'l 8D-7286 i, DHI).
4- (5-chl oro-pyridin-2-yl1)-phenol (Preparation 17) and
1- ( 4- f ITher enardiormgrs)were sepacated mgingg IGhitalpalnkd 85 darhaptgne.tPAci d et hyl

t 12 fford t t lid (127
53, 20 FRSD SR AR B Dot ol ey S UGBk PRG e ol pai | B 55 45
hept ANFEIRD W&ah% Y7, %ﬂéen@ecaﬁd%?@t% bddi st 8. 9|rH|’hbgg peak at 8.6 nins)
Peak 2 Yiel 99 % ee (Second eluting peak at 1 m ns)

Prepar ati on 33
3-[ 4- (5 Chl oro-pyrimdin-2-y1)- phenox met hy1] - 1- (4-f| uor o- henzoy

15
pyr r ol iRTPRAration /Bolyf rElugee @' 4ai@imethyl)- pyﬁ’oﬁfﬂ@eﬁ @r@%@%&s') aCifas
pr epar t bed for Preparation 29 using
4-(5- c%dor %%/t(rg!ﬁq rﬂey?&y) gﬁoq%?%ﬁr‘gpar ation 19) and
1- (4-fluoro-benzoyl)- 3- |odonethyl-pyrrolidine-3-carboxy|ic aci d et hyl
ester (Preparation 12) to afford the 20 racemate as a pale yellow solid
(103 nmg, 43.1°)/0) The enantioners were s?pa’rated using a Chiral pak I C 100%
MeOH. Peak 1 Yield 29 ng, 99 %ee (Hlurstleluting peak at 9.7 mins) Peak 2
Yield 28 ng >99. 5@6.e¢ gcon uting bedk at 11. 6 mns) WO
2010/ 052625PCT/ | B200%© ». /‘3\8\ QY at i @@

1- (4- Chl or o- benzoy1l) ‘8=(A4
xylic acid ethyl ester () d The
the nmet hod described for Preparation 5 29 using
1- (4-chl oro-benzoyl) - 3-i odonet hyl - pyrrolidi ne-3-carboxylic acid ethyl ester

(Pr eparmdd fife %é)np%ﬂﬂd%a@b?é;?é%d%d&b%ﬁg% tR8MRERbEddsRribed 3bf Préparation

racemate as a white solid The enantioners were separated
usi ng #6Chsirag Mametthb%phénybmlarm‘orrﬁme me 31(4Y4f|e|bd) -6bheny|-93/I0¥mneeth 4 r st
eluting peak at 14.4 m.ns) 10 Peak 2 Yield m% 5% ee (second el uting
peak atpygr@llgln,q-:ﬁ-g}artp}wbg,e&ﬂq sihymster (Preparatlon 5) to afford the racemate as a

1-(4-Chl - (5-chl oro-pyridin-2-y1) - phenoxynet hyl | -
pyrroli Jﬁ{r’?e-cg %’LH)%? ®acid ethyl ester () d d 15 The title conmpound

was pr amaNMm@@@mﬂmDMso bfs)raepﬂsmm W&(tcral-t)@wim?(mpaml@ AN3IEB WS 319)
4- (5-chl oro- p ridin- Ie henol Preﬂaratlon 17) and
1- (20 c. 68 6s )za58|4)4 84 (Mo RERES. QY1 (dprh) dl. 0374 GncéHbax%ﬂ (tc 2Hg i7dd&(dhyaH)

ester ¢ 3) to afford the racemate as a white solid (63 ng, 30%
The enféfmbfénv@_l separated using a Chiral pak I B 55:45 heptane: | PA. 20
Peak 1 THeedrhritidniars v9<—:7re7s°é’p%¢atéﬁllfsﬁg §|Oﬁmaﬂ&|@®55% Heépt&fe.IPAS) Peak 2

Yield 12 ng, 69. 7% ee (second eluting peak at 14.7 mins) Preparation 36:
1- ( 4- Citesko! Nigld 6y Mg, W[@A(Qecﬁllrsireiutmw paaﬂah%"wm;) phenoxynet hyl ] -

pyrrol IFsj ak 2 \%(le(f86goxdl 9'8(:7‘§ICI g secgnd elu t|ng ;Sgak at 14.9mins)

25
Preparation 71: 1-(2-Chloro-phenylcarbamoyl)-3-(4'-fluoro-biphenyl-4-yloxymethyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)



WO 2010/ 052625PCT/ 1B2009/ 054824 94 C C The title conpound was prepared
according to the nethod described for Preparation 29 using

4- ( 5- chl owo-2pwrdsed2di n- 2-yl ) - phenol (Preparation 19) andPCT/IB2009/054824

1- (4-chl oro-benzoyl)- 3-iodonet hyl - pyi2 ol i di ne- 3-carboxylic acid et hyl
ester (Preparation 13) to afford the 5 racemate as a white solid (153 ng,
65. 7% The enantioners vvere separaﬁd usfng a Chiral pak | A 55:45

hept ane: | PA. Peak 1 X el 5@) ny, e (first eluting peak at 12.30

m ns) Peak 2 Yield , 9913% ee (

econd eludting peak at 18.90 mins) 10
Preparation 37: N O
1- (4- Chl oro- benzoyl [ 6-1(4- chhor g- phenyl) eH oxynmnet hyl ] -
pyrrolidine-3-carboxylic acid ethyl ester C 5 cl_orrpound was
prepared according to the nmethod descri bed for Pr epars 29 using
6- (4- chl or o- phenyl ) -pyridin-3-ol (Preparation 23) and
1- (4-chl oro-benzoyl)-3- 15 i odonet hyl -pyrrolidine-3-carboxylic acid ethyl
ester (IPigthgramiinen(0l2} rhb, afdfonminolevasiaddetcoas strneki $eausiohial 3-68-flupro27%

The enantioners were Mar ated using a Chiral pak | A 55:45 heptane: | PA. Peak
1 Yi el dPirheny4nyoxyget )éé/r(q|'idir5€t'3élau@9>f¥¢fcp%¢é@ edylgstar (RaesPreramtionyb?) ¢

20107 0853320 $E20EF DB RIRE () pitd hfbreslling Boans egoted to

accor digng .t 9-GHIeraBhER i S’@%@Ha‘?@‘(bb@'s rFL €0 F4ahhed) a/%slﬁdd&i and the reaction
an

4' -f| uor o- bi phenyl -4-0
1-(4- chimhmelsérmdwt)roem tedwresatye f(pry‘rﬁ bouEs. n’éh@mintalre)maw partitened belh\gﬂen

37" )/ oYVaRE eadAL) et ¢\ Pt Beihanit 4B G g THCRIYAN bRy PRV epardiSl;
hept angyddifea BERE (325Yhﬁ_8d dmdreve%@g?@eé.bm ShigHate! atgy Q:%l&eﬁttraqeg%rmé}s)

Peak 2 Yield 23 4% ee (second el uting peak at .50 m ns)
Pr ep@ar aedmecﬂmeﬁu(ra Tlﬁletmsmlua wlae iyir Hideyd yocgl retrhefth rpmt()gpamtymrxysmne rgady 1) -

| 3- | 0T titl
o) epar GBI, Ay 'v'ﬁag% BHReas Iafiblbieplils sPHIACHOES Berdigui1oss

4' -f UG Ob(fgliv,er?gl | and
3 |odoneth -1- oxy benzoyl) - pyrrolidi ne-3- 15 carboxylic acid ethyl
est er (1P BIpAR e@4®©MHA)DMS()aﬂ#6:)r§dppﬂne1 8¢k rBit)e2. 42- 2321/\/(mt eH$<2I 3242(41'5(2n JTeH)
73.2% _The enantioners were

hept ane-4PA&-6(hRK3H) ¥i%¥ @ éﬂ)r?g13é‘73Q16}%1e4H?7(q?1 (dst2F9|7uﬂ1 r(ﬁg 1bls.\a?k2%rt7 2P (o,

w0 o107 B s S 008, BT RR-B6S o GRETROReh O i s prepar et

accor diTrg éraritioeneretverd séwcastbbemrfg)a ChriepsalalAd 0002MeSiHg
4- (5-chl oro- §yr|md n- 2- %‘] phenol (Preparation 19) and 3-i odonethyl-1-(4-
net hoxyasnt 8189 S8ma. diSi ﬁr%e:%(ft'fﬁr%@mg pealyat 4-9MP$) est er (Preparation 14)

to alf @i Vil UBRRY4S A% 8. (¥¥chfa ¥Rty feitat @ sotiid)

