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DERI VATI VES AS PROSTAGLANDI N AGONI STS [ 0001] This

[ nventi on relates to certain 2-pyrrolidone

‘g@n‘% )alses, and associ ated pharnmaceutical permproos000008
ositions, nmethods for use as selective

prost agl andin EP4 agoni sts, and net hods of

preparation thereof. [0002] There are many references

inthe literature to Prostagl andi ns or prostanoids

(PGs), atermwhich is generic to natural and

‘'synt hetic Prostagl andi ns and ﬁr ost qul andi n- 1 i

conpounds, 2aRtPERIPMNE RRBEYATR PRATAEVERTS IAlGal?IﬁSTS
differences in their chem cal structures or
stereochem cal configurations wll have profound
effects on their biological activity. [0003]
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fall into several main classes designated by letters
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PGE2 oh@ighadfolagichresdnt f our dlfferent receptor
subtypes of PCGE2 are known and they are desi gnat ed EP

, EP2 EP3 and EP4. 6 es for c oun
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art FOr 04 If?n gxramp?é c;fre]\aparticular 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 PGEZ2 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 ferale sexaal




neur opat hy di sorders such as gl aucoma. [00071

Prostagl andins and their associated receptors are nore
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where an | nh| bition of platelet aggregati on woul d be
benefi ci eScCr i Paul
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e. g. Alk. J. Rhysiétj 2000,8V9,&755-Fltdafoatirembasd andrstroke as well as for other
pr 0SL AR &% Rh g{bﬂﬁg%f #ﬁ%ﬂg&r& 0800 WRORCHHRRefal as
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Receptor Subtypes and Isoforms in Platelets and Human Umbilical Artery Smooth

30 Muscle Cells, Br. J. Haematol. 1998, 102, 1204-1211; for antiinflammatory 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- .

35 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




generation, Br. J. Pharmacol. 1997, 122, 149-157, and
A Sigler, et al. Anti 35 inflammatory activities of
CAMP- el evati ng agents: enhancenent of |L-10 synthesis
and concurrent suppression of TNF production, J.
Leukoc. Biol. 1998, 63, 101-107; or 3_ for glaucoma -
as described in, e.g., M Takamhtsu, et a
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erectile dysfunction by using prostaglandin that are :
se |[(ﬂ!9!11\fBreEtBQenaﬂfdinqroteEEéaﬁcheqnecme dysfgasiive bijawieg prastgglandins
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[ OOOJIB}EHMIQPF]M’H’BSEEPH Pa\vlffaftlwbﬁw‘éf ?%gﬁ‘# 36? ke o Prlmacia &

Proshgg@amﬂsns and their receptors is 10 described in
Gbodnan & G lImn's, The Pharnacol ogi cal Basis of

, eddptdss is

ISR O s (gl s s

5. Azaleacrlb@éax ofsfraasy Sg ‘aen%haalaéco ‘PleBsaﬁ‘S REFhgReghes

PGE2 vtk édn{b%yﬂcGFw-HﬂDNlemMoﬂg 1826, Chapierd6, 1RO 60&16@6 1

OH 15 OH 15 ‘8- Aza- 1l - deoxy- prostagl andin [00014]

Su E&ddl&i;tsl LR O déd PIJSQ?@EH]L Qhalbfi@of&pbRdingio KGHR would have the
ses change I n hree dinmensional conformation

of t hie 'W@@EF?QﬁWfprostaglandln and because structure

is related to blologlc@ activity, such a

conformational  change wjjl | have a signifigdnt effect
upon the biol ogical ac i& 8- Aza< 1| Xy
prostaglandin E's wt nat 20" si de Gthai ns have

been reported in the | a €5 _see_e. g.- BE 841, 165,
assigned to Syntex USATAWC. T a first
aspect, there is provided a copunds represented by
Formula l: O R7 RR RO 10 Re RO Ny Z 4

1 ' 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 blologma] activity, such a conformational change will have a significant
effect upon the biological activity. 8-Aza-11-deoxy prostaglandin E's with the natural

20 side chains have been reported in the literature, sce e.g. BE 841,165, assignedto
Syntex USA, Inc. :

[00015] In a first aspect, there is provided a compounds represented by Formula l:

. /10L R7 Ra Rg Rw
R:> />§m ;P%h
R® Y7~z




soont a RTRG" 2 £ ISPt s

Ra X~E~FA RZ Rl -4- wherein: msfromlto4; nisfrom
Oto4; 5 Ais alkyl, aryl, heteroaryl, arylalkyl,

aryl cycl oal kyl , cycloalkylalkyl, or aryloxyal kyl; E
is -CHOH or -C(O-; Xis -(CH2)2- or -CH=CH; Y
is,-CH2-, arylene, heteroaryl ene, -CH=CH, -0-,
-S(O p- where pis fromO to 2, ‘40r -NRa- where Ra is
hydrogen or alkyl; io Zis -CH2OH, -CHQ

tetrazol -5-yl, or -COORb where Rb is hydrogen or
alkyl; and Rl, R2, R3, R4, R5, R6, R7, R8, R9 and
RI O each independently are hydrogen or alkyl; or a
phar rrae;ﬁg&éi@ally accept abl e saltor solvate, prodrug,
single isomer _or racemc or non-racem c mxture of

i somer IHERAE 4 00015a] In a second aspect, there is
provi dedis &ophltordggaceut i cal conposition 15 conprising a

her apegui i f Ve u
%Iefl ne?%@é&ﬁ ﬁ&g’g%}g’taﬂle ?Tl%lcg{l @%’5??3 ﬁ%ﬂd%’l't%rbalrgomkﬂ
carri e®igiCHOM corCéXei pi ent. [00015b] In a third

aspect x @i yhSy p@ﬁj\u d the conpounds as defined
above folrhgjse) rt rcaigy [OOOlSé In a fourth

aspect Yifh H@'»%’ Wﬁem ngs&H51CRN Qmpip- wherepis from 0 to 2,
defi ne@rqbpaLevhe,?eQxJi@h alla erp@;nmcﬂct ure of nmedi canent s.

e SO A RN N

mﬁdu caR® /RS RBARS, Rlse%a , RIARAERY araf Rio@Ach ﬁdqea&mﬂy{aeeﬁ,l&a,gen or
The subj oun IVIt hei T.
e SRk, IRROR D (e DL A AR LGN, bod e S somer or

sel ect i‘aqemycqmahda@hhennmmmﬁl&mmmoﬁl de effects
frequently observed follow ng adm nistration of

i on-sel ective prostagl andi n agoni sts. Therefore
conptidakIros Sephm<ba59¢cs,dh@s uy proarded dpbamabéugical @m@bibtion

Di scl gsed -herei,n are ?%gt?\g%%(g%tepng%% 5 d%Qned above in
| east aduméxtamenythi deasd onEQﬁHaH lacarrieOdiluehtSor excipient,
pharmaceutical |y acceptable salt or solvate, prodrug,

Si g 5hPRIEhIA aspedC HEkCis pAvi@sd Me BohpRmas &s J@ﬁﬂéa bBow for use
|somsrs In adm xture with at | east one suitable

carri #ytherapy.

[00015¢] In a fourth aspect, there is provided a use of a compound as defined above

20 for the manufacture of medicaments.

25

[00015d] In a fifth ﬁg‘pect, there is provided the usé of a compound as defined above

for the manufacture of medicaments for the treatment of bone disease.

~ [00016] The subject compounds have high selectivity in their EP4 receptor agonist
activity. The increase in selectivity would alleviate the severe side effects frequently
observed following administration of non-selective prostaglandin agonists. Therefore

compounds of this disclosure are desirable.

[00017} Disclosed herein are pharmaceutical compositions
containing a therapeutically effective amount of at least one compound of Formula |
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,



- 4a - diluent or. excipient. [00018) Disclosed herein
is a method of treatnent of a disease, in particular
a"bone disease, in a mammal treatable by

adm ni stration of a prosigaglandin EP4 receptor

agoni st, conprising admnistration of a
therapeutically effective anount of a conpound of
Formula | or its pharmaceutically acceptable salt.
[00019] Disclosed herein is a process for preparing
conpounds of Fornmula |I. preparing conpounds of
Formula I. [Q00201 Unl ess ot herw se stated, the
fmdﬂwwﬂﬂﬁﬁﬁ€?ﬁ§ used in the speC|f|cat|on and cl ai ns

have the nean ive 3
HeqY @mg%%%g id a gle'[]@% ata'rﬁ'r[( tﬁéeggz g]nzﬁdétu‘;uellar a bolne
R heh& R 4 fadhablréitibiaby d@ﬁimimdudnemfea proﬂagandm EP4 receptor

met hoxy, ” et hoxy, ~propoxy. buf oxy and i ke,
"Al qubmst;ggmgnsgpg adaipistraugn ol 6‘%“6\%@& g%{;twe an[lcgl%)gﬂ

hydr o¢ l icklly &REfReble 8dlons or a
br ant 39 ‘ﬂﬁg?g%Iﬁg&gggﬁg%?mﬁydr%caggon radi cal of
three to six 5 carbon atons, e.g., nethyl, ethyl,
' gﬁ@aﬁ Ydmpdnads eﬂﬁﬂnyihla I

Edda? y lj)lsgloﬁardCIﬁ}’énr }S%e&%%%gg hl%yl epne means a
| i n@a¢pating uwmpceuiddoﬂf@réma hydr ocar bon radical of one
to six carbon atonms or a branched saturated divalent _.
Mﬁn BrlReyothadise étlateﬁ,ftht: Folevitgptesnsusediarthespegifistion and claims

th | ene ne, 2, 2-di met hyl et hyl ene,
pr %WF&én aﬁmﬁﬁg?(%’tﬁqvgr opyl ene, butyl ene, pentyl ene,
and the like. [00024] "Allcylthio" means a radical SR
where R is an al kyl as defined above e.g.,
met hyl thi o, ethylthio, propylthio, butylthio, and the
i ke. [000251 "Aryl" nmeans a nonoval ent nonocyclic or
bi cyclic aromati ¢ hydrocarbon radical which is
optionally substituted i ndependently from each ot her
with one or 15 nore substituents, preferably one, two,
or three, selected fromthe group consisting of
al kyl, hal oal kyl, halo, nitro, cyano, am no
met hyl enedi oxy, ethyl enedi oxy, optionally substituted
phenyl, aryl, arylal kyl, heteroaryl, heteroarylal kyl,
cycl oal kyl, cycl oal kyl al kyl , heterocyclyl,
heterocllalkyl -V-OR, -V-NRR', -V-C(O-W -V-
S(O0-2-R, -V-N-S02-R, -V-S2-NR R', -V-NC(O-NR R',
~where Vis a bond or a 20 C1-C3 al kyl ene group, and R
and Ware each independently from each ot her



hydr ogen, al kyl, haloallyl, hydroxy, alkoxy,

optional ly substituted phenyl, heteroaryl,

cycl oal kyl, or heterocyclyl. Mre specifically the
includes, but is not limted to,

‘&ﬁﬁg%%g %%yl nethoxyphenyl methoxynethylpﬁgﬂgﬂémummm08

phenyloxyphenyl 1- naphthyl -Z“naphthyl and the

derivatives thereof 25 [00026] "Aryl ene" neans a

di 8Pt Aot y:cdans;a vdichli @R avbere Ris emralkilas Hefihed beelrs.»

radi gathoxf ngkf bghﬁ§g§@&m%§g3|ons of the aryl
radlcals descr ove. '[00027] "Arylallcyl" and
"Aral kyl ", which nay be used i nterchangeably, nean a

r k@0l "Alkpl Risansiadinearmaturatedamorgvriphididragribop radichl eipniego six

an aEM‘bOIQ&tQHl@ o@éb@ﬁ&ie@ @Quﬁ?eﬂ%dhovﬁelﬁ hﬁdro@zﬁﬂ@ﬂ Ladical of three to six
phenyl et hyl, 3-(3-chl or heny - 2- net g and
5t he Fitken ﬁP@S’é)garﬁﬂ E}fYP pepyh 2 prapyl @ytrutvlw utyl, tert-butyl,
2004f, 1581 tEQ]jéeEPZOOM 000008 - 6 [ 00028]
coakl" neans a radical -RaRb wherein Ra is

cycloalk ene as deflned herein and Rb is aryl as
delOPRsd ° %Wéﬁlfh IR SapyrIfe Wﬂemﬁ@caabﬁ%md@al of opgtp six
wher eéxBoxR@comS oPd Manded Qﬁﬁﬂaﬂﬁ%ﬁh}hﬁh oc{aﬂﬂﬁ?tﬁ)&cal of three to six

al oy PO S SRR ﬁﬂ%h“fgtﬁﬁ%l?ﬁ BopiE 2

_1odef| nethylyeogilane, Hub@ais liientylyne) andlthaifke. means a

nonoval ent sat urat ed carbocyclic noi ety consisfing of

o024 Al s Bl LR Ba P UER st e
-eachnmtyithiol ethyithid, propyifispdndigtid, ynditadidxy, al kyl ,
alkoxy, hal o, hanaIkyI am no, nonoalkylanino or

R S Epeisp e R PR SriPils wetwG Ridasarbon
b ut I sadécahwhich is wpti@ehlly a;bsﬁtyacdddpdepaﬁenﬂﬁ §t oG qther vm’:h oneor -
t
15CYC %P (Q éu\é titugr%fé: g?ﬁt?&)ﬂ é? %Qeggselect%? %om t%F B ug c?nsmtmg of

i'nc Iu rivati ves

[ 00031311 h b&ﬂhymmedymmammoam@ﬂwbhmxysailﬂtm optionally

carb t t

N ngé‘%ﬁﬁﬂél a’é‘*?ﬁﬁ ﬂﬁﬂ“*ﬂfm‘? 13*-‘2&?‘% o9 ky| S,

not edrdaslivislky Peteryglialad -\ () RaIY V-

noi esgo)ofz R ari\mmmm -VJ’s’ozFNR Rvyhvrw-d@opm'm I@ﬂﬁ'eﬁ“ﬁlsalﬁdnd ora

. 0 1 " Hal
201 an SRS S B 17 T sy, 6 Fach JilsPeiea Birarpieg othr
f | uohpdraget, dkyldratnalkyl, Bﬁﬂaﬁjla]kddqo@tkmlaﬂy smba:natedpkgdyl heteroaryl,
b
S o 806 Vil TO5 R D Pl e, Y it
| i keto, zbeqvbolﬂg@]phm%mtbawhenvmtb@mmﬂphwb phenyloxyphenyl,
MON0§Yfabhiyl0S-nkpifith] dnd thtlrGRttveOtherof © 12 1iNg

25  [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

30 arylalkyl, '



atons having at |east one aromatic ring containing
one, two, or three ring heteroatons selected fromN,
0, or S, the remaining ring atons being C, with the

ing that the attachnment point of tf
g’gzﬁ%&g?ﬂg/? radical wll be on an aromatic rF‘ﬁB.EPZ?%‘é"”"“"S
heteroaryl ring is optionally sébstituted

i ndependently fromeach 25 other with one or nore
s uB028luBntlsylcqaliel’ arcand aradivel -BaRh wWeerein Be is dycdestkydene as defined

sel e%ﬁéé‘”%‘{,]]@%]ﬁgﬁ’wédeﬁﬂé“i%&hcyl hal o, nitro, cyano,

am no I oxy, optionally substituted phenyl,

aryl, arylal kyl, cycloal kyl, cycl oal kyl al kyl

h eiﬂﬁﬂ&}y Hrylbxy" oeehes radicel ﬂRaIwh;re:,in Rajs @l g5 defii@ HRtein. v
C(O-R, VOC(O) R” -V- S(0O0-2-R -V NSO02-R,

N | en [
| 1S Aoyl ey i HERE e o EP el i
5 ndepaddyis 4ry! loky mmie§achhentiner hydr ogen, WO 2004/ 063158
PCT/ EP2004/ 000008 -7 al kyl , hal oal kyI hydr oxy,

' b |
e tIPEEL, 2R Sty ke SRR PR ot R Bphdpiseing of
i nCI udersy- obbicydlis rings. Cyiclvialpldat optlorpyjr bajs;abstlt\ﬁﬁgd withlope or more
thi er}% utﬁSJﬁ'tsa%rﬂLﬁé n’ea&lfs%)ﬂ:itaéﬁ llsyllai Eﬁdeﬁﬁihﬁy‘jr?xy, alkyl, alkoxy, halo,

i m da I soxazoly pyrro yra
pyri halraliy amiponmenodligtapninog asdk awiest ashemise spesiically
1d Sobenpaiefkd. @M{nplab 8NZRlbRikAZRiMes iR, qausﬁte%amﬁitad to,

oul naYIPERd W%wvgq%k% ﬁéf&%ﬁéﬁyﬂﬂﬂw G 5nd e, incuding

benzipiriidiz ahiaturatel dadvasiocsaliabofl or benzot h| enyl ,
i m dazo[ 1, 2-a] - pyri di nyl, | m dazo[ 2, 1-b] thi azol yI

and the derivatives ther Fbteroa yl epe" peans
di \mﬁé%kd a‘%q%@wa?s % EE%‘FF@“MFQ& fY ?mslefYowﬁmﬂg of

ri ng rbasver bRyihiagingt, inchakite divdendvasiahd of thd dygoalkyls noted above.
containing one, two, or 10 three ring heteroatons

selected fro . or S ther I ni ng

el 38 O W@&%@%@.Oﬁﬁﬁmﬂ%%ﬁw}&eﬁm@m and
poi Nt 1@&ychbky1$ﬂa‘ﬁx&alhyfeﬁne radical will be on an

ar omatic ring. "Heteroar yI ene includes dival ent

r f fthe hetero radi cal s descr.i bed abo

[ D3 e G SoKIGrorhuae: & By B LY Lt and loro.
forrrula -R-R', where R is alkylene and 15 R' is
he{suoasy mﬂwqﬁeﬁe@kﬁ@ﬁ@umteci WROSRKlor it e8Cordiffdrent halo

nmeans a satur or._.un at g c cyclic

r adi GAPHE-83 - 8#28]8 éﬁang&g (géﬁs &gxgﬁ% dmh‘ﬁr two ring
atons are heteroatons selected fromN, 0, or S(O)O0-2,
20 h?otf()@ﬂ}i"}@ét&ﬁmryl" RSkadl PABNHRNAGmEnoHERI R b&?&c@&dléél\@f £30 12 ring

R Tl e
I ndependeabiny sddcad amc N, Of Hed, thd réhaioing rink Wimsiieing/C, th the
‘subst ﬂr}cféres?athaing that the attachment point of the heteroaryl radical will be on an
aromatic ring. The heteroaryl ring is optionally substituted independently from each
25 other with one or more substituents, lﬁreferably one or two substituents, selected
 from alkyl, haloalkyl, halo, nitro, cyano, amino, methylenedioxy, optionally
substituted phenyl, aryl, arylalkyl, cycloalkyl, cycloalkylatkyl, heterocyclyl,
heterocyclylalkyl, -V-OR', -VNRR", V C(O)-R', V O-C(O}-R’,-V- §(0)0-2-R’; -V-
N-8O2-R’, -V-SO2-NR'R", -V-N-C(0O)-N-R'R", where V is absent or is a C1~-C3
30 alkylene group and R' and R" are each independently from each other hydrogen,



sel ected from al kyl, hal oal kyl, halo, nitro, cyano,
-V-optionally substituted phenyl, aryl, arylalkyl,
het eroaryl, heteroarylalltyl, cycloalkyl,

' lal kyl, -V-OR, VNRR', -V-C(O)-
%-q%‘?'aﬁ%}%- R -V.NR - S02-R', -\V-S02-NR R, RW/’-”RF&?‘&SS"‘-’”""
NR R', where V is absent or is7a Cl-C3 al kyl ene group
and Rﬂ@and Vare each 25 independently from each other

hydr off, balgaligl hydsaxss alkesy optiepaliyosapstitatedt phenyl, cycloalkyl,
opt i ORedrb¥yclyh WibielshetifRATPIRE B heRRa8H B Mes, Bhat is not limited to,
cycl oal k 1 l\/b[rle specjfi iql_l y _th? term heterocycl yl
i ncl uisKYh By éhlﬁ%ﬁ » thiagglyleisptiigzolfldrinegitl drddpelaaispxazolyl,
pi pe-ltr Ppytidigl) BYTMPM?WﬂﬁﬂnmliM'Heﬁﬁoﬁﬂanyl,)dtkﬁalﬁﬂﬂﬁé@bhﬁﬁyh

e - - pyr.rol.i mor N . :
i ore R R bbb bRt syt ot indbi, soindoly,
t hi onesmperatalyloquindylgietxiydeoquinoling) isexydinolyl 3nzimidazolyl,

e PR BRSO PP bl iton Aty
meansi thedeaivptives theprol ¢ Sletriparyleny” cRans aglieatént Ronogyclic or bicyclic

5 e i gy . o
1§, o p IR 10 ORG-S CORPBATIC 5P e HISGUPER BERPE being G,

it i mvitlythie hadérstanding that the altafinshi points ofthe hatBrodiyRiie Bddical will be

.of bei di spl d, by. | L d
Pl eicaPRGnching PO BB B i ent oA gt e Biy
al ky|sdicflodsptribed abowr y| sul f onyl oxy, al kyl car bonyl oxy
(e.g., acetoxy), arylcarbonyl oxy, nesyloxy, 5

; ’ojqdé)lgmy "He&é’rh;eljx%%g) rrrneetﬁlg{l ahn%% : fo? H%l forsmuila 3 }ﬂ“?\e)\(rgerg ¥ alkylene and

trop
IN, O dt'riehdigrptryasdefphedhiersdn. and the |ike. [00041]
"Optionally substituted phenyl” neans a phenyl ring

whi bS i ul substituted ind ndently fro .
o 008k xORE bR nlcap Bk PR R ot B redical of
one dp 8tring atahpdn wthidhrring os ttostitgadorhs awhttamatmausplected from N, O,
consi st . . I
ol on Eooh-B e tiblming e ke bela @ Wbrerethe 13 HIGCShohns may
met hyiPERedlY beyerlaced by exslanvbsrgum nkhedejarocyplplodnmnay be optionally
o O ST U b} wlIB e e (5 substitwents
the” et ean TR Bt TR pith rrospoNeorsionaly heitated pheayl,
3; r ?mgﬁ,_rmylﬂkyldietérhﬁiﬂ hettroarylalisl, syhalyl, batulyRikh a7-OR',
| gn t an . I 1
ore COVRRY PN ISIENE R VIR sBR0EE o BRAREER: TPat-clo)-
m r r R aghere ¥fis dentanttal{dl-C3 dkdertegrongoand R' and R" are each
"dia | e i t .
2 on. ShPERIBRy RO cac ety Bl SR Ao by Bliy, alkoxy, optionally

non- super | I‘@OS& e are t >
" enarfbrBiFsPhengl heteronty] eregclentil.cMiore speriivally the teray hnteyocyclyl
at omifdidisbut R nbPlhitBDR| &8 MK ydeyrHYD plpekidBHL N thhylpiperidin-3-
ternega"chlf%} c&nfer"“ 3 .
yh piperazinyl, N-methylpyrrolidin-3-yl, 3-pyrrolidinyl, morpholinyl,
thiomorpholinyl, thiomorpholino-1-oxide, thiomorpholino-1,1-dioxide, pyrrolinyl,

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

100039] "Heterocycloalkyl” means a moiety of the formula -R'-R", where R is alkylene
and R” is heterocyclyl as defined herein.



