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The elderly are at greatest risk of osteoporasis, and the problem is therefore

predicted to increase significantly with the aging of the population, Worldwide fracture
20 incidence is forecasted to increase three-fold over the next 60 years, and one study
has estimated that there will be 4.5 million hip fractures worldwide in 2050.

Women are at greater risk of osteoporosis than men, Women experience a
sharp acceleration of bone loss during the five years following menopause. Cther
factors that increase the risk include smoking, alcohol abuse, a sedentary lifestyle

25  and low calcium intake.

There are currently two main types of pharmaceutical therapy for the
treatment of osteoporasis. The first is the use of anti-resorptive compounds to reduce
the resorption of bone tissue.

Estrogen is an example of an anti-rescrptive agent. It is known that estrogen

30 reduces fractures. In addition, Black, et al. in EP 0605183A1 report that estrogen,
particularly when taken orally, lowers plasma levels of LDL and raises those of the
bencficial high density lipoproteing (HDL's). However, estrogen fails to restore bone
back to young adult levels in the established osteoporotic skeleton. Furthermore long-

term estrogen therapy has been implicated in a variety of disorders, including an
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French patent no. 897,566 discloses certain amino acid derivatives for the
treatment of neurological, mental or cardiovascular disease.

J. Org. Chem. 26, 1961; 1437 discloses N-acetyl-N-benzyl-p-
aminophenylmercaptoacetic acid.

U.S. pat. no. 4,761,430 discloses certain arylbenzenesulfonamide compounds
as lipid-lowering agents.

U.S. pat. no. 4,443,477 discloses certain sulphonamidophenylcarboxylic acids
as lipid lowering agents.

U.S. pat. no. 3,528,961 discloses certain e-caprolactam derivatives as dyes.

U.S. pat. no. 3,780,095 discloses certain acylated anilinocarboxylic acids as
cholerstics.

U.S. pat. no. 4,243,678 discloses certain acylhydrocarbylaminoalkanoic acids
as having utility in the treatment of gastric ulcers, as sebaceous gland excretion
inhibitors and for combatting skin inflammation.

U.S. pat. no. 4,386,031 discloses certain N-benzoyl-w-anilinoalkanecarboxylic
acids as antiallergic agents, thrombotic aggregation inhibitors, antiinflammatory
agents and lipid-lowering agents.

In addition to osteoporosis, approximately, 20-25 million women and an

increasing number of men have detectable vertebral fractures as a consequence of
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are severe side effects
20 associated with PGE2. Jee, W.8.S. and Ma, Y.F., Bone, 21:297-304, 1997.
Aithough there are a variety of osteoporosis therapies, there is a continuing
need and a continuing search in this field of art for alternative osteoporosis therapies.
In addition, there is a need for bone fracture healing therapies. Also, there is a need
for therapy which can promote bone re-growth into skeletal areas where defects exist
25  such as defects caused or produced by, for example, tumors in bone. Further, there
is a need for therapy which can promote bone re-growth into skeletal areas where
bone grafts are indicated.
SUMMARY OF THE INVENTION
This invention is directed to methods of treating a condition which presents
30  with low bone mass in a mammal comprising administering to said mammal an EP4
receptor selective agonist, a prodrug thereof or a pharmaceutically acceptable salt of
said EP4 receptor selective agonist or of said prodrug.
This invention is particularly directed to such methods wherein said condition

is psteoporosis, frailty, an ostepporotic fracture, a bone defect, childhood idiopathic
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H or, HOH R2 is
LSRR bR TraciiR oS
pheny PrefareschBRy seléctivé bgomistetdriugé irthe methods of this invention
include compounds of Formula I:

0O

|
prodrugs thereof and pharmaceutically acceptable salts of said compounds or said
prodrugs, wherein:
Q is COOR®, CONHR® or tetrazol-5-yl;
A is a single or cis double bond;
B is a single or trans double bond;
Uis

/"l ‘1,
H” “OH , HO” "H o RHO" W

R? is a-thienyl, phenyl, phenoxy, monosubstituted phenyl and monosubstituted
phenoxy, said substituents being chloro, fluoro, phenyl, methoxy, trifluoromethyl or
(Ci-Cajalkwi;

R?is hydrogen, (Cs-Cs)alky!, phenyl or p-biphenyl;

R%is COR® or SO;R’; and

R is phenyl or (Cy-Cs)alkyl. -

-t hi enyl ., phenyl, phenoxy, nonosubstituted
fm§5ﬁﬁ substituents being chloro,



25 (C -C3)alkyl; R3 is hydrogen, (C, -C5)al kyl, phenyl or p-biphenyl: Iﬁdbbuﬁ
COBS or S02R5; and R5 is phenyl or (Cs-C5)alkyl. 1 4 JUN 2004 WO 01/ 4‘6-1 ¢
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Fornul a WOrf#%1#% in the methods of this invention are tﬁ%t’g&gﬁﬂzggunds of
Formul a | V\,herel n Qis 5- tetrazolyl and Uis HOH 5 form ng conpounds
having the formula A, HOIA Particularly preferred conpounds within this
group includea32akde PEP2 RGP del sts of F f

3R- hydr oxy- but ? ﬁl?én?glgl-tetrazmdr 2y vea Om 0 on(;]u]alﬂr%seln e;

5S- ( 3R- hinérrosthods gf3nis inyention are those compounds of Formula | wherein Q is &

trifluor heayl )-butyl)-1-(6-(2Htetrazol -5-yl)-hexyl)-pyrrolidin-2-
one; 5R—%§E&ﬂ¥|&§gg4 phenyl - but - 1-enyl )-1-[6-(1

Htetrazol -5-yl)-hexyl]-pyrrolidi M"’(Hﬁ and 5S

(3R hydroxy 4- phenyl -butyl ) -1- 16-
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recel® org’é’@l Q@Ph?@”'&%s '%ﬁvﬁ'égﬁ%*‘omﬁﬁlﬁlml al for wuse in the methods of this

i nvention are those conpoun® of Fornula | wherein Qis 15 COON.
Particularly preferred conpgunds within this group include 7-{2S-[3R
hydr oxy- 4- ( 3- phenoxy- phen -5 r I di n-1-yl }-heptanoi c aci d;
7-(2S- (3R~ hydroxy-4-(3-tfiflyoronethyl - phenyl )-butyl)-5-0oxo-pyrrolidin-|
-yl)-heptanoic acid; 7-
(2S-(4-(3-chl oro-phenyl)-3R-hy

| ]-5-0xo0-pyrrolidin-1-yl}-heptanoic
acid; 7- (2S-(3R-hydroxy-4-phenyl-bufy - 0X0- pyrrolidin-1-yl)-heptanoic
acid; and 7-[2R-(3S 20 hydroxy-4-phé& any| - But - |

-enyl )-5-oxo-pyrrolidin-1-yl]- heptan0|c acid. Preferably post-nenopausal
wonen and nmen over the age of 60 arg*treated. Also preferred are

I ndividual s re

e, QreaeHaThTAReGR DRGNS Wi 10F GiRHR P A B loung nor
I evel S. ZhldroiRButfipl NeEH-witrakdlissyl)- hwn;byrmmizmt ssmhwﬂbw -esent with
o o e AL ST G S n R AR SRR 0515
bone fr agjdis§-4-srngicdupmenyipae-(1 Mraasﬁ@yly-aé)@q pytrolldirpRohedenatss-i s and
prosthet i | AL O ienyi-butyl)-1-[6-(1 H-tetrazol-5-yl)-hexyll-pyrrolicin-2-one.
Another preferred group of EP4 receptor selective agonists of Formula | for
use in the methods of this invention are those compound of Formula | wherein Q is
15  COQH. Particularly preferred compounds within this group include 7-{2S-[3R-

hydroxy-4-(3-phenoxy-phenyl)-butyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid; 7-(2S-(3R-

" hydroxy-4-(3-trifluoromethyl-phenyl}-butyl)-S-oxo-pyrrolidin-1-yl)-heptancic acid; 7-
{25-[4-(3-chloro-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1 -yl}-heptanoic acid; 7-
(2S-(3R-hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yl)-heptanoic acid; and 7-[2R-(35-

20  hydroxy-4-phenyl-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-heptancic acid.

Preferably post-menopausal women and men over the age of 60 are treated.
Also preferred are individuals regardless of age who have significantly reduced bone
mass, i.e., greater than or equal to 1.5 standard deviations below young normal
levels.

25 in the methods of this invention, conditions which present with low bone mass
include such conditions as, for example, osteoporosis, childhood idiopathic bone loss,
alveolar bone loss, mandibular bone loss, bone fracture, osteotomy, bone loss
associated with periodontitis and prosthetic ingrowth.
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prostaglandin agonists of this invention may be applied locally to the site of bone
20  reconstruction or may be administered systemically.

A preferred dosage is about 0.001 to about 100 mg/kg/day of an EP4
receptor selective agonits, & prodrug thereof or a pharmaceutically acceptable salt of
said compound or said prodrug. An especially preferred dosage is about 0.01 to
about 10 mg/kg/day of an EP4 receptor selective agonist, a prodrug thereof or a

25 pharmaceutically acceptable salt of said compound or said prodrug.

The phrase "condition(s) which presents with low bone mass” refersto a
condition where the level of bone mass is below the age specific nhormal as defined in
standards by the World Health Organization "Assessment of Fracture Risk and its
Application to Screening for Postmenopausal Osteoporosis {1994). Report of a World

30 Health Organization Study Group. World Health Organization Technical Series 843"
Included in "condition(s) which presents with low bone mass" are primary and
secondary ostecporosis, as described above. Also inciuded is periodontal disease,
alveolar bone loss, post-osteotomy and childhood idiopathic bone loss. The phrase
"condition(s) which presents with low bone mass* also includes long term



I ncluded in "condition(s) which presents with | ow bone mass" are pri l}/
and secondary osteoporosis, as described above. Also included is 14 N 2004
peri odontal disease, al veol ar bone | oss, post-osteotony and chil dhood

i di opat higgg PRskSad 0SS. The phrase "cordition(s) which pregeqhogtfi | ow
bone mass" al so includes long term1 4 JUN 20WM WO 01/ 46140 -7-

PCT/ 1 BOO/ 01711 conplications of osteoporosis such as curvature of the
spine, loss of height and prosthetic surgery. The phrase "condition(s)

whi ch pr eseitisativhs lof bsieopgoessis surh @t caivalure 6ffteg spitd) Is of Reightdmate, e.g., a
manmal knomg to have a significantly higher than average chance 5 of

devel opi rfﬁ el W98 ses as are described above incl udi ng ost eoporosis

(e.g., post- rrefnmauml "condition(s) WhithQiredentsh@thd@e bohe Mas* diddeferdRNE NMass
augment i n‘%' é enhanci n s i ncl ude bong resﬁ}or ation, increasing the bone
fracture Yf85PR H”gerga'taemag\"@E TG "8 S@F‘ iFantly F&@'r‘?a%ﬁi’?rﬁﬂ? ghangdhanci ng

the rat e didesaissing sdonl disranes &8 &bldescribe@aBoveaalidiay dbdpvbsig(efqci al
reconstructi on or | Il ar \B/Ter econqs:,t ruct mandi bul'ar 10 reconstruction,

or ost het iROSTHEPRRAUTE! WRSS: H1E3I0VEY 6 808 & S0) (PihebbRIeDASS RaMSRPBH  The

net hods  @hhéddisg ugvserﬁmudérboﬁaymd;rs@orbmckb%eﬂ?ltﬁb mﬂcalaﬁﬁré ABaiitrdte, OF t hopedi c
devi ces such .as. spi na] fusion CVgEF spi nal fusion hardware, i nternal and

ext er nal T&RIRING bora 9rat syrgghy satire '@%‘”&ﬁ'&? isiene suqressiul Rna greftsii n the art

will recegpé nealmbaénotm@ fhﬁélﬁb&tﬁh@ﬁudﬁﬁﬁ%r ARkl retoh@fRlien oldahdodigne mass per
unit area which I's so Ithou%i\ not rictly correctly) referred to

as bofe FIOBFLBYCIGRRIPS t"’T’I‘Flio r Yrep am%@sfs or jangbeng extepsigit nent " as used
herein incl udemerarﬁmtomms/mer(t@ngaayaIHon)Qeamct&gunc@@{ wittlat i ve and curative
t reat ment cparmac tical acceptable" it is neant the carrier,

Vehi cl o, OUNORREIR CEvcT] S A AT LS00 pEh SERFH SRS BRSSO ERRABNG v { h ¢ he
ot her i ngxetHaepdre fﬂ(hnﬁmwofeg,rgaémampm@nd not del eterious to the recipient
t hereof. The rodr. refe 0 ounds that are drug

precur sor s \M?Fg %‘ﬁf&gl‘ ”‘é{@%"ﬂgrgﬁé‘ﬂ%ﬁt qng assactyally s vivo via
soneishets odle rodss nahylart @rleag-.mml is poraetihes (afthdbgh ndt StREHY dagredty) bei ng br ought

to the physio aI H or, 25 through enzyne action is converted to the
desired [# 18%?)% laflrze rodrugs upon cl eavage rel ease the

corr espondi ngTHe teymcnamwvghdtreéiher "TEpthens| a3used hareiEinciuddésgnblentaive ept abl e
salt" re{ers tog}aon OXL £ .ani_oni c tﬁg%oipt ai ni ng ani ons such as (but not
7 atngp

T ted 165 RRPOMTL: PafaRPand crpeRERt o e,

By "pharmaceutically acceptable” it is meant the carrier, vehicle, diluent,

20 excipients, and/or salt must be compatible with the other ingredients of the
formulation, and not deleterious to the recipient thereof.

The expression "prodrug® refers to compounds that are drug precursors
which, foliowing administration, release the drug in vivo via some chemical or
physioclogical process (e.g., a prodrug on being brought to the physioclogical pH or

25 through enzyme action is converted to the desired drug form). Exemplary prodrugs
upon cleavage release the corresponding drug compound.

The expression “pharmaceutically acceptable salt" refers to nontoxic anionic
salts containing anions such as (but not limited to) chloride, bromide, icdide, sulfate,
bisulfate, phosphate, acetate, maleate, fumarate, oxalate, lactate, tarirate, citrate,

30 gluconate, methanesulfonate and 4-toluene-sulfonate. The expression also refers to
nontoxic cationic salts such as (but not limited to) sodium, potassium, calcium,
magnesium, ammonium or protonated benzathine (N,N’-dibenzylethylenediamine),
choline, ethanolamine, diethanolaming, ethylenediamine, meglamine (N-methyl-



bi sul fate, phosphate, acetate, naleate, fumarate, oxalate, lactate, 14 JUN ZD[M
tartrate, citrate, 30 gluconate, nethanesul fonate and 4-tol uene-sutfonat

The expression also refers to nontoxic cationic salts such as (but not
limted to) sodium potassium calciu magnesi um anmmoni um or protonat ed
benzat hi W@ (IM6NO- di benzyl et hyl enedi ani rH1e) choline, et haﬁﬁ@ﬂ“ﬁgm

di et hanol am ne, ethyl enedi am ne, neglam ne (N-nmethyl 1 4 JUN 2004 WO

01/ 46140 -8- PCT/]BOO 01711 gl ucam ne), benet ham ne

(N—benzyl phenet hyI am.n erazine or trometham n

b no- 2. 1o IS EEP et HepREne S héprnemng nt i on
result i mprRpse- ﬁygfdy@mem? -1,8pwdpahagioll.n decreased fracture rates. This

t k t contribut th by dj 5
ot hods. hat | TH6 TBRCRGHEH1aS FOErE T aae ogatin BPinele Bedeeded ar dat i on

and/ or 1 aeyR#FS rA8s. ThisIfleplBPaRéSa sidificat abrRbblion & M aat ?’r@adnﬂé‘ll s
invention is also directed to colré}:])ounds selected from 7-

hydr oy - ametiodsibabiRGresRbRNe) OMALPN resyitpg 1 RgYeiPR.JPiRrdal

5S-(4-(3- regression of osteoporosis and related bone disorders.

chl or o- phehyl') - 3R- hydr oxy- buty (6-(2H-tetrazol - Xyl -pyrroliidin-
2-one: ? (zé )T;m;s mvglntlon |syalso dlreJed 10 comg(aounds selected from y{Z)S [3% yiopy

(3R hydrQﬁuroé}y-ﬁf{aldhbﬁéw%gﬂmmwn -5l0R8 % toliial ii1)-nEptandic Boid;'s8-(adn- 1- y1 ) - hept

anoi ¢ aci

7-{25| 4 chipre-phneswb-35hexsyey-bsrdnl (fr Gk tetseacl by egkpyEgidin? 0ae: -85y 1 1 - hept ano
i c aghd:; . " _OXO- - -h id;

55 ( g% (%&(T)Wdroxy«tl §3 tnfluorolrjnoertrayl m;;?en yl) buﬁyelz)ns oxo_ %yljrohdm 1- :I;ge ep;lazn&ctaec{ F azol 5oyl)-
hexyl) Ey{?‘ﬁdﬁ@tpwo@ Rﬂ?@yl)‘fl’ﬁr@’d@i‘z’ &15 XP§YHP '%)‘é’ﬂ BMIFRGYYi rected to
7-{25[ 3BnBBséf(ghMsyﬂro&?-uqbﬁm%)bméﬁyl-phenyl) -butyl)-1~(B-(2H-tetrazol-5-yi)-hexyl)-

phenyl ) -butyl]-5-0x0-pyrrolidin-1-yl}-heptanoic acid. This invention is

al so par PYEd-E-PN&i rected to 58—(4 (3-chl oro- phenyl ) - 3R-

hydr oxy- but yl yrnik-iefentigiistafio seeilutadly lrdctéteyi-(aBVBR g’dfﬂxMS%@no This
I nvention is also particul arl';/ydl rected to 7-(2S-(3R-hydroxy-4-(3

trif MBor GRETYNR AYe-PYEEIP HrYEheRINGRAGY) i di n- 1-yI ) - hept anoi ¢ acid. 20
This inventi OlThisSmaalnﬁ@w ﬁ%ﬂstol [S‘ddﬁo%fa'riy diledtes foeBB-{42(3-chioro-phenyl)-3R-
7-{2S-[4-(3-chlo %

hydr oxy- BM@’?W‘“W'M&B'W%/F fazgh SV PSM-PHEYHRRoP- aci d. This invention is

al so parti cul d'hisyn\%hﬁﬁck%%ot;fan@ﬁtaﬂﬁanébtéﬁ RIS~ @thdroxy-éh(s-
trlfluoroneth g"},Yh M_ﬁ Ey’& i tetrazol l¥I) hexyl ) - pyrrolidin-2-
one. O I‘fg'l‘m E fgeEl y)o'éepé?iﬁ)é‘?%‘?\ fromthe specification
and 285 cl ai nﬁ’h%\%htl(ﬁfﬂsfélmtp%ntchﬁrly avecnédm {IE[BAB chiordpiReif}RR-ON OF THE

| NVENTI ON Any EP4 ece t or st may be used as the EP4

e |
r ecept or hydro butyl]- -OX0- yrrohchn-i-yl(}F heptanor acr:lld
‘ This invention is also particularly directed to 58-(3R-hydroxy-4-(3-
triflucromethyl-phenyl)-butyl)-1-(6-(2H-tetrazol-5-yi)-hexyl)-pyrrolidin-2-one.
Other features and advantages will be apparent from the specification and

t anoi ¢ aci d;

25 claims which describe the invention.
DETAILED DESCRIPTION OF THE INVENTION
Any EP4 receptor selective agonist may be used as the EP4 receptor

selective agonist of this invention. EP4 selective agonists are compounds which have
an IC50 at the EP1, EP2 and EP3 receptor which is at least 10-fold greater than the
30 IC50 at the EP4 receptor subtype. For exampie, 7-(2-(3-hydroxy-4-phenyl-butyl)-5-
oxo-pyrrolidin-1-yl)-heptanoic acid is an EP4 receptor selective PGE2 agonist with an
EP4 receptor binding IC50 of 16 nM. At all other EP receptor subtypes, including the
EP1, EP2 and EP3 receptor subtypes, the IC50 for 7-(2-(3-hydroxy-4-phenyl-butyl}-5-
oxo-pyrrolidin-1-yl)-heptanocic acid is greater than 3200 nM.



sel ective agonist of this invention. EP4 sel ective agonists are con‘ggtjrms \
whi ch have an IC50 at the EP1, EP2 and EP3 receptor which is at le JUN 2004
10-fold greater than the 30 1C50 at the EP4 receptor subtype. For exanple,

7-(2- ( 3Py 1904 4- phenyl -but yl ) - 5- 0%8-pyrrolidin-1-yl) - heaydogeacid is
an EP4 receptor selective PGE2 agonist with an EP4 receptor binding |IC50
of 16 nM At all other EP receptor subtypes, including the EPl, EP2 and
EP3 receptor subtypes, the 1C50 for 7-(2-(3-hydroxy-4-phenyl-butyl)-5-
0x0- pyrrol i di Mhé cyinpedrelpichRoimulalondy bs pgparati @s dishiaseBia@0mmdnlyl 4 JUN 2004