20 Preparation 72: 3-(4'-Fluoro-biphenyl-4-yloxymethyl)-1-(3-methoxy-phenylcarbamoyl)

pyrrolidine-3-carboxylic acid ethyl ester (1)

o ol d
OO,

The title compound was prepared according to the method described for Preparation

~—

71 using 3-methoxy phenyl isocyanate and 3-(4'-fluoro-biphenyl-4-yloxymethyl)-



The enantionmers were separated using a Chiral pak 1B 55:45 heptane: | PA. Peak
1 Yield 60 ng, 96. 7% e.e. (first eluting peak at 12.1 mns) Peak 2 Yield 51
ng, 98. 89Wwe.2e10/(58@60nd el uting peak at 20.6 nmins) 10 Pr@panaruowns4dis
3-[6-(4-Chl oro-phenyl)-pyridin-3-yl oxyhet hyl] - 1- (4- net hoxy- benzoy1) -

Y bar EHRL GG qtex%xyllﬁeaa%t%@h%%ee?mqér%apnpgébhe alTotsh oG 28D
6- (4- cryogﬂmeggq%a Z@U,Ingl 90‘% (Preparation 23) and 3-iodonethyl-1-(4- 15

met hoxy- enzoy ro i di ne- -car boxylic acid ethyl ester (Preparation 14)
t o af f dirtiNMR (4@@&/11’&12 DEMSCadyd)id pprsol .16 (1, 3H)ry 104632 (rﬁhEHel?nam B(ﬂ&(m, 3ty e
separ at ed usi nﬁ}a Chiral pak | B 55:45 heptane: | PA. Peak 1 Yield

>99 5%6%0% (S($ 3t9%{dit i I8l 2H) h231dniT Ry 2 4%t DHYPeA (g, ,7)738%%

( [ I 5PCT/ 1B2009/ 054824
©5 ﬁhe’ it'ﬁa cb?rﬁguhga(/\/aé%ﬁﬁ]ég%??eéds ﬁﬂto&gﬁhgﬂgt "met hod descri bed
for Pr%@ﬁdmi@n@swﬁérege@afﬁedmwwa[Eyfnia[#baik@DﬁH)‘rQﬂ%rMéOHPrepar ation 17)

and 3-iodonet hyl-1- oxy- benz %{fég pyrrolidi ne-3-carboxylic acid ethyl
ester (Aaakphyigld @ﬂ”ﬂl)ggt%%eﬁ eotfiistzlutieg pacleahP&S183N8) white solid (133 ny,

ﬁgpfﬁe%;@gﬁgﬁﬁg%ﬁang% géggg%gn@eﬁi%”rissb Iﬂﬁ): Eg5gegﬁ at 12.2
mns) Peak 2 Yield 16 ng, 99.4%e.e. (second eluting peak at 18.5 nmins) 10
Preparation 43:

3-[20 ( Pr@pammm 784 14 L Klajo-phemdsgrivemayl) 314 (uatettiphgnybdnyloymethyl)-

pyrrolidi Cc _ac ter () N The title conpound was
prepar é)é(ré’@g d? Qq(é(y 'ﬂ@cﬁts‘?tmfte%@%@rﬁl bed for Preparation 29 using

6- (4- hydr oxy- phenyl) nicotinonitrile (Prep tion 18) and

3-iodonet hyl-1-(2- 15 net hoxy-benzoyl -pyyrolidine-3-carboxylic acid ethyl

ester (Preparatl q afford the te as a white solid (112 ny,
64. 6% The enanti 6 gy e sgpar &:

al pak I A 55:45
hept ane: | PA. Peak 1 N99 % e- y-peak at 14.4 nins)

Peak 2 Yield 22 ny, ¢ )
2010/ 052625PCT/ | B2009/ 054824 - - - - - - - N The title corrpo
according to the nmethod described for Preparation 29 us

5 o e B mpsL N S b eg AcroliRg P e RS boad 6329}&9?530 nBrepaation
ester G eRangli antey (dI9bdoRe AR T AT B AR Wiy Eal| A D

85.2% The enanti oners e ara ed using a ira

heptsngytidfdipess- caﬁai«x fic cid étrﬁAl o%ter Frepdration GGDItO%ﬁfoedi tié Rgcarrale as a
13.04 m ns) Peak Yi eI d 36.2 ng, 99.5%e.e. (second eluting peak at 22.77

ni ns) lfmlﬁ%ﬁ@r@ﬁpdﬁQA@%)

gy£ fol i Nﬁfﬂ%?%@(?f%—l@%@sg) i he”"ﬁ?@ %]Z_-Jﬂ-(fﬁf?rwam‘ffélé%&ﬁ, 3H)

3.92 (d, 1H) 4.14-4.30 (m, 4H) 7.02 (d, 2H) 7.22-7.27 (m, 4H) 7.54-7.65 (m, 6H) 8.40
(brs, 1H).
20 The enantiomers were separated using a Chiralpak IC 55:45 heptane:IPA.
Peak 1 Yield 53mg, 98.4% e.e. (first eluting peak at 6.9 mins)
Peak 2 Yield 47mg, 97.6% e.e. (second eluting peak at 8.6 mins)

Preparation 74: 3-(4'-Fluoro-biphenyl-4-yloxymethyl)-1-(4-methoxy-phenylcarbamoyl)-

25 pyrrolidine-3-carboxylic acid ethyl ester (+)



The title conmpound was prepared according to the method described for
Preparation 29 using 4-(5-fluoro-pyrimdin-2-yl)-phenol (Preparation 20)
and 3-i odwoedtwis2625( 2- 15 net hoxy- benzoyl) - pyrrol i di ne- BctaBoxyi4szt aci d
ethyl ester (Preparation 15) to affon##the racenate as a white solid (85
ng, 49% The enantioners were separated using a Chiral pak A 70:30:0.1

hept ane: | PA: DEA. Peak 1 Yield 34 ny, 96.4%e.e. (first eluting peak at 9.13
m ns) Peak 2 Yi el\d 35 99.8% e. e. Fsecdnd el uti ng peak at 12.04 mins) 20
WD 2010/ 052625PCTDHE 0548%4 99 N ) The tit)e _conpound was prepared

according to the nethod descr 3 29 using
2- (4- hydr oxy- phenyl ) -pyA ne- 5. carbonitril®g D onet hy1-1-(2-
nmet hoxy- benzoyl) - pyrrolidi ne-3-carboxylic aci det ¢ Preparation 15)

to afford 5 the racemate as a white solid (53 nyg,
separated using a Chiral pak | A 55:45:0.1 heptane: | PA:DEA. Peak 1 Yield 19
ng, 96. ™ #tle cofpoust ehs prewarpdadccatdifg 18 the mesgthBdadestried!fdr Preparalions %
e.e. (first eluting peak at 12.04 mins) 10 Preparation 47:

3- (4' - @fanésing pHempthoxyy InBenye 198aYANBie 2 2Rt Koldfierar-biphenyl-4-yloxymethyl)-

rrolidine-3-carhgxyli.c acid.eth e [ . The tit] nd S
b epar B R0RBEGT R R B i BBk Sl crBRadtion BBy b A B AT G AR as o
4" - hy draxywArRid (7 vhg cggoppni tril e and 3-iodonet hyl-1-(2- met hoxy-benzoyl) -
15 pyrrolidine-3-carboxylic acid ethyl ester (Preparation 15) to afford the
r acenatiéd NYR (490 MHz DIMSQ d55) argpmeB I (1 )eh 4042, 32ems 21k Bed 53 5 ¢ 3H)

SRR U B R I e N g Wl B R R TN e

elutin . ' { a [ .
3-(4'- g?ﬁ%‘??ﬁ%ﬁéﬁ&&?@%ii?e?LW) ’il?s ?(Zmn@%ou}l) benzoyl) -
D010/ 052625PCT] 1620001 0824 100 < The t1t16. gorpound uas d
] The title conpound was prepare
accHt dﬁ:gr?@%%EY!%é%g?Bl%ég’%%@&- i](foy'ééle%'PgFﬂe@&aﬁtaﬁ-%W 8b usi ng
4'-flu ) Ok =4 ol ; ;
31 odomstl A TSt NO0RP B i 4o Sl ng PAE 2.5 TS0yt i ¢ aci d et hyl
ester (Preparation 15) to afford the racemate as a white solid 5 (178 nmg,

76°)/0) The enantioners were separated using a Chiral pak |IB 55: 45

hept andrepAratie g5, M@F&Jore-mgbe@sér%méy@eﬂw-?é?-f@pmphgnwéawbaémoyib. 10

. . i . .

glr ng);r %@% iaﬁé':-f-lcgrﬁlo%(yﬂg’ac%setﬁﬁgstgr (i()second eluting peak at 12.70 mns) 10
3-[6-(4-Chl oro-phenyl ) -pyridi n-3-yl oxynmet by1] - 1- ( 2- met hoxy- benzoyl) -
pyrrolidine-3-carboxylic acid ethylpester () The title conpound was
prepared accordi ng t9 } Preparation 29 using

6- (4- chl or o- phenyl i ) —=23) a n d 3-iodonet hyl-1-(2-
15 net hoxy- benzoyl) >y di ester (Preparation
15) to afford the rac % The enantioners
were separated using a Chiral pak | B 55:45 heptane: | RA akF 1 Yield 11 ng,
99. 5 Yoe.e. (first eluting peak at 12.2 nmins) Peak 2 Yreld 7 ng, 99.5%e.e.

