WD 2004/ 063158 PCT/ EP2004/ 000008 2- Pl PERI DONE
DERI VATI VES AS PROSTAGLANDI N AGONI STS [ 0001] This
WO negntiies rel ates to certain 2-pyrrolidone  PCTI/EP2004/000008
derivatives, and associ ated pharmaceutica
conposi tions, nethods for use as sel ective
prost agl andin EP4 agoni sts, and net hods of
preparation thereof. [0002] There are many references
inthe literature to Prostaglandins or prostanoids
(PGs), a termwhich is generic to natural and
synt hetl c %)PB%T%%BP@&N?Eﬁi&agﬁ&ES AF oGP ERIPAY |AFRHISTS
conmpounds, and it is well known that even slight
differences in their chem cal structures or
st ereochem cal configurations wi || have profound
ef[f) Aslihlé)félvgﬁ%r{ refit R Oeah 2%1‘0‘1’ HbYe de[rgfggﬁgs, and associated
Prost Ins or prostanoid 5 are a_group ot
bi oakB 4rvaacet&r¢pb¢mmosa@nw@ﬁh0«rlsf @ﬁflfﬁe%? g¢tive prostaglandin EP4
phosphplidtd LS mealis I BreperafiBe théredh 20- car bon essenti al
fatty acids and contain a cycl opentane ring. They
fall into several main classes designated by letters
arf0oe] g sire dgiiysbfectnbas is dislitetatire o6 prdstaglanéins or prostanoids

gﬁgld sgt a{% %%glégg%t% 9 nalilralaana ? <r3t?chgr%rtfaggrré(iﬁns and
t hei promglayxdme]ﬂch coprpeinds, @nd it i @eD4novn ther avepl sbighf differences in
par t {h“ehl-l cﬁ[é?l c%?&h?c%u&g of ﬁ@re&rh%ﬁh%ﬂ %@ﬂ‘%ﬂ?atﬁgs %vﬂ? ?::xieg)rcdf_olund effects

oW ng structure:
PGE20I1 treddselogicalac E@é)ht four different receptor
subtypes of PGE2 are known and they are desi gnhated
EPl, EP2, EP3, and EP4. 0061 Uses for c¢onpounds
pddde3 é’rﬂﬁa%lar&%wgneftﬁmlg@ ESe) i 2 §roEB ogﬁezctwé cepPgpads derived
C 0 ”pﬁbﬁﬁnbﬁﬁlrdilg@hﬁﬂihoﬁplcﬁ,l whd/ ¢ fdrﬁfédgff&ﬁllzo-@firbon essential fatty acids
ol ogi.cal di.seases (aut i seases
t ; an@bc{ %ﬂ% %{~P|a§P{dOB‘f arie T %tﬁﬁ%ﬁ% IBIS]IJ']]eC Ja36ed %emgnated by
f or nettesnapd neudistivgduished by substitutions by thetvpdogerdaet ring. The main

e B RO B P i

pr enpegersotsi rt h, i nflammati on such as rheumatoid
arthritis or retina neuropathy disorders such as

9/[86049 8 example of a particular species of the prostaglandin E is PGE2 , with the

following structure:

[0005] At present four different receptor subtypes of PGE2 are known and they are
designated EP1, EP2, EP3, and EP4.

[0006] Uses for compounds possessing a strong binding activity to PGE2 receptors
comprise the prevention and /or treatment of immunological diseases (autoimmune
diseases, organ transplantation, etc.), asthma, abnormal bone formation, neuronal

cell death, thrombosis and stroke, hepatopathy, abortion, male and female sexual



[ 0007] Prostaglandins and their associated receptors
are nore fully described in for exanple: M
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Prostanoi d Receptors 5 to Deteymne the Affinities
and Selectivities of Prost agl andi ns and Rel at ed

ogEd )%8%1&1?6%%3' n{H] b1r£h\7 g}fﬁﬁ}%&l otk A% g’tzegg}%g?}é aﬁcﬁ%ﬂs or retina

r ecepropathy disosiess suph boglencoesor pt| on is described in,

e.g., T. Suzawa et al., The Role of Prostaglandin E
il tP%st%FJa{cﬂﬂseﬁld' tHeir %@%at@@?&@ bOfe n‘ﬁﬂe‘ﬁ%@@é&r%ed in for
Usi n fi.c Agonists for espective

En oeérgfq Po\Promovitz el Tl’pslgghzgggg 0 Reccgql@}n@@t ngstanmd Receptors
| NPRM @B Rele: AffinkR4 andSSedMIRE of PlosBRaHAG A8 ReRted Analogs,

Fr QHORTSE DR Roth B0 185 ANGCES by PCEZ 3. of

Endocrl nol ogy 1998, 158, R1-R5; M Suda et al.,
F0s] dipe amdﬂvenfenReﬁmtt@glaﬁiihtBﬂ'pe@t@n’agthsan bone resorption is

t E I

TooE IR e % 5o Sl MEREIEM PRkttt BRLLeptor Subtypesin
rec e&raesa@mﬂnsﬁs Agzplysia Usiog $pedific Agarrists frg th¢ Raspeetitie EPs,
of BRRIFh6IoLF IO $41,3554-859; KHOnbeRM, ’Imf»BrtQﬁ’c RO-IIE‘Sf EP4, a Subtype
RoI es. of Prost ?ﬁl andin E Recepto fﬁi tcyéges I n

rettagendia (A6t F SscapiorpoSttagiashdiie Eormetian Fom Mouse
St OB@iéMaﬁbW@?dllk Inddahcabfragat J. cTﬁEfdocﬁQ@l@gy idog BsmM1-R5; M. Suda
b S PR Rt e SRt KRlreblpisar Line

| ntlestocriablogp$9n$37TR6YAHFOSEP3 20 and EP4 Receptors: A
St udy Usi ng Rats and Knockout M ce, Gastroenterol ogy

mgl :a{‘ﬁlg%:] ifﬁgﬁg larld2f EJrQJngr ggéniy@ grcé 2o rT1%)56’['111 for the treatment

rece tor are

|gaﬁé19 lesmﬁcxﬁ: o Ashrgkis etrql bldte Rades of Pgostaglqmdm E Receptor
8n Ble.Cyb6tca@ieadion ﬁp?&@fgmﬂﬁﬂ@mmmomach Aliment.

B TN A T

Pr dhbagglandiimrlnlﬁ&té\htdmhacm Iieicdd Simalt [ntestimatl 1. @fonefThrough EP3

, siol,. 20 279, \F755<F764: for
E R ecepa: aSeuE YO Ras 00 noBlotte MR Biliifitipisley 118,
V\heﬂbetracrt#ﬁm.bl tion of platel et aggregatl on woul d be
beneficial as described in, e.g., B. Z. S Paul, et

OOIQ @)ttﬁért&é@é ge[rﬂﬁ{ EQ&@}E?}E‘ Qg&rﬁst@@x@ 56 Im%%‘c;@rﬁéﬂrof kidney

u types and Human
Art PWW&W@@ W§Cg| M.da) brgyerpst al, Prostpglendin E Regemgrs and the

102K1dilx malllh sfcD, rzoa@ntzrw JHibarmpid K. Bffeed, %t all, HPO WAl EP4

gie@@g IoFoérM%éJja Nﬁg%a z[madng Q %ﬁ%%sgl?lltgg{\/fgﬁgg%tﬁatlon of Rat Kidney,
pr dshah Ghylsiole2@00t 2rY, 8755017 44t ifor nhidohtedisapd eaykes vadl as for other
V\/n ! c%gd g h%{%l a%gghﬁltg)% dfgﬁle{tgett %gregc ion wou be beneﬁcﬁml as

ySaccC oSl s Tactor

ger@ﬁmbednn, ... B. Z. SHtvatt, ebiddoDistrilagion afP2ostaglendis 7P arachEP

A tHGh®F su é&land'ﬂbtfbrrr%qﬁ tLeIYRY ﬁu\fnﬁ{:@h%ﬂﬂﬁda t2fy Smooth

CAI\/I\I;I)usclee (\ég s, Br. J. Igaeerr]xgaiol 1998a1nO2 120r11t 12011 for antiin mmal(?cgrI y ffect

) y effects

through inhibition of TNF-alpha generation as described in, e.g. K. K. Meja, et al.
Characterization of prostanoid receptor(s) on human blood monocytes at which
prostaglandin E2 inhibits lipopolysaccharide-induced tumor necrosis factor-alpha
generation, Br. J. Pharmacol. 1997, 122, 149-157, and A. Eigler, et al. Anti-
inflammatory activities of cAMP-elevating agents: enhancement of IL-10 synthesis

and concurrent suppression of TNF production, J. Leukoc. Biol. 1998, 63, 101-107; or



and concurrent suppression of TNF production, lj’_CTIEP20041000008
Leukoc. Biol. 1998, 63, 101-107; or PCT/ EP2004/ 000008

wMEN0206314963158 PCT/ EP2004/ 000008 -3- for gl apCDREP208000008
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described in, e.g., M Takamatss, et al. Localization
of Prostaglandin E Receptor Subtypes in The Gliary

Bog%@glg@l%ﬁeas BYLribEX#Ry, e EY ¥ RaRamaA0 @t al7/DocabZdion @2 8rostaglandin
an

D.°F. Woodward, et af, ecyl ar Characterizat,
e Edkaseier Ryt 48 TheClisrp o oMot FyfdBy Slecen gl 70, 623-
EP2 638 GRatmIE. WhodWatd, ct fsfotsaalat Chataeterizatiddand Okulag #Typotensive

5 0011]. T £ d/ -
dy[s LARST Ssrfgfgeg' ﬂ%ﬁ]{%ﬁgﬁrﬂggﬁ%‘%ﬁ% II .ﬁgcul.%hgfﬁlgcﬁ:og.lfh%r. 1995, 11, 447.

sel ective EP2 and/or EP4 receptor Iig&r;ds have been .
d[0961 HisEctaiment o tiempntentosmal/ onpedtiledysfumstipn by peing prastaglandins

0 G FELEATEPEI AP SR L i

or | to . .
pr odntegnatienrhdpriisatiomBablicatgense oVO ?940%@4%%&‘}6%% ghargpacia &

GoodmmBh&ag | | man' s, The Phar macol ogi cal Basis of
Therapeutics, ninth edition, MGawH Il, New York,

g

PGE2Jed@iHed i @oedinae & Gillinlanisi The Rliartmatelogical ®ags ofFheragutics,

12 S A SR 10083 B 0B 1

15

20

causes a change in the three dinensional conformati on
0{00043] reedzd-1 kdeoxyrprostaglediaianalogsrgriseronding @GR ypwld have the
IS HRbAIEQurheupd; ol ogical activity, such a

conformational change will have a significant effect

upon the biological actpvity. 8-Aza-| |-deqgxy

prostaglandin E's with flhe natural 20 side,Chai ns have

been reported in the |i —BE 841, 165,
assigned to Syntex 015] Thi & Ohventi on
relates to conpounds r Esagmula | ORR

7 R8 RO RI0O Rs

8-Aza-11-deoxy-prostaglandin

[00014] Substitution of a nitrogen for the carbon at C-8 causes a change in the three
dimensional conformation of the resultant prostaglandin, and because structure is
related to biological activity, such a conformational change will have a significant
effect upon the biological activity. 8-Aza-11-deoxy prostaglandin E's with the natural
side chains have been reported in the literature, see e.g. BE 841,165, assigned to ‘

Syntex USA, Inc.

[00015] This invention relates to compounds represented by Formula I:

0] 7




s NY-KZ a RR3 XXBE\A RZ R W) 2004/ 063158
PCT/ EP2004/ 000008 -4- wherein: mis from1l to 4;

woe@kioasdt 04; 5 Ais alkyl, aryl, heteroaryl , PCT/EP2004/000008
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aryl al kyl, arylcycloal kyl, cyclqgal kylal kyl, or
aryloxyalkyl; Eis -CHO+ or -C(O-; Xis -(CH2)2- or
-CH=CH; Y is,-CH2-, arylene, heteroarylene, -CHCH,
-0-, -S(Op- where pis fromO to 2, or -NRa- where
Ra is hydrogen or alkyl; 10 Z is -CH2OH, - CHQ,

tetrazol -5-yl, or -COORb where Rb is hydrogen or

al kylyhaed: R, R2, R3, R4, R5, R6, R7, R8, R9 and RIO
each i ndependently are hydrogen or alkyl; or a

phar nlﬁd%flwmclaqol‘k} acceptable salt or solvate, prodrug,
si ngl @idfRPNBho @ racemc or non-racemc mxture of

i soners thereof. [00016] The subject conpounds have

hi gh 4 &8 8e.iavyli Beterpayh arylalidqaryispdenllon argleatielellkyl or aryloxyalkyl;

act i Vit Y. cLDg- b se in selectivity would alleviate
t he sevsere si de e%%(fggcts frequently observed follow ng

adm nk ét-{@H2Ph oot CHsteIbel ecti ve prostagl andin
agoni-g sf,:ecﬁ?_g%lgge Shetif pderefchini-g-] RYGH-VAR@h & from 0 to 2,

desira _ not her aspect the inVention

r el aters-NRa- pharefRecie bydiogen evalbdsi ti ons  contai ning a

t her ui Y. | V& -2 ] @lnleas!; )
corrp%gsd of For rr%f Cg’e[%&h%)g 52’?})(?{?2: P %r %r’a%:egﬁ}ilggyﬁrf gen or allyl; and
accepRbiR2eR&,d4 RorR& A7 BRSO prdbBEUigch éidegrreddnglyaes hysirogen or
race [o) = | ' Xt b

w th S 1A RRGH Ay et fe Ol drSOITRE o W Woher o
exci piaesrhic of 00-I83eniin nEkivrhefisempre theredie i nventi on

provi des a nethod of treatnment of a disease, in

particul ar a bone disease, in a mammual treatable by

adm nistration of a prostaglandin 25 EP4 receptor

298016t Thewbinct carppoundsibayshigh selentiviy ingtheir EP4 receptor agonist

ther,apgyt meakhdtest flﬁééieicﬁﬁaasﬁ%ﬂtaﬂ&fiat@my Gidle @ffects frequently
Formula’l or 1ts pharmacedtically acceptable salt.

[ 000kgVadfobiving edmagipation dfaonnipkeativeaoppglondingganists. Therefore
Pr 0gESPohiRds FHER Aok drRRUPMFe Of  Formula 1.

[00017] Inanother aspect the invention relates to pharmaceutical compositions
containing a therapeutically effective amount of at least one compound of Formula I
or its pharmaceutically acceptable salt or solvate, prodrug, single isomer or racemic
or non-racemic mixture of isomers in admixture with at least one suitable carrier,

diluent or excipient,

[00018] In another aspect the invention provides a method of treatment of a disease, in
particular a bone disease, in a mammal treatable by administration of a prostaglandin
EP4 receptor agonist, comprising administration of a therapeutically effective amount

of a compound of Formula I or its pharmaceutically acceptable salt.

[00019] In another aspect the invention provides a process for preparing compounds of

Formula I.

[00020] Unless otherwise stated, the following terms used in the specification and claims

have the meanings given below: .



[ 00020] Unl ess otherwi se stated, the follow ng terns
used in the specification and clains 30 have the

wore@niosyss gi ven bel ow. . WO 2004/ 063158 PCT/EP2004/000008
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PCT/ EP2004/ 000008 -5 [00021] fdkoxy nmeans a radica
OR where R is an alkyl as defined herein e.g.,

TR aBaie et PR OB R R A Y ah e ed 1R 2,
hydnmﬂﬁmbammm@dp@@bmobuumyahdﬂ&ﬂﬂw carbon atons or a
branched sat urat ed nonoval ent hydrocarbon radi cal of

three to siXx S5 carbon atons, net hyl , et hyl

AOYRAZI "Alkyh messps a lieas @@tyrateci g)@ngmlgﬂt hyﬂ@cgrb@gt@%cal of one to six

pe nEa)ﬂ)on 23chstd? %é)lréﬂ‘cﬁed £aQ191Qge’é] morﬁln}ﬁ}éln@ H?droﬁﬁﬁﬂﬁ rf’%hcal of three to six

| i near saturated dival ent drocar bon tadi cal one

t o &irkon elgnsong ameiyl ethyh pm;afh@lwepglanmle@oﬂuwt@mbutyl
hyd Qﬂp? Lgical of three to six carbon atons,

ﬁaﬁﬁé en et hyl ene, 2, 2-di net hyl et hyl ene,
propylene 2 10 met hyl propyl ene, butyl ene, pentyl ene,

JoeD23i eAlkyleae” heHH %4l]neéin‘§ak)§thﬁeh divalenre Aydrogarbad katidal &Rne to six
mhere Ris an alk

fi b . 0., . .
boh G B AT e Pl b Rt fyee o s
Ib! kéarbc_[)lﬁ)%ﬁﬁ] e.g. Ahﬁfﬁ?}jeﬁ&&ﬁﬁbyé@eﬂhﬂdé@le&?ﬂe\%ﬂﬂﬁ& peipykengr2
icyclic arqmatjc roc on £a ichis
opt%ﬁhﬁﬁF?P ﬂH%%FWE%&&mPﬁ@%ﬁéﬂﬁgﬁfh €from each ot her
with one or 15 nore substituents, preferably one, two,

gm(dz{i!ﬁ CeAISRLS fn%grlg]sfe{ﬁmcﬂth GHOHIR RS bR above e

nitro, cyano, 0,
met h‘{@ﬂé’ﬁbm, eﬁby thiet prppr#ei stylthiepmidshaliky  substi t ut ed
phenyl , aryl, arylalkyl het er oaryl , heteroarylalkyl

ﬁé@&%zl hgﬂ'l" 3 Cl oa l alt@/qquqfﬁltcer %fcltsg/arig{matm hydrocarbon

S( Qddicdt which 1s\bﬁlsloSQ12y‘ éa'bstltukédSﬁ&eﬁ‘dRHRlﬂy from each other with one or

-V-N-C(O -NR R*, Vi band a-;C3 -
ol I1OER B B BEFE R AReSES 0B AL aRCFh dRBLEFRR Fonsisting of
f r ofikgpkdlodkylHialo, MyEs, @910, amling metld bmﬁdwl ethil Mﬁ’a’dw optionally

oy Ef" b wfcf' °”%¥v& By e el Ppioali)

t ﬁlr A €beSayclpl) hetiefo Yk tl LWORY-VINR' Rmhm {Q)-R', -V-

cnli o (0]

pheﬁ{ﬂ%ﬁ Bﬁ eﬁﬁ%%ﬁy“gﬁ@ﬁyw@ MR PAERE W v i bond ora
der CYQB AlRfert fand ?\5ar[cpﬁ'0é?1@]eac}ﬁhﬁla SehdeniEROS e@ch other

di v 0oC bi cyclic arqma ydr o a

r adﬁsﬁpgenaﬁﬂgwlp K% ot éﬁﬁtﬂ% 819%%%@ bt a Theteroaryl

r ﬁtyﬁgia&yﬂ 85 BEteRRAIAD Q¥ dte s{v%ﬁﬁ&tﬂ theﬁéﬁﬁll allymcluda@ @ut is not limited
a use I nt er change

r adie R enyl Rbhﬁoglmvﬁmg‘lqmlﬁm m@h@wﬁbﬁwnaﬂgﬁw?thenyl

an ﬁfnﬁbht%rp OmapBtYRhhd el ReRahRs tReébf, benzyl,
phenyl et hyl, 3-(3- chIorophenyI)-Z nmet hyl pentyl, and

the like are exanples of
[00026] "Arylene" means a divalent monocyclic or bicyclic aromatic hydrocarbon radical

and includes divalent versions of the aryl radicals described above.

[00027] "Arylalkyl" and "Aralkyl", which may be used interchangeably, mean a radical
-RaRb where Ra is an alkylene group and Rb is an aryl group as defined herein; e.g.,
benzyl, phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, and the like are examples of
arylalkyl.



30 aryl al kyl. WO 2004/ 063158 PCT/ EP2004/ 000008 -6
[00028] "Arylcyl coal kyl" neans a radical -RaRb wherein

weRme6xyel oal kyl ene as defi ned herei n and RoPCHER2094/000008
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as defined herein. [00029] "Aryloxy" means a radica
-ORa wherein Ra is aryl as deflﬁed herei n. [00030]

;ﬁﬁ&@xyal g%b%aﬁigl etzs}eaﬁ]é:agg (c::aq Rgﬁ%%e%eﬁaaﬁﬂ%%ﬁkyé%ne as defined

def hageh AT Bb b arfl@0883]ed Heyeth.oal kyl " neans a
nonoval ent saturated carbocycllc noi ety consi sting of
nono- or blcycllc rin cl oal kyl can optionally be

si098291t 'Wrpdxyii mérnepea ¢a1n@ wherei Rp issyitag defjrdrher ¢in.
each substltuent i s independently hydroxy, alkyl,

AP A0S e R EhRas B v

i ndaﬁam@dsa@mm ésfinefl heyetr.oal kyl noi eti es incl ude,
but are not limted to, cyclopropyl, cyclobutyl,
cl opentyl, ¥c|ohexy| cycl oheptyl, and the I|ke
% "ifgyclo mﬂanya mensvalentsairsed Fyherghemolrsy gaspsisting of

[ 00
Ao cDURY R 05 1o RAn Bpll SR LRREUERY B one or more

car or |cyc
ri ngsbstitwrsita mhngnrdcar:lalsebﬂutwmq 1@d@e@delttl¥éwéy@¢yo%lkﬂy¢1§oxya halo,

moi 5 loaﬁ?y R B SA S kYT ens Bad

R" mdlc%tcd oRstaiyilesad criddalkyd andietias arrduc[eobmm$ nofiinied to,
f | uo lglg%§§loﬁ(cgd;5g19§lo 61%8%55{?1 ¢ (f kc)yd&l%tzl;] ahh Yhe hke, 1nc11%d1ng

sub@ﬁrttallyadswtmatﬁdoieelvmmvmeee@ane or different haI o
at ons, e g , -CH2C1, - - CH2CF3, -CH2CC13, and the

ke. Fbtero a .nonqgval en -
Aoz kg Rhe yfirs af@%ﬁ’ff@aﬁatafat%d S ey copigting of
h av |nﬁl§hditor bRgelic DS, iatlRbRie divalém geivns af thiergclodikyls huwd above.
or three ring heteroatons selected fron1N 0, or S,

the remainin r|n atons being C, with th .
ui98e33l}t Wydioa In«haels amcietins the fornple - B%R ,iéhere R’ is alkylene and

het %‘q9£%1oaﬂ@fjés%hn¥\ﬁﬂérel e on an aromatic ring. The

het eroaryl ri‘'ng I's optionally substituted
I ndependently from each 25 other with one or nore

S[0be341t U Smedfsfhueid Rhivroeomo, tvods,rsfetablyeiico and chloro.
selected fromalkyl, haloal kyl, halo, nitro, cyano,

am no, nethyl enedi ox optlonall substituted phen

af0pn35ial I-jrdl@,lkxl’f me épu&yntut@@/mtb QhR 9T Biokg/$ame or di erent halo

het C RR, V

& O)%Ec%ﬁé’% g(zg B9 -\X;szd(% kdﬂéxzcdé &R the B i

-V-S02-NR R', -V-NC(O-N-R R', where V is absent or

| [00836] “I@er%@ryﬂﬂ yds ﬁ&n@i@}@hnﬂﬁﬁbn&ychﬂ dr BR¢ydhic eadient of 5 to 12 ring

! ndea oerggl anvgrll atflgagm)neeaag‘gmg%lg re1¥1g cgr%amgng dne, two, or three ring
heteroatoms selected from N, O, or S, the remaining ring atoms being C, with the
understanding that the attachment point of the heteroaryl radical will be on an
aromatic ring. The heteroaryl ring is optionally substituted independently from each
other with one or more substituents, preferably one or two substituents, selected
from alkyl, haloalkyl, halo, nitro, cyano, amino, methylenedioxy, optionally
substituted phenyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, -V-OR', -VNR'R", V C(O)-R', V O-C(O)-R',-V-5(0)0-2-R’; -V-
N-SO2-R!, -V-SO2-NR'R", -V-N-C(O)-N-R'R", where V is absent or is a C1-C3
alkylene group and R' and R" are each independently from each other hydrogen,



WD 2004/ 063158 PCT/ EP2004/ 000008 -7 al kyl, hal oal kyl,
hydr oxy, al koxy, optionally substituted phenyl,

weyoHoedlky/l , heterocyclyl. Mre specifically POEEP®OH00008
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heteroaryl includes, but is notgllnlted to, pyridyl,
furanyl, thienyl, th| azol yI t'hiazolyl, triazolyl,

R R e o T

i SoﬂetezoéwlyianMore dpenlﬁodll'yithztelrml hetdmmyhmslaﬂés 8@k yibt limited to,

oo AT R Rl BB et PRt tripenlh fridazotyt isoxazolyl
b en Zpymodiﬁm’fr ydolyl, dyeinzitd Sk &Eﬁ)ioﬁhraﬁyl tl@ﬁﬁhﬁ&rbb@ﬁ)éfuranyl

t hi ggo %%ofufagxgi)erﬁgﬁagpﬁ)@é}epgg%o lﬁé glogenzotr%azolyl indolyl, isoindolyl,
Hetbenﬁ(&raydlﬁn@mmhm&rﬁydtdqair&ihhymﬁqtim&yl Geffimidazolyl,

okl e R o RgY ROk b GBIy ot o l-blthiazoly

thr a@dﬁh@@erh@hﬁd‘mﬁér@@ﬁ "H%fe@@drﬁéné"&ﬂé@nﬁ\'a dBraledk manokRc or bicyclic

r emai atons b wi th the understandj ng
o910 ST DL UG el BSOS LA 0 v,
r adithede riﬂg |h|eteb@1t01(ﬁ@ séiétt@f RSN, Q,Mdr3Jthe rEﬁﬁﬁﬁ@@ﬂiﬂé @cﬁﬁls being C,

i ca

i ncl ude alen t he heteroar
des éY’ﬁb ua 6%“* ‘e}# e &WéLE}EBBPVPE\SI qfjhe: g‘?’f@é?ﬂ%)’ e Zadical will be
NDi &¥nyardrofEc Fifg. ml-'l@ero@fy'léﬁe indNe%s @iviRlent $er§iblﬁy bEMe hewebaryl

het eroaryl as defined herein. [000
FbF@Wﬁ%?@F??b“H%QN% a saturated or unsaturated

non-aromatic cyclic radical of 3 to 8 ring atons in

il 1 t t n
V‘@O@% ri*getaroaxﬁr%)gl) %gajﬂ \ 1e eoﬁﬁtl?eﬁtfoﬁ%ﬂ% %n%a,ﬁgllﬁegcg 15 alkylene and
C, \Rias ketanerybas daﬁuecthaiem may optionally be repl aced

by a carbonyl group. The heterocyclyl ring may be
pbstltuted i ndependent|y from each

al
olthoset Pk%efs%l t%ansersai%?ts@ o5 Ypetyreirdmes-aremage Fichc radical of 3
f r omy 8lringlatorn@inOathikly bne Bt rikh 4tb s afé\’l%@oatoms selected from N, O,

-V-o0 al ly substjtuted phenyl, aryl al k

het é’Fgé(SﬂT tﬁ%{@@?%ﬂgw@s ms bepes 6 a‘i"{%‘ifF oné o7 two Chtoms may
cycl ﬁbk Yekiplaced by@Rarh Thovh&ee@LydRl.

e o éd.g e ﬁacch' ) él(‘) 20n§\ﬁ ﬁ%/ %2 2 Igéﬂrl rlng me&be optionally
RSF?SU“\‘/%%F@‘SPFI} nglp ot eash other withonegtwg, F@W@ﬁ%ﬂ@ﬁ%ﬁn’w

and BectadfoR all/, 2854851, %10, RERR %m\l’y) fi6R4NyR86&ituted
othér %ydrg é% aﬁk hal oal_k 1 Y% Siute phenyl,

|
opt PBhaATIHkYls hejsioar t}@éersﬁ@hw cvé@%kséewylpaléwlalkyy -V-OR,

cychoatiy - v-cfzm)eRs W@(@bo‘«élﬁy WRR L@ IIRNERRSQENERRY, -v-N-C(0)-
i ncl udes, i's not limted to, tetrahydr oggr an&n )
arc eac

p. é\H?cR n‘yhereN igabsept i iseiGldChaliyleye groypad
'erﬂ:lé‘hﬂz Ielog Ehcﬁ “Ofher b 2dR§éEﬁ Q '_Hé%(qaggm&m‘ijy} AMxy, optionally

thlormrpholl |ormrp0|no e,
t hi eHibHed Ph@yi ileteioarﬂa asevdealiyly Mae pm;ﬁcallmle term heterocyclyl

I m dazedel Mk 1 Féﬂ"’c@st@! %.13}3% k i ilﬁ'ﬁ -
t he der |evat [ \1/Ses t elr eof t SPQR %grroééyg a?lﬁ1 piperidin-3
meaifb Piperasingl N-otethyipyrrelidinzyl, ﬁpmhdmﬁemrﬁlo ms',

al kyli&Rfrpholinyl, thiomorpholino-1-oxide, thiomorpholino-1,1-dioxide, pyrrolinyl,

imidazolinyl, N-methanesulfonyl-piperidin-4-yl, and the derivatives thereof.