[ 000431 "Chiral isomer" nmeans a conpound with one
chiral center. It has two 20 enantioneric forns of
opposite chirality and nmay exist either as an

Wotﬂd@’.ﬁ%ﬁ enanti oner or as a m xture of enﬁ(glt fzﬂﬁmﬁooos
Vi

m Xt ure containi ng equal amounts of indi
enantl oneric forns of opposite-8hirality is terned a
“racem c mxture". A conpound that has nore than one
chilBe040L Srering graup’dns thearaning ornyeiigongly #ssqciandderith ihin symthetic

the nyaghee c}g—m&%' i ealan%% & asgroﬁp%%@gﬁaeﬂ% Pﬁ@éd% tah an

one chiral cent exl'st ‘as either ndi vi'dual

di ast wckegpkile apd u&:’sudss }FHIQ(QSH‘F}EE‘SGPJOB‘P hrared, apdiods), aldpuitonyloxy,
a " dirASilRnGeRE bikelcibatite e, 8 %aax;gr@ylet}béz@to Qﬁ&sﬁbx?,

resent, a stereol har

ool GO SRR Y S OG- EriftpaRenor)), methos,
cent eX,0-dinssthyliiyelroxyhniinog suichthi ike.r efers to the

arrangemsnt in space of the substituents attached to

e i tuent atach d to the
3?9??‘% ?i @#&a?st%%?#stﬁ&aﬁémeaﬁa S ging Hichds qpfjonally
ac c oraibstitetediridepdrdentene ek ol @ith bné:éhhﬁpre lsagtitu@n@a)idteferably

E’r elgg eoé%?% cub?%tﬁnqs /-\[n «9% mtﬁh Efnkﬁ con31s g rﬁ:‘]kty} !E%cgﬁ . alkoxy,
198, dibyllghhrioakaky) hﬁg@badkﬂ aloOhim cjBom A Meflynabomy,

612; da lExperlentla 1956, 12, 81; Cahn, J.,
Cheméa%ééuh "gin 116). WD 20041063158

PCT/ EP2004/ 000008 - 9 [ 000441 "Geonetric |soners”
me W42 hdsanasmé u@ems:tompbtma:ts tieibatdidenticaymaecglac ringlae but that

hi ndefigd i QlealhRPo ugﬁg Q{’ Fox keagﬁ%?them%ﬁﬁs or in the agangement

confi %uratl ons are er ent1 at hei r nanes
the pt é!tqlwé@mctnsspwtdlsw%m@mt differdn ghaprrngeipens bf thelg af@atsen space

13 hat  drb@r@bDURSeoiBER SO Btk bR oSRABNA ar ORR St bLinSdgB fOhe another
t he doubl eaJ) ad in.the ;;mI%cuIe accor.di ng to the

5
Cahn-TRESPE BRI IPHEES 2] GESRSmemA i BeaoT-SpRFEirposble
Meansmirhe imsesefeSerawt fehahtidhdrs'cod Shriaes dtichldsdntierL Aedrbon

rotati hi,n at 0 ar e.,
or ot s o oisR T e ottt R s Shisa A8 o

this invention may exist in stereoisoneric form
t hgocskay ’&hi:talnegmaa el appapueeiiviall ohdxhin] et It has two

steregiso S%% E‘%&#&%ﬁ?&lgjagdwg%y either as an individual

Phar neceu | ca y ac XCl
exci piveniionpdrar a§ smider Qf ertantlmptrrsp’ammthgeaontammg equal amounts of

phar WB&%BM%&%E@E%&A&F Pt élﬁraﬂt‘?r“aefeﬁhédya $&ERic mixture”, A

non-t oxi ¢ and nei t her ogi cal I¥1 nor otherw se
undesiorerad thaklpsimere Htaﬁan%s%mabte@w a5y | pranterserig Raisavhere n

for 1&’&%3%1&1'{&@!‘ Of HES c&&et‘éﬁtdmtﬁﬁmw miOR@hAR 6 RkthiRlenter may
-use. ma\ceuél accept able excipignt" as d
Hioeq it BREFOG A PSR e A iRET deeepstResolEmed a

and rfdiaetetebapric dixtoret Véhmhbne Klait4d c@mér.is present, a stereoisomer may be
. characterized by the absolute configuration (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

30 ranked in accordance with the Sequence Rule of Cahn, Ingold and Prelog, (Cahn et
al, Angew. Chem. Inter. Bdit. 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).




[ 00048] "Pharmaceutically acceptable salt” of a
conpound neans a salt that is pharmaceutically
accept abl e and that possesses the desired

lLpgi cal activity of the parent conpg
Qg,lgt{)@%?%c?ude [00049] (1)acid addition sal ts ozroﬁegffoos
with inorganic acids such as hyéirochloric aci d
hydrobrom ¢ acid, sulfuric acid, nitric acid,
phd¥ 94} i"Geametds Tsamerst mearisithediateredroenstiat owd their exigfenve o

aci d %E&B}Fﬂ R%atRf Ghdit d@&lﬂgbo&&s%&@é&;ﬁg&'aﬁ%ns*a}?%ﬂ&h?uated in

add, cyc pent anepropionic acid 1‘5%
pyr uvibelr aempes by|thertpiixeaeis and Wansodt %2 hichdp@ggteibat the groups

add, 478bh thedfinblor dPpofiteGidR @l thefdedBle bondfi e mbREfl@kdcrding to the
aC| d I{S‘ﬁ }c i.d, benzoic acid,
(I:\B;’cﬂ’r @8 1 Penzoi c acid, cinnanmc acid,

rrandel ic add, 25 net hanesul fonic acid, ethanesulfonic
éﬁbﬂ4§} %tﬁiﬂ'@zﬁkﬁné&"&h@aﬁ@ﬂﬂe Gsofferowing their existence to restricted rotation

r ox esul fonic, acid benzenesulfonlc
2 chi Gt oA SEREAEF PR IBon e Ee Ao kA F Lt oni
add, 4-tol uenesul fonic acid, canphorsulfonlc add, 4-
nel[t!mdzt @M@idﬁﬁp%uﬁd@dft@@inv&tﬁﬁ%ﬁy é‘tﬁf PaxrddienRad form, therefore

O ReDt 8 e br e ag e B YRR OF st thistises o

l'auryl sul furic 30 acid, gluconic add, glutanic acid,
101y Gy %Bhﬂ&leﬁuﬁﬂ?y Q:cep'ﬁ@ﬂé é%)éﬂpie%t"@ﬁéaﬂs a1§ nBtHAEHs Aseful in
muconi ¢ aci d, the I'i ke; %‘gzoo 63158
) pSRoE G BhOgBCated cemaessmn his g FrEqndnangpeither
aci d| hio]pgleﬂlgrmopﬁms:eme unﬂesirbﬁemﬂemudesémw tiat islaecrepuable for
DL ARt B R b RS el
coor cixpipient anirtet Haﬂne @pegﬁmtmmlasm&:hdaéesehomm aadinmge than

i et ri et hanol am ne, tronetham ne,

i nepﬂm fl’[ug}cdae‘ﬁ]en{ and the |ike. 5 [00051] It should
be underst ood that all references to phar maceutical ly
ac d@!}%&bﬁ&lasmcmsticaﬂm@wl@salt\/e&at cogppdinnd mearfs@rsalt that is
(sol v ef | -

 hor of eRqeeicalf X34 abé% %“fd’%ﬁ.ﬂ%g%%sg%% ol P l5lal activy
f or meot thegrargss comp NS reglisingpdst al  structures in
whi ch a conpound can cryst allize in different crystal

Pagioag) fj‘)&é&‘%ﬂﬁﬂtsﬁm e @it s fonfiE 86 fis b o8 BfErochloric acid,

el énenta osltion ferent

2Qsual h}gdrcrbaw%luflf%}fém acid, ptic agid mha@ﬁbioaﬁ agightand thedike; or formed
infr ?&hﬂdor%ﬁﬁ@ hdids, s?&lﬁds}at@i& 301@?@16%)§:mc¢'€iﬂsﬂ1éx¥nchﬂdi’cﬂ €ss,
crys shape, ica nd.electrica per
b BB br D i Syl ey AT Ak PP Ackds pirlaic acid,
rate sulf:cmr: ydt ahdlic aeitlj maleic atidrfagearit mﬂgeﬁmraad, aid acid, benzoic
. ot her ne crystal for om nat e.
[ ooos”é}@sé% pﬁ/’ a?eé |en%§§ﬁesn%§18 Iag/le 'is G dn g Fhe that
2% ont angthenesfmicacis ethingssfoniaacisk 1, 2 ethane—dlsulfomc acid, 2-
' hydroxyethanesulfonic acid, benzenesulfonic ac:ld,_ 4-chlorobenzenesulfonic acid, 2-

‘naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 4-
methyli;icyclo[2.2.2]—oa-z-ene—l—carboxy]ic acid, glucoheptonic acid, 3~
phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, laturyl sulfaric
30 acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
' muconic acid, and the like; or ' |



15 non stoichionetric anbunts of solvent. Sone
conpounds have a tendency to trap a fixed nolar ratio
of solvent nolecules in the crystalline solid state,
ng a solvate. If the solvent is
%ﬂrég%gﬁ rned is a hydrate, when the solveﬁ?&ﬁﬁkhﬁﬁmmms
al cohol , the solvate forned i s-¥n al cohol ate. Hydrates
are formed by the_ conbination of one or nore

no! 180450k £2)esits {amed wiapnt an asishic prptomypaessifiin therpersnt rompavindgither is

the WabREed2Q amehdiddsS ekl §n ﬂpehﬁﬁétlﬂ%n,%h alkau@%a}fl% £3n, St4ah
conblgatlon bei n °°¢%ﬁ§ or m ong. or hydr at e.

[ 00053} piE iRy ifyan Qregric Brs5 gy G ethpuolgise:
i nt er dikhngdatinhy, thabaiohnaing troafediamihg Namythelglieatiing, and the like,
whi ch rel eases an active parent drug according to

For uc rodru |s adm ni stered
@ﬂih#ﬁh%#%we 4 thatgl grensst  phoemacepsaliy epcartable sats
For Muinalufle @lv@nﬂddﬁﬁh@&nﬁ)(sdiﬁﬂ&sf vyll dﬁﬁtaﬂ) fiemo (p &phs) as defined

N e pa—
be citewived it whigh v comtipourel caa seystalliee xpdrfé:mnt crystpkpmking
Prod

rodr oS i AGhd gfoﬁwgﬁe%me g&agﬁtmo&g%ﬁ Aent crystl

hydroxy, an1no car boxy or
9n a fopanissUlichass dlﬁférlenﬁﬁaﬂ diffegctipnpegarns.dnfiared g}eéfmpm ting

t hat ﬁfﬁﬁ{ts,k&@nﬁﬂyﬁﬁﬁdﬁﬁh, @Tsm Wipk, %pa@ﬂ REDSREE AL GobbBed &88lity and
f hy dréz grou respectively

hydrox a

ﬁﬁ)ﬂl&f Reffyiseizagian poltsmizabis ofirsUilizatioRy sloraeti Tageratere. and
est erahére"aogors mag edusd ene dlysadl kymabidomnaned at es,
fornates phosphat es, sul fates, and benzoate

gnd car bamat e
‘1“%%1 V%’ﬁ% APBBHIPen bR dﬁiﬂg"rfﬁw Wﬁew@&ﬁgﬁﬂgﬁtwﬁgmeﬁw or
1:est ersongdithi@mdteic gnoeithyf solvest SurSe coffpophdy haﬁ@@tdﬁaﬂﬁly totrapa

Gor VAR ot Oy ol Bl Ben B sttty orgine

N- ac etolvate. Itheolménd s wederahe soBat fhfmdids ebydaxte, vdrearthaohest is
of a rg]éb(ﬁolf Hﬁ%l\nﬂ@ f"yrme@ I Qﬁoléﬁéﬁe ggjﬁi:%}@s%?é Rlrfed gffh@ |cSmbination

~and enol esters. ket one an unct | ona

gr oup¥ ﬁowﬁﬁs@m@%ﬂ%ﬁf wRenittaone of mubqﬁ@cm ip avhichehe water

Z(BU ndegaas &s midleculbesdtgss 190, SBEIP%%%UOH 48 abl&c?ﬁ:?ﬂi'o%é or more
ork Oxford (1985). 5 100054] "Protecting group"”

(FXE ?s to a grouping of atoms that when attached

to a reactlve group in a nol ecul e masks, reduces or

pr WBF’TEJ‘:@I&H\J "ﬁﬁﬁﬂﬂu J iﬂd " Eﬁ@%” lafsSusetd 1nt@&ﬁh§é’é¥)ly@ﬁrem and refer

groups can be een uts
Pr ot e8t“1‘1¥/‘é’n@°6‘ag &’rﬂmbﬁa%jsgsam a&ﬂ*@?ém@w acce%%go ogpgla Lin vivo
ed ]sﬁ%)suénd'ocﬂag sl aﬁnﬁm&lﬁﬁdltbw fiafouligh subj ect Prodrugs ofa

i C
( Jo h n %Pllé{eﬂ)lf?%fn%y ons, efg %fgi%ﬁ’f@%%’mgﬁa% I‘eglgﬁet fg{lﬂ;)gal group(s)
am n cPrpslemttle the mglpgv@pfslzqmulaa deyuch o may that theetqdification(s) may be

cleaved in vivo to release the parent compound. Prodrugs include compounds 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

30 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



trifluoroacetyl, benzyl, benzyl oxycarbonyl (CBZ),
tert-butoxycarbonyl (Boc), trinethyl silyl (TMS),
2-trinmethylsilyl-ethanesul fonyl (SES), trityl and

d trityl groups, allyloxycarbonyl
g/ﬁqlﬁ(b/oor%}‘ei%gl met hyl oxycar bonyl (FMOC), nitro- PCT/EP2004/000008

- veratryl oxycar bonyl (NVOC), andit-he |ike.

Representative h rgjég protecting 15 groups include
t hos eleghidragetylp & "th)ad hasgs, Schpff basewinditeamboyésatf enhirmrfunctional

al kyl %&@;‘é b, a&etald E&Eﬁ( gnd éﬁfjesteq: Jﬂ(letoﬁg ch{ aﬁd&l?fdé/ﬁu:uonal

as al ethers, tetrahy opyrany

tri a|a€91|lr§|m gaopesds pEFosAad) dng) @hlﬁfe?@ Bupé%g@]H "Design of

" Tr eatroM@igs"P1-92 EEME'New&erk@x?dr&@BBS) includes: (1)
prevent| ng the disease, i.e., causing the clinical

rr‘s)toms of the disease not to develop in a mammal
% hd400R4)y Faotesting.srons dBG) wsiesy togseanpinss atpmsshatiydren attached to a

di seaggtibel odﬁ @Ba AdlecHe inafiR PRk RNGSHr&en it lr@aXtm Bxamples of
s ynpt ons 0

e dis nhi bi'ti th dlsea
Y SRR R o7 P i M oreARd o Sk aist Sioigtive Groups
d| seds ©rganid Cheraibtiry i(Waley, Sydat. 0985) aﬁﬂHéﬁilsox{ ald I&Mhﬁg: diehie

:jlt :ec o“?nnﬁ) djl%m of %hsé Q@fﬁﬂ%é\g%ﬁqq%n}’ﬁ %@B}?qﬁ@ ons, 1971-

1®ef f edOP&le Ran@@nwahvn@m prhectingmneips mfchaiecﬁmpﬂmdtyh hat ,
25 V\’f’tﬁﬂuﬁgmeﬂ’l Ebteﬁfy? (ﬂ)eﬁi} 1y (Cﬁ%%g ﬁérrt %ﬁ{c&?cqﬂﬂ)ny]f(Boc),

di sease, i s Suf ficient ‘to e

the drigsdybsilyl{diS) %@Praﬁéﬂﬁdvéaﬂmes@fm&%h trifphand sabstituted
vvnt I gl groﬁﬁ:ﬁﬁlllﬂbﬁ%rb@ﬁ‘yl IO R QFRAMRA B Jj}%o {Sméé),aﬁk%
ITS sev n e C
to bet aﬁ@%ﬁéﬁfa"qﬂ@f)@@’f?&s w%@eﬁgq afi?arﬁﬁe% m?tgprgfechng
1non- Rabus ftidlqdeﬂh@qa mhiengheb;nm;ngebulms éithet Scylst&ﬂ or alkylated such as
St r ugt r t S
et an§| néyirgéié%p%sor uaamgﬁlg%t ae%%]?ygh é" af?iers, maﬂ&’kﬂyl

"Prosta
- nat urcther3andalipletheanyy protein that binds
Pr ost agl andl ns, which when bound alters the function

d (]
@gg er e %gért €] % ﬁﬂr pt g£%| El eti91£1ud %Zprw‘g}%n g thg dijgase, i,
V\D 20aainrBe SdiRETRROGe af t@@@@% HGt 1@develop it @ mgmmal that may be
2d_ncl s@éﬂ Eo & ﬁecﬁ%séd t@ﬂ‘ieecﬁsegﬁ baFdoes F6yet B ?r E e dikflay

FP, | hese receptors are

di sc &@@B@Wf %ﬂ %wa% @ mé"F Hing fhpRFR ) @gqs@aa o reducing the
Revi eleBeloph@idt of theldiseRe Br itdNPinica), ) reliédfg the disease, i.e.,

the MBHEHIFEEORE QLR ech /e ﬁﬁwlwflla% " $based on

AUTONOMIM v. 4.0, a Beilstein Institute conputerized

sy ﬁIOOB&]f 'Wthéﬂ&@exﬁﬁ:ﬁ!ﬂf et aRbuntl’ RO thy ShewR K & compound that,

SB (r) rerg at &rrmemstereg [crcl> zct: I%lam%}ai P regtlensg aS s%;mse, 1'3 s?u | Qnt% effect such
treatment for the disease. The "therapeutically effective amount” will vary depending
on the compound, the disease and its severity and the age, weight, etc., of the

mammal o be treated.

[00057] "Prostaglandin analog" is a non-naturally-occurring compound which is
30 structurally similar to a prostaglandin.

[00058] "Prostaglandin receptor” or "prostanoid receptor’ is 2 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



usi ng ISIS(r) v. 4.0. Any open val ency appearing on a
carbon, oxygen or nitrogen atom in the structures
herein indicates the presence of a hydrogen.

GARRUNGss[ 00060] The invention provides co

Formila 1> 0 RZ Ra RO RIO RRs Ny x Z Rsnggg&g\ﬁ”’@a‘;""“""
RZ RLI wherein: mis froml 18 4; preferably mis 2;

15 nis a bond or fromlito 4 Ereferabl nis 3; Ais

al ky| receptgms inchvsle briae Wthnatewtca R4 [EP2.§R3} BRs D aFi §P, TP1, and
cycl O?PZK Yﬁh@sleli*é’cj Epto%r ar@fu¥th A RhdsYd by Chlednsn &Gl @i Phddnacological

-C(O: oxymnet h Iene or 0X0)’;
pr ef eB%YEﬁ“Sf @9#8\701“’9}%%0 EHRraFaRy méthyl ene); Xis
-(CH2)2- or -CH=CH; 20 Y is -CH2-, arylene,
het er oaovhedBRture fddSehrcturel- . - S(O p- where p is fromO
to 2, or -NRa- where Ra is hydrogen or al kyl;
preferably Y is -CH2- or -S(Op-, with p preferably
beln 0; Zis -CH2OH, -CHO, tetrazol-5-yl, or -COORb
805% I gerianali rthfgme@plawmbd in tbméip@heﬂbﬂoy ipbajesl onCOORD
?gd RlR@ufr@Nmeg@@o aH29n ﬂsgﬁﬁééﬁnfﬂﬁzéﬁ’%g%{ fa%g Qéheration of
i ndepBFPa“&]Wyma%nwlaa% (hemnigl piycturgs hpwR Btein agg prepared
R2, %ngRQIS‘@%&DRﬁn &ben vE8acy Rg?éﬁﬂg B4 Q cabBn, IFHRAGL Ritrogen atom
or a E‘&Er rraceutl ca acce e sak h r solvate,
prodr I}EE%‘?%’FI%?S 5 EETTHEC B2 5% Paceni ¢
m xt ure of |somsrs thereof. 5 [00061] Were any of RI,
102, R3Cobpould®s R6, R7, R8, RO R10, Ra and Rb are
-al kyl, they preferably are lower allryl, i.e.
QG -6al kyl, and nmore preferably Cl-4alkyl. [00062] In

certain enbodlmsnts mis 2, nis 3, Eis -CHOH, Y is
- S-[09)360] @bgmve@qng:rowdes compounds of Formula I:

g
r? E
R3 X/ S A

R R I

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

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

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

Xis -(CH2)2- or -CH=CH-;

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

Zis -CH20H, ~CHO, tetrazol-5-yl, or ~-COORb where Rb is hydrogen or a]kyl
preferably Z is -COORD and Rb is hydrogen;



COORb, and R, R2, R3, R4, R5, R6, R7, R8, RO and R10

are hydrogen. In such enbodi nents conpounds of
Forrmula | maybe represented by Formula Il: OV

Wd 2000 X~A 10 CH Il wherein A X, and
def?%é% erein. In preferred enbodi nents, F%Cﬁ&ﬁwa&mmms

stereochem stry nmay be suchtt&ﬂSconpounds of For mul a
II are nore specificall Formul a 11

) GRS RiiRas Kot K7, 865 Rp swbRi] carmingepradent aie bydrogen or
eWbOd'alK?Ptp?eferBMYRlaﬁz R3,5&, R, R% Rfo Rsckﬂ-ﬁd Rm dréhﬂ&d@e%’ge

or pheny
R7, R8T2 ﬁﬁae“RF%YéfcéPtﬂ@S Faifg%ﬁo ViR rgg,%rﬁg, &I;)ﬁd%’iﬂf?é Rt @eemic or
conpouﬂd&mﬁﬁn£ﬁmmm£afﬁmﬂmyﬂbﬁmfepresented by Fornul a
I'V: WD 2004/ 063158 PCT/ EP2004/ 000008 -14 COORb O N H
X--~A OH |V The stereochem stry may be such that

ounds of Fornula IV are nore specifical

Cco
ForlPfed] Whergomet REAR, §p> Ry RS, R By B8, R9 Rl() Ra ar){d Rb are alkyl, they
preferably are lower alkyl, i.e. C1-6alkyl, and more preferably Cl-4alkyl.