WO 011461 40 9 PCT/ | (01711 .The conpounds of f=ormula | may be prepared
as di scl B%%Qi‘epygﬂﬂgggdﬁ @Eﬁi'ﬁwswg%ﬁlﬁ’%ﬁ%?i%’?n%i ch is incorporated
herﬁig byf rel;1 ﬂ'h@E@ﬂ-reéBpﬁ)rEaécﬂve@;glphietg used inahé m}]r@ggofthts_ﬂnmmh ae the

met hods of this invention are a ted to therapeutic.use as agents
That st 1 AlpsaPbscigESpon iE uRt R adrts i Birbie Bobe RERRIGO AT EEed: ooy at os,
e. ? 5 gﬁﬂmﬂ rﬁassgiﬁ(é \lié@tébﬂa&'!sl QEI, Yndmhrﬁal,sandﬁJaﬂmelgbﬁmném ls&tci=,~a¢»r:)nfj s cl gsel y )
related to the devel opnent of osteoporosis . and bone rel at i sorders, the
agoni st sfaF@alpn if clogely ng%ﬁ%&t g€ ﬁ?@“‘?ﬂ&t‘?ﬁ*ﬁ?ﬁ{°§b§ﬂ'\9iWﬁé§6‘F¢t heir action
on bone, gighAERNihe aijohiesiusad i thé nicBiide 36 thsShamaed, @ ivitue b theittactiont y of t he
EP4 sel ective agoni sts use& in the rrghhods of the present 10 invention as
nedi cal @dBenes Preyept et 8aFREIFOeSF OS1RBYPF®ns which present with low bone

mass (e.g., OPheoRNe dHSEPE Beld@ivk @BOMAIEE Sseindhe methdEBbEthe prazent al | y hunans
and particularly femal e humans) i m?nstr_at ed b thengﬁ%vity of those

[ I s de
agoriiGst sinventiop af wmasicataaantsia g teeatingat of gonpgitiops P”QE%H ko) Wy assay, a

cyclic AMReansa)e.dilbstedporebigindeadrarece.q., Masmidl @spendiyngmaasay, al |l of
O B amindngh sl Bicers o odServall e e Sy PRI T by, e
Wi th t hecoiebntiohhl R8ay indlubing alrecaptortiigreyaudsy, angcliccAMPassdy, anin  The results
O e vuSamiss o S TaRhn ST IR e DT BR0 BB L 01 s
di semsesassafs also Movide AIhenns Wierebytthe attivitied oftha EPiselcbtiecagnnists cani n
stinul ating bone formatjon and. jncreasin one_nass cang gstedin
intact mRA PreRaredioach ,an@g;gh W&’Wﬁﬂ@es ‘gé’ﬁ]eé ﬁ%‘ﬁ'fn YR ogf':{"'n dect ony) or
fenmal e (@naidsrieha M résailts of thbdecampdrisomd are uabfal fat detefnfising dosagges (such as 3
mont hs Oll:eveﬁlgi%)a \?e%%br%?es‘,@.‘aﬂ mammals, including humans, for the treatment of such
diseasss.
20 in Vivo Assay
The activity of anabolic bone agents in stimuiating bone formation and
increasing bone mass can be tested in intact male or female rats, sex hormone
deficient male (orchidectomy) or female (ovariectomyy) rats.
Male or female rats at different ages (such as 3 months of age) can be used
25 in the study. The rats are either intact or castrated {(ovariectomized or
orchidectomized), and subcufaneously injected or gavaged with prostaglandin
agonists at different doses (such as 1, 3, or 10 mg/kg/day) for 30 days. Inthe
castrated rats, treatment is started at the next day after surgery (for the purpose of
preventing bone loss) or at the time bone loss has already occured (for the purpose
30  of restoring bone mass). During the study, all rats are allowed free access to water
and a pelleted commercial diet (Teklad Rodent Diet #8064, Harlan Teklad, Madison,
WH1) containing 1.46% calcium, 0.99% phosphorus and 4.96 1U/g of Vitamin D3. All

rats are given subcutaneous injections of 10 mg/kg calcein on days 12 and 2 before

sacrifice. The rats are sacrificed. The following endpoints are determined:



25 in the study. The rats are either intact or castrated (ovari ector1rw ZPWZD[M
or orchidectom zed), and subcutaneously injected or gavaged with

prostagl andin agonists at different doses (such as 1, 3, or 10 ng/kg/ day)
for 30 dawiabihet Ne castrated rats, -fgeeatment is startedp@fydop@ymaext day
after surgery (Por t he purpose of preventing bone loss) or at the tine
bone | oss has already occured (for the purpose 30 of restoring bone nmass).
During the study, all rats are allowed free access to water and a pelleted
comer ci gbméi=#Bohd Riiergl NRedearaimebiset #8064, Harl an Tekl ad, Madi son, W)

containing 1.46% calciu 0. 99% phosphorus and 4.96 |1U g, of Vtamn D3, Al
rats are gi veﬁ%ﬂ%ﬂ?@% epcl) @b Isif Qv%gfatfétoﬁﬁy%@jicéﬂegq wsinghdyglys 12 and 2

bef ore §ﬁ€r§j¢§(l-rﬁ?ab§3?§ndn@év\%(lﬁ(ﬁ @@9r1lobw¢d~|oJ IncQWenhmgMapdpoi nt s are
det er mi ned 4 JUN 2004 01/46140 10- P 306/01711 Feroral Bone

M neral RBxiERACGMHNREgiopRHigh &ﬁFO'?tWaFrW%WWC NS, Walhbd®d at aut opsy
and s£angagl 'Fh%'ﬂ%ﬁn%ﬂ's:ze%ébsx 1@0"2&% ELMIBA IsUBISaYx 6.1 47 sm BRIR 10001W

Hol ogic Inc., Walt qu| pped with "Regional H gh Resolution Scan"
sof t war esqaq@psgquﬂ?émwm% he femeya) scamigagesate Analyzpdandbong 5. 08 x 1. 902
om 1 eSobigh ihel inérad dStent (MG 87 BBAGIhora) B3RS REMD) bwtfo@ ekt second. - The

fenoral scan I nages are ana bone area, bone mneral content
(BMO), afY¥Fpeistal ?ﬁm@aldneta@wm @WW%@'%(@HW’QXW@WWO@M stal fenoral
mataphyscp@: el dernlisapr al shaft (FS), and proximal fenora (PF) are
determ ned. 10 Ti bi al Bone H| St onor phometric Anal yses: The right tibia is
poeddistom 30883:0f nmuscle, and cut into three parts.

The pr oxi mal Tﬁé)ﬂug'htﬂﬂiﬂ .é J%ﬁ'uoﬂlé@htad@Eﬁfdnsséﬁﬁdffﬂeé‘%ﬂnhﬂclzcéﬁﬁuhﬁawl

dehydrated in graded concentrations of ethanol, defatted in acetone, then

enbeddedhfelerpaﬁ'étmﬂ prRwmahiia and e tipigtshaflarefxpdtin 0% AMANGAI s, Rochest er
NY). 15 Edhoiiafdd if gfadear&snéefmramyomﬁqaw bdaénéaaﬁ ABEVYAE Shed erfloddilg 10 pm

t hi ckness are cut using a Rel hert - ung Po cut S mcrotone. The 4 pm
sect i onsh Aedhw ethacey'ate S"H‘i%l fgani¢ °FP?~°€?FF ¥ stain while the 10

pPM s@Ct i ONS  r@BRaNseetoistdf PRskim&PEBial Aeﬁﬁh@ae abhand 90 P hikkhéRie f r om each
rat are used for_ cancel | ous bone hi stomgr horretrégnézo Cr oss sectlons of

tibial sHhFENGR PEFNBHILAG ERYEL S mickeme- s fimse [RE% $taingd ¥ith po| ycut S

M cr ot OMfRedifldtAMSssdASTIreRD R stait 4Bk ert 0GR bédtidhs Remen Dh<dipeoHoMeL Ii C

anal ysi s,
y 4 um and one 10 pm sections from each rat are used for cancellous bone

histomorphometry.

20 Cross sections of tibial shaft at 10 ym thickness are cut using a Reichert-Jung
Polycut S microtorne. These sections are used for cortical bone histomomhometric
analysis.

Cancellous bone histomorphometry: A Bioquant OS/2 histomorphometry
system (R&M Biornetrics, Inc., Nashville, TN) is used for the static and dynamic

25 histomorphometric measurements of the secondary spongiosa of the proximal tibial
metaphyses between 1.2 and 3.6 mm distal to the growth plate-epiphyseal junction.
The first 1.2 mm of the tibial metaphyseal region needs to be omitted in order to
restrict measurements to the secondary spongiosa. The 4 um sections are used to
determine indices related to bone volume, bone structure, and bone resorption, while

30 the 10 pm sections are used to determine indices related to bone formation and bone
turnover.

1} Mgasurements and calculations related to trabecular bone volume and

structure: (1) Total metaphyseal area (TV, mm<): metaphyseal area between 1.2 and
3.6 mm distal to the growth plate-epiphyseal junction. (2) Trabecular bone area (BV,
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2 e be ECERY 190,34 el e cuEber SN RPN OLER0 1A XBSIO0 Mycoal

j Unct i ORraelliad bR Hidkidss PPETE, |.ﬁhﬁ)€ 008Y1.189yk (BUM%}O(L?) WaneduiZ6140 - 11
PCT/IBOO/Ol?ll mR) . _total area o ﬂ& Z?\ecul ae within TV. (3) Trabecul ar

bone5pe|bpﬂ%§%‘?a“'(‘tl99 Tﬁﬁ;pm) {4000 X IntAMXSFV e BVhI perineter of trabecul ae. (4)

Trabecul ar bg Meﬁ&réﬁ@nléﬁwﬁ-ééfcul%ons r@?fteﬁ tcT bone ré&iptidrP 1) Dsddrpagt ar bone
nunber ( TBN, Trabecu%ﬂérbon t hi ckness ( TBT,

pm) : ( 200mber (OGNHIH: tﬂtﬂtwbefsé?ﬂe?ehst WEBMW?W@YB ration (TBS,

pPm : (2@fMbokladt ée‘?nﬂ-)etéﬁ- (OE\V‘ mrrﬁ\ff}en thlof trAfRREMF Qémﬁétér c'mdreaaiycul ations rel ated
to bone resorption: oclast nunber I%I)O(’&{é§ 43 nunber of
c

ost eocl a%fﬁo‘viﬁtrﬁhoﬁwﬁsﬁ?ﬁf’ﬁ’ﬁﬂ?‘geﬁ P #/'(‘ P"i?@'rl met er ( OCP,

rr%oelr??n%te I&NPBEI%B@GPJQQCPE%{I@@P?BSWred by osteoclast. (3) Osteoclast

(%I:P % : eaee scand,calcpiatig 426 5= related to
bone fO{ AR hﬁél@@ﬁ@ﬁmete( (eLsSmml etamlngwdwaa@wlae@eﬂwaneter (SLS,
mm: total I'ength of trabecul ar perineter LB on %&celnlabel
(2)" DovlsPeled BNy cpisHa Al 10 Honbiecralcen peisehpermietiPLE) B HEb( 1 r abecul ar
perl et ghg !haﬁghsébumﬁpbgﬁlmr BbIe with nad €disin [aBls. (B} Werllajr;dwédaﬁdw dth 1:3 (ILw
m : average di stance, bet en two cal ce er cent mneralizing
per15ret @FWgP% avgjage digfagico betwgeg wo c@?'&%@@ (%5 E?“%Ph@*"ﬁfa '@PPosi tion rate
( MAR, E&i‘rﬂé\&b Mg, ey SL@@L DLSQ&BS&HDO(@)W(EF@abWMIram (MAR:/ sur f ace ref.
((%BE;?/ BS, Pag? FIZ%)LTQE‘F' éSLS/ ejgmuon rate/sur?ace ref) (% turnover rate (BTR
 um2/d/pm): (SLS/2 + DLS) x MAR / BS. (7) Bone turnover rate (BTR, %/y): (SLS/2 +
DLS) x MAR/ BV x 100.

20 Cortical bone histomorphometry: A Bioquant OS/2 histomorphometry systermn
(R&M Biometrics, inc., Nashville, TN) is used for the static and dynamic

histomorphometric measurements of tibial shaft cortical bone. Total tissue area,
marrow cavity area, periosteal perimeter, endocortical perimeter, single labeled
perimeter, double labeled perimeter, and interlabeled width on both periosteal and

25  endocortical surface are measured, and cortical bone area (total tissue area - marrow
cavity area), percent cortical bone area (cortical area / total tissue area x 100),
percent marrow area (marrow cavity area / total tissue area x 100}, periosteal and
endocortical percent labeled perimeter [(single labeled perimeter/2+double iabeled
perimeter) / total perimeter x 100], mineral apposition rate (interlabeled

30  width/intervals), and bone formation rate [mineral apposition rate x [(single labeled
perimeter/2+double labeled perimeter) / total perimeter] are calculated.
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Constitutive expression of the receptor in _pare Scells is

negl i gi bR86.4eRraceptarsparspthand akd 5 #9 RMPr BoEe (Hipl- &%‘ﬁ’dtéﬂf’e\/ﬁ’??sﬁ@?al bovi ne
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293 g(/J Epéslt..;lapllenrﬁesntgcg &nﬂ?fegtael rbgl\nﬂg Csier%)r/n (C‘il%z’/’.aa f(I:nhal) a%d %56411|8 (700 ug/mi final).
cAMP responses in the 293-S/EP, lines are determined by detaching cells
from culture flasks in 1 m! of Ca++ and Mg++ deficient PBS via vigorous pounding,
adding serum-free RPMI 1o a final concentration of 1 X 10° celis/ml, and adding 3-
isobutyl-1-methyixanthine (1IBMX) to a final concentration of 1 mM. One milliliter of cell
25  suspension is immediately aliquoted into individual 2 ml screwcap microcentrifuge
and incubated for 10 minutes, uncovered, at 37 °C, 5% CO,, 95% relative humdity.
The compound to be tested is then added to cells at 1:100 dilutions such that final
DMSO or ethanol concentrations is 1%. Immediately after adding compound, the
tubes are covered, mixed by inverting two times, and incubated at 37 °C for 12
30  minutes. Sampies are then lysed by incubation at 100 °C for 10 minutes and
immediately cooled on ice for 5 minutes. Cellular debris is pelleted by centrifugation
at 1000 X g for 5 minutes, and cleared lysates are transferred to fresh tubes. CAMP
concentrations are determined using a commercially available cAMP
radicimmuncassay kit RIA (NEK-033, DuPonYNEN Research Products, 549 Albany
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Louis, MO)]. The cells are lysed by sonification with a Branson Sonifier (Model #250,
20 Branson Ultrasonics Corporation, Danbury, CT) in 2 fifteen second bursts. Unlysed
cells and debris are removed by centrifugation at 100 x g for 10 min. Membranes are
then harvested by centrifugation at 45,000 x g for 30 minutes. Pelleted membranes
are resuspended to 3-10 mg of protein per ml of Buffer A, the protein concentration
being determined by the method of Bradford [Bradford, M., Anal. Biochem., 72, 248
25 (1978)]. Resuspended membranes are then stored frozen at -80 °C until use.
Binding Assay: Frozen membranes prepared as above are thawed and
diluted to 0.5 mg/ml (for rat EP2) or 0.3 mg/ml (for rat EP4) in Buffer A above. Frozen
membranes prepared as above are thawed and diluted to 0.5 mg/mi (for rat EP2) or
0.3 mg/ml (for rat EP4) in Buffer A above. One yolume of membrane preparation is
30 combined with 0.05 volume test compound or buffer and one volume of 3 nM -
prostaglandin E; (#TRK 431, Amersham, Arlington Heights, IL) in Buffer A. The
mixture (205 pl total volume) is incubated for 1 hour at 25°C. The membranes are
then recovered by filtration through type GF/C glass fiber filters (#1205-401, Wallac,
Gaithersburg, MD) using a Tomtec harvester (Model Mach 11/86, Tomtec, Orange,
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Typiygal |y, PGRe(fpibleyigihicasing GBquence érdihe @if EPR réd8pics umadeesgdusdbw to the 5
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Nl | ko emiin sidtsPiarlaRagEs 195,86 2T T2be THE bl e eeoe saReREct | on
]ths: lngl tiert tﬁé rﬂlﬂmfrwmwra& makdé aeyﬂusEmednmtSéBgE’%t aln ®idchém. Bibenys) Res. 15 IThe 4
u ength c t t rece s nade i scl ose
i n Nenot‘<®em- ggw%&ﬁ %gﬁd hgse fef@!??'gthérﬁcepﬁ@ a?"zﬁse alakvi g?%ggt h codi ng
sequenceells expressing the EP2 and EP4 receptors.
20 The full length coding sequence for the EP, receptor is made as disclosed in
Funk et al., Journal of Biological Chemistry, 1993, 268, 26767-26772. The full length
coding sequence for the EP, receptor is made as disclosed in Regan et al., Molecular
Pharmacology, 1994, 46, 213-220. The full length coding sequence for the EP;
receptor is made as disclosed in Regan et al., British Journal of Pharmacology, 1994,

25 112, 377-385. The full length coding seqguence for the EP, receptor is made as
disciosed in Bastien, Journal of Biological Chemistry, 1994, 269, 11873-11877.
These full length receptors are used to prepare 2835 cells expressing the EP,, EP,,
EP, and EP, receptors.

2938 cells expressing either the human EP,, EP;, EP; or EP, prostaglandin

30 E;receptors are generated according to methods known o those skilled in the art.
Typically, PCR (polymerase chain reaction) primers corresponding to the 5’ and 3’
ends of the published full length receptor are made according to the well known
methods disclosed above and are used in an RT-PCR reaction using the total RNA
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36.3 N, maximum stiffness 61.8 N/mm, tested under the same conditions as the

20 bones). No reaming of the medullary canal is performed. A standardized closed
fracture is produced 2 mm above the tibiofibular junction by three-point bending using
specially designed adjustable forceps with blunt jaws. To minimize soft tissue
damage, care is taken not to displace the fracture. The skin is closed with
monofilament nyton sutures. The operation is performed under sterile conditions.

25 Radiographs of all fractures are taken immediately after nailing, and rats with
fractures outside the specified diaphyseal area or with displaced nails are excluded.
The remaining animals are divided randomly into the following groups with 10 -12
animals per each subgroup per time point for testing the fracture healing. The first
group receives daily gavage of vehicle (water : 100% Ethanol = 95 : 5) at 1 mi/rat,

30  while the others receive daily gavage from 0.01 to 100 mg/kg/day of the compound to
be tested (1 mvrat) for 10, 20, 40 and 80 days.

At 10, 20, 40 and 80 days, 10 - 12 rats from each group are anesthetized with

Ketamine and sacrificed by exsanguination. Both tibiofibular bones are removed by
digsection and all soft tissue is stripped. Bones from 5 - 6 rats for each group are
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The
20 Healing in Rats. Calcif Tissue Int 45:292-297, 1989). Briefly, radiographs of all

fractures are taken prior to the biomechanical test. The mechanical properties of the
healing fractures are analyzed by a destructive three- or four-point bending
procedure. Maximum load, stifiness, energy at maximum load, deflection at
maximum load, and maximum stress are determined.

25 ASSAY FOR EFFECTS ON FRACTURE HEALING AFTER LOCAL

ADMINISTRATION
Fracture Technigue: Female or male beagle dogs at approximately 2 years of
age are used under anesthesia in the study. Transverse radial fractures are produced
by slow continuous loading in three-point bending as described by Lenehan et al.

30 (Lenehan, T. M.; Balligand, M.; Nunamaker, D.M.; Wood, F.E.: Effects of EHDP on
Fracture Healing in Dogs. J Orthop Res 3:489-507; 1985). A wire is pulied through
the fracture site to ensure complete anatomical disruption of the bone. Therealter,
local delivery of prostaglandin agonists to the fracture site is achieved by slow
release of compound delivered by slow release pellets or by administration of the
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callus, (6) cartilage area in the callus.

20 Biomechanical Analysis: The methods for biomechanical analysis have been
previously published by Bak and Andreassen (The Effects of Aging on Fracture
Healing in Rats. Calcif Tissue Int 45:292-297, 1989) and Peter et al. (Peter, C.P_;
Cook, W.0.; Nunamaker, D.M.; Provost, M. T.; Seedor, J.G.; Rodan, G.A. Effects of
Alendronate On Fracture Healing And Bone Remodeling !n Dogs. J. Orthop. Res.

25  14:74-70, 1996). Briefly, radiographs of all fractures are taken prior to the
piomechanical test. The mechanical propenties of the healing fractures are analyzed
by a destructive thres- or four-point bending procedures. Maximum load, stiffness,
energy at maximum load, deflection at maximum load, and maxirmum stress are
determined.