(seconq_heel Httie' rc]:gr’rl%%‘ff}lrﬁd‘fjlvtvas1 %‘regparpegsgccgpding to the method described for Preparation

)
/7

71 using 2-fluoro phenyl isocyanate and 3-(4'-fluoro-biphenyl-4-yloxymethyl)-
pyrrolidine-3-carboxylic acid ethyl ester (Preparation 65) to afford the racemate as a
colourless liquid (230 mg, 82%)

20 1H NMR (400 MHz, DMSO d-6) d ppm 1.16 (t, 3H) 2.10-2.32 (m, 2H) 3.40-4.28 (m, 8H)
7.03 (d, 2H) 7.09-7.26 (m, 5H) 7.50-7.65 (m, 5H).
The enantiomers were separated using a Chiralpak 1B 55:45 heptane:IPA
Peak 1 Yield 64mg, 99.4% e.e. (first eluting peak at 7.2 mins)
Peak 2 Yield 46mg, 97.1% e.e. (second eluting peak at 9.1 mins)

25



WO 2010/ 052625PCT/ 1B2009/ 054824 101 The title conmpound was prepared
according to the nethod described for Preparation 29 using

4- ( 5- chl owo-2pyrised2n- 2-yl ) - phenol (Preparation 17) and 3PCcodbred/hiag24l- (2-
met hoxy- benzoyl ) - pyrroli di ne 3 car boxyiic acid ethyl ester (Preparation 15)
to affqyd 5 the c SO 33 54. 7 The enanti oners
were soseparatipn 85 G darpaRnstebanaos b hispS pitens ke WbxdnereDe ' 55 hp,
97. 7% ligfer KyPdstdP mns) Peak 2 Yield 36 ng, 98.2%e.e.
(secon y?r ultél ﬁg§%g§id?gh@%5%e&n¥ ?é g_e)Pr eparation 51:

3-[4-(5- ChI or o- pyri mdin-2-y1)- phenox hy1] - 1- (2- met hoxy- benzoyl) -
pyrrolidine-3-carboxylic acid et@yl ter () The title conpound was
prepared accordi ng to thepnet hod Ql bed for Preparation 29 using

4- (5-chl oro-pyrimdin-2-y IQ on 19) and 3-iodonet hyl-1-(2-
15 net hoxy- benzoyl)-p | i diyne- 3- 5 ester (Preparation
15) to afford the rac te as 35. 7% The enanti oners

were separated using a Chiral pak | B 55: 45 hept ane 4 PEak 1 Yield 56 ny,
97 6%e.e. (first eluting peak at 10.01 m ns) Peak Yield 54 ng, 98.8%

2010/ oégg%@géﬁ ﬁ%é@%ﬁg@ngz ’i"g‘k&y V&gl‘ﬂéhtd%tgl té)V\gOstlrcr)%crI](?olutlon of 3 $4 c]‘Iuoro-

accoy dlmé@lﬂhﬁomml)%&m|Idb&ii3fdalrbc8(y®paacﬁ(d lem;/l?&telﬁ(m Preparatlon 65)
6- (4-fl uoro- phe \§ yridi n-3-oIEM§Preparat| on 21) a n d 3-iodonethyl-1-(2-
met hox>(3Q@rm@y®)8 pmeb) mdw@lqgo ftﬁﬁ@/ﬂfb W&du@dath%/re%%fﬂ@ MixuEp £08tEdole 15)

wer o sOhG RUSraRREERN BRI LR R BB saE 0 87 dpTEned e Adtied BBoTE Moo,
ng, 96. nQ’%Lﬁe%tlrréH'eft%o#l'@Hwaﬂ@éﬂforﬁ% héur® Thdfixteatyvad Sp_\élrﬁﬂl&he:cpbgigvew 3%

e.e. (second eluting peak at 21.4 mins) 10 Preparation :

3-[2- (M{tlelrdﬁﬁ rphéraym) dmﬂmnﬂrﬂeﬂmw(ﬁﬁ(yrmle)t hyhe- drg(zammymwaermpur)atWr rol
i di ne-3-c¢ 0Xx c,acid .ethyl ester i.tl e conpoun epar ed
nccd aviisTed Bigertathotlackiad SUer madnesiyi sbliaS«A e cageentiatel fder
2-(4- om0 oAnst 2-
15( rre'? E%Q‘;i@%djﬁgéc%gl”}?gmﬂe.@ riwgh é)gjro @g}g%{;ﬁ%&g@%&g hyl © I;a‘t ( Prgltg%%rgz]ae;I |( on
15) t o ehiting mthhléi%aadleymacmtadxe ia hexiane tscﬂffcdd(tmemltleg;omﬁom% a3 leepaleadllionner s

were sep usi a Chiral pak 1B 55:45 heptane: | PA. Peak 1 Yield 24 ng,
98. 7% @oﬁd?@&g 8§Ig/8|)£| ng peak at 12.0 nins) Peak 2 Yield 24 ng, 99% e.e.

(second ek Mod iz, 3MED -7 15pmaP 72\, 40H Y. 854522 RG 1 18A08R) 45AR2 45103
15 (m, 1H) 2.15-2.30 (m, 1H) 3.48-4.24 (m, 8H) 7.00-7.03 (m, 2H) 7.24 (t, 2H) 7.56-7.65
(m, 4H).
The enantiomers of 108 mg of title compound were separated using a Chiralcel OJ-H
50:50 MeOH:EtOH.
Peak 1 9 mg, >99.5% e.e. (first eluting peak at 10.5 mins)
20 Peak 2 12 mg, >99.5% e.e. (second eluting peak at 13.7 mins)

Preparation 77: 1-Cyclobutanecarbonyl-3-(4'-fluoro-biphenyl-4-yloxymethyl)-

pyrrolidine-3-carboxylic acid ethyl ester (1)

O

-



The title conmpound was prepared according to the method described for
Preparation 29 using 4'-fluoro-biphenyl-4-0l and

1- ( 2- et howp-2bevisRa2E) - 3- 1 odonet hyl - pyrrol i di ne- 3- car boxpCiraBzoy/os4e24y|
ester (Preparation 16) to afford thelt@cemate as a white solid 5 (191 ng,
70°)/0)_The enanti oners were separated usi a i ral pak H 55:45 .
nept andERIE PERIPOSG: dpti PEsp S sgomipd 1o M et HdRengd JonRreparation
o 0o)  Hekuding! eRidRusRecatBoRYh Enforide °5RAY 4 LBR-BRMeG-4 515 M) 10
3-[4- (@yﬁdndrn@;mcrartm@l.oez:'d/é)hw@@mxmpbvéﬂoriﬁ(s tetdffoxy the racarite as a

pyrrolidine-3-carboxylic acid ethyl ester () e title conpound was
prepar eolauressdilng 0bang 5%kt hod descri bed for Prepar atl on 29 using

% oA XAOTME el B Bom( T ERE B! a2 B B 512 1380 (et

est er @Wﬁ@asmmonHm)mm thrdH)fveoWeezﬁwga @ ;m) Y s65@ Izdygi@ -5
36.3% The enantiomérs were separated using a Chiralpak 1B 5
hept andm,2H). Peak 1 Yield 20 ngy, 98.7%e.e. (first eluting peak at 8.10

m ns) BReak 2 Yield 15 9% n m ns) 20
Vo 20107 rliebers insSepeias uing & Cited R RN RAHEDIE: epar oo
accor dipgk p28 g 15YdIg% @@serrrstb&qt.ﬁ§ peBk &30 hﬂﬁ‘s_)29 usi ng