[00062] In .certain embodiments, mis 2, n is 3, E is -CHOH-, Y is -§- or -CH2-, Z is -
COORb, and R1, R2, R3, R4, R53, R6, R7, R8, R9 and R10 are hydrogen. Insuch

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

0
Y COOR"
é‘t\/\; \/\//
x/$A

10 | OH 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 IIl:

OH III.

15 [00063] In other embodiments, mis2, nis 0, E is ~CHOH-, Y is arylene or phenylene, Z
is ~COORb, and R1, R2, R3, R4, R5, R6, R7, R8, RY and R10 are hydrogen. In such
embodiments compounds of Formula I may be represented by Formula IV:



OH V 5 [00064] Representative conpounds in accordance
with the invention are shown in Table 1. 10 WO
2004/ 063158 PCT/ EP2004/ 000008 -15- TABLE 1 Nane

)) Structure Mass Spec (MN
W%)&P%%S cycl opropyl - 3S- hydroxy- 0 369 1 PCT’EPZOMOUMOS
pent -| E-enyl ) - 6- oxo-pi peridin-+1i490 SOH N
yl ]Jethyl sul fanyl} butyric acid OH
4-(2-{2R-[3R-(4' chloro- 0 503.5
2' met hyI bi phenyl 3-yl) - & hydroxy - OH ti

7-{[39- hydr4(4yOO4033No ~CH

pi peridin-1-yl} heptan O—I CH3

7-{2R-[ 3S- hydroxy-4-(3- o O 41%H 4

nmet hoxynet hyl - phenyl ) -but -1 E-enyl ]- N ~“xoH

6- oxo- pi peridin-1-yl} heptanoic acid pH I /

7- 12R- [ 38- hydr oxy- 4- (4- hydroxy-3- O O 431 5

i sopr obghleSth@ sbnunawbesgﬂyuh}tcempmc@qf Formula IV are more
Q,BQ&]QL@]] Simrho vk heptanoic acid OH CH
4-(2-{2R-13-hydroxy-3-(1- C- 417 6

phenyl cycl opropyl ) -prop-1 E-enyl]-6- N~/S CH

COOR®
I /\/©/

N
A

XT 2TA
OH _ V.

5 {00064] Representative compounds in accordance with the inventioﬁ are shown in Table
1.

10



oxo- pi peridin-1-yl}ethylsul fanyl) butyric acid OH ~ WO
2004/ 063158 PCT/ EP2004/ 000008 -16 Nane (Autonom(r))
Structure Mass Spec 4-(2-{2R-[3R- 3-hydroxy- 3- 437

j ronmet hyl -faran-2-yl)-propyl]- ~/S '
gﬁg@%%%%%gridin-1-y|}-ethy|su|fany|) butyric¥g§FP%@mHmms
H 4- (2-{2R-[ 3R hydroxy-3-(1- ©18419 8
phenyl gycl opropyl ) -propyl]-6-0oxo- Ni~3° SCH .
pi peri dilEly| } et hyl sul fanyl) butyric acid OH
4-(2-{2R- (3S-hydroxy-4-(3- 0 435 9
nmet hoxynet hyl - phenyl ) -but -1 E-enyl]- N---S OH

6- gxoFprperigis o ety su-Hany-—6H-+—CH3—butyrie
aciyd 7-{2R—1 %&-‘%‘fu Of/lé y-2'- | 467 igucture Mass Spee
met{hyjl bi phenyl - 3-yl ) - 3- hydr oxy

: e} ciH 6H

R L AR I W
2 jﬂet hypeal-pleny)-6Dxpiipapiinpl-LE e ] - 6o 0xo~"0n
7 (5| o nemtdeRgE bR Sen el () 2

oH
2' retjhyl bi phenyl - 3-yl)-3-0xo0- [N v v v =CH

4-(2-{2R~[3R-(4’chloro-
2 | 2’methylbiphenyl-3-yl}-3-hydroxy-
propyl]-6-oxo-piperidin-1-yi}-

503.5

cthylsulfaryl) butyric acid

7-{2R-{38-hydroxy-4-(4-hydroxy-3-
3 | methyl-phenyl)-but-1E-enyl]-6-oxo-

403

piperidin-1-yl} heptanoic acid

7-{2R-[35-hydroxy~4-(3- 0 o 417
4 [methoxymethyl-phenyl)-but-1E-enyl]-
6-oxo-piperidin-1-y1} heptanoic acid OH

7-{2R-[3S-hydroxy-4-(4-hydroxy-3-
5 | isopropyl-phenyl)-bui-1E-enyl]-6-

431

oxo-piperidin-1-yl} heptanoic acid

_ 4-(2-{2R-[3-hydroxy-3-(1~ \/\/ﬁ\ 417
6 | phenylcyclopropyl)-prop-1E-enyl]}-6- N"\"S OH
oxo-piperidin-1-yl}ethylsulfanyl) ==
butyric acid OH




propyl ] -6-oxo-piperidin-1-yl} \ / heptanoic acid O
Fi3C/ \ OH WD 2004/ 063158 PCT/ EP2004/ 000008 -17
Nane (Autonom(r)) Structure Mass Spec

(5" cycl obutyl -3S-hydroxy- o 0 383 1 ent
?‘E{é’ﬂ{f - 0Xo-pi peridin-1- tv~~sv OH %T}IJEPZOMIO(}OOOS
yl ] et hyl suI fanyl}-butyric acid-HO
4-(2-{2R-[3R- (3" -fluorophenoxy- o g~ g 503 14

phanyll - 3- y| Naswelxdtonsym&)r opyl J|- 6- " nSignéethfe Mass Spec
oxq-pli peridin-I-yl}-ethylsul fgnyl)-3- nmethyl but vrl(@w
acild HO O / F 4-{2-[2R-(3-hydroxy-4, 4-di nethyl-| O

15r (-1 @-@qYlMﬁ%Mﬁh@f}P@; dijn- 1-yIT- w 437
et an ri,c.aci

7- ]%Z/ ‘#‘é& %‘P%%H @P%Plégb o

di e h@hmpipyﬁhdxa-lyﬂ)-emmﬂfdnﬁ)e
6- gxa- pi peri din hept anoifc™dcid” j i<

7-11- 2R ( 3- hydr‘&’{XP enoxy- bt - 1E- O 64389 17
enyl)-6 0X0- p| per|d| n- 1- yI] heptanoic N~Q—| acid O OH

'J'I

7- { £|-- |_ J \y 470 5
bi phgnyl 43@y Z;RA[p 'I ] q- axo- \/\)j\ AL
8 phenylcyclopropy1)~propy1] 6-oxo— N~ o~ OH
piperidin-1-y1} ethylsulfanyl) butyric
acid (:)H
4-(2-{2R-[35-hydroxy-4-(3- Q \/\i 435
9 |methoxymethyl-phenyl)-but-1E-enyij- NS OH
Z
6-oxo-piperidin-1-yl} ethylsulfanyl) z ¢
OH CH
butyric acid 2
7-{2R-[3R-(4 hydroxy-2’- % 467

|10} methylbiphenyl-3-yl)-3-hydroxy-
propyl}-6-oxo-piperidin-1-y1}
heptanoic acid

7-{2R-[3-hydroxy-3-(4 hydroxy- Q y 465
111 2’methylbiphenyl-3-yl)-prop-1&- /_/_/F}Q
enyl]-6-oxo-~piperidin-1-y1} heptanoic|

acid P O

| 7-(2- {2R-[3R-(4 hydroxy-
12 2’methylbiphenyl-3-y1)-3-oxo-
propyl]-6-oxo-piperidin-1-y1}

465

heptanoic acid




~

pi

peri din-1-

yl'} heptanoic acid -

a o-H-~-~Ww

2004/ 063158 PCT/ EP2004/ 000008 18 F1 Nane (Autonon(r))

Structure Mass Spec

(MM

%{ﬁﬁ,&ﬁ%w chl or o- bi phenyl -

hydr oxy- propyl ] - 6- oxo- pi peridin-1| -

3-yl)-
N CH vyl

O 472.5 f&’?mmnomuoons

heptan0|c acid OH C 20 4-(2-{2tf{3-hydroxy-4-(3- 0 461

tri

uoromet hyvl - phenvl ) -but -1 E-enyl ] -

1l od

6- OX@- pi per Newnp {Autogdh®pt hyl ) {benzoi$trictans d r F | MbbsISpee
I |44(2-{2-[3-hydroxy-3-(4'chlijoro-2' 21 (MW)
mephyl - bi phen-3-yl)-propyl]-6-40x0-_ OH 506.5
pi per iﬁkﬁli{ZﬁEZR—@H}Y’%bMyl—aSJméqui-c [[00055)
Tha( t.i on f rt her
foaB ;gggyﬁg%n ? 8@? (%ﬂ ccd Hon
saltg. Nlﬂeﬂuﬂsd&adbbﬁtmmlchre e Wthin
the 4cope of the present invention. In nore
def aifl , the invention relatesjto co nds of the
Fomglal O R7 s RO RIORS % Nyxz 4 R3 X'E'A Rz
R 11| wh@rPRA3R-(3’-fluorophenoxy- 9 Hy 503
. 1 4 N/\/S\MOH
phenyl-3-yl}-3-hydroxy-propyl]-6-
oxo-piperidin-1-yl}-ethylsulfanyl)-3- Q
methyl butyric acid ° .
4-{2-{2R-(3-hydroxy-4,4-dimethyl- | © \/\i 399
15| oct-1E-enyl)-6-oxo-piperidin-1-yl]- NN OH
ethylsutfanyl} butyric acid "G
7-{2R-[3-hydroxy-3-(2,5- 0 387
16 | dimethylphenyl-3-yl)-prop-1E-enyl}- | § /\/\/\)L OH
6-oxo-piperidin-1-y1} heptanoic acid N H,C
- CH,
OH
7-[-2R-(3-hydroxy-4-phenoxy-but-1E- o 0 389
17 | enyl)-6-oxo-piperidin-1-y1] heptanoic N/\/\/\)LOH
0
OH
7-{2R-{3-hydroxy-3-(3’chloro- 470.5
18 | biphenyl-3-yl)-prop-1E-enyl]-6-0xo- .

piperidin-1-y1} heptanoic acid

N/\/\/\)OLOH
-~




mis froml to 4; 10 nisfromOto4; Ais alkyl, aryl,
heteroaryl, arylal kyl, arylcycloallcyl,
cycl oal kyl al kyl, or aryloxyallryl; B is -CHOH or

2004/ 063158 PCT/ EP2004/ 000008
Wgé@ﬁ;“g?lgg CCHECH: Y is -CH2-, - CHECH, arll;% Tééz“‘?‘”‘”’“““s
het eroaryl ene, -0-, -S(O) p- whelrSeplsfromOtoz
or -NRa- where Ra is hydrogen or alkyl; Z is_-CH2CH,
- CHOj t et r dYuheBitedons®) - COORb wher Stitlotirs hydr ddass Spec
al kyli; and s Rl, R2, R3, R4, |R5, R6, R7, R8, R{ a@gwj
Rl Q_¢ach i ndependently are hydrogen or al kyl: ar
phar nde@t[B8aBichlomelippnabl-gl)sal ©, sol vat e, Qpr odriugd72.5

sifgle GG af 1 NP Xiur g of
isg%vr sg@ﬁgé §1J-F83%§gﬁﬂ%nﬁ7{§r in the above
conpounds Eyl}shept@hdiiacid Anot hel 108 di ment
of | the present invention conpfises c@Fpoun

rein Z
is|-COORb. In the above conppunds Y is -CH2- or| in
fulther preferred conpounds Y]is S(Op- and p ig 0 or
Y 28] ar y| &2 {2 hhfdumtyke3-pr ef €rred conpourgds X ijs 461

- OH=S .S - : h furt her red
enpo @%ﬁ{omgiﬂy? %héaglgry%)s‘é%'e%’ﬂlﬂantoiuo [ SIg\bov e

c ojp b Grke-piperidin: ngle péyl)dettojc $ ' fomthe droup
copsisting of alkyl, 15 aryl, |he : 5 #ikyl ,
aryl ¢ycl oal kyl , cycloalkyIaIkV % Wl .
Mfe| preferably Ais al kyl of Ais aryl Aig

heelogzy,r_ Ay bprATSarycyctogtkyt
({zcﬁo%dx? 4 rg_‘é s arylo a | . [Q0068]

or
Pr @ﬂe@@@%@hﬁ@@ﬂ@sﬂ@m’l}ﬁ@xw @ tiOhs arle 506.5
COPOURES i Bf-11MExt - X~A 20
OoH | uﬁ\g\h re|1 Ye%%@%&ca&h @ Ro are
as| defi ned any above. Further purjds are

cor"rppunds of the Fornmula I11:

[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.

5 ~[00066} In more detail, the invention relates to compounds of the Formula I

xS
RS-l N Y Z

wherein:
misfrom 1to 4;
10 nisfromOto4;

A is alkyl, aryl, heteroaryl, arylalkyl, arylcycloalkyl, cy‘doa]kylalkyi or aryloxyalkyl
E is -CHOH- or -C(0O)-;




OH Il WO 2004/ 063158 PCT/ EP20041000008 -20 wherein
A, X, Y and Rb are as defined above. In these
“conpounds Xis preferably -CH=CH and Y is preferably

¥odebiifRs1sEr ef erred conpounds may be sel ected f
gro Sp C%lgg rising: a. chi/%glooll&gaos

4-{2-[(R)-2-((S)-(B)-5-Cycl oprop - 3- hydr oxy- pent - | -
| )-6-0x0- 5 piperidin-1-yl]-ethylsulfanyl butyric
Zlm) d: }§1s-(CH2)%— gr ~-CH=CH-~; yH- Y ¥l Y

4-(2- 1t | i
y- EJr oggfﬁ] bﬁB(—))((g_ P Eﬁg{g%}rgflg@lﬁﬁﬁﬂﬂa ﬁsy "S??%gﬁ)ﬁl)grewgﬁaﬁ 0to2,
but yri ¢ HcN§a- where Rais hydrogen of alkyl;

7-{ 2R Z3SCHR MEDXGHD, (trabile5 G yr %ﬁ@tWher@ RE ytytirdged o dikyl; and

SR RS SR R %%%fﬂﬁfﬁﬁaf s e o

yl ] - 6- oxadkylipi peri di n | -yl} heptanoic acid; e. 7- {2R—
535_ Hyglr Iﬁ c(efllh g ﬁ&’co YRRy Ero%.gugg&lgle 1bsgxtner ot ritdmic or

plperl anof
4- ( 2- {ZRKPSﬂHw@FQ%yﬁ@#Q h@ﬂ&lopropyl) prop- | E-en
. yl']-6-o0xo 1s piperidin-1-yl}ethylsulfanyl) butyric
am
‘%’”f’%&“f%&f%f%la’f%xﬂl? ot BRIk REICH 0 ARQtRs pyeferred
10pr op\ejbodimexbof the peeséud invention f}onalrhgslcgmmmlvqhem % isi-§O0Rb.
4 (2 In the ab%\g com rc»olmxdsYls -CH2- or mlﬁé% Eerfe(:)ube& com ?%Ibd;Y 5 -
- 0X0- Sk@?@ﬁpépﬁ 0 qﬂw}a@ﬂm lgﬁm%wrefersﬂé{cympeu@fg@ Czl%s CH- or
|4- (2 Xi 1s CI-I2)2 In a further preferred erﬁbodlmeltathof the present mveklzm{)n in the
r ox y eny u
2B oY, e i BRI PRSI B
imdd; ayl, heteroaryl, ary}alky} arylcy'cloalkyl cycloalkyla]kyl and aryloxyalkyl More
7- {2 I n 3- dr ox
y-pr f?%lg?“%%%ﬁ | per i %HI&E‘*Q%FI}Q Oﬁg? %%68 1'}Mac-l% A¥
7- {2@1@ l@xyuscxdv W@M@m@m@m phenyl - 3- ) 1) -
prop-1 E-enyl }-6- 25 oxo-piperidin-I-yl} heptanoic
am
oA BT b o e ey s compopp g Fprmle
-oxo Ipi peridin-1-yl} heptanoic acid; m

4-{2-[2R- (5- Cycl obut yl - 3S- hydr oxy- pent-l E- enyl ) - 6- oxo-
pi peridin-I- yl] ethyhsul fanyl} butyric acid;

Y COOR®
. N/\H/ ~ N
x/$A
20 OH Il

wherein Y is -CH2-~ or -8, and A, X and Rb are as defined any above. Further
preferred compounds are compounds of the Formula I1I:

I




30 n. 4-
(2-{2R-[3R- (3" -fl uorophenoxy- phenyl - 3-yl ) - 3- hydr oxy- pr
opyl ].- 6- oxo- pi peridin-1-yl}-ethylsul fanyl)
=putyric acid; o.
%F?§§ 2%&?3-%&droxy-4,4-dinethyl oct - 1E—eny|f E@Sm%wmmmm
peridin-1-yl)- ethylsul fanyl} “®0t-yric acid; p. 7- {2R—
[ 3- Hydr oxy- 3- ( 2, 5- di net hyl phenyl - 3- yI - prop-1 E-enyl ]
- 6- oxovh@8ing, geiadd Kb mxeyals Heflned elaavei o thase coymppunis X is preferably

[ - 2R- (SciivdEoxyg 4’ gﬂgne Ireferred compound.csl ma%e be selected from

E- enyl ) - 6- oxo- pi p hept anol ¢ acl

2004/ 0 E%‘PF‘@HPEPQQOM 000008 -21 r.

7-{2R-[ 3- Hydr oxy- 3- (3’ chl or o- bi phenyl - 3- yI) prop | E-en
l']-6- - pi 'd t

LR {3k (BUERR P Br Blalor R s Sritpar bbbyt P

5 0x0- pi per ipperidin-1yjl]}ethdpifamdi-tutpdd ahd;5 t .

4-(2-{2- p3-4yA i
(2-{2- s {%W(rﬁéﬂ r(a'z &Ry‘lﬁgﬁéﬁ}gb Jﬂgélig%géx,gﬁ%ghﬁs o%o-

-enyl ] - 6- oxQ- er
4-(%-}2-[3319‘?{?56& 'Yhi} Itg!i%'ﬂli%/ff %1 - phenyl ) - but - | E

- enyI ] 6com{ZRs[ﬁ@iyﬁom&{@hﬂdamt@eﬂbbphﬂwb-’tamlﬁ-enalr]}duoxm
V.

3-(4' chl onﬁgpf;dm" TRiepin 01ﬁen 3- hydr o ro
1[-o>(<o- 16° B 8 A8 Hikog 4 Vo oRgr A Bt b6 -oxo-
The i nvent ipgiperilisQ-Rjdprabsiescid phar maceut i cal

-con‘pOS|t|o | A, el \ A
amount. of & iﬁéﬁfgﬁ%ﬂ&sﬁdg. 8RS KB b M eort-o
with at | exerripsilinliviidsplandardder diluent or
e;«: It pi e tnf f&*iﬁﬂetﬁ H?&ok}ﬂﬂ-@nﬁh@ﬂld}ﬂﬂjﬁb?ﬂﬁ-ﬁic@bllmaiyﬂQ‘.doxo-‘

reat me reat abl e by

gdm ni st rat %&dn'? 3'&}%'%8@1@ %H% rost agl andi n
agoni st Gorfb Z"QRn@%ﬁYﬁ#@f’ﬁéiﬁ%ﬂféﬂﬁﬂMMD-P&JPYH 6-0x0~
t herapeuti qﬂbérmﬁfﬁcéﬂl f&{mlmityr&f a compound as

bone. a1 s B dBrs 258 xr sEEbeSiodRaSRuTRSle Gp-viperidin-
t he presentl-yljshd ﬁgfﬂ@ﬂ)b?@ylcb@dused in therapy, e.g.
af or the mRMI{AEIRI[B-@fdreBd- @aﬂ@ﬂlbﬁym&hﬁ-phfe@ﬁ)—bﬁthﬁi -enyl]-6-0xo0-

reat et bR, SaRS) oty 5,
product i bn 7of2F: Bip i riitdroas-2 dusbyibirbdmaPoxl k3 dudyony-prapyl]-6-
the steps dgsclipiREa-1iyl} ephesesid to 3. Synthesis
k. 7-{2R-{3-Hydroxy-3-(4"-hydroxy-2'methylbiphenyl-3-yl)-prop-1E-enyl]-6-
25 . oxo-piperidin-1-yl} heptanoic acid;
1. 7-(2-{2R-[3R-(4'-Hydroxy-2'methylbiphenyl-3-y1)-3-oxo-propyl]-6-0xo-
piperidin-1-yl} heptanoic acid;
m. 4-{2-[2R-(5-Cyclobutyl-3S-hydroxy-pent-1E-enyl)-6-oxo-piperidin-1-
yl]ethylsulfanyl} butyric acid;
30 n. 4-(2-{2R-[3R-(3'-fluorophenoxy-phenyl-3-y1)-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-yi}-
ethylsulfanyl} butyric acid; _
p. 7-{2R-[3-Hydroxy-3-(2,5~-dimethylphenyl-3-y1)-prop-1E-enyl] -6-oxo-
35 piperidin-1-y1} heptanoic acid;
q. 7-[-2R-(3- Hydroxy-4-phenoxyubut~1E-eny1) 6-oxo—plper1dm— -1
heptanoic acid;




25 [00070] Conpounds of the invention can be nmade by a
variety of nethods depicted in the illustrative
synthetic reaction schenes shown and descri bed bel ow.

e starting materials and reagents in
%?’gzgg%n-ggpt hese conpounds generally are ei tﬁé’ﬁgpzoozuooooos
avai |l abl e from comerci al suppldiers, such as Al drich
Chemical Co., or are prepared by nethods known to

t hose skirl | 2¢2R-(3-Hydrogr-5-(3' dﬂb@vﬂmp@en&m-m})qnqdm@sylhépxm
forth inr eﬁ@érﬁﬁ?@%l}%‘é%né&% afiieser and Fieser' s

Reagents fo I & Sons;

e o o O Bl o D AE A S o S0 o pippridin-1-

Conpounds ﬁllwwneman; ence Publishers, 1989, Vol unes
1-5 and O 2004/ BGRIGEPETS E%M&h&ﬁﬁ%ﬂényn B2 1E-el]-6-0x0-
Suppl enent al,s Cc React.i ons,

New Yor Kk, 1@5‘?1&%\7&5’ rfglé}'n)lbe“ﬁ?}ca ie f ol I oW ng synt hetic
react i on vs ché&ves{3akpdrogyr- &3 tiifthl cusheethyliphengj-bsotfeenyl]-6-oxo-
met hods by 1#}%‘1{111 ee AuRdsi@lng he present

i nvention ca sl zed, and.varioys

modi fi cat’ ohé (1262 %ﬁ?'r’f‘l‘i%e(ﬂi“/éif Tyi)ﬁ3'§‘l§‘f‘f8ﬁégr°%}ﬂ1“6“°}‘°‘
1be made anoblparidn-tbql saﬂg@)e’tsehmicwd.o one skilled in the

art having referred to the disclosure contained in

t hi{QHO6BBh ipwdnition als¢ AOREREs dffter wea@ntidaheprmpisition abepdaie a

the 'ﬁéﬁsg@@mggﬁ&n% almﬁ@m&ggaa&d L§ eggbo%sﬂ%ﬁm

can be and purified esired usin
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anbi gpkdhehrREPRYAL Ure, e.g., about 20 C. [00074]
Schenmes A, B, and C below illustrate synthetic

procedures usable to prepare conpounds of Fornula I
wherein LGis a leaving group, PGis a protecting
group, R is any lower alkyl and may be the sanme or
different in each occurrence, and m n, A 20 X Y, Z
R, R, R4, R6, R7, R8, RO and RIO are as defined
her ei ngynB@Ri fi c exanpl es of the procedure of Schene
A are provided in the foll ow ng Experinental section.
WO 2004/ 063158 PCT/ EP2004/ 000008
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 nsed in preparing these compounds
generally are either available from commercial suppliers, such as Aldrich Chemicat
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
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KodebliiEisf [00075] Scheme A illustrates the
"preparation of In step 1 of Schene A an am ngT[E52004/000008

acid a is cyclized to forma detxa-lactamb. Various
am no_adi pic acids of Rand S 5 configuration usable
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product to yield a protected al cohol c¢c. The reduction

e ac ed forea , treatnment o
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c yanotaobe ipldtadded pudiad ifidldsited lpmngmnmnobnal techniqdést inclnding but
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pr ot e&,hstgl&sbmespa&&q)hgg_ as an acetal. The protection of
hydroxyl groups via acetal formation is described by

Saijo et al. Chem Pharm Bull.1980, 28, 1449-1458.
Pr 6000983 Binless sperified tnytlie evaptarp thegemtionritsaibed herainguetbably are

achi I edbadudtéPuriict M Bkt Qﬁntﬁﬁhtgg %ﬁn@%eﬁ@prgssm\él at a reaction

temperature range of from about -78 C to about 150 C, more preferably from about

15 0 Ctoabout 125 C, and most preferably and convenienily at about room {or
ambient) temperature, e.g., about 20 C.