30 Administration of the EP4 receptor selective agonists according to the
methods of this invention can be via any mode which delivers the EP4 receptor
selective agonist systemically and/or locally (e.g., at the site of the bone fracture,
osteotomy, or orthopedic surgery). These methods include oral routes, parenteral,
intraduodenal routes, etc. Generally, the compounds of this invention are
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the manner of administration and on the judgment of the prescribing physician. Thus,

20 because of patient to patient variability, the dosages given hergin are a guideline and
the physician may titrate doses of the drug compound to achieve the treatment (e.g..
bone mass augmentation) that the physician considers appropriate for the patient. In
considering the degree of treatment desired, the physician must balance a variety of
factors such as bone mass starting levet, age of the patient, presence of preexisting

25 disease, as well as presence of other diseases (e.g., cardiovascular disease).

in general an amount of an EP4 receptor selective agonist is used that is
sufficient to augment bone mass to a level which is above the bone fracture threshold
(as detailed in the World Health Crganization Study previously cited herein).

The EP4 receptor selective agonist compounds used in the methods of this

30 invention are generally administered in the form of a pharmaceutical cormposition
comprising at least one of the compounds of this invention together with a
pharmaceutically acceptable vehicle or diluent. Thus, the EP4 receptor selective
agonist can be administered individually in any conventional oral, intranasal,

parenteral, rectal or transdermal dosage form.



sel ective agonists of this invention are applied to the sites of bogg :
fractures or osteotomes, for exanple, either by injection of the NH@UN@
in a suitable solvent 10 (e.g., an oily solvent such as arachis oil) to the
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standard techniques well-known to those skilled in the art.

For purposes of transdermal (e.g.,topical} administration, dilute sterile,

25  aqueous or partially aqueous solutions (usually in about 0.1% to 5% concentration),
otherwise similar to the above parenteral solutions, are prepared.

Methods of preparing varicus pharmaceutical compositions with a certain
amount of active ingredient are known, or will be apparent in light of this disclosure, to
those skilled in the art. For examples of methods of preparing pharmaceutical

30 compositions, see Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pa., 19th Edition (1995).




often very useful for tabletting purposes. Solid conpositions of a 51
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were treated by subcut aneousstuq)eﬁestdts md Riscaksione or 7-(2-(3-
hydr oxy- 4- phenyl - but yl ) - 5- oxo- pyrrolidin-1-yl)-heptanoic acid at 30
my/ kg/ day f or Cegpdeggswith OVX rats treated with vehicle, OVX rats treated with 7-(2-(3-hydroxy-

4-phenyl-butyl}-5-oxo-pyrrolidin-1-yf)-heptancic acid showed total femnoral BMC increased by

20 17%, total femoral BMD increased by 13%, distal femoral BMC increased by 8%, distal

. femoral BMD increased by 8%, femoral shaft BMC increased by 20%, and femoral shaft

BMD increased by 18%. No PGE2-like side effects were seen in rats treated with 7-(2-(3-
hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yl)-heptanoic acid.

This data shows that 7-{(2-(3-hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yl)-heptanoic
25 acid, an EP4 receptor selective PGE2 agonist, stimulates bone formation and restores bone
in established osteopenic OVX rats.
General Experimental Procedures
NMR spectra were recorded on a Varian Unity 400 spectrometer (Varian Co.,
Palo Alto, California) at about 232C at 400 MH2 for proton nuclei. Chemical shifts are
30 expressed in parts per million. The peak shapes are denoted as follows: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; bs=broad singlet. Atmospheric pressure
chemical ionization (APCI) mass spectra were obtained on a Fisons Platform |
Spectrometer. Where the intensity of chiorine or bromine-containing ions are



The rats were autopsied. The right femur fromeach rat was renoved at JUN 2004
autopsy and scanned using dual energy x-ray absorptionetry (DEXA, aDlh
10001W Hol ogic Inc., 10 Waltham MA) equi pped with "Regi onal Hi gh

Resol ut i software(HoIoglc lpq., Waltham MA). ggq. ield size
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a Biotage purification system %?l ot a Dyax Cor poration,
Char | ot t'@@fﬁhlaf‘@eabvth@i”ﬂ'i‘% Higeracfigation e%@mpées "and Preparations.
Example 1
20 7-{25-[4-(3-Chloro-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-yi}-heptanoic
acid
AN CO0H
N
Ci
OH

acid ethyl ester. To a solution of [3-(3-chloro-phenyl)-2-oxo-propyl]-phosphonic acid
25 dimethyl ester (2.66 g, 9.63 mmol) in THF (35 mL) at 0°C was added NaH (60% by
weight in oif, 426 mg, 10.7 mmol) portionwise. The reaction mixture was stirred at

room temperature for 40 minutes. The reaction mixture was cocled to 0°C and a
solution of 7-(2R-formyl-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (assumed
10.6 mmol, prepared according to the method described in Preparation 7, but using



Fl ash chromat ography was performed with either Baker Silica Gel (40 n}

(J. T. Baker, Phillipsburg, N.J.) or Silica Gel 60 (EM Sci ences, ﬂté Wﬂf»
N.J.) in glass columms under |ow nitrogen pressure. Radial Chronat ogr aphy
was per fwoedesi ng a Chromatotron (#bdel 7924T, Harri sopcResosiab) .
Preparative Chromatography 10 was perforned using Analtech Uniplates Silica
Gel G- (20x20 cm) (Analtech, Inc. Newark, DE). Dinethyfformam de (DVF),
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sol ution Lowater. (X ani c ution was drie
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pyrrol i dF%g'fn W‘?‘“ﬁe‘gﬂ%ﬁﬁ'ﬁ’ﬁé atropp t@ﬂ?ﬁf‘“‘é’??&r"]a('?.@ﬁ agidic aqueyidayatpC) 3) 5
7. 27- 7. Meas(s@paralid andth@8rganic sbiutipn whs 6asketbwithlicéoldaNAGadhid (23 H), 4. 17 (m
L Hay 4 idiiowsed by Biihe (1. 5he GRganic solution was dried (MgS0.), filtered and

concentrated. Purification by medium pressure chromatography (1:1 EtOAc:hexanes

to 80% EtOAc in hexanes) provided 7-{2R -{4-{3-chloro-phenyl}-3S-hydroxy-but-1-

enyl}-5-oxo-pyrrolidin-1-yt}-heptanoic acid ethyl ester (800 mg) as an approximate 6:1

mixture of 3S:3R alcohol diastereomers by 'H NMR. 'H NMR (CDCly) 8 7.23-7.17 (m,

25  3H), 7.06 (m, 1H), 5.67 (dd, 1H), 5.46 (dd, 1H), 4.37 (m, 1H), 4.08 (g, 2H), 4.00 (m,
1H), 3.44 (m, tH), 2.80 (m, 2H), 2.67 (m, 1H), 2.41-2.12 (m, 5H), 1.70-1.20 (M, 13H);
MS 422.3 (M+1).

acid ethyl ester. To a solution of 7-{2R-{4-(3-chloro-phenyl)-3S-hydroxy-but-1-enyl]-5-
30 oxo-pyrrolidin-1-yi}-heptanoic acid ethyl ester (800 mg, 1.90 mmol) in EtOH (50 mL)
was added 10% palladium on carbon (80 mg). The reaction mixture was

hydrogenated on a Parr shaker at 45 psi for for 4.5 h. The catalyst was removed via
fitration through Celite® with the aid of EtOH. Purification by medium pressure



2H), 3.55 (m 1 H, 2.72 (m 1 H), 2.46-2.23 (m 5H), 1.79 (m 1 174 ggmm
(m 2H), 1.47 10 1.20 (m 9H); I\/B4202(|\/H) 418.2 (M1). Step (J
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-[ 4- (3-chl oro- phenyl)) - 3-oxo- but-1- enyl]-5-0xo0-pyrrolidin-1-yl}-heptanoic
acid ethyl ester (2.1 g, 5.0 nmwol) in anhydrous CH2CI2 (200 nL) was added
(R) - 2- et hyl - CBS- oxazaborolidine (1 Min toluene, 5 n., 15 5 mmol) and the
sol ut i oshismategsaprad(1tiohexanes:EtEHe tp d:dEtOARhaxanes) provided 2428{46-f or 20

m nut es ﬁl'afb-ﬁ?én Iﬁ%@&%% fordﬁygﬁﬁdln-l?l}%gta%g\lc%ﬂl ch)%i_‘%?t P]%gﬁld The

reaction m xt u was stirrr ueous 100 m.)
was addm{;)alhtNMRdCDCéﬂétTR?HEHdeP@ was {ml‘li-ﬂ)ré.doam EldmeAG(npeHht ure for 18

washod i 280 R RYNEzp SR EFRb Toldtb 2 Aol 5 e "or gani o
sol usi onH\)va]sgaslt @@m(mﬂsmnsmm tM:ﬂe)d and concentrat ed. Pur| fication by

medi um pre _ o~ 0ol 0 Et OAC i n hexanes)
provi ded

enyl ] - Saado'Fqu! smluinordmfr?—{zsy[k&}(s-lcblptcapimnyl) aamdmwmhm}stceco p(y&ﬁidlrm) as an
(GO ) VEhGotgagio all il 68 b Ba el in TR 8 G5 added BN S a6 (laa
H), 4. 3Ra0nh (6t Theﬂfre@Btlc(rqyastfD'nedtior(m l'(fmrocitn Wmpedatdde g wds H), 2. 80 (m
é'[_?e'l Q:Z go?nc%g(]ratﬁd }%VacH? 5or %b%lé% Fg]onglkgi volume Aqueous(lm H&I w@s 'adde 422 3 (M),
- 3R- hy domtaip-atpH i gbobit axﬁqrqwblusjsaiutmneraEWasmdmm metryizng chbbliyé ester. To a

oxo- pyr PO THE RORBES el il S Ban  WEIS g b bR o8 ool 1

(50 nl) orgagis saldtitrowdDgGgeMged.) rfﬂtmd and brmme(nﬁﬁtedrg:) proVile thedtitlet i on m Xt ure

12 OSSR Bda F 50 5L GO0l h A Bl o, VS YRS

Purig i ceH), 8:841jy, mE))iSLES (pr, @85,8.80 (tn, 4 H)LIN72 (a6 1 MYD2(BB/ (46 I ), 2832, E@T/ | BbOrol711
Chr OTRL QRIEH 1 dn, LICHABER: R Mol 02z 15Hi7Ms BER BT, B e

chl or o-pghenyl ) - 3R- hydr oxy- butyl ] - 5- oxo-pyrrolidin-1-yi)-heptanoic acid
ethyl ester (625 ng). 1H NIVR (%I?’#ﬁg 7.27-7.21 (m 3H), 7.09 (m 1 H),
4.10 (m 2H), 3.84 (m 1 H), 2.90 (m 1 H), 2.78 (dd, 1 H),
2.68 (m 728N 3R-MHydToxy-2-53 (rmuom)m,euﬁu-paeréyn-bﬁtyl!l-%xo-ﬁyﬁaﬁdjnazyu-m 17H); Ms
424 .3 (Mrl). Step D heot

7-f2'S-L4-fS- Chl or 0- ohen~t 1) - - 3° RANYESE bubdl - 5- 0xO Pyrrolidin-1-vil-hel 2t
anol C

CF,

OH

Step A: 7-{2-Ox0-5B-[3-0x0-4-(3-trifluoromethyl-

heptanoic acid ethyl ester. Following the procedure described for Example 1, Step A,
the anion derived from [2-oxo-3-(3-trifluoromethyl-phenyl)-propyl]-phosphonic acid
25  dimethyl ester (4.16 g, 13.40 mmol) and NaH (60% in oil, 530 mg, 14.7 mmol) was
reacted with 7-(2R-formyl-5-oxo-pyrrolidin-1-yl)-heptanoic acid ethyl ester (assumed
14.74 mmol) over 24 h. Purification by medium pressure chromatography (solvent
gradient 20% EtOAC in hexanes to EtOAc) provided 7-{2-ox0-5R-[3-0x0-4-(3-
trifluoromethyl-phenyl)-but-1-enyl]-pyrrolidin-1-yl}-heptanoic acid ethyl ester (4.29 g).



acid. To a solution of 14 JUN 7004
7-{2S-[ 4- (3-chl or o- phenyl ) - 3R- hydr oxy- but yl ] - 5- oxo- pyrrolidin-1-

yl }-heptanoic acid ethyl ester (595 ng, 1.40 mmol) in EtOH (25 nL) was
added (6 nmL). The reaction.mpas stirred for 24 h

terrpergwﬁ)r@l@r?g was 10 concentrated in vacuo to about 9 fﬁt”%@?glﬁm

vol ume. Aqueous 1 N HCl was added to obtain a pH of about 2. The aqueous
sol ution was washed wi th nethyl ene chloride (3x). The conbined organic

| ayers Kﬁﬂﬁ%?@ﬂ Biztdd (Mefipr 7, aptrh%dygy @r-,HjleE 67'!’@,@ "q)r g30i(g, sol ution was

dried ( ered and concent r at ed provid t|tIe conpound of

Exanpl e 14),(@&80(mghH). 4-081{RR). (?cmsa?HBS“ﬁ‘l’a‘m THug. 7(0rﬁ'n 3H) 2% @8 (m 15 1 H),

2, 432,30 28 gD PR, TR e AR M 1aly! v

396. 2 (%1)2(%’94 (M 1)_ 20 Exanpl e 2

7-{25 _qrolidin 1-yi
} hepta ;
| - but - 1Mmﬁcﬁmestj_n The solation of Alg- @coe&Fhia-o:@sat &«tnﬂwpmuwlng t he

d

(2" owo- BRIty R SR Gl P fortand® G Oy dsiE (FRGE BV RMAPERA T O 1)
ester ( m)%n@thy&GB&&maﬂoyohand (N ih 08B, (hS mLI, O Smolbrgl CHALLA18001 ) was

>t ed 5 id ethyl
20t el b1 b il p R Ao Aol R MR 0 ot
chr mrat Dge sqbtion(veas stiemed for@datthteﬂﬁ’@@% BN 58 wian aﬁ@e&hnﬂle reactiBnOAc) provi ded
7-(2- 5
tl‘l(f [ 82&18%@?%%ﬁgﬁgféogl}?m&eratur 1or6§1rarng|the "“P{e’f wﬁr?s eaéat‘tgﬁom acid et hyl
est er (dquzdug jolutieh waswashed Wil GHChéd:g@nd 2ze capdined3ygama iayers weare NVR ( CDCI 3)
8 7. 52 \gjg he%i c?}\ ché 4¥)§1 u:g-'éél 0751§KISSﬂI an]d t@@qgl}(s dThe’]-o nic®: 22 (d, 1
H) 2. ggolztmn w@gnedzwsg'}ommem% andlwngergtmte;%mcaﬂm@g(mdlm i ng (m201( m

12?? 1%%?%&/% %og(rgo“? %fu@é@é%r{et%x?ﬁﬁtg B ElDOAc_ln_hgxangs(g?(gO“gyrrol I di n-1-
yI ) he pEtiAs io haxanesde E;@Acetgﬁé’f MeQbl in CstC!zi n:rowd@qi 7-{2R-[35-hydroxy-4-

7-{2- oxg- LELAm! dolidin-1-yi}-h id ethyl
phenyl)* ﬁ:c{r&g%ﬁﬁ? [f}weﬁ? oﬁnl1 é é-)méwhggflgno%}c K talmg'ceatcﬁy?t %setsgrr (1.5 g,

3 31 mwm2)3 gres an(arapr@urn@te ﬁ;ﬁlmreﬁbaaﬁ aahgl diestereomersy dPklene, 0.5 ni,
%r? rp{s& G‘Fgl@bl% (b}H&Q 8'71-5)1 7’3‘55 (AU ¥8 5446 & SAACH, Bgre (IMin
THF 9.
20 1H), 4.09 (q, 2H), 4.01 (m, 1H},344(m 1H), 2.90 (d, 2H), 2.71 (m, 1H), 2.37-2.12
(m, 5H), 1.70-1.21 {m, 13H); MS 456.3 (M+1), 454.3 (M-1).
Step C: 7-{28-[3R-Hydroxy-4-(3-triflugromethyl-phenyl}-butyl]-5-oxo-pyrrolidin-1-yl}-
heptanoic acid ethyl ester. Foliowing the procedure described for Example 1, Step C,
a solution of 7-{2R-[3S-hydroxy-4-(3-trifluoromethyl-phenyl}-but-1-enyi}-5-oxo-

25  pyrrolidin-1-yl}-heptanoic acid ethyl ester (1.18 g, 2.59 mmol} in EtOH (50 mL) was
hydrogenated in the presence of 10% palladium on carbon (120 mg) at 40-45 psi on
a Parr shaker for 24 h. Purification by medium pressure chromatography (50%
EtOAc in hexanes to EtOAc to 1% MeOH in CH.Clsto 3% MeOH in CHCl, to 5%
MeCH in CH.Cl; to 10% MeOH in CH;Cl,) provided 7-{25-[3R-hydroxy-4-(3-

30 triflucromethyl-phenyl)-butyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (1.08 g).
'H NMR (CDCl3) 8 7.51-7.3% (m, 4H), 4.08 (q, 2H}, 3.86 (m, 1H), 3.60 (m, 2H), 2.89
(m, 2H), 2.76 (m, 1H), 2.33 (m, 4H), 2.11 (m, 1H), 1.80 (m, 1H), 1.68-1.21 (m, 16H).



10 The solution was stirred for 24 h at -452C and I N HCl was added. Tpﬁ
reaction mxture was stirred at roomtenperature for 1 h and the Ia"y/é N 2004
wer e separated. The aqueous sol ution was washed with CH2Cl 2 (2x) and the
conbi ne r o layers were washed-ggensecutively with igesr 5N NaCOH
and bri f\\gﬁ@@ﬁh@i mes). The organic solution was dried (@Wﬂﬁhered
and concentrated. Purification by nmedium 15 pressure chromatography (50%

Et OAc in hexanes to 60% Et OAc in hexanes to 80% EtQOAc in hexanes to Et OAc

E g f% l\/FQlégim @t h3@| B}Hﬂ@lzl iﬁ@dt rif{uo{nﬁﬁlet \'ﬂ?hbwff-wglfxo-gvrroiiginﬂ-vl}- Cano

-1ri uorone - en, -DUt-1-¢€en iy O- rroL1 di n-1- -neptanol C
boi d et npentanai.ado. BilENhneosi odrRe s P g, Siep T 2%es 1HE SR ol conol
di ast er epymRés-bia-trifléromengl-piengl)-buid)-SMRo LI 1 -31)-R dic 86id efiyl 4H), 5. 72
(dd, 1 H)WS%SO‘G(dd 1 Hg?'-eﬁ??&zw]zo 1 4. ogi}()?&n ry 4.8? (m 1 H,
3. 44 (m eter ) 934, ef2rgmon ups hydre %4:‘[‘"“1%'}'&3021 @9 mL %25‘%2?7{525115), 1.70-1.21
(7 m{ 28@{%@%@3%@&2&%@@ rﬁp(ehdtsdrha ch@hﬁlbg%phg (tEtC?ﬁl\c tg1% MeOH in i1
- - - roxy-4-(3-trifluor - Rhenyl )-butvl]-5-0x0-gy rrolidin-1-y
lj heﬁHgGioiO@&M%ﬁ;"zﬂéfr'z%Pé%mﬁapl'6 a%@e’pw&'h'ﬂrf‘é*z@bgcri bed for

Exanpl e i - 4O R - -5-0X0- idin-1-

2R [ S B o oromeiyohenyiy bul 5 oxo-pytoldic oy s

pyr rol i dheptanoid acichdibMoi HWB&C@Phﬁwét?e?Sy (my, 4y 388 N.96) BB {Mi n Et OH (50
m.) was I n ' f 0 I i n . (120 nm)
at 40- 452@%/?'8%%& gﬁggﬁ;ﬁﬁg&?ﬁ@‘gg ),ﬁ!..aoégrréiﬂﬁj‘ 'ciété\?g%@t()@' ;rg@[ Bfr%ﬁpr essure
chr dfat M+1050% Et OAc in hexanes to EtOAc to 1% McOH in CH2CI 2to 3%
g/e(cnl; SI-F : g %gyﬁﬁ%n Msu S8R Hldfeke-al (8-t dvidtil pRe 5-BkgVi ded

trifl uormé&bﬁttéﬁw@yﬂ'?afﬁoww B4 12S-BBrhydexy4y(3hept anoi ¢ aci d et hyl
ester (L N HM%_ i1t - ; , 3.86 (m
1H, 3%8@2%1“%}_@62. Eh m %ﬂ?@g.ﬁ%% ﬁ?ptéﬁﬂicééi%-ﬁgés Q%éﬂﬂ)ﬂ% 11 (m 1
H), 1.80n EPH {164nl) wagaddedNaHGRs (88540, 387 muRplpovateqi3mld4deo - 25-
PCT/45BOQEAkibh mixeliRGaasStirred for 5 h and was concentrated in vacug. The residue was o

7-(2S- 13R- Hvdroxv-4-(3-trfl uoronet hyl - phenyl ) - butyl]-5-0xo-pvrrolidin-1-yll
- hept arf3petrepedavith WﬁdoPm'dﬁﬁB%EQf{?}frBs%%féh? H{QPQ"@ROUEQ& le 1, Step D,
7-{25- [ 3 mgle2 (1.698 g). 'H NMR (CD;OD) & 7.48 (m, 4H), 3.80 (m, 1H), 3.69 {m, 1H), _
hydr oxy-4- (3-trifl uoronet hyl - phen )Lr‘)a{;gbut y]l]é-S- 0XO- érrol i di n-1-'yl } - hept anoi
¢ aci d @AM, 1B294 (7, B9, 81 goenidf M@k, Ry (a1 P8 M 160 NaCH (26 )
i n Et OH 1(6221 Bb (nh, fBHIVRIS 426 M—ﬁﬂi‘i)‘:hé@%t_'hﬁmab‘)’). medi um pressur e

chromat ography (EtQAc to 1 % MeOH'In 2C12°to 3% MeCOH in CH2CI 2 to 5%
MeOROi n CH2CI 2 to 10% MeOH i n CHEXR®Ple 3y ovi ded

7-{2S-[ 3R @gjggﬁéép@aéégﬁgy.}_gq{ygpﬁwé&ﬁseﬁéﬂz).pﬂ%%']_s@ Hg{.lti‘,)yr rolidin-1-vyi

}- heptanoic 1.6 .7 THTNVR( 7.51-7.39°(m , 3.88 (m 1
H, 3.58 (m 2H), 2.84 (m 3Hpyrrolidin-2-ane4H), 2.10 (m 1 1.80 (m 1
H. 1.67-1.26 (m 13H; N5 10 430.4 (M1). y—p

A
W ANH
N . N
C
OH

Step A: 7-{2RJ4-{3-Chloro-phenyl}-3-0xo-but-1-enyll-8-oxo-pyrrolidin-1-yi}.