2- (4-chl or o- phenyl ) - pyri m di n-5-ol reparation 2 and

1- ( 26 etPamky2 B8 ma@yt993.5% ¢ .ed(zeephylelpyng péaklangsd 3—mmsh>oxy| ic acid ethyl
ester (Preparation 16) to afford the 5 racemate as a white solid (238 ng,
83.9% The enantionmers were separated using a Chiral pak | B 55: 45

hept angs at 9.60

m ns) %gggéﬁa%:?g ﬂﬁ!lé’p%@ %ar@gny g:grn (f)b erg/\ He%%aﬁ%@? m ns) 10
Pr epar @th@lﬁdﬁé:—&carboxyllc acid ethyl ester (J_r)

3-[5-(4- Chl oro- phenyl ) - pyrazi n- 2-yl oxyrret hy1] -1-(4-fluoro-benzoyl) -
pyrrolidine-3-carboxylic acid ethyl }/e/ F The title conpound was
prepared according to thedrethod i bed for Preparation 29 using

5- (4-chl or o- phenyl ) - pyr azi\p- 2- ol 9 i

1- (4-fluoro-benzoyl)-3- 15+
ester (Preparation 1
The enantionmers were

he” raceng 3 e solid (73 ny, 20%
3 i 45 hept ane: | PA. Peak

. e (first eluting peak at 9.99 ns'f Peak 2 Yield
22y, 97.5% e.e. (second eluting peak at 11.1 mns) 20 WO

20168 092H26tRCELABAVAE/ Wad BPehakeld ddcofding he thé trhéthodgusdridedesr Prepatation

according to the nethod described for Preparation 29 using
5- ( 4- c Mbousing ising o;qumtaneqarbpnylmré@ram@and@ (zt‘r)ﬂuarmblphenyl -4-yloxymethyl)-

st o (UFEDAMErFoRT oK ie GO FE Coire (BrPRREATLOSE 18 Y JerPeRmas b o 42
et ancl 0 R 1 G9% . o, (f it el Ufing peak at 13. 10
m ns) 1H NMR (400 MHz, DMSO d-6) & ppm 1.15 (t, 3H) 1.50-1.78 (m, 8H) 2.05-2.25 (m, 2H)
20 2.82 (m, 1H) 3.44-4.27 (m, 8H) 7.01 (d, 2H) 7.25 (t, 2H) 7.57 (d, 2H) 7.62-7.65 (m, 2H).
The enantiomers were separated using a Chiralcel OJ-H 50:50 MeOH:EtOH.
Peak 1 61 mg, >99.5% e.e. (first eluting peak at 10.5 mins)
Peak 2 31 mg, >99.5% e.e. (second eluting peak at 14.9 mins)



Peak 2 Yield 19.3 ng, 99.2%e.e. (second eluting peak at 19.29 mns) 10
Preparation 59:

3-[ 5- (4- GNDanwy/gskenyl ) - pyrazi n- 2-yl oxynet hyl] - 1- ( 4- net hexYABENZ/0348)4
pyrrolidine-3-carboxylic acid ethyl dster () O The title conpound was
prepared according to the nethod desg*k for Preparation 29 using
5-(4-chl oro- phenyl ) - pyrazi n-2-ol (Pre&parati on 25) and 3-iodonet hyl-1-(4- 15
met hoxy- benzoyl ) - pyrrolidine-3-carboxylic acid ethyl ester (Preparation 14)
to afford the racemate as a white solid (44 ng, 22% The enantionmers were
separ ated usy I HRAH .45 heptane: | PA. Peak 1 Yield 14 ng, 95%
e. e. (f%'rst%?ﬁpﬁﬂgﬁ%éﬂ at rri@laéslg)m ns) Peak 2 Yield 21 ng, 95%e. e.
(second eluting peak at 18.60 mins) 20 WD 2010/ 052625PC T/1B2009/ 054824
106 The title conpound was prepELed according to the nethod descri bed
for Preparation 29 using 5-(4-chl oko-phenyl)-pyrazin-2-ol (Preparation 25)
and 3-i odonet hyl-1-(2- nethoxx-ben oy yreol i di ne- 3-carboxylic acid ethyl
ester (Preparation 15) to af RordX5 t ra te as a white solid (45 ng,
1899 The enantioners were separated using a Cpjral pak | A 55:45 heptane: | PA
Peaks 1 Yield 13 ng, 95%e.e. (first eluting pakAat 10.30 nins) Peak 2
Yield 6 ng, 99% e.e. (second eluting p@ak at 13.0 mins) 10 Preparation 61:
3- [ 5- (4yHdrkpr 0- phenyl ) - pyrazi n- 2-yl oxynet hyl1] - 1- ( 2- et hoxy- benzoy1) -
pyrrolidine-3-carboxylic acid ethyl ester () The title conpound was
prepared according to the nmethod described for Preparation 29 using

5-(4-chlioro-phenyl )-pyrazin-2-ol (Preparatio 5) and .

12 etholsy eBBRs By PhERY “GiotiooaBtiatall B thRR PR ord s twp.shstivents adh,
est i SR i fror, a a i | i 30%
The(‘adengtrlrfdt1 i oneo?sr]ltlggrei@g%%grrﬁ gg Cﬂs.BESCQ ’ %WA%&%?E@&E%%&?S&%Ifrlg%ro Peak
1 Vi el 2%IRylrand D.8r3%e.akoxy, ior $3 a €;ytoynlpapehraup;11. 70 m ns) Peak 2 Yield
98 ny, 98.9%e.e. (second eluting peak at 14.6 mns) 20 WO

2010/ 052625PCT/ 1B2009/ 054824 107 F The title conpound was prepared

accordi L HeRer | for Preparation 29 using

311 oy SRR TS RF b

1- (4-fluoro-benzoyl)-3-iodonet hyl -pyrrolidine-3- carboxylic acid ethyl

ester (Preparation 12) to affford the roacemate as a white solid 5 (150ny,
73% ES mz 467 [ M\+ Preparation 63:

3-(2,3-Di fluoro-phen t hxp)z- 1-(4-LLLJ1£[ o- bengdy1l) - Pyhgol«didig- 3-
carboxylic acid ethyl esta () 10F The tiNle c,zorrpound was prepared

accgg ding dededtbe figat hod descri bed for Pr e'ﬂar ation 29 using :

2,3-di fluoro-phenol a n d 1-(4-fluoro-benzoyl)- 3-i odonet hyl - pyrrolidi ne-3-
carboxylic acid ethyl ester (Preparation 12) to afford the racemate as a
white l.id, (1 8%. 15 ES m,z 408 . Pr. tion 64:

(35 Ol P R el tinbR VS B o GBEE ALY B8PS0l 1 di nea- car bo

xylic acid ethyl ester ()

R®is Ci. alkyl optionally substituted with from 1 to 3 fluorine atoms;
20
Ar is an aromatic group consisting of 1, 2 or 3 aromatic rings, which aromatic rings are
each independently selected from phenyl and a 5- or 6- membered heteroaromatic ring
containing 1, 2, 3 or 4 heteroatoms each independently selected from N, O and S, and
which aromatic rings, if there are 2 or more, can be fused and/or linked by one or more
25 covalent bond(s), and which aromatic rings are optionally substituted by 1, 2 or 3
substitutents each independently selected from F, Cl, CN, OH, C4; alkyl, C4. alkylthio,
fluoro-C¢ alkyl, fluoro-Cqs alkylthio, fluoro-Cqs alkoxy, Cis alkoxy, SO,R*, NR°R®,
NHSO.R’, SO.NR°R’, CONR™R" and NHCOR™,



WO 2010/ 052625PC T/ 1 B2009/ 054824 108 The title conpound was prepared
according to the nethod described for Preparation 29 using

3- chl or o-weof2bwases2phenol and PCT/IB2009/054824
1- (4-fluoro-benzoyl)-3-iodonet hyl - pyni®l i di ne- 3- carboxyl i c acid ethyl

gstEgr m(FS E& I?il e 12 éﬂo%&%‘egﬁr ggﬁ/ 816 a ?/Vaotp |0%%II§Jl s‘ﬁ%‘s ﬁJte by fr%lS%nPd 699