[00074] Schemes A, B, and C below illustrate synthetic procedures 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,
20 X, Y, Z,R1,R2, R4, R6, R7, RS, RY and R10 are as defined herein. Specific examples
of the procedure of Scheme A are provided in the following Experimental section.




Geen and P. G M puts, Protective Goups in Oganic
Chem stry, (Wley, 3rd ed. 1999). 20 [000771 Schene B
below illustrates the preparati on of conpounds of

The rocedure of Schene B may be
g?b%ﬁ%’%%iﬁ?s vvhergl nYis 0, Sor NRa or }*é?/ﬁ%@a@gwos
ot herwi se act as a nudeophil e.-280 2004/ 063158
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RiORle(}Isz 2@;280783io RRQ
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R
Rr® CO,R
2 1
R R b

SCHEME A

[00075} Scheme A illustrates the preparation of In step 1 of Scheme A, an amino adipic
acid a is cyclized to form a delta-lactam b. Various amino adipic acids of R and §
5 configuration usable in step 1 are commercially available or may be prepared via well
known techniques. The cyclization of this step may be 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,

10 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 protécted, for example,
by treatment with alkyl vinyl ether in the presence of trifluoroacetic acid to protect

15 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)..

20 [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.
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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
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30 [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 Z is a
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




formula R IMwhere R11 is alkyl, to introduce an
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SCHEME C

[00084] In step 1 of Scheme C, a 5-hexenoic acid m is reacted with an amine | and then
-subject to diiydroxylation of its double bond, to form amide n. 5-Hexenoic acids
20~ usablein step 1 are commercially available or can be prepared by well-known
techniques.
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age and relative health of the subject, the potency of the compound used, the route
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directed, and the preferences and experience of the medical practitioner involved.

30 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. '



sub-lingual), rectal, nasal, topical, pulnonary,
vagi nal, or parenteral (including i ntramnuscul ar,
intraarterial, intrathecal, subcutaneous and

@tﬁ@@gﬁgys) 5 administration or in a form SPC@E%&W%"OS

mnistration by inhalation or insuffla
preferred manner of admnistrat2®n is generally oral
usi ng a convenient daily dosage regi nen which can be
adjlef988H EArgwedi, ngmpourtds of the gresent ddventidd Wittt administered as

[ 000 anﬁa&:ﬁﬂ&@ ﬁ%uﬁﬁoﬁﬁﬁﬁgaﬁgg fhodd sutltgﬁe REoPE AL F Cludlflg buccal and

i nvent| on, nore conven

adj uxﬁé}htl@,su@b F?qt%*@saldﬂpleah nyémenary,yagingeorphrentat! (intlading
the figfr@m@fculs, aﬁﬁmgewaﬁl@&al GRPREHELARS i:ARedbak)!

dosa The har.maceut i ¢ 19 osi.tiqns anc uni t X
Yos agﬂ?ﬁqlﬁ pRa tgrg:a og f Hen byighalation or insufflation.
i ng L éﬂleq:tigfgrrlechmﬁﬂw efddrainRtratidH i@ paletallp Bfal usthd I coBbenient céaﬂy
wi t hopt  addi.tion act oun rin an

the i ikt B S BRear e R B e sl oS

ef fecti ve anount of the active ingredient
Cco I[ﬁﬂﬁﬂﬁ}lh&bﬁph\lntdbﬂcbﬁlpbﬁﬁdmﬁﬂﬁ ;dwmnfasaﬂeogeﬁﬁgwﬁ @ne or more

b d ti
ot O iPgng fidets B G Ul rucS G ehed afp e A

ltaps uﬂ?@smacsemaécdmmmopswmﬂenst dosagss. ditegliamedcaare compositions
for mé!nﬁtdnﬂ%sa ?ij}%e ﬁ]!? e8of c:o%g%;rﬂfoln%gﬁ%r dlentf in conventional

suspensi ons, SIOﬂ
for GFEAPOTHERS, Wﬁh o Withere adﬂl@pml ettiveupppeids pi E!sncﬁqurs, "and the unt

rect alosae fd&%ﬂ;‘ | R coﬁﬁm d?iy%ﬁﬁa%ﬁé BRetiv@ambBnt dF ﬁref 2fiv u‘:?gredwnt

sterlle efefﬁ&atﬁ Léé gﬂf%cﬁ%parentera use.

For mSCHERE A ends dely domege pange sabepmulevgl-aRicof
uag ti \@xarmgjﬁ&mabfﬁmlﬂ:rsx.immhe;r llbhlr@ﬁ;db Yed ankrdids, s@ctl;l% tdbRis or filled

about undr i.gr,anms ta

accor yse%slog&b})éwg%%? fIFV%foﬁﬁf“[ i sich as

for molwmwpmsmmmg ot ﬁEedmapsm;astfon ovdbnéiopin the

gg?/n ntfgrrfll K ?i; %ﬁ?g@&%ﬁeé Br 1% éﬁﬂ &Qraéﬁ%]le %%mﬂaﬁog oq in thle form of sterile

osage orns arnmaceut i

c onpasfiestal)a solutinps éwage@tez@ upgy rE%‘mnh?Omp‘iam agout one (1)
2AC0 npqmg;r@ﬁ o RAROWBLE At orf Ha%rd%s&ﬁfl tabbtﬁ‘é%‘i% %u%ne hundred
phar ﬁ&ﬁ cal | %ﬁggt able s thereof

act i 6‘?14% per BRI ﬁ“&é‘? ¢ ;ﬁpﬁé%ﬁva HPJé dosage
carr ifemss. may be either solid or liquid. Solid form
preparations include powders, tablets, pills,

h | e
o a@ﬂ#@%e&%@%ﬁd@ ﬁ? O?sje%t%;{r%zma ?%(}jrgp c{;%%@gesr’il u? a wide variety of
S ubs toasl edminibtration ﬂﬂgagﬁfosmls Mﬁﬂhnﬁ&eﬂhdal&ﬂi@smons and dosage
|ZerS

f | | b

»s ug \p/)g | %ga’g‘g’%}“%" . qun ; ding of C%n%% : tt?‘vBEESé“lt yeion or
di si M@@Wﬁgﬂ}a@mdﬂe salts &nreefasamnm aong:onatte fhal .
| N PR SoutdiPak L ARORE A é{%hetssoﬁd b gl dhi'ssige

sol i 'S mxture wt
act i PECRAEAHoBhERlude powdesy fabless, Pﬂhéaﬁéleﬁ»wechétﬁrﬂpgmﬂmes, and

gened@pkiiblepridiad A%Echcah'i& ‘méelon€ Br Hx@i/e' s0BstAf2Es which may also

2(;’] 8 3 g%% %Ibl bggsd I n\% ggcelntt:sysoiu%ﬂlz%rlél lElglnca%tspsru(s)I?e%%}nlg g.ge%ts, 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
35 in the shape and size desired. The powders and tablets preferably contain from about



t

~ form RERRRE REuBd%s, s, %ﬁﬁﬂ?amlggolﬁﬁ&mﬁfﬁxqom%

35 in the shape and size desired. The powders and

tabl ets preferably contain from about WO 2004/ 063158

PCTI EP2004/ 000008 -29 one (1) to about seventy (70)

RRJ fo8Dés3k the active conpound. Suitable carrj

i nclude but are not |limted to nmagnesium car %laﬁ/g?zeo?maooos
magnesi um stearate, talc, sugar29-1actose, pectin,

dextrin, starch, gelatine, tragacanth, _

met hy PRYALD il about sexesiti (AR peeenboierentivg tapapduntlo§wiable chigises
el ti BgluiBKut aﬁé’ﬁ&éinﬁ’céﬁt@ba?%ﬂlﬂ J&?oo'nhééema%llgﬁuﬁa%{aetﬂlagbhtalc, sugar,

"prepgr ation" is intended to include the Tornul )

of t h&“4e% PYERCHHBLter i geltine Feggsanhanethiceluloss pediums
carri wbc;n@hﬁtﬁyiiﬁmﬂosa, aflté‘ﬁ%kﬂtltﬁlg*%xmtmdtﬁ% aa&ﬁue\ma. The term

onmpohent . . wWhih or 0 arriers, is surrounde ,

% car FEPTatRR; & F\ntF%delﬁnﬁo @SE&S?‘?WH’E‘W"P t'i’iﬂ’(e.am"e Compoun‘ym"h

Si \Td | erchsulatiag ivetesiakas darkiez; eruyikn w@péuimﬂnlum thd advivetSaponent,
powdey sy, . Qi s gp@gt .and .l.ozenges. may .. .
be as _sqlofgm?%{lrt?r%ngg’l lfL' g‘%foeun? or ‘o CZ“F“%’d‘%m“%‘ us %fcfct‘f‘ﬁ?x%ﬂ] .

[ 00098imilexinerchets pnd loserigesdse included. GFahletsapowders tapatlesopills,

- i ncl ughded, Gl Brérged by 1R0E 56HA fORSs sulthiid o0 bNPa B ALESS

syrups, elixirs, ‘aqueous sol utions, aqueous
suspensions, or solid. form preparations which are

19 ntO9EH Otlerr ferms gwifeblet foxjorslagtiniyirdsivh dndudediguiddfotmn greparations

pensi?ns, or solid.
sol Utlf ons, for, ex I n _aqueous prop yCco

ol e, ene
sol ut IOTRETPRIATRYS WhiFh aE interdsr & bsgomerted sherdly b¢%¥€ use to liquid

exanploem plepafatiofls. aBmieoht Mbfbe %@ﬁ@é& ARRBBRO TR @fnplQ fin

acaci a.ueA ueous so* ugl ?c:{ns can be %[ %Eara%g, _E)y

di ssofVFAY PFPRYCHE BIVER STBIRS 8 2Y Foptin capisifine agrgfsnfyr example,
15U t atvcle acledithia perbitarf manadsite, osicatia.| Aqebss solmMidns can be prepared

thic f: . S| .can. epar ed

by o eI R B S YR R fvors,

wat e rSt%ﬂtmrSW%éb@Eew ageital Aquegedsuspensioastaan ht pepared by

Sy Nt h@befsiGURB findlPaiiasd adit Ebhh ' o
oar box Ijme T Illl}ﬁl v a'20 5 ﬁ%ﬁ%%wﬁ&%%ﬁsma&nﬂ,smhas

sus petfitig’T flic sums; fegas grethvlselllesesefigrscarhraymebylcelulose,

20| utdndnsher well RpENSHeFEhdingRAgerR 805 Q5 prapyeatiiRY include solutions,

cont a| i.n_addjtign to the actjve,copponent, )

col or et S o ladpid RaliRulaly i ARG the acivg rmponent,
and rrelarands, flewes sehidirss, bdffepertifaid and ndtiviakdeeetenes, dispersants,
sol ubhicdk&i [ﬁi‘ﬁﬁ% iy and hike. [000921 The

conmpounds e%fgst e preagent’a?lg\allgrl%l'on may be fornul at ed

for parenteral 25 admnistration (e.g., by injection,

f 0 {0092 Phecoppousds ofjtleqiresent iovention hiap be femulanfdifed PiRgnteral

- d \ . i N UNi E D, |
AT LSS0 S LY AT

pre-filled syringes, v
mul t ii0HsioR) EkiRaN brareenied in it dodelbrmpn empeules; preefilled Finges,

C ONP Qiall RS 1B sibA KEINSHER-dodd BBt Afer SWRIP SN dRA Sreservative. The
sol uti ons,. .or enullgl ggﬁ in oily or aqueous vehicles,

for EREWPSFECLIIN UL RFSBIRSN osy W HiPRe & crppljions in oily or
Exanpiqesoumsfvehicles, for example solutions in aqueous polyethylene glycol. Examples of

30 oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive ofl), 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




30 oily or nonaqueous carriers, diluents, solvents or
vehi cl es include propyl ene glycol, polyethylene
glycol, vegetable oils (e.g., olive oil), and

organi c esters (e g., ethyl oIe
ﬁ@?ﬁgﬁﬁfgﬁn formul atory agents such as preser@%ﬁ%@gﬁmmms
wetting, enulsifying or suspertdi-ng, stabilizing
and/ or dlsper3|ng agents Al ternatively, the active
i ngr ewibglophiigation from sobwige forf aonstuibizt efare useiithaswistbilevehide,
i sol gt Q,{éng:f %{-‘Lﬁe%v&gilr_l d WO 2004/ 063158
PCT/ EP2004/ 0 -30 or by lyophilization from
solution for constltution before use with a suitable

vel08P8, Thecogpoundsef thegrespytringpation mepbaitmunlatefl (@0GHal
The GAARANRGRN AF thkREARNES S Yinth BN LR cﬁnﬁyao ? or as 2 transdermal

formul ated for topical admnistration to

Sepi déPffls Cktmspis eheFeams @ak éqrr,exefﬁplﬁdrm @rﬁaﬂateﬂr wighsanpaqueous or
t r an&ﬁ? ﬂ)@Mlth&hMHﬁhm C@Slﬁtaﬂﬁﬂhﬁk H@entg _Olotions may

L ﬁ%“gﬁ&ﬁwﬁ&g%q%g%ﬁv%gﬂggﬁsﬁ%&ﬁ ﬁagé Py ontiiniag one o

gel | imegreagabifgng dgetischbilizing aghﬂs ﬁmpmihgh@ﬂtsymtﬂ%n&mg agents,
?gﬁteg%ﬁﬁl e(r?]xﬁngoa'ﬁl:r}fs %?éo%r X%+ F(#n%u ogsrs%lt%bﬁe 9 topical
10st abi akimzmﬁgat@g &mths m@ﬂslpelméﬁ bgerageeqmnqmsml g spiyndgenty in a flavored
agentyse, udddl a t
o mi s [l 2‘9%2%%%8.5%2@1 QI BapR: e sctive
the rbsredentie et Pess sudas seletinsand ighieering oF sasTosg el aragigs and
a fl aﬂ@ItBﬁash&&Sﬁpnbiﬁglﬂie|aﬁ1&@1@§r@ﬁ§1t%ﬂﬂmﬂ@ﬁ@ liguifkarrier.
tragacanth pastilles conprising the active
ggl in an jnert base _such as gel ati ne and L
&E’ Hhn etft‘“”é’ﬂ‘é‘?"é@ the pepsertdeyertionmay belgrpiled s @dministration

150 ONPrak StippsitoRies. aﬂcbw_eelm@wmmﬁ;ﬁtas b ﬂmétuﬁld)lf faabb&d blyeddiaes or

carrier COonMo s of the sent
e Br B B BT RS e Spmonratiy Gimerd bamogegeousy,
suppdesi &xempleshy strringw Tire htoltaghwvaxgensais missredis then ponsed bfto

fatt xzﬁﬂ&h giz%ﬁﬂéldjseﬁlo%ad toc&gi)%n@ pd gﬁlﬁ} s first melted
and the active conponent I'spersed nonogeneously,

for exanple, by stlrrlng The nDIten honbgeneous

‘m K009H Tle compowupls wf the prasérg inveotiwemieiby foghaledd folvelgnal

: zoal l o%gl J{.l&ra?igﬂl Pes?aﬂQS Ea ﬁ}%l IcgéaEﬁé &]e[shgg%%]foagk%mra}(s cantalnmg

conpounds he prese I nven

for Vagddien toeheasiveingrediant sueh capders awarelsnowwnﬁmm’c to be
Cr eanpp K@g&§, pastes, foanms or sprays containing in
addltlon to the active ingredient such carriers as are

known in the art to be appropriate. [00096] The
c o989 dehesproppiends oEte presentimieniiommanbe bemilated fir anead

for nasdlistraAdAl 'Dhessbhﬁoh% susgd ﬁs1§1%| 2 died @fectly to the nasal cavity
e. nasal” cavity

suspensi ons ,ar ed direct to t
2525 b?ye%%mr}agwﬁmn%aﬁféwﬂ%w % drappPer PREYSOTEPHY o ppRr |
pi petforenudationpinaybe ploeided in a single or multidose form. In the latter case of a
dropper or pipette, this may be achieved by the patient administering 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.

30 [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 fdr example of the order of five (5) microns or less. Such a PaI:ﬁCIC size




formul ati ons may be provided in a single or nultidose

form In the latter case of a dropper or pipette,

this may be achi eved by the patient adm nistering an

ToTels L.aLe, predeterm ned volune of the so '

susggﬁ{élk%%. In the case of a spray,-this ma\yL’‘L‘Uggi;)ﬂ'""9‘{""“08

achi eved for exanple by nmeans of1-a netering atom zing

spray punp. 30 [00097] The conpounds of the present

i nvennaphe obteiydsldyfrorans kagvadinfthe araé(vr@whple by mlcromzahon The

adm “Ac’ﬁ%é lggr'e&i@nt 19?’(0%(1% }u?{%r)éss d{@fﬁpé eﬁ‘zﬁltt suchasa
anasa m ni st

and i ncl ng 1 nt at 1. on. ound

wi || Gearedlugresrhon(EFS).Jpmeepmp a‘ilt:l?l@loélﬂélpweﬂéﬂne:exanpl e
of t h@icRlbAlofRmethang, drRlkchidr6le@MBucbettha®s Sor cRBER dfdxide or other

articl, S|ze 2004/ 063158 P P2004/000008 .
gra ? &°n gg\o OLRAE COTBRFR cfvlrn‘!F feniana su;fg.ﬁtaxgixéc#ﬁ Jecithin.

by i tﬁexﬂmsezatdrﬁgmaﬂ'h@con&@ﬂw{gramgmd vend Alferiakiosty thedctive
K h [
o o PERTENG T Se BAGSHIA { ot pEfGidRl BRChesRll o PR er mix o
di chl the oatipdundrio mihéhq’owdtlrba@emuoh m‘lhﬂcﬂemh@tm afaech derivatives
di chl Qrptat Bﬂy o car 1 H .
5 sui tabl e Ee ae og%llugﬁeay %’Sﬁ‘r"gﬁt?‘gni V% ‘Phe powder
1@ ont afafrica forla@tgahp ﬂsmwal&gwwe'é"hfm fer CqIﬁEOS&b‘gléng’fbe presented

dA :r ;Jg ﬁ&x‘zﬁltl@lﬁfeq@ﬂﬁ E&'ek?ﬂ ploYn @p gmésgr:e&ttr YLV SFe. £ gelatlne or bhster
ernatiyve ctive ients na rqvj de

' a FORH *VA@JCB.%V WH&EWYF%? T ates hderor

the conpound in a suitable powder base such as

| a @01198 starch, St arch derivatiwgen de%k'é‘d"f(ﬁﬁulaﬁons can be
rox %P Jnet cel lul.ose, and pol yvinyl p r o |d|ne

( PVR) P ARPERFS AR CHIOF FUsFEehOR CYTO

inasal a&ﬁmsﬁwoanimmmhg@W Fot mmlat@me hempém&h fof &1@1 present
in unit gse r Xa ul es
cartr] deg o on C?.n Qe fm m,m%ate g%lesg% ; Ectttaru—:o%l1 X Sg ]dehvery devices.

whi ¢ hThexedebent e)mtqmwrmvantngmuswmtwemg of thegampound is
i nhal ﬁcgsa&f Qlﬁtpvg%enyﬁ@nﬂjc%ﬂ 'H'gaﬁ:tlé Rir s Picial.

prepar e I C coa I Ngs a apt ed sustalned

or coRPERAYNAs in Eqnsdermal delixernsystemsart ﬁf?ﬂ’#eQ#Y atfaghed do pryekin-

20 NQr G?ih&dikte soEd)fup@%SﬁnWhl@c%rﬁﬂ:&nQ@ﬂﬁ@éi&@ Sarﬁtﬂsotﬂa%oﬂbﬁx%& Pith a
i nvention can pe fornul ate I
S be KRB RS HERr OB o BT B gap e Pyptained
syst enkasa MWMntmgmmemmbwmmummtﬁ theasaisierodl 14yhehby
\‘;MO{TE égﬁl%r}&m %S%%Hubadéﬁnéi‘ﬁ%glaﬂétehc%ﬂ MQ%LQ%BS&&MHPM

men 1's Cr
tr ans@bxbilmilerdhﬂaw egy siigateanibenraz abiasiggradeblepalimeacdgdpolylactic
24 0 an,gkin z0 adhesive solid support. The conpound of
Interest can also be conbined with a penetration
enhancer, e.g., Azone (1- dodecylazacycloheptan 2-one).
Sud00498k dThe wasmeesutieil preprptiensareprsferably in mai dosage forms. In such

S UbC Uf, 3N ERLBlefarafibiPis sASHRHRARI Wit d A%&onRhing 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,

30 capsules, and powders in vials or ampoules. Also, the unit dosage form canbea
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.




surgery or injection. The subdermal inplants
encapsul ate the conpound in a lipid soluble nenbrane,
e.g., silicone rubber, or a biodegradabl e polyner,