[00039] "Heterocycloalkyl" means a moiety of the formula -R'-R", where R' is alkylene
and R" is heterocyclyl as defined herein.



and R' is heterocyclyl as defined herein. WO
2004/ 063158 PCT/ EP2004/ 000008 -8 [00040] "Leaving

w@e@dpb3lsas t he neani ng conventional |y associ aPE€ER20D$000008
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it in synthetic organic chemsgry, i.e., an atomor a
group capabl e of being displacéd by a nucleophile and

i pcl hal hloro, b d iodo),. . .. .
RO gt meye” hathe Sirn oRsroie) SoarR eyt syntheti
(€. GrgandCaiemidtly, i.80 ¥ Qt@&b&fhyé[’rﬁﬁp’ capibRyIfOXing displaced by a

D O A Bhils A B SLye el yas chioto, Brbmohald f26), Ll flittonylony,

N, OqghitsmioRyioRy, qﬂ@;@é}wﬂymz (@) facettrry), aks@oarb QBRAL] mesyloxy,
"Optiopally substi p !

ut ed nyl " means a phenyl ring
whi EPFY %denﬂvemﬁi}aneéﬂl@vfwt BHOKR é%gae%%gmlﬁypﬁwew% methoxy,
eachy,ot digfctMyIkPirongadmo M Ethe URst i tuents, preferably
one or two substituents selected fromthe group
consi sting of al kyl, hydroxy, alkoxy, 10 hal oal kyl,
hE0I0641 1k 3Optiohetlyesubatitapdd, phieaylo means a phenylsing whixhiineptionally

met nglgs%.@l?t%'l RHE eﬁ&elﬂﬁk_p%%‘gé 2% l?e? i @CHe: orl:d .g%gl%stituents, preferably
| sSHRT oY THERAC Eofpounds that have i denttca
mol ecabatwd aubstituastsiselected fom e gfarp donsistieg ofallyl,dydroxy, alkoxy,

the.s ence ndi_n t hel . at r.in .
arrg%ggﬁgﬂﬁdo%&o%ﬁeeFn%@%&émphnéghggﬁﬁk%@H§?§&$%§Fc¢oxm
di f fedryldnadiokpamd aghgenent of their atons in space 15

are terned "stereoi soners". Stereoisoners that are not

mrror inmages of one another are terned
MOl Neona B rgeans sPpewRdsdbRidiHeIsTtFrmolgealar formulae but that

NON4$EReH tHIRRSAR |2 thé¥ehh@ce bIBERBNEH LR aBRES or in the arrangement
"enantiomers", or sometinmes optical isomers. A _carbon

at oo BsHcdemms 5 saae- Linsrareidit didisr insthe atrprgranng of teir atoms in space

t er pRGefmed MdrddisTRALEKteredi®BR43that &R nbRNikr8PIRIges of one another
means a conpound with one chiral center. It has two 20

enantd eeed ciFstraeiseneisppad eroBAMCH thelara RantraperaRpaseble
el t hek o2 $magks %F@ﬂei’ﬁ@d‘%ant@&ﬁ&%‘!, BRI mAIm&Sopicll i3S Ofarbon

enant | oner s m xture containing equal anmounts of
i ndiatdm bandestafononenidenticalsubstisperipissenmed aiehiralcertpr'; s
termed a "racemc mxture". A conpound that has nore

t hi r al t h 2n- ti ' LLS,
RPN RieR R 2 phwhp AR R SR <efieb b o

W t Rnafiticnérivaforranef ejposiad climlityeandrmyy Sasteithatasas individual
ei ther an individua di@steﬁeoner or. as a qixture

i nSoRaBRRE = p & et af BBl GBFEr A Jhiuhie Sofibiln amounts of
Whetndindualinbatioenit firmis of pprarathirditgisee@oidsoi®emic mixture". A

maybe chargcterized t he ,absol yte caqnfjguration (R
o SOyPBRAG At BerH AR APEF RGPS RcLABOFaRF b Where
r ef g4 the h@nibeeofdHiah ga@RICdnipapae vithf mbhahsn bsé tHitaednser may

attached to the chiral,. center. The substituents
at { SERGR eer Aaindringel disgAreRmet e a BOHET Rl tefpmers termed a

30 rankefohirioeERfAENMEhenond chitd cSe@tB e b 6teBdoisomer may be

Cahré arlagt%rqlze baynt e Ie:: s%Ih?tg toéﬁ%%quar%io%t(R or S ) of that chiral center. Absolute
configuration refers to the arrangement in space of the substituents attached to the
chiral center. The substituents attached to the chiral center under consideration are
ranked in accordance with the Sequence Rule of Cahn, Ingold and Prelog. (Cahn et
al, Angew. Chem. Inter. Edit. 1966, 5, 385; errata 511; Cahn et al., Angew. Chem.
1966, 78, 413; Cahn and Ingold, J. Chem. Soc. 1951 (London), 612; Cahn et al.,
Experientia 1956, 12, 81; Cahn, J., Chem. Educ. 1964, 41, 116).



al, Angew. Chem Inter. Edit. 1966, 5, 385; errata
511; Cahn et al., Angew. Chem 1966, 78, 413; Cahn

waee4beyss d, J. Chem Soc. 1951 (London), 612;PCERP2064/000008
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al., Experientia 1956, 12, 81; Cahn, J., Chem Educ.
1964, 41, 116). WD 2004/ 063158 IQCT/ EP2004/ 000008 -9

Geonetric |spmers’ ans the djastereoner.s
e R oy AT MR
doubyieddpengsatiodoat el Berd! TR cadfuditidng handiffaiertated in

and (Bl RHPETDY BEPIEIE G THE: B HaPLD WPk SR Gk srovps
or Q.P@@é tHeQafle (e o?%os‘it@ gidd @ﬂﬂie&lobﬁﬂ:dadnﬂ it e mBleegbh&ording to the
Cahn- 1 ngol d-Prel og rules. [00045]

accor ing to th
I%Sglén%ﬁeg’grﬁ]é&ns the isomers ow ng their
eX| stence to restricted rotation caused by hindrance

at 9
[ @88%%]] A.Itg@m? solng{lsnga s?clﬂ Esoﬂﬁ?%{)/vgi% gﬁlt E)nggtelpcg iyl {estrlcted rotation
st ercemsedblsrémmeram@rqﬁrofm@r eflarge grQuIEytantra @etrpﬂmilsﬂc ed

as individual stereoisoners or as mxtures. 10 [00047]
ORTRAE L cal o AFGERLADLE excl plent C TEANS AN orm, therefore
pharAgcQubeGRbdERAROBIdIVIAIA] §tbrtbisbfetrdias atiktir&al e,

non-toxic and, neither biologically nor otherw se

undesi rabl e, and i ncl udes exci pient that is acceptable

f [ih0047/]e‘tPé1arma¢e;atu;éler agesptabld exaipidnt hmeapharercipizat thetls useful in
use.

uso PR FEREEL OB AnBGRGR A £ e RAEIIEThgnRRvic and neither
and bidlpgicallyaror otlgruize usdeshalgdz.cing mdudes[e@dp%} that is acceptable for

" Phar | t a m
2 s SFRRRRE R it AR Er B hica Rl P PR MR TR Rcoptabl
pos sEcipient 'tds elsdieslthe@epiﬁaartmwida@lma linchodeis bot}yone(ﬁﬁldtm@re than
par ent C&n?c‘f)rfedt Such salts include: [00049] (1)acid
additr SR sEt formed with inorganic acids such as
hydrochl oric aci d, 20 hydrobrom c acid, sulfuric
amo@4 d]n"FHatﬁaéHﬁhQall F&B&%ﬁh'ﬁ&rs'aﬁ“ 8fd Ebmpdifh dtﬂa@anls lalsﬁt tHAE is
forme

or gani c s such as ace Ci
pr ohaHPeceHBFAly aﬁréieéﬁh ahatcposseégﬁéaw’té %ﬁ@&f@ﬁ?@ﬂ%ﬁl activity
aci chf e Pl eripolid. saydhtmt@maﬁué lactic acid,
mal oni ¢ ‘acid, Succinic acid, malic acid, nalelc aci d,
fumaric acid, tartaric acid, citric acid, benzoic
a[ﬂOﬂ49]361() dcidh ydididmy Isaéts,zﬁ)yrhy:dmtthdl:lmga@c dcids: surhashypdrachldric acid,
aci 31 ﬁo%éggiltl%ahcg g’léll g afcgdg Iﬁ{: rlcé alg,’cpl-%)%{)ﬁjoﬁcegc?& &3 %efl%i §r formed
hyd rvm&ymtglmn asidb §uwhiac a@tic dcldklmmpmmﬂxsadld dnnkmomﬁc@tl
4-chl ol obenzenesul fon 1858 ac1§ a‘% c1? 1ac ?csalé{ m hon c acid,
aci 7O GPTHIRFRAALOHF i cg}éc?la HPhor & ’f%nl @ik pilonjc
net h}ltdﬁincylaldplfnﬁhc?ad’d, noddie 2cié fanlaric acidpmaythiic add,i dkric acid, benzoic
gl ug cﬁeg t(g rily%r erizoygljbenzoic acid, cinnamic acid, mandelic acid,

methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-

hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-
naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 4-
methleicyclo[Z.Z.Z]—oct—2-ene—1—carboxy1ic acid, glucoheptonic acid, 3-
phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid,

muconic acid, and the like; or



phenyl propionic acid, trinmethylacetic acid, tertiary
butyl acetic acid, lauryl sulfuric 30 acid, gluconic

wa@edod/o6xgbtit am ¢ aci d, hydr oxynapht hoi ¢ aci d, seCT/ERI004000008
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acid, stearic acid, nuconic ach) and the like; or WD
2004/063158 PCT/EP2004/000008 -10 [00050] (2)salts

R 476 Rer 3 kher afod i Bl R heRefeR! G pogpd either s

al katpladzebatla chevl iom . deadlltalieneralribh, ancillaliae exth ion, or an

aIu num.ion; or cogrdinates with. an ni c, base such
o TRl 8 oS BR hRCR AP PP PA A PR T
t r O bt Ieandl angine, Nristhia haylh Gl ks aivieehansine N-meethylil@carhine, and the like.
[00051] It should be understood that all references to
pharmaceutically acceptable salts include sol vent

a@@ﬂil]oﬁﬁ shaldrbe ggd_ﬁrstgp@ that al rqurygqeg to plprmgceutically acceptable salts

( pg%u%’%%&ggll%?@ﬁﬁ%gﬂ i%ﬁ?‘ FJ?)Wa?éspe()r &&stéll'f@rrﬁ@@% S)f'?x'f'dr:ghs) as defined
cr y $exgin, of theyseime ﬂelé additigmiselt Erye Uﬂd Qapolymorphs) means crystal
cr y§&aétlu{e§?n WllicH!a fcfoﬁ‘[p%mlg %5% §rty?éall 2eKdifiGent ¢ rrs;éal pa]ckmg

arrangenen S, ﬁ ave the sane e e
co npr;sngqrmﬁmts, Bil of whighhave ths same dempaiahepnuasitidny Difierent crystal

di f ff(?r'h%rﬁsuﬁ A }i”a\(re Qiffewn‘ctl?(t faggiéﬁg%t:ﬁcﬁ{ ﬁaﬁt dx‘lsn Hf@arrgdjs)}aectr? melting

spec néss
shapeints |dtemsztarlhaedn¢sse twystat shent, oytlqu end elestricaltpabpdriiey stability and

and ?lﬁﬁl 1y K e!:%&all@?&forrys%i\%b{ Irgtglbf %st&lﬂ&éf%glt stoh%% Ft‘en%erature, and

crys
f acothes famys caysausenee cryy@i ﬁirmfto dentigateoni nat e.
[00052] "Sol vat es"” neans sol vent addition forms that

con , her stoichiometrjc or 5 non. . i .
@8{’ éﬁfef (e e SRt SAILIoR armS t]ﬁSB‘EPé‘t%B i BerRiclHgmgtric or
a It %Bﬂ@fb@dhﬁrﬁgtﬁfc @ﬁlo@n;csf?fﬁﬁl@eﬁm$@ﬁ% Ecﬁhp&lrﬂfs hetd ¥ f&'ﬁﬂency to trap a

nn es.in e crysta id state, us

&F@@p@r Tt Ghselvént peleetlesins g ‘8}‘{7%%‘58 thgf fegtping a
' S golowe AR soBeis Wakr 810l soBiate fofmedls Q‘H?@fa,te,tvhﬁn the solvent is
sol vate f&ﬁned is an al cohol ate. %ﬁates

by eleehelpthsisplxate dormegs élhék%limlﬁtér%y e éisl i bwgliéf’mbmatlon
Wit f Qﬂ@o%oﬁé}ﬁoﬁé{ﬂ%m& with Wﬂé &fthé %sﬁé’ﬁ&&ﬁn 2ich the water
retains its nolecular state as such co |nat|on

bei ﬁgalamtéméﬁcvbr R g0, ﬁﬁ?}ecomlgﬂaata&rebenp&dés@a OffREONeE O more

ter ﬂ?dragg o-drug" and "prodrug" are used

i nt efchangeably herein and refer to any conpound

whi ch rel eases an active parent drug according to

F[@ﬂﬁiB]a{Fhe termy/Ipvo-drug! emdé'plrdzﬂrmg"ade ugd iistea:hahgdab]lyéleeauin and refer
s_of

F or ﬁ%ﬁrync}%amapround VH‘P H?r ra%%éﬁ'% )paﬁentgﬁg acCOr %podFormula Iin vivo

elgrepat ed
f unethensadth Igbdmg(ls admpnﬂsned toa mahhnaltamrspb;eutd Pobdrugs of a
Fornul a |

e cerpavetOr P £ Brr By FadPhns b B SlndDna o

Pr o@rasgrt ih itigd soctepoumdipd Fodaulafl in hathrubay thatwhe neidifi@tion(s) may be

Pﬁdrg eaved i r\;llvg%b reﬁgalsg ﬁ}/edpra}‘lén’t cgr%%ggr)l(al prod?t%rs ?r?ch\{c!le & CRlndS of
Formula I wherein a hydroxy, amino, sulthydryl, carboxy or carbonyl groupina -
compound of Formula I is bonded to any group that may be cleaved in vivo to
regenerate the free hydroxyl, amino, or sulfhydryl group, respectively. Examples of
prodrugs include, but are not limited to, esters (e.g., acetate, dialkylaminoacetates,
formates, phosphates, sulfates, and benzoate derivatives) and carbamates (e.g., N,N-
dimethylaminocarbonyl) of hydroxy functional groups, esters groups (e.g. ethyl

esters, morpholinoethanol esters) of carboxyl functional groups, N-acyl derivatives



conpound of Forrmula | is bonded to any group that
maybe cleaved in vivo to 30 regenerate the free

whyarosx3tFs am no, or sul fhydryl group, respectP@FER2004/000008
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Exanpl es of prodrugs include, but are not limted to,
esters (e.g., acetate, dlalkylah%noacetates

gg{ (&t \pégtglﬁzﬁgf? ! esﬁlal?sﬁg!fsgg th(lé b@s%g ngP %{]a%%ralgges of amino functional
di ek b spaRinges, &E&@l@ﬂe)al@ind%[ exats bEletdn Rl al ddh9dPfinctional

t th t t
::t grégpgsgg gg@péwg{% of% yp}a&ﬁ%}de%qe 85%32‘? ﬁp%%eﬁoaerdhﬁn %emgn of
der iptadiiugs'H 1V, M%&@&%&&’Mﬁ&@% 00008 -11
(e.g. N-acetyl) N Mannich bases, Schiff bases and

enam nones of am no functional groups, oxines,
al08054]s Prieet g grang” €Xo) refesttoragrotpikg obatioma titht athda ttached to a

f u n%i g &r&l}% drg uglzorlé&]{ﬁgwgﬁc&g? gﬁ:&%ﬁgg ?1&& I a@{*\%tyt gﬁamples of

EI espevueemng gﬂeups\(@mlbe@mmi o M%geen sndl BOGSM} Futs, Protectlve Groups
" Pr gt

¢ hatt STRHECRERIEY, (Ui SELEL Tod Ra B Gl p B ol

mas Kxympadios $>f Syntpetin/@rgasictMethods ¥otsi lHSt(i/ohnBVailmo kb Sons, 1971-

g]_c é@g@f %%é{esgnt%{ ouagrré?%sgotg‘tgﬁ)érg s 1n61,1de \%rm(%;l ee?c@tyﬁnd

Cheniifitionpacetidy beamyyl, Bemtybdycaﬂﬁﬁﬂ) (€)' N tdatr—bmtsmycaﬂrmhyl (Boc),

ﬁtr ﬁ%ﬁ@eﬂw@g Yz T¥Sg}n€' %?Ygfeths}/l U%g %S% %ryyfiadld substituted
1996yityl Emmsﬁwbmamrwm%ﬂnmmﬂmﬁwmy@mm (FMOIQ) dheifro-

benayreun g sb ol ALtk BTRE s b qrapeprotetng

t r i I’gedutpslmdudkyﬂhoéél' Whyre t]i?e-liyl’dlrm’(gwdqmsleyther&tchlafedmrlaﬂ«thd such as

yl subst i tut tr| LOoups, . .
S0 | b carERg Pl el S rtehy e AR ! thscialloisity
ni t rechery idadllyy bthusscar bonyl (NVOC), and the |ike.
Representative hydroxy protecting 15 groups include
those where the hydroxy group is either acylated or

al0005 3k ‘elgeatingh onsireaympnty pf a éﬁ%ﬁS@ frictudes: 1 heeendingilg disease, Le.,
as thﬁﬁ%ﬁltelzﬁﬁﬁ kﬁlfpg(ﬁg% ar tﬁ@ﬁfs@aﬁk{ ho@ttohﬁ'ifélo% ina :1|'nammal that may be

tr|a et hers
"Tr @apmé to er predtsﬁaqedéﬂ the cb$ea%e byt é@&%}@tumthneré@lce 1 ylisplay

pr e\é@ﬁkﬁ&ﬂ% 6#}&9@@&@%@ mﬁun%thg%ageglé rh?regﬂlﬁ%%g@hucmg the

synpto | sease not evelop I'n
t hatdendgpibent afthediserseer itse larcabsmnt@@é»ﬁd?ﬁ} wslievieg the disease, i.e.,

di s&. §n§’}éf(;ré§ﬂ8§ 899}6 ﬂ&ﬁse?}g)ﬂ? El'nﬁﬂg %ﬂgto%ss pl ay

synp ons 0 | sease,; g the disease,
i.e., arresting or reducing the devel opnent of the

d [(meas]e"fotherd;&uﬁ&alllyleffedtws yﬁiptmﬂ’ﬁneam tHem a8t io€¥ co@pbinged that,

di sease, ausi n SS f t he di.seas
o e stege Do B Sieating § fsrp o agaTgo Shect such
ef f efdatrentFoPHedisciRAT e fﬂh&apﬂiﬁ:&tﬁﬂ effeceivepponth il %y depending

3,53Whe e ?q?rg]pgﬁrf ,%Eq %agq %1 sfsgge(rltg gxaqll%l{eeaagte, We?ght, etc., of the

mammal to be treated.

[00057] '"Prostaglandin analog" is a non-naturally-occurring compound which is

structurally similar to a prostaglandin.

[00058] "Prostaglandin receptor" or "prostanoid receptor’ is a naturally-occurring
protein that binds prostaglandins, which when bound alters the function of a cell.

Prostaglandin receptors may be characterized as either excitatory or relaxant. Such



treatnment for the disease. The "therapeutically
effective anount”™ wll vary depending on the

w@oeopoeslds the di sease and its severity and t hRCEHEPR2004/000008
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wei ght, etc., of the manmal to be treated. [00057]
"Prostagl andin analog” is a noﬁQnaturaIIy occurring

or oSt-agieanaei pabsBap. el ES e L 2Ry ey . 121, and

'Pr aPRaNRdsel rdcBpRRI R furtlfer disb@bett 1@}} Cylemaa ¢t sl imPharmacological
protei n that quds Pdﬁstaglan | %¥h|ch when bound
al t &CEeYVRd Phn@li8a 0 ? tagl andi n

receptors may be characterized as either excitatory or
rel axg 3158 PCT/ EP2004/ 000008 -12
receptors |%&F %ga ut ggg not limted to EP1, EP2,

EP3, EP4, DP, FP, IP, TPl1, and TP2. These receptors
are further discussed by Colenman et al, in

Pg)@()@ﬂcﬁ’l diaBkhe MRANERMSure LN tHB'Aﬁﬂrcﬁiod\i@ bastd opages
5 Nomenci ature and Structures [ 00059]

[y
gen MON@MT%%% Bellstean Lnsipts ?Prrw%rlﬁdpﬂrfteetf%we.geﬂerafwn of

bas ¢dpae; sydLih sy ALTNMNENI Aufd. CheBEdl Str@dthrek B8dvid Bér@in are prepared
conputerl z%stenrfor t he generation of | UPAC
Yo

sysm@@aﬂﬂ@@ n&pzEepereval ey APRSIFING ORFRIFWSs OBFESIAT nitrogen atom
her & et @i cRI-&RRTEE indiShGhé Plesbdck of a hfidi@geriNy Open

val ency appearing on a carbon, oxygen or nrtrogen atom

in the structures herein |nd|cates the presence of a

hydr o§empodfdsConpounds [ 00060] The invention provides
conpounds of Fornmula |l: OR7 RB RO RIL0O R5 Y-Z RNA4

RBE XA R RLI wherein: mis froml to 4;

preferably mis 2; 15 nis a bond or fromlto 4;
pH08ped]aBhginmentiongrovidpsscommapnds af Fermeter oar yI |

aryl al kyl, aryl cycl oal kyl, cycl oal kyl al kyl, or

aryloxyalkyl;

R® N Y NZ
4
R E
R3 X/ \A
R R |

wherein:

m is from 1 to 4; preferably m is 2;

n is a bond or from 1to 4; preferably n is 3;

A is alkyl, aryl, heteroaryl, arylalkyl, arylcycloalkyl, cycloalkylalkyl, or aryloxyalkyl;
E is -CHOH- or -C(O)- (i.e., E is hydroxymethylene or oxo); preferably E is -
CHOH- (hydroxymethylene);

X is -(CH2)2- or -CH=CH-;

Y is -CH2-, arylene, heteroarylene, -CH=CH-, -O-, -S(O)p- where p is from 0 to 2,
or -NRa- where Ra is hydrogen or alkyl; preferably Y is -CH2- or -S(O)p-, with p
preferably being 0;

Z is -CH20H, -CHO, tetrazol-5-yl, or -COORb where Rb is hydrogen or alkyl;
preferably Z is -COORb and Rb is hydrogen;



Eis -CHOH or -C(O- (i.e., Eis hydroxynethylene or
oxo0); preferably Eis - CHOH (hydroxynethylene); Xis

WO ¢@ayAss or -CH=CH; 20 Y is -CH2-, aryl ene, PCT/EP2004/000008

10

15

het eroaryl ene, -CH=CH, -0-, -S(Op- where pis fromO
to 2, or -NRa- where Ra is hydrogen or alkyl;

pr ef ly.Y.is._ - - = - § th r ef er abl

bei o0 131 2 R B, Ry Rt Rjcnbh icen ity Segfeen o
wher kR piFerlyigl RAORD, K3, Ra) k3 R6, RPrid, R0aht W18 aksh

and Rb i.s hydr o.% ; WO 04ﬁ063 8 PCT/.EP2004/ 000008 .
-13 %a{pk@l}lag@’u %Bf’acg@’ta sa thf’so ’Ee, wd%mﬁg 1S, OT racemic or
i ndepaneeeiliymaterevfiboagenthereof. al kyl ; preferably Ri,

R2, R3, R4, R5, R6, R7, R8, RO and RI O are hydrogen;

or a pharmaceutically acceptable salt or solvate,

prodrug, single isoner or racem c or non-racemc
nf0RO6K]EWDErd sxyrof RS, RD&R3eB4A, R%H REORD KRB RARAOcRamyd R aiRla]kyl, they

R2, , R/ 3 Rl a

al kyﬁgfé&aﬁ@wep’%wg?@%-éy Sk d\ﬁélﬁig'é‘i’rgi’fggﬁ%gktl“aﬁkﬂ

Cl-6al kyl, and nore preferably Cl-4al kyl. [000621 In
Cgbbﬁ]nln%@pc@ﬁ” FRBY Smefls) 18 12, ns BSE B.-CHORN-, YG5 Q& or -CH2S, Z is -
-S- or -CH2-, Zis - COORh, and R, R2, R3, 154 R5,

R6, GRIORRGndR), RARRIES Bodth R B9 andR 19 g hydrogen. In such
enbaiyRMh s tE SR o@Por’ﬁ@tﬂWhﬁgl_)le PBteRB MRS RN

by Formula I1: No HX+A 10 1" wherein A X

and Rbo are as defined herein. In preferred
enbodi nents, the stefeochem stry may be such that

conmpounds of Formula [ are rmrf speci fi gajdpy of
. 15

Formula 111: O N~~~
[00063] In other e nts,Hmis 2, nis 0, Eis
em'Q\e,pe, z
X
OH

-CHOH, Y is arylen
I

wherein A, X, and Rb are as defined herein. In preferred embodiments, the

stereochemistry may be such that compounds of Formula II are more specifically of

Formula I1I:
O
Y COOR"
ij;r\[\/ ~ "
H
x/{—_\A
OH

[00063] In other embodiments, m is 2, nis 0, E is -CHOH-, Y is arylene or phenylene, Z
is -COORD, and R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are hydrogen. In such

embodiments compounds of Formula I may be represented by Formula IV:

II1.



iIs -COORb, and RI, R2, R3, R4, R5, R6, R7, R8, R9 and
RI O are hydrogen. In such enbodi nents conpounds of

wo-orribrsd nay be represented by Forrmula 1V: VECT/EP2004/000008

10

2004/ 063158 PCT/ EP2004/ 000008 -14 COORb O NH X +A
OH IV The stereochem stry ma\yb’e1 uch that conpounds of
Formula IV are nore specifically of Formula V: /
COORb ONH XA OHV 5 [00064] RepreseRritive

i gntion are shown

Q 2004/ 000008 - 15
$tructure”Mass Spec (MM 4-
{2-[2R-(5-cycl opropyl ydr Qy- 0 369 1 pent-

| E- enyl ) - 6- oxo- pi peri di >x yl ] et hyl sul fanyl }
butyric acid OH 4-(2- {2R[3RoK4" chloro- Gyp03.5 2
2' met hyl bi phenyl - 3-yl)-3-hydroxy- C OH

propyl ] -6-oxo-piperidin-1-yl}- N CH3

in Table 1. 10 WO 2004
TABLE 1 Nane (Aut onory

The stereochemistry may be such that compounds of Formula IV are more

specifically of Formula V:

[00064] Representative compounds in accordance with the invention are shown in Table
1.



et hyl sul fanyl) butyric acid off C

7-{2R-[ 3S- hydr oxy- 4-
woreaohpb3iphenyl ) - but - | E-enyl ] - 6- oxo- N OH
pi peridin-1-yl} heptanoic acid

7- {2R—[38—hydroxy 4-(3- 00 4171

6- 0xo0-

(4- hydroxy-3- 0 O 403 3
g—l OH CH3

nmet hoz%ggg? -phenyl ) -but-lE-enyl]- N off DCH3

idin-1-yl} heptanoic acid off 7-

{2R-[ 3S- hydr oxy-4- (4-hydroxy-3- 0 O 431 5

i sopropyl -

phenyl) but-IE—enyI] 6- NOHIi

"N e

PCT/EP2004/000008

oo

oOT b

-Omm/\r-*-\/'\
=

(D/'\

A
2

ut o
PR [
H

Eio

2

RS ST T N
1y!cyc!opropy|) prop- | E- eny

mr[%éiﬁgdp@fﬁpe zﬁ%@@%@m

%%_ﬂ’%m‘-)enﬁt)%u&ldiﬁ%eﬁ@ﬁsi Sp

hydr Oxy- 3-
fI uﬂﬂaﬂrwésuigﬂm}th@mczw}d) s
Xo- pi peridin-I-yl}-ethyl sul

| OH 4-(2-{2R-[ 3R- hydroxy- 3-
hemyl cycl opropyl )-propyl]-6-

act
I]-
08

fanyly—butyric ac
-16 Nane
ec O(I\/k/os\ﬂy(\Z)\OH

437

=

f a

X0-

pyf\']_/m N
(1- O 1Q@H419 8

u
4 17Sg‘w'ture

6- N -~S~ CH

cid

Mass Spec
(MW)

CH

o

0]

~/

but

N~ S~ (H

=

369

yric

4-(2-{2R-[3R-(4’chloro-"
2’methylbiphenyl-3-yl)-3-hydroxy-
propyl}-6-oxo-piperidin-1-yl}-
ethylsulfanyl) butyric acid

o)

503.5

7-{2R-[3S-hydroxy-4-(4-hydroxy-3-
methyl-phenyl)-but-1E-enyl]-6-o0xo-
piperidin-1-yl} heptanoic acid

403

7-{2R-[3S-hydroxy-4-(3-
methoxymethyl-phenyl)-but-1E-enyl]-
6-oxo-piperidin-1-yl} heptanoic acid

417

7-{2R-[38-hydroxy-4-(4-hydroxy-3-
isopropyl-phenyl)-but-1E-enyl]-6-

oxo-piperidin-1-yl} heptanoic acid

431

4-(2-{2R-[3-hydroxy-3-(1-
phenylcyclopropyl)-prop-1E-enyl]-6-
oxo-piperidin-1-yl} ethylsulfanyl)
butyric acid

417




pi peridin-I-yl}ethylsulfanyl) butyric acid OH
4-(2-{2R-[3S-hydroxy-4-(3- 0 0 435 9

woreaohos3iset hyl - phenyl ) - but -1 E- enyl ] -

N -"-S OHPCT/EP2004/000008

6- oxo- pi peridin-1-yl}ethyl sul fangll) O i CH3 butyric
acid OH 7- {2R[3R- (4" hydroxy-2i€-"467 10
met byl bi phenyl - 3-yl)-3- hydroxy-— OH
pfr opy! | - 6- DamedAptariom®) | - y| } |N hept dHdicturgei d of f MassBpec
H B 7-{2R-[ 3- hydroxy-3-(4' hydroxy- 0 OH 465 11 (MW)
2l met hyl bi phenyl -3 -yl)-prop- JIE O
eny| ] - 6-4o@e{2R-[BR-Bdiydrokyy8k} hept anoi ¢ N\w—i H3C437
™ 7-(2-{2R - (4' hydr.oxy- 0 n65
Zymeﬁ%@“&f%ﬂ%ﬁ RaEav bsp-r@gﬁ ' o
Yl ] 1 &-6xePpipeREihi 1diN-clyisul faheipt '
2004/ 0631 l@ PCT/ 5%2002?100818%8 1))
Striict ure MasEtgercid (Al VO oH
4 {2-[ 2R- (5-cycl obut yl - 3S- hydrjoxy- 0 00 383 13 pgnt -
| E-enyl)-6-o0xo-piperidin-1- N-"'S-/ v 'CH
i ] eFt hy B2t 2&pRyhysuexyr3-€l-aci g 0 419
8 | phenylcyclopropyl)-propyl]-6-oxo-
piperidin-1-yl} ethylsulfanyl) butyric
acid
4-(2-{2R-[3S5-hydroxy-4-(3- 435
9 |methoxymethyl-phenyl)-but-1E-enyl}-
6-oxo-piperidin-1-yl}ethylsulfanyl)
butyric acid
7-{2R-[3R-(4’hydroxy-2’- 467
10| methylbiphenyl-3-yl)-3-hydroxy-
propyl]-6-oxo-piperidin-1-yl1}
heptanoic acid
7-{2R-[3-hydroxy-3-(4"hydroxy- 465
11| 2’methylbiphenyl-3-yl)-prop-1E-
enyl]-6-oxo-piperidin-1-yl} heptanoic
acid
7-(2-{2R-[3R-(4’hydroxy- 465
12 2’methylbiphenyl-3-yl)-3-o0xo-
propyl]-6-oxo-piperidin-1-yl}
heptanoic acid




HO 4-(2-{2R-[3R-(3'-fluorophenoxy-
phenyl
WO@@4/0636% i di n-1 -yl } - et hyl sul fanyl) - 3-
butyric acid Ho 0 /
-hydroxy 4, 4- di met hyl -

- 3-yl)-3-hydroxy-propyl]
Y F 4-

| E- nn\/l \_R OX0~P [aYl nnr|4~luo il

{2-
0 00 399

o CH3 0 503
-6- W""S OH

2R-

,_\II'I

(3

(VA

14

met hPC'T/EP2004/000008

eﬁwl sul f aNgme (Autapom®aci d Hic CH, %“E?Be ’ "Mass Spec
7-{RR-[ 3- hydroxy-3-(2,5- O 387 16 (MW)
i met hyl phenyl -3-yI)-prop- | E-ényl]- O OH
§- okd-{#- EQé&(Sd¢wl®uWI}3SHB'prca<r}’el cid 6NZH3c aH 333
15 U =~Q B
&§)H§B£%139@| %thaomlﬂaimnfﬁ OH
1-{ R [ﬁ}dwﬂmfswﬁwafmmcm 0-
fdi phenyl - 3-yl) - prop-1 E-enyl ] - 6- oxo N Bl p -1 yl}
Heptanoic acid CI OH | WD 2004/ 063158°
RCT/ EP2004/ 000008 -18 hbne (AutononO) Structure |VMass
et V) s A AR SRt pronogorphenyt=3=y- =9 0O
472[5% %{25_- ﬁ%%@?@%ény 60 fondl - Non 2%
YL} | helnghdiyt)-Raydtoy-propyl]- 6.
oxo-piperidin-1-yl}-ethylsulfanyl)-3- \ /@
methyl butyric acid HO ° .
4-{2-[2R-(3-hydroxy-4,4-dimethyl- Q o 399
pr /\/5\/\)1\
15| oct-1E-enyl)-6-oxo-piperidin-1-yl]- N OH
ethylsulfanyl} butyric acid =1 CH,
O CH,
7-{2R-[3-hydroxy-3-(2,5- o) 387
16 | dimethylphenyl-3-yl)-prop-1E-enyl]- | /\/\/\)‘\ OH
6-oxo-piperidin-1-yl} heptanoic acid N H,C
= CH,
OH
7-[-2R-(3-hydroxy-4-phenoxy-but-1E-| o 0 389
17 | enyl)-6-oxo-piperidin-1-yl] heptanoic N/\/\/\/lL OH
acid — @
O
OH
7-{2R-[3-hydroxy-3-(3’chloro- o 0 470.5
18 | biphenyl-3-yl)-prop-1E-enyl]-6-oxo- N OH
piperidin-1-yl} heptanoic acid = O o
T




OH 20 4-(2- {2-[3-hydroxy-4-(3- 0 461

trifluoronethyl

- phenyl ) -but-I| E-enyl ] -

Oi I OH

wo2enoepsperidin-1 -yl }-ethyl) benzoic N F acPdI/€pP2004/000008

5

10

4-(2- {2-[3-hydroxy-3-(4'
et hy!

- bi phen-3-yl)-propyl]-6-

chl oro-2' -

o 21
0 OH 506.5

Lo

piperidin-1-y1}-ethyl) benzoic acid

The| conpoU¥ise ¢Autogem®), ent i or
florm ng pharmaceutically acceptable base additi
salts. Al of these forns arelconsidered to be w
tihe §e{dﬁe[3ﬂf—(3t’dinéorpfbe1d6nyl 3yent in. 5 [0006ﬁ] In
g ' the in L0 te oH hef

Fgé :—Jﬁ}“XdYPXY PR % ﬁgpﬁ%ﬁa e ‘ll RB XA R2
R1 wher i nheptansio aeid | t 04; - L~d Ul
gl kT/ aryl, heteroaryl, arylal kyl, aoy(I cyclioal kyjl ,
gyc oal kyl al kyl, or aryloxyalkyl; Eis - or
SO -; V\D 2004/ 063158 PCT/ EP2004/ 000008 -19- Xiis
-6, —Q)’Z— ffﬁ m_ S - CHz—, - CHECH, gyl eng;, 1
h% aroary ene gﬂ‘foxy where p is fromO to 2, 46
dr |tRaerontesing pRanyl)s-bMybE-og;dﬂr orQ al kyl I sOHCH2I0H,
-|ICHD, tetr.azol.e-5- COORI hydr ogen or
dl ki ProxgrRipe ré’ﬁll' %ﬁthy%)en%?ic R6, R7, RS, ; and

Rl O each i ndepepdéntly are hydrogen £

4-(2-{2-[3-hydroxy-3-(4’chloro-2’- 0
21| methyl-biphen-3-yl)-propyl]-6-oxo- | MQ)LOH 506.5
N

[00065] The compounds of the invention are capable of further forming

pharmaceutically acceptable base addition salts. All of these forms are considered to

be within the scope of the present invention.

[00066] In more detail, the invention relates to compounds of the Formula I

wherein:
m is from 1 to 4

nis from O to 4;

A is alkyl, aryl, heteroaryl, arylalkyl, arylcycloalkyl, cycloalkylalkyl, or aryloxyalkyl;

E is -CHOH- or -C(O)-~;



al kyl; or a pharmaceutically acceptable salt, solvate,
prodrug, single isoner or racem c or non-racemc

worooseBs®Of | somers thereof. [00067] More pref PCEHBP3004/000008

10

15

20

in the above compounds E is C;@—L Anot her preferred
10 enbodi ment of the present i'm7enti on conpri ses

conp ereln . In the above conpounds

Y |s %)fz Ch- @é @Er preferred conmpounds Y is

S(O pflsaGFIIZP -CBICHaY, aldite, Béth’ﬂoﬁ@enel 104, w(mg%grspis from 0 to 2,
-. In

preferred Xis -
a furtHErN %ﬁ‘g?’g?rfegﬁlxhb‘i‘&g%?ﬁ%ﬁ t he present
| nverng {sQ0H2OH, h@H@h@&@zo@@ chl.miBD(ARb Svhlefkd&m% &ﬂiglar)(or alkyl; and

ﬁglt gft X f ! O%Rgi%%fgﬁﬁ{biﬂlg q@)c,h 1nc{539 Kwe Q{,qgen or

and arygu%cyal kyl. More preferably A |s aI kyI or Ais

aryl i s heteroaryl aqr is_aryl aI [
aryl &¥fcl p@arrgg,qeugpaﬂ}x aiC?P ‘f@é} W‘faéq IPW Bg, sglgleslsomer or racemic or

ar yl oxyglnkdkem{cQRRA8L oPls8hRfstBEFe6QMPOUNDS Of the
present inventions are conpounds of the Fornmula Il O

COORb HX- ~A 20 OHIl wherein Yis -CH2- or -S-,
aj0d0ay] Mosndefenbly, én the abiefé vanpamys Ebov@IOH:r Amether preferred

2 SR SRR 6 TR B R kil L-coon

PCT Jﬁwéﬁﬂﬂﬁﬁ}&&nds XCs V@HBed)mnlﬁurth@r prefarrdd Rbmppendss is -

Ie! SBSS-3R0%%: ¢ bPy SRTRaE AR Sl BEEESLARMs -CH=CH- or
c ormiow n(d}HZ')Ey Ibe fisch@aqtrefdritd embodinengobihp presapringdntign in the

( R) aEé\(e(cggn_pegjldssA a}élfig%eingswly s§16ﬁ§51g rﬁb m the e%%%)u]i) consisting of alkyl,
- enyityl - Hetedaaryl, arypillpdrargicycl dallyl, ]cyébﬁkjrlslkjrlfaad)alrjrlemﬂqﬁ Mpore
¢l %referably A is alkyl or A is aryl or A is heteroaryl or A is arylalkyl or A is

arylcycloalkyl or A is cycloalkylalkyl or A is aryloxyalkyl.

[00068] Preferred compounds of the present inventions are compounds of the Formula

II

Y COOR"
N//\\:: ~

xa

OH 11

wherein Y is -CH2- or -S-, and A, X and Rb are as defined any above. Further

preferred compounds are compounds of the Formula I1I:

(0]
. b
Y COOR
N/\/\/\/
Py
X~ =TA
OH

I



b. 4-(2-{ 2R
[ 3R- (4" Chl oro-2' net hyl bi phenyl - 3-yl) - 3-hydr oxy- propyl ]

WO 8000%06315%i peri di n-1-yl }-et hyl sul fanyl) butyri BCHEPZIN4/000008

10

15

20
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30

35

c. 7-{2R
[ 3S- Hydr oxy- 4- (4- hydr oxy- 3- met I%QI - phenyl ) - but - 1E- enyl ]

- 6- 0X pi peridin-1-yl} tanai c 0
[3S m%&rcaszy‘\»mf@n ﬁ@ﬁ# q%ﬂ’(sn% ti*essﬁpm{?euasz preferably
- 6- OX@HPERE LAY Ns ﬂreYér&bHﬂ aitean direfered tongouhd{ maiRbe felected from
3S- Hydroxy-4- (4-hydroxy-3-isopropyl - phenyl) -but-
| E- ert)¢ grouip.cogbgisigper i di n- 1-yl } heptanoi ¢ acid; f
4|](26{2R-[3 Hydr oxy- 3 (1- phenyl cycl opr opyl ) - prop- 1E-en

0XO0- i peridin-1- | f I
Zlm d; ga 4- {ZZL(% 5 I E) 5- 8;7cl}opropy SLiuyd?Qx%r-gen?Lit enyi) 6-0%0-
3R-3- Hydr ¢ e‘rﬁhﬁllt‘ylf leugrsmmi l‘}yﬂmramndZ yl)- propyl]

(2] 2‘Pep'4F§?R it ol R b e o aRgtopy-6-oxo-
i-6 ZX(()ZDI pepdritin-1-jli}-ythyBulfydybuhftaiyddd;but yri ¢ acid; 20

[ 3S- Hydf- o%R R3S R R R SRR e ) gy )-6-oxo-

- 6- 0XO- plmp,mdjnﬂw)ll} héptendigl sul fanyl ) butyric acid; j.

2R 4 7.(0R- (35 Hydroxy-4-(3- thoxymethyl-phenyl)-but-1E-enyl]-6-0x0-
[3R-(4' - Hydé HY rtxﬁy |1E[Jle r?y I3 %5’ e3myh)ydl} oxye%yr]op o
yl] -6- o>R§P?¥i1 @Tliﬂ Reptanqis agi@pt anoi ¢ aci d; k. 7-{2R-

[ 3- Hydr exy7BK- ﬂas-bwaf Ve @4 lﬁsﬂrbw—mwp%mh pﬁewl)-bpt-mehyl]

E-enyl] -6- 25 in-1-yl} heptanoic acid; 1.

7- (2-{2RO%0- plperl in- 1 f/]lﬁ\eptanom aé[ ds

[ 3R- (4" £ Hyt( DYOR-P3-FBydbontyks- ik pherdylFelpbjorghepoppib pylJ-6-oxo-

e S (e

IbEi enyl g- 64—536%? bléﬁ%ﬂ}%c%m?%% (mf}u@omﬂéflﬂﬁiranﬂ )-propyl]-6-oxo-
utyric aghfe, 1}-&ttyksulf4iyl) bu

[BR- (3" -flu I-3trr3hd I

- oxoS phpet( 2 {3%11‘?/}’(]@@ §hP¥1y YFOB%/QP&%W Ol%mpy?4%P1P€rldln-

[agREj( Sowgl'—{/ﬁethylsulfanyl) butync a(c)lélt 1E. en 6. oxo. bi e |

eyl AR P wﬂ@%%*ﬁ-sﬁeﬂfffbﬁ%f?e%ﬁ]-6-°X°-
- Hydr oxy- g@peridid; bylikthsdifahyihboyricdeidt ) - prop- 1

= e[”y'Z]R i % %;g;[axgg gagcg os(gbﬂn%ﬂgﬂ&p}b&gf 3095198 Sy-Hopyl]-6

| E- enyl ) - oxoxpippiigier Mll}heﬂtaW1]: acifflept anoi ¢ acid; WO
2004/ 068158 ﬁg[é EFP}%QQJ%/ QQQ%Qroxy-Z methylbiphenyl-3-yl)-prop-1E-enyl]-6-
oxo-piperidin-1-yl} heptanoic acid;
L 7-(2-{2R-[3R-(4'-Hydroxy-2'methylbiphenyl-3-yl)-3-oxo-propyl]-6-oxo-
piperidin-1-yl} heptanoic acid;
m. 4-{2-[2R-(5-Cyclobutyl-3S-hydroxy-pent-1E-enyl)-6-oxo-piperidin-1-
yl]ethylsulfanyl} butyric acid;
n. 4-(2-{2R-[3R-(3'-fluorophenoxy-phenyl-3-yl)-3-hydroxy-propyl}-6-oxo-
piperidin-1-yl}-ethylsulfanyl) 3-methyl-butyric acid;
0. 4-{2-[2R-(3-Hydroxy-4,4-dimethyl-oct-1E-enyl)-6-oxo-piperidin-1-yl}-
ethylsulfanyl} butyric acid;
p. 7-{2R-[3-Hydroxy-3-(2,5-dimethylphenyl-3-yl)-prop-1E-enyl]-6-oxo-
piperidin-1-yl} heptanoic acid;
q- 7-[-2R-(3-Hydroxy-4-phenoxy-but-1E-enyl)-6-oxo-piperidin-1-yl]

heptanoic acid;



-21 r. 7-{2R-
[ 3- Hydr oxy- 3-(3' chl or o- bi phenyl -3-yl)-prop-1 E-enyl ]

W0 80000631591 peridin-1-yl} heptanoic acid; s. 7-BCREP2004/000008
[ 3R-(3' chl oro- bi phenyl - 3-yl) - 3-hydr oxy- pr opyl ]
-6-oxo-piperidin- |- yl} heptanoic acid; 5 t.

4-(2-{2-[3- r -4- (3-tyi.f1 uor.omet hyl ~phen - but - | E
-enyl ] - &- o&‘g%g‘éf E‘é’ldmﬁs'f?kg E}}l?mg]flﬁg%yﬁlé@ﬂfz%f%’v'g‘%ieaw §o%o-
4- (2-{2- [@iptlidinaxyl} Hepthidoit aéifl] uor omet hyl - phenyl )
RS e‘@?{&ﬁﬁé}ﬁ{(?é@@ﬁtﬁﬁéﬁ 1313 Wk Sl Wby B YER-Fiperidin-1-
[ 3- (4' chl oylph&tanme¢ #0yd;- bi phen- 3-yl ) - 3- hydr oxy- pr opyl ]
- 6- 0x0- (10, ph perit din=l=yl }= et ' hck 1R -6-0%0-

> [00069] t‘rh"é&%‘ﬁ%@%ﬁfgﬁ s g‘gﬂ‘n%‘{r?’?gg&gg}ﬁﬁé’?ﬁn%‘%eﬁ e
conposi t i opipediprli-gisEvh bePF@Fé‘B@th ically effective
amount Qf A (LePLHIdr@§-4Aes-knifbrakews]-bheddIbut LE-enyl]-6-oxo-
wth at |east.one UItﬁ | e carr.ier di [ uent or
exci pi ent . PREHER YERETDREBAMF 81 ®pr i ses a  met hod
of treatyneht4d-@f{2a[3d{4khkse-2'meathyleriphedn-$-ybai-kidrexpypropyl]-6-oxo-
adm ni strat.i on,.of 1 i EP4 prostagl andi n

19 agoni st cd%%??%?ﬁﬁ%g§§9®ﬁ%§?%%%gﬁ'to ?he na%nal a
t tically effective ampunt of C Iy .
JOPPRBGH S S omatsoipbia e Ry el By s aMRY R p porising o
bonehdhpanidaltysffeetig.anasing oporaspsundidyelefoepahove sn admixture with
t he esent invention,.imy be used, hera . g. .
f or o Kein el rE GRiNTE SR P vepfigH comprises
t r eahdrRod obfredimpet dfaskese, in @ npmmsl eepadloby sdmifiwration of a

so refers to a

i nvention_al rocess 20 for_the

15 b ogUETEAL dretiRsnEa BeBErT B T mitte G sp hmagmal
t he thérepartidaibcdticbedt amouns ofie omapduridaslefifydiabvrsi Bhe digease may be
[ 00070] . ounds of the invention.c be made.b
var iaéwla%% Fﬂf&?s‘ﬁ?fé Lot O?tﬁOP(frﬂ%S'ia}InhF g g’fnlpgwésegftﬁe present
sy ntileikion hedHe Bed maherpg esh omhangndfasiré dadediedroamits, e.g. for
[00071% The starti mat eri al s and ;ﬁggent.

. d i
br e8¢ FrRIERELD A5 AsTSE: OGiSRBITRPPy e BV AP AJS0 reférs to a process

20 avaifhpite@rbdutfios oftEhsdElds 9t p@kibsdsaboselchmpsisiAg diel sedps described
or are prepared by nethods known to

Cheni cal o

thoé%sgprggéoﬁn the art followi ng 30 procedures set
forth in references such as Fieser and Fieser's
Reagents for Organic Synthesis; Wley & Sons: New
York, 1991, Volunes 1-15; Rodd's Chemi stry of Carbon
Compounds, El sevier Science Publishers, 1989, Vol unes
1-5 and WD 2004/ 063158 PCT/ EP2004/ 000008 - 22

Synthesis

25 [00070] Compounds of the invention can be made by a variety of methods depicted in

the illustrative synthetic reaction schemes shown and described below.

[00071] The starting materials and reagents used in preparing these compounds
generally are either available from commercial suppliers, such as Aldrich Chemical
Co., or are prepared by methods known to those skilled in the art following
30 procedures set forth in references such as Fieser and Fieser's Reagents for Organic
Synthesis; Wiley & Sons: New York, 1991, Volumes 1-15; Rodd's Chemistry of

Carbon Compounds, Elsevier Science Publishers, 1989, Volumes 1-5 and



Suppl enental s; and Organi ¢ Reactions, Wley & -Sons:
New York, 1991, Volunmes 1- 40. The followi ng synthetic

WO e@a63m8 schenes are nerely illustrative of SPOEEP2004/000008
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nmet hods by which the conpounds_of the present
I nvention can be synthesi zed, ad vari ous

bo. RRBGICEE 111 BEe Pt ik S5ty BB RO Ratumes 1-

art 40avheglowigs dyachetio rédtdonl shemes seenaelftilish@tvé of some methods

t hi Appl ication. [000/72] The.starting  materials,an .

t he Sy B GRS B GHARE BPG Ut Rt i i e 14 various
can mh&difigeloat atkhagdypiietié tactidd scleaty @ béshdt and will be suggested
conventi qQnal . .t echni ﬁues, ifncIdei %.bLit not 1| n'éte )

to, ™ Ppe palsdon e PRYIPATSITRe tertﬁ fiselpyuy g eprpined in this
chrg\[ﬁ)qi@g[@phy, and the like. 10 Such nmaterials can be
characteri zed using conventional neans, including

physical constants and spectral data. [00073] ]Unless
s[90072]i Bk ttartinp enagenietly zndythe itfermasiates efrike gaditiciseagtion schemes
her %EHRQ {sgfa?erdaaplldry%u?f%d CRBIMCIE Y& ﬂe@l?r{igues, including but
at nosphere at atrnospheric pressute at a reaction .

t enpet lindteé to, dhgeicot, distiBatical orystalliZgia®, clroatadograniso aw] the like.
nor f I [ : .
oot 5SS dn B ST AR e (Rl G BB hed S inbina Bl bhysical
anbicenstints empereatralrdafa.e. g., about 20 C. [00074]

Schenes A, B, and C below illustrate synthetic

procedures usable to prepare _conpounds of, Formu) a |
WAOBZ31n s spesiffed 40 s g eBRGHions AP e iR Preferably are
gr ouBndiRted SnddYn kestnRsNdre RNAMBBYhPR préSuISANE réktion
different in each gccurrence, andlzpm n a@ 20 X, Y. %

R . temperpiyire rymge p@’ ombop@ﬂgng tea uérlé() né%r]eipﬁ%farably om about
her @ @.t0 PGS 105 CC,RATROR ?refé}ﬁbly RBd P6 SRS 205boBE REITR (or

A are provided in the foll ow ng Experinmental section.

WO 209 BterEsTabere epotktd8de08 -23 OO Rs Rs RS
OH Step 1 RS NH R2 Cyclization 4 R3 R R3 CO2R R a

%08&4}%¢%e% K, }9, and C Bel6% ﬂ%strg{ees?nt"ﬁeg§p}g@edures usable to prepare

compounds of Formula I, wherein LG is a leaving group, PG is a protecting group, R
is any lower alkyl and may be the same or different in each occurrence, and m, n, A,
X,Y, Z,R1, R2, R4, R6, R7, R8, R9 and R10 are as defined herein. Specific examples

of the procedure of Scheme A are provided in the following Experimental section.