25 heptanenitrile. Foliowing the procedure described for Example 1, Step A, the anion
derived from [3-(3-chloro-phenyl)-2-oxo-propyl}-phosphonic acid dimethyl ester
(3.35 g, 12.12 mmol) and NaH (60% in oil, 533 mg, 13.3 mmol) was reacted with 7-
(2R-formyl-5-oxo-pyrrolidin-1-yl)-heptanenitrile (assumed 13.3 mmol) over 18 h,

Purification by medium pressure chromatography (20% FtOAc in hexanes to B0%



Step E: Sodiumsalt of 7-{2S-13R ‘ 14 JUN 2004
_Hydroxy-4-(3-trifluoronethyl-t)henyl)-butyl]-5-o0xo-
pvrrolidin-1-yl}-heptanoic acid. To a solution of 7-{2S-[3R-hydroxy-4-(3-

trifluorgerhiyglerhenyl)-butyl]-5-oxo-3grrolidin-1-yl}-hep y d (1.66
g, 3.87 mmol) 1n EtOH (16 nL) was added NaHCO3 (325 ng, gég@(ﬁﬂﬁﬂ

water (3 nL). The 15 reaction mxture was stirred for 5 h and was
concentrated in vacuo. The residue was azeotroped with CH2ClI2 (3x) to
provi de El@Acadienanss)iprovded HER-j4t(3echiocphemd)-Bdxo-butarphy] -S’.o;(o‘l. 698 g. 'H

291 (m oo s ofgneale tekal (hyuf ookl 14 g 1 (m
1. 69 C&rmsl@lri)1|-|)l\§:.=541§{(ﬂ:| ,3H), Mwodlm-i%ﬁs gn(M)'\@aé)(s oH), £x6(ml e 3

5S-[ 4- |_ar o- phenyl ) 3- hydr ox Htetrazol - ') - hexyl j-
Lol it B SRy 2 B8 20 o, K. 178 e, 1) 350, 259, 140 (. 4}-?§) .

7-{ 2k 144, QS(ﬁhbgfo phenyl) 3-0x0-but-1-enyill-5-oxo-pyrrolidin-1-yi} 25 he
tanenitrile. Fol | owi ng the procedure descri bed for_ExarrpIe 1, Step A the
ani on de 2%5iA-RChigro.phenyl-3-merRutyll-Soxe pyielidingl Yiilmhosphoni ¢ aci d

di met hylh mtnl@3F3|ﬁmﬁh7g tha. fl&eaumaesemgd\*e#t&éﬂpﬁ”“sf’ @ﬁegu oni t

nmol ) was reacte | -5-0xo0-pyrrolidin anenitrile
( assumed3ehiosophgnyl- 6\%?'%%311?“?'1 preahq'rbh-yﬂghemwﬁl@

h 0 6140 -26
e Ay

7- { 2R- (e 3N BifomgHeRy I Fariasio Y- radighfjrgmatograghy (hexanes to 20%

byt r7 ol i ctstméwyhlzxdieett@mm EtUA'cﬁh ﬁéxa"h%sparowdé& Ngﬁg@?q:@ero%h?nglﬁlg m m2 H)1 "

a) 801(5 ;-Zafq;%utgq §(px(3rﬂyfro&dlrp:|)1-yl}2hegial’(9ﬁﬂtnli (?:9 mg).46- 2. 2'0_ (m 55521 (31 78 (m 1
Chi or o- pteny' ptanenitrile.

Fol | owi rigpidnghitile, cﬁ?ﬁlF‘é'“é@k‘&fr'?'é%e[p“}/(r@;‘:%&%rbw@')l:‘ °’S?‘€ﬁé‘yh‘:5'°%°{ 2R- [ 4-
(3- qbl ownsmmyla}- I?ep@éﬂénhtﬂb'(?s(cr REY4 .h)?%rﬁmpmwwﬂl(aéi h-ﬁ‘.) hr¥ig pheptanenitrile

(860 ng, &# hydrogenated in the resence of
10% pal I%‘&P% h'PEb'a gy H8a1 (T%O'hﬂjwfreﬁct@n ixtpre was stigtedat 0BG for
chr onat egir@RE¥nd hexa RS ddded Offie JEidiliss WéretemBUGPiInVAcUOXRdEHAC 1N hexanes)

ded 7-{2S- 3-chl ) -
D oo, buemrhing A5gous S aras GlLiad witemetiwiene chloride.(Freorgagic. St ep C.

7-{ 2S- 14olBovas WasREEWIh Wafkr RoIBIRY Yy Dirhy| driedQMBD.Y, BhédbRnd - V1) -
20 concentrated. Purification by medium pressure chromatography (1:1
hexanes:EtOAc to EtOAc to 3% MeOH in CH,Cl;) provided 7-{25-[4-(3-chloro-
phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-heptanenitrile (730 mg). 'H NMR
(CDCly) 8 7.22 (m, 3H), 7.07 (d, 1H), 3.80 (m, 1H), 3.57 (m, 2H), 2.88 (m, 1H), 2.78
{m, tH), 2.64 (m, 1H), 2.31 (m, 4H), 2.10 (m, 1H), 1.65-1.22 {(m, 14H); MS 377.3
25  (M+1).

pyrrofidin-2-one. A solution of 7-{25-[4-(3-chioro-phenyl)-3-hydroxy-butyl}-5-oxo-
pytrolidin-1-yl}-heptanenitrile (730 mg, 1.94 mmol), trimethylsilylazide (0.63 mL, 0.475
mmol) and dibutyltin oxide (86 mg, 3.87 mmol) in toluene (30 mL) was heated at

30 reflux for 18 h. The volatiles were removed in vacuo and the residue was diluted with
CH:l: The organic solution was washead with 1N HCI followed by brine. The erganic
solution was dried (MgS0,), filtered, and concentrated. The residue was purified by
medium pressure chromatography eluting with EtOAc to 2% MeOH in CH,Cl; to 7%
MeOH in CHZCl; to give the TMS complex. The residue was diluted with MeOH and



heptanenitrile. To a solution of
7-(2S-[4- (3-chl oro- phenyl ) - 3-oxo- butyl ] -5-o0x0 15 14 JUN 2004
pyrrolidin-1-yl}-heptanenitrile (730 ng, 1.87 mmwol) in MeOH (30 m-) at OC
was ad@g:gml\&ﬁ—m (35 nmg, 0.921 mmol )}-27-The reaction m Xt UpgrhBdnifh’ red at

M Rutes and water was added. The volatiles were removed in
vacuo and the renmaining aqueous solution was diluted wth nethyl ene
chloride. The organic solution was washed with water followed by brine,
dried (MyS¥8)wasfdddednad transbl(?ion aascinéd Bt 40imirtes. fiheablution mgs nedi um

B{ gi?g;gn h%g% grghakgpéggeﬁ It%:'l:'l- %amcr:] %)frgrnv?éss \A%S%g w:tl’? wa eoﬁ(ilowed %O/ M:O_l 'n G2d 2)

phenyl ) T&efbygynwmuhwa]srﬁe@m $OL)/ fietedi, andleoncénthuagd. dTtesvekidié wag 730 ng) . ' H

250 (mesniy e e syonsogtypupy T dom R s o o' (n Ty,

1. 65s1. ZH,Cito él%bihe 585433- Ehl&ro-ﬂfengi)@élmdr Bty -[6- (2H-tetrazol 5-yl)
58-14 3- Chl | )-3-hyd t - | 2H-t et |)-h Il -
TG P e S S

7-{25-[ gm(ﬁa)C@s@r(ﬁr @h}?@)ﬂs)(n%hfyctrwgn lsw)yé é*rén OPF)-2.70 (m, 1H), 2.44
pyrroli trlnethyIS|IyIaZ|de

tanenitril ,
(0. 63 mm. @*)455 IWFDF’)") dr?@'ﬁ?%ﬂ?-y‘!‘lﬁ)rmgg?ag (@9@ ﬁbsgéMSﬁ mmol ) in toluene
(30 m) was heated at 30 reflux gpimpR £#1. The volatiles were renoved in
vacuo and the residue was diluted with GH3d 2. The organi c sol uti on was

washed wi B8-[BRidycepxy-61(3-dritonemathylirphenybutyllidf42H3erazgldrvhas dri ed
(MgS™), filtered, and conc idue was purified by nedium
pressure chromat ography el u?‘?&%‘ﬁv\?ﬂ'ﬁhém%éﬁ?o 2% MeOH in CH2A z to 7% MOH
in CH2CI 2 to give the TN conpl ex. The I‘ESI(H\D'-EN\\NaS diluted with McOH and 14
JUN 200 WO 01/46140 -27-)) PCT/ | BOY 01711 2N CI added and the solution
S uted with CH2Cl 2 and the

organic layer was wasHed with water foI I ovved bri ne. The organic

' ¢ ntrated. The residue was
purified by medi um pressure chronatogr el uting with EtQAc to 7% MeCH in
5 CH2Cl2 to provide 5S -[4-(3-ch OMHo- ¢l ) - 3- hydroxy butyl] - -[6-(2H
-tetrazol -5-yl)- hexyl]-pyrrolidin-2-one™521 nyg). HNI\/R(CDCI3) 6 7.23

(M 3H) g f A9 (4 ) 85 (2.4 ({71 Jerkh ﬁ- ] lH)H), 2.96

1.88-1. WWolwame pzoc(erdmna) desq:meCBfO( ExampleExw A, ttne apion

55 R Bt /ol b fab BRI bnaA b lokbhorlc KB bbbl 2201 -5-1)

ester (2.68 g, 8.64 mmol) and NaH (60% in oil, 400 mg, 10 mmol) was reacted with
7-(2R-formyl-5-oxo-pyrrolidin- 1-yl)-heptanenitrile (assumed 10 mmol) over 18 h.

Purification by medium pressure chromatography (30% E1OAc in hexanes to 80%
EtOAc in hexanes) provided 7-{2-oxo-5R-[3-ox0-4-(3-trifluoromethyl-phenyl)-but-1-
20  enyl}-pyrrolidin-1-yl}-heptanenitrile (1.2 g). 'H NMR (CDCly) § 7.52 (m, 1H), 7.45
(m, 2H), 7.37 (m, 1H), 6.67 (dd, 1H), 6.23 (d, 1H), 4.18 {m, 1H), 3.90 (s, 2H), 3.53
(m, 1H), 2.73 (m, 1H), 2.45-2.23 (m, 5H), 1.78 (m, 1H), 1.60 (m, 2H), 1.41 (m, 4Hj},
1.24 (m, 2H); MS 407.2 (M+1), 405.3 (M-1).
Step B: 7-{2R-[3S-Hydroxy-4-(3-triftuoromethyi-phenyl)-but-1-envl]-5-oxo-pyrrolidin-
25  1-yl}-heptanenitrile. To a solution of 7-{2-0x0-5R-[3-0x0-4-(3-trifluoromethyl-phenyl)-
but-1-enyl]-pyrrolidin-1-yf}-heptanenitriie (1.14 g, 2.81 mmol) and (R)-2-methyl-
CBS-oxazaborolidine (1M in toluene, 0.42 mL, 0.42 mmol) in CHCl; (112 mL) at
—45°C was added catecholborane (1M in THF, 8.4 mL, 8.4 mmol) dropwise. The
reaction mixture was stirred at =45°C for 18 h and 1N HCl was added. The reaction




OH "NHNO Step A
7-12- Ox0-5R-[ 3-0x0-4-(3-trifluoronethvi-phenyl)-but-1-enyll-pyrroli di 4 JYN 2004

-vii- hept aneni trile. Follow ng the procedure described for Exanple 1, Step
A the a pyderived from -28-
[ 2- oxo- SW((g tl #I uor orret hyl - phenyl ) - propyl ] - phosphoni ¢ amgrgmr%ot] lyI ester

(2.68 g, 8.64 mmol) and NaH (60%in oil, 400 ng, 10 nmol) was reacted with
7- (2R-fornyl - 5-oxo-pyrrolidin-1-yl)- hept anenitrile (assuned 10 nmol) over
18 300/ Ptgﬁdgf&ie:\aaé Stirrédiyat rosH mmp%re?wromolﬁmnaémm@harydr@w%&t GAc in hexanes
to o Et QAC, I h _hexanes rovi de , .
72 {5+ oo SRS THETRAE ST MRPH Wih A TN RO gnes). The
enyl ] - pybfgﬂm&&muﬁbnwa}sd?ﬁ%arse@érmaiipm(ﬁhrZH@) watdt é\JM:br(n@D@'h'é) 57.52 (m 1
H), 7.45 kg H, 4.18 (m 1
H, 3. 900(g§n102§sblutlo§v§§dréemm_gsa flléerqgaé%forfepﬁr ted. Eyn@caﬂg P 5H), 1.79
E %) 15g2 mel’iuﬁr@p(é%bur%mrﬂatéérabﬁ? (¥thexands: EfOAMo &9 Etdyhe HHexdnédyr1) , 405.3
e
7-{2R [ 3BPCIWPJXS?H4L3§3h3{dF9WT4u@r‘HWéQ'WP‘hMWV') -bytii-eaYEPKP= 5- oxo- pyrrol i din

= 251 grolialﬁm -{ §neblahkhiftile WO&n@QJsLHnl éﬁbr@cﬁmate 2.5:1 ratio of 35:3R

7-{2-o0x0 0Xx0-4- (3-trifluorqneth

but -1 - en?lCPb?JﬁﬁséﬂrP‘Bﬂ‘ﬁ‘lSPYyH}NMBpt}ém %/'1511?%3("2-’8‘!) #f81(9d.and
(R-2-ne I l4kgli | u mmol ) in
cH2d 2 mg S4d e, m?aaggﬁp1waﬂgzegﬁcﬁ)egﬁg?@o?}?g éb Mﬂqg 2I%F.ﬁn?lB 4 nm, 8.4
mol 40 drbm/MZs% mpiél), 2.884mi ). 1i6et{my dHhvalsddkim.rdtbdl -2 (m43l¢)fhd>$ 18 h and | N
HCl was zgglfle@u.fyre reaction 1 4 JUN 2006 WO 01/46140 -28 PCT/1B00/ 01711

m xt ure was stlrred at roomtenperature for 40 mnutes and the | ayers were

-~

Sepal’at ~atep Kh & - 00 GO VA nu AN T SVITRIE M ob-axa-p “A-"-‘u A1 t| ITES)
The OFQ%E St F&%M@Sth@’%%&@ RSB FYbI é{f’n 18 11 shdpH€l 724t er and
bri ne rgelml c sol ution vvasudrl ed (MyS 04))( él | { erep(:@and concentr at ed.

Purifi caﬁ3§d?¥dfﬂi‘ys4 %‘GT‘W@PE’Q/&H’P%‘YBMh@ﬂﬁ‘bﬁ&&ﬁ?ﬂ@"@nﬂéﬂanes Et OAc to 80%
Et OAG | rhéﬁé‘r%ﬂﬁlb B‘FU Mg) MAdeOH (40 mL was hﬁdrogenated in the presence of

7-{2R-[ 3S- hydr oxy-4 (3tr|fluororret z but-1-en I|L-5 0XO0- .
pyrrol i d1Q'r/°Pa%qurﬂé’Bt°ém9ﬁl(W9 mg) ks ?hﬁ‘g) 1@5"3’?\"“5&;‘3‘?%“ tRurdfication (4t o of
3S: 3R atbmb@ih rribirasdues eReRTatodi) Hv(mexahbd\mﬁ(&la@t@)mc% B%Me®H38 (M 4H),
5 72 (ddnﬁﬂz%%rOVEqu({%gh[sﬁ hl%roxy-tt (3-t$|fluoromg31yl phenyl)-‘:n]ryl] 5-:‘:_20- 3.47 (m 1

pyrrolidin-1-yl}-heptanenitrile (720 mg). 'H NMR (CDCl3) § 7.44 {m, 4H), 3.84 (m,

20  1H), 3.58 (m, 2H), 2.88 (m, 2H), 2.73 (m, 1H), 2.32 (m, 4H), 2.11 {m, 1H), 1.78 (m,
1H), 1.65-1.37 (m, 11H), 1.30 (m, 2H); MS 411.2 (M+1).

hexyl}-pyrrolidin-2-one. Following the procedure described for Example 3, Step D, 7-
{25-[3R-hydroxy-4-(3-triflucromethyl-phenyl)-butyl}-5-oxo-pyrrolidin-1-yi}-

25 heptanenitrile (710 mg, 1.73 mmol) was reacted with azidotrimethylsilane (399 mg,
3.46 mmol) and dibutyltin oxide (43 mg, 1.7 mmol) in toluene (25 mL) heated under
reflux for 18 h. The volatiles were removed in vacuo and the residue was diluted with

CH.Cl.. The organic solution was washed consecutively with 1N HCI (2 times), water
(1 time) and brine {1 time). The organic solution was dried (MgSQ,}, filtered, and

30 concentrated. The residue was purified by medium pressure chromatography eluting
with EtOA¢ to 2% MeQOH in CH.Cl. to 8% MeOH in CH.Cl, to provide 5S-[3R-
hydroxy-4-(3-trifluoromethyl-phenyt)-butyl]-1-[6-(2H-tetrazol-5-yl}-hexyl}-pyrrolidin-2-
one (450 mg). 'H NMR (CDCls) & 7.44 (m, 4H), 3.87 (m, 1H), 3.65 (m, 1H), 3.50 (m,



1001 H, 2.34 (m 4H, 2.18 (m 1 H), 1.66 (m 4H), 1.44 (m 4H), 1.127Jm\nmm
2H); M5 409.2 (M+l). Stet) C

7-f2S-13R-Hydr oxy-4-(3-trifluoronethyl-12henyl - butyl | -5-0xo0-ovrrolidin-1-y!
}- heot apgvi/kdiug €. Fol | owi ng the proe@dure described for Jexaghbbirie Step C
7-{2R-

[ 3S- hydroxy-4-(3-trifluoronethyl-phenyl)-but-1-enyl]-5-o0xo-pyrrolidin-1-yl}
15 heptanenitrile (810 ng) in MeCH (40 nL) was hydrogenated in the presence
of  10% Pél 8.88i2448 o Sthréh(nd. 26D, 286 (rat 1HHO1.6841.28dm, 184))MB54.Larr shaker.
Purifi ca(g_'qs'n 4596w2um pressure chromat ography (1:1 hexanes: Et CAc to Et CAc

to 3% Me ) provided
7- (2S5 [ Re §64I80t 53-{3R4H Wy B-trifhe highyl 9{6-(2H-

EXEr TN kO p A LI
2 MlF i 5( m Exanigle 2,15t8B E{ trpatmientit 53-[F6 hidraiy-443-trifilordnetryi- pRedymbutyl)-, M5 411.2
55 | . SHERGHGLTEA ST PYUSTIGIRGR RN (470 B A Dol NP o1 - -y

gexvl | - nysa g, DdiumAol) providedlthevodigmisar (4800egH UIHENRFS©UD,008 5f7048 Exanpl e 3,
t e