%&2004;&915}4' actic 25 acid. [00099] The phar ”E?ﬁ@“ﬂ?ﬁ&ms

preparations are preferably in unit dosage f

such form the preparation is-.gubdivided into unit
doses contai ning appropriate quantities of the active
conmponent. The unit dosage EZAMBRIES be a packaged
preparation, the package containing discrete

qu b f .preparation, su packeted tahlets, .. .
3oa@§?iddf dhe il Shons R ArgsH tgehaby tbgte silledin
t he uﬂietarﬁosmgecléﬁhrtmdaﬂtab@ami togagsicd the pie?dmlt Bivention. They should
cache r

appr o%r |b§'t eh%ée? u&ga%]élb Sc?&’e %eggqunn Oﬁa&ié@%ﬁy ?S&’F e
POOOl@b‘Fﬁ‘mvh@nd%@mte’eﬁhmOﬁaceut| cal carriers and

their fornulations are described in 1 invention are
described in Exanples 4. WO 2004/ 063158

PCT/ EP2004/ 000008 - 32 EXAMVPIHESRargingdi101] The

foll owi ng preparations and exanples are given to

enabl e those siiCicgropyl-2-bRe-batyhph@ph@iieadd diafethyl ester
understand and to practice the present invention. They

should not be considered ag limting phe scope of the
i nvention, but nerely as leCthative and
representative thereof. Prefapatifon 1
(4-Cycl opropyl 2- 0X0- butyL)_phéspgam_c_a:J d di et hyl
estdﬁ{r) ~| vl -P.O QO [000102], A suspension of sodium
Q9% AIAcfPfPGHSm‘%del‘PE‘(hYﬁﬁ @edduichy 769 g, 3igh mmol) in
1tan hy dﬁﬂﬂﬁ:t &ﬁtdhﬁh?ﬂibﬂfad (B@thQ Qihnﬁﬁ}éntt@ém FHRhRRas treated 1|Jv1th
enperat ure . was tre nme 0XO0= pr
phggp z( ﬁ&?@» éflongff (gj {' ?g,pﬁ% I)E)n e hydrofiran
tetr ahl;@dnbfamaétﬁ} Imiﬂlta:s and ther edoleliGo 0 QUTleSsuspedsibfiens treated with

ES?; Ieﬁ | x%—;%l &Pg&%ﬁ '\; ﬁ}%&%&g%?é@ g?r&:%g%gﬂr}d%? egulﬁ}-;;,g solution

the r B’Sﬁtﬁﬂﬁeﬁ gtoséqu&hom’ﬁ Bygrsoaytlppropened(8.10al, 82 Hﬁnctibmssadded in

1Br oD EWeh 6@B§ar{?0 fn@.) dndhe nSduBVRs beinhGs, s ad dgdy 4 Ho&?and ambient
tetrahydrofur?og gl‘r‘?&f and the mxture was stirred at

C f or tIP§aHyg ghireatedapifesthanet @ by The pigfure was
and t patitidrieddemdtend.b M SdBaREICI(250Ma]) anthBchldréidthend\@ 100

mL). The combined organic extracts was washed with brine and stored over
anhydrous sodium sulfate. (4-Cyclopropyl-2-oxo-butyl)phosphonic acid dimethyl

20 ester (2.11 g) was obtained after silica gel chromatography, eluted with 2:1 ethyl
acetate:hexane as an oil: 1H NMR (300 MHz, CDCls) 3.74 (d,] = 11.4 Hz, 6 H), 3.06
(d,J=122.8Hz, 2 H),2.67 (t,] = 7.2 Hz, 2 H), 143 (q,] = 7.2 Hz, 2 H), 0.61-0.72 (m,
'1H), 0.35-0.42 (m, 2 H), -0.03-0.08 (m, 2 H); 13C NMR (75 MHz, CDCI3) 202.0
(d,7=6.0Hz),53.1 (d,T= 6.3 Hz), 44.2, 41.4 (d, ] = 128 Hz), 28.6, 10.3, 4.5.

25 Preparation 2

2-13-(3~-Fluorophenoxy)-phenyl]-2-oxo-ethyliphosphonic acid dimethyl ester .




partitioned between 0.3 M aqueous HCO (150 nL) and
di chl oronethane (2 x 100 nl). The conbi ned organic
extracts was washed with brine and stored over
sodi um sul f at e.

a%ﬁ%%?opyl 2- 0x0- butyl ) phosphoni c aci d d.ﬂ%?ﬁ??mﬁﬂms
ester (2.11 g) was obtained aft¥®r- silica ge
chromat ography, eluted with 2:1 ethyl acetate: hexane
as an oil: 1H NVR (300 MHz, CDEtR}l:3.74 (d, j = 11.4
Hz, 6 H, 3.06
(d, J=22. 8Hz, 2H) , 2.36@(BlucksBhedbiRy)d i‘oaéﬁl(]ﬁe Estétiz, 2H) ,
0.61-0.72 (n1 1 H, 0.35-0.42 (m 2 -0.03-0.08

(m 2 FD MR (75 MHz, CDC13) 202

(d, J=6 1 Q\
(d, J= 6M§ ofl. 2(d, J=128H2) , 28. Mg,

Preparat|qn 2 12- 13- ( 3- Fl uor ophenoxy)

henyII-2 oxo-eth | phosphonic acid dlnethyl ester.

9061@ F O 0 WD 2004/ 063158 nguﬁ?e?xﬁ%()ﬂg 88;: hydg‘t%?rbenzmc
S t ep 3- (3 Fluor ph nzoi,c acid est
%0 we@ﬂri(‘é}& giob 7 %eo P enY orgmigRsach$}5 sa@%é%veﬂb.cmm
of nmekdyd (Bt @,mﬁaxmbhr&mml&m@sﬁm(@gi} ridize (B2 ﬁ’ﬂlpl‘l}')mmol)m

acet AratpaRohy Gl B i L & fgpicn

- g), pymogphere. (e idaysl ths nminiirg wasrfiltectd dinoogloGeitéfurel the volatiles
(220 i) re%%ecﬁfréﬁ a e %%te a"ﬁ?é £ @ %B%%gﬁyﬁ‘lﬁ)g?%ncda%{d methyl ester

~anbient atnps ter

10 j | t 4768 ghmwh@*d fcanisilieq ¢ cqi@mnwib Suidtesaticlethy] ac\x@t@nd taken
renovyaeh e geikfag, filtrate. The 3-(3-fl uorophenoxy)
benzoic acid nmethyl 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-f 3- (3- Fuuor ophenoxy) - phenyl ] - 2- oxo- Lt hyl | phosphoni c
add dinmethyl ester MOi ol kR OLP OF 0-11 ~

2-13-{3-Fluorophenoxy)-phenyll-2-oxo-ethyllphosphonic acid duneth 1 ester

S — b O QL
-éﬁﬁ 0 F
0 O

[000104] A tetrahydrofuran (100 mL) solution of dimethy! methylphosphonate (4.0 mL,
375 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
20 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

15

anhydrous sodium sulfate. Following filtration and removal of the volatiles in vacuo,
25 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,] = 2.1 Hz, 1 H), 7.48 (t, ] =



15 O O O [000104] A tetrahydrofuran (100 nL) sol ution
of di net hyl nethyl phosphonate (4.0 ni, 37.5 mmol) was
cool ed to -78 C under argon and treated with nornal
J/dé%kum (15.0 nmL, 2.5 M hexane sol uti on,. 7.5
allowed to stir for 45 ninutes. Th&CTEER{/000008
obtal ned fromstep 1 (4.62 g, 1% 7 mmol) was di ssol ved
in tetrahydrofuran (15 20 nL) and added to the
sol ut $-bHzabbkd-38t7.26/@n & Hhd. DHE78 (@s Gl 6.00 (de)it=02.¢, W%z, 1 H),
stirregh (@f =91 S 08 1, jﬁ@lu%i 6% ¥y, chygf i me, the yellow
solution was partitidne et ween aqueous ammoni um
chloride (100 nL) and ethyl ether (200 nm.). The
organic portion was washed with fresh water (3 x 30
m.), then brine, and stored over anhydrous sodium
sulfate. Following filtration_and.regoval of the
voI atiles in vacuo, 25 the d&?%@gl‘ggtophosphonate
.8 g) was obtained as a VI scous oil : 1H NI\/R (300
, CDC13) 7. 78(dt, Ferg oligclomagmylno ihuka :
Hz, 1H) 7.48(t,J= WD 2004/ 063158 PCT/ EP2004/ 000008 -34
8.1 Hz, 1 H), 732726(|n 2 H, 90678(m2H),
670(dt j = 2.4, 98
3.80(d, J=11. 2Hz, 6H), 3%61(d’ J=22. 6 Tz, 02
Preparation 3 5 Met hyl 4-f (2- chI or oet hyl )th| ol but anoat e

~0 @!1 S ° C

was t % g

1 56 mgmbbtoxtbr, 206hinuteewhd alldwed toXGarf BWb®E tansbralled Watlofng-2-
b SR R B e W e i v SR et mpon

sus pestisied migowuily far@ daysg treo disd wlatites weredamsyed; ieithe Fsidue was
vol at[ialrtﬁf\‘) b&wh&{3%Y gg}\eoﬁpgceﬁ@a%ﬂ 'eﬁal‘fr?a :Q% The c?rﬁxb ned organic

partltlone bet ween 0 aqueous ace I C acC

acet #iEactyWere pashsd ivad baing and gored mra@dlgnwe}f@e wahmuact was

vvl t h mfefda%naﬂgb ol il B e RMBRoRAdind B Akttt drat Bhe rEnsu@Msﬂ?sQJivedm
15‘/ i?q% dthev | atil es._were renoved
acu

aalkind <geled i 0 3 Fded avgan f@n?ﬁébﬁan%m{ué ghloride (5
i) ant} 6oahell waosdleldtipise d GRROIAESDHRIEERA alio B Mhperature

chl
ol LtAGE 2\houl theN SRR s SR A Gfnate PR g g e\l
hour gvere temoyed agein. dhrowategmphondded (2.8 g,ehlanms) of cattgl] 4-[(2-

and they N&ﬁﬁﬂnbﬂﬁtw‘ﬁ@fc%gm tﬂggﬁ s fgy?@@ﬂﬁ%%”c:n,

|
y| e ded(Mgl 93 935 ].)

EXAMPLE 1

6R-{1-Ethoxy-etho ethyl)-piperidin-2-one
0 :

NH
0Okt

7

Step 1: 6-Oxo-piperidine-2R-carboxylic acid methyl ester




chl oroet hyl )t hi o] butanoate as a colorless oil: M

(NH3) mz 199 (Mt + with 3'C), 20 197 (Mrl+ with

35C1). EXAMPLE1 6R-(1-Ethoxy-ethox)nethyl)-pip eri

' O NHO OR Step 1:

gﬂp&%mg%ggrl di ne- 2R-carboxyl i ¢ aci d met hyl eBfEFPR)yLr0ms
2004/ 063158 PCT/ EP2004/ 000008 -3535 O CO2H NH 0, Me

Jf CO2H 0 H2N [000106] An acetic acid (30 nL)

solution of R 2-am noadipic acid (5 g,031 mol, Signma
Chem cal Co.) was Hed to reflux fo i x hours. Upon
cooling, the volatiles were—renmved|w tin' a rotary
evaporator and then the aid of a tolu rope (2

X 25 5 nL). The resh,due was di ssol ved in gethanol (15
m_) and di chl or St h&ﬁ'é"(SO m.) at anbi ent

(¢ IPRARAS el 5eif Bl RmtER o Brhriiodtipf adi (b mmol. Sigma
AI dri @ﬂe)mazh GOI) fwes heltalan refise lfomlxdmuvsaél mhicoolig, thevoldtles were
hour Sremgp;% Y&QLQHEH’P ayﬁﬁratqr%ﬁ& guq%\gllet EH(% g%aotgisugn% ?]z%gtre e?z x25

acid until

Yol atmL)eéFhmseiqemd@@lmﬂ ithmethpnsd 4k5ymii Daneh dighderamethane (30 mL)
The rggingiest L&g@g@aﬁﬁéeﬂnééﬂhﬁoﬁwgﬁgeﬁé‘dﬁtﬂé ca gel and

washed . w | or onet hane d eth acet at e.
6- méﬁb‘r’ff@gﬁ %ﬂﬁc(é@( WEb Widrichpandgpe golden

el ut edluibh aeithyed factliaike, TheesuBe Rhitedtddsyit dﬁ' oFbdetic acid
(20 g b o R b
18y nt hewagoratoxCoFhreresidik366 10366;&61’20 59461 ofkBicSpd pn@washed with 1:1
- 1-E @Mﬁr@%ﬁﬁxgﬂdq&ﬁﬁ aRtRE ré—@i{&i)i%éﬁﬁﬁa‘xe—ZR—carboxyﬁc acid methyl
ester, eluted with ethyl acetate, was obtained as a tan oil (4.3 g): [ |D +12.0 (c.1.0,
CHCl;} and the 'H NMR matched the literature report (C. E. Davies et al. Synthetic
- Commun. 1996, 26, 687-696. :

15

Step 2: 6R-(1-Fihoxy-etho ethyl}-piperidin-2-one

o 0
I &o Ot
O.Me ?
O .

{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

20 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%

25 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



OO NHNH Y ~OMe OOE 1 O [0001071 An ethanol (400
mL.) solution of 6-o0xo-piperidine-2R-carboxylic acid
nethyl ester (13.7 g, 87 nmmol) was noderated with a

elgPath under an Argon 20 atnosphere gnd
trea (f W'th sodi um bor ohydride in three equglcT’m’mﬂ"m]00“"s
portions over 15 mnutes (4.2-33-109 mol total). The
reaction m xture was stirred for three hours at

anmbi emith dishiormagthane (2n 80 mhdand seatdarenvivhidmuetodtuasiligte. The
unt i | spa - gbaHahoWRARAFDMberRith- ZAbne ?olﬁtgiln@cﬁ b HRAMEE, 20 mmol)

r enoved th 'a rot'ary ‘evapor at or e res
|oade3étervé1% %{fﬂ@?’f al® ﬁ%éfaa*@]éﬁ MR (500 Mtz CDCL). 6.14-6.24

6R- Hy(@f @mmpmm Wi(RE T )] 211823.67 an VW), elagted (v, b IH)5%425 98 (m,

and obtal ned as an oil
g‘l['ﬁe ol (@ég&gﬁgam&m used directly by
treatment with ethyl vinyl ether (7.0 nL, 73 mmol) and
trifluoroacetic acid (1 nL) in dichloronethane (200
m) at ambient tenperature. After two hours, the
solution was treated wi th aqueous sodi um bi carbonat e,
ext racted WO 2004/ 063158 PCT/E#24BUED00008 -36 with
di chl oronet hane (2 x 50 nL), and stored over anhydrous
sodi u SE 1 1 i

6RWF_L§%M¢_}%;Q%§ hyl ) - pi peri di n- 2- one was
obfained as an o .9 0, 29 mmol) after filtration
and renoval of the vol at| les:"H NVR 300 MHz, CDC13)
6.14-6.24 (br.s, 1 H),$§4.67- 4376 H), 3. 18- 3. 67
(m 5 H, 2.23-2.47 ( 64-1.98H(m 5 3 H),
1.31 (dd, 3 H), 1.20 (idt, : E 2
4-12-f (R -2-((S)-(E)-5- pK1=3- hydroxy_pent-1|-P
1d}6 oxo- pi peridin-1- yl1- ethylml fanyl }-butyric acid O
-~S - v .OH N10 OH Step
1. 6R— Hydr oxynmet hyl - 1- (2-trii sopropyl sil anyl oxy, =et hyl)
-piiperidin-2-one OO
Step 1: 6R-Hydroxymethyl-1-(2-triisopropylsilanyloxy-ethyl)-piperidin-2-one

O

O
OSi(i-Pr),
o 3
NH N
O, Okt OH

1

15 [000108] A dimethylformamide (70 mL) solution of 6R-(1-ethoxy-ethoxymethyl)-
piperidin-2-one from Example 1 (6.9 g, 34 mmol) and potassivm 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-

20 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

25 over anhydrous sodium sulfate. The solution was filtered and the volatiles were

' removed with a rotary evaporator.



NH N NH OTOEt OH 15 [0001081 A dinethyl formam de (70
- nmL) solution of 6R-(1-ethoxy-et hoxymet hyl ) -

pi peridin-2-one fromExanple 1 (6.9 g, 34 nmol) and

' iodide (5.7 g, 34 mol) was cooled to

%dﬁﬁﬁdﬁ ‘kr gon at nosphere. Sodi um hydri de (QgQ/T’EE?fEJ’”OOO(’OS
ng, 36 mmol ) was added in one p®rtion, and the

bubbling m xture was allowed to warmto anbient

t ertpe18PLilbe reflting tad ob (Hobig)syasdivectlyitoeb tad erithathatolétitadl) and
with [ | 1 1

g, 37 %%ﬁ%g@ﬁ@o#ca 1(()1#%@)%5%% %oﬁ an%%. dedd d:g rgflu; After
war meed mgugg, e fottiangvas sorled 2 ﬂﬂﬂaeatadlvathl fil%sqummseodlum

{ 2 g‘é?iga{rg?(rgm() 518 ﬁﬁcbthe%ﬁt:deE {rfvgﬂ; E'Ei{i?x%g wg%lé'g %Porator The
part i {@Sﬁ"eﬂ%{}%ﬁdﬁéwo 8&‘(’1? ehapy “ﬁ‘ﬂ%fdl‘“"ilz 1 ethYl acetatethexane.
hexaneR-&lytisdxymethylat- -{rﬁsoprd@ﬁﬂmyloxy Ehﬁyl) pdmhﬂﬁ%ne (5.22g,15.8

Chon SRR R E S e Bl B TR -

sul f a3, ZBh® 161, ita501H WAER (300 MaCluiy £.he4 20Kt 1 H(}!,S% 61 3.90

wer e V qr 0

PCT] gﬂoﬂ%%@f ahass CeAbS Bl BB T 0 RO R o v
1§ 15. 3 GNMR &5V HeGDG) rlé’&tleﬁ:! 8ab2-1h 68 0hHio B2.8,1260k 7;183 12.2;
and mr]ggl,ﬁyzgmmlpl uene sul fonic acid (800 ng, 3.2

nmol ) and heated to reflux. After 60 mnutes, the

sol ution was cool ed and treated with 5% aqueous sodi um

bi carbonate (20 nL) and the volatiles were renoved

Wth a rotary evaporator: The 5 residue was | oaded

onto aspad. éﬁ (5543461&@0191&'3 SRd,pshed iy th. tl%s(}brgéxtféﬂanvloxv-emvl)-

acet at e: hexa
6R- Hydroxyrret hyI 1 - (2-tri ikegidigngione| anyl oxy- et hyl ) - pi
peridin-2-one (5.22 g, 15.8 mol) was eluted with
ethyl acetatpe: [ JRes:34,5 (c.1.0, CH3

3373, 2943 , gf’f'%zes; 1H NMWR (
4.11-4.20 (m 1 Ky 3.61-3 .
2H) 2.36-274T(m 2 H), 1.63-1.99 ( 707 (s,
i1 H); 10 13C NWR (75 I\/Hz CDC13) 0

17 %?@g? ﬁn’? %"0(? ?J%égsolne g ﬁglugén of anh%cﬁ:o dlune%yllsulfz xide (0.87 mL,

2. 6R-X15 @yol)opdarypl Argeroamosginte wis-tenatel yvith-ofdylichloride (@ M
pyI Si d?ﬁ FA Bfdiok t?ry}n%, 7. gh'gﬁgtm q}hﬂ:h%vag D8ded Qv a 3 minute period. After

% mmu es, a d1cbloromethane (10 mL) solution of 6R~-hydroxymethyl-1-(2-

20 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 mmo}), 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

25 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
30 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



0~011 15 O [0001101 A -78 C dichl oronet hane sol ution
of anhydrous di nethyl sulfoxide (0.87 nL, 11.2 mol)
under an Argon atnosphere was treated with oxaIyI

I 2 M CH2Cl12 solution, 3.9 nm, 7.8
\&Eiz%}o%%s( added over a 3 ninute period. Afte]FIETD b04/000008

m nut es, a dichl oromethane (10-38-) sol ution of
6R—hydroxynethy|-1-(2 20

trii dwprsofpaspouedindxsthetanyg hyusonpenindnimndehinglel Themqgueous layer
step v@as(eﬁua%édgnﬂﬁet@yl BTERl:d (44850 m@%ﬁqié)g{@&y\ﬁl%%%dmggsodmm

resul tjng eIIOM/squtlon was stirre

at - 783k he extractivag Hitered, valsiles spmgvedingvriues end theirevidue
(2.35 ect&h% SR bal chidfrla@sgrah KCBRJ{'@@ 6191% ﬁﬁ% Wg%nyn 1-
ure

rean Afte spen
into ( I%Y]W'?}L'@iﬂ?&ﬂ‘g‘f‘ Pﬁd&%amm)twas obtained
di chlasammhtlﬁaﬁidl{((ﬁoom onyl) 'IZ-hE) (dd,rjbl: BS012OH T8N 6G1 (dd J=

extr
S 2 e, P0IBT RO L G100
“to yiteh #7880 4mda B 72278 (mahHm 66((1, J 755. sgaiz Wi}, 637 8ald (m, 1

Usgd 19, I@c)?-b'()ﬁ {m[ POOLALL, 8816n, Cdl*i’f' 9{(?9%%‘)’?)2%85%(’59 11D, 039-

5]

I ssol ved 1 h ace

mtreaﬁ%%(ﬂbﬁﬁgkﬁﬁéﬁ%1 E?éﬂ@] 2- ox0- but yl ) phosphoni c
acid dinethyl ester (670 30 ng, 3.05 nmol ), lithium
chloride (135 ng, 3.2 mmol ), and dii sopropyl et hyl am ne
(0.52 L, 2.9 nmol ). After stirring the suspension at
anbi ent tenperature for 2.5 WO 2004/063158
PCT/ EP20 &g 6R{18-Cyclagrdppkii S HAthyd etk
and aqueous annnnlun1ch|o®hggdmIﬁgn§queous | ayer was
extracted with ethyl acetate nm.) and stored
over anhygrous sodi um sulfate. The extgact was
filtered lyoreti? e Fenoved i n vacuo, d,&heoﬁbsidue
subj ect d th silica g chr-ematographyf.
6R- (5-Cy -pent-| E-enyl) -
(2- trllsopropyls | anyl oxy- et hyl) - plperldln ZNépe (793
ng, 1.85 mmol) s obtained as an oil: (300
MHz, CDCI3) 6.70 (dd, J = 5.5,15.8 Hz, 1 FD, 6. 11 (dd,

15) 002D AlG°Btolrnt (M) mL Ysohitiod oBR)(IMnethyHLBS-4x&8bdtolkdine (0.20

(b 35l 5 Pecfr oy o finer ah pgoit ahgsspgte yas
H) , ger@lrat - AR-(5riCycloprefyl-310x9 epent- Uh-eyl)-1-(Hyrisopragp silag@Boxy-
(m @thl?ib«p Zﬂerﬁﬁx ﬁ-%ne @7%3 'f%g, 195 ﬁﬂm?ii% a@lmad ih aﬁalydrgusscgl'ue&eqs mL)

- 0.44
tsolgEo@wﬁ quenched with HCI (1.5

3. 6RS %’Wa?eg% fﬁféﬁﬂf 03 &r) ef?lﬁskty&
20 hy dr ety 2 Mstintiondh Pethlo]) uRd 8R&olatiles 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 Ioaded onto a column of silica gel and 6R-

(5-cyclopropyl-35-hydroxy -pent-1E-enyl)-1-(2-triisopropylsilanyloxy-ethyl)-

piperidin-2-one (541 mg) was eluted with a gradient of 2 - 6% iso-propancl in 3:1
25 hexaneethyl acetate and used directly.