R5 NN Reduction 4 4s R OPG RBRCORRR21 2 R Rl c
b SCHEME A [00075] Schenme A illustrates the

wee@pasass on of In step 1 of Schene A an am nBCHEP0€000008
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acid ais cyclized to forma delta-lactamb. Various
am no adi pic acids of R and S'éwbbnfiguration usabl e
in step 1 are commercially avail able or may be
prepared via well R known t echni ques. The cyxlization
of this step carried out, for eRs P by

si npl e heat i ng? tH%Han1no aﬁem,g aci ic acid
or other polar, LR sol vedelizabmndi t | erably
under aci di ¢ Beadi Bns, [00076] Reduc®i‘on/Qf, &OR

car boxyl at e gro%ME eita lactamb is cd¥riRd gut in
step 2, 10 foll d % rotection of the reduction
product to yield a protected al cohol c¢. The reduction
of step 2 maybe achi eved by, for exanple, treatnent of
delta lactamb witho an al kalai netal bg ride or
cyanobor ohydr i unger mld, gghar pro jti

The resulting R ol'NKinot Sﬁg&ﬁi&h&y §§
X
i

protected, forg . by treatnent
ether in the prefSense o8O i fl uoroaceti
protect 15 the alBbhBl gs an acetal. The g?otectﬁon of

hydr oxyl groups via acetal formation is described by

S. Saijo et at Chem Pharm Bull.1980, 28, 1449-1458.
Protection of the hydroxyl of conpound ¢ may al so be

achi eyedevireasi | yl ation as described in T. W G een

and P. G M Futs, Protective Goups in Organic

Chem stry, (Wley, 3rd ed. 1999). 20 [00077] Schene B
below illustrates the preparati on of conmpounds of
Fﬂlﬂﬂ%]aS&em'Elzﬁﬂllumalesetﬁa peepafatiSohé frestBp ey SHemesgdniamino adipic

enbodi nment s NRa_ or I N Y

ot narh-aeostete o delsirira’ YO Buopipldil fidk i¥unds

PCT/cER2H046 AONGDR in s2g l&r&dﬂlmﬁ’&laﬂs aRiiBbRRrNrhyJtegpepar®l via well

N mlgngl-wﬁltg ln?c}uleg nl‘léle cycflzagon o?thls step ma;gﬁle carried out, for example, by
simple heating of the amino adipic acid in acetic acid or other polar protic solvent

conditions preferably under acidic conditions.

[00076] Reduction of a carboxylate group of delta lactam b is carried out in step 2,
followed by protection of the reduction product to yield a protected alcohol c. The
reduction of step 2 may be achieved by, for example, treatment of delta lactam b with
an alkalai metal borohydride or cyanoborohydride under mild, polar protic
conditions. The resulting alcohol (not shown) may then be protected, for example,
by treatment with alkyl vinyl ether in the presence of trifluoroacetic acid to protect
the alcohol as an acetal. The protection of hydroxyl groups via acetal formation is
described by S. Saijo et al. Chem. Pharm. Bull.1980, 28, 1449-1458. Protection of the
hydroxyl of compound ¢ may also be achieved via silylation as described in T. W.
Green and P. G. M., Futs, Protective Groups in Organic Chemistry, (Wiley, 3rd ed.
1999).

[00077] Scheme B below illustrates the preparation of compounds of Formula I. The
procedure of Scheme B may be used in embodiments wherein Y is O, S or NRa or

wherein Y can otherwise act as a nucleophile.



R3 PGR R2 Ra LG ~ nU
s RRNnNJ Step 2 RR N
w@r@fiosEss on R3 A R R2
11 OO0 g RRORRG6 O
Reduction(s) 4 A R3 R3

RCq

Yom( Z R4 11
OHR R RR:

h O S,

Step 2
Oxidation then
Olefination

RO, A
RO-F
o}

a

Step 3
A Reduction(s)

Step 4 ‘
Homologation -

O RIR? R2 R™
Step 5 . R /&Y%CozH
Hydrolysis - R

SCHEME B

[00078] In step 1 of Scheme B, an N-alkylation of the lactam nitrogen of the protected
alcohol ¢ from Scheme A occurs. This alkylation may be effected by treatment of the
5 protected alcohol c with a base such as sodium hydride or potassium

hexamethyldisilazide at reduced temperature under inert atmosphere, followed by



R4 A Hydrolysis RA A RB3 RRi RA OHRR2 RL CH
SCHEME B [00078] In step 1 of Schene B, an

woOR@klyilat i on of the | actam nitrogen of the prPCEHEPEHA4/000008
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al cohol ¢ from Schenme A occurs. This al kylation may be
effected by treatnment of the 525pTot ected al cohol c

Wi th a base _such as sodi um hydr pot assi um
hex Wéflﬁ? mathskratingeeent ¢ ddGéey ttr@rﬁgl@ﬂaéﬁip@ dyif@pt shown) is then

i negk E]'JD St Wieedd BY proR RAQBLEBEE 1B leaving group LG may
PCT/ EP2004/ 0 000 -25 rea a%l on w th al k’¥| ating
Bp-

e. FThmprissuhelonigsdiok 9ihst aatagledenyins gra h‘?)%‘?)l]?l mtsﬁg?fneB may
deprbeta%%@ekemmcbﬁmtm> (Wrﬁehf BerIR foenps ovi de al cohol

| eavi ng group LG na conprise a hal o, tosyl or
ot her swtabl e | eaving group The group U in Schene B
nﬁm079]ehﬁst¢p" nttbedlechohk obdtep 1 (s-cﬁ?&d?ié)d tnranmiaiehbdf (not shown) by mild

79] .4 hol f
s SRraroRa oo P aNGHE R ERIRAS A0 afpf oRRR, Dess-
0X Id Mziﬂtmrpemmnahé;eh@mﬂﬂﬂ)maiomf THMHOmﬂI’syﬂmtﬂ ]ﬁ)cpolchﬂente, PCC,
0 $S- eri
conBiiapt b 0 FRRAERG Fumtr g R oo PRES phRonic acid
PDC dikyil et ¢dsgpoubide; ia Itldtellikyd@ce of bmﬂdﬁqﬁoﬁryprcﬂm@ﬁdhtlons to

wi th.a phosphoni 1d _di ester conpound g in
t he gbvlﬁélg Ee 8‘?“‘%3?%03@8% uck) | ar aprotic conditions to

10 give an enone condensati on product f. [00080] In

nI Iid& 5, Qﬂéj&ﬂﬁ@ﬁéaﬁﬂn féH?Hé‘éF oif st 5 §1ta undergo

optlo y ‘under re u0|ono car onI hd/ or )
uns aedicsion of thee 14ng/ Qwsef@ﬁgmmﬂfent tnoth9 F@mpa@nd f to provide

€O ”QQ:H oﬁndﬁt %‘Eég@&@lle&%'r&ﬁlchgg %@Eﬂe%rlﬂ)f uﬁ BF 8ABYund f using

grou usi ngb S' rea s as

desd¢hg Ké]%ﬁ“ byagnts 3s d@gmlee)d Vet ]a(Eorey,Jet alarh @hgmgigc 1987, 109,
198—692& 9826 aéotﬁgxzs'{’er%&g@c@e rQ&LE}%%%eE{ £a57 8¢ ﬁﬁﬁie}i% this step. If the

red uci ng agen l'ize
pr efpeeferential fofroatmn ofome of therdéastreqrhers d clﬁtr@d sishes §he| Sshydroxyl
desi[

1

whet o%‘ijer%lf %Pféﬁﬁl al g\?l)%? ﬁh}i Q]F<?1X %ﬂﬂ:alu& a%gaf) alfgilal?%ﬁr Jall| Al o!cyalkyl the

ar y Istoighadiagtric Clomblnaéloow(f ﬂnwmtaulmrmmmrbYdr er@hartﬂ‘l (8)-(-)-

| tgge%%hlﬁlb&gg g&g;égy%;yfgﬁ?% &041 f%n(%m %h@ai@ﬁﬁgfl% 6717-6725

198¢an b@e$ed6 gaif ﬂﬁe?&-by@r@xyzlawm@ igidesited.ghe pmbination of catalytic
R h%F{Ot oiJ (%gﬁg%efhzlr %"ro%(gmbtop&lcﬁ&!@kﬂ @ttoﬁc%bnqgtrlc borane-

cata
(R dﬁnﬁéﬂyhgdlﬁd@ﬂeswbaibjo&]o()omynet ali } s t(ieohiSoed £87,d.09, 7925-

20 9% byl 5SRO Phonane

st oid@knrﬂméiblyll\& Mniidiersl eifal., J. Am. Chem. Soc. 1980, 102, 867-869 is used. 1,2

(R Rgedglctl ar%lay Bz DRI AR GUEL l%dgrid?é shb) N3 3furf Borohydride, for example,
in a solvent such as dichloromethane, toluene, ethanol, or tetrahydrofuran. The
combination of a lanthanide salt such as cerium (III) chloride with sodium
borohydide may also be used when A is aryl or heteroaryl. Catalytic hydrogenation of
the double bond with Raney Ni or Pd on carbon yields a saturated side chain.

[00081] In step 4, homologation of compound h occurs wherein the group U is displaced
by reaction with nucleophilic compound j to yield compound i. Where Zisa
carboxylate, hydrolysis to the corresponding acid k may optionally be carried out by
procedures well known by the artisan, such as addition of a base such as lithium,

sodium of potassium hydroxide, or an acid such as sulfuric acid or hydrochloric acid



described by M M Mdland et al., J. Am Chem Soc.
1980, 102, 867-869 is used. 1,2 25 Reduction nmay be

webdoeotBE Wi th a hydri de such as sodi um bor ohyReT/@R2004/000008
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for exanple, in a solvent such as dichl oronet hane,

t ol uene, ethanol, or tetrahydrd?bran The conbi nati on

of a Ianthanl s It such as.cerium hlorld

wi t %B’mt{ﬁrﬁre V@Yeaécw?nmgs%ﬂsfeogfe plgiEA Jngase type Vil in

ar yb.o08nv hgh &g lw ht@@iﬁﬂt’&ﬂ b3k deeriBtd BPCOfuthyeeal. J. Am.
doub] e boﬁ% ? dﬁaa ) pl%’d on car bonpgl el ds?a

sat &ﬁhﬁmeéo%ﬂ% 3:%@%1 %)17[ 00081] In step 4,
honol ogatl on of conpound h occurs wherein the group U

t@o@ézj C)?‘ganaBX%{ SREL R0 ELFOBIL QJ e FOAPR8Mlatnple, in

hyd r:elitays lembbdmdma the deléslaotadi aupapbe N- klkjri@lyd opstep hednidythe N-

b t b

o t S0tAa b oY B RRSCHRR BELOnv AR BYalliifide an then

sodialkylatedd amdtsdsamelyl rbgutied %o gegvidera @m}ammd of fotmuals L. In another
| f d d

ol il P RALPGAS 350 QRO o pcper

cont@innilng1 ]Mtvdre,re Rt1 isyllehpd u;trqc@xcaam agrHigendl gpmipublth¢ earbon

gy %tta'yl }%a ﬁ@ouzlp %y%tv%%aug { %rél nS?EgBHBGang%&b%O%x%r%ﬁ%gggest
621 thénastles {o&ﬁﬂ&%}{ﬂlbﬁnytheanrﬂ Mhmmemsth&opvmdaﬂlmotﬁﬁmg

bGP e e e tosd P AT b o &R 1 1

step 1, and the N al kyl at ed Iactam may then

q@bﬁﬁﬂ URRth¥: HBHEROYRIE BFthe @uﬁ&t%bﬂ%ﬁﬂ@s i8BhdvAeih Scheme C below,
al kyl at ed and selectlvely reduced .t o _provide, a

coneaintprefered fonArebadimppnts 3GTRR A is Yair s Ayl grbeteaib d A X, Z,
may gheRs Q?FR@dRWI&hR@aHEE@b af asAefRANQSEHM hal i de of

gener al or mul a where RI1 is alkyl, to

i ntroduce an additional group to the car bon 10

attached to grogp A. Qther variations on Sche
possi bl e a | suggest tgggsel ves to ISR 0S

Ri®’e
skwed
in the artgs r omecessaml onaR=pT1{ot ec{j' g§Y—2
group sch%g,es may be used |dg(,d§§o§,00| ati on R gr oups
A, Y and

Anot her symihetic roug¥ t
subj ect corﬁJo 1i s shown inyScheme C bel ow* R'h

preferred for embodi mentsér&vy—nzis 0, Y i« aryl or
heteroaryl, and A, X, Z, 15 R, R2, R4, R6, R7, RS,
RO and RIO are as defined herein. Os OR 6 Step 1 R
RS OHR5 N n¥-Z Amdation then H4 Oxi dation R43 OH

Step 2 - 5 Y—2Z

Cyclization

SCHEME C

[00084] In step 1 of Scheme C, a 5-hexenoic acid m is reacted with an amine [ and then
subject to dihydroxylation of its double bond, to form amide n. 5-Hexenoic acids
usable in step 1 are commercially available or can be prepared by well-known

techniques.



RRRRFREBRR RRLRZRLOH i RNmY-Zn RS OR\ R$
SORTRB 5N, )mMYZRRHStep 2 R NY-Z R OH

Y R
wW@y@kiogass on R4A3 OH RZ R1 OH R R2 Rl SCHEME Cr¢D8BB44/000008
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In step 1 of Scheme C, a 5-hexenoic acid mis reacted
with an amne 1 and then subje%% to di hydroxyl ation
of its double bond, to forman.de n. 5-Hexen

i d

2t909§5bT1@e ¢rn1d§tceglppuaé@ ipgietieddn Alepy B PETIED éecleﬁﬁa%rsﬁ alcohol q.
/

PCT/ i3 04/ ooo \ggé %’gyo M%%%éégg%ruhdg“% Prde@é%g‘%tp‘g&%&y hydroxyl

cyclafgeamppynd aep spitelje pfc&%thg aaenéi V¢S tj?é{tﬂrnrgla} Y

9. ﬁhéro?ﬂe%dré%lfd?ﬁte%r%ﬁaﬁ z,wtrwﬁsé&ﬁhﬁ@atwﬂi oMb Bdively,

protection o primary droxyl of_ conmpound n
S ui tfaptish the 9@@@( bﬁ‘@jf}’h@tb?ﬁp@ finggoups. The secondary hydroxyl of n may

l{%/l?l]l EQ%JHSHQM lf%ﬂhc} %ﬂlaceh{eh{ 5a‘?ﬁ‘i€ﬁmﬁﬁ ek f l%uﬂényl chloride

benz oacet | dat e wll, réespective
ST stk stratihenehiTgny ohlobdnzhe €pidepsBC T inge i apisbowr) may

The P%?QM@E& ¥q P Pavd suh a@arf@lfah ﬁl@ﬁph‘ﬂﬁlcﬁgﬂa ih Q'i)olar

di spl acenent treatment wt kyl aryI sul fon C){

chl gnédlem syglc As msthaeph mﬁ@bmrpﬁmm’ &Ry qulmet yHegmamide to effect the
am d

o easrélgz@%&? h’?ﬁé’ %éweﬁpﬂx%%ﬁrgé Rr Wepfg%%le& D glek%gtéor(l) (r)f fluoride
al kdxétchbutyberamoo|an ﬂum;dh) imtharese aslyhethprgioitalytic hydrogenolysis

t et rahy, r f

tne GOUE AR Rroh g HoTaio Mo LORARURE, FrPoale ] may then be
depr;nbeﬂsteédlccxydtﬂgetoéghmmﬁ,(ﬁegﬂzui;ﬁp d@ford compounds of Formulal. If

(tet abut f |

C oS RERRF AT Bt 55 b econing o M
hydrS}glanaxgamc)d Bynthtsies 10484181 -134% eusedher. Conpound

q may then be processed accordi ng to Scherre B, Steps

to.afford ds of . h
R enAtPBERich SE REPE et LORag R i

di hydroxyl ati on, according to M 15 Shi pman, et al.
Synthesis 1998, 1141-1144, maybe used. Adm nistration

aT&OG%%?rFHH 8?e%£r|1tci§xlren%%%19c§li1&eis %Harmaceutical compositions comprising at least

one compound of the present invention, or an individual isomer, racemic or non-

racemic mixture of isomers or a pharmaceutically acceptable salt or solvate thereof,
together with at least one pharmaceutically acceptable carrier, and optionally other

therapeutic and/or prophylactic ingredients.

[00087] In general, the compounds of the present invention will be administered in a
therapeutically effective amount by any of the accepted modes of administration for
agents that serve similar utilities. Suitable dosage ranges are typically 0.001-50 mg
daily, preferably 0.005-10 mg daily, and most preferably 0.010-1.0 mg daily,
depending upon numerous factors such as the severity of the disease to be treated, the
age and relative health of the subject, the potency of the compound used, the route
and form of édministration, the indication towards which the administration is
directed, and the preferences and experience of the medical practitioner involved.
One of ordinary skill in the art of treating such diseases will be able, without undue
experimentation and in reliance upon personal knowledge and the disclosure of this
Application, to ascertain a therapeutically effective amount of the compounds of the

present invention for a given disease.



[ 00086] The present invention includes pharmaceuti cal
conpositions conprising at |east one conpound of the
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non- racem c mxture of isonmers_or a phar maceut | cally
acceptable salt or solvate ther%%’f 20 together wth
at | east_one pharmaceutically acceptahle carrier

and
of0DBRal f1geerbreompoupapeiie Erea%/l%‘fenﬁ% Mb%@dm@wtered as

| NgrhdbBMeSiticdl! @Q%ﬂudﬂg @A athosé HB8taBRIBPHIHENAHdihEBuUccal and
present invention will be admnistered jn a

t hesapdirgralairesalenssale fch%%ll RibueRarpyagingl, g pangateral (including
ac C Rt R guIREL Sinftha Rl Hh&hthadal, 8bd@ineo A0S tdabéous)

serve simlar utilities. Swtabl dosage ranges are .
t yp.aémlmytreﬁl@oqms@ fergm puitablg foy 2 Iarlwéwtwby Wl @y ipgpftlation.
d ai l'Dhé: 00 fanRECS BEAR ¥ RidhLO géne@a]]aﬂ)rglmslrbsg a convenlent daily

dependi'ng upon nunerous factors such ever it

of tdesaggiregimea whichrantheadivsied aggos mag@twgredoaﬁﬁlwéwn

health of the subject, the potency of the conpound
of...adm ni strat.iaon

th t d t .
 aaak g PhEs of imp ok RE SRR b BB qekliEr vith ome or more
di r eotreghtioanlchdjhantsy @frﬁae,:rmehluaml , rexyples plewdenmftht feem of
titioner.involved

ok PPATREERB B o Re E dies ThERhhiirAficfgompositions

abl &nd\Mniﬂ&wiigelfﬁﬁﬂemaﬁX@afmpﬁﬁﬂ@g tm’nileﬁﬁdnal tngrediemts teconventional

upon onha the disclosur L

AP BTG ¥ SO B AR oP g BYSaUP IR Sl TR py gnd the uni

amo lﬂa)tsag@gfoﬁdi@naﬁfmﬁamdﬁ @ﬁlt%ﬂ&éeﬁeﬁf%u&it gfgigtagg% 1f‘1§1|’edlent
Irven | Sease

[ oodsgamqrﬁu %ws\t'h\% lefﬁﬁlés@ iy Cﬁwaeﬁén%ﬁtg S SERNGEnThG

Wi | [phBemaddaticdl sb@pestieiss mphise aﬁpleyéd $3blidspsurhlagtdbdgtsor filled

Ialﬂglclélg%)ge% s{e%ﬁg&d}? Lllalotpv b%sefufs’g | afeasﬁelggq%l& g’tll(l)’]r%u?lﬁmcc <il|,sysuch as

vagisbRition§)suRhS16hE éﬁﬂuls(dlﬁ cdlitits,ng filled t:z[pamé§ gl Gl use; or in the

intraarterial,. i ntr.athec aneous an
| nt 8RB RETRPPOBCHA A Sria LR Rl R R GornCs i g ofstrile

for iRdphble SblBbhPfor Biirehféhﬂ higd. lmmnatioﬁs ld(ﬁﬁthﬂﬁﬂgodfbout Eﬁhhe( 1)
pr ef erred Enner of administrati o %ﬁé‘ener ally ora

usi AREEram O aFTVEARSTAGENLOT, BER ﬁo%.%ﬁb%ﬁnﬁéundred

ad] Ys6®AnAeHEHElIpagtdbRet IR &L RGy SHitable depfebdr@itive unit dosage
[ 00089] A corrpound or conpounds of the present

i nvdPion, together with one or nore conventional
adj uvants, carriers, or diluents, may be placed into

@r ﬁﬁ% n]qg% i na?ﬁu%%%éeﬁﬁﬁw&&l&‘%ﬁh} ]!F] egﬁ:?'xgﬁgxged}r’]ilﬂita%de variety of

ceutl ca
d 0S a)gai aﬂunnmtrmtuybéosagfnﬁorms e’ﬁheolbhaa'mamitcalmoaipositions and dosage

:Nlntg E%%{ls? Qltag c?m% a c%n%po%rﬁa or c8£ag>8§£&s o%ﬁe f@nsenta errentlon 81‘

t he plhnrmacednwgecdeptalbk’ sahyt}emmf ad the actyvesump@bbm‘t The

o b B S R PRI

The preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also
act as diluents, flavouring agents, solubilizers, lubricants, suspending agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material. In powders,
the carrier generally is a finely divided solid which is a mixture with the finely divided
active component. In tablets, the active component generally is mixed with the
carrier having the necessary binding capacity in suitable proportions and compacted

in the shape and size desired. The powders and tablets preferably contain from about



15 pharmaceuti cal conpositions maybe enpl oyed as
solids, such as tablets or filled capsules,

W@ emdeilsgls, powders, sustained rel ease fornmul BCT/BRR4/000008
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or liquids such as solutions, suspen5|ons emul si ons,
elixirs, or filled capsules f ot 2%t al use; or in the
form of _sup 03|tor|ez7for rect or. va

admiRe 1 raPgHE se¥Fnty Y D) percert ?afgltV@F?meou%  Btitehlg carriers

sol yhdleashdtQle ﬂ@ﬁlﬁﬁi&@t@l maSRsiumafBinatd, ﬁﬁgn@saﬁh@te@ﬂaw talc, sugar,
abo t one (1) mlli q1of active._ingre
e

r dRG5PSEaRACHD: GER LR SBT Hagacanid, mﬁw?f@g Woeqem%mm

m I |chffoRpRethiREI 1B @Iow ﬁl@l@m 2] bt &Ll Pk ike. The term
representatiye unlé osa ornms. [ 00090] The

conpBFRAFUER’ I cpAesarinc fuds ﬁf?rawlwfzfé ¢ ethrg cappgund with

in %n\é\dﬂﬁlaﬁﬁ% brRtotiaPhs ca@x’ié%' p@dmlﬁg Stapalile g{]wﬁfzﬁaﬁsacuve component,
forns armaceut i cal g%POSItIOﬂS nd dosage. 25

for ﬁ‘élﬂ}ﬂyWJé CRE IS 18@@?#‘,9&{} Bra oot igm atspfglanon with it.

pr e%?[ﬁﬂaﬂ}n%@éh‘éts%ﬂd%zen@é’é%é’ﬁﬁ@lﬁﬁ&d Cﬂﬂlé&s,?é@x%@isa@c{p@ules, pills,
salts thereof as the active conp onent

pharcaehetn eRE lorengen B be aptoli ddans Wiitablgdgr gral admipistration.
solid or liquid. Solid form preparatlons i ncl ude

p tabl ets, .pilLLs, gapsul.es . )
BT ogh Bt o ARR SRS o oo preparations
car riheuding ymindsiaesyoupsirelixrs sajpsdarsobsionk, aghesusysusgensions, or solid.

|38b ?18%% ﬁ? ?%{%ﬁggt ilth];?lég ggeg{ﬁf.[eg ?o E‘?(ﬁo?f}é’%g,e‘% s%ol'rlgylf lt)ief%neerﬁc’sé to liquid
pr ederm prdpaesions. aWJnﬁIlmdmshm;t legprapared 1mgﬂmﬂums, forr egample, in

| at i | wd
GonaRaree prSPERR i (ot hs BERES P avoin PEHSREbE Shants fprgramsle
Wi t Butlhgs lfe¢1ﬂﬁ1h,)60fbmandﬁ(§hoomw, veaopAgesatus sbiutioabtat s prepared

th t I. ly ] ' i t. h
e S EIRP RS o RAR Y Hrlt ol KLy torants, evors,
Sui tsedblilzepy @ﬂbﬂhﬁdl@ﬂﬁag apehts Qmmotledlspélﬁldn’s ctnbe phapmd by

and |ze de mders and t abl ets efera
cont pﬁrsimrg) glﬁtd }i? FRERRUET d%:%erlal such as

-29 rﬁﬂﬁa](dr)syﬁtheﬁb@&ths,&&!ﬁlifryet}(deéDlu]bw @cﬁﬁhnﬁfarﬁdﬁ@methylceﬂulose,
activ nd. Suitabl.e carrle(i nclude

not AR ARG RS R e 2Pt atlid ﬁﬁa@égqam%ons Tcfude solutions,
st eatgeBsiohglafid eftubains, aﬂd&ﬁﬁ)ﬂ&ﬁxtalﬁ,eiﬁtaldﬂltldﬁ&&&hé zﬂ:.tlve component,

starc el ati ne, a el | ul ose,

cor SRR e b UGS St Rt ng Aol eaesae dipersants
but tRickerriag] sélﬁ&h&inlg@genﬁl@.n& EigTil&, " preparation” is

intended to include the fornmulation of the active

conmpound with encapsulating naterial as carrier,

pl0®0P2i Hlge eoroppmds of the prksephinvérgioacnpy/lee fp@mpbm@hﬁor parenteral

W t Qﬁﬁ{mﬂr&tjﬂ&% dggaHgf 1h;%£t§on, 'tfcf]r &%E&;H&%qn}%¥tl(ﬂl O n'tl‘?xﬁous

an d ihfuziongesd mag be pcdsm:te@lm Wb ese ornp nva@ulea; a;ﬁsﬁﬂﬂ@byrmges,
il

2 !B Py RN BBl G e, e

for rcsrrrmsntlam may takeonel foamﬂamlspmtqn&rsolu‘uoh&dn ehiudpigme in oily or

for rgq ec%ﬁ%ﬁllcfe? "3t example solutions in aqueous polyethylene glycol. Examples of

oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g.,
ethyl oleate), and may contain formulatory agents such as preserving, wetting,
emulsifying or suspending, stabilizing and/or dispersing agents. Alternatively, the

active ingredient may be in powder form, obtained by aseptic isolation of sterile solid



i ncl udi ng enul si ons, syrups, elixirs, aqueous
sol uti ons, aqueous suspensions, or solid. form
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shortly before use to liquid form preparations.
Emul si ons nmaybe prepared |n sol¥tions, for exanple, in

agueoys pro yl ene. gl ycol. | utions..or cont,
enmuP5s gY lyprbt léﬁ@ﬁtfgom P%lpﬂ@g{ ogstitygon B%%/ea ep«@% 3 srﬁlrﬁble vehicle,

sor igt, 3RrilDpRBLEATes witer.acaci a. Aqueous sol utions can

be prepared by di ssolving the active conmponent in

wat er and addi ng suitable colorants, flavors,

si0ae93]i erempmudds of thk presery iaxgabios maxchedousulated for topical
SHSRERSLANRIHIB B ng%egegra%%&rnm@g ERELS bPHHNE drlafF biknsdermal
mat eaichl Qistnentsesid anemsrmiy, dor exgmpleebé &)rgurimed wit ppgqueous or

gﬂ]gﬁ L &gl I Ut}&g‘e adqéglgh gn dﬁﬂfvﬂ: E?ﬁﬁ‘é’ é&ﬁb} é%ll%'?g%rgeg& £Bons may

pr epaf@tiudated wrthlaudqu@mds ot miyrbase apd syilbinsgenas] alamcpntaining one or

I
compamenrusT e g SEbRey b Skt APab Foidifigents
ar t itfickdniig @altsym@tooteaingsyees.chensilatibins peitadnfos topical

t hi ckener,s,.. sal ubili zj,ng ;aqge nd the |i

The tgpoaHise BE Rt eBiF Rl Piiphffay e spAER favored
for fﬂsuieaﬁﬁﬁllfr Qicrgsaned bercml or t2fgacith; pastilleatomprifieg the,active

i nj ec j ection .or ¢ u

|t GRaeB 8 e Bres APt S e B E ARE R Seacts and
anp endiebwagheeednpristrel thy nethgdsgredisntinla sughblatiqinidfaasiarn

or in multi-dose containers with an added

pr eservative. The conpositions may take. suc

f
1989 sTlereompasinds poihs preérntémﬁr%roaﬁ%ar ferrrlg}lg Tor administration
aq UGOUSpb&id: s eg lo‘ﬁz %elt?ﬂ‘gaﬂﬁ SudPdsUlrhRAgre oPfAGWRAUSycerides or
pol yet )}) I ene yco anpl es, of 30 oily gr nonaqueous
car cherdutigr 1s%@ﬁtrgelte§@ndélm actiye cQrERPRING & Jisperggdomogeneously,
p ro @éﬁl &Qﬁxp&l ¥f &frfmgp?hé’ Rlo¢h ﬁeﬁngsﬂé'bﬁk mi¥aset @S RIrédinto

|nJ ectab ani.c esters
(e gonveneqmyuzecbmgklse@ﬂowg & ereb adrie aPlidiffor mul at ory
agents such as preserving, wetting, enulsifying or

] Wy st abi,l i zj,ng_and/.or di sper sin

APBFRC R g tee o L RrEER Rt R B N B AR gt pgina

f or mdnfbik@atived Heysasies mnhpbriss@bam (gals,q:fas&k éoamsosspkayd containing
WO 2004/.063158 PCT/ EP20Q4/ 08 .-30 or, by .

| yomﬁear e B BEPEEROToR SF BB R LR Bhile gfLdo be

use g idpratesw table vehicle, e.g., sterile,

pyrogen-free water. [00093] The corrpounds of the

present invention maybe fornul ated for, topical

al0909els Thexdnappunds pﬁ e@pesaRy RVENtion rerhafernylated fanpgsal

or 1,atli2RSatdH. s@lLft%ﬁQéfﬁ&ﬁ@lsmn@ af%aefp‘f)hed @r&tﬂﬁat& nasal cavity

and creans nay, or exa fornulated wth
aq uédugnvﬁntlonalyn@alséov\mamnl% avithoridioppers Bipeke Pt @Hsmé The

thig, mlggorﬂqgﬁpd nrgzg{flldk@ﬁh 2488¢ %r nftﬂ’tﬁdd%@ ?orﬁPYIn tﬁ@latter case of a

for qgqueous or oi | base and
genelrappealos pipstintthis maydeaskievrd by the patient admlmstermg an appropriate,

predetermined volume of the solution or suspension. In the case of a spray, this may

be achieved for example by means of a metering atomizing spray pump.