{28— [ SR(Wyﬁ'FQ))?y?%("( 3R 367 (18r Ui 831 (Mp AEA-§6 (541 280 §Ro2idl 2R i di n- 1-yl }
25 hept amenH}, Mi84e1.07 18, 14H); MS/4BAAMN2WAR %Qaqpﬂda%t h azi dotri nmet hyl si |l ane
(399 ng, 3.46 mmol) and dlbutyl in OX|de (43 nmg, 1.7 mml) in toluene (25
nL) 1Reat ed under reflux for xample 80| atil es were renoved in vacuo and
the resi dues-ppf-Ridord-pHerits-B-h B Boda s washed
consecutively vvlth 1 igg‘b nggg my\-/l'i/ah‘ta[egr)(r Eﬁz&l%—??hgﬂwﬁne (1 tine).
The organi c solution was dr| eoP)("w rone | ter ed, and 30 concentrated. The
resi due was purified by di um pressure chr Nography eluting with EtQOAc
to 2% MeOH in CH2A 2 to B% MeOH in CH2ClI 2 t prbw de 5S-[3R-

hydr oxy- 4- (3-trifl uor oge LBH 2H t et razol - 5-yl ) - hexyl ] -
pyrrolidin-2- one (45(Q 8 W44 (m 4H), 3.87 (m 1 H),
3.65 (m 1 H), 3.50 ( 01/ 46140 -29- PCT/[B00/01711 1 H),
3.01-2.73 (m 5H), 2.42 (m ), - H, 1.86-1.23 (m 14H); M
454.4 (Mm+l), 452.4 (M1). Step E alt of 5S- 3R-H drox -4-
3-trifluorometh I -hen | -bu i e F
tetrazol -5-yl)-hexvl|-pyrrolidin-2-one. Follow ng the procedure described
for 5 ESwp:-[2{3-BereButyl-dittetral-sitinlionf)-4-(4-fluoro-phenyl)-butvi]-5-0x0-

58—{;R—h dr.axy- 4- 3-tri|{lu ro thyI

! 8’ﬁ$ Set: gé"yiﬁ@%/e('%ifké"%bxﬁ“gm mmol ) with

NaHCCB fll(o?@pln@yl){buarl}-plyndlo)n a-bnsf (tﬁadng hed4s mhdlonh OMA (5(n4|3GvaEdeedH NVR
(gt 8 0 o 36, B o (g B s 15 7 e 1 20
( M Na+| Bromébéntdngrithilblzaling, 0.41 mmol) in DMF (5 mL) was added and the reaction
mixture was stirred at 90°C for 2.5 h. Water (20 mL) was added and the aqueous
20  solution was washed with EtOAc (4x15 mL). The combined organic solutions were
washed with water (2x15 mL), dried (MgSO,), filtered, and concentrated.
The residue was purified by medium pressure chromatography (1:1
hexanes:EtOAc) provided 7-{2-[3-(tert-butyl-dimethyl-silanyloxy)-4-(4-fluoro-phenyl)-
butyl}-5-oxo-pyrrolidin-1-yl}-heptanenitrile (161 mg). "H NMA (CDCl,) § 7.09 (m,
25 2H), 6.95 (m, 2H), 3.81 (m, 1H), 3.54 (m, 2H}, 2.86 (m, 1H), 2.68 (m, 2H), 2.29 (m,
4H), 2.06 (m, 1H), 1.74-1.23 (m, 13H), 0.85 (s, 9H), 0.04 (m, 3H), 0.19 (m, 3H); MS
4751 (M+1).

age




10 Exanmple 5 5-[4-(4- Fl uo ro-p henyl)-3-h yd 14 JUN 2004
roxy-butyl]-1-[6-(2Htetrazol -5-yl)-hexyl]- pyrrolidin-2-one OH F Step H

7-12- 13vwdeikesi@t y! - di met hyl -sil anvl @Rv) - 4- (4_f | por o- ohenyddrdabibsd 5- 0x0
15 pyrrolidin-1-vll-heptanenftrile. A solution of

5-[3-(tert-butyl-dinethyl -silanyl oxy)-4-(4-
fl uoro-phenyl)-butyl]- pyrroI|d|n20ne(150rrg 041 nmmol) in DMF (5 m-)
was addedsteptEo 7 ) |n DMF (10 m).

e én%ﬂilﬂ'gﬂ#@acf%%%h&x?@ Lf-tﬁaﬁerépﬁwr%ae%y 'egﬁ‘o" G-k Vater (20

ﬂ(ﬁfﬁ‘c’ﬁ"‘ Vater (20
m -) waphedgpbuis- axmepwmmwswpﬂemanﬁtmemMgmsbsﬂmwiﬂﬁ'-i (4x15 ).
The corrbl ed Q {:g@nl ,Ig_tlon&rv\q_ washed with water (2x15 ), dried
( MySO4) M) 3t 0 BAEARL B TEHF, O:6Gany, SS0mmola Ihgueadtioad by nedi um
r essur gnisfifdwas 8 rhitdm 8%
ST butgr&gm?hﬁ E?ﬁﬁ??ﬁ% ?ﬂﬁ'fg}lédogrtgmﬁs NaHCOs

but yI | - 3¥&5asidsdy THe ivalahles were t%&}'@aﬁévﬁqum The rerginingpqueaysgpRtOTCDC 3) 6

Z gg ( MwaSwadibd vﬁthﬁlﬁ-m‘.lmz:xéﬁlg a?ndfiﬂe eamb.he&%pfaﬁﬁ uggh? %E')e ?60(315 (1SH>

9H) o (694'95?%4) Hitgred énqgo'awtrsﬁﬂ ThsreStﬂPS M@S(nwtgd bnmeglm rzr@emru\o 01/ 46140

- 30- P@hﬂoﬁ% & 13&& R EtOA to EtOA .
s fa oyt uor% a és:EtOAC to B l?u c) Frovxded7{264r(4 fluoro phefylell}

heoﬂ%neﬁrhyﬂrqw -butyd- 5a°§~bP)ﬂ’tQ'*dW oy} heptanemtnle (82 mg). 'H NMR (CDCly) §

7-{2-[3 t h

ph{enyl[)-,g‘rl?ﬁ{/ﬁ QP@ ?l)?(%ﬂg;%)o :qﬁ}r?' 2%@" Ael?nlg%b'ﬂ )(' 5575? (Hb "'%' 333 mmol)
in THE (?ﬁe(ﬁhﬂwa&%@wa‘s) addden. THHA !1811 Rm(m, mﬂ,wtsm 2{M+0.50 nmol ). The
reacti ogt%'?, @%@Hﬁ-@-‘l%gﬁédgﬂfﬁﬂ:cﬁ$;$:r#1@@ @%ﬁr@ﬁ'ﬂoa&;\ :@ heg [E and saturated
agueous € VO acuo. The

remai ni BYroliding.ene. Sekayingthe pirpedwreddesaringdifer Eaaite @#SIGP P 7-{248(4 he conbi ned
O IR CHERo-BhBS MR Gybinfcs-of B AR aRn A ORGSR IR 20 The

resi due was pur| I ed | um pressure togr hexanes: Et CAc

to Et OABTMOPMARSN W{t@a{m(lmevwlsm(ﬂﬁmopsimmol) and dlbutymn oxlde

?C%ig;)@'mwoﬁ %i(’r%i)%ﬁﬂd&‘nér(% He&ﬁgh&dé?gé;ﬁ,??&ﬁf %ﬁ?dcgﬁ%g . 2E|) N'V§ 80
(m 1 Hpzdosrimehyisiang 290 mghensicipytylin ofige (59.rog) vere adégd amithe (m 1 H),

1.68-1. r%éct(dﬁlmlitﬁ@wad\&a?&ilur?deﬁ'%l&fo 535% ction mmixt
5-f4- (4- Fl uor o- E}heny hydr oxv- burt 1% ’?glr—nl-ltlérter“éazs?mqy VI | -hexy#J_

pyr%om i Wit HGh e PHES (ﬁcsvh)@@dt%awéam@rumwass@d with E1OAG #4168 3, Step D.
7- (2- [ 4m{ ¥ The combined organic sofutions were dried (MgSO,), filtered, and

concentrated. Purification by medium pressure chromatography (EtOAc to 39:1
EtOAc:MeOH to 19:1 EtOAc:MeOH) provided the title compound of Example 5A {39
mg). 'H NMR (CDCly) § 7.16 (m, 2H), 7.00 (m, 2H), 3.81 (m, 1H), 3.68 (m, 1H), 3.53

25 (m, 1H), 2.99 (m, 3H), 2.80 (m, 1H), 2.68 (m, 1H), 2.47 (m, 2H), 2.20 (m, 1H), 1.88-
1.22 (m, 14H); MS 404.3 (M+1); 402.3 (M-1).




16 fluoro-phenyl)-3-hydroxy-butyl]-5-o0xo-pyrrolidin-1-yl)-heptaneni gr4ll 2004
(71 mg, 0.197 mmol) was reacted with azidotrinethylsilane (45 ny, 3
nmol ) and di butyltin oxide (5 ng, 0.02 mmol) in toluene (10 m-) heated
under r e briachgy 16 h. Additional a3idotrinethylsilane (p9%pi@d17&Nd

di butyltin oxide (50 ng) were added and the reaction m xture was heated
under ref lux for 5 h. The reaction m xture was acidified 20 wth 1 N HC
to pH=2 (5 m-) and the aqueous solution was washed with Et OAc (4x10 nl).
The conbi ned organi ¢ sol uti ons wExamgie €d (MySO4), filtered, and

concentrated,, Puri b sure hromat ra EtOAc to 39:1
Et OAC: we%rﬁﬁ%l’%'?!i' dEY%&b &D"rﬂg\ﬂ%ﬁﬁ%ﬁ?ﬂéﬁw W&gﬂﬂ'& ‘EXarrpI e 5A
(39 nmg). 1H NWR (CDCI3) 8 7.16 (Mmepd), 700(m 2H), 3.81 (m 1 H), 3.68
(m 1H, 35325 (m 1H, 299 (m 3H, 2.80(m 1 H, 2.68 (m 1 H,
2.47 (m 2H), 2.20 (m 9H, 1.88- 122(mN"r7N-I) M5 404.3 (M+l); 402.3
(M1). 14 JUN 2004 WO 01} 46140 Exarrpl e \(4-m.||
phenyl - 3-yl - 3- hydr oxy+ t <5-yl)-hexyl]-pyrrolidin-2-
one 5 Step A 7-(2-f44Bi - 3- 3 (tent but yl - di et hyl - si | anyl 0?y
-butyl!-5-0x0- rrolidi QI akl owi ng the procedure
descri bed for Exanple 5, St ep A ]
5-[ 4- bi phenyl -3-yl -3-(tart-butyl QK gi | &
butyl] pyrroI|d|n20ne(2391rrg, 0. 5624~mmol ) afid NaHMDS (1 Min THF, 0. 67
S: |

@? 118 ng, O. 620
n’m)ll)5 a = chr omat ogr aphy
(CH2C ZQMMMMIFZHO\@InQ%M@MWe Gbﬁﬂbﬁdﬁm%ﬂm in CH2Cl 2)

D1 73 (£ 519 Aydpg Fnish RBRRA i s e eyt Sk g ouy SISy 1 ) nept ane

nitril eb(Jﬁ(@-‘pyrroigJ)n-Zme?ow Bn(g\/mzsﬁ4 r@lnel) Bnd RiaHRAD (BRI inHEMF,|10.82 mL; 3-h dro -b

descr | b ol el ohyaled ifh 1 8RSTHAGRA fapngtt 21 & o Y i AAREALT €
(t et@ - bfargK l’dll?mﬁlhylﬁorebm ra@@mw%ﬂum ernﬁtquaphy;(crlacih t 1%l Mq(DI}Hmept anenitri
le ( 1870[1?0 #z?’ﬁ&%dgﬁ% CHY godf;% é@ﬁ‘.r?éH"b@ga@ﬁ@é;d f&zeMr %@Eg 3.0.53 ni,

0.53 med ~af nmxture was
sti rr edyled-(terrbmiyl- émﬁém&smlobmkbw} BoxBypyirplidirat iytrheplanesitiile (187 essur e

chrorrat&%?_]ggys q—@%ﬁ 201 % MeOH in CH2CI 2 to 2% MeOH in CH2ClI 2 to 6%
MeCH in 2 2to I n CI—|2CI2) prowded .

15 Followmg the procedure described for Example 5, Step B, 7-{2-[4-biphenyl-3-yl-3-
(tert-butyl-dimethyl-silanyloxy)-butyl]-5-oxo-pyrrolidin-1-yl}-heptanenitrile {187 mg,

. 0.351 mmol) was deprotected with TBAF (1M in THF, 0.53 mL, 0.53 mmol). The
addition was performed at 0°C and the reaction mixture was stirred at room
temperature for 24 h. Purification by medium pressure chromatography (CH:Cl; to

20 1% MeOH in CH:CI; to 2% MeOH in CH.CI, to 6% MeOH in CH.Cl; to 10% MeOH
in CH.CI,) provided 7-[2-(4-biphenyl-3-yl-3-hydroxy-butyl)-5-oxo-pyrrolidin-1-yl)-
heptanenitrile (85 mg). 'H NMR (CDCl3) 8 7.58 (m, 1H), 7.51-7.33 (m, 4H), 7.21-
7.12 {m, 4H), 3.85 (m, 1H}, 3.60 (m, 2H), 2.90 (m, 1H), 2.83-2.60 (m, 2H), 2.45-
2.30 (m, 4H), 2.14 (m, 1H), 1.73-1.25 (m, 14H).

25 Step C: 5-(4-Bi
one. Foilowing the procedure described for Example 3, Step D, 7-[2-(4-biphenyl-3-yl-
3-hydroxy-butyl)-5-oxo-pyrrolidin-1-yll-heptanenitrile (108 mg, 0.260 mmol) was
reacted with azidotrimethylsilane (0.69 mL, 0.62 mmoi} and dibutyltin oxide (11 mg,

rrolidin-2-

0.044 mmol) in toluene (5.3 mL) heated at reflux for 72 h. The reaction mixture was



heptanenitrile (85 ng). "HNWR (CDCI3) S 7.58 (m 1 H), 751733(T4 mm
7.21- 7.12 (m 4H), 3.85 (m 1 H), 3.60 (m 2H, 2.90 (m 1 : 2.

(m 2H), 2.45- 2.30 (m 4H), 214(m1|—l),173125(m14|—|) 258teC
5- 4-Bi hen |-3- 1-3-h dro -bu | -1-,6- 2Htetrazol-5- | -he -

rrolidi WOUI/46H®.  Fol | owi ng the procedure described for Ef&?fﬂ?@'@"“St ep D,
7-[2- (4-bi phenyl - 3-yl -

3- hydr oxy-butyl ) -5-o0xo-pyrrolidin-1-yl]-heptanenitrile (109 ng, 0.260 mmuol)

t . th.azi ' ' , | di but yl ti

oxi e ( Foola ey a8 3bs R R R Ry O 18l eVl (0 72 .
The r eaauesusrsoiution wasaastiet JN620OD CH/CLAB4ithesB 2THCOMIBG 01711 cool ed

d wat ded. Th fied with 1.N HC t H=2 and th
Aqueous AT SR LBV REDR. B et e o istled Ruibeddity' *rh e e onbi ned.
or gani ¢ rseafiuth prissureheniktograpiy\t 30@anés.$]tmm§td ftcamth o@s@mﬁa m‘at ed. Etp& i f t
| catLon ne S r o t r L. a S . C (0] C (0]
ot VB oHGHC e Ol T o VB TH it e TBisomoing ovi cied t he
title C@ﬂ’Eﬁ&Hﬂ;ﬁIe sqﬁoﬁh ﬁplwwﬁm(ﬂmmﬁsm NM;XQD%@)@ ZHﬁ?z(sm 1H,

32 0 2
=y (7m71§l-(15" 4@) 187916'?? 3045743 58 2. 258, Sh 2T, 1P 50ime (L 1

1.90-1. ? é\@rgﬁ I-ﬁ {%—1)22(%@4%“@4622 NEXHTBBER1 (-9
5-14-(3-F uoro pheny hy roxy buty jo-1- (2H—tetrazo| -yl)-hexyl]-
pyrrolldln 2-one Ster) A e?

{gf3-(t - BU )tk X ) - butvl | -5-o0xo-
pyrrol i di ne’}f 14 ﬁJﬁWor&l a n@%h 'r@:f})lbﬁ‘lén T@ g{eltn‘ﬁgagsr @2’3’3@ descri bed for
Exanple 5, 15 Step A t he ani dwl’bwldm-@dme
5-[3-(tert-butyl -di net hy-silanyl oxy) - 4- (3- fl ugs o- phenyl ) -

butyl | -pyrrolidin-2-one §{250 ng, 0.684 nmol }*and NaHVDS (1 Min THF, 0.80
m., 0.80 mml) was al ky tWﬁgéﬁlaﬁ&m””e (142 ny, 0.748
mml) at 702C for 72 . PYrifitati on by dlh’mpressure chr omat ogr aphy

(1:1 hexanes: EtQAc to WC to 5% I\/EO—l |n GH%ClZ) provi ded
7-(2-[3-(tert-butyl-di rrethy 1.2
fl uor o- phenyl) - butyl ] - 5- oxo- pyrrol | di - hept anenitrile(261. 7ng). 1HNMR
(CDC13) 8 7.26 (m 1 H), 6.92 (m Oy, ¥(m 1 H, 3.59 (m 2H), 2.89
(mlH),275 (m2H) 236(m4H) 211(m1H) 172126(m13H),
0. 89 (sStepHA D(te i st : ;

7-12- 4p rrolldlnqule héBtQﬁ‘&}‘ itrile %om(ﬂﬁé’ the &%égure éeé%fﬁgem réxngfg §' l-vil
15  Step A, the anion derived 5-[3-(tert-butyl-dimethyl-silanyloxy)-4-(3-fluoro-phenyl)-
butyl]-pyrrolidin-2-one (250 mg, 0.684 mmol) and NaHMDS (1M in THF, 0.80 mL,
0.80 mmol) was alkylated with 7-bromoheptanenitrile {142 mg, 0.748 mmot) at 70°C

for 72 h. Purification by medium pressure chromatography (1:1 hexanes:EtOAc to
EtOAc to 5% MeOH in CH,Cl,) provided 7-{2-[3-(tert-butyl-dimethyl-silanyloxy)-4-(3-

20 fluoro-phenyl)-butyl]-S-oxo-pyrrolidin-1-yl}-heptanenitrile (261.7 mg). 'H NMR
(CDCly) § 7.26 {m, 1H), 6.92 {m, 3H), 3.89 (m, 1H), 3.59 (m, 2H), 2.88 (m, 1H), 2.75
{m, 2H), 2.36 (m, 4H}, 2.11 (m, 1H), 1.72-1.26 (m, 13H), 0.89 (s, 9H), 0.09 (s, 6H);
MS 475.3 (M+1).

Step B: 7-{2-[4-(3-Fluoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yi}-

25  heptanenitrile. Following the procedure described for Example 5, Step B, 7-{2-[3-
(tert-butyl-dimethyl-silanyloxy)-4-(3-fluoro-phenyl)-butyl}-5-oxo-pyrrolidin-1-yl}-
heptanenitrile (261.7 mg, 0.551 mmol) was deprotected with TBAF (1M in THF,
0.83 mL, 0.83 mmol). The addition was performed at 02C and the reaction mixture

was stirred at room temperature for 24 h. Purification by mediumn pressure



25 heptanenitrile. Followi ng the procedure described for Exanple 5, 1St ¢iN B4

7-(2-3-

(tert-butyl-di nethyl-slianyl oxy)-4-(3-fluoro-phenyl)-butyl)-5-0xo-pyrrolidi

n 1 -yl enitrile (261.7 ng, .83551 Mol ) was depr 1.t h TBAF
M i nl“ﬁ—&?‘%@q% m., 0.83 mmol). The addition was perforrregﬁlg? 2C and

the reaction mxture was stirred at roomtenperature for 24 h.