[000113] 6R-(5-Cyclopropyl-38-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 mY hexane and
30 loaded onto a pad of silica gel. 6R-(5-Cyclopropyl-3S-hydroxy-pent-1E-enyl)-1-(2-



OON-~OSi(i-Pr)3 N~~OCH OOH 15 [000112] AO C
toluene (10 nL) sol ution of
" (R) - 2- net hyl - CBS- oxazaborolidine (0.20 nm., n_, 1.3

v et hyl ether solution) under an arggn
tnS%%ﬁe?% was gener at ed. Plr/epa004/000008

6R- (5- Cycl opropyl - 3- oxo- pent - [-Bgenyl ) - 1- (2-trii sopropy

| silan)l oxy- ethyl)-piperidin-2-one (793 ng, 1.85

mol Yhydresyetbidl diperidianhordr(325mg,0l Aenmol) Blupdd)withdi9pstha®] in
and iy dﬁc%&tw a%:%rd a@QbE‘ﬁ 'iﬂtl@ﬁm (? | 8bERIDYE Dartial

guench ution In

et hahestpman 8.6\ ah aEiH L2 ihé$ (énsrlefﬁbéé&%% (v 50> 3-80-3.69 (m,
yi flhd.a 1), 3%@5;2@5 (RES rH:ju@m dBehesHyldasa® éﬁﬁﬂ'}ﬁs@bs@do (A, 2 H);
nme n Vv 3@5 removed again in
%acugggTWEZF%éﬂﬁﬂégﬂﬁék gﬁ -gﬂto a colum of silica

gel and 6R- (5-cycl opropyl - 3S- hydr oxy

-pent-1 E-enyl )-1-(2-triisopropylsilanyl oxy-ethyl)-

pi peridin-2-one (541 ng) was eluted with a gradient of

2 - 6%iso- propanol in 3:1 25 hexane: ethyl acetate and
used di r et ; b 1-(E)-5-Cyclopropyl-3- 1

6R- (5- Cycl oprg@ghdlaa -1} eth O faR N tba g@cgﬁghﬁ%ﬁs&rt riiso
propyl si | anyl oxy- ethyl)-piperidin-2-one (541 ng, 1.26
nmol ) ma§1d|ssolved in THE (10 nL) an treated wi@h

t et r abut um fluoride hydrate 4§QJQ§ »D -

nmol ) . s stared for h at room
ith 10 nL hex
onto a pad of sEklica ge

6R- ( 5- Cycl opr op¥itt - 3S—hydroxy pent - | E- enyl ) - IM{Z WO
2004/ 063158 PCT/EP2004/000008 -39

t | .
Y R, TR G R o1 R phel B A I b pipridia-
as ar?-od from pepR828 300 14%1211111@1)@@8&9@@6& praﬁetrplwdrofuran (10 mL)
Z pggta%a Kholad @4-2@°(§’&de?hrg%éﬂ'ﬁl‘hs@ol%aéﬁlw&%eéde?ntﬁ]ly"ﬂ}eated(mth
Sl e b o bt T8 S o pariepyl S osl BERS o 123
I(—I.anO) ?‘I‘JJH))I) whiddesulted ih aXasheaiibin.) th,a s@fidaté Misel,la@8kitioh of anhydrous

- spehyr B ) arlapidrens gy pg e (LS e v

fl 6-voedreatpd pgh pdtamt.n.n ybirtogidh (3.3 ol § hh;/ﬂegralmdtgfaxao selu’adn,

- met hylig8&t 6ha & d i
6R- ( 5- ga:f ?06;% rS(ogl);#ﬂ?nl ents-glilﬁ- eonlﬂg‘gﬁl&%s dr_ox
yet hy'ﬂ‘kalo‘tmtjp'g]aptgpqq(o 26 , 3.1 mmo Aldrich Chemlc Co.) was ad ed in one
-portion and stirred at ambient temperature for 10 minutes and the suspension of the

N sol ution

2 o

20 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-

25 pent-1-enyl)-6-oxo-piperidin-1-yl]-ethylsuifanyl}-butyric acid methyl ester (98 mg,

: 0.25 mmol) was obtained following elution from silica gel chromatography with 4:1
ethyl acetatehexane as an oil: 'H NMR (300 MHz, CDCls) 5.58-5.64 (m, 2 H), 4.16-
4.22 (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, [ = 7.2 Hz, 2 H), 2.44 (t, J = 7.2 Hz, 2 H), 2.34-2.41

30 (m, 2 H), 1.58-1.99 (w1 , 9 H), 1.22-1.30 (m,2H),O61 0.72 (m, 1 H), 0.40-0.47 (m, 2
H), 0.02-0.07 (m, 2 H).



2-one fromstep 3 (328 ng, 1.23 nmol ) was dissol ved
in tetrahydrofuran (10 nL) and cooled to -20 C under
Argon. This solution was sequentially treated with

[ ine (0.21 m, 1.48 mmol) and net hanesul f onyl
.'g"rﬁﬁgg"r“?}%;e‘g’{%. 095 i, 1.23 mmol) which  esul t BGUERR0GH00000s
suspension. In a separate vessefp- a sol ution of
~anhydrous i5 nethanol (1 nlL) and anhydrous
tetrahydrofuran (5 nL) under an argon atnosphere was
treated with potassiumt-butoxide (3.7 nL, 1 M
t et r ahy diggbu 232 3ahW-t@NL(E)-ArgibaBdv a0 drdds-Shi
war m sol ution was_st ' -
Thi obut yr ol act one®=8 i dees A LT

Co.) was added in one ortion and stirred at anbi gnt
t enper at uge for &O m nut es and the suspensi on of tEe
! OH

t hi ol at :
hours at “dnbMént¥’t experature and thenp :
bet ween aqueous &@anmoni um chl ori de and et hyI(’)Hacet ate
(4 x 25 nmL). The conbined organic extracts were
stored over anhydrous sodium sul fate, and the

Svo[090115 A methanpldk®ydd selirion of 4-{2d(R)-§- () dPbb-4iydloproFyles-

_ r2 g S g |h§rﬂfb§y—f>a{t21 -[31(}@— 6-8%b %@eﬁ&f@- I-'y?_’l] »‘Eﬁﬁis&l@a[n?ﬂ yﬂutﬁicl'&)fiq 'Ry ester

t-
[~ e ny1o7a HeR o2 mpelh 2mamoll. was prestedyith spdiumyicoside 23 gl 5 M
?C : :j aq_ﬁédﬁyﬂ al.naz%_fiﬁéd f.tgi%ﬂﬁa]t te_nQ)eQa'iuﬂlé 'ﬁiﬂlhi’) hd’iﬁf mtvahﬁﬁﬁw%rﬁ removed

(0] ow,n utrQn,. tTroms | Ca e chronmat ogr a W
21 SR Bl tstopgiamnishs B s PapRoRAver gt Wit and cthyl
10CDC1 $heb. B dgnéaias (ayer Rashipndeded boidicdvi@2hydiachloridacid (12 M aqueous)

4.02 -agt_i %Z%%H v{ith@thyl §c:e§aZé (%xgl% Ig.ﬂ)] 'ﬂﬁe 'E'()mex%ég §rg Bit e)g:ra@s ‘was

2. 95-
H) , 2 seredoverqahydigus sodiwpsuifate 4 ARt (RIH)-((8)-4B) 3-Cyelaprapid-32

H) , 2 h3drogy-Hdnt3ekyn-6-8xblbipedd@Or-Ji1-2BylsBard} utyric acid (94 mg, 0.25

|]-|j ,22 ;?15%9 [k mqbtglﬁle_g @H%n%{ﬁ%w}ée gpn%ég;%r’gl o%ﬂ%eox;o%ez as( arrrl1 oil? B!
155C1 / Eaziﬂ%t;m\ga(e,&g)cwlcﬁﬁ(@p, 1 H), 5.58-5.63 (m, 2 H), 4.184.2% {(m, 1 H),

i) 2B gt barpToy ] B GRU (et AN 6. 2.9

aci d (©J 619 1, Q HN2-360.48 (M, SBH] 1.a0HL.FH1b , § BOINAS].30(m, 2 H), 0.59-

t hanal i f e N
5 |_(5n§ %ﬁ&%ﬂ?% bl 200, 100-0,06 (m, 2 1); MS: /s M, 370.
hydr oxy- pent - | - enyl ) - 6- oxo- pi peridin-1-yl]-ethyl sul fan

y| [00BLX6Y r Using tiegproetitmelof Betngple 2,1 therfolitvang dotnp@@danef formula 1
0. 25‘,;5[.%! ! Lol i um hydroxi de (0.3 mi,
205 M aq é’o%%% andﬁgtl rr“}é%é%ataﬁgq r|Hsént tenperature for 3

hours. The volatiles were renoved
[000117] 4-(2-{2R-[3R-(4'Chloro-2'methylbiphenyl-3-y1)-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
25 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-[38-Hydroxy-4-(4-hydroxy-3-methyl-phenyl)-but-1E-enyl]-6-oxo0-
- piperidin-1-yl} heptanoic acid was prepared by the use of 3-[(4-hydroxy-3-methyl-



under a stream of nitrogen and the m xture was
partitioned between water and ethyl 10 ether. The
aqueous |ayer was rendered acidic with hydrochloric
aC| d 4312 M aqueous) and extracted with ethy| acetate

The conbi ned organic extracts wASTEROHYWHS
over anhydr ous sodium sul fate._43-
4-{2-[(R)-2-((S)-(E)-5-Cycopropyl - 3-
hydr ophenp@atoxb-reol) plﬁs[ﬂm:cmidlﬂ@iﬂndhﬂ-ehtﬂyﬂn]sfeﬁﬁ fayd gelekdision of
yl}- sltl,épyi'l\{fs ?? 1\/{*%}0 0.25 mml) was obtained

foll ow ng i’on and rermval of the volatiles as
an oil: "Hi5 NWR (300 MHz, CDC13) 6.7 (br.s,1 H),

E[&MH 1937{2R- [ 35- Hydrody-1-83-4nelibxfiiethil-phenyl) Bubd 2E-6ayl]/6-0R0-

1Ll st Gl o

36 pheng)-roxoprefyl] ﬁloailomcggtd(dupetaylrd)ter it 529 2508 the(emglusion of

. 0.40-0.46 (m 2 H).
Sé%og%smgﬂgﬂﬂmgws mz M2, 370. ([0001;06] Usi ng

the procedure of Exanple 2, , the foll ow ng corrpounds
of [¢QHL2e &HR-[%}impy-ﬂéﬂladrew~$mliopr®hbpﬁwﬂ ~hiErenyl]-6-0xo~

dapt
Z ?2 lﬂgérﬂﬁgllqyﬁ}%g%%ﬂgﬂ: ac1% WﬁEIfregla[r%d lzyhth use 0§3)} —h)édrﬁv d3—1sopropyl—
y- pr d{p‘wyl 8- Oefswmmfﬂ ﬂ%’ﬂFRhoﬁlcfﬂylld}m@hﬂthWﬁEWI&yld the exclusion of
10Ut YT @Msalnymﬂpagoar ed by use of [2-(4' chloro-2'

nethyl blphen yI) 2- 0X0- ethyl] phosphonlc add
ester in step 2; in t he enone was

o WL, §%5 TiR g s eherybrs o oRy b e H Gl oxo-
anouip&fdid 994} 5?1&5;&6 eﬁtyﬁc é’n&lﬂw pPrefapdd PBEudRYE 2

treatment .wi.th 2- et h w'th hor di net hyl
sul fi ergr%cyﬁo%vo fho 3n‘§ﬁ6‘dg68"atﬂ Gﬁ@-‘]}l}_gt]eg 2 and use of

7-{2 th{a acﬁﬂwmc(ﬂl?cyrr&ngm) hbdd:ﬁdb@hd%adtt&tnhgo&ot@ggﬂyh)stdpl}tindt&d of
-enyl.].- G- din t.amoj, G add was
1 e e e RS Sohatpn M ROA, L N0
2004/ 063158 PCT/ EP2004/ 000008 -41
ph¢onpi 2] 24@%@}Ipfmymymspﬂm®mu@omeuhﬁ—ﬁirﬁez ?ﬂy-lprtﬁﬁfl] &J-ox0-
|48 4Stpﬁﬁ @iﬁi‘g%t Jﬁgyls%gnylll)sbu%c hcid Whs ppepared |B/B’[he use ofl\ét [J(S—
7-{2 Rn[ﬂe‘sowﬂwlfwnﬂ- (B2 1os0-tethyl] pboiphbaip heid iryetlyd estérfin eap 2; in
yl ]- @t%qm &&o% wa.sie@o;edx& 1 aﬁ% @am lgen WIS aBE RALRS: of

use of met h oxy
Z%henyhﬁffo Bd-Gdeor by QWF foﬂaﬂe&lﬁfﬁp@mﬁa«u@ (&- mwl—%wﬂl borane-
'42§t Qi[i)rélgtél?-lggl{ldbet ®xeMssinpMUOf438step 41 M. mz M’

7-{2R- 38— roxy-4-(4- 0) Cy- 3-i sopropyl - phenyl ) - bu
i‘l@“ %??&@%‘ -Hy éﬁ%‘l( hrphenylaycloprgpd hatapyH - eFovkigeridin-1-
p rep @l}edxytawfahlsrg bu{:‘yﬁc adid Frad ﬁrapdams}&hy usé dfngheﬁpﬂ:ydopmpyi) 2-
phenylgé%wggl%) %%’95&‘?‘%5 ncamﬂdureth 4
in st% e ¢ Vi SHier 18 GieR £Eg SiEp 3 e‘WPEW?‘S expose
23 ', td432tm 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-dlmethyl sulfide at 0° C: MS: m/z
M™, 420

ONI‘OI\)I—‘U‘I

[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-
30 methoxymethyl-phenyl)-2-oxo-propyl] phosphonic acid dimethyl ester in step 2: MS:
m/zM™, 436.



[ 000121]
4-(2-{2R-[ 3- Hydr oxy- 3- (1- phenyl cycl opropyl ) - prop-I| E-en
yl]-6-0xo- piperidin-1-yl}ethylsulfanyl) butyric add

82091 ed by the use of 2-
%" |0|0f0py|) 2-oxo-et hyl ] phosphoni ¢ &fl¥F2004/000008

di met hyI ester in step 2 and us&2-of the conbination
ceriun(l11) chloride and sodi um borohydride in step-3

i niﬂ&%ﬁ]o’f -{ 206 [ IR &' STydraap b mettylbishen @RSY1)-Sdnydidxiyqmeyl ]-6-oxo-
(o BB IoA A Ad S e br ol (4 drary 2yt

r opy | §iplBnckph- 2ptxpeqﬂnﬁlunhob cagidrdimsihyl esiayin)stepd iprstep 3, the
aci d e RASRAG s%&it@yatﬁiﬁh;t&% & gagwﬂtﬁ égalgﬂosp unt of 10% Pd-C for

trlfluo me hyl furan-2 0X0- et oni ¢

aci d vued et aithad)- %ﬁrleﬂeﬁ wrolimethyl sulfide
was eprsemdmeaxcmsmﬂ@ffs@yqtmgeﬁyzm ath a catalytic
am)unt of 20 10% Pd-C for 1.5 hours foll owed by

?93032«% Wﬁ"g-ﬁﬁéﬁﬁa rn%ﬂf%@sfm’ %bt%%rglgﬂ-%ﬂ’l)-llﬁrm:tl%gnﬂ] -6-
4 (2- dxz%lﬁeaiaxﬂdyxﬁm i€ dci@Redpresared Bpme py af{pwmyaﬂoxﬁz'

gt s TR AR (P&q&ivt&eﬁﬁﬁ%g}ﬁ)e?% £ 5% in step 3

100X 0- ethhgdn]zbmitmpiﬁ osriuen (Bldpchitirive tathy boddsrh @orahiydSdeesp 0 27; and the
stepe§ EQ& pgsmemets%& 25 to 1 atm of hydrogen
I C

gas Wt cat anouht of 10% Pd-C for 1.5 hours

foll owed by treatrrent with (S)-2-methyl-CBS with

bo &2 TréE1-[RR- [3Rul4f-Hytdreap-20ndthylBiBhenyl-2-y1)N+dxo-g2Pyl] -6-oxo-
1000

o 03 g Lol beptanoic acid yas preparcd by the e of 2.4 hydry-2 el
- eny bipienck)- meﬁhyﬂlphomh}cepﬁﬁlmmhﬂawt n Stﬂpt2ym step 3 the

12dd V@§n@\ﬁ?§s@§f}&gd 2] 4&?1%1‘%?&0 én a%Qtal ic amount of 10% Pd-C for
nmet hgxynet h) | - phenyl ) - oxo rorﬁé +Ip os oni c agd

di et “f%%%ther‘#ﬂ%*t 6- 436. WD
2004/ 063158 PCT/ EP2004/ ooooos -42 [000125]

7- {(ﬂlﬁlis@% A 2RAOERTI Uyl 35y bk RipRRe R b 8@)65 ode- glpgﬂﬁh@ﬁ

y- pr peridin-TI- he tan aci
pr epé’ﬁéﬁwﬁ‘}ﬁ%ﬁ Bg’“? a‘(‘ﬁ“"’aﬂgfﬂl’% by e#é‘t‘ffﬂ cyclobutyl-2-oxo-butyl)
bi pheihoshtiphicadideiaetbilleyed inplep SPRISNE MY s84di net hyl
ester in step 2; in step 3, the enone was exposed to
Wi t h catal yti ¢ appunt o

f h
2°Pd ?0@@1%?%1 45¥2I B R BRSO PRARST - Bbervffééd)n%hfdrmwowﬂ ~6~oxo-
 (S) - Piperidhiy | -yPRE Ml i@ g8 ey b ieRHOd Fi fr 41st<eec1 Witus@oG2-(3-

?Bgotf@gﬁ%gw@p%@ng 1)- £“OQO-Efbt}’ﬁ/shoSEITJﬁmmc acid dJII6168thY1 ester in step 2; in

7- { 2Reep3; tydnaneywa8 efpbisechip dratuypf Bydregempabivith e nythlytSe aphunt of
|
pr op F}'r()goplic? ¢ gLrbﬁs hﬁﬁ-?foﬂb@?d; E}%&Fﬁ ﬁtv}lgﬂ%zb%g&hﬁ - Wh borane-
25met hylmpthps elﬁds ayf)° )C:Zlﬂéﬂtf—léﬁ nﬁ;mgrﬂl;alrﬁosqsmmo& wethgl butyrate in step

di metahiydteRAIFQEibIRHSAL RIS in/d VS5 3

[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 (II1)

30 chloride with sodium borohydride in step 3: MS: m/z M™, 400.

[000131] 7-{2R-[3-Hydroxy-3-(2,5-dimethylphenyl-3-y1)-prop-1E-enyl]-6-oxo-
- piperidin-1-yl} heptanoic acid was prepared by the use of [2-(2,5-dimethyl-phen-3-



10 the conbination of ceriun(l1l) chloride and sodi um
borohydride at 0 C, and the exclusion of step 4: M
mz M, 466. [000127]

- (2~ 3R-(4' - Hydroxy-2' met hyl bi phenyl - 3-
%’Pozg%oﬁ-ﬁé& oxo- piperidin-1-yl} heptanoic am%‘j%/@]?m“m"""os
prepared by the use of [2-(4'-hgdroxy-2'-nethyl-

bi phen- 3-yl)-2-o0xo0-ethyl] phosphoni c add di et hyl
est eryl-2rosd-ethylR phd;sph@nepm@dmﬂ‘edwl Estee hinstep NasstgxPihs edmbination

1 t o cH) % .
U 9005008 bl DML TRy ot

m{z NHS: /86 3@@00128]

4 {2- [2R—(5 Cycl obutyl 3S- hydr oxy- pent - | E- enyl ) - 6- 0x0-

d
or EROLEA ke 1 AR Dol b5 BB o) bt
5phos pah@nm psapmdbv thetasy ¢t (8-stherosiyr2-etoeprogyl) mmsphnhzcamddlmeﬂwl
384. Q@%]zzﬁ’ﬂ stefp 3 the combma‘uon of cenum (III) chl ride and sodium
4-(2 {2R—[3 uor oph noxy -3 hydroxy-
pr op)hO}’O}B"lBQ‘batoplqaé?cf@F FEqlusign éﬁehﬁ'llgﬁw
3-methyl -butyric acid was prepared by use of [2 (3-
f I pspoes) eﬂ%[ﬁpﬁ&oﬁny@ daomgséngué lyl)glﬂgﬁ p@@ﬂ,ﬂfs %%b d

di et hyl ester ; enone
expoderfridg-1-vh eﬁs’faiwlﬁw Wecersaed b theuss of B @l wlpr@-blphen 3-y1)-
1020 U 0f ethyi PR dSphdmid #1d dkmé Degtes inf @dpl 29 k! k?iythe combination of

fj |r Srgicgeﬁgrtnglm) alé%;ﬁ-ﬂ%ég% agg%%tg 2$ : ﬁcﬂ&ﬁ ﬁ:clusmn of step 4:

4- rrerM&pﬂ/el\B“,Mﬁﬂbn;dwautyr ate in step 4 instead of
-th| ol actone: Ms: niz M', 504. [000130]

ol ;iﬁlﬁwﬁ%@@%ﬁﬁéﬁi W Paong g beoro pipertdin-1-v13

pr eparepinbiy atith erasiyepavéd §;8ths ush off2-(BHchdrokiph&ie py))rd-pxo-ethyl]

15p hos %Ii]lg hg)ﬁﬁgflqc Trac &Eﬂ?%:‘er 1?%&:58 m%&%tﬁ%@e enbnf?wgs eSrEc?sed to 1 atm of

bo ro Hydrqgaegas ﬁstﬂlega@lyhﬁ/@nomtpf 8% Pd4Dfor 2ho@e fdlpjved by the use
7-{ 2%1& @‘)Jﬂyﬂﬁtﬁ yC@SV(n%J %r%é@hhﬂ REBARY lexcﬁlsg:ln)o'f%ﬁ@' NI rﬁ/z M,
yl] eridin-T-yl} heptanoic aci

- prepé?%&mg 4the use of [2-(2,5-dinethyl-phen-3 WO
2004/ 063158 PCT/ EP2004/ 000008 -43 yl)-2-oxo-ethyl]
phosphoni ¢ acid dinethyl ester in step 2; in step 3
the conbination of cerium (111) chloride and sodi um
borohydride at 0 C; and the exclusion of step 4. M

20m zM+1, 388. [000132] EXAMPLE3
7-1- 2R—(3 Hydr oxy- 4- phenoxy- but-IE—enyI) 6- 0xo0- pi perid
i n- 1- yld (2he s ahairexy-4(3eifld oiRsetii-phalytichuey Et dael] \eseoofiperidin-
(3- phenoxy- 2- 0xo- propylfﬂgg S %%%b %‘d di met hyl
ester in step 2; in step 3 THE EoToT At i on of cerium
(I'1r1) chloride and sodi um borohydride at 00 C, and the
exclusion of step 4: Ms mz M1, 390.

o

. 0 /\D)LOH
25 N

F F
& F

OH



[ 000133]

7-{2R-[ 3- Hydr oxy- 3- (3' chl or o- bi phenyl -3-yl)-prop-| E-en

yl]-6-0xo- piperidin-I-yl}.heptanoic acid was prepared

of [2-(3' -chloro-biphen-3-yl) 1
5B§@5%3§§|] phosphoni ¢ aci d di methyl ester PHUEPRpH/CH0008

in step 3 the conbination of cgriun(lll) chloride and

sodi um borohydride at 0 C, and the exclusion of step

4: N5 Sthpl:MH{D.(5&70ihadebxs Fdranb@0ih 3 bthyl] benzoic acid methyl ester.