[00097] The compounds of the present invention
may be formulated for aerosol administration, particularly to the respiratory tract
and including intranasal administration. The compound will generally have a small

particle size for example of the order of five (5) microns or less. Such a particle size



nore enul sifying agents, stabilizing agents,
di spersing agents, suspending agents, thickening

w@g®ane3lsor col oring agents. Formul ations sui t BOT/EP1004/000008
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topical 10 adm nistration in the nouth include

| ozenges conpri sing -active agen%% in a flavored base,

usuall;si1 cr.osg and acaci a .or tr? acanth astill.e
YA€

CompFe AR BHOPRYR KHoHg B dhAth T APl picpigation. The
SUChc@ ifglealchfie pacid & MaesreRerind Uk withe s@ﬁ@blé@ﬂi}jeﬁant suchasa

and rising the,active.in ient in a

sui tCB]é’F%A“rqrai?Fh]&OIb &?&5 for ef‘%f@@@!l‘ilal%ﬂlé)d&%}?ﬁg O%f t he

pr esaMlodoAvBirh@hak@ ¥r Qﬁhfo%t@ﬂﬁfﬁicﬁdeth&l{e, aflgdrbbis Hfo&idie@iﬁ other
15 as supp05| such _as

ories.. Alow n
i xouH ey abe jergeqlanyy %Pél@gfﬁﬂﬁjé’ 3630 COBI5EL8 St 9y os lecithin.
firsip.npld &drag EhaTym)@ caﬁirbwe@i mrm@teﬁatvalve Mt%ﬁﬁﬁﬁéﬂﬂ the active
honogeneously, . for example, by stirri % The nq ten
hondogrrdeeis mavheurevided Weﬁqnwﬁ A A P Tom RvampleApowder mix of
Si Zgfle E@ﬁﬁ&lndﬂhlacmﬁ%lﬁ: Bowa&! bas@ddh bPlastké, Gtafrdh st DQRBatives

The conpoun s of resent InVGQﬁIOH may

f or rufhasdy fQiWPWi?g’ifﬁ vixslelass andst Safwél?vrr@@é%fa@"é’é The powder

t aNRQARr will fRfFa @?ﬂ the g3 L83ty TRAPBWAEr ®RAFYRion may be presented
containing in ad ition to the actlve I ng redleqt suc
¥

car rip emg dase farm fRmeWMALeIn RBSHEsOr CrtHdses 9 o B¢ pticOr blister

[ 00 WHAPAY gﬂﬁd&f mbPBe RIESEAred l_?_%ﬁféﬁh@@f aaMhd&r,
f or Iate for nasal admnistration. e solutions or

suspensions are applied directly to the nasal cavity
2fobysiconvent i onal neans, for exWﬂnphdesmkhfmrmuhutioppmbe

plpette 0 0 in a

B

dr opdefinietratpirpefithe activieiisgrediynth Foactingpledhbyorhpennds of the present

pati.ent .adm n eri n appro ate redet erm

D PSRk 8, CEREBRA P fiocp ROBE Fhf v

Spr ahesd duliveryRysterhe aﬁ&ﬁvm@oﬁmhﬁxmmdhylemwﬁ $heo:fon&pound is

metering atom zin 97

conpuhigey ort when Br S AP e AP b BRI SFesie!

for @anpselds @d&hﬂéc&fﬂx@ltdeﬁﬁelry g;&tetmmb ﬁ'equeniﬂg atthéehed to an skin-

respl atory ract I ncl uai,ng. 1 ntran

adn g PRG LSRR I e ar ARy Df SYRbiped with a

S rm'ﬂenet@zﬂ[dd éﬂh@lnédr,Z@g ISMOF?@( maecyﬁfzadybbheptdﬁﬂ -axie)f Busgained
crons or |ess uc rticle

b AFlots SBvPLeF BB ORI IEOL b ey &SYIB@ tgof‘éﬁ%&%}’ef by

MeansrdeRP¥injedtibMeThE ubdbmhal euspliptsenbypstlacd thie chraﬂpbﬁlﬁld in alipid

The ive | ngredient is provide E EF W zed

pac ksomqfn A Cah et ‘ioélﬁé bcfﬁtorsaﬂ’dﬂ %Eadg olymé, €. polylactic

chl of@f | uorocarbon (CFC), for exanple,

di chl orodi f | uor onet hane, trichl orofl uoronethane, or

di chl orot etrafl uoroet hane, or carbon di oxide or other
5 [00699labThe phe mathgicakprepuhtionare prefesable in 1yit dpsage forms. In such

co ntf%rm, e %yerpfa?a%oaqg s&%de@ﬁn{oe&ﬁi{ Bodds containing appropriate quantities
of the active component. The unit dosage form can be a packaged preparation, the
package containing discrete quantities of preparation, such as packeted tablets,
capsules, and powders in vials or ampoules. Also, the unit dosage form can be a

capsule, tablet, cachet, or lozenge itself, or it can be the appropriate number of any of

these in packaged form.

[000100]  Other suitable pharmaceutical carriers and their formulations are described in 1

invention are described in Examples 4.



The dose of drug may be controlled by a netered val ve.
Alternatively the active ingredients nmaybe provi ded

WO r00a/063158n of a dry powder, for exanple a powdrCT/EP2004600008
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the compound in a suitable powder base such as

| actose, starch, starch derivatP¥es such as

hydr oxypr opyl nmet hyl cel |l ul ose and pol yvi nyl pyrrolidi ne
(PVP). The powder 10 carrieﬁgﬁplrf%orn1a gel in the
nasal cavity. The powder conposition naybe presented

[ L, dese f.orm for ex le in c | es or. T
B
whi cthe tlt@o poosel elearyndeestadidm totpeadide Hye presensinoéntim. They should

i nhal er. [00098 en. desired rmul at.i ons can.be. .
or ot B hirptereh P Rnp g e oLt RleRio R Pl e
or dimdtracive end repraasetitdthadnt.ni strati on of the active

i ngredi ent. For exanple, the conpounds of the present

i nvention can be fornulated in transdermal or

subcut aneous drug delivery dévémestion iThese delivery
systenms are advantageous when sustained rel ease of the
\‘,’Mp{fﬁog”?rggt O IS A ¥ NG MG BRL LA GOMPLLARS Coster
transdermal delivery systenﬁ are frequently attached
to an skin- 20 adhesive solgg support. /Khe conmpound of

i nterest can al so be conbixm d? i penetration
enhancer, e.g., Azone (1-dodedyl azacycl ohept an- 2-one).
Sustai ned release delive -nserted

S neousl i.nto.t he subder, l. b sur ge or,. .
> HREEDA0 R Soinentih REs e iy AT Pt She Yo Bty £58 tanlD) in
co g’[g@ﬂm&iroiuﬁ t@rtz)a!hiygﬂoﬁlraﬁ @{ﬁmw ammnl jERUtemperagire lvs&:s trested@rith
ru r, .o a | oae ada € po nmer, . (0] actl c
8 SErt] (hegyproril st (TR 5Tieeans BN er lhghydrofuran
pr ef(eo ahj)kammﬁﬂbutgbaﬁlggﬁeﬁ egoll tol0nCs Uthle sudpensivon hietreated with
preparat nJs .su | V] de Into It Ses ont.al nl ng, . .
P oRrreLe Rty B IS Geibed 14t S s thl 1 ting solution
uni Lw;ﬁ@ﬁﬁ@& af @150 ZH(B\_lrb.eBﬁ)tanlagtﬁ@taﬁé @@ﬁ%‘rﬂl; BD fhmdl?@as added in
packag cont al nj ng | SCIr e.quantiti.es .o o repar 1 on, .
suc ﬁe%@vﬂs%fﬁa&ne Oﬂa}& a&ﬁéﬁe @@cqeaepw stigred g, o Mh%ﬁ%urﬁ And ambient
Vi altgmperadiie @4 ESourAhd @hent th€@utddith éﬁﬁtﬁ@le(ﬂnﬂ[)mmtﬁhiﬁﬁlrawas

e I.lS or | can

capsul e, tahlet, cachet, or n

be (BRE1 Fy @-Mﬁﬂgwwﬁﬁﬁ@ﬁfm@ﬁ dubiqromsthagg fapx 100
f or L) CARIQAbI RN G5t bttodet SvRRASHRE 1A bEak af@Etbic@lover
and their forjyul atjons, are_ descri bed i nyenti o

s .

ar e AEEHOUR SRR s %Fﬁpﬁ‘l-e%vclﬂprvwlioem-ﬁks@bshosp onic acid dimethyl

PCT/ &2 00 §0RAQB tain @Pa fleXSINEL EPchilRRd S AdhyT BiRited with 2:1 ethyl

foll owi ng preparations _and exaﬂples ar %lven to

enagp@ta{ea@@esq@iamogalﬁﬁ\fMR (300 MHz, CDClse) .74 (d,J=11.4Hz, 6 H), 3.06
(d,7=22.8Hz,2H),2.67 (t,] =7.2 Hz, 2 H), 1.43 (q,] = 7.2 Hz, 2 H), 0.61-0.72 (m,
1 H), 0.35-0.42 (m, 2 H), -0.03-0.08 (m, 2 H); 13C NMR (75 MHz, CDCI3) 202.0

(d,J=6.0Hz),53.1(d,] =6.3 Hz), 44.2,41.4 (d,] = 128 Hz), 28.6, 10.3, 4.5.

Preparation 2

{2-13-(3-Fluorophenoxy)-phenvyl]-2-oxo-ethyl}phosphonic acid dimethyl ester .

\ 2
~o-P o) F
O

0




the art to nore clearly understand and to practice the
present invention. They should not be considered as

wo 2omeNg8 t he scope of the invention, but nereP@I/aB2004/000008
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being 5 illustrative and represgntative thereof.
Preparation 1 (4-Cycl opropyl-2=0Xo-butyl)phosphonic
acid dinethyl ester O P OO 9 000102] A suspension
of sodi um hydride (Al drich, 95 O nmg, 31.6 mol) in
10 anhydrous tetrahydrofuran (90 nL) at anblent
tenperature was ti-caf‘aprog : hcid Poetix ;
phosphonate (Sigm, 5. 0 g, 30. 6 nnol) in

t et r ahydr of n (10 nL) over 40 minutes a hen
The suspensi on was treated n I
GHMin hexanes,'lS.ZNWQ, E

cooled to
but yI MPP Ry

ing solution was stirred at Opfor 2 hours.
Bronocycl opropane (3.1 nL, 32 mmol) was added in 15

t he resul

t drofuran (10 nL) and the xture

dﬁb@ﬁﬂq 5 hours and anbi ent ﬁ%@”BFEFgl 6?§%ﬂﬁ%§gh8%menﬂnc
and atid€p.4tgr 8BRS &anl),tiqﬂ&(blb@hﬂiyl‘t(&omc)aad'lbﬁ gnB X b mraolasipric

artitio b en
G CHFGHEEE e £ 2o FRE GO PN BAG o e 145 mmol) in
ex:] ﬂgﬂc&om&awa$m<inw Wis diriedat amticat ehg@draverunder ambient
anhydrou

. B UBE e DsE PR UBh lee BupRenFaiehgnd By volates

est @ferd embVedfronbthe Gibeak.NEhe a—f(B-éluoﬁoﬂhleﬁaqg ®bknzoic acid methyl ester

chr ra | ut e 1 et.h acet h
o SRR Pl Ao rutheaiel Sl 4! baRp Byl actfloRd aken
,oﬁtd‘ﬁlengxthﬁe (d, J=22.8 Hz, 2 H), 267 (t, 3= 7.2
Hz, 2 H, 1.43 (q, J= 7.2 Hz, 2 H, 0.61-0.72 (m 1
FD, 0.35-0.42 (m 2 H), -0.03-0.08 (m 2 H); 13C NWR
(75 MHz, CDC13) 202.0 (d, J= 6.0 Hz), 53.1
(d,J=6.3Hz),44.2,41.4 (d,J= 128 Hz), 28.6, 10.3, 4.5.
25 Preparation 2
{2-13-(3-Fl uorophenoxy_ )-phenyr$§%—oxo et hyl | phosphon
c acid dlnethyl ester |~ ~I O=P O F 00 W
PIRGN04Y ) 23&-cthstlohosbhonic acid d1methvl ester

[000104] A tetrahydrofuran (100 mL) solution of dimethyl methylphosphonate (4.0 mL,
37.5 mmol) was cooled to -78 °C under argon and treated with normal butyllithium
(15.0 mL, 2.5 M hexane solution, 37.5 mmol) and allowed to stir for 45 minutes. The
ester obtained from step 1 (4.62 g, 18.7 mmol) was dissolved in tetrahydrofuran (15
mL) and added to the solution above at -78 °C and the resulting mixture was stirred
at 0 °C for 1 hour. At which time, the yellow solution was partitioned between
aqueous ammonium chloride (100 mL) and ethyl ether (200 mL). The organic
portion was washed with fresh water (3 x 30 mL), then brine, and stored over
anhydrous sodium sulfate. Following filtration and removal of the volatiles in vacuo,
the desired -ketophosphonate (5.8 g) was obtained as a viscous oil: 1H NMR (300
MHz, CDCI3) 7.78 (dt,}=0.6,0.9,7.8 Hz, 1 H),7.63 (t,]=2.1Hz, 1 H),7.48 (t,] =



3- (3- Fl uor opheno2y) benzoic acid nethyl ester MO L/
CH MOI/ Ol F 00 [000103] A suspension of nethyl

wQ@20wte1xy benzoic 5 acid (5.4 g, 35.5 Mol ), PCT/EP2004/000008
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3-fl uorophenyl boronic acid (5.5 g, 35.5 nmol ), cupric
acetate (7.1 g, 35.5 mmol), 3 4ol ecul ar si eves (9

, I di 2 1 j.n i.chl qQro ha
280y VS 7627 Pt ad Tonbo b & s APt e s 9 Hy 1),
anmbizegut(d, pEnosHL 681), Akt ed, JERXeWs, 2 Hhe nmi xture was
filtered through Celite(r) and the volatiles were
renmoved fromthe filtrate. The 3-(3-fl uorophenoxy)

benzoic acid nethyl ester 10 (3.68 g) was eluted from
silica gel colum with 5:1 hexane:ethyl acetate and

taken onto the next step. Step 2.

{2-[3-(3-Fl uorophenoxy) - phen?ﬁw&- et hyl | phosphoni c
acid dinethyl ester 01 a MO-ra OF OP OF 11--ya

15 0 O O [000104] AMestyl aHYZichibroeaylthiolbuthdoade! ut i on

of di net hyl nethyl phosphonate (4.0 nL, 37.5 nmol) was
cooled to -78 C under argon and tredPed wi th nornal
butyllithium (15.0 nL, 2.5 hexangisol ution, 37.5

mol ) and al | owed toC’ftﬁr\‘I"oS'rvI 5 'nut(ég.u The ester
obtained fromstep 1 (4.62 g, 18.7 mmol ) was di ssol ved

in tetrahydrofuran (15 20 nL) and added to the

sK1001 9 nA A5enisopaepanpB(70 rahlsoltioy afduinetcaptobitiricragid @S5 g, 20
St | '&ﬁ&glg 45 tRafed WM s?adﬁ%&’é dritle MBS G hoktiBEs (959 1581 B, 65
solution was partitione Liween —adueous anmoni um

chl enindb ovaly minutesrradailpyed ot Waym (ROOmiempetyare. 1-Bromo-2-

j o : ; .
5285 RIS 8 B0 i
sul fstitred vigotduslyifog2 fayist then thervolatidesrvemoremnovefl, aridethe residue was
| ati , ) o . .

12 B RS AR SR OB o i
VHz ex(CBE Bre wagBed dith byine-ad Sored oyer spdBirnisylfate. Hl he extidgt was

t, = 2. . 4 ty,...f4 = 0 . .
e Ag hE Y s olg urpefyacyt e Wdiiuas gjlved n
H) , nfetBird (Bmijpndcddled 6. FOC (oder grgon fmbspleere. Haiongl chloride (5

H) , B0 (dy J= 11, : 3. 61 J=22

Pr e FI)%]?’ aéginér%og vgas ﬁ/é%fhd)z/ c}r%%twsg ot thedoRtiohdval Saae8 B0 temperature.

4- ( (Aftec Bt Olicnes, hlyd Ydlitiled Wert acroated, toluene was added, and the volatiles
were removed again. Chromatography yielded (2.93 g, 14 mmol) of methyl 4-[(2-
chloroethyl)thio]butanoate as a colorless oil: MS (NHj;) m/z 199 (M+1" with QD,

197 (M™'+ with *Cl).
EXAMPLE 1

6R-(1-Ethoxy-ethoxymethyl)-piperidin-2-one
0

NH
Oo._OEt
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Step 1: 6-Oxo-piperidine-2R-carboxylic acid methyl ester




O d'~~S O- [0001051 A O Cisopropanol (70 nmL)
sol ution of 4-nercaptobutyric acid (3.85 g, 20 mol)

wor®4eaat ed with sodi um hydride in four portiPOEFELSSL900008
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1.56 g total, 65 mmol) over 20 minutes and allowed to
warmto roomtenperature. 1- Broi- 2 10 chl or oet hane
(11 nm., 128 mmol) was added rapidly with the resulting
suspension stirred vigorously for 2 dgys, then the
vol atiles were renb%28l, and the resid s
partitioned between 5% aqueous—aeeti c| acl d et hyl
acetate. The conbimed organic extract e Washed
with brine and stoked over sodium sulfate.gThe extract
was filtered dhll t heCdbl atiles were renoved under
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met hanol di chl or onet hane
Commun 1996 6, 687 696.

Step 2: 6R-(1-Ethoxy-ethoxymethyl)-piperidin-2-one

o
NH NH
0. O OEt
- Y

O

0

[000107] An ethanol (400 mL) solution of 6-oxo-piperidine-2R-carboxylic acid methyl
ester (13.7 g, 87 mmol) was moderated with a tap-water bath under an Argon
atmosphere and treated with sodium borohydride in three equal portions over 15
minutes (4.2 g, 109 mmol total). The reaction mixture was stirred for three hours at
ambient temperature and then treated with acetic acid until an aliquot was about pH
4. The volatiles were removed with a rotary evaporator and the residue was loaded
onto a pad of silica gel. 6R-Hydroxymethyl-piperidin-2-one was eluted with 5%
methanol in dichloromethane and obtained as an oil. The oil (6.3 g, 49 mmol) was
used directly by treatment with ethyl vinyl ether (7.0 mL, 73 mmol) and
trifluoroacetic acid (1 mL) in dichloromethane (200 mL) at ambient temperature.

After two hours, the solution was treated with aqueous sodium bicarbonate, extracted



at anbient tenperature. The solution was treated with
a (trimethylsilyl)diazonethane (30 nL, 2 Min

wheotanerss Al drich) and the gol den sol uti on WaBCHEP200€000008
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for 4 hours. The solution was tv;_cgeat ed with drops of

acetic acid wuntil the golden cOlor dissipated and the

vol atj | were renoved..wth a,rotary 10 .evaporat.or.

The M BRI S0 b 23 RS PEERG ap G sulfate. The
was BR( 1withbixylethoxyghehylppireidhmdenarmds eblajedas eh all €6.9 g, 29 mmol)

o OB hPE TR B IR MM E gy o10-624
(4. 3o, 1 H), 187412 @n,(1GI) 3Q8-3.€HGL,D Harht-he7 (i, NMR 1.64-1.98 (m,

mat d the. lLif ture report (C. E. Davies et al.

Syn Hg%ilél?éﬁrﬁwﬁm'#b@%?%@;esr 696. 15 Step 2:

6R- (1- Et hoxy- et hoxynet hyl ) - pi peridin-2-one OO0 NH NH
0. M OT OCet 0 [000107] An ethanol (400 nL) solution
of 6-o0xo0-pi peridine-2R-carboxylic acid nethyl ester
(13.7 g, 87 mmol) was noderated with a tap-water bath
under an Argon 20 at nospher e EXadviPLEat ed with sodi um
borohydride in three equal portions over 15 m nutes

(4.2 108 4r MBS o
stir r%@—i@{a—% ¥%o-piperidin-1

t -buttyticaeidt i ¢ acid until an aliquot was
about pH 4. The volatiles were renobved with a rotary
evaporator and the resigue was Ioadeﬂ onto a pad of
silica gel. 6R-Hydroxyngthyl - L\gdFR-2- one was

eluted with 5% 25 net lran i n di chl okoret hane and
obtained as an oil. The ol _£6. 3.0 nmol ) was used
directly by treatnment with ethyl vinyl ether (7.0 i,

73 mmol) and trifluoroacetic@did (1 nL) in

di chl oronet hane (200 nL) at anbient tenperature.

After two hours, the solution was treated with aqueous
sodi um bi car bonate, extracted WO 2004/ 063158

PCT/ ESFEeZIQ 9:%19%990@@&1@1&4(Enrigsjogpdp i lm&hﬁ%ﬁ#eﬁam-}one
nmL), amd storeu Over antydrous: sod msSultdat €. TE

6R- (1-et hoxy-C?t hoxynet hyl ) - pi peri di n- 25 0ne was

obt ai ned as oil (6.9 g, 29 mmol) ter fidgifphl on
and renoval NHhe vol atiles: 1H NVR VY, C%Cf%)

2]

6. 14- 6. 24 4. Hogt 4767- ( ,OR3. 18-3. 67
(m 5 H), 2.23- .47}[{(m 3 H, 1.64-1 5 3H),
1.31 (dd, 3H), 1.20(dt, 3H).