Purification by nmedium pressure 1 4 JUN 2004 WO 01/ 46140 -33-

PCT/ 180%%51&%?“9(@&&3{@91%%@#2@@4 td 2% MeOH ihcH0RE 494 0 2% MeCH i n
CH2Cl 2 to 4% Cl2 rovid

7- { 2- [ 4MeRh ingHLRRYIAsd &4 gsowgpr@,gpwsql -3shydrexy-butyl]-5-oxo-

gyggm(l %”ﬁ'ﬁ'ﬂ}‘g‘}b'%‘mm"@r(memgﬂ“‘% CObNE LK, 63833, (™ 1H)m )

H, 2. 38F()n$8ﬁ|€m,1|d)%9;€6(ﬂ'(rﬂ'i)1299289(w2 )27 trp, HHG-3 I(XIB 3'6 (NH) Ste

C 5f4( oglae, Iy -I-r6(2H—tetrazoI 5y|) hexvf |
pyrroI| |T:E(Ell' ! rgdmh h%%g)r%ge M(Fe ‘descri bed for Exanple 6, Step C,

7-{2-[45tep C: 5- [4 (3- Fluoro-Dhenvf) 3- hvdroxv-butvl1-1 -[6-{2H-tetrazol-5-vi)-hexyl]-

(311 opr lugngl e SebYligiote bl o AU £l skl heptgen L

(141.3 Wth Az dot T 0.210 ni,
1. 57 nmiB-JluemedheoyitBthytxy-butythb-eke-g2@itin-1-0}- namamnmnoe (141.8engiene (8 )

Eﬁféﬁgt Q&??Bﬂ"‘g 8%6%@6‘?%%5@%% nﬂy%ﬁé’g@' 0.7 &'Muﬁéﬁza 2 to 6%

MEOHD | nd@umngana@aimm t¥6ammol) liretalusmed@mi.) deatedhundel refledior 780, 5 mg) . ' H

?!\/52( CD(;L@‘ ﬁ?tto%z&p@éghm]%%surg I’?ém%{ggr% (Cgl %Iétcf 5, %ﬂ?ﬂl’"}égé@]f( m 1 H) 1 H,
1. 89- M%Mequm) CHu®; trp@eMeQi ir) CH40I3). rooyitled the mgmpeum of
554 B gl 3 RN RBGHY Yokl 1, 694 iy 1) "o

pyrrol i -one
7- { 2R- 139}, 19720 oo yH), @52¢rlnl tirp 2818y |3H) T8 {(me2h), R-48-(ox 8Hp\2.2o[mdi n- 1- vl } -

hep ne a . Wid N

oxghgﬂ %%1 gmll"%'gi yﬁ g‘?‘o%'ﬂ‘é’&yf’?‘:gd?"-‘l’: enyl ] -
pyrrol idin-1-yl}-heptanenitril e Exangdle® 4.34 mol) in CHZCI 2 (200 nl)
at--452C - 2- L gl | B toluene, 1.3
m., 1.3 nrmss')[‘."?%ﬁﬁiet}r %)&eﬁ,,;t'a&m,)g %@B%ﬁ'ﬁ"@ﬁ dggkg‘@h%’?%%i (1 Min THF,
13 m., 13 mmol) was added 25 cbwmudimz-o‘ﬁee reaction was stirred at -459C
for 16 h and 1 N HCl was added. The m xture war med to room tenperature

and the | ayers were sepgiated. The organlc’% tion was washed with cold 1
N NaCH (3 tines). The or anWsh&ﬂ sequentially with 1 N
HCl, water, and brine./”TheNor gar c ut™~n whks dried (MgSO4), filtered,
and concentrated, Puriffication by nedi um ressyre

20 Step A: 7-[2R-[3S-hydroxy-4-(3-chloro-phenyl)-but-1-enyl}-5-oxo-pyrrolidin-1-yi}-
heptanenitrile. To & solution of 7-{2-oxo-5A-[3-0xo-4-(3-chloro-phenyl)-but-1-enyl]-
pyrrolidin-1-yi}-heptanenitrile (1.62 g, 4.34 mmol) in CH.Cl; (200 mL) at —45°C was
added { A)-2-methyl-CBS-oxazaboerolidine (1M in toluene, 1.3 mL, 1.3 mmol). After
stirring for 20 minutes, catecholborane (1M in THF, 13 mL, 13 mmol) was added

25 dropwise. The reaction was stirred at —45°%C for 16 h and 1N HCl was added. The

mixture was warmed to room temperature and the layers were separated. The
organic solution was washed with cold 1N NaOH (3 times). The organic solution was
washed sequentially with 1N HCI, water, and brine. The organic solution was dried
(MgSQ0,), filtered, and concentratad. Purification by medium pressure



1 4 JUN 2004 WD 01/46140 -34- PCT/1BOArol711 chromatography (1:1 14 JUN 2004
hexanes: Et OAc to 20% MeCH in CH2Cl 2) provided 7-{2F-[3S-
hydr oxy- 4- ( 3- chi or o- phenyi ) - but - 1- enyl ] - 5- oxo- pyrrol i di n-1-yt}-heptanenitri

l e (536 Wehor/q@igpan 8. 2:1 mixture of 3§.2R al cohol by HPL CDCI 3) 5
7.24-7.17 (m 3H), 7.07 (m 1 H, 569 (dd, 1 H, 5.46 (gg'rmi&'%?-n(u 40

(rn, 1 H, 401 (m 1 H, 3.46 (m 1 H, 52.81L (m 2H, 2.68 (m 1 H),
2.42-2.28 (m 4H), 2.20 (m 1 H), 1.73-1.59 (m 4H) 142 (m 4H) 1.25

g md 2H) ; cigts{rfﬂl?@réﬂﬂy]ﬂ 1 rﬁxerpesf’:‘gtOAcft&%%-Me?H{H@q ) | 73(?'
r ox i rr ept aneni r| e.
p?/ocedﬁrg %8@’6%*%8@ &%Ex'ghﬁ‘r oyl %?’19&%"3 idin- at}:-heptanenitrile (535 mg)
hydr oxy- 4s G/ 8C mibadure e BSI2R dbho |s.i eptanenitri
'e (536 ﬁr:%g 1000 PRprISER m‘l"‘ﬁ*“%@ oL EHICT b4y, Wﬂ}c%'*%#’ 10%

pal | adi u "‘cyf'bé:ﬂ'pg(@g 1":9;:1?4 3H$4n40 (Purﬂ‘iﬂl‘b&t (nor H)y3.4@ ¢hutH)pr essur e

h t t 2

Y I o o 28 gD 3 4 £

pyrrol i difh-4y1-25 fBpeAn b 375 (M+1}.440 ny). ' H NMR (CDCI3) 8 7.22 (m 3H),
Hé)w

7.08 (m gibplt: 7.3 , 2.77 (dd, 1 H),
2.66 (dd, (m 1H,

1. 68- 1. Jentanenitrie. Hfollor"rmhe mocgﬁyre deECrbed fat Exatrple 4, SEECCI-{F[36-
3- Chf !Jaﬂgq, - X%
pyrr ololr gll n- J:n(g%&o %Qmﬂn)bdhttpl-ee@ §(|;°Lé(é$wrg@msc§l ‘E‘sé‘aP%’P"@JQS&)F@ 3, Step D

a it Jp gtglrl (30 mL) was hydrogenated in the presence of 10% palladium on carbon (60

7-{28- [%éﬁop@bw cp&:hé‘dt%hbﬁ%ﬁ%&*f;%ﬁl{r?%% atq%sré);fi,&l( .rhffgé' dgé}oﬁgy'}z s

heptanenitrile

mol ), dR40%MePHir 9He¢lmprex'rla@({%s‘r[ﬁ@cmmowbemm hwommytps-omat ed at

i ssor vEg ol BBkl (4B P NRTENERL 7 2405 SeE Hhl B b s
Fn | ut ed 33 (M. 1&D 3 S%Em, %922;9].?_ (rlanu-l)n A&7 (g aH, 2.68(cd, $H]23BEL0 (rﬂ'hte or gani c
a e 1.C I oONn was
e RE A ﬁ“%’ei‘zﬁ% i Eghcéfﬂﬂﬁﬁg 1*&& f%?auﬁ%%?ﬁg % kot um |
pr essur e@hromairds -i6-(CHAGr3zd1.G-viphdeiDH i N CH2Cl 2
eyt ?eLm—pyf'?E?“T‘?f‘ﬁ?cff‘%ﬂ%‘*"@“@ **5% %9%%&8%%19%‘%%# Set Basry 708 (n 1
H), 3. S8xtuegof - %9[43(3@610(r¢rphqnm)3ﬁ~ay@xx “bytyl)-Sidxp-rrobdigmyi3H) , 2. 82- 2. 68
(m 2H) heataﬂéna{riia (428'?&2% 12414 m(n%]/) 4%.rr%uylsggglgﬁdér(22577 th§) 2,28 Aol Bnd 20- 2 (M),

418. 3
20 dtbu It|n oxzde (56 mg) in toluene (30 mL) was heated at reflux for 16 h. The

volatiles were removed in vacuo and the residue was dissolved in MeOH and stirred
with 3N HCI for 3 h. The reaction was diluted with water and CH:Cl, and the layers
were separated. The organic layer was washed with water followed by brine. The
organic solution was dried (MgSO,)}, filtered, and concentrated. Purification by

25  medium pressure chromatography (EtOAc to 2% MeOH in CH Clzto 7% MeOH in
CH_Cl,) provided 5S-[4-(3-chloro-phenyl)-3H—hydroxy-buty[]-‘l-[6-(2H-tetrazol-5-yl)-
hexyl]-pyrrolidin-2-one (311 mg). 'H NMR (CDCl;) § 7.22 (m, 3H), 7.08 {m, 1H},
3.86 (m, 1H), 3.66 {m, 1H), 3.52 (m, 1H), 2.96 (m, 3H), 2.82-2.68 (m, 2H), 2.45 {m,
2H), 2.17 (m, 1H), 1.88-1.22 (m, 14H); MS 420.2 (M+1), 418.3 (M-1).




PCT/ 1 BOOr 01711 Exanple 9 7-{2 R-[3-Hydroxy-4-(3-phenoxy- phenyl) bUtg'é JUN 2004
-enyt{-5-oxo-pyrrol id in-1-yl}- heptanoic acid 5 Steo A 7-

T3- oxo0- 4- ( 3- ohenoxy-ohenvl ) -but-1 -enyll-pyrrolidin-I -vl}- heotan0|c acid

- ethyl ester. Follow ng the procedureasdescribed for Exanp t he
ani on d&¥Q W¥#14% om [ 2- oxo- 3- (3- phenogg. phenyl ) - propyl ] - pﬁggéngﬁf'gﬂam d
dinmethyl ester (633 ng, 1.98 mmpl) and NaH (60%in oil, 70 ng, 1.74 mol)
was reacted with 7-(2R-fornyl-5-o0xo-pyrrolidin-1-yl)- heptanoic acid et hyl
ester (assunmed 1.58 mmoi) 10 overExgﬁ,,ptbgl\/Edl um pressure chronmat ography

(Et OAc) provided 7-{2-o0xo0-5R-[3-0x

4- ( 3- phenoR-j2WoM~(&pr};—nﬁ»pnyi}buﬂﬂﬂnvq-ﬁ’rc}xohaptoim-d-w}e| d et hyl

ester (215 ng). HNI\/R(CDCI3)h i é 7.08 (m 1 H, 6.97 (m

2H), 6.89 (m 2H), 6.83 (m Pa'%?'%? ?dd 1H, 6.19 (d, 1 H, 4.13 (m
1 H, 4.08 (q, 2H), 3.7 (s, 2H) 3.51 (m 1 H, 2268 (m 1 H, 2.35 (m
2H), 2.24 (m 3H), 2.24 (m 3H), 1.75 (m 1.54 (m 15 2H), 1.43-1.20
(m 9H). Step B: 7-( ghé%‘-ohenvl) but - |

-enyl ]-5-o0xo-pyrroli -yl - heptanoic aC| d ethyl ester. Follow ng the
procedure described fe .

7-{2- 0oxo0-5R-[ 3- ox0- 4- ( 3- pheoxy-hen - pyrroI|d| n- 1-yl } - hept an
oic acid ethyl ester (215 ngy, ‘ ted with NaBH4 (17 ng,
045mm|)in20EtO—I(3n1-) at 4h |f|cat|onby medi um
pressure_ chromat
7- { 2R [ S8R A 5870 I5ds-BoE : Y% r ol i di n-

1-yl } - hepbraneit acidwitie eitbg_zrowr&jthébﬁ%em)e desd:ﬂlbwlfbr(@ﬂpibh Stdp A3 (M 2H),

g gg E m he:l_larl}_u_%n d%'lvgg fr%:m [2?)(?])'3 (35 @hgqo%rﬂheﬁ;%ropﬂ]gé@(s%omgggld dgne?{t%l E m ]2_H)|_|)

53%2 ( mest%H}BSsznéa Qmﬂnrﬁbhband NaP60%. in 3i)70 m@5 . 24 rhimol)WasTedbted with O- |1 (211 ( Im
rrolidin-I-

o B E e S g YRl ¥ikbenate At eiless et T B3 &M 1° Sten D

E é 26 [ Bver24 h. hI\/'Ie.-dlurn pressureI chr%matography (EtOAc) provided 7- {?l.-oxo 5R—[3—oxo— . _

r ox enox ut 0X.0- PVI L0 ept anoi ¢
not et A PPelaR PR PR ey ik T kheB RN sy S s RN T B o
(4.0 rrL) HBNMRQQIICL) ETEEﬁNntZ_QHr; 708\@, AH), ‘Bﬁdﬂtgn -23? 6. MEIQ}Q?E%%F?% ll:)errper ature
over ovj de | n
7.33- 7 M) (Grﬁzo 568%-%"})146-@ ?gg‘ﬁ'bsg@%% 2?&13-%%5 gﬁ . 5.44
(m 1 HiH),4.635(m, (m),zsﬂm 244)0@.24 (Fn, 3H)H2.24 3mddH), m7sXmt N H), 2. &5@2 51 (m 3H),

325 (Mot 43 Pod (m Gy

Step B: 7-{2 B-[3-hydroxy-4-({3-phenoxy-phenyh-but-1-enyl]-5-oxo-pyrrolidin-1-yi}-

heptanoic acid ethyl ester. Following the procedure described for Example 3, Step C,
7-{2-oxo0-5R-[3-0x0-4-(3-phenoxy-phenyl)-but-1-enyl}-pyrrolidin-1-yi}-heptancic acid
ethyl ester (215 mg, 0.451 mmol) was reacted with NaBH, (17 mg, 0.45 mmol) in

20 EtOH (3 mL) at 0°C over 4 h. Purification by medium pressure chromatography
(EtOAc) provided 7-{2R-[3-hydroxy-4-(3-phenoxy-phenyl)-but-1-enyl]-5-oxo-pyrrolidin-
1-yl}-heptanoic acid ethyl ester (167 mg). 'H NMR (CDCls) § 7.33 {m, 2H), 7.25 (m,
1H), 7.10 (m, 1H), 6.99 (m, 2H), 6.93 {(m, 1H), 6.86 (m, 2H), 5.72 (m, 1H), 5.45 (m,
1H), 4.37 (m, 1H), 4.10 (q, 2H), 3.47 (m, 1H), 2.82 (m, 3H), 2.35 (M, 2H), 2.26 (1, 2H),

25 2.15{m, 1H), 1.70-1.21 (m, 13H).

heptanoic acid. Following the procedure described for Example 1, Step D, 7-{2R-[3-
hydroxy-4-(3-phenoxy-phenyl)-but- 1 -enyl]-5-oxo-pyrrolidin-1-yi}-heptanoic acid ethyl
ester (28 mg, 0.060 mmol} was hydrolyzed with 2M NaOH in EtOH (4.0 mL) at room



1.68-1.18 (m 10H). Exanple 10 7-{2S-[3-Hyd roxy-4-(3-phen oxy-pheny ZUN’Zﬂm
utyl]-5-oxo-pyrro | i di n-1-yl}-heptanoic acid Step-A:

7-f 2Sf 3- Hvdr oxy- 4- (3 Dhenoxv-phenyl) b -5-o0xo.t)vrrolidin-I|-vll-heptanoic

- 10 acid ter. Follow ng the prygcedure described fo 1, Step
. a i x‘?gpgﬂdﬁc)l?ﬁ?-(ZR-[S- hydr oxy- 4- ( 3- phenoxy- phenyl )-but‘E‘Fﬁﬁ’w’m"'?l

+ -enyl]-5-o0oxo-pyrrolidin-I -yl}-heptanoic acid ethyl ester (139 ng, 0.290
mol ), MeOH (30 nmL), and 10% pal | adi um on carbon (14 ng) was hydrogenat ed
on a Parfenfplealter cver 20h RSprofies thb&itfbcoﬁyédr{dgﬁélm’{gg.ﬂlﬂtlyma BicyiTy pressur e

chr omat ogrgl rr% %1: 1. hexanes: Et OAcé provi ded 7- S—{;S-h roxy-4 15

( 3- pheno 9‘% b P08 §m.5 H) 985686 dmi $Hida 570yim, 1Hb Br4dnior, dHAA-36 et hyl ester
(86 ) . (m,HH)NVBb (rRDF)33.48 (rfh; AT, 2.83%. ) - 99 (m 2H),
693 (m1 D (r%é 2&)%@ gggzbq@fﬂz%%ﬁé,%%o&@#}aziﬂ@31_;-@8 (m 2H),
2.82 (m1-68.18dmsA00 1 H), 2.42-2.24 (m 4H), 2.10 (m 1 H, 1.77 (m 1
H, 5 66-1.21 (m 16H). Step B: gzl @-153- Hvdr oxx ; 4- ( 3- phenoxy- ohenyl)
butvl| -5-0xo-pyrrolidin-I -vi)-hept aﬂoi C 20 acid. Followi ng the procedure
descr i bed-R&r(3tHudipkyd-(3-pBergxyEpheny{)6r8]-5-pa pepyyrofidin-1-yl}-heptanoic

(3- phenoxy- phenyl ) - but yl ] - 5- oxo- pyr{ﬁf‘{i di n-1-yl)-heptanoic acid ethyl ester
(86 ng, 1.79 mmctl) was hydrol yzed h 2N NaOH in McOH (4 nL) over 18 hto
provide the title comund (62 ng). "H NWVR (CDClI3) 3 7.33-7.23 (m 3H),
7.09 (m 1 H, 6.98 ( 2H), 6.91 (m 1%8.86 (m 2H), 3.80 (m 1H),
3.56 (m 2H), 2.88 (@ My OHy 64 (m 1 H), 2.38-2.28 (m
4H), 2.09 (m 1 H),

Hydr oxynet hyl - 5- oxo- pyrrori di n- Stec) A
7-F2R-(tert-Butyl -di net hyl - si | agyjox avrrolidin-1 -vR -
heptanenitrile. To a m xture of NaH ( 3.836 g, 0.0959 nmmol ,
washed wi . E), 43 D added a_ sol ytion of

5R—(ter\g'-t A'SI- X TS axp-pyiraidin-4-viheptaneig r ahdedr on:

Asytiret agid etiybester7 Foliirg) thé ﬁrescﬁibdtﬁo Iei S’MFC aehitilins. The
7 br oo R ZH R B0 PR ARG Bl oS oo prgbaPebvRsPetiR aaded. The
react i opcidathybesten(¢39 g, 0.02Cmimmi), BledH (Bhenl)carat 109 pakisiiuno oh esrbbe 10 room
e L R AR Rl Ronk G MR PR ey DS AT BRI ooy oo
medium pressure chromatography (1:1 hexanes:EtOAc) provided 7-{25-[3-hydroxy-4-
15 (3-phenoxy-phenyl)-butyi]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (86 mg). 'H
NMR (CDCl;) § 7.35-7.24 (m, 3H), 7.10 (m, 1H), 6.99 (m, 2H), 6.93 (m, 1H), 6.87 (m,
2H), 4.09 (g, 2H), 3.80 (m, 1H), 3.58 (m, 2H), 2.82 (m, 2H), 2.64 (m, 1H), 2.42-2.24
(m, 4H), 2.10 (m, 1H), 1.77 (m, 1H), 1.66-1.21 (m, 16H).
Step B: 7-{2 5-[3-Hydroxy-4-(3-phenoxy-phenyl)-butyl)-5-oxo-pyrrolidin-1-yii-heptanoic
20  acid. Following the procedure described for Example 1, Step D, 7-{25-[3-hydroxy-4-
{3-phenoxy-phenyl)-butyl]-5-oxo-pyrrolidin-1-y(}-heptanoic acid ethyl ester (86 mg,
1.79 mmol) was hydrolyzed with 2N NaOH in MeQH (4 mL) over 18 h to provide the
title compound (62 mg). 'H NMR (CDCl) § 7.33-7.23 (m, 3H), 7.09 (m, 1H), 6.98 {m,
2H), 6.91 (m, 1H), 6.86 (m, 2H), 3.80 (m, 1H), 3.56 (m, 2H), 2.88 (M, 1H), 2.77 (m,
25  1H), 2.64 (m, 1H), 2.38-2.28 (m, 4H), 2.09 (M, 1H), 1.77 (m, 1H), 1.64-1.21 (m, 13H).




water (2x250 nL), dried (MySH), filtered, and concentrated. Purificaf fgwlmm‘
by nedium pressure chromatography eluting with a solvent gradient (9:
hexanes: Et QAc to 7:3 hexanes: EtQAc to 1:1 hexanes: Et OAc) provided

7-[ 2R- (t ord ortadgiagl - di met hyl 15 -37-

si | anyl oxynet hyl ) - 5- oxo- pyrrolidin-1-yl)-heptanenitrile (5512800 ALY
(CDCI3) 8 3.69-3.55 (m 4H), 2.99 (m 1 H, 2.42 (m 1 H), 2.34-2.24 (m
3H, 2205 (m 1 H, 1.81 (m 1 H, 1.67-1.42 (m SH), 1.31 (m 2H), 0.86
(s, 9H), 0.03 (s, 6H); M 339.3 (’Mph}at.on&ep B:

7-I2R—Hydroxyrret9%/# =0 ﬂg_}'/r&olldln 1-0-heptanenitrile. A solution of

t et rabut yl amoni gt V'IKﬁ'P?‘n"‘PB‘F""‘i'OG -yr-heptanemgitrilennol ) was sl ow y

added t oSg& teBuBf-dimeth lsu!an lox meth !- oxo-pyrrolidin-1-vil-. .
' i di n-1-yl]-heptane

7-[2R-(tgrt-but ~5-0X0-
niEri |é —%%ﬁ@ﬂg dfé’ea Tﬁ%ﬁ! ')"aHléﬁOf’f"lm f(M@@ )0.685%0nm0!, Washedaithi | on was

war mesl t 95 FRODMF} AITIF EA50TrRL) MW M §tsbruh&fofféﬁ é%- uty mveﬁ‘%ﬁdv:gﬂgou'srhe

NaHCO3 (2150 m V\@Hadded and _t he vol at _
remai ni n 85&8@6%% MEidiR-2rene (atsafedgdron; sy amels 1898202 1118) (20,00 conbi ned
o gant ¢ gag ARBIPDRIFIS) i) (VHSRAL1o khd 8120wy D) ARoERIGER! ! o0

Purlflcatlon by nmed |um$ressurec mat ogr aphy OTsol vent
gr adi ent 1-p§:2pd r?e‘i?&ﬁ@wfs WQhepmnmnmaﬁé@@ &mgmnd) i8 DmeamaaL)Et OAC to

6: 4 hew&déﬁ%ﬁeﬁéhcileﬁwﬂéfﬁ]'%%t%b% 08 ﬁthgbrﬁactnglp jgmaﬁ é:g%slgﬁg}“ trile

provi ded (tZR_ r met hyl - 5- oxo- py rroI|
(14.1822 rgpmigmgergy tey 7§03nl:)sva(smﬂded 1Thé aqn&oaasauﬁﬂ. wag 3H), 3.00 (m

1H, 2 vee@hemﬁsmc 36 M?rmoﬁ@ed& i bdilnichs dere faghaaine T, T 1)
1.77 i ya N 14 JUN 2004
WO 015 46’1%@'%%@% Mﬁﬂl%@ﬁaﬁmmmmﬁed Purification bfy me;{:m

[ (25 Do oot oy P L, 3

A T7-[2 R terEh ?
tanoi adePNesHIQAC AT ér'“ex?ﬂﬁleéQﬁﬁ)gWPwée%Hﬂ)%ﬁaﬂbmb@metHybd f or Pr eparation

1, $

5R—(t5:}r)ts#abn5 ? e r?glo%gfr?naﬁﬁm'g Pebtanenitile (22.48 o). H NMR(GDGIAS 000 ¢ 130. 8

ol ) aﬁcﬁgl\%l (ol £98(m, 1H), g&?@ (g, 11} 2,3-22b(m), IH), D&E(rﬁﬁﬂﬂ) nig1 was reacted
h | 1HY 5 902C.