3-(4' - |1_=||u!éﬂﬁg a%rggenyl 4-yl oxymet hyl ) - pyrrol i di ne-3-carboxylic acid ethyl
ester () M HCl aqueous solution (65 nL) was added to racenic
1-(4-fl uoro benzoyl) 3-(4'-

fl uoro- th I rroI| ca cid est er
(see Do REoRY W%@p N JRPL e ARACRAIGTNN Tt Bk e 2l SRS e
for A8 s@B‘s’ﬁt%te TBgfrroﬁf""F b a8 G meas evaporated to dryness. The resulting

crystalline so |sso ved 1 n ethanol (25 m.), cooled to 0OC and

t hi onyl chloride added (1.46 ni, 19. 81 15 nmmol ). The m xture was then
heated at reflux for 16 hours. The xture was partitioned between

sat ur at®@ WN?G@ %@P%@M@ﬁ@ites@dﬂﬂG"@ﬁiu‘é'md‘yﬁ@teérﬁi REPERHO theead: e
(100 nL). The organic | ayer was separated, washed with water (100 nL),
dried over magnesi um sul phate and concentrated under reduced pressure. The
resi due was Aposinpbeald BY ctalmeann e RivpgsahY compsuhd oR f@tiula glayt i ng Wi th
2% nmet hanol in 20 dichloromethane to afford the title conpound as a brown
oi1102.5 g, 52% . 1H NVWR (400 MHz, DMSO d-6) 6 ppm 1.14 (t, 3H) 1.72-1.79
(m 1H 2.09-2.15 (m 1H) 2.76-2.93 (m 3H) 3.09 (d, 1H) 4.07-4.16 (m 4H)
7.00 (d, 2H)724(t,2H)756( 2H)761765(m2|—|) WO

2010/ 052625PCT/ |1 B2009/ 054824 109 hydr ogen carbonate (244 ng, 2.9
mml ) was added to a stirrddsefuti nof
I

(4" -fluoro-bi phenyl -4-yl oxynet hyl ) - ldKD -ca rboxyl ic acid ethyl
ester(see Preparation 65) (200 ny, 0 58 mmol ) @hbhloronethane (10 nm)
and the resulting 5 m xture cooled to 0OC. 2-Methoxy phenyl chl orofornmate
(0.09 nL, 0.64 mmol ) was added and the reaction mxture stirred at room

t enper m xture was partitioned between water (25 ni)
and dlgﬁﬁgﬁyﬁgé%ane 2@®#{§B?The organi c | ayer was separated, washed brine
(25 nlL), dried over magnesi um sul phate and concentrated under reduced
pressure. The residue was purified by colum 10 chromatography on silica
gel, eluting with 15% ethyl acetate in hexane to afford the title conpound
as a white solid (210 ng, 740 MHz, DMSO d-6) 6 ppm 1.18 (t,
3H) 2.16-2.21 (m 1H) 2.32- R—&(X(m NWQ 4.34 (m 11H) 6.92 (t, 1H)
7.03-7.10 (m 4H) 7.19 (t, 1H) 7.25 2H) #.58 (d 2H) 7.63 -7.66 (m
2H) 15 15 The enantioners were separ at ed u5|ng a gl pak 1B 55:45

hept ane: | PA. Peak 1 Yield 50ng, 97.6%e.e. (first eIutlng peak at 9.629

m ns) Peak 2 Yield 50ng, 97.8%e.e. (second eluting peak at 15.445 m ns)
Pr epar 6 .

3-(4' - @MFEE&‘ ﬁ pheAy 12U ¢ FR AR AN 40, FAM di QE-21PHRTHASEHISRY AeCeRiPR®0
3- et hylsaftss&lvatk, lbr peddtlgaréiof () The title conpound was prepared
according to the nethod described for Preparation 66 using 4-nethyl phenyl
chl orof ormate and 3-(4'-fl uoro-biphenyl -4- onxynethyI)

pyr |ne3carbox lic,acid, ethyl est Pre Qn_65 a t he

P cthmih o ACORRGRIY dscafigy 51 i o068, ereh 5 s Aaeba pfodb bBlGnAy

T/ 1 B20QGHQBARAS by 16ha ldr B Ca0Gitbbtts @@p.rﬁae@en@eawsdé&e& trord, &4,12:.2- 3
(m 2H) 2.28 (s, 3H 4 (m 8H -7.04 (m 4H) 6 (d, 2H)724
(t, 2H)aIWyI5xed7C1&5alt«nxy MFI)S a‘Chaes Qynbmdkyd)gﬂmm Were separ at ed u5| ng a Chiral pak
| B 55: 45 heptane: | PA. Peak 1 66ng, Yield 95.6%e.e. (first eluting peak at
7.300 mins) 5 Peak 2 65ny, Yield 98.6%e.e. (second el uting peak at 11.289
m ns) B epar@tdpiodithd as claimed jn claim 3 wherein R' is C}/cloproeéll cyclobutyl,
3-(4' - Fl uor o- bi phenyl - 4-yl oxynet hyl ) -pyrrolidine-1,3-dicarb l1c aci

3- e251y|cye:d;mreently-lp2tfbjoy<1prw1}ér G)ﬂuoroplﬁ)eﬁl;#he Qrdhl@roobﬂpwll,mdr mlak;)rppépa]ryda,dZ-

according to the d describ Pr epa ation si ng 4-chl oro phenyl
i or ofeiRmPLeAN 23N EIO DRGM- ST HHERANETY| ok drtbe BytoTeny

pyrrolidine-3- carboxyllc acid ethyl ester (Preparation 65) to afford the
racenate as a white solid (222 ny, 77% 1H NMR (400 MHz, DVBO d-6) 6 ppm
1.17 (t, 3H 2.13-2.38 (m 2H), 3.44-4.34 (m 15 8H), 7.03 (d, 2H, J =
8.4Hz), 7.17-7.27 (m 4H), 7.44 (d, 2H, J = 8.4Hz), 7.57-7.66 (m 4H). The
enantioners were separated using a Chiral pak |1 B 55:45 heptane: | PA. Peak 1
Yield 72 ng, 89.8%e.e. (first eluting peak at 6.812 mns) Peak 2 Yield 67
ng, 97.2%e.e. (second eluting peak at 8.654m ns) 20



Preparati on 69:
3-(4' - Fl uor o- bi phenyl - 4-yl oxynet hyl ) - pyrrolidi ne-1, 3-di carboxylic acid

3-et hyl ewDen10l0s¢edst| uor o- phenyl) ester () WO PCT/IB2009/054824

2010/ 052625PCT/ 1B2009/ 054824 m The tilt4 e corrpound was pr epar ed according to
t he nethod descri bed for Preparati on .66 usi uoro hl or of or mat e
e e S CATRHa T 1 R eeRurbeny 2,

et hyl q@b%pr(é?{%pparatl on 65) to afford the racerrate as a white solid (180
my, 58% VR (400 MHz, DMBO d-6) 6 ppm 1.17 (t, 3H,) 2.12-2.38 (m 2H)
3.44-4.34 (m 8H) 7.03 (d, 2H, J = 8.4Hz) 7.19-7.27 (m 6H) 7.57 (d, 2H J

= 8.4 7.62-7 The enantionmers were, separated using a

Chi tal Bk |é\§%m@9tJ§15'p@%Elam§ INFRAK ONevp LBk Bl L0 G5 WisrsineX TEPTGagNts a

el utg ng; %gghn@t 6.7 mns) Peak 2 Yield 45ng, 78.5%e.e. (second eluting
peak at m ns) 10 Preparation 70:

3-(4' - Fl uor o- bi phenyl - 4-yl oxynet hyl ) - pyrrolldlne 1, 3-di carboxylic acid
3-ethyl_ ester 1-(4-nethoxy-phenyl) este 5 The title conpound was
pr epar €d ac&?‘é{’nﬁeuﬁ‘%aﬁW@'WHB@W@@%@GW%F t@ﬁé’ﬂéﬁr&m 614866 usi ng