7-{2R-[ 3R- (3' chl or o- bi phenyl - 3-yl ) - 3- hydr oxy- propyl ] -6

-0xo-pi peridin-1-yl} heptanoic acid was prep@red by

t he use of [%5(3'-chloro-biphen-3tyl)-2-o

phosphonic adid dinethyl ester injstep 2

t he enone wgs ©kposed to 1 _atm ot ™R 4] gas with a

catal yti c afpunt of T0% Pd-C for {2 Hours fol | owed by

the use the |(S)-2-nethyl-CBS witlh borane at 0 C, and
“the exclusion>f step 4: Msilﬂﬁ% OH 472 and 474. 20

EXAVMPLE 3

4-(2-{2-13-Hydroxy-4-(3-trifluoronethyl-phenyl)-but-IE

-enyl | -6-oxo-pi eridin- 1-yll-ethyl) benzoic acid O O

| OH 25 F F OH WD 2004/ 063158 PCT/ EP20041000008 -44

St Mhoo134r AR S edh : ] - L,
i, ke a5
o »—@1108 }Wﬁ?%&WWVl&unﬂéﬁzdeqmm gimpol) was heated to
ZI olj utsee ;C 0k 3 Pofk@Xx eﬂé;som?ﬁl véhs (:%lécﬁ}x@aégdﬂaﬂgdﬁs% fai;?iftzhyi amine
ri reat.ed .wi rbon m dazol e g,
74 rm@?‘)g‘ ojfad0 Obc?nfidnet%é 4 pgpostiy bymzoate -6 7 MmOl
was coepae] actordimizea Tvﬁdlciemdtdémp 'Fﬂmpleﬁi ]Ptijtnt Appli@tiok b§44405 to
m., 1 n 4- (2-amnge J.bengzoat e {12.
o, 700 ipeRy Lo TR el g <L B RS WAL QER R0 h st was
&l . margd betgeerwatappNf md) inshetinh 4t BOS3tx0l50 mL). The combined
organic extracts was washed with 1 M HCl, saturated NaHCOs3, and brine and stored
over anhydrous MgSO4. The exiract 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-

15 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),

20 storage over anhydrous sodium sulfate, removal of the volatiles, and recrystallization
from ethyl acetate and a minor volume of methanol.



Ajinonoto Co.), and heating resuned at 50 for 3
addi tional hours. The m xture was 10 partitioned
between water (400 nL) and ethyl acetate (3 x 150 ni).

%ezo&o'é?mged organi c extracts was washed wi %Sygyzl})ﬂomoooos

ur at ed NaHCO3, and brine and stored

anhydrous MyS04. The extract was-filtered and the
volatlles wer e rennved in vacuo. A SO|Id (11.4 g) was

[ APcl- A8 31 ) : ) A bedzoieacid methyl
(440 nL) and mater (10 nL) tgs solutlon was treated
with N-nethyl norpholine N 15 oxide (5.35 g, 45.7
nmol ), osmiumtetraoxi de (approx. 20 ng), and heated
to reflux for 3 hours. The al kene had been consuned
by TLC and the m xture was cooled and treated with
aqueous sol ution on sodium bisulfite and rendered
acidic with 1 M aqueous HC .
4-[2-(5, 6- Di hydroxy- h@xanoy! ani no) - et hyl ] benzoi c
onas obt ai ned as solid
fol |l ow ngliextrac with chloroform (3 x 200 st
ydfous sodi um sul fate "the
vol atile and recrystallizattorr from eflhyl acetate

dd

~and a m nor volune of nethanol. W) 20047 068158

08 -45 Step 2: OH

%A- [ 2- (2- Hydr o2ynet hyl - 6- oxo- pi perdi n- 1- yb- et hyl |

benzoic acid nethyl ester OO OOw OOw NH -~

HO OH OH 5 1000136] A O C dichl oronet hane (170 nl)

and DMF (35 nL) solution of 4-[2-(5, 6-

di [0paris]yA @f’e@aﬁmgdramiamex)e (emny;JL] ardEDAD (85 mdlj badutiaat dfy[2-(5,6-

t t t d
and ity SentBRLbARDL B0 Bepttic vt SEF ] e Bodearin
(5.5 2'6tl)m4’®e é?}&i “ﬂﬁb@”dgfbmﬂme‘bvbhﬂl trifvorométbanesuifouste (5.5 mL)

mvvas QH& EHeh 'sﬁﬁgﬁo@ﬁhgﬁe Q‘h@ﬁﬁ%@‘;é vas Eﬂhgg?éﬁdtﬂee R Qﬂ%b‘fs sodium

20

25

and acet at pri.
si | yI >gir?evi«l‘:e(as sﬂ% )ace%§3¥mra¥)e<3fheﬁémeé®pﬁgrmlthﬁlger (5.88)

and @MEIBQIE&HJ fanowih Hﬂz@] H@Trd bﬁ‘ﬁoﬂﬂo}'ﬂleﬁr@faﬁ!eymth rotary eva orator,
evap chr,o eIut|

0V Rs 8L ol AL Ihors TS AL L] o M

di ss (gD W&s:ﬂmsnlveld oididdenekthanc(50 bil.) ahd téukl] tmiret(Bg5 mL) and

: am n%oﬂg:d f%% @ihe € (lssn&% Spq}%re G)'t'hg a&uﬁ? Whs t?e%teér“gl%n

a nospnere. on wa
methanesulfonyl chlonde (1.5 mlL, 19.3 mmol) and stirred for 30 minutes,

whereupon it poured into aqueous sodium bicarbonate. The desived secondary
sulfonate (6.6 g) was obtained following extraction with dichloromethane (3 x 30
mL), drying over anhydrous sodium sulfate and rémoval 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, THF 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 Iactam (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 -



met hanesul fonyl chloride (1.5 m, 19.3 muol) and

stirred for 30 mnutes, whereupon it poured into
aqueous sodi um bi carbonate. The desired secondary

sul fonate (6.6 g) was obtained follow ng extraction
WAL or onet hane (3 x 30 nl), drying ovBFT/EP2004/000008
anhydrous sodi um sul fate and reppval of the volatiles

in vacuo and 20 used directly in the next operation.

The cobaslgedlomagfilraGon HOOGHE: a8 oBsica, Whdd WHR L) ethiBsetate:
di ssal ved in anhydrous tol uene (106 nlL) at ambi ent
tenpeegyﬁ?e under Argon and treated with potassium
t-butoxide (1 M THP solution fromAldrich). After 2

h0l{ﬂmusﬂh@—(bﬂNmmsmﬁéw@gsmﬂud&am%thmmﬁnm?t-mmij -g—élxo—
agueous ri.ae e X
) e iRt i Bt £ B b ma-o
25 amlgoetnpetrémsbwomﬂwﬂ bbdratcacidthethylester azcortliamg taBxadpl & Dby

, 4. -
gh ‘o rf%%ﬂgm%ﬁ yaﬁm:ﬂﬁgljo?lte&lil QH&‘# lj(aﬂnléigoab&?b] 1§¥osgho%1c %cn% dimethyl
and distee rrep;ﬂr@ﬁ astsqrrlme@o Preparatéian Aty diep Landnoding berghydride in

The sgi @ﬁg@@ﬁsWh&mgﬂ efgpabut yl ammoni um

fluori hydrate 49, 5.5 mml) and stirred at it
for 1 hour. 4-[2-

Hy (8% et erprdiag Plpér%j(%{zk[%t%mh@r ineBwhbiphen-aoT)ch-

1gret h)é{gd?cﬁ& rofyh]-6leRo-fi eﬂ@ﬁ-l\[ﬁ ?ﬂ/ng%a&dw s Pregared with the

PCTI 004/glaa 008 i of bt ai ned ov\nng'éP tion
thro ngss- &t i theldd i eborq-¢ rimgthyl-biphegpr 3-y1)-2-oxo-propyl]
ac et ar‘thﬁs hdﬁ&')@aﬁlﬁhm[aiﬁ Qﬂt@ﬂ(]pre ared accordlng to Preparahon 2) was used in

3:tr uor th hen ut - |
Fehy PR B e ?s%srfr»‘ddﬁ(:ﬁd gadsy '}l 35 R el et rigsture
pr epavidda fatdyhclnfaRa{ & -I%drdok ymrethilyacetbie fllowed by treatment with
19X 0- [ El%%d}oi&&id)e 3 g&%h w}aseé}%ﬁfd‘éd A4 0 ARE Dby G54 .
accor |ng to
4-1(3- trlfluoronethyl phenyl) 2- oxo butyl] phosphonic
add di nmethyl ester (prepared according to Preparation
2) in step 2, and sodi um borohydride in step 3, and
excluding step 4: M5 mlz Mt 000138] According
to Exanple 3, £XAﬂEEEi

4-(2-{2-[3-(4' chloro-2'-nethyl -bi phen-3-yl)-3- 1o
hydr oxy- propyl ] - 6- oxo- piperié&ﬁmiﬁ¥ﬁ¥ et hyl) benzoic
th th h I t

ac (}%Hﬁgﬁ lgﬁ o ggeﬁgcaw preparatlo%s foro elivery o nfg thg su%?ec’ée csomporllmcsis beypvanous
20[ ﬁ ( oGt ae (ﬁorﬁnﬂeﬁ&tdﬁ‘jﬁovhi 1ﬁ|ﬁ1@d YoBowing Tables:; OARERRYdrédient” or

phosp onlc aC| e repared acc
Pre pafrr!la ion- 2§ Was‘)jt s ﬁsse‘(ieg“ the t?lgst féga”:% oPHE 188{?61%316\/(\2’8“?0““‘15 of

r edudiednulader 1 atn1hydrogen gas at anbi ent

tenperature wth a catal ytic amunt of 10% Pd-C in

ethyl acetate followed by treatnent with 15 sodi um

bor ohydri de, and step 4 was excluded: M5: mz M1, 507
and 509. EXAMPLE 4



For mul ati ons
delivery of the subject conpounds by vari ous

[ 000139] Pharnmaceuti ca

preparations for
20

routes are fornulated as shown in the follow ng

es. "Active ingredient" or "Active

conmpound" as

‘WQ&&MPﬁ”ﬁhe Tabl es neans one or nore of the Rolpligeooos

of

Formula |I. WD 2004/ 063158 P%zT/ EP20

04/ 000008 -47

Conposition for Oral Adm nistration |Ingredient %
w./w.  Active ingrethngsitdg f%0ral AdhRS@raidSh 5%

Magnesi um st earate 0. 5%

000140] The i

ngredients are

m
g
dd
I

Rétpge, about 100
a_total daily

Xﬁgm&ﬂﬁ di spensed i nto capsul es cont
ul d _approximate
§ag&nn§rﬁaup05|t|on for Cral Adm ni s

t 270a% on
20._0%

SZ@Qﬁeum stearate 0.5% Crosscar nel |l os7é’5e%)ai um 2. 0%

\%:

[G

Lactose—76—5%
AR GRS

[ \ W/ WA [ H 1 | A
Ve (PoTryvirfiyroyr-or+al

. U7U

#“granulated

gredi ents are conbi ned

usi ng a solvent such as

methanol . The

fornuration 15

then dried and forned into tabl ets (contai ni ng about

Lonfeb s B gkutie SRR Bkl

AEoRPL P

about 100

| ngr e each; onmumulem@idap@r@mpwmtalﬂaﬂygosag‘wnari c acid

.0.

5 g Sodiumchloride 2.0 g Methyl p

2004/ 063158 PCT/ EP2004/ 000008

araben 0.15 g WO

5
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
10 20 mg of active compound) with an appropriate tablet machine.
Composition for Oral Administration
Ingredient Amount
| Active compound 10g
Fumaric acid 05¢g
{ Sodium chloride 20g
Methyl paraben 015¢g




-48 | ngredi ent Anount Propyl paraben 0.05 g

G anul ated sugar 25.5 g Sorbitol (70% solution) 12.85

g Veegum K (Vanderbilt Co.) 1.0 g Flavoring 0.035

Colorln my Distilled water g.s. to 100 nil
?‘Ssl'he i ngredients are nixed to form af CT/EP2004/000008

suspen5| on for oral adm nistratjgan. Parenteral

Formul ati on I ngredient %wJwt. Active ingredient

0.{2hgredigadi um Chl oride gs to nmakKe 1 SOT[Of},Gunt VAL €F T OF
in.ection 100 nil 5 [000143] The activie Tngredient is

dijSsepylpatalian a portion of the water fgro.omgection. A

SL‘ At f\/ ofsodi-umchloridd is_then. added

H-{i+-ci-ent—guan
t@a%ltlﬁtﬁﬁ%gfto make the sol ution i 956 c. The

r onmm--Bdaer

SL ul|U E |9 lgwﬁght_—WLhﬂhy eratHRaet Cf_
t & Soth ?%VO/‘T%”%]OHTeCti on, filtered thr olﬁéﬁga 0.2
m{Qf, %‘t‘tla;) and packaged—ur U(i‘ro o-sterite
(of¢ nd [ ons upposl o_y Formul ati on Ijngiredi ent

OMMFlabvding Active ingredient 1.0% Polyephysgne gl ycol
10074 '%% WO 2004/.063158 PCTI.EP20Q4/ 000008 -49

PglGplarings ene gl ycol 4000 24. 5% [ 000144] 0:5heg

i Hxed-on—a-.steam— — |
bcﬁgﬁﬁiﬂaﬁ%ured into nol ds cont ai ni rdg-2to5t0§ mlot al

werght——5—Topical—Fornutattomr—ingredi-ents—grats

[000142] The ingredients are mixed to form a suspension for oral administration.

Parenteral Formulation
Ingredient % wt./wt.
Active ingredient : 0.25g
1 Sodium Chloride @5 to make isotonic
Water for injection 100 mli

[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%




r

Active conpound 0.2-2 Span 60 2 Tween 60 2 M neral
oil 5 Petrolatum 10 Methyl paraben 0.15 Propyl

paraben 0.05 BHA (butyl ated hydroxy anisole) 0.01
%z@rm%'s' 100 [000145] Al of the ingredients, exce
PO conbi ned and heated to about 60C:P9qu?m“’°mm3

stirring. A sufficient quantitygef water at about 60C
is then added with vigorous 10 stirring to enulsify

t N@olyatylesd ghrvsio0and wat er then added |Q435% about 100

g..-Nasal Spray Formulations [000146] everal aqueous

@

suspensi ons contai ning from about 0.025-0.5 percent
active conpound are prepared as nasal spray

f of0NglL44]i Trdngrddients ave nhdliad tagaiheotlingingl drya ste@nbaah,Aand poured
i nact, k for exanpl e,
n1crd%%%g?&%%ﬁﬁgﬁgégFgﬁégggg 6d|un115

car boxynet hyl cel | ul ose, dextrose, and the I|ike.

Hydrochl oric add nay be added to adjust pH The nasa
spray formul ati ons may be delivered via a nasal spray

metered punp typically de%ive [N bout 50-100
niﬁgﬁlgggﬁgﬁggn A typica

h crollters of fornulatlo
okl 2RO WO-

onr.an

(ad
E=

d Lo T, | \ LY
(rél llg Q\JHCUUIC FS—=—% SpPT ™y S \,V\,I_f +OHH

2( jfs8 PCT/ EP2004/ 000008 -50 EXAI%‘E‘P 5

FLR Ucrdﬁ;‘g ﬁ&lw[y of —EPs—or—EP2 ISL%;B?y by—=a

Lyci say 5 a. Generation of gt
t1gpai@cted EPA-Tuciferase clones [0QQI47] Prostanord
pceptor EP4 cDNA corresponding to the full-length

C(
Si

pdwagn Gequence was subcl oned into theg2appropriate

n_expression veat ar pcDNA

3.

tes of the mammalia
l@w¥ﬂ2@o (I nvitrogen). I'n addltlon

ﬁhe sequence
unu

cont
| 4

al
?L ar IIT IIU \ﬁIV]- I CD'JUIIDI VC CI_CIICIIL \

A, gene was cloned to a pXPl \

régto The co 10

t
(ol

E%ﬁgg&h}%[o The CHOTel s~ WthEP

E-l uci ferase containing j

1)—{2 onrar 1y
) ﬁl were carried

o

1

I Profyl PardbeNA ratio of 5 to 1 by Fuge
) B achutylated diydnoay extsdlet al.

bipeys( Roche
i th

0.01

Water q.s. 100

10

15

[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
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, sodizm
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.




Bovi ne Serum (G bco). Three days after the

transfection, the culture was replace with fresh

nmedi a cont ai ni ng Zeocin. The culture was maintai ned
one. pmonth until 15 stable clones were generated

Wgzg MRk B> ependent | uci f er ase gene assay | 000RGHESEP24(4{900008

5next

20

23

30

functional activity of an EP4-agonistic |igand upon
its binding to the receptor was neasured by the
production of intra-cellular c-AWP. Here the | evel of
20 c-AWP was neasured indirectly by the transl ation of
a reporter gene, luciferase ERatM®EEP4-1 uciferase

cl ones. The cells of EP4-luciferase clone were

subcul tured %@E@%%%%% @é (L@ ﬁcoi ?BEL) ;"E?é% Ass
containing I -
wel | plates (Packard) at the denS|ty of 40, 000
cells/well. After an overnight culture at 37C, 5%
Co2, 95@6alr the cuIture nedla was reaned in the

ul of Hanks buffer and r fur ni sed th 90 I ‘ of
F1 008K Predenod WW@PiwmomoeMﬁe theduliragthendiog
t he @éduteme%fs bcRABd ﬁ@m@ af)ﬁropltu&e tlttes BLhl MsindMan %Z;s;r&mn

5% CO2 %air npounds of I nterest at

X of Ve‘iﬁ%fstrcpé% %bﬁté&%? flaﬂfr@ﬁeqke Frbadaidtréu ﬂtedeqstﬁn@elfpetaw CAMP
t he |rapbutwelemeat (CRE) ﬁlﬂ\ﬁ&f&&@%bm ctoead ANAI8vedtbY. €Be co-

ool Sath bt B, T2ty bl 39000 SR Oyt 0.

maxi KemtainingplPA twepncandedi ontivitle n B ranie abif attceblbgt hugengRoche

[Egg‘otﬁogfvﬂk?r in 0004 RSB T P ER200M 000008 e s st

Baripe deramd G cod-t Etes dpyeiafier thetrrasiottiomethamslturh ws replace with

r ead)‘.reE}Pm@ﬁ§ edhthifing ZG6di. SRR BInulewaPH A thih & rotnan&fmﬂt until
| uci fegéaleopact I Vi ty ed[ 0001501 An assay kit, LucLite,

Bpur cfid FORT P8RS was used to quantitate
luciferase activity. 30 mnutes prior to end of
i ncubation, LucLite substrate and substrate buffer
(Packard) were allowed to equilibrate to room
tenperature. The substrate was d| ssol ved in the
subst rlate buf fer arcAMPdspendontlngiferase gene aavial vol unes
of Dul be s Ph sphate Buffered Sal i ne (DPBS G bco
Op T o B Db
m xedecwptbhwtmearsee@laﬁﬂre W REHGLBS At 2t 8HudL L UANMPNHER the level of
use i he next ﬁ\}%‘% c%\?notﬁ oflthe xed sol ut nf &
was At VETERL Rt *\H@Pl" 2 FPTter gefy dciferase in the

pl at EPpvasifstasddoneat TIRQBlsrgf rEPem;cﬁfeﬁEeedatkaeee subeiiltudedrinr200 ul of

The 0 vvi

seal E?fﬁ(ﬁb&k ﬁﬁg% m}@@? ccgnet%ﬁ]tng %‘ﬁ g(ze S(CI:O, ; {1 95 B!N?h%pes to 96-
‘well plates (Packard) at the density of 40 000 cells/well. After an overmght culture at
37°C, 5% CO2, 95% air, the culture media was removed in the next morning. 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.



- counter. The EC50 of a conpound was then determ ned by
a four-paraneter 15 curvefit program of Kal ei daG aph.
Compounds of Fornula | showed activity using the
above assay. EXAMPLE 6 Conpetitive Binding Assay of f
WP r EPL, rEP, rEPg and r EP4 Recept or PCH§P204/000008
Cell Culture and Tr ansf ections.§3000151] Stably
transfected cells expressing EP3 were grown in F-12
e {IDOBMS@ m endoHHtuBRBEH, 61 cnithila niéﬂ%ihﬁaﬁnﬂp@@@ﬁd Blatk&ido dry.
certi ? el Bovcllne Sery%%rB CO and pelleted.