Wi th et byl 1K1 tsmwwtem()ﬁ@ﬁ(rﬁ%)hé%e hf ?ja(pTgHB“ 1 522’3 g,

Pur|f|ct| _ |um pressure c ol vent
gradi en temBi7-{eh 2 exotpyrroligisy iy etreoﬁsautlmxafnes Et OAc to
6: 4 hexm%ﬁta@ﬁﬁ&m@h@lﬁbﬁ@ 1Wn2ﬁ1l=€t1%b Rt

( a 1Vd0 01 P ionly added to.a )

gtsP ¢ ? é@&l?%ll (3‘)9/{5? dl?lrt- SQI%E%ygazllraéng@Lm)etpﬁ 5-zq;qp-pyaown-(l Filj-hid)anedit@s ( m 1
H, 2.422(38 g, 663 mod Tn TRF (%ﬁ mLiqadeC (me r’leaE{)o vlasﬁ)é @g@ba % rbbm 1. 65
(m 8H) temperatu#e dand vtgs snrred?or( 4 h %a urated aqueous NaHCOa {250 mL} was added
and the volatiles were removed in vacuo. The remaining aqueous solution was washed
with CHCJ; (4x200 mL). The combined organic solutions were dried (MgS0Q,), filtered, and
25  concentrated. Purification by medium pressure chromatography eluting with a solvent
gradient (9:1 hexanes:EtOAc to 4:1 hexanes:EtOAc to 7:3 hexanes:EtOAc to 6:4
hexanes:EtOAc to 1:1 hexanes:EtQAc to EtOAc to 9:1 EtOAc:MeOH) provided 7-(2R-
hydroxymethyl-5-oxo-pyrrolidin-1-yl)-heptanenitrite (14.922 g). "H NMR (CDCl,) 6 3.78 (dd,
1H), 3.71-3.58 (m, 3H), 3.00 (m, 1H), 2.46 (m, 1H), 2.36-2.27 (m, 3H), 2.08 (m, 1H), 1.93
80 (m, 1H), 1.77 (m, 1H), 1.68-1.43 (m, 6H), 1.32 (m, 2H); MS 225.1 (M+1).



(Mtl). Step B: 7-(2R-Hydroxynet hyl -5-o0xo-avrrolidin-|-vl)-heptanoic al'céﬁlNE
ethyl ester. Following 15 the procedure described for Preparation 11 %ﬂm‘
B, 7-[2R-(tert-butyl-dinmethyl -

si | anyl gx th I) S5-oxo-pyrrolidin-1aql]-heptanoic acid ethyl ester (39.46
g, 102.3"‘%&2‘1‘5‘}/ was depr ot ect ed V\nth@éBAF (1 Min THF, 18§TIBRAITHS, o
nmmol) with a reaction tine of 2.5 h. Purification by nedium pressure
chromat ography eluting with a solvent gradient (9:1 hexanes:EtQAc to 6:4
hexanes: Et OAc to 1:1 hexanes: Et OAc ;?J F&t‘%ﬁ)‘ito 19:1 20 Et CAc: MeOH) provi ded
7- (2R- hydr oxynet hyl - 5- oxo- pyrrol i d| ki hept anoi ¢ acid ethyl ester
(25.41 g). ' M- mmiymmyﬁgetwt@-dmpw:olm - )ﬂ)—ﬁé’ptéddic aJcnw)ethy%e%r(m 3H) ,

29 (Magefd Sl S 208 s Wb hig dad® (M 2
Pr epar atét gﬂ e8te?5 FbIIevﬁN@tﬁb fr3eddurd umnmtoh?kep@mﬁm) sm;myzhb aﬁbﬂs phoni c
aci d _di -2- 3-trifluoronmeth |-hen

a8t TS TS et cisP ety YRR P BRI RESRORD B THOH | o
(1.577 gnmﬂ:@ aAd MaM (60eAinkFS5. 786 gtda, aﬁdnol)%mlﬂ doa%m&asaftea&%@ wiietaglded

triethyl 2 25 te
3r!t(ra| flytﬁn "SPoh eﬁaﬁﬂﬁﬁr‘%‘l}%’z 36%9 i‘ifél rr‘(’h‘%bwm e Wmﬂomme(i@"lw g, 23.5
30 mntl )pressotk GRbmatbgdagtyranltngiwited Solent Bladldntl®: huélia%blsaohé%ﬁ 10 g, 16.2

was stirred roomtenperature for

| T
rlnémh) an e%\g&easdég’chlﬁ’éﬂp ?%@é%%tﬁ%%@ élﬁ‘ﬁ%"ﬁ”@&%é"h%@‘"ﬁﬂ nF-(terthwtyEt oac and

o oAty Iy Mot SOROpaNS Copheaanolc wtl bl heleiag e &) T 1
wat er , nLC
o ot oM DL A A8 o (o Pl Z09RTo ID362 GBatH), B 7R GH) NBOs om

pressur em, ohy, araat @ ranhy.66 0% 1.23 iexa) 06! (8, R4 M&escr?w
provi deQmN- rmet ho@g al\l-l-gmet hyl - Z(Eﬁ( 3©P?I’If| Eoro)quret hy( -ﬁﬁeg?%%;%e)?am e. Step

B: r2- Y. (3-trifluoronethyl-phenyl)-propvfl-r hosphonic acid dinmethyl

eslt er. s @80 24 -ER-HiyoRymbthgl- Srekdvyrraintyph BH& atif ettf) Sstdr. hi‘éb&;dam% Imr_]
to W y..a exanes ,
7o Kot e Bragedde Bercshéd i arardlin ! & ﬁtfzwé o2 ften twgi;;mhgm ition of
N- et hosﬂ&nNOm&WB3-dx3> ﬁy@ﬁolnd&ﬁi‘!oflﬁﬁébyénold?é‘dﬂﬁé’ﬂh}l e.%@@t(QQMé% 184.3%ma) in
t ol uene %ﬁg ﬁ?{ﬂds‘()@}?%ﬁm ﬂFT [eaction ture was, stirred for 2.5
h and AYGRCERE & d Q M 156 Qi) wilh fdeaction i 2125 oom
t enper ahu Penﬁtfmlomy eiednas pestdecd chidmatog@pny elutify ®ith é@divent gradient (9:1
hexanes:EtOAc to 6:4 hexanes:EtOAc to 1:1 hexanes:EtQOAc to EtOAc to 19:1
20  EtOAc:MeOQH) provided 7-(2R-hydroxymethyl-5-oxo-pyrrolidin-1-yl)-heptancic acid ethyl
ester (25.41 g). '"H NMR (CDCl) & 4.10 (g, 2H), 3.77 (dd, 1H), 3.64 (m, 3H), 2.96 (m, 1H},
2.46 (m, 1H), 2.35-2.25 (m, 3H), 2.08 (m, 1H), 1.93 (m, 1H), 1.71 (m, 1H), 1.63-1.27 (m,
8H), 1.23 (t, 3H); MS 272.2 (M+1).
Preparation 3

25 [2-Ox0-3-(3-trifluoromethyl-phenyl)-propyl}-phosphonic acid dimethyi ester
Step A: N-Methoxy-N-methyi-2-(3-triflucromethyl-phenyl)-acetamide. To a solution of
N,O-dimethylhydroxylamine hydrochloride (1.577 g, 16.2 mmol) in DMF (25 mL) and
CHCI, (25 mL) at 0°C was added triethylamine (2.25 mL). After stirring for 5
minutes, 3-trifluoromethylphenyl acetic acid (3.0 g, 14.7 mmol), HOBT (3.177 g, 23.5

30  mmol), and DEC (2-diethylaminoethyl chloride hydrochioride, 3.10 g, 16.2 mmol}
were added. The reaction mixture was stirred at room temperature for 18 h and was
concentrated in vacuo. The residue was diluted with EtOAc and the organic solution
was washed consecutively with 1N NaOH (2 times), water, and brine. The organic



" washed with water foll owed by brine. The organic solution was dri edH
(MgSHM), filtered and concentrated in vacuo. Medium pressure JUN 2004
chromat ography (CH2CI2 to 2% MeOH in CH2Cl 2) provi ded the title corrpound

of Preparation (9.37 g). "HNW (Egd3) 8 7.52 (m I’;‘e-?‘

7.37 (mWQUfSI8 o5 (s ToH), 3.87 (s, 3H), 3.76 (s, 15 ’F"\?‘Z’l’ﬁ‘z"q?]d 2H) .

Preparation 4 3-(3-Chl oro- phenyl ) - 2- oxo- propyl ] - phosphoni ¢ aci d di net hyl
p [3-( pheny propy

ester Substituting the appropriate starting materials, the title conpound

of Pr epa&&%ﬂ:d?ﬂmé’s drYé%G(MgrS@R)ahﬁéi’eJ QM EMcBrkraRdH |ﬁ@ﬁé&9%§duﬁ’rh%‘ié‘é§wee to that

descri bed Preparation 3. Preparation

[ 3-(3- Chplafpawmghy)@@%cﬁt@ﬁﬁWﬂmevﬁéawﬂ% lrabwnaas)rﬁé?med Mster To a

sol ution pﬁ@n g, 144 mml) in THE (270 nl)

at _7825%?ho‘1y1$ﬁ@%l ﬁ%g?h&&%ﬁ@? gk/lsé%ﬁrﬂ%e 160 6 mml) The reaction
m xture RELAYI 2 : hestel: net hyl ester

26. ‘ " al | owed
to m%?mg‘{%%fs%% R J*‘ﬁ’? 'ﬁ“?"ﬁ@%ﬁ PHE L was
added anﬁ&“ﬁeﬁﬁdlww ﬁé@ewa&lﬂ%ﬁﬁvébexanﬁs 28dnb. 701'h@°ﬂe§h@l[ﬁ;acm di |l uted
Wi th Gﬂﬁa%g %—hﬁe@roeam aq:ﬁ%oédtl}li'oﬂ'?zf M@ﬁetmtl\?-ﬂwegﬁﬁégé Wb g&egﬁw saturated

aqueous e organi c | ayer "was filtered

and concm&tﬂédam'ﬂev(éééﬁ 9) M}prﬁn%@plrdﬁ Vtﬁf stavdy addegy é@sue@cﬂgw

(5. 25 ) MoRHE Yk SHIRHERS 1L AnAIECRT B 1 s o DTBY et Bl | compound
Tet ruhydws wemesi tp7pem tenperefigrand waterwas agdednpoe awaoic laxespasat i on 6 was
pr epar e%meg%?&térhalowe%?%ﬁ@ 5 amegonuﬁdh Mé?ne%am o Jo. 4,663, 464. 5

Preparation - For nyl = 5- oxo0- py ~hepta noi c aci d et hyl
ester Tdi !t&reyoangltqoaﬁe'mateﬂlp FEEURy Mesﬁyn@taswre 5hm@1?ﬁjanafm (GGl 10 2%

-yl)-he cﬁs@g ;ﬁéﬁ&édtﬁéi.ﬁécorﬁ;gouﬁéogp ) %oﬁfﬂgb}w' h eRfene (50 m-)
was adde 5’ -di net am nop et% fcar i i mde hydrochloride
(52 46" g (COBHDE Tk, 1HhT HHBO2Fh. B5Tm, T, 96 0 2hiwd-§7 (57U, STRIEH on vias

coolyed t:g_,)pg_q;z@@'@myrl dintumtrifluoroacetate (1.28 g, 6.61

Preparation 4
[3-(3-Chloro-phenyl)-2-oxo-propyl]-phosphonic acid dimethyl ester
Substituting the appropriate starting materials, the title compound of Preparation 4
was prepared following an analogous procedure to that described for Preparation 3.
20 Preparation 5
[3-(3-Chloro-phenyl)-2-oxo-propyl]-phosphonic acid dimethyl ester
To a solution of dimethyl methylphosphonate (17.93 g, 144 mmol) in THF (270 mL) at
~782C was slowly added n-BuLi (2.5M, 64.2 mL, 160.6 mmol). The reaction mixture
was stirred for 1 h and (3-chloro-phenyl)-acetic acid methyl ester (26.93 g, 146 mmol)
25 was slowly added. The reaction mixture was allowed to warm to room temperature
and was stirred for 24 h, AcOH (15 mL) was added and the volatiles were removed
in vacuo. The residue was diluted with CH,Cl, and the organic solution was washed
carefully with saturated aqueous NaHCO; (3 times). The organic layer was dried
(MgS0.), filtered and concentrated in vacuo. Purification by medium pressure
30 chromatography (20% EtOAc in hexanes to EtOAc) provided the title compound
(9.28 g).



mmol ) was added. The reaction m xture was stirred at 02C for 15 mnﬁfle? (ﬂ
then at vyoomtenperature for 2 h. The solution was decanted fromt Y &5
residue. The residue was washed with benzene (3x) and the conbi ned benzene
washes e ncentrated in vacuo t rovide 7-(2R

-fornyl \-'@{00")!{5‘-2’8‘9”0| I di n-1-yl)-hept a?\%clpc acid 15 et hyl esm’,m%@ﬂ was
used without further purification. Preparation 8

4- (3-f2-[ 4-Bi phenyl -3-yi-3-(tert-butyl-di net hyl -slianyl oxy~butyl]-S-oxo
pyrrolidin-1-yi)-propyl)-benzoi cpmhthiigptg'y! ester Stgp A

5- (3-Brono- 3-o0xo0-butyl)-ayrrolidin-2-one.1 To a solution of tetrahydro- 20
pyrrolizine-3,5-di one (5 detrabydronyyroliginedzetiong320 nl) at OOC was added 3-

b b L, ' ide (Q. ' , : ! i se.
The. sol i 1B iR Ea R FRlarih 8 b & bt Houmremelird Ftes C ot o
aqueous irelh$o Ratent Nbl £863464. Aqueous 1 N HCl was added to achieve a pH=3.

After_warmng to roomtenperat 8 }ahe ?queous solution was extracted with
cH2a 2 (3x). The 25 conbi ned orgélﬁPE MO acts were dried (MgS™), filtered,

anld cotncent (r]I at e?{zR-Pu%fli&seid—pvrébljdinaf&l}dmﬁﬁsi&lﬂ:g{) /éthweypg_lm_épgaa}lggzijsi ng a

sol ven r adi ; exanes: c to 0 10

oy ovi dea T8 SEhon p- BRI TH-Ssherarotimi-v) Sraapdc s gy adtel v

52 (1 "'é‘gg%@’ﬁ%@ g@*’“‘% W@g gﬁ}mﬁgﬁ“ﬁ‘%&j@‘%‘%@#’%&’% 30 Stec) B

5- ( 3- Br ofBYISEROITISs PYsresiiride A6 81 18103 meiqhand BMSQ (1.5 24940 '

fﬂ-()Bferﬁﬁoaooc : Tﬁé@olgti%ryivii\% gomé?%oﬁmnapslhﬁtﬁgmh%omacgéte;urm,:j,)s.e:m Et OH (130
-) at was / . the reacti on was

SU11 ¢ red DN e AR T FracHord s STl Cokdon SR es ARG en o e

aqueous @esm itemperaiuey forl2 h. Whiavlutiortiwas! dedaivtedlibin 1We dil rekidha0 Thé 1

PCT”BOC?Iegi é&&%?%%é g re %géj dl?ﬁf‘ga u g‘%aPlPa er &aﬁfmg%ed wth CH2C6

(3x) an °ag'ﬁ Ry &54a5s tered, and

concent raineehtrateelinivhcwrstbipeovide 7- (BRI oy sesspyeolicin- Dpikhegtanagib dcidSi ng a

sol vent di ent ' 1 GEEOAC to. ELOAC to 1 % MeOH in CH2C12 to 3%

I\/bOﬁ’l n %ﬁﬁ&i@r'twﬁ%b% %@Wﬁ”@@%’ﬂ"b"aﬁ%mm I n CH202) provided

5- (3- brono- 3- hydr oxy- butyl ) - pyPrepardtion - one (6.76 g). 1H NVR (CDC13) 5

7.36-7.09 ( 6..27 : . 78 1 . 3.63 1H, 2275 (m 1

2062 ( mf‘*ﬁ@-Bze@zy&?yg%%%%y?&é%waF%orsysrbw#?.«fr42 (m 2H v

. 2, . . pyrrolidin-1-yl}-propyl)-benzoic acid methyl ester
Step A: 5- rrolidin-2-one. To a solution of tetrahydro-
20  pyrrolizine-3,5-dione {5 g, 36 mmoal) in CH:CI; (320 mL) at 0°C was added 3-
bromobenzylmagnesium bromide (0.25M in Et;O, 155 mL, 38.8 mmol} dropwise.

3-Bromo-3-0x0-b

The solution was stirred at 0°C for 2 h and was quenched with saturated aqueous
ammonium chioride. Aqueous 1N HCl was added to achieve a pH=3. After warming
to room temperature, the aqueous solution was extracted with CH,Cl; (3x). The

25 combined organic extracts were dried (MgSO0,), filtered, and concentrated.
Purification by medium pressure chromatography using a solvent gradient (1:1
hexanes:EtOAc to EtOAc to 5% MeOH in CH,Cl,) provided 5-(3-bromo-3-oxo-butyl)-
pyrrolidin-2-one (7.84 g). 'H NMR (CDCl;) & 7.41-7.11 {m, 4H), 6.24 (bs, 1H), 3.67 (s,
2H), 3.60 (m, 1H), 2.52 (t, 2H), 2.32 (m, 2H), 2.20 (m, 1H), 1.88-1.60 (m, 3H).