4- met hoxy phenyl chloroformate and 3-§4' -fl uoro- bi phenyl - 4-yl oxynet hyl ) -
pyrrolidine-3-carboxylic acid ethyl e$ter (Preparation 65) to afford the
racenate as a white solid (185ng, 59% O/fH NVR (400 MHz, DWMSO d-6) 6 ppm
1.17 (t, 3H 2.15-2.35 (m 2H) 3.42-3.68 (m 3H) 20 3.73 (s, 3H) 3.84-4.34
(m 5H). 6.91 (d, 2H) 7.03-7.04 (m 4H 7.25 (t, 2H) 758(d 2H) 7.64-7.66
(m 2H). The enantioners were separated using pak | B 55: 45
hepﬂ%me3 | PAA eRIROUNAS|RIBTERYN 2y, Qv @f %la”’@s’r f rt%t7 VéfI‘Qf@irhé i9e&OQ- 9. 7ni ns)
Peak 2 Yield 68ng, 98.7%e.e. (second eluting peak at 14.9mns) 25 WO
2010/ 052625PCT/ 1 B2009/ 054824 112 Triethylamne (0.23 nlL, 1.67 mml) was
added t a % bbﬁ@@uﬁ@ﬂaﬁ cleimet i3-dd orié BPERximMs 1 to 8 wherein Ar is an aromatic

bi phenyl - 4-yl oxynet hyl ) - pyrrol i di ne-3-carboxylic acid ethyl ester (see
Prepar &em 68NSHH{NBDY, 2@5A aﬁﬁﬂtﬁmtlprﬂﬂgﬁhmléhﬁﬂ%ﬁ@tl@mnﬁﬁ)ar&mﬁa%

e RS e G SR R R T 8 EDBPR: EPRISR Buk BTl 1 e

houis. chhpriding urtﬁve 1pt@r4 httﬂdg@ﬁ%t@ﬁkvxﬂgrbn@%wgeh% dHe s@pHur atom or (c) 1

di chl or onet hane (25 . The organic |ayer was separated, washed brine (25
m), dmwgeo\aé@mMghespbm stopleade! and nisegematamednthwhichiaromnaticcrngs, if

Bl ot ndfare A e, 6 stats AR s ot el ket Pu PR 2 e eile b e
col our 'ﬁl%h'é%gtlégﬂ'ﬁ;lﬂre Q%)@onalgllbhb'yﬁtdtégoo%ﬂ’% 2 QW@Osgb@ltlﬁeH%” %ac#’l_')

(t, 3H) 2.12-2.21
4.13-4. n&ﬂ)er(endemrﬂy sEIéIBe(i drorpHp, Cl, JQN(OH 1@1)6 alk3p-Q.. 629|k6/HhI015|U3F0) Ch@lks(ld

62-.7. 66 3 .80 br, 4 € i r 5.9
sepd adlg G ady et ko 1 A Koo Ee OloRk RO N RS NS OFE, SipbfERe
(first @hNR'MY' ReakNEEOR™®3N ns) Peak 2 Y| eI d 40ny, 94.8%e.e. (second
eluting peak at 9.39mns) 20 Preparation 72:

3-(4' - Fl uoro- bi phenyl - 4-yl oxynet hyl ) - 1- ( 3- met hoxy- phenyl car banoyl )

pyrrolidi ne-3-carboxylic acid ethyl ester
2010/ 0§@625P9€?PTB%<UU%? §H“§!‘13”p%/'?¥ 8I”ieo‘Pf( é‘ﬁizm@a“r B8 WNerai) 4\ elehpneds er

i1 AR RS e B@é‘@@?‘e) FIERRAERERET o5l a8 gyl he ooy e
g m4é§H)l§)rh&n?Q)yflmldlayl) pBiefl plychzidytorpytéziGgphehlyl, éagi obﬂonélljb sﬁb?gut(ed(SbSylg-Dm

e 230(@rgubsmentmacéhmp@ngegﬂwﬁecg%arpm 537%.% Vo rapfil o
100% % f 5
Peak 2 |yéﬁﬁ§§§é¢r.ﬁr¥lg g&yé U&?seconﬁ?retﬁ“&t IﬂElJ%FO él 8)%}39(2‘%% ko%y,lé'ﬁzﬁg)

Pr epar NRWR?, RBHISO.R’, SO,NR’R’, CONR™R"" and NH(:OR12

1- (4- Chl or o- phenyl car bam)yl) -3-(4' -fluoro-bi phenyl -4-yl oxynet hyl ) -
pyrrolidine-3-car boxyl ic acid ethyl ester () The title conpound was

S . 2oL, gy LS RO S5 AT A B

pyrrol lrfélphﬁ'ryiﬁ Carbﬂﬂ)’éh‘]l a@g‘ﬂl@ltl‘]mlbh%s’f}ﬂr dyrienamgipramybs) tghafigyrdidhe
racenate as a white solid 6%
phenylpyrimidinyl, phenylpyrazmyl or pyrazinylphenyl, each optionally substituted by 1,



1H NVR (400 MHz, DVMSO d-6) 6 ppm 1.16 (t, 3H 2.11-2.32 (m 2H) 3.48-3.58
(m 3H 3.92 (d, 1H) 4.14-4.30 (m 4H) 7.02 (d, 2H) 7.22-7.27 (m 4H)
7.54-7. 65v0rm108i2628. 40 (brs, 1H). 20 The enanti omers wePETABPAY/BI482 USi Ng a
Chiral pak 1 C 55:45 hept ane: IPA Peak110 Yield 53ng, 98.4%e.e. (first

SL;LI 2% @eﬁﬁphgytuenm ﬁ?élﬂ ydséllég%d ?rom lé) s Cl&se&&rll\ﬂi el Utl

3-(4' - Hjp0- bi phenyl - 4-yl oxyrret hyI) 1- (4- et hoxy-phenyl car banoyl) - 25
pyrrolidine-3-carboxylic acid ethyl ester () WO

2010/ 052625PCT/ |1 B2009/ 054824 114 The title conmpound was prepared
according to the nethod described for Preparation 71 using 4-nethoxy phenyl
i socyanate and 3-(4'-fluoro-biphenyl -4-yl oxynet hyl) -

rrol i ne-a3z I et hyl nat, o afford the
P ' ne Aea B bl Fia ofebElai HRE MRS IA S o0 o) 6
ppm 1. B63{diflucdeéPphenyl 03-2hR2o{4fludidph8nyis-3. 58 (m 3H) 3.87 (s, 3H) 4.12-4.29

02 7 e-YAr oY ey - (fuoTagh sy SR BBYls. 4 G ore i sRars et o

(st (@rynap a2 eEr L BRI Ryt irbtipmidfs © ©

el uti ngl)phakylat- (BrfﬁJdﬂ'bW)mB‘r&Qajlﬁihe@Iyl A5(5-aminocarbonylpyrimidin-2- yI)phenyI

3-(4' - Kl uoro- bi phen 4-yl oxynet hyl ) - 1- (2-f | uor o- phenyl car banoy

pyr ol |?d(4n@h|9fQiH}%Ui)9V“@'na'i:V Zeténijyorephenylynyrigin- 5Wh% (ﬂ1qyﬁé0%<ﬁl‘p\dm¥d'dWas
prepar%d according to the method described for Preparation 71 using

2-fl uoroyphenyl i socya nate and 3-(4'-fluoro-biphenyl -4-yl oxynmet hyl) -

pyrr ol |2d(4n@h|3r@@fé@g}<)rjw|m|cﬁmajy|et hyl ester (Preparation 65) to afford the
racemate as a colourless liquid (230 ng, 82% 20 1H NMR (400 MHz, DWMSO d- 6)
6 ppm D-techilorogienyPpymzin 22yl ofp-@rjugopbenyligraan-BK 7. 03 (d, 2H)
7.09-7.26 (m 5H) 7.50-7.65 (m 5H). The enantionmers were separated using a
Chiral pak 1B 55:45 heptane:| PA Peak 1 Yield 64ng, 99.4%e.e. (first eluting
peals at137. 2 Abeabolied ks 2lafhlddn 404THh 1 8¢ 2l0é&ted florpcond el uting peak at 9.1
mns) WO 2010/ 052625PCT/ 1B2009/ 054824 115 Preparati on 76:

1- Cycl opropanecar bony1- 3- (4’ - f| uoro- bi phenyl - 4-yl oxynet hyl ) -

e S B saaohBRa 4y Bek Bl 6233@r0§5%%n2qvﬁb&ﬁt8mibg”3; Sty id ali
bi phenyle i prupiRyin] =Ryl ac-CooR g i opridhibnesyigr (sce

Pr epar atl on 65) In di'chl or and the
result |3h{i(4’hcyauolmpbenyle@yt)oxquet@y]cndpfmpmwylaerhmyy)lpyrrbl|d>|nedbca|(bo&8hcn_

For 216 ARBLIE T ARETPHRIEEY G APt TkoRBaCOSHBH (et & PBBNFLY Tl D:
di chl ory{mt@%@br@ggnmm IR e PHOL AToRBRAZBY s Aimaghed bri ne