Pr ost gaée P ECaH SPERSSEY 1% BNA corresponding to
the full-length 25 codi ng sequence was subdoned into
the appropriate sites of the mammalian expression
vector pcDNA 3. 1(+)1Zeo (I nvi trogen).
Transfection-scal e quant _the vector wer e
JBuHitation 45 =h Maxi Ki t

g@ﬂi&ﬁmﬁemﬁ?‘; iﬁf@e ﬂ%ﬁ']f%@a e St gpanginte ucierae

| nst ramt\ntyo 38 n{iRoedyerjor t&:@ﬁ of mbhﬁorm&ﬁ&ug Gbiraie IﬁnMMrate buffer

((:Sr tB i g!%&et aeloélngovﬁmr?ee 4 mrtle %éf{ %%%eﬁ ng tGémF am Stgatﬁ was
(4 B@B)SOIV@NG theyubstiede ]vld'&t e@ﬂ mxef by inyewione Equal volumes of

tr an éC
PCT/ EP2004%%00 e B gite (YRS, CILORRL) containing 1M MG

10as hegd it (g ey themmixadgpel qherf@enshﬁlﬁechswtaaéhsmmpéw use in
in  dh¢/ndxE @cé;Et T0ARObf 10k mied doldtib© whd MdEDfo éaamlme 96-well

preparat i ne_Prepar atl on 00152]

pr océ’i‘ﬁ? e'ghefp(])‘i"te Wéﬁ%é‘ £ 3000t off plats k}\gﬁe{e P& By F@d’laﬂ: cover
4 Cb lvﬁs mﬁmﬂ lagld rdg&c&hhﬂ’( 1|sl|hfead§£€fr QB:Ichkﬁkdﬁ;fBScaurﬁﬁlg lissa @fintillation
sta CHO ce re onngeni ze

5oy VBUEF el Helor s imEina bl R ORMRARELES o rometer
15hono gatvedeprog B crﬂ&aiam@aGaar}dh Qoemomnduqédrraﬂalg}@@@ agtivify using
for 30 f8Rki8s,. Pellets were resuspended in assay

buffer and résuspended by sonication using a Branson
sonifier. Protein concentration was 10 determ ned

‘using the BioRad DC Protein Assay follow ng the
manufacturer's directions and stored at -80 C. c.

Prost anoi d Receptor Bi nding %00153] Met hods

for conpetitive affinity bin ys of EP2, EP3

and EP4 vwere 15 derlved fr ose del§cr|bed| n .M

[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

25 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}
30 supplemented with 10% heat inactivated certified Fetal Bovine Serum (GIBCQ) and
Gentamicin (GIBCO), and were harvested 72 hours after transfection. Cells were



rel at ed anal ogs" Bi ochim ca et Bi ophysica Acta 1483
(2000) 285-293. Binding assays were perforned in a
final incubation volune of 0.2 nL in the follow ng

@éﬁ%/ uffers 20 mM HEPES, 1 nM EDTA, and 10 mM MyCl 2

3

10

% EP3) or 10 nM MES, 10 20 nM MhC12RCTAHG00H0pMps
EDTA (pH to 6.0 with NaOH) (EPB2and EP4) and
radi oligand {2.25 nM (EP3) or 2.5 nM (EP2) [3H -PGE2
( 200 p&lietedivylcenthiEhtion, wikbad Wiithﬁ@S\QﬁI%ZO)niepé]hteddthbiy flash-frozen in

addi :

ag! r SgoBiheBPLRARLE' G B RBE YL IR Y)

Di net hyl sul foxi de (Sigma) concentration vvas kept
constant at 1% (vlv) inablpl.RepRalh@fs, and conpounds
were Z5 asSayeéd at final concentrations of 100 uM 0.3

nNM Non-specific binding was determned in the
presence of 10 ?M of non-radioactive PGE2 (Caynan

%g{'}ﬁ%{ (ﬁglgﬁce&l%g% eme\a'?n %P%%%%%RV%%&@S%&) egl a?ﬁ# Brostanoid

| ncubsatitonganséecied ﬂé]sm"l' W&E eIdStWY rapfedted CHIO edls were homogenized

t hr Oﬁgﬁn%a}? baﬁferxﬂfgské reC}HQ igklobh %&ngigngg&gﬁpé;?&@mgmg%m%&
u3| neen&ifpgediad A8/BR0x e 3@6*“9\55?% Psliats weye teswpended dpssay buffer and

har v egtpendeRa k@ﬁ&honiﬁrgﬁ a Bldnb& s%ni'ﬂ%f @r%ﬁﬁ%ﬁcéﬁutaﬂmgwﬂs

mL ofi vvash PES 4 for  EP3, mvi

MVES, éiﬂwngf&w@au 611‘“35?

Ieasﬂlrdcnhmﬂndatoré&nnn&OﬁCen'perature and t he residual

radi oactivity bound to the individual filters

det erm ned WD 2004/ 063158 PCT/ EP2004/ 000008 -53 by

scintillation counting with addition of 37.5 uL of

M croscint 20 (Packard) using a Packard TopCount

‘Mcroplate Scintil| tidiholDRtty bisink ks of
rismyv

bi ndi ng were determ ned using sof tware

( Cﬁoaams@pwleﬂacﬁ@ iR Qi@ titbie afﬁiﬁtlsmhﬂldg asSIEE? aEE’a MdIBP4 were
n
15 pe s a0 S B St AE R E B RO T LA TP PR GHOR Ay fsgombinant

eval HMEmlﬂ orcepthmsite debfnaioe thenifodiis andebstivities of prostaglandins and

ovar f&ﬁé&%ﬁﬂﬂ%ﬁ@' ]§1@J CB gt Iﬁlgg%é§ ]ﬁc@qk%b‘t (2&‘2’2 %%" EQMC?X% assays

or Wstar over t's are am operat e

or oV&rﬁupélé@r@wﬂﬂaﬁw n@ﬂhm@svom'mecpf 0.2anL insibe followingzsgy buffers:
are POMMEHEPFS, PMNMEDTA, ahd 1@HM t—ﬁé}){EPSWHI@';ﬁI@I‘MES 10

SRR I T

25

30

radioligand {2.25 nM (EP3) or 2.5 nM (EPZ) [3H]-PGE2 (200 Ci/mmol, NEN)].
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 GR/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



[ 000156] Test conpound are adm ni stered subcutaneously
once a day started from 20 15 days post surgery for 5
weeks in 10% Et OH/ sal i ne or 20 mM phosphat e buffer.

efore the treatnment and at the end_of the
fv&%ﬁnﬂa@é%;@ rats are scanned using Hi gh Resol Bt TERz004/000008
Sof t war e Package on a Hol ogi ¢ -@BR- 4500 Bone
Densitoneter to neasure the bone mineral density
( BVDpY ssietlipsion ceuntingiwithrrdHifion ¢f 353 NgofM'qirmtm (Packard) using a
i nt er@tard %@ﬁﬁk %&B@Qte%%ﬁﬂ‘éﬁomuﬁtefr eﬁ!ﬂé : %Jwere

S a

f enur fenua dj st al f enur
met afiTFEREe Bf%& ﬁﬁ%“’?ﬁﬁf’ﬁwarﬁl(%%?h%% d)¢ ﬁwmaomaﬁm%al
L2- L4howeldctNityatinglthe aboié sbuyae. [ 000158] For a
verification of the effect of ovariectony on bone
mass, the shamand OvVX of |ike vehicle groups are
sconpared using a students t-test. The OVX groups are
conpared by one way anal ysis of variance (ANQA),
followed by Fisher's LSD to Zxag@sfpasr e each treat rrent
group to vehicle when the overall eéffect was

"statistically significant. The oul d be ranked
pri or to the above anal y%?&—%ﬁ@lg%ﬁﬁ%%e di ng
rfor
" aFORL L CbipBliRlstE sk, bikaPBh oY T Bistprbes ot sichep bone

pr es @&pass inrpyagirctammizétratsbeen described with reference to

the specific enbodlnents t her eof |t shoul d be

un Hﬁ ggig gfgdu#)aé E%%g %&%i(eg r?a %gstﬁrlr%g.l{(])g crtem g%véa.re €r Lsjl-nsa.m operated
substor pwreetomlzeﬁ &y Chakdes Reiver. n@n freceipt, riteatdBo 260 4d P63 1580

PCT/ %E%%eggﬂg O8ntrotied rddk Sn PR Jh%m@&‘ Br3CR0E og{jwéeﬂe imals are

|nvent|§E dition, nmany no I catl ons nmybe
to adaptedyhils r“EeF‘%I%ﬂué?d%%fﬁatl on, material, conposition
of matter, process, process step or steps, to the

Ob{(ﬁﬁiﬂ e['e§tR:'ofxi uﬂ‘geﬁﬁl‘ﬂﬂﬁst&red Mi’) ﬁ%&%ﬁ?%u&&vﬁﬁiﬁaﬂ%&om 20

SucC icatrons are Inten

15scopéﬁ¥§fP°ﬁ%§fﬁ?¥YafPﬁ%Wéﬁ&ﬁ&w@€/ﬁ Efti/saligze o520y plespbsghwEer.
PCT/ EP2004/ 000008 -55 CLAIMS 1. A conpound of the

Fof(lmﬂ H] IBeBrEihePRath BRURY at BR: ¥ of theRreXfihent, rats are scanned nsing

~ 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
20 fermur, distal femur metaphysis, proximal tibia, proximal tibia metaphysis, L2-14
vertebrae, L5 vertebrae,

[0001538] 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

25 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 shonld be understood by those skilled in the art that various
30 changes may be made and equivalents may be substituted without departing from the



RZ RL51 wherein: mis from1l to 4; nisfromOto4; A

is alkyl, aryl, heteroaryl, arylalkyl, arylcycloal kyl,

cycl oa] kyl al kyl, or aryloxyallryl; 10 Eis -CHOH or

< 2o Xis -(CH2)2- or -CH=CH; Y is -CH2-, -CH=CH

vg(r% eﬂr)lﬂes,lgéhet eroaryl ene, -0-, -S(O)p- where PGTERRI4/H00908

to 2, or -NRa- where Ra is hydgogen or alkyl; Zis
-CH20H, -CHO, tetrazol e-5-yl or -000ORb where Rb is

hy dr 8ge it andl g, of hednvepSom1ln RditioRInarkanodiBcatiihs mf7he made
R8, Radpth &&@@%ﬁdﬂ&ﬂ?ﬁﬁ&&ﬁ%&%ﬁﬁgﬁl BYSLRES o8, process step

al kyl ; or a pharnmaceuti ca acceptabl e sa

pr od PUEPSsiohT PIeEiBatpitiigind seape of the present inventiere lbsuch
mi Xt efodifiohtirs @reftenddicto &0 brith: thd RepEHTROYMEhs Abp&lded Mreto.
1, wherein Eis -CHOH. 20 3. The conmpound of %Ia|n1l
or claim2, wherein Zis -COORb. 4. The conpound
5according to any of clainms 1 to 3, wherein Y is -CH2-.
5. The conpound according to any of clains 1 to 3,
wherein Yis -S(Op- and pis 0. 6. The conpound
according to any of clains | to 3, wherein Y is
arylene. 7. The conpound according to any of clains 1
to 6, wherein Xis -CH=CH. WD 2004/063158

PCT/ EP2004/ 000008 -56 8. The conpound according to
any of clains | to 6, wherein Xis -(CH2)2-. 9. The
compounds 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 clainms 1 to 9, wherein Ais alKkyl.
11. The conpound according to any of clains 1 to 9,
wherein Ais aryl. 12. The conpound according to any
of clains 1 to 9, wherein Ais heteroaryl. 13. The
conmpound 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 arylcycloal kyl .



|0 15. The conpound according to any of clains | to 9,
wherein A is cycloal kylalkyl. 16. The conpound
according to any of clainms 1 to 9, wherein Ais
=T AANS) yl. 17. The conpound according to any_of
dqgoﬁéﬁiggo 16, wherein said conpound is of ?ﬁimpxmwmmmm
Formula Il ONY,,,,,/COOR ,(-%-\ AOCHII 15
wherein Y is -CH2- or -S-, and A, X and Rb are as
defined any of clainms 1 to 16LAIMI8. The conpound of
claim17, wherein said conpound is of the Fornula |11
Y~~COOR X AOHIII wherein A, X, Y and Rb are as
defined in any of clains 1 to 16. WD 2004/ 063158
PCH/ EPZQR4/{,30099 The conpound of claim 18,
wherein xﬁé)-c}h%$fyé%%%£EThe conmpound of claim18 or
19 wherein Y is arylene. 21n The q? oupd of claim 1,
wherei n said conpound is selfec W.
4-{2-[(R)-2-((S)-(E)-558cC - 349 dr oxy- pent -l -en
yl)-6-o0xo- 5 piperidiﬁ- 'Vl]' hyl§ﬁlfan | }-butyric
acid;, x. R £
4- (2-{2R-[ 3R (4' Chl or gz@” MeKHy I bisheny! - 3- yI ) - 3- hydr ox
'y-propyl]-6-oxo- piperidi 1R¥I}-ethylsulfanyl)
butyric acid; vy.
7-{2R-[ 3S- Hydr oxy- 4- (4- hydr oxy- 3- net hyl - phenyl ) -but -1 E
2enyl ]-6-oxo- piperidin-l1-yl} Beptanoic; 10 z.
7-{2F%%§S—}ydroxy-4-(3-nethoxynethyI-phenyl)-but-lE—en
yl]-6- S5 peridin-1-yl'} heptanoic acid; aa.
7- { 2R- In3Sfrbiydirtoxay - 4- (4- hydr oxy- 3-i sopr opyl - phenyl ) - but
-1 E-enyl ]- 6- .ox0-pi peridin-1-yl} heptanoic acid; bb.
4-(2-{%#%%§Pp§%?bxy73;(l-phenylcyclopropyl)-prop-!E—en
yl ] - 6- Sot0alkyl. Syl Iptsroatylnerflaliil} & loyd dalilyt, afpdalipRUY bt Sryloxyalkyl;
1AC1 & Bis .CHOH- or -C(0)-;

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

Y is -CH2~, -CH=CH-, arylene, heteroarylene, -O-, -$(O)p- where pisfrom0to2,

or -NRa- where Ra is hydrogen or alkyl;

Z is -CH20H, -CHO, tetrazole-5-yl or -COORD where Rb is hydrogen or alkyl; and

15 R1, RZ, R3, R4, R5, R6, R7, R8, RS 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.

2. The compound of claim 1, wherein E is -CHOH-.
20 3. The compound of claim I or claim 2, wherein Z is ~COORb.
4. The compound according to any of daims 1 to 3, wherein Y is -CH2-.
3. - The compound according to any of claims 1 to 3, wherein Y is ~5(O)p-and p is 0.
6. . The compound according to any of claims 1 to 3, wherein Y is arylene.

7.  Thecompound according to any of claims 1 to 6, wherein X is ~-CH=C}H-,



cc.

4-(2-{2R- [ 3R- 3- Hydroxy-3-(trifluoronethyl-furan-2-yl)-

propyl ] -6-oxo- piperidin-Il-yl}-ethylsulfanyl) butyric;
s (2= L 2R- [ 3R- Hydr oxy- 3- (1- phenyl cydopr opyl ) - pro

%-zg%gl-%%llg%eri din- 1-yl}etbyl sul fanyl) butyri 8@@?%?%‘?%0"8

ee. - 56 ~

4- (2-{2R-[ 3S- Hydr oxy- 4- ( 3- net hoxynet hyl - phenyl ) -but-| E

- erty| | The epwepoynidperording td anylof daimyl 1s 6] wherkin Xbis t(OE202-.

add; if.

- H2R- - e o bi | 53-)1)3-hyd

I G R TR AR S
7-{ 2R- pelrciagdiopx theBrqup consistingof alkylavibetiropiyk mylalldh, wiy)oycloalkyl,
prop-lEhﬁymkykﬁéﬁaﬂagwﬁggﬁﬂgwper|d|n-l-yl} hept anoi c

acid; hh. 7-(2- {2R- o : .

3R- (4, - Hydr oxy-2' met hyl bi phenyl - 3-yl ) - 3- oxo- propyl ]

2 618x o ThgsEquad accprding taragobelaims 1408; whdrein A is alkyl.
4-{2-[ 2R- ( 5- Cydobut yl - 3S- hydr oxy- pent - | E- enyl ) - 6- oxo-p

i peLi ditRe dom I I " |kt
4-(2-{2R [ 3R (385%65%#%%@8@%2@ ?‘@qesef)’ ?% JH%lr oxy-
propyl ] - 6- oxo- piperidin-1-yl}-ethylsulfanyl)
3- ﬁzt hihe ompprng ageording tokany of claims 1'to 9, wherein A is heteroaryl.
4-{2-[ 2R- ( 3- Hydr oxy- 4, 4-di et hyl - oct - | E-enyl ) - 6- oxo-p
pefi di fid ¢ i (W id .11
DTSR, T Qs B G ARY o b 8 Akl A gt
nyl ]-6-oxo- 35 piperidin-1-yl} heptanoic acid; mm
7- 142 RTexoppenas gecardingioasy obdiss Eto 9, wherein A is aryleycloalkyl.
~enyl ) -6-o0xo-piperidin-1-yl] heptanoic acid; WO
162094/ : 4 .= : s as
PR T o T e (AP A Pt (0B ihessiy A ol
yl]-6-0xo0- piperidin-1-yl} heptanoic acid; oo.
7- 162 R-Tiwropmound ercordingieany bt Gaigns 1 139 whreosty Apy aplyksjalkek
oxo-pi peridin-I- yl} heptanoic acid; 5 pp.

Y
4- (2- {Bsd 3: = -tr] L~ ph l)-but - |
Yot | e o @asntetobhy bt AR TR T BRI ot o the
4-(2-{@3?%¢¢@droxy-4-(3-trifIuoronethyl-phenyl)-but-lE
-enyl ]-6-oxo- piperidin-l-yl}-ethyl) benzoic acid; and

: 0

Y COOR®

H
X’{\A
OH

II
15 wherein Y is -CH2- or -$-, and A, X and Rb are as defined any of clairms 1 to 16.

18. The compound of claim 17, wherein said compound is of the Formula III:

0
' Y COOR®
&\/\/\,’
H
x’éﬁA
OH

wherein A, X, Y and Rb are as defined in any of claims 1 to 16.

II




rr. 3,
4-(2-{2-[3-(4'chloro-2'-nethyl-biphen-3-y1)-3-hydroxy-
propyl]-6-oxo- 10 piperidin-I-yl}-ethyl) benzoic acid.

%20@‘,&9 gmaceuti cal conposition conprising g
therapeutlcally effective amount of a conpolihilfEEQ0+000008

defined in any of clains 1 to 2157-n adm xture with at
| ea SUIta | g.carrier diluent or_excipient. 23.
Theié ITE‘E‘EI ﬁ%’/a’%‘flsd"]é‘irﬁ%&mt‘éHE@I‘If*or use in
t herapy. 24. A use of a conpound as defined in any of
cl akts Thé @mbbuh@bf dHe 1880 4 ﬁﬁ&ﬂéﬁﬁ{i@faﬂeﬁ?d' caments.

25 The use of a conpound as defined i'n any of clains
gl 21 or tgcgwgag%f act ur e of nmedicanents for t h__e
t re EIRRIARE Otir'aienk avherzg saiftrompoundis sdefidfenni n
chaim 25, EREl -5 RS opropt s b boky pent-1-enyl)-6-oxo-
5 piperidin-1-yl]-ethylsulfanyl}-butyric acid;
X 4—(2—{2R—[3R—(4_’Chloro—2‘methy1biphen71—3-yl)—3—hyd.roxy-propyl]-G-oxo—
piperidin-1-yl}-ethylsulfanyl) butyric acid;
Y. 7—{2R-[3S—Hydroxy—4-(4—hydr0xy—3~methyl—phenyl)~but~1E-enyl}-6-oxo—
piperidin-1-yl} heptanoic
10 Z. 7-{2R—_{33~Hydroxy-4—(3-meﬂmxymethyl»phenyl)—but—lE-enyl]—G-oxo—
piperidin-1-yl} heptanoic acid;
aa. 7-{2R—[3S-Hydroxy-4-(4—h'ydroxy—3—isopr0pyl-phen}rl)~but—lE-enyI]-6~
oxo-piperidin-1-yl} heptanoic acid;
bb. 4-(2-{2R-[3-Hydroxy-3-(1-phenylcycdopropyl) ~-prop-1E-enyl]-6-oxo-~
15 piperidin-1-yljethylsulfanyl) butyric acid;
cc. 4-(2-{2R—[3R-3~Hydroxy—3-(triﬂuoromeﬂ:uyl»ﬁlran-z-yl)-pmpyl]—6-oxo-
piperidin-1-yl}-ethylsulfanyl) butyric;
dd. 4-(2-{2R-[3R-Hydroxy-3-{ 1-phenyleyclopropyl)-propyl]-6-oxo-piperidin-
L-yl}ethylsulfanyl) butyric acid ;
20 ec. 4-(2-{2R-[38-Hydroxy-4-(3 -methoxymethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}ethylsulfanyl) butyric acid;
ff. 7—{2R—[3R—(4'—Hydroxy—2'-methylbiphenyl—B»yl)-3-hydroxy~propy1]~6-
oxo-piperidin-1-yl} heptanoic acid;
g8 7—{2R—[3-Hydro:xy—3—(4'-hydroxy—?.‘methylbiphenyl—?a-yl)-prop-lE—en}rl]~6—
25 oxo-piperidin-1-y1} heptanoic acid; :
hh. 7-(2-{2R-[3R-(4'-Hydroxy-2'methylbiphenyl-3-y1)-3 ~0X0-propyl}-~6-oxo-
piperidin-1-yl} heptanoic acid;
ii. 4~{2-[ZR-(5-Cy‘clobutyl-?as-hydroxy-pent—1E-enyl)—6-—oxo—piperidin—1-
yllethylsulfanyl} butyric acid;
30 Ji- 4-(2-{2R-[3R~(3'-flucrophenoxy-phenyl-3-yl)- -3-hydroxy-propyl]-6-oxo-
piperidin-1-yl}-ethylsulfanyl) 3-methyl-butyric acid;
K. 4-{2-[2R-(3-Hydroxy-4,4-dimethyl-oct-1E-enyl)-6- ~oxo-piperidin- l-yl]-
ethylsulfanyl} butyric acid;
1L -7-{2R—[3-Hydroxy—S-(2,5—dimethy1phenyl~3—y])—prop~1E—eny1]-6-oxo—
35 piperidin-1-yl} heptanoic acid;
mm. 7-[~2R-(3- Hyd:oxy—4~phenoxy—but—1E—
enyl)-6-oxo-piperidin-1-yl] heptanoic acid;
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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-y1)-3-hydroxy-propyl}-6-oxo-piperidin-1-
i} heptanoic acid;

pp- 4~(2-{2-(3-Hydroxy-4-(3-trifluoromethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}-ethyl) benzoic acid;

q9. 4~(2-{2-[3-Hydroxy-4-(3-trifluoromethyl-phenyl)-but-1E-enyl]-6-oxo-
piperidin-1-yl}-ethyl) benzoic acid; and

. 3, 4—(2—{2—[3—(4‘ch]oro-z'-methyl—biphen-S-yl)—S-hydroxy-propyl] -6-0x0-
piperidin-1-yl}-ethyl} benzoic acid.

22.  Apharmaceutical 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.

23. The compounds of any of claims I to 21 for use in therapy.

24. A use of a compound as defined in any of claims 1 to 21 for the manufacture of
medicaments.

25. 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.

26. The use as defined in claim 25, wherein the disease is osteoporosis.