[000108] A dimethylformamide (70 mL) solution of 6R-(1-ethoxy-ethoxymethyl)-
piperidin-2-one from Example 1 (6.9 g, 34 mmol) and potassium iodide (5.7 g, 34
mmol) was cooled to °0 C under an Argon atmosphere. Sodium hydride (95%, 910
mg, 36 mmol) was added in one portion, and the bubbling mixture was allowed to
warm to ambient temperature. After 1.5 hours, the mixture was treated with 2-
bromoethanol tri-isopropylsilyl ether (10.5 g, 37.2 mmol) in dimethylformamide (15
mL) and warmed to 50 C for 40 hours. The volatiles were removed by short-path
distillation (5 mmHg, pot temperature to 75 C) and the resulting pot residue was
partitioned between water (100 mL) and 1:1 hexane:ethyl acetate (4 x 100 mL). The
combined organic extracts was washed with water (2 x 25 mL) then brine and stored
over anhydrous sodium sulfate. The solution was filtered and the volatiles were

removed with a rotary evaporator.
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CO Svv_OH 10 OH Step 1: 6R:
. Hydroxymet hyl -1- (2-triisopropyf’si| anyl oxy-ethyl) - pi pe

i n O Csi(j-P NH N Cet OH.T 15
[ Bg@l@é 1T£@ \%glgglm . ﬁ]ré &vap @geﬁ%tregzﬁdmuﬂbﬁﬁeﬁol 150 mL) and
6R- 1@.111"'19&‘1 -l ¥ies Ay hdid lQ8(IHﬁﬁg,d’i DNméndNgnd lﬁé&f@d to reﬂuX After

Exa I e, 34 ol SSI um i odi de g
o ipfisty s MRRROLE PR R Ao GBS sodiutn
at mysahiesRte G0 %naranmgé ToletleOntee r&;h@vedrmith 3 otARdvipWaST. The
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o | G5 0PRSS GRBASaRed Vi ety acetatehexane.
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tr|-|50fropyIS| et her

di menmp] s ehsdgiith ethyl %ﬁ?Bﬂtearﬂtié? e 1t0@C§b%@5)ﬂ& (cap1) 3373,
houngys Plags, V_l@kﬁtmé?SH\m 360BMSE d@c@ﬁ%r@@@t&n LH), 361-3.90
di stillation %ﬁ,& rrferatureto 75 O t he

r esUim P> pde- 3r@s( S6-Hdk (13 BrdddpbPi®n 4\/@( ér07 s, 21 H);
( 100sariMviia s Mk, @By e 181 Na. 6Ly 3319, (sé 1X321§>%'EL18 7,18.3,12.2;

The ~ conmbi ned or ic extracts was washed w th water
(2 N&SES(}LW/Zt-”ﬁ‘éﬂ%br)l .ne and stored 25 over anhydrous
sodi um sul fate. The solution was filtered and the

vol atiles were renoved with a rotary evaporator. WO
2004/ 063158 PCT/ EP2004/ 000008 -37 [000109] The
resulting tan oil (15.3 g) was directly treated with

et hangler 0158 (516 8P pyRYIdxdi i TERNY DL UEN&:isdHrb Sliilanyloxy-ethyl)-
acid (800 ng, 3°2 mmol) and hegt%d to refTux.” After

60 m nutes, the solution €and treated with

5% aqueous sodi um bicarbonate (20 nlL)_ and the

vol atil es rere %ﬁ with a rotary he 5

resi due rﬁedetrjg s a pad of sil| d shed

with 2:1 a&gtate hexane—

6R—Hydroxy (2-triisopropyl silany y ) - pi

peridi n-2-one (5. 22 g, 15.8 mmol) was eIute with

ethyl acetate: [ ]D-37.5 (c.1.0, CH3CN); &@m
3000110128478 ° Qaﬁﬁlormﬁmﬂ}aniéﬁﬁtmmiof\»ﬁhydﬁﬂisdw y. gide (0.87 mL,

4. 1144 rgr%oi)rﬂnd%r ly) Arg%nGaltm%sapere was treated with oxalyl chloride (2 M
CH,Cl, solution, 3.9 mL, 7.8 mmol), which was added over a 3 minute period. After

20 minutes, a dichloromethane (10 mL) solution of 6R-hydroxymethyl-1-(2-
triisopropylsilanyloxy-ethyl)-piperidin-2-one from step 1 (1.85 g, 5.6 mmol) was
added dropwise. The resulting yellow solution was stirred for 15 minutes at -78 and
then treated rapidly with triethylamine (2.3 mL, 16.8 mmol), after which the cooling
bath was removed. After 30 minutes, the suspension was poured into aqueous
sodium bicarbonate and extracted with dichloromethane (3 x 50 mL). The combined
organic extracts was stored over anhydrous sodium sulfate. The extract was filtered
and the volatiles were removed to yield the aldehyde as a tan oil (1.75 g), which was
used directly.

[000111] The crude aldehyde (875 mg, 2.65 mmol) was dissolved in acetonitrile (25 mL)
and treated with (4-cyclopropyl-2-oxo-butyl) phosphonic acid dimethyl ester (670
mg, 3.05 mmol), lithium chloride (135 mg, 3.2 mmol), and diisopropylethylamine

(0.51 mL, 2.9 mmol). After stirring the suspension at ambient temperature for 2.5



(m 5 H), 3.42-3.53 (m 2 H), 2.36-2.41 (m 2 H),
1.63-1.99 (m 4 H), 1.07 (s, 21 Hy; 10 13C NMR (75

WOREHA/0CHE 3) PCT/EP2004/000008
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OB Y g o i R A Beous e
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sul Pulti e Eleﬁgvacﬁwas fereds VRl i Haﬁa%&ogw the residue
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g\l;lér %iu%g]lﬁf L fﬂarﬁriq}pfo%%yl}xpfpéplgrnggo% I(]Zéitgg,vﬁgg r%moef) was obtained
di cmk@ﬁ@nelt}hm(m M), spLy i @m0 @dd, J =5.5,15.8 Hz, 1 H), 6.11 (dd, ] =

6R- hydr o
r .%%%éégfﬁwmﬁ&m } AG6EH GPrl B)GHS i 36,93 Ha, 1
st erH H3G1- 38@ 18, avpb)7ovas 1 radided (d1 em se; 1mez 37 2.44 (m, 1
res t|n owslutlon rre for 15 mnu

B LGP 03 ton] ek 08 Hps ity W3 0 24 HCHA A > L ED,0.39-
(2 @mmlﬁﬂg m@mb)m(g{tzqq)\/\hl ch the cooling bath was
removed. After 30 nminutes, the suspensi on was poured
i nto aqueous sodi um bi car bonate and extracted with
di chl oronmet hane (3 x 50 nmL). The conbi ned 25 organic
extracts was stored over anhydrous sodium sulfate. The
extract
to yi el i2he: DL 5 CHL- ZE-EB) |
used directly. [000111] Thﬁparrdude cﬁiedehyde (875 ny,
2.65 nmmol) was dissolved in acetonitrile (25 nL) and
treated wth (4-cycl opropyl - 2- oxo- but yl )Ophosphgni c
aci d di &(0%70 30 ny, 3.05 AT um
chlorid | ) —and—dii sopropyl et hyl am
(0.51 : er stirring th [
anbi ent tenperatiure for 2.5 WD 2004/ 063158 :
PCT/ EP2004/ 000068 -38 hours, it was poured i ntY et her
and aqueous ammoni um chl ori de. The aqueous | ayer was

e@bbf‘fzﬂ eg gwctt!}lu%?ls’lo IBEFJO tfoxd oAf(iF% %OmQ@h} pg-o%?aﬁ;‘a%hdine (0.20

ous sodiu
fil mel, emL Ivioinandl] &M ¢tbth®d sq>1nt1ma)01uoier andrgohatmesphdrrewas

2%?1 E&ea/gtgfigglrlg(qulf §>_ O(?(}'gll %%}%%?%‘ﬁ%-l éz triisopropylsilanyloxy-
( 2- tetliyl)spipendint Zohe (398 oxgs 186 hynpl) praseddet] im-a2hpdwug #dGene (5 mL)

R L L

( dd mK, 2-M solution in methanol) and the volatiles were removed in vacuo to yield a

solid residue. The residue was redissolved in methanol and the volatiles were
removed again in vacuo. The residue was loaded onto a column of silica gel and 6R-
(5-cyclopropyl-3S-hydroxy -pent-1E-enyl)-1-(2-triisopropylsilanyloxy-ethyl)-
piperidin-2-one (541 mg) was eluted with a gradient of 2 - 6% iso-propanol in 3:1

hexane:ethyl acetate and used directly.

[000113] 6R-(5-Cyclopropyl-3S-hydroxy-pent-1E-enyl)-1-(2-triisopropylsilanyloxy-
ethyl)-piperidin-2-one (541 mg, 1.26 mmol) was dissolved in THF (10 mL) and
treated with tetrabutylammmonium fluoride hydrate (480 mg, 1.5 mmol). The
solution was stirred for 2.5 h at room temperature, diluted with 10 mL hexane and

loaded onto a pad of silica gel. 6R-(5-Cyclopropyl-3S-hydroxy-pent-1E-enyl)-1-(2-



0.6, 15.8 Hz, 1 H), 4.52-4.59 (m 1 H), 4.06-4.14 (m
1 H, 3.95 (dt, J =3.6, 93 Hz, 1 H), 3.71-3.80 (m
wWaA 2084/06A580- 2. 79 ( 1 H) 6 (t J = 6.9 HzPCWEPH0)4/000008
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m , 2.
237244(m 1 H), 962 (9m 1 H, 1.49-1.88 (m
1.05 (s, 22 H), 06

(m 1 H, 0.39- 10
044 2-0.07

2 H,.O. , _
6R éreg;zqt@@?—awpg@sz YAk %@ﬁ%e‘:n%- gl v 08 epasel in
yet Byl aceRikPAId dHitiindd &8 oﬂOlH NMR, GoSMHz, RIDG3WLONpatial

(R 2ty b A2 b b A em, bl S 8 1 §)3.80-3.69 (m,

nmok H)53 M@timydm atig0.734). Mtﬂr@m)HMm)dﬂO am (8 PN, 0.08-0.00 (m, 2 H);
at npspher e s+1 tHe1 E%éE%FQ
£m/65§8 éx&%@ﬁ pssldfoly. 2 1. (2

-trllsopropyIS|Ianonxy et hyl ) - pi peri di n-2-one (793

ng, 1.85 mmol) was added in anhydrous toluene (5 ni)
dropwi se and stirred at Co for 20 m nutes. The

solution was quenched with HO (1.5 20 nL, 2 M

sol uti o8tephy: memhampiz)((&m@)sh@v&@irabvuahv&empémwﬂ) 6-0%0-
in vacuo to yiel. ou q%iéﬁgi&gpgggﬁgggégwgsifas

r edi ssol ved TaPOr X

renoved again in vacuo. The residue was | oaded ontona

9)
col umm of S|I|ca gel and 6R- (5-cycl ogropyl - 3S- hydr gxy
-pent-1 -enyL% Ol (2-triisopropylsilan o hVYT\/ﬂ\ -

. 0
pi peri[di nf2-one (541/Nyg) was—ettoted a gradi enjA of

2 - 6% 3:1 25 hexane. ) nd
used directly. {[0001131 6R- :
(5- Cyclopropyl S- hydr oxy-pent- | E-enyl) OH
-1-(2-triisopropylsilanyl oxy- ethyl)-piperidin-2-one
(BT G £ TP S RSSPAOYE Lol 610 Bt pcridin
Ny, 2408 fmmlsyep 31R28 mgol 2t mopplygess S‘!SWIVQSantéﬁIa}B’dSJfHW@t(lO mL)

Ir gggh% 9(283]?& & libe uﬂfiEPAJ]%QnWTM} softtih WS %‘&fﬁ%nﬁ&]ﬂr t2ted with

6R- (retiylemopr (@Fi}llmBSAdeWencthmESé}fwﬂ chlogide (Q995 mL, 1.23
2004/19 31&% P%Mléﬁ%rq gﬂs%gg%gr? I(ng%%parate vessi%g a solu 1S)n of anhydrous

hydrox
el utrmdhanoﬂ hl rtﬂl%md hdrvdtousrtetrdtyldwfume(ﬁan@ gt @bmpn@tmmphere

2; e?vtg? it tbg %%éﬁ%q W{)ﬁ)d% %%Di(i\? é&?ﬁh‘y&i?&%an solution,

4 02 BidS apdithelsliphtly Bad0s@utden (ag stirgedHpr 1BmButes. 20 (m

0. glg‘hﬁy%&gyrt)%ctoile gg% %xL%’l n%‘{ngﬁ f@%r%%ﬂ%m@al%o) Yw]c_lded in one

| os portiorH{d) stirred at ambient temperature for 10 minutes and the suspension of the
mesylate was added via cannula to the potassium thiolate solution. The mixture was
stirred for 18 hours at ambient temperature and then partitioned between aqueous
ammonium chloride and ethyl acetate (4 x 25 mL). The combined organic extracts
were stored over anhydrous sodium sulfate, and the volatiles were removed with a
rotary evaporator. The resulting 4-{2-[(R)-2-((S)~(E)-5-cyclopropyl-3-hydroxy-
pent-1-enyl)-6-oxo-piperidin-1-yl]-ethylsulfanyl}-butyric acid methyl ester (98 mg,
0.25 mmol) was obtained following elution from silica gel chromatography with 4:1
ethyl acetate:hexane as an oil: "H NMR (300 MHz, CDVC13) 5.58-5.64 (m, 2 H), 4.16-
422 (m, 1 H), 4.02-4.07 (m, 1 H), 3.87-3.98 (m, 1 H), 3.68 (s, 3 H), 2.95-3.04 (m, 1
H), 2.63-2.76 (m, 2 H), 2.58 (t, J = 7.2 Hz, 2 H), 2.4 (t, ] = 7.2 Hz, 2 H), 2.34-2.41
(m, 2 H), 1.58-1.99 (m, 9 H), 1.22-1.30 (m,ZH),O61 0.72 (m, 1 H), 0.40-0.47 (m, 2
H), 0.02-0.07 (m, 2 H).
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6R- (5- Cycl opr opyl - 3S- hydr oxy- pent -| E-enyl ) - 1- (2- hydr ox

yet hyl)-piperidin- 2-one fromstep 3 (328 ng, 1.23

nmmol ) was dissolved in tetrahydrofuran (10 nL) and

cool ed Sep-RA-{C-[(RE2+((Pr @D~ Ci&iogogp]flrm dmxvmnt-l enyl)-6-0xo-

sequentially tre d. i t.h 1 i,
1.48 nmol ) and tlendMnl Q

1.23 nnDI) whi ch resulted in a suspension. In a

separ at eQvessel _ a sol t| on of anhydr
(1 nm) 8 etoahydr of ur an
argon dtno phere reated with

t - but oxi 1 M t et rahydrofu ;
Al drich) and th8H3| ightly warm sol uti on was ahl rred

for 10 m nutes. - Thi obutyrolactone (0.26 nL;"3.1

nmmol, Aldrich Chemical Co.) was added in one portion
a{}?doﬂs] A Giktiednof {10l B1f so%&m@t RRBQL((é}l Eg?m@y@}%p@wl -3-

e_suspension of the 2 ﬁ
canhifzoxy wenhd-cpo és@i%mpﬁlﬁﬁilé‘r eé@rlﬂﬁa@ﬂ}‘bﬁﬁ}@lc acid methyl ester

m Xtﬁ%‘i&t}éﬁ@; 9%&% 699 rhRbl) I ARked v@{ih QAR A droxide (0.3 mL, 5M
t enper at e and art iti oned between aqueous

anrefAnenys baidottired aanmgwphsﬂnnmé@%ﬁ fer p hoyrsp hﬁwlatﬁph@rere removed
co m&hﬂ@lda gﬂfﬁﬁl@%‘}ée&laa‘ﬁﬁsth ﬂ‘@&ﬁreﬂr \Aéﬁgut‘i’dh%ﬂ bR rw%%b? and ethyl

sodi um SU ate the vo atl re renoved
r ot gther. e@mpmlayerh@s renslereadi qs,ghc with hydrochloric ac1d (12 M aqueous)

4 { Zm{i Qﬁ%ac@ec‘&ra & E) gléfagey(@l)&loﬁy Apy! Tl%e J&Ytq{ﬁé&’ o §n19 etacts was

0X0- pi pe - et yric

aC| dtomd oNer arlsdepus(s9givmy sul nﬁ(ﬁgp £~ (\(@)S&bq &Yﬂeﬂrowl 3-
f ol 'h%&doggp%hy& 1A fé&m gfgleh&a 9‘; Alémﬁwram%%?g% pidt (B4 mg, 0.25

acet a hexa as an
CDCI@)loB W35S oBtaﬁxf:d(fﬂﬂov@ngﬁltraalon@ndztemgva(l of the V|q)at11es as an oil: !

MR%O(‘IWH}C%M?’E 03;?591%)1 15815 E%m%zﬁg 8 -4%2'(% lH)

7 24102;4.07 t#p, 1 B1),4487-8.98 (mz=1 ) 22. 9&3 08 (1 1 1D, 243222 71( ng@ H), 2.59

(L 050 By oBih n e18, 018570 30 o a1, 0.9
HP.71\@, 20@)40@6@1‘58(@@[17‘1)5!02@6@,{1)@0002)3) Mﬂon@tl\élp 870.
4 T2 1(R)-2-((S)-(E) - 5-Cycl opropyl -

|d|';98f)(¥ ](ﬁ t g)fsqng tlg%gr!&)c?;ure o? Exa%lqﬁg 5,i ,(%ke fo]]o‘\/(v}nlg co%p%nﬁ E formula1

were prepared with the following adaptations.

[000117] 4-(2-{2R-[3R-(4'Chloro-2'methylbiphenyl-3-yl)-3-hydroxy-propyl]-6-oxo-
piperidin-1-yl}-ethylsulfanyl) butyric acid was prepared by use of [2-(4'chloro-2'-
methyl-biphen-3-y1)-2-oxo-ethyl] phosphonic acid dimethyl ester in step 2; in step 3,
the enone was exposed to 1 atm of hydrogen gas with a catalytic amount of 10% Pd-C
for 1.5 hours followed by treatment with (S)-2-methyl-CBS with borane-dimethyl
sulfide at 0 C: MS: m/z M, 504 and 506.

[000118] 7-{2R-[3S-Hydroxy-4-(4-hydroxy-3-methyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl} heptanoic acid was prepared by the use of 3-[(4-hydroxy-3-methyl-



OOON~rS QO cb0H OH OHd 5 [000115] A nethanol (10
m.) solution of4-{2-[(R)-2-((S)-(E)-5-Cycl opropyl -3

whyanos3ispent - | - enyl ) - 6- oxo- pi peri di n-1-yl ] - et PgT/ERL0DAON0008
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yl }-butyric acid nethyl ester fromstep (4, 98 ny,
0.25 Mol ) was treated with sodtium hydr oxi de (0.3 ni,

5 M ,aquequs) and_stirred at . i ent. tenperatyre . for .
P ouPbe T g P Eh e St A 25 Gp Rk rexclusion of
ni t crganMsngh/t ME' nioxt ure was partitioned between water

and ethyl 10 ether. The aqueous | ayer was rendered
acidic wwth hydrochloric acid (12 M aqueous) and

elPOP LA {21 35-Hiy Ay el G- methogmethy phenyy) - btel B om - fresto-
SR 05 T B OO
hy dpbsayrlp@exotprepyl] phaspbsmic pridatimgihyl estey i step Byhd dhefexrlusion of

yl}+ ioC el ng, 0.25 mmol) was obt ai ned
f ol f%gn%gsf? trat’ig‘gﬁ' and renoval of the volatiles as

an oil: 1H 15 NMR (300 WMHz, CDC13) 6.7 (br.s, 1 H),
5[0661 28] 68 {AR¥[3 2HiroxsH-41 8- Hydéxyt-BlisoprépPyl-phén Zbdt-0F-eh i) -6-oxo-
%_ g%ipf?iﬁlglzz-%}%gpg%:oic%c%\?vas(zﬁrggégd g;é)‘é’ferp%’e %ﬁb?)’-hydroxy—?:—isopropyl—
2. 36heny#P2{oRv-phopil] pHosphodic di(dliﬁhethgl diler irl st 2 dndthe(dRtlusion of
2 , 0.59- 0.7 1 , 0.40-0.4 m 2 ,
0. glgt-e %o’éf%(ﬁ%%ﬁh%g}ws H)mr z Mrl, 370. ([0001£] Usi ng
the procedure of Exanple 2,, the follow ng conpounds
BT lo, 20508652 PRSI o3-S .o
[ 3Rpi{ptridh-biybethylvalfimyl Hiprinndid Bayprep@et hi these pf py| |
\'Ng; %@g@?@%ﬂgng_géé%:{é?gﬁ Eéb%ﬁ{oggg}é@) 4191%{}}9{ beterdfs Is.t(zi.p 2 and use of
gpt thd wmmmmyihhz(ﬂlmrﬁdwid]sogﬁhﬂsb(bnoh}’d:ri@hdtep 3 instead of

i i s N 1 e enone was
ex g@%{%? Cgsgl%&g‘{em&g ﬁ@léi?%%ﬂeshh%agp%\n R 42151'0 atal ytic
amount of 10% Pd-C 25 for 1.5 hours followed by

t[0eed 22 nt- (24 AR [ {FE} -y d¥Bih 3 (iR rinkthyDairane-¢)- éﬁﬂ%-oxo-
sul fjde at_ 0. C : rriﬁ M1, 504 and 506, [0Q00 1@]
7- { PRepid- WHr%w’gY&B%fapz Pya’.rwyldgﬁ-fmmedpbvefgy mye ofifr LPE

- enyiffuRo@¥@rylfRiaRel-V i Nods-¥ihl %BI; b CocaTiich e in step 2
prepar ed by tyhe uselygf 3- (ﬂé}é’f]?/dr olf(l{;@g_ éettﬂlweﬂ%e_s er in step 2; in
2003€p 4 ShaenoperRepred obdeof hygiogen gas witha catalytic amount of

phenydo)pd2e g¥Or. P how bl AN PR B edGhith @)@ﬁi@ﬁl[yl-@%ts%th borane-
in step 2 and the exclusion, of step 4. M z M1,

404%1mesh selgre 2t ¢ GPIS s MY H38xy - 4-
( 3- net hoxynet hyl - phenyl ) - but - | E- enyl ] - 6- oxo-

gp&glfiﬁf %?%{2#6 2%;%5]5'&%?8'-&( ﬁﬁhéjnyY‘é%oB{o%% [perg)p)*ay-é-g]x%-}%%gridin- 1-
yl}ethylsulfanyl) butyric acid was prepared by the use of 2-{(phenylcyclopropyl)-2-
oxo-ethyl] phosphonic acid dimethyl ester in step 2; in step 3 the enone was exposed
to 1 atm of hydrogen gas with a catalytic amount of 10% Pd-C for 1.5 hours followed
by treatment with (S)-2-methyl-CBS with borane-dimethyl sulfide at 0° C: MS: m/z
M*, 420 '

[000124] 4-(2-{2R-[3S-Hydroxy-4-(3-methoxymethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}ethylsulfanyl) butyric acid was prepared by the use of 3-[(3-
methoxymethyl-phenyl)-2-oxo-propyl] phosphonic acid dimethyl ester in step 2: MS:
m/z M, 436.



5 phenyl) - 2- oxo-propyl] phosphonic acid di nethyl ester
in step 2 and the exclusion of step 4. M5 mz M1,

W@ 1®4/0p0689120] PCT/EP2004/000008
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7-{2R-[ 3S- Hydr oxy- 4- (4- hydr oxy- 3-i sopropyl - phenyl ) - but
-1 E-enyl ] - 6- oxo- pi peridin-1-yl'¥ heptanoic acid was

BRSPS SR o R R o apy -ono-

in @Ilﬁﬁdﬁl—ﬁgﬂo e?@ar@&@idtﬁv@@'pr@[ﬁarecﬂﬂy aded¥ 24(4' Mrdrof2'-methyl-

( 2- P ep3 War(aswetéyla phpmwbapicerd Bmetil esferdp sispi2Einetgp 3 the
] - RN Wi e&ﬁédeﬁ't@‘l latot loF B v éndak ¥l o) cabdlftid dréodftiofl 10% Pd-C for
was prepar

( phémhietyt Oélawscbiw sreamzf%@w&ﬁ@) 2B R ith berane-dimethyl sulfide

di met (7 C; a8t @k ckduSSEBf AN d8ISRZM ™, 4d3e combi nation
cerlun(lll) chl ori de and sodlun1borohydr|de in step 3

i nstead of 15 the stereosel ective "CBS" conditions:
NB001R6} MR- [ % By drg:xem (£ Aydrexy 2 heiRylbiphenyl-3-yl)-prop-1E-enyl]-6-

3 R- I .
M LR A A SPIR  PLOEony-
Wa_s nmtlﬁyfbdmdtbnb@/-yl)%oxm-ethﬁ phofpbenic acid d1methyl ester in step 2; in step 3
tag: g}llegﬁ%@lﬁlthc)ﬁe%f?cg{lg X rgl%ls)tclhior ’ 8 sc%lmﬁ Q§8F£%P$ at bCC and the
was exchysisedf sep 4 M: nm/aﬁ\/lﬂydf:ﬁsogen gas with a cat aI yt iC
amount of 20 10% Pd-C for 1.5 hours foll owed by

PRI e @zpcéw St et PO T Bp-oo-propyl-6-oxo-
4- ( BidedBid-3 E6Ye a2id s F;?byb&w {H?:IQIs@ BY [ 2- tAH98Mhd 26 methyl-

0XO0- pi peri et hyl sul T any| yric acid was
prebﬁﬁ@af% '@H@“h@%ﬂiPhgwpeﬁﬁ@ﬁﬁﬁhy@ﬁa%?%gypfmpzﬂnswp3the

OX 0=REABAds RPORARG Diafn %@hﬁdr@g@ata %theaséa@ilyticnarﬁ&ﬁﬁ 0210% Pd-C for
in step 3 the enone was expose

hy d R &GS gla%thﬁﬂemuﬁowfﬁm/fql\ésa%’%t 666 10% Pd C for
1.5 hours followed by treatnment with (S)-2-nethyl-CBS

V@B@éj{f ﬁf %—@E}Xlob é‘}lfi gé %?rdroxy %ent~1 eny15'16z oxowfnfbérléin 1-
[ BSyHbfuﬂy]@ulfarAr}}(b&{ymt dvirkyasgirhydrep e thelyse biif4-dyielabuyyil 2-oxo-butyl)
or o BLpeekBaf S el e g VMg © At € vas

nmet hoxynet hyl - phenyl ) - 2- oxo- propyl] phosphoni ¢ aci d

{ - 1] -
Bt et SR e 4@’ 0%012 TOM%IRP yHl-6-ox0
[ 3RP{Reridiny drybixgthylsulfpayh Pt e ]eh%YnSa? a8 PERPAFeshBY-yse 8pl2-(3-
Y1 fuBrdph@noRL 15}%' ﬂzﬁ =3 01)((1 }ath? %@%&1@%@di‘f@eﬁhﬂ ester in step 2; in

prepare by use %

bi phien3gthgiepone w&%exepwh t]> laﬁa% piogemngasdvith #reatlylic amount of
est gfoy FH—@tfgpl 5 holifs iﬁﬂ@@eda)y {d38m e SNGRE ()RR nBXRATES Wiéh borane-
1 atm of hydrogen gas wth a catalytlc amount ‘of 10%

Pd- dirhethyl sulfideat 0° C; and the use of methyl 4-mercapto-3-methyl butyrate in step

4 instead of -thiolactone: MS: m/z M™, 504.

[000130] 4-{2-[2R-(3-Hydroxy-4,4-dimethyl-oct-1E-enyl)-6-oxo-piperidin-1-yl]-
ethylsulfanyl} butyric acid was prepared by the use of (3,3-dimethyl-2-oxo-heptyl)
phosphonic acid dimethyl ester in step 2; and the combination of cerium (III)
chloride with sodium borohydride in step 3: MS: m/z M*, 400.

[000131] 7-{2R-[3-Hydroxy-3-(2,5-dimethylphenyl-3-yl)-prop-1E-enyl]-6-oxo-
piperidin-1-yl} heptanoic acid was prepared by the use of [2-(2,5-dimethyl-phen-3-



5 1.5 hours followed by treatnent with
(S)-2-nmethyl -CBS with borane-dinethyl sulfide at 0 C

wa@p@4bBEsexcl usi on of step 4. MS: mz M1, 468PCT/EP2004/000008
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[000126]
7-{2R-[ 3- Hydr oxy-3- (4" - hydroxy‘lf et hyl bi phenyl - 3- yI)

\%g ?’B lr?s é)g? )éfgl]y]dfphpfpéloagnef 6* d1fr§ni(y1 eg{ci%xa Isge%;’zan ° Itgp .’9 ﬁle combination

mst B%erﬁin@ tier) <Broyid} add sodim@tbtybilydpide sporo Tl gndiledxclusion of step 4:
ng@? Qer |n step 2; in step 3 10 the conbi nation
PI 8¢hl ori de and sodi um borohydride at 0 C
and the exclusion of step 4: Ms. nlz M+l, 466.