(50 nmL), “drred ov magnes nd' concentrate er reduced

pr essurcarbdxydic e (me Meomphehybd(%dlr@mllmkﬂchCO)@IHp,grrapug on silica gel,
eluting with 15% et hy acetate in hexane to afford the title conpound as a
pal e y@hi%apxwmiddn(@dmwy 85% .  1H NVR (400 MHz, DMVBO d-6) 6 ppm 0. 72

(o 158 ot 1 5 i s B Pt ofblope2 st

enaps i etk (R'ef 4-tABrophafylf Xt ldirecoliniq Ixd-CROE!, Pep - @-enlotspyniglia2Chi r al cel
QJ- H 50: 50 I\/EC]-I EtOH. Peak 1 9 ng, >99.5%e.e. (first eluting peak at 10.5
nins) dOPPeaK)2 12 ng, >99.5%e.e. (second eluting peak at 13.7 nins)

Pr epar at j 0 an rﬁ%y - (A - £ - bi - gxymet hyl ) -
pyrrol ?Id{éfr)]gb@-?%bae]%gi@ Q{% @ngﬁ 1 'I)ié/ﬁél(n)éyﬁg\%ﬁnpétﬂ{ﬁw Olf&'ﬁgg

2010/ O%émlabﬁmﬂ&/%%?dpﬁérﬁ/l ke diretd IihiG TE@OOHA$=r@par ed accordi ng
to the nethod described for Preparation 76 using cycl obutanecar bonyl

chl or i ¢8lagagheny)pyridingérd); bi phenyl - 4- yl oxymet hyl ) - pyrrol i di ne- 3- car boxyl i c

aci S P 5 r col url ess

oi 15 Tostt S Bypb A TR R st e e B o Tab BRI Fa ety 31 663 32
(m,  SHhoaocsdid o (R AthetRolbradh Xerurddlink, 22-SCR( =18, 7. 01 (d, 2H),

7.24 (t, 7.56 (m 2H). The enantioners were

separ ato@wrosyrrrr@mbn@aylmewl) QJ-H 50: 50 MeCH: Et OH. Peak 1 23 ng, >99.5%e.e.
(first eluting peak at 10.6 mins) 10 Peak 2 70 ny, >99.5%e.e. (second

el uting peak at 14.3 mns)



Preparation 78: 1-Cycl opentanecarbonyl-3-(4'-fluoro-biphenyl -4-yl oxynet hyl)
pyrrolidine-3-carboxylic acid ethyl ester () 15 The title conpound was
pr epar ed wocorodiseest o t he nmet hod descri bed for Preparat iPOR/IBBOYSI4RY USi NQ
cycl opent anecar bonyl chI oride and 3- (12,1 fl uor o- bi phenyl - 4-yl oxynet hyl ) -

D A AR ol T e BT
1.15 (leqr |I%§% ‘-1_':\)’1184 fl%rd%ﬁbn%@@&ré’t?clilﬁm?Zz%O%QHZA& 2(m 1H 3 44-4.27

(m 8H 7.0 65 (m 2H). The
enanti amorephenyd)seipadat8gl)usi ng a Chiral cel QJ-H 50: 50 MeCOH: Et OH. Peak 1

ot ™ St Pnp s sieha et Ml dhoprgaus o %%hax £ he

f or nul i . 1 rﬁ’&gﬁ’

opt in%n% fdy2 subdéﬁy?ﬁépgﬁng,;/b(oﬁ?%@ ”{a\ikozsugbt(lblﬁug\t\t{%ggi I rllrc]jgpﬁ#ﬁeerwp

sel ect d{[#+(6rohforoflrimifin- 2@l)pr©noxy]methwlf1 (Gnetmxﬁabhzbylbpylrolﬁme -3+ al koxy,
fluoro0l1 6 al kyl and fl|uoro-01_6 al a 03-6 cycl oal kyl group; X

r epr es &RTROXYligiackt (R F 4rnethgxyrbeny’, X‘Fé'r‘i?%t “Hkoz ceOOH| REF4-6I5t i onal |y
substi ty 2 3 fluorine atonms; R3 is Cl1_6 al kyl optionally
substi tu!d?gpwrtnﬁirﬁ f@@e{n& )3 fluorine atons; 20 Ar is an aromatic group
consi st3-({[6-ef-cAloréoran g@p&fldlﬁ%-in]oky}mhyl)’mi(@tfll,&j’robarﬁidylfdyﬂ@ﬁdmé%-each

i ndependent | y sel ecte rom - nmenbered heteroaromatic

i comnlnges (3% fpropesyb oocam 1ok RANMERLY Sel ectod 11 om
N, O t f th 2 , be f d
a OERBQ&&W @t’hs icrings, i ere are 2 or nore, can be fuse

and/ or re 25 coval ent bond(s), and which aromatic rings

are opt3-g -Ehl%) driyifoeeldiny3-/ ety $UStibtHoxpbs froflepesient | y
sel ect ed v%% (#\Ibb9 —}]oﬁ/} eﬁy}ot} 6 al kéPt h?%m Iyuoro 01_6 al kyl,

fl uoronanbwyamapldfﬁo 2-maibexiiEns!, m«@&@ctlm &=alRON, As2f, NRSRS,
NHSO2R?7, , SO2 Rstgd OONgli 11 and NHCORL2, WD 2010/ 052625PC T/ | B2009/ 054824
118 R4 RIORRENIOYIRIE S Wlependent 1y 01-6 al kyl optional |y substituted by

from 1dr@ shdritsreungalft acteptadid sBﬁ%cﬁ%te@? ofldny thereof.
1- and R12 are each independently H or opt| onally 5 substituted

by from1 to 3 fluorine atons; or a pharnaceutlcally acceptable salt,

oD G4 L B %%ﬂi&@Lﬁ%}mQPSF Bl s ihap fd o8 TR ish S e i
for mul %Iélh‘p:‘)’l Ff)b 1315)7'% h f’rﬁaggtftlc?éllg/'%cc@ﬂ)@a@easra@t %gl\)%%é '(%ﬂJdlﬁ? (Fllyggé'f‘ge)},Aoror a

pharmaceutical l'y accep ol vate, or prod rug thereo

conpoumdodsug tla¢resd, andcd phiarmace u2icaliy raeice pRibles eaciplesby Idilgieotipcanpterooral |y
substituted by one or two substituents each independently selected fromF,
a,2b1 afdiy@Ril and 01-4 al koxy, or is a 03-6 cycloal kyl group. 4. A corrpound
as claimed in claim3 wherein RL is cyclopropyl, cyclobutyl, 25

cycl opentyl, 2-fluorophenyl, 4-fluorophenyl, 2-chlorophenyl,

4- chl origphety tompouathax grierred in 2nyedrieory pleamsl 1 t6- 163t droaygpeemedceatically

4- et th@QSt% lle' se\t/l\%,) égllv%{teo 5(%?585%/ %?/%Paqgg,o%?spz)?odlrag thereof, for use as a
medicament.
25
16. A compound as claimed in any one of claims 1 to 13, or a pharmaceutically
acceptable salt, solvate (including hydrate), or prodrug thereof, for use in the treatment
of a disease or disorder which would benefit from, or is mediated by, EP2 receptor
antagonism.
30
17. A compound as claimed in claim 16, wherein the disease or disorder is
endometriosis, uterine fibroids (leiomyomata), menorrhagia, adenomyosis, primary and

secondary dysmenorrhoea (including symptoms of dyspareunia, dyschexia and chronic