[@@%1]7;5‘&&29{12{@ )thnow—buﬁ lF3 enYlg -6-0%0 X%lpendm—]I Tl heptanoic

- 6- a(xld Wa|s ppegaradi by- tlle ydcjo Iﬁéphammqyez am-@rwaé ;ﬁmp}aym@acb@: dimethyl

t he %{eipgzzgf 346%) g‘ﬁ%hc%ﬁf) 1%1%( g%ﬂl%m éIII) dchldprlde :wd sodium
est bquhydsdeth @;Cji andsthepccmsmma)fls&panﬁemm ei?ﬁ;s ed to
1 atm of hydrogen gas with a catalytlc anount of 10%

,{ﬂQO]@fﬁi% {125%?3 F{yé and(3t C oro eny 3—y?) pfotpePE enylivg: -0XO0-

4- { BifledBid- 57%&Bdicﬂcr&&sfﬁfé$di’é’d/b;pﬂﬁtusé Ef[@ncsi ~thi6r@¥iphen-3-y1)-
pi peri di n- t hyl sul fan butyric_aci

prep aCrX@dEth,l Pwpgg@c gfl L ste Zd;@éteB@ttglp yombma’uon of
DhO%&MH{IH @Elbﬁd@l aﬁ@wamhm%&a{ydhae 8t ®PC2and\Be ekdMidon of step 4:

4- (M%Z’MZP@R- @allfll‘la%rrophenoxy phenyl - 3-yl') - 3- hydr oxy-
propyl ] - 6- oxo- piperidin-1-yl}-ethylsul fanyl)

TPl 00 LS B0

aci Heptaneit hyitl ves peapaied tyttbpu; ofi[?-(3'sthbprodhiphére 3 ghedrexo-ethyl]

oo BEPRBPRL a0 dathT) Sler Y WIS 8% Mo GR! Bb¥LliSo 1 atm of
t r ehydmgen pastwith Satdytiredrhybnt OBSOUi Rdac:tfor 21heur3 5ollowed by the use

di mgt h sul b +
2. it Rpree GRS it arE of 1S abd Syl RbRe e Ms: i M
-thﬂwlaai@mg MS: rn/z M+l, 504. [000130]
4-{2-[2R—(3-Fydroxy-4,4-dinethyl-oct-lE—enyI)-6-oxo-p
peridin-1-yl]- ethylsulfanyl} butyric acid was

prepared by the use of (3, 3-dimethyl-2-oxo-heptyl)
phosphonic acid dinethyl ester in step 2; and the

conbi nation of cerium (I11) 0 5 de with sodium
borohydride in step 3: Ms: 00. [000131]

7-{2R- [ 3- Hydr oxy- 3- (2 5- dlnethylphenyl 3- yI -prop-1E-e

nyl ] - BG=\@Xa= il AP 3 ri O Oy ) 'r-i-i 6 OXO'DlDerldln"

prepared by the use of ﬂ%{@gggtghﬂﬁggﬂg phen-3 WO
2004/ 063158 PCT/ EP2004 - 2- oxo- et hyl ]
phosphoric acid dinethyl ester in step 2; in step 3

the conmbination of cerium (l11) chloride and sodi um
borohydride at 0 C, and the exclusiomof step 4: M

mz M1, 388.
O OH
N

OH




[ 000132]
7-[ - 2R- ( 3- Hydr oxy- 4- phenoxy- but - | E- enyl ) - 6- oxo- pi peri d

WO n002/0y31F8 hept anoic 5 acid was prepared by theCT/ER2004/000008
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(3- phenoxy- 2- oxo- propyl ) phosphonic acid di methyl.

ester in step 2; in step 3 the‘@%ﬁbination of cerium

(rrr) chlo Q C and the

excl usids Lt H-Wihydeoxy Qi 8 hvenzaic acid methyl ester.,
7-{2R-[ 3- Fydroxy 3- (3 chl oro- blphenyl 3-yl)-prop-I E-en
yl]-6-o0xo- piperidin-1-yl} heptanoic acid was
by the use @f [2-(3'-chloro-bipheny3-yl)
2- oxo- et hyl JJl phosphoni ¢ aci d di netlhyl est n step 2;
in step 3 eOtonbi nati on of cert uml ori de and
sodi um borehydride at 0 C,~ and tke &xcl usi on of step
4: Ms: mz |Mtl, 470 and 472. [OO 134]

7-{2R-[ 3R-( hl or o- bi phenyl - é¥ < 3-dwydr oxy- propyl ] -6
-oxo-piperidin-1-yl} heptanoi ¢Qcid was prepared by
the use of [2-(3'-chloro-biphen-3-yl)-2-oxo-ethyl] 15
phosphoni ¢ acid dinethyl ester in step 2; in step 3

t he enone was exposed to 1 atmof hydrogen gas with a

cata ic anDunt of 10% Pd-C for 2 hours _foll owed
L%ﬂ N -¢imethylfppmpgdedsy) wly polpBem AR -Rexepors aca%@ 45g,73.8

t h € %61, Hﬁirﬁﬂﬁ% Qs %Eﬁ@d %th@boﬂ&lzdﬁ@udazolél(@ 204 bl S) wabheated to
EXAMPLE 3 dr oxy- 4-

(3- 607 (A fged J—iﬁ'étsh{ﬂhf ﬁﬂéﬁyn )was)eqoled tigatedyith diisopropylethyl amine

- 6
050 BUBSH B ) S kAR5 1 1.

St eprqzarwla[cszor@@,wnﬂ Aykieragip, efak Svogirearibatent Applj¢ation 0544205 to

benzei,6 Rk @o etmdeaﬁﬁ% sumed at 58 BrS LS Mburls Bkt mixture was
HO [ 000135 i met hyl f ormam de (110 ni) sol ution

of Batiiean bet“@em wateg (4% ml.) sl %hylecﬁﬁﬁslﬁ xArsa piloh Thaggmbined
tr e@l‘%@ué’@xyﬁc& Wap%MJed%ﬂm fépﬂ@h %at(lilagtecgNaIzI@ma bri¥Sand stored

over anhydrous MgSO4. The extract was filtered and the volatiles were removed in

vacuo. A solid (11.4 g) was obtained and was used directly dissolved in acetone (440
mL) and water (10 mL). This solution was treated with N-methyl morpholine N-
oxide (5.35 g, 45.7 mmol), osmium tetraoxide (approx. 20 mg), and heated to reflux
for 3 hours. The alkene had been consumed by TLC and the mixture was ¢ooled and
treated with aqueous solution on sodium bisulfite and rendered acidic with 1 M
aqueous HCl. 4-[2-(5,6-Dihydroxy-hexanoylamino)-ethyl] benzoic acid methyl ester
(12.85 g) was obtained as solid following extraction with chloroform (3 x 200 mL),
storage over anhydrous sodium sulfate, removal of the volatiles, and recrystallization

from ethyl acetate and a minor volume of methanol.



50 C for 3 hours. The solution was cool ed, treated
with diisopropylethyl amne (18.4 nL, 105 mmol) and

wOoreiohpb3148 ( 2- am noet hyl ) benzoate (12.6 g, 70. 3r@TBP2004/000008
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prepared according to T. Takem)i o, et al. European
Pat ent Application 0544205 to ,éj"l nonoto Co.), and

rr]nei: |ur 'S, AL r1 6 ddi t.] oaal_ pgurgﬁﬂ hiljzobcamdmethvl

et hyl acet ate (3 x 150 nL). Téseerconbi ned organic
extracts was washed with 1 M HC1, saturated NaHCG3,
and brine and stored over anhydrous MgSO4. The
extract was filtered and the volatiles were renoved in
vacuo. A solid (11.4 g) was obtained and was used
directly dissolved in acetone (440 nL) and water (10
m.). This solution was treated with N-nethyl

mor pholine N 15 oxidé& (5.35 g, 45.7 mmol ), osmium O

tetraoxi de (apprgx 5\7% and heated to reflu fd
3 hours. [The al @ hag een consumed by TLC a e OMe
m xture g coal et"and treated with QUS\SON i on

on sodium bisulfite and rendered-acidilc
aqueous 1. 4- [2-(5, 6-D hydroxy-hexa
- et hyl %d engzpi ¢ acid nethyl ester (12.85
obt ai HOd as solid followi ng extraction with chloroform
(3 x 200 nL), 20 storage over anhydrous sodi um

sul fate, renoval of the volatiles, and
recrystallization fromethyl acetate and a m nor

vol une of net hanol. WO 2004/063158 PCT/ EP2004/ 000008
[ﬁgOlgGépA 0° C dichloromethane (170 mL) and DMF (35 mL) solution of 4-[2-(5,6-

dﬁgfdﬁ&gwd&a&awﬁ%y 'efhgr %ﬁz&e Aad %e@hd}l eiths (764 %)Wlfa!s treated with

ben ol'c
HO 2-lgiding (paousend ﬁb@tytdlmﬁﬁmsdvldnﬂuﬁm@etbwwlfﬁpﬁte (55 mL)

and %ﬁe&%ﬁrﬂ&)ovérﬂ ﬁlﬁt ' ?gﬂs ﬁﬁxtﬁre[ rt@aoned betw: (j:en a?ueous sodium

di h oxy- hexanoy enzoi c_acl
est bicagbpnategndethyl acesate Eox WQm 2Tl degirpdiprimagyosily] @fhgr (5.8 )

o0 ke ML EN 8 L 1 LRG0 A 01345y evporto

was bpaititd gdl chrothaegraphyreletinresiss 2§&mxmﬂs eflivt agetrdpratlee ether (5.85

o A By PR OB

and ceslepter@tG wrdepfin tAhgorvajtrmsPHl@s The wlmtmrawgs treated w1th
oV apRih Aluifonhlc yh;faﬁae Y RIRUPHARNEIHH 0 At

exanes: e ace ate
Whereupon it poured into aqueous sodlum bicarbonate. The desired secondary

sulfonate (6.6 g) was obtained following extraction with dichloromethane (3 x 30
mL), drying over anhydrous sodium sulfate and removal of the volatiles in vacuo and
used directly in the next operation. The crude secondary sulfonate (6.6 g, 13.2 mmol)
was dissolved in anhydrous toluene (106 mL) at ambient temperature under Argon
and treated with potassium t-butoxide (1 M, THEF solution from Aldrich). After 2
hours, the brown mixture was partitioned between aqueous ammonium chloride and
ethyl acetate (4 x 50 mL) and the combined organic extracts was stored over
anhydrous sodium sulfate. The desired lactam (1.79 g, 4.6 mmol) was isolated by
silica gel chromatography (eluent: 4:1 hexanes: ethyl acetate) and directly dissolved in
tetrahydrofuran (23 mL). The solution was treated with tetrabutylammonium
fluoride hydrate (1.74 g, 5.5 mmol) and stirred at rt for 1 hour. 4-[2-(2-
Hydroxymethyl-6-oxo-piperdin-1-yl)-ethyl] benzoic acid methyl ester (1.055 g) was



g) was dissolved in dichloronethane (50 nL) and
triethyl amne (3.85 nL) and 15 cooled to O C under an

woe@aneassrosphere. The sol ution was treated w POI/EP2004/000008
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met hanesul fonyl chloride (1.5 19.3 nmol ) and
stirred for 30 m nutes, whereu n it poured into

aqueous un1b| arbon The .desi.red seconda
ol B oG o Bt SHeR b oF Pt A BT L G acetate:
Wi t heginehl oronet hane (3 x 30 nl), drying over

anhydrous sodi um sul fate and renoval of the volatiles
in vacuo and 20 used directly in the next operation.

TIRE0EF T o (342 Ohdibydyorga-f Dtrfluorosethyl phargl Rbwtrbi-pnylivgsoxo-

A A I T

t-b @Koaglmdr(nilﬂsd) ethyit] ISEIDIIZGIFIaQIId rhethph edted agaonding Af Examyile 2 by

h

aquen A BB G RRhD R S50, AERIRH sqig dimetiy
) eand(nrmr@bamomm torfgaparctlmz)rmotes Aasd stdimmdopatedride in
25 d ' Lat h d | act 1.79

o, PR SR NS e s e T
chromat ogr aphy (eluent: 4:1 hexanes: ethyl acetate)

dopbs] e&édoydifli ESRtavigdle 3,1- (Z-?Z—[ﬁbyéiﬂ@xfouz aﬁe&l%bﬂﬁshén 3-y1)-3-
glutlon_gfs treated MAtE %ﬁg‘%PUt ni um h th
by H8T R APAL 6 Proeriling 1-sibo beargic et MRereRprerpvith the
for fdlRang chahgbs2 Th dtep 2 the CEB -(4'chloro-2"' methyl biphen-3-yl)-2-oxo-propyl]
Hydr oxy hyl - 6- 0xQ- benzoi c_aci d

met R9eS é:raC{dﬂ_dlggghy §es %glre\%ﬁlﬂe_gl@ggé B}\g]:cgg)reparatlon 2) was used, in
PCT /st%B%QﬁééiQ@cQQ%s redfi&daidat msanlh Jhlogzm Eé} ak hﬂnb{eat te@berature

throuy ad of S|I|ca washed
aced cat BicAveount 9f O{gﬂd -Cin ethyl acetate followec%/ by treatment with

4-( 2odlan{1?urbuﬁfrméyarﬂm§p4 vhd EeRIIRABNIBY 17 ANTEN D) alkbidod E

-enyl ]-6-o0xo-" piperidin-1-yl}-ethyl) benzoi ¢ aci d was
prepared from 4-[2-(2-hydroxynet hyl -6- 5

oxo-pi perdin-1-yl)-ethyl] benzoic acid nmethyl ester
according to Exanple 2 by enpl oying

4-1(3-trifluoronethyl -phenyl)_-2- -butyl] phosphonic
acid dinethyl ester (prepar%@éggég@éing to
Preparation 2) in step 2, and sodi um borohydride in
step 3, and excludi ng step 4Folnilatidzs WL, 462.

[ 000138] According to Exanple 3,

4[08@1:{92 Pl fdcuibilcalpoepdrations fyd ddibfﬁb@lﬁ t}&-smlr)]j)elct&ogiﬁbunds by various

hydr o 0 r n-| - et} enzqi c,

ot Boukas bt st BB e P el idha e Mgt dpdor

2, t'}&léhve compound" as used in the Tables means one or more of the Compounds of
é Hﬂgro 2' - met hyl - bi phen-3-yl)-2-oxo- propyl ]

pho acid dinethyl ester (prepared according to

Preparation 2) was used, in step 3 the double was

reduced under 1 atm hydrogen gas at ambi ent

tenperature wth a catalytic amunt of 10% Pd-C in

ethyl acetate followed by treatment with 15 sodi um

bor ohydri de, and step 4 was excluded: Ms: mfz M1, 507

and 509.



EXAMPLE 4 Fornul ations [000139] Pharnaceutica
preparations for delivery of the subject conpounds by

WQ 2004063858 20 routes are formnul ated as shown i NnPECHEP2004/000008

5

10

followi ng Tables. "Active ingredient” or "Active
conmpound” as used in the Tabl es*fieans one or nore of

t he Conpounds of Forynula |. %D 004/,063158 .
PCT/ EP2004/ 000008 - P 1 tion

Admnistration| ngr edient 9% wt /[ Wi Active
hagrediergnt  20. 0% Lact ose 79. 5% Nhgne°9@WW§N@arate

f

506 1 0001401—The Lngﬂr edi-ent-s—ate—ni-xed—and—di-spensed

aur o L] I\LoL

rﬁ@@“@ﬁg@éﬁég contalnlng about 100 ng éﬁ@%’ one

Tlt T

U el
apSHre—wWouTa appl UAl—rlcrLC (2 TUL Cl'l UUIT _) g%&a\dc J

@€ tion for Oral Administration |11 cf?ent %

: e ngredirent—26 0% VlgTg mstearate
D&"é‘%“&%%&ﬁ%l lose sodi um 2. 0% LaclQed76. 506 PVP

potyvinyrpyrrotidine) 1.0% [000IZI] The ingredients
are conbi ned and granul ated using a solvent such as

met hanol . The formul ation is_ then drled and fornmed

i 09140161 he wepedisntsats ke ispeperdiptogpe esapnfajaing about 100
ConppUBLth; dd dpaile %B’Gfd%{)k&&ﬁaﬂeaa%ﬁl davBedy gg%

Conmposition fof Oral Adiinistration Ingredi ent Ampunt
Active conpound 1.0 g Fumaric acid 0.5 g Sodi um

chloride 2.0 g Methyl paraben 0.15 g WO 2004/ 063158

PCT/ EP2004/ 000008

Composition for Oral Administration

Ingredient % wt./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP (polyvinylpyrrolidine) 1.0%

[000141] The ingredients are combined and granulated using a solvent such as
methanol. The formulation is then dried and formed into tablets (containing about

20 mg of active compound) with an appropriate tablet machine.

Composition for Oral Administration

Ingredient . Amount
Active compound 10g
Fumaric acid ' 05¢g
Sodium c‘;hloride - 20g
Methyl paraben 0.15¢g




-48 | ngredi ent Anount Propyl paraben 0.05 g
G anul ated sugar 25.5 g Sorbitol (70% solution) 12.85
w@200¥peyssn K (Vanderbilt Co.) 1.0 g Fl avori ngpOT/8BH04rD00008
Colorings 0.5 ng Distilled vvat% g.s. to 100 m
d

[000142] The ingredients are m to forma
o nteral

puspens-on—{or—oral—admnt-strati-on—Pare!
FB’tgﬁ‘iﬂIth on Ingredient %wt./wt. Actiy mgglﬁedl ent

ont — n_L P \I\Ai- ar 'FJ-\L
ct—

m-Chl ori—da- el
o0tHtHR-Ch- o+ 6€ \.ID +o—fae—+-sot

R’jc’@é’ﬁi’%ﬁb%o m 5 [000143] The actlve I[h%édl ent is

a—portiomof —the—water—f-of 2§]]—ULLIU'II

ﬁfﬁ‘r’i“laftg‘ﬂfugdﬁant ity of sodiumchloride tthen added

So(%rg tgf('ng/ ﬁgé)@TJSKfo[ \?\ISI gﬁ?l \l/Jvil It (h)”t 'h§ lr-lg#g nd : ”eof

{7@6 W RV E@erl'ltrttcﬁf' on, filtered Thr

on ne rane filter and packaged under sterlle

cp{gﬁgrgﬂgons Suppository Fornul ation Tngpees gpt %
Wt . /wt .~ Active ingredient 1.0% Polyetfhylene glycol

10810rihgs 5% WO 2004/ 063158 PCT/ EP2004/ 000088ng - 49
0| yet vlene glycol 4000 24. 5% [000144]} The

Bgtiﬁeﬁwmﬁes are melted together and m xed. @o0a msit eam
ath_and poured into nolds containing 2.5 g total

wei ght. 5 Topical Fornulation |ngredi ents gr ans
Active conmpound 0. 2-2

[000142] The ingredients are mixed to form a suspension for oral administration.

Parenteral Formulation

Ingredient % wt./wt.

Active ingredient 025¢

Sodium Chloride gs to make isotonic
Water for injection 100 ml

[000143] The active ingredient is dissolved in a portion of the water for injection. A
sufficient quantity of sodium chloride is then added with stirring to make the
solution isotonic. The solution is made up to weight with the remainder of the water

for injection, filtered through a 0.2 micron membrane filter and packaged under

10 sterile conditions.
Suppository Formulation
Ingredient % wt./wt.
Active ingredient 1.0%

Polyethylene glycol 1000 74.5%




5

Span 60 2 Tween 60 2 M neral oi

Met hyl paraben 0.15 Propyl

[000145] Al of the ingredients
conbined and hea@ed t o about 66@ w th

5 Petrolatum 10
paraben 0.05 BHA

w@ bwapbased hydroxy anisole) 0.01 Water (.s. BRODEP2004/000008
except water,

are
stirring. A

dﬁé@ﬂhﬂﬁﬁﬁﬁﬁpggi@us 10 stirring to em

han
TTICTI

a$§$%§§he

: P <l: + <l . ) | ol t—
TTgreurcins, arnua—wat ©r UTIeTT duutcyu (. S.

Nasal

Spray Formul ati ons [000146] Several

about—100—-
aqueous

suspensi ons contai ning fromabout 0.025-0.5 percent

d000144] Bwringadidntsaee mebigrhtogetharsandamided 9pragjeam bath, and poured
optionally
or exanpl e,

for ' f [

| et B o iBe o SR,
m crocrystalline cellul ose,
car boxynet hyl cel | ul ose, dextrose,
Hydrochl oric acid may be added to
nasal
spray netered punp typic

mcroliters of formilation per actuati

éodiun115

contain

and the like.
adj ust pH. The
spray fornul ations may be delivered via a nasa

about 50-100
n._ A typical

dagiredienschedul e is 2-4 sprays every 4-
2004/ 063158 PCT/ EP2004/ 000008 -50 EXA

1grahpur s. WO
PLE 5

FAsiiveicomabumdti vity of EP4 (or EP_,)re

tion of <
—H-0R—0+

cegtor by a

ahl v/
—eH

Luciferase -Assay—5 a—Genera S
tyrandPect ed EP4- I uciferase clones [00

or-r-ocn

] -
D447] Prostanoid

£l | canath

eceptor—EP4—eBNA—corresponrtirg—teo—therfuH—tength
é%%ﬁqﬂfosequence was subcl oned into the %ppropriate
Htes—of—the—rmanmat-ran—expresstom—vector—pcDNA-
§A¥F¥ﬂﬁﬂeo (Invitrogen). In addition, he sequence
o Ty CAMP—Tesponsive erement (G ang—
I s e gene was cloned to a pXPl vgector. The co 10
T ntothe CHOCEITS wth EPA ntai ni ng
p@%ﬁ%%ﬁ%e E-l uci ferase containing pK 'ﬁgwere carried
bt Jafib@n DNA ratio of 5 to 1 by FugepgpéRoche
Molecul ar) in a F-12 nedia (G bco) suppl enented with
K190 libat latddagidtsglaagolegt al  Bovine Ser Lion( G bco) .

Three days after the transfection, thelculture was

rwpteace With fresh nedia containing Zpqeii0 The
culture was nuintained for one month unhtil

[000145] All of the ingredients, except water, are combined and heated to about 60°C
with stirring. A sufficient quantity of water at about 60°C is then added with vigorous
10 stirring to emulsify the ingredients, and water then added g.s. about 100 g.

Nasal Spray Formulations

[000146] Several aqueous suspensions containing from about 0.025-0.5 percent active
compound are prepared as nasal spray formulations. The formulations optionally
contain inactive ingredients such as, for example, microcrystalline cellulose, sodium

15 carboxymethylcellulose, dextrose, and the like. Hydrochloric acid may be added to
adjust pH. The nasal spray formulations may be delivered via a nasal spray metered
pump typically delivering about 50-100 microliters of formulation per actuation. A

typical dosing schedule is 2-4 sprays every 4-12 hours.



15 stable clones were generated. b. c- AMP dependent
| uci ferase gene assay [000148] The functional activity

w@pooan6HRB! agoni stic |igand upon its bindi ng tBCT/ER2004/000008

10

15

20

25

30

receptor was neasured by the prgoduction of
intra-cellular c-AMP. Here the T€vel of 20 c-AMP was
nmeasured indirectly by the translation of a reporter
gene, luciferase in the EP4-1uciferase clones. The
cells of EP4-|uciferase clone were subcultured in 200
ul of F12 (G bco, BRL) nedi #XAMPLE hi ng 10%

FBS( G bco, BRL), and 25 nM Hepes to 96- well plates

(Packard) apydd@naieRatityo ﬁ@p @1922 r&8biot H8 L cifdhdessay

an overni ght culture at : 0 , vair, e

culture nedia was renoved in the next norning. The 25

cells were washed twice with 100 ul of Hanks buffer,

and re-furnished with 90 ul of F12 nedia containing

0. 1% 8BSA. Al t drenerationd wiablyitoamsfettetl BR4 dudifeuase cfones one

and half to three hours at 370C, 5% C02, 95%air, 10
ul000147¢ APrpstunicid redepion B9 eBDNAtort8pdndihg taldwiftlbdength coding
concentration %ﬁr eeﬁlLa}dEOet?l to cul.tére ar}cel the i nclubati on.

at  SeAvenggas sppelened 1Bt s APRISBTIRE Sty dBe ABfraaliag exprigyion

of Fé?cdfar MABuIr(]#)/Zgﬂﬁhmtrogan)t 16 hddieisn 3Mesejtichbedoptaining CAMP
i ncl uded .t o, eac eterm ne the [

E T PR F Rt ERE S B G e fat fIFBiH B! vector. The co-
I eC efhsfectioio ZROGHI6EL5%itREPARRIAAMIAY BOORA andICRE-luciferase

s CRIASURE BN BGEPEALDLtg 2 DWAGR? af S LET Fifge (Roche

r eaglyolédula 5y FQmdditciGiBEDSepplemefdéd it FI% BBatGhactivated fetal

luciferase actiyit 0001501 assay. kit, LucLite, i
pur _bﬁza@@ emmlﬁaﬁ&i Q&H‘L%%gé fé&ﬁ?Haai fop e rttire was replace with
| uciffeslt @%@ia caftainthd ZeocH) THIUHI@Se Wid BhintAn&fdr 6he month until
|ncubgfelﬂ?fon, LucLite suybstrate and substrate buffer

(PaéR NFEVErcHPFHEE t 0 equilibrate to room
tenperature. The substrate was dissolved in the
substrate buffer and m xed by inversion. Equal vol unes
of Dul becco's Phosphate Buffered Saline (DPBS, G bco
BRL) containing 1nM MgC12 10 and 1 nm CaCl2 were then

m xecpW th the recenstiptdébestichuhsiftategenehithy on for
use in the next step. 100 ul of the m xed sol ution

a0 ey erhet fanaamil weivity of arf PRt £6mieik ligadd @ itsThigding to the
pl at e was shaken %{a 300 rpmon plate %E@Eer foi) %{%n q‘
The THSERI0E WaHPERSUTeRelay ﬁ’ﬁ‘?ﬁg&_ UgR At e erletr @AM p e the level of
sealkeAMPRAGC khshred RIdiCotty e tiaRslatice by tdpbabd @fe, luciferase in the
counter. The I%éBO of a lisg)eqq;pound was then deter mdged by
a f SbH-lpeferreclopes I hegeNaatiid ipeifirasnclmergareribstiagsh i 200 ul of
anmw (G5O BRIY mhadiAcdntHRRAdoAERS (Gill s, BRLYEnd B8M Hepes to 96-
2 O\x{veell ?Jlsa%gsy(i?ackard) at the density of 40,000 cells/well. After an overnight culture at

37°C, 5% CO2, 95% air, the culture media was removed in the next niorning. The

cells were washed twice with 100 ul of Hanks buffer, and re-furnished with 90 ul of

F12 media containing 0.1% BSA. After pre-incubation of the culture for one and half
to three hours at 370C, 5% CO,, 95% air, 10 ul of compounds of interest at 10 X of
desired concentration were added to culture and the incubation at 37 °C was
continued for another three hours. 0.1 uM of PGE2 as a full agonist control was
routinely included to each assay to determine the maximal stimulation of luciferase

mediated through EP4 receptor.