5. A compound as clainmed in claim4 wherein Rl is 4-nethoxyphenyl or 4-
fluorophenyl. 6. A conmpound as clainmed in any one of clains 1 to 5 wherein
X represewd0m/Beizsect |ink. 7. A conpound as clai ned POTAR30NRSDE cl ai N
1 to 6 wherein Zis 0 -4k0-R2 10 82A conpound as clained in any one of
clains 1 to erein.Z is.-COCH. . A conpoun med in_any, one. of

cl ai s PRIV RailinarioR Gpeldc S sydiante oPLEY kR SiiaviySarse ooPHh SRstc
aronatkﬁaﬁbﬁgﬁndwﬂﬁgh aromatic rings are each independently selected from
phenyl and a - nmenbered heteroaromatic ring 15 conprising either (a)
1 to 4 nitrogen atons, (b) one oxygen or one sul phur atomor (c) 1 oxygen

at om or hur aton1and 1 or 2 nitropgen atons; d which aro ic rings,
t Ther ar D38 & wpean b (RS0 a WV, e By SR 19 A3c Raldont

bond{ s), g I

subst  CHFERPSe BTy cERlde SeltPSagrE (RN ”y}f”é%?%"&”&*%&a Mty Bl
Cl_6 alrkammfbcmrefdfmmedtahnﬁeralfbylthe 2@atrhent of €ldiScaskpl divardef Mnm‘mwachldS
al koxy, Cl1_6_ al koxy, SO02R4, NR5R6, NHSO2R7, SO2NRS8R6, O0ONR16R11 and
NHCORL 2enetibfrom, opyneatRted byl BPREaCeRfoRANtagnSH claims 1 to 9 wherein Ar
i s phenyl, naphthyl, bi phenyl, pyridinyl phenyl, pyrim dinyl phenyl,
phenylpyridinyl, 25 phenylpyrinidinyl, phenylpyrazinyl or pyrazinylphenyl,
each op. onaJsleyaeumnrhg t eﬂaubwa whepeindtheudisths o otidis@aieh is rhepansdaosiby
selected fromF, dC , C1 6 alkyl, Cl1 6 alkylthio, fluoro-Cl_6 alkyl,
f 1 udt oLtgrime é'bk@/'ﬂﬁf('%omb/pmﬁté) o:meeoa’h@@s@: ad@ﬁomm%xprlmmd RESEadary

oy on st iRea CRLICEG R Moy A RIRGI A iRl B

pyri di rpmd.rpﬁ%nyémcmmmmpfhumslynhmb, pbwlswkmeryydnseaéewl wycygtrdﬂ dWdrian
phenyl pyrazi nyl or pyrazinyl phenyl, each optionally substituted by 1, WO

2010/ 0536d8IPTT/ 1B2009/ 054824 120 2 or 3 substituents each |ndependently

selected fromF, d, ON, -CONH2 and 01-6 al koxy. 5 12. A conpound as cl ai ned

in any one of clains Ito 11 wherein Ar is 2,3-difluorophenyl,

3-ciy org; 4- A H@tl@@cﬂ‘@f‘#batn‘ler(tdofcél Ay b) @IB@M %léﬁﬁdd@b@ﬁ@ﬂ“ﬂlér}lpbﬁ&\”

4- (5-chl oropyridi n-2-yl ) phenyl, 4- (5-cyanopyridin-2-yl)phenyl

4- ( 5- cmhediaigd byyi IﬂlPaJreeqwtpphetggonMnarsadyaﬁmWrcwm@rlemaqm)'m’cenpg to said

4- (5-fluoropyrimdin-2- h ocar bon rimdin-2-

To' 5 (ARG cuiarops gy el ATagve b ditidl s FRRRaE semrai & dny Bre st

2-(4-c I i

5 (4 chrSohegy] M?Pﬁr%@?@@?‘% AR oA Sty hvdgate) of

conpoumdodmgcthareodd in claim 1l or 2 selected from

3-{[ (4" -cyanobi phenyl-4-yl)oxy] methyll-1-(4-fluorobenzoyl)pyrrolidine-3-car

box§tic acid (Rl= 4-fluorophenyl, X= direct Iink Z= - COOH,

Ar =4- (4rcya ; :

3 42y anonr ey PRSP i) 1 2% (RSTEh ol SRS S ST EhelS ca

r boxyl ienddtheddosls (REFNE flh)la(blhm(mawﬂnatéi—mbnoemagha rddendmydSi@idrimary and

Ar =4- (4- cyanophenyl ) phenyl

3 {[4 @gceﬂﬁw%m@ﬁ%rhpeﬁ(wa%I@ac%w]%msﬁﬂyfpezﬁtmI@d#s@&@ﬁé@mdpwpanq din
¥

A 4 (?eq\ﬂﬁ dodrlﬁ ﬁrﬁqn&%elg%y%ﬁﬁéﬁﬁ%?ﬂé &y 5t kldrldy Wisedse & Fblycystic

1- (45 clivariahegaasdme.3- {[ 4- (5- chl oropyri di n- 2-yl ) phenoxy] met hyl | pyrrol i di ne-

3-carboxylic 25 acid (Rl= 4-chl orophenyl, X= direct link, Z= -COOH,

Ar =4- (5-chl oropyridi n-2- yl)phenyl);

1-(4-c r obe - 3- - (4- chl or ophenyl ) pyri di n-3-yl ] oxyl net hyl ) pyrrolid

i ne- 3-Q%grb2§§@ﬁébggsggﬁkﬁgﬁ%2chlorophenyl, X= direct link, Z= -COOH, Ar=

2- (4- chl orophenyl)pyridin-5-y1); 3@

3-{[4-(5-chloropyrimdin-2-yl)phenoxy] met hyl1l- 1- ( 2- met hoxybenzoyl ) pyrrol i di
ne-3- carboxylic acid (Rl= 2- _LDR y = direct |ink, Z= -COCH,
Ar=4-(5- chl oropyrimdin-2-yl)phenyl); 20 I_/G§352625PC T/I82009/054824

121

3-({[2-(4-chl orophenyl)pyrim din-5-yl]oxyl methyl)-1-(4-fl uorobenzoyl ) pyrrol
i di ne-3- carboxylic acid (Rl= 4-f|uoro@ﬁenyl, X= direct link, Z= -COOH, Ar=
2-( chl or ophenyl ) pyri m di n-5-y1);
3-{[4-(5-cyanopyridin-2-yl)phenoxy] met hyl1l- 1- (4-fl uorobenzoyl ) pyrrolidine-3
-carboxylic 5 acid (Rl= 4-fluorophenyl, X= direct l|ink, Z= -COOH,

Ar =4- ( 5- cyanopyri di n- 2-yl ) phenyl ) ;
3-{[4-(5-chloropyrimdin-2-yl)phenoxy] net hyll-1-(4-met hoxybenzoyl)pyrrolidi
ne- 3- carboxylic acid (Rl= 4-net hoxyphenyl, X= direct link, Z= -COOH,
Ar=4-(5- chl oropyri mdin-2-yl)phenyl);

3-({[6-(4-chl orophenyl ) pyridin-3-yl]oxyl methyl)-1-(4-fl uorobenzoyl)pyrrolid



WO 2010/ 052625PC T/ |1 B2009/ 054824 122 pelvic pain), chronic pelvic pain
syndrone, polycystic kidney di sease or polycystic ovarian syndrone. 18. Use
of a conpeondis2@bai ned in any one of clains 1 to 13, ®@CTABZ09/054824
pharmaceutically acceptable salt, soll¥te (including hydrate), or prodrug

thereof, in the nyfacture of a nedi canent r.the treatnent of a di sease
o ar soisEn ARl 7 deineriindy Foaa ane [ Blie 4 Baving orBes sueh e b BF
ant agorni ggkyldRy aHago&A6L.di ng to claim 18, wherein the disease or disorder
IS endohetrYosYs, 10 ‘uterine fibroids (leionyomata), nenorrhagia,

adenonyosi s, primary and secondary dysnenorrhoea (including synptons of
dyspar euni a,, dyschexi a and chroni e| vic pain), chroni.c pel vi ain
oS! pd R BMRLOR R AP Qdit e Glalp ey pay ey A IS Simds MR 15 20. A
met hod @f t [ ' : j ' m or
s reaiheCeESh iRy deepeich AT AL (ARG o] of Bbdh.gsiedt, orc

adm ni sinetherghéapsaitidalipactdle entither apeutical ly effective amount of a
conmpound according to any one of clainms 1 to 13, or a pharnaceutically
acceptabl e salt, solvate (including hydrate), or prodrug thereof. 20 21. A
met hod according to claim 20, wherein the disease or disorder is
endonetriosis, uterine fibroids (leiomyomata), nenorrhagi a, adenonyosis,

pri mary and secondary dysnenorrhoea (including synptons of dyspareuni a,
dyschexia and chronic pelvic pain), chronic pelvic pain syndroneg,

pol ycystic ki dney di sease or polycystic 25 ovarian syndronme. 22. A conpound
of formula: 0 WD 2010/ 052625PCT/ 1B2009/ 054824 123 wherein Rl, X and Z are
as defined in claiml1l and LGis a |eaving group such as d, Br, |, nesyloxy
and tosyl oxy. 23.A conbination of a conpound as clainmed in any one of
claims 1 to 13, or a 5 pharnmaceutically acceptable salt, solvate (including
hydrate), or prodrug thereof, and another therapeutically active entity.