EXAMPLE 6 Conpetitive Binding Assay of [3HLPGE, to
rEPl r, EP2 r, EPA and rEP4 Receptor 20 a. Cel

w@osersEaNd Transfections [000151] Stably trarct/Er10e4000008

10
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cells expressing EP3 were gromng in F-12 media (G BCO
suppl enented with 10% heat ina di-vat ed certified Fetal

Bovi ne. Seru 3CO) and pel.l et ed.,. Prost anoi

BV A tbmerfofipabaBia BB Y BER GG GriEpel and blotred to dry

fU'ThéﬁBﬁhﬂm&Ea&ﬂﬂA?ﬂ;&&@ﬁ@ﬂﬁ&ﬁwa& subcl oned into the
appropriate sites of the manmalian expression vector

pcDNA 3. 1(+)/Zeo (Invitrogen). Transfection-scale
gquantities of the vector were prepared using the
Q agen Endo-Free Plasm d Maxi Kit and transfected

into COS-7 cells usi FuGene ? ggoche | ecul ar)
accoﬁwﬂ%}4+f%4ﬁ%—ﬂazﬂ¥83?&9%ﬁi%%#%ﬁ%%%@ﬁ%ns (Roche)

COS-7 cells e_grown i 30 su Ienen
0050 Shmssth i b PR EALIoN EAPVEb HFS B0 PG B fuciferas
(4 5&@1 aeoi mn@@ﬂé&? AbEloend Gf Ble@batic) nuwfeesuba&atesﬁ@ﬂlbmate buffer

hour ction., Cells were WO 2004/.063
%pg 98 rorsslowed 1o oqplipreierte 4o t%lemrﬂvfragég? Stra’fe was
Was Hg%lehB/tFé{Bﬁb@@la@@@Her a[n%lprﬁixle@b ehvefsﬁtﬁﬂ Eqntgstaolﬁme@@m
in ry-ice no rane
o e PABSE s hasPae RS SRR RS Ghbcs DG oAy fmM MgC2

progeduned de, w&@’%@ﬁﬁu@a AR AL tQBnIRIRdREPStRkORMU RN for use in
4 C. Prostanoid receptor-transfecte -7.cells or

st ateynert st KO @t taonixed palutien watasifisg dnrabdvell of the 96-wel

as S Mt UfHeBIlste (4RE ShAKEE hiPH0 rBBI WDlatéShilEEr ForPDinyd. I Dk plate cover
geni zer (Brinkman) and centrlfugﬂg at 48,000 g

{ or Wapramarsd end remiced puypltte Sjelfs (2 do1 ¢pungagin a 2 scintillation

buf £ gin @NArL IR SOIFaREEHo AN %Bt}féﬁtd'eﬁé@mﬁ%dnﬂf aafo@irgﬁ%ﬂeter

sonifier. Protein concentration was det erm ne .
usi AervefierrBEBRRet odeitreraghn Cwnflwﬁ Rogmgp } thewed activity using
manyfaghyl £5a directions and stored at -80 C. c.

Prost anoi d Receptor Binding Assays [000153] Met hods

for conpetitive affinity binding assays of EP2, EP3

and EP4 were 15 derived fromthose described in M
Abranovitz et al, "The utilization of reconbi nant
prostanoid receptors to determne the affinities and

sel ectivities of prostagland@ﬁ@géﬁhﬁérelated anal ogs"

Bi ochi m ca et Bi ophysica Acta 1483 (2000) 285-293.

Bi ndi ngCagsaiive Bieligs RehY of FEIPGE, t8 rEPNaEP], AkRibatirBR, Receptor
volume of 0.2 nL in the follow ng assay buffers: 20

mM HEPES, 1 nmM EDTA, 12 4) (EP3) or
10 Wmﬁ@&‘%@#%(w to 6.0

with NaCH) (EP2 and EP4) and

[000151] Stably transfected cells expressing EP3 were grown in F-12 media (GIBCO)
supplemented with 10% heat inactivated certified Fetal Bovine Serum (GIBCO) and
pelleted. Prostanoid receptor EP2 or EP4 cDNA corresponding to the full-length
coding sequence was subcloned into the appropriate sites of the mammalian
expression vector pcDNA 3.1(+)/Zeo (Invitrogen). Transfection-scale quantities of
the vector were prepared using the Qiagen Endo-Free Plasmid Maxi Kit and
transfected into COS-7 cells using FuGene 6 (Roche Molecular) according to the
manufacturer's instructions (Roche). COS-7 cells were grown in DMEM (GIBCO)
supplemented with 10% heat inactivated certified Fetal Bovine Serum (GIBCO) and

Gentamicin (GIBCO), and were harvested 72 hours after transfection. Cells were



radi oligand {2.25 nM (EP3) or 2.5 nM (EP2) [3H] -PGE2
(200 G /mmol, NEN)}. Reactions were initiated by

wa@eaakeass of menbrane protein (approximately S5BCT/EP2004/000008

10

15

20

25
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ug/ reaction for EP3, 100 ug for.,EP2 and EP4).
D net hyI sul foxi de (Sigma) concsgnt rati on was kept

const at 1%.(v/v n.akl . ' - C 0 .
wer BB cauireaith wit R s GrpERT: 5PARsGt TRRGEGE froen n
nM diyeice/Fgembol drcusbd ditectly foamendesrermepeeatiom t he

presence of 10 ?M of non-radi oactive PGE2 (Cayman

Chem cal). Incubations were conducted for 60 m nutes

at 3¢.C (EP3) or 45 ni niMesabaie 23arationP2 and EP4) .

I ncubations were termnated by rapid filtration

through a 96-well Unifilter G-/ B (Packard) (prewetted

in 10 mM MES, 0.01% BSA, pH 6.0 for EP2) at 30 4 C

R0 0KSaT ot prbilBisdy? b €A PR RRBRe £ 4, 3 Bpostanoid
nl\/E Sﬂﬂ‘cg Oﬁgabﬁétaf COB07 cellls bERBISY pidndfedted GHERRs wibe harvbgenized

ol SRR G SR AP REd R R S Eer i Bhan) and

r ade@mgfuigyd §y18000Rd; foo 30 henitasli Eélldtsa*eré i‘elstﬁ@éﬁded in assay buffer and
det er m ne WO 2004/.063158 BPCT/ EP20Q04/ 008 - bY;
sci FEPPeatsdhy LA JSTRE & FraHar oy r %tfmsc%‘lfelbtf 1ot was

M caesfhinkd aﬁng Baakarad DGBH’I’@@BH@AS&Q?&H]@WQ’ e Gadiiifacturer's
M cr,opl at e Intlllﬁéd.ﬁ’ Counter. Statistics of
bi né%rgt’é“)\‘ibé?’é stgesdat using Prismv 3.0 software

(GraphPad). Conpounds of Fornmula I showed activity
usi ng the above assays. 5 EXAMPLE 7 Bone Mass Density
Assay [000154] The conpounds of this invention maybe
eval uated for their effect on bone nmass in

ovaricgct om zed rat s PrdsanoddBd&blorAndihg Agapgue- Dawl ey
or Wstar Hanover fenale rats are either sham operated

QOOMP[ ll\@gil@d@ foe dorbyietﬁh&ralfﬁﬁty%m&hg a@ays’r HEPLPEP3 pad P4 were
are _nou | alLrs Vlronrreta, ntr ol

Fooraira iave Freatrrahed bR g b SR g ecombinant
ar eprd@.&'nblcf @depMSHs k& d¥terifink dhs&lnidids sid @lecliGiedSHirodiegindins and

G A Pl S0 PPt LSBT e T P00 2 Rpd Fipding aseys

1 O%Azgie?&ﬁaﬂnb@ & Hfind @ndﬁ‘%ﬁ&h@ %lhﬁieﬁ')f berflE in the[fODSHBE hssay buffers:

rat 30 4 P G S AP RS Er ORGP GREEoF T S, 10

F’acmmlmﬁlza%ddoi R0I BDIRAHA0s Bovid NRDH) (mrﬂrEm and

t t

AnarAiligen ,{g,gsnﬁxggﬁgﬁi%g g i) (Y Prer3 B0 O BN},
Reactions were initiated by addition of membrane protein (approximately 50
ug/reaction for EP3, 100 ug for EP2 and EP4). Dimethylsulfoxide (Sigma)

concentration was kept constant at 1% (v/v) in all incubations, and compounds were

assayed at final concentrations of 100 uM-0.3 nM. Non-specific binding was
determined in the presence of 10 M of non-radioactive PGE2 (Cayman Chemical).
Incubations were conducted for 60 minutes at 30° C (EP3) or 45 minutes at 23 C
(EP2 and EP4). Incubations were terminated by rapid filtration through a 96-well
Unifilter GF/B (Packard) (prewetted in 10 mM MES, 0.01% BSA, pH 6.0 for EP2) at
4 C using a Filtermate 196 96-well semi-automated cell harvester (Packard). The
filters were washed with 3-4 mL of wash buffer (20 mM HEPES pH 7.4 for EP3, 10
mM MES, 0.01% BSA, pH 6.0 for EP2 and EP4), dried for at least 1 hour at room
temperature, and the residual radioactivity bound to the individual filters determined



i nterest, as designated bel ow. whole femur, proxinal
femur, fenur diaphysis, distal 20 fenur, distal fenur

woreaoafob3ass s, proximal tibia, proximal tibia nmepepRyE0£000008
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L2-L4 vertebrae, L5 vertebrae. ,[000158] For a
verification of the effect of ovariectony on bone

mas t.h ham an N i cle,.grou .
ComprenE R B trn i e8oipth 87 S MO RX SHBERL Fighagd) using
? onpackaed DypOonentwdieriet gansllafomGriraeac St{tANGA) binding were
ol ,owed. by Fisher's Dto 25-~C are each treatpent
gro &Btefer\?é RS I\Rﬂ’evn%_'?ﬁ%é"&%% ?(a;ﬁ% e?é)e §otpunds 3t Ftula 1
st athatddeatiliyy ushgthefabownissayfhe data coul d be ranked
prior to the above anal ysis and correspondi ng
non- paramnetric analysis is performed (WI coxon

rank-sumtest or Kruskal-Wallis). [000159] Wile the
present invention has been described with reference to

the specific enbodi nments th% for L Sshoul d be
BAXrLL Y

under stood by those skilled t that various

30 changes may be nmade and equi val ents may be

substituted w thout depaBphaassBensithidissa®) 2004/ 063158

PCT/ EP2004/ 000008 -54 true spirit and scope of the

i [90@114] dFhe dompaaigids pthjs imeamyionwadyhecatluated forethein effertidp bone

to %%%E5(%aﬁg&gﬁ&%h§hssituation, material, conposition
of ratter, pro |

CESS, 'process step or steps, to the
objective spirit and scope of the present invention.

Aobo 5t M duTosh rhgabhRR$ 0oAMEsthTHEAGRE fdngal Ofat\rt BitRerlshem operated
scope of . the cl |n8hag£ended her et 0. 2004/ 063158
nay,

. 5 WO
PCTPEPZIIS41000) &&F-MBD TECeiDk REH5B RSB P n an
For eiifodm&Athlly &ontrBRedAddm ThdBaddinbliZed BAatibast Ble WéekRnimals are

51 wherein: mis froml to 4; ni sfrom 0Ot 04;
pair fed while were housed on site.

[000156] Test compound are administered subcutaneously once a day started from 20

days post surgery for 5 weeks in 10% EtOH/saline or 20 mM phosphate buffer.

[000157] Before the treatment and at the end of the treatment, rats are scanned using
High Resolution Software Package on a Hologic QDR-4500 Bone Densitometer to
measure the bone mineral density (BMD). Scans are then analyzed using regions of
interest, as designated below: whole femur, proximal femur, femur diaphysis, distal
femur, distal femur metaphysis, proximal tibia, proximal tibia metaphysis, L2-14

vertebrae, L5 vertebrae.

[000158] For a verification of the effect of ovariectomy on bone mass, the sham and
OVX of like vehicle groups are compared using a students t-test. The OVX groups
are compared by one way analysis of variance (ANOA), followed by Fisher’s LSD to
compare each treatment group to vehicle when the overall effect was statistically
significant. The data could be ranked prior to the above analysis and corresponding

non-parametric analysis is performed (Wilcoxon rank-sum test or Kruskal-Wallis).

[000159] While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various

changes may be made and equivalents may be substituted without departing from the



Ais alkyl, aryl, heteroaryl, arylalkyl,

aryl cycl oal kyl , cycl oal kyl al kyl , or aryl oxyal kyl; 10
WE2008/06GFH0H or -C(O)-; X is -(CH2)2- or -CH=CPET/ER2004000008

-CH2-, -CH=CH, arylene, heteh%g{ylene, -0-, -S(O p-

where p is fromO to 2, or - " where Ra is hydrogen

or alkyl:.Z ks - .. -CHO,  tet ol e-5-yl qr. - COCRb

whe FBIEARTTIE G Sees ST edpventih) 35 afdfonanay mpdificaomspgy be made

Es;j t(RﬁdapRZ,paR&ul;R@itmﬂ)nRh@ﬁ]&‘ﬁh hoﬂn@d_ﬁﬁ@:}ﬂ ldémhttyr, pfcﬁ:efs, process step
ydrogen or ., alky|.: or_.a pharmaceptica accept e

ox 07 9By Sa e OofH bt i RGP ar b et i 0BAR Al ten

non ni@tifcationstare inerddalf toibzeavtthis thdvesgodf.theclaibivappended hereto.

conmpound of claiml1, wherein Eis -CHOH . 20 3. The

conmpound of claiml1l or claim2, wherein Z is -COORb.

5 4. The conpound according to any of clains 1 to 3,
wherein Y is -CH2-. 5. The conmpound according to any
of claims 1 to 3, wherein Yis -S(Op- and pis 0. 6.
The conpound according to any of clains 1 to 3,
wherein Y is arylene. 7. The conpound accordi ng to any
of clainms 1 to 6, wherein X is -CH=CH. WD 2004/ 063158
PCT/ EP2004/ 000008 -56 8. The compound according to
any of claims 1 to 6, wherein Xis -(CH2)2-. 9. The
conpounds according to any of clains 1 to 8, wherein A
is independently selected fromthe group consisting
of al kyl, aryl, heteroaryl, arylalkyl, arylcycloal kyl,
cycl oal kyl al kyl and aryl oxyal kyl. 5 10. The conpound
according to any of clains 1 to 9, wherein Ais alkyl.
11. The conpound according to any of clainms 1 to 9,
wherein Ais aryl. 12. The conmpound according to any
of claims 1 to 9, wherein Ais heteroaryl. 13. The
conpound according to any of clains 1 to 9, wherein A
is arylal kyl 14. The conpound according to any of
claims 1 to 9, wherein Ais arylcycloalkyl. 10 15.

The conpound according to any of clains 1 to 9,
wherein A is cycloal kylalkyl. 16. The conpound
according to any of clainms 1 to 9, wherein Ais
aryl oxyal kyl . 17. The conmpound accordi ng to any of
claims 1 to 16, wherein said conpound is of the
Formula Il Oy



10

15

20

COORb MA OH Il 15 wherein Yis -CH2- or -S-, and A X
and Ro are as defined any of clains 1 to 16. 18. The
w@ormpoedids of claim 17, wherein said conpound iBCDEP10b€000008

Formula I11: O COORb H X+A ofEIII wherein A, X, Y
and Rb are as defined in any of Xraims 1 to 16. WO
2004/ 063158 PCT/ EP2004/ 00000 i 19. The conmpound of

claim 18, wherein Xis -CH=

The conpound of

claim18 or 19 wherein Y is aryl ené. 21. The conpound
of cl ai m 1, wherein said conpound is selected from w.
4-{2-

(R - ZAQ() F% ﬂﬂ%kl}qmaqpyl 3- hydr oxy- pent-l-enyl) 6-

0XO-

et hyl suI fanyl }-butyric acid; Xx.

4- (2{ PR [ 3R (4 Chlorog thg/l bi phoenyl 3-yl)

1-yl }-ethyl sul fanyl)

- 3- hydr oxy- propyl] -6- @x /&;r
- - 2R-
[ 3S- Hydr oxy-4- (4- hyd?@g;\g- 3- mN hy }5 erfy{z)

-but - 1E-enyl ] -6-o0x0-_4pi geridijn-1-yl} heptanoic; 10 z.
7-{2R- [3S- Hydroxy- 4-R_(3? Byl - phenyl) -but-
| E-enyl] -6-o0xo- pipeR din; | }*hept anoi ¢ aci d; aa.

7-{2R- [ 3S- Hydr oxy- 4- (4-R1ydR)xy 3-isopropyl - phenyl)
-but- I E-enyl] -6- oxo-piperidin-l-yl} heptanoic acid,
bb. 4-(2-{2R-

[ 3- Hydr oxy- 3- (1- phenyl cycl opropyl) prop- 1E- enyl ]

- 6- 0XQ
ccC.

4 %?%’?‘2

pi peridin-1-yl}ethylsul fanyl) butyric acid;

[ 3R- Stnl-tlyﬂm»(ytcﬁél (trifluoronethyl-furan-2-yl)-propyl]
- 6- OX (; in-1-yl}-ethylsulfanyl) butyric; dd.
’?EF@Q r{i’@ gy dlr oxy- 3- (1- phenyl cycl opr opyl ) - propyl ]

4- (2-

- 6- oxAvigpllgdrarg) heterbawyl, aetlidiylsaryTcaeydlkylaythpnikglabkgl, dr aryloxyalkyl;
20 ee; 2R— Hydroxy-4- (3
- et h]%)xygr:e&—fq)#{I (@I -but- | E-enyl] -6-o0xo-

Xis -(CH2)2- or CH CH—;

Y is -CH2-, -CH=CH-, arylene, heteroarylene, -O-, -S(O)p- where p is from 0 to 2,
or -NRa- where Ra is hydrogen or alkyl;

Z is -CH20H, -CHO, tetrazole-5-yl or -COORb where Rb is hydrogen or alkyl; and

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 each independently are hydrogen or
alkyl;

or a pharmaceutically acceptable salt, solvate, prodrug, single isomer or racemic or

non-racemic mixture of isomers thereof.
The compound of claim 1, wherein E is -CHOH-.
The compound of claim 1 or claim 2, wherein Z is -COORbD.

The compound according to any of claims 1 to 3, wherein Y is -CH2-.

- The compound according to any of claims 1 to 3, wherein Y is -S(O)p- and p is 0.

The compound according to any of claims 1 to 3, wherein Y is arylene.

The compound according to any of claims 1 to 6, wherein X is -CH=CH-.



pi peridin-I-yl}ethylsulfanyl) butyric acid; if. 7-{2R-
[ 3R-(4' - Hydr oxy-2' - net hyl bi phenyl - 3-yl ) - 3- hydr oxy- pr op

w@Q RGo4/063159x0- pi peridin-1-yl} heptanoi c acid; gpCT/EP{004/000008

10

15

2R- [ 3 -Hydroxy-3 - (4'-hydrox - 2'nethy|bipheny|-3
-yl') -prop - 1 E-enyl] -6- 25 ©ox0-piperidin-1-yl}

h ic acid;. hh. 7-(

(8R (e it st osns REAmss. D16 WeminX s CSEWP%
-oxo- pi peridin-1-yl} heptanoic acid; ii. 4- { 2 -
Ro. (SThe %o&x@is 'éééardlﬁg% alli’;y@ff DS RREB; Vl‘héem%iéhﬁdependenﬂy
6- 0x0 -pip eridin- -7yl ] ‘et yIsquanyI} butyric
aci d; seBgtejfrom the group consisting of alkyl, aryl, heteroaryl, arylalkyl, arylcycloalkyl,
4- ( 2- {RRAI3R ad & noxy- phenyl - 3-yl) - 3- hydr oxy-
propyé% 8&2x3§§%|péyR&?n- -yl }-ethyl sul fanyl)
3-nethyl -butyric acid; kk. 4- { 2- [ 2R (3
- Hydr ﬂxqc-ottmibtdidr%tdnyding toeiy of clEnenlyto)9, wherein A is alkyl.
- 6-oxo-piperidin- | -yl] - ethylsulfanyl} butyric

acjd;, . 11. ) . . .

7ML R e pesordinedodpraf fgprcityh AT AJ Bt | E- o
nyl] -6-oxo- 35 piperidin-1-yl} heptanoic acid; mm 7-

[ 12R- 1R ddrsi st fehd &éln Wf cldis 1 to 9, wherein A is heteroaryl.
enyl ) - 6- oxo pi peri di n- hept anoi ¢ acid; WO

2004/ 063158 PCT/EP2004/000008 -58 nn. 7- {2R— [ 3

- Ky dr ‘BlxgyecBnpoun@l achédrding thiaph ehglhing-lyto)9, pherein Kiearylalkyl

- 6- oxo- pi peridin-1- yI} hept anoi c acid; 00. 7-{2R- |

3R- (3:.chl oro- biphe r.o opyl ] .

EL ”Bhepqoig&qtmdﬁlcioxydwg}to ﬁEESPgﬂE#‘P Wh%xp%\blx is arylcycloalkyl.
4-(2-{2-[3-Hydroxy-4-(3- trlfluoronethyl-pheny!)-bu;-lE

- ﬁf}yLlegc i ol RESAIHGD ahy v¥ Elhimsert {3y, WhERM RiifcyRlaltylalkyl.
qq - 2-

[ 3- Hydr oxy-4-(3-trifl uoronethyl - phenyl)-but - 1E—eﬁ%

65 oxBhe goinpramind agedrdingltoanhpf Jlaibesniztol % wheteth Aayatyloryalkyl.

2 ol b oh e T DY A S s o e

22 Aﬁﬁhﬂﬂmﬂceutlcal conmposition conprising a
therapeutically effective anmount of a conpound as
defined in any of clainms 1 to 21 in adm xture with at
| east one suitable rrier diluent or ex0|p|ent 23.
A net hod of treatnen /XiQQ,SQgge\L//GOGEnnaI
treatabl e by adm ni(stradfion of &

x/f\A
OH I
wherein Y is -CH2- or -S-, and A, X and Rb are as defined any of claims 1 to 16.

18. The compound of claim 17, wherein said compound is of the Formula III:

o)
Y COOR®
N/\/\/\/
L
X7 T A
OH

wherein A, X, Y and Rb are as defined in any of claims 1 to 16.

III
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claims 1 to 21. 24. The mnethod _g claim 23, wherein
the di sease i s associated with gne di sorders. 25.

0 4 h i-sease i s
ost eopo}%o('!séﬂgougg%kElilﬁl%[l 18\%}%{56%2{ Tcb’)f %gycs%f' claims 1 to
21 for use in therapy. 20 27. A use of a conpound as

dea‘ol nethel congpayind bf clhia 18 od19 WhéekdinlDis arflendranuf act ur e
nmedi canents. 28. The use of a conpound as defi ned

any_of clai s q]f to 21 for the manufacture of
nrg’dr cahBh PG Hclamdatheisin wid werroundseselestedfoomThe

ot copor Bt 2 8) 30l Sl s GPIaH 8 g iet HofPybr-oxo-
conpounds @ﬁ;pdiﬁiﬁﬂ nefd]-eth Ehl&hﬁli} -Butc Zdd; conprising the
Zg eﬁ:r gle)rsgc @r @Rdgﬁﬁs ﬁ{ﬁﬁ%ro A me?h}%hpﬁenyl-g-}?l) 3nl¥y r1](t))|cygpnropyl] 6-0X0-
piperidin-1-yl}-ethylsulfanyl) butyric acid;
V. 7-{2R-[3S-Hydroxy-4-(4-hydroxy-3-methyl-phenyl)-but-1E-enyl}-6-oxo-
piperidin-1-yl} heptanoic;
z. 7-{2R-[3S-Hydroxy-4-(3-methoxymethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl} heptanoic acid;
aa. 7-{2R-[3S-Hydroxy-4-(4-hydroxy-3-isopropyl-phenyl)-but-1E-enyl]-6-
oxo-piperidin-1-yl} heptanoic acid;
bb. 4-(2-{2R-[3-Hydroxy-3-(1-phenylcyclopropyl)-prop-1E-enyl]-6-oxo-
piperidin-1-yl}ethylsulfanyl) butyric acid;
cc. 4-(2-{2R-[3R-3-Hydroxy-3-(trifluoromethyl-furan-2-yl)-propyl]-6-oxo-
piperidin-1-yl}-ethylsulfanyl) butyric;
dd. 4-(2-{2R-[3R-Hydroxy-3-(1-phenylcyclopropyl)-propyl]-6-oxo-piperidin-
1-yl}ethylsulfanyl) butyric acid ;
ee. 4-(2-{2R-[3S-Hydroxy-4-(3-methoxymethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}ethylsulfanyl) butyric acid;
ff. 7-{2R-[3R-(4'-Hydroxy-2'-methylbiphenyl-3-yl)-3-hydroxy-propyl]-6-
oxo-piperidin-1-yl} heptanoic acid;
gg. 7-{2R-[3-Hydroxy-3-(4'-hydroxy-2'methylbiphenyl-3-yl)-prop-1E-enyl]-6-
oxo-piperidin-1-yl} heptanoic acid;
hh. 7-(2-{2R-[3R-(4'-Hydroxy-2'methylbiphenyl-3-yl)-3-oxo-propyl]-6-oxo-
piperidin-1-yl} heptanoic acid;
ii. 4-{2-[2R-(5-Cyclobutyl-3S-hydroxy-pent-1E-enyl)-6-oxo-piperidin-1-
yl]ethylsulfanyl} butyric acid;
ji- 4-(2-{2R-[3R-(3'-fluorophenoxy-phenyl-3-yl)-3-hydroxy-propyl]-6-oxo-
piperidin-1-yl}-ethylsulfanyl) 3-methyl-butyric acid;
kk. 4-{2-[2R-(3-Hydroxy-4,4-dimethyl-oct-1E-enyl)-6-oxo-piperidin-1-yl]-
ethylsulfanyl} butyric acid;
1. 7-{2R-[3-Hydroxy-3-(2,5-dimethylphenyl-3-yl)-prop-1E-enyl]-6-oxo-
piperidin-1-yl} heptanoic acid;
mm. 7-[-2R-(3-Hydroxy-4-phenoxy-but-1E-
enyl)-6-oxo-piperidin-1-yl] heptanoic acid;
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22.

23,

24.

25.

26.

27.

28.

29.

30.

31.

-58 -

nn. 7-{2R-[3-Hydroxy-3-(3'chloro-biphenyl-3-yl)-prop-1E-enyl]-6-oxo-
piperidin-1-yl} heptanoic acid;

00. 7-{2R-[3R-(3'chloro-biphenyl-3-yl)-3-hydroxy-propyl]-6-oxo-piperidin-1-
y1} heptanoic acid;

pp. 4~(2-{2-[3-Hydroxy-4-(3-trifluoromethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}-ethyl) benzoic acid;

qq. 4-(2-{2-[3-Hydroxy-4-(3-trifluoromethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}-ethyl) benzoic acid; and

rr. 3, 4-(2-{2-[3-(4'chloro-2'-methyl-biphen-3-yl)-3-hydroxy-propyl] -6-oxo-
piperidin-1-yl}-ethyl) benzoic acid.

A pharmaceutical composition comprising a therapeutically effective amount of a
compound as defined in any of claims 1 to 21 in admixture with at least one

suitable carrier diluent or excipient.

A method of treatment of a disease in a mammal treatable by administration of a
selective EP4 prostaglandin agonist comprising administration to the mammal a

therapeutically effective amount of a compound as defined in any of claims 1 to 21.
The method of claim 23, wherein the disease is associated with bone disorders.

The method of claim 24, wherein the disease is osteoporosis.

The compounds of any of claims 1 to 21 for use in therapy.

A use of a compound as defined in any of claims 1 to 21 for the manufacture of

medicaments.

The use of a compound as defined in any of claims 1 to 21 for the manufacture of

medicaments for the treatment of bone disease.
The use as defined in claim 28, wherein the disease is osteoporosis.

A process for the production of compounds as defined in claims 1 to 21

comprising the steps described in schemes 1 to 3.

The invention as hereinbefore defined.