30  Step B: 5-(3-Bromo-3-hydroxy-butvl)-pyrrolidin-2-one. To a solution of 5-(3-bromo-3-
oxo-butyl)-pyrrolidin-2-one (7.84 g, 25.3 mmol) in EtOH (130 mL) at 0°C was added
NaBH, {480 mg, 12.6 mmol} and the reaction was stirred at 0°C for 2.5 h. The

reaction was quenched with saturated aqueous ammonium chloride. Water and




Step C

5-[3-Brono-3-(tert-butyl-di nethyl -silanyl oxy)-butyll-C)Yrrolidin- 2-01n1é.ﬂ,m*@‘
a 10 solution of 5-(3-brono-3-hydroxy-butyl)-pyrrolidin-2-one (6.76 g, 21.6
mmol) in DMV (86 m-) was added talg4 butyl di met hyl silyl chloride (3.59 g,
23. 8 rnP $14%9#M owed by inidazole (2.'95 g, 43.3 mmol) arRETIROITYM6, ny,
2.16 mml). The reaction was stirred for 24 h and was quenched with

sat urat ed agqueous anmoni um chl ori de. The aqueous sol ution was washed with
Et OAc ( ri MSOH) ,
f|fteregémﬁﬁgg%%%gﬁ?mgg&%ggl P@g ﬁb%%tﬂﬁmﬁ‘g?’gggﬁﬁe( chr omat ogr aphy
using a mmwftorgaraqez@tmctqwﬂne@(Mgsowmerednammemat@% MeOH in CH2Cl 2

brom- - (aF TG SR B S g 5t one (7,45 )

H NVR  HesBaasEtOActo EtOAeto 4 MeQH in. Q2. Clatp 3% MpOHAn CH,Clto 8%H) , 5.71 (m 1

. 1 70 1%@""?“ nr?gﬁl% t %ﬁ&%ﬁ m?ﬁ di? p’°%f5’68§’ (%"’”%ﬁ)h%d%ﬁzfy %H‘% d( mst A VB

426.2, 48@olit-Rione (676g).CH NMR (CDCIa) 8 7.36-7.09 (m, 4H), 6.27 (d 1H) 3.78 (m,

'.5 L4- B| r‘é’@?@?é&ﬁ 4}(/;?) §7gter H)b\é\yéz( }t}y&z 51&%9‘%!—%”1 ok m iR ¥rro| I di n-2-one

To a
5-[ 3- brdn@@a(&lﬁ:rmsmzﬂl 3. nmh)yl -si | anyl oxy) - but yf 1 - -pyrrolidin-2-one (750
: i h | b .

_&(236 my, 1.93
e- R # ol yl phosphi ne

(3915 m;pluttﬁl of]SF(S Immio)s nmr@(yaﬂmpwrmhdmmebs 7e g$91 atmrﬁa mmeaZCOG (37.3

24 e A FBLbet SuostfbR bubybriePirdiy i 3A5h o a8 Rd Blciadly [ vacuo, The

r esi due imislazalié (2.85gl 48.3 Mmrriof)iand DAWP (ZB4@Ag,. 2.1“Emmquﬁw.@aaﬁdmson was washed
ith Et i 30 i tract S04

11 ter odteg f5F 4 A3 WAE B EREReA ity an PR B ool irioniunt BSGHS. TiAr omat og! aphy

el uti ngaquedusaols:mwwm washaedi veitht EtORAC 13x) taaameemnﬁiu@%nor aniCemts 0 1 % MeOH i n

[ 2 bi Ner arBgHloR, FHifred, o oiberlid. £lriip E%&e%fwﬁﬁr%sm

pyrrol i ehiomaiogempby UBDZ a Piven) gradientNGRCl, 1571 % MeCHHjn CACBlo@% 2H), 7.33 ~m

L4 JUnR0Riin A,k S leorn BRTEL BB et ihcuf pblls 300+ 378 (™, 3

( m 5H) bromoe%(reg-buwmlmeirwl-@lanyldxy)ﬂu)yﬂ pyOrolidire2{ode (B45 g). MBI MEIR 3 (M+1) .

P

Bty - QICRPRE 220 (i 30732 (m. 1. 7,08 4 T SR BT () B 3 - 2- one 5

St e20 A (rﬁ.-1fl-f)rz 86 Frmaﬂ)o2 BEE (m, BH)XL7BL3GI{(n; PM), 082 (dj 9H)2-0008(d, Fol | owi ng t he

procedu) .g.24 (d, 3H); MS 426.2, 428.2 (M+).

: rrolidin-2-one.
To a solution of 5-{3-bromo-3-(tert-butyl-dimethyi-silanyloxy)-butyl]-pyrrolidin-2-one
(750 mg, 1.76 mmol) in DME (15 mL) was added phenylboronic acid (236 mg, 1.93

25 mmol). Palladium acetate (26.8 mg, 0.088 mmol) and tri-o-tolylphosphine (39.5 mg,
0.176 mmol) were added followed by a solution of Na,CO; (37.3 mg, 3.52 mmol) in
water (1.8 mL). The reaction was heated at reflux for 24 h. The reaction was cooled

and the volatiles were removed in vacuo. The residue was diluted with brine and
EtOAc. The aqueous solution was washed with EtOAc (3x) and the combined

30  organic extracts were dried (MgSQ.,), filtered, and concentrated. Purification by
medium pressure chromatography eluting with a solvent gradient (1:1
hexanes:EtOAc to EtOAc to 1% MeOH in CH,Cl, to 3% MeOH in CH,Cl, to 5%
MeOH in CH;Cl;) provided 5-[4-biphenyl-3-yl-3-(tert-butyl-dimethyl-silanyloxy)-butyl)-
pyrroiidin-2-one (717.3 mg}., "M NMR {CDCly) & 7.57 {m, 2H), 7.43 {m, 2H), 7.33 {m,



described for Preparation 8, Step A, tetrahydro-pyrrolizine-3,5-di onﬁ ﬁ@dﬂﬂ*
14 nmmol) was reacted with 3-fl uorobenzyl magnesi um chl ori de (0. 25M il
62 n., 15.5 mmol) over 2.5 h. Purification by nmedium pressure
chromat o ing a solvent gradigas (1:1 hexanes: Et
Et OAc: he%(ﬁrei?x%%sa OAc to 2% MeOH in CH2C1 2 10 to 10% %&%@512)
provi ded 5-[4-(3-fluoro-phenyl)-3-oxo-butyl]-pyrrolidin-2-one (2.1730 g).
"HNWR (CDCI3) 8 7.32-7.27 (m 1 H, 7.00-6.90 (m 3H), 6.12 (bs, 1 H),
3.69 ES 3eH)7.1 B(BRH)NE.78 (i) 1HR 352 (6 1HRBISO (M, 3A), M6 (RTeH),2.48(mm 1 H),

m

51 a_( 3. B Ry SR Rl s, PO RAT R 310160 31 MS 6263 OBl owi ng the 15
procedure described for Prepar at Pﬁﬂaa&noﬁtgap B,
5-[4-(3-f |) - 3- but lidi 2 8.71 I
wa[s rfaducé'xé) hg‘l\ﬂenéw)&" e 'ﬁﬂlLfI' XV%%'( r’)?'PI elF'glr)'leOM]aPne !('TG‘PF“BV RN um mol)

y t OAc t
b witiseininci AL S L R

pr ovi ded Ssq" J%‘%%%Aéemﬁwrr@mqﬂfﬂmedmmﬁm%e 20 (2.23

9). gg%@eée@a@mm ﬁu%bédﬂldagbhﬂsmrﬁc%nc(é%ﬁﬂ;m% 115d*> 3.82 (m |

H) (m M&—D 1.92

(d, J=4. TQ‘QQzO"eELZﬁ)h Pl{"‘?@"’m bm"e(d'ﬂm Bﬁﬁsurwsh@ymmusmaas " tert

Bu | -di n‘@ftahlenﬁﬂﬂ‘laﬁbﬂaﬁes EtOﬁrtB'ZUpE@Achaﬁ& 1o Eiéﬂtl: to%#ﬁ(?\-l in Clgh) owi ng the
u

procedure described f Preparation 8 or O- enyl) 3- 25

hydrky- Bty Meit *P&*?z&"#zhp@weﬂ%%!z@@cgo PBEFBW) WDW%BYW@N?&D&M th tart
but yl di n@tirabg).! 4 NMR ﬁIDGI;; 87347 29 ( m91|-767;(§[‘5§ (tnPEk?)fé @LHSO?HPV medi um

pressure chromato rap a solvent” gra ahes”Et OAc to

Sin
Et OAc t 0389 &% REBIS- d%!)éf 2 802*2)%’49841& 2h), engc(mmb 1475 (v, @H)i RBEH2CI 2)

provi ded(,-r5-|(.|§ (tert- butyl
dlrrethyl | a onl) (3f|uoro phenyl ) - butyl -pyrrolidin-2-one (2.84 g).

'H NVR 38€RE; ueroahenyh)-3-hygroxy-Bulkpymelidiegd-ong; Frliowing the H), 3.85 (m 1
H ., 13. 5% récEBduﬂe dbscriBed/fbr P(éﬁibra'ﬁbﬂa Qteﬁ@ QJP (@hﬂ ro-%hgr?l ($ox c;?)%l 70-1.38
S,

(m 01/ 46140
- 43 PCT/HVEEEH"E)I(Z'PI'? @)r’%ﬁaﬁ%ﬂ .nang?masrngcqwm NaBH, (165 mg, 4.35 mmol),

Step Ad'F'smﬁ%"%"u‘“o”’“’messa’e("“’a"ié'@% R st L T wi n e
pr ocedur§*@ Qfés%pﬁﬁé‘ﬂ E?@& %')DM‘"Q?" |5° MGOH in CHClz to 6%

t et r ahy deDHIH CHLGID lpﬂmo%a%-pu(emaon(olprfbhylga hi8roky-butyl]-pyrrolidin-2-one
20 (2.23g). 'H NMR (CDCls) § 7.27 (m, 1H), 6.94 (m, 3H), 6.38 (m, 1H), 3.82 (m, 1H),
3.66 (m, 1H), 2.79 (m, 1H), 2.67 (m, 1H), 2.33-2.21 (m, 3H), 1.92 (d, J=4.15 Hz, 1H),
1.75-1.40 (m, 5H); MS 252.2 (M+1).
Step C: 5-[3-

Following the procedure described for Preparation 8, Step C, 5-[4-(3-fluoro-phenyl)-3-

25  hydroxy-butyl]-pyrrolidin-2-one (2.23 g, 8.87 mmol) was reacted with tert-
butyldimethylsilyl chloride (1.47 g, 9.76 mmol). Purification by medium pressure
chromatography using a solvent gradient (1:1 hexanes:EtOAc to EtOA¢ to 1% MeOH
in CH,Cl; to 2% MeOH in CHzCl; to 4% MeOH in CH,Cl,) provided 5-[3-(tert-butyi-
dimethyl-silanyloxy)-4-(3-fluoro-phenyl)-butylj-pyrrolidin-2-one (2.84 g). 'H NMR

30 (CDCl3) & 7.23 (m, 1H), 6.88 (m, 3H), 5.75 (m, 1H), 3.85 (m, 1H), 3.57 (m, 1H), 2.71
{m, 2H), 2.30 (m, 2H), 2.25 (m, 1H), 1.70-1.38 (m, 5H), 0.84 (s, SH), O (s, 3H), -0.2
(s, 3H).



5 mol) was reacted with 4-fl uorobenzyi magnesi um chloride (0.25Min_ Et20
50 nmL, 12.5 mmol) over 5 h. Purification by nmedi um pressure chr omal gﬂﬂﬂﬂm
(2% MeCOH in CH2Cl 2) provided

5[4(4f|uor henyl ) - 3- oxo- but yl ] - pg,,grolldanOne(Z 8!’?@

(cDCl 3) Wo? %'Em 2H), 7.03 (m 2H), 6.34 (m 1 H), "Q’Pﬁ 3.62 (m
1 H, 2.54 (t 2H), 2.34-2.15 (m 3H), 1.82-1.61 (m 3H) 10 Step B:
5-f 4- (4- Fl uor o- phenyl ) - 3- hydr oxy- butyl ] -pyrrolidin-2-one. Follow ng the
procedure described for Prepar atPr@ﬂarﬁuor?'i@p B,

5-14- (4-fl uoro-phenyl ) - 3- oxo-buty ‘yrrolldln -one (2.64 g, mmol) was

r educed \I\HNWW{ omthgj-silnnﬁpary)a&-(‘%r naro-phempi-butvil-pyrialidine21oneAddi t i onal
NaBH4 (1 '

Purifi ((:angnB)s' S bive d|-on ?blfo(nﬁ% tf18 %?J}_BLS gr adi ent

(CH2Cl 2 ﬁescﬁ%d/ﬁﬂﬂ’reparﬂiﬂmca Stepd\ 4%Mdla-pynoﬁiﬂm.€3 BadlqmedWHdI@d1$4[4 (4-
fl h MR (CDCI 3) 8
7. 14 Frn M) W el ik kb el 11 (0 2o B, s [ D7
2.76 (m 12.5khmol} oGer  hm Purlfickijon . ra&iim peesfune chkdmatdgraghyl(2%/MeoH u5H) St ep
C. 5-(3-
But 1 - di FEERARTRYE T4 o phery) S srebunThoyroldn-Sone (2,64 81 THNMB e 20
Fol | owi nCD®ig) §7.08 ¢daH), 7168 ¢mi m)deiaar(mpmpam(sczﬁ)aa 63{rap1H), 2.54
5-14-(4- -3i I rrolidin-2-on 1.95 g, 7.79
rrrrgl )(waé #@agtgg%eﬁﬁ T{]X%E%?f hl/l EYI yIO l:h: ori dg (61(47 g, 99 76
Bt B hydes ¢ e.Fflpwing%eveOH i n CH2CI 2)
ded 5 tert I
R R e o g o,
m I o] ol-was 4 mmo m
2,502, 24 Lo ier h 72933@%@5% b 8 i S e B iy 3. 0.
(d, 3H) ‘f'g on 11 - Ox0- 3~ ('3- pirenoxy- pheny 9" prop yI phosphoni c
?::ltld dl:gsttrwlfomler Purﬁa?m hyunédigm pressagepthopmatagrapkyt wsing ngolnqnealnglr st 0t Pﬁat
desc @Bﬁ’éa‘d&q%{écﬂc? Sun Ehé%’? e’pz(i)\r,xza;/?|M(§§ﬁ'§l %?ﬁb%%gg%l@% aims 1. The
use of aﬂuoEPpherwl)e&)lnym’oweHMtpywehdugEmneﬁz ot g).'H NMR (DDEL) 87.04 (0f a

?:gillr-lggco#ﬁ)r égba@o?ﬁg%%a(m iH?%J -{316 @ ng e E% %X@?L@ngz‘s“%’- 5 0T

1H), 2.32-2.18 (m, 4H), 1.72-1.47 (m, 5H).

20 Following the procedure described for Preparation B, Step C, 5-[4-(4-fluoro-phenyl)-3-
hydroxy-butyl]-pyrrolidin-2-one (1.95 g, 7.79 mmol) was reacted with tert-

" butyldimethyisilyl chioride (1.47 g, 9.76 mmol). Purification by medium pressure
chromatography (1% MeOH in CH.Cl,) provided 5-[3-{ien-butyl-dimethyl-silanyloxy)-
4-(4-fluoro-phenyl)-butyl}-pyrrolidin-2-one. 'H NMR (CDCly) § 7.12 {m, 2H), 6.97 (m,

25  2H), 5.75 (m, 1H), 3.83 (m, 1H), 3.60 (m, 1H), 2.71 (m, 2H), 2.36-2.24 (m, 3H), 1.70-
1.38 (m, 5H), 0.84 (s, 9H), -0.05 (d, 3H), -0.2 (d, 3H).
Preparation 11
[2-Oxo-3-(3-phenoxy-phenyl)-propyl]-phosphonic acid dimethyl ester
Substituting the appropriate starting materials, the title compound of Preparation 11
30 was made in an analogous manner to that described for the compound of
Preparation 5.



Bis asingle or trans double bond; =Uis HH ORHOB Hor HO"'' HR2 is
a-thi enyl, phenyl, phenoxy, nonosubstituted phenyl or monosubstitued & JUN 200i
phenoxy, said substituents being chlo#é, fluoro, phenyl, nethoxy,
td]film%ororret hyl or (Cl-C3)al kyl; R3 is hydrogen, (Cl-C5)alkyl, phenyl or

p-%l phdnyl; R4 is CORS5 or SO02R5; and R5 is phenyl or (Cl-C5)al kyl; or of

7- (2R {3- hyd -4-(3-p . .
Hen%&?é??e‘%? )E%ﬁ%c-e 'itg re%e?/ﬁ"fesqggg%tp‘); Fhreo':loi"allﬂ%'- 1-yl}-heptanoic acid or
7-(2S-[ 3- hy-
dr oxy- 4- ( 3- phenoxyphenyl ) - bu(t)yl ] - 5-oxo-pyrrolidin-1-yl}-heptanoic acid; for
the manufacture of a nedicangnt for treating a condition which presents
with | ow bone mass. 14 JUN 4W¢Iaiml wherein Qis
5-tetrazolyl and = Uis "OHN. T e of ~l ai 2 wherein the conpound
of the Fornula | is 5R- (3% hydrpxy- 4- phenyl -but)-1-enyl )-1-[6- (1H
tetrazol -5-yl)-hexyl]-pyrrofTdinsg 2-one,
5S- (3R- hydr oxy- 4- phenyl - butyl ) - 1-
2-one, Rz
5S- (4- (3-chl oro- phenyl ) - 3R hydr oxy- dut yl ) - 1*% 6- (2H-t et razol - 5-yl ) - hexyl - pyr
rolidin-2-one, or 5S-(3R-hy-
droxy-4-(3-trifluoromethyl-phenyl)-putyl)-1-(6-(2Htetrazol -5-yl)-hexyl)-py
rrolidin-2-one. 4. The use of claim1 wherein said EP4 receptor selective
agoni st-is a conmpound of Formula | wherein Qis COOH and = Uis H' OH 5.
The ok pharfdcaintiaty asbetatiidissiar skid coppmund wherein:
7- (2S- (3R- hydr oxy- 4- phenyl - but yl ) - 5- oxo-pyrrolidin-I-yl)-heptanoic acid,
7- ( 2R- §3c OB @ONHMRYU SdidkoilBUl- | - enyl ) - 5- oxo-pyrrolidin-1-yl]-heptanoic
aci d, £ ZsndiSbr dysbussYorg; (3-trif - o _ _
| uor onquyﬁﬁgpggmgng abibie/bdnud- oxo- pyrrolidin-1-yl}-heptanoic acid,

-Lofs

H fetrazol -5-yl)-hexyl]-pyrrolidin-

g- (2S Iy_dglpxy-l4- I( ;% Ehenoxy_— phen_yld) -butyi]-
-0Xo0-pyrrolidin-1-yl)-heptanol c acld,

7-(2S- (3R-hydroxy-4-(3-trifluoronethyl -phenyl)-butyl)-5-o0xo-pyrrolidin-
1-yl)-heptanoic acid or

7-{2S-[ 4- (3-chl or o- phen;l-H{SFéi o}qrﬁgﬁufw] oB-lE0= DM ol i di n-1 -yl }-hept ano
ic acid. 6. The use of any one of the preceding clains wherein said
condition is osteoporosis, frailty, an osteoporotic fracture, a bone
defect _,chi | dhood idiopathic bone.l JPheiiRidngbelhgne
T e g
or proS}Pat1Uere: At ¥y ﬁ T"/Vh us%%% “4Any’oné of the preceding clains,

wher ei @Fﬁ\é‘dr gléo % _;a:‘i NP B

8. A conf act et from :

7-(2S- (oRY PRAppXPDEYIMYERIIPBREL HYT - ohe =Butyl ) - 5-aqxo0: pyrrolidin-1-yl
) - hept &1 gienapgfagiurepaf {az@q!qgmegt_feﬁ{e@}-l@a c.';on.drtloéﬂ thch prezen}s \mthq?w b(?r?é. mass.

phenyl ) - 3R- hydr oxy- butyl ] - 5- oxo-pyrrolidin-1 -yl}-heptanoic acid,

5S-[4- (3-chl oro-phenyl ) -3R- hydroxy-butyl]-

s system c or |ocal admnistra- tion.



1-[6-(2Htetrazol -5-yl ) -hexyl ] -pyrrolidin-2-one; and

5S- (3R- hydroxy-4-(3-trifluoronethyl -phenyl)-butyl)-1-(6-(2H 14 JUN 2004
tetrazol -5-yl)-hexyl)-pyrrolidin-2-one 59. A pharnmaceuti cal conposition
conprising a conmpound as clainmed in clé|n18 and a pharnaceutically

acceptable diluent or carrier. 10. A conpound as claimed in claim8 for
use as a nedi canent.

2. The use of claim 1 wherein Q is 5-tetrazolyl and = U is

H” " OH

3. The use of claim 2 wherein the compound of the Formula | is SR-(3S-hydroxy-4-phenyl-but)-1-enyl)-1-{6-(1H-
tetrazol-5-yl)-hexyl]-pyrrolidin-2-one,  5S-(3R-hydroxy-4-phenyi-butyl)-1-{6-(1 H-tetrazol-5-yl}-hexyl]-pyrrolidin-
2-one, 58-(4-(3-chloro-phenyl)-3R-hydroxy-butyl)-1 -(6-(2H-tetrazol-5-yl)-hexyl-pyrrolidin-2-one, or 58-(3R-hy-
droxy-4-(3-trifluoromethyi-phenyl)-butyl)-1 -(6-(2H-tetrazol-5-yl}-hexyl)-pyrrolidin-2-one.

4. The use of claim 1 wherein said EP4 receptor selective agonist-is a compound of Formula | wherein Q is COQH
and=Uls

" OH

5. The use of ciaim 4 wherein said compound is 7-(2S-(3R-hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1 -yl}-heptanoic
acid, 7-{2R-{38-hydroxy-4-phenyl-but-1-enyl)-5-oxo-pyrrolidin-1 -yll-heptancic acid, 7-{2S-[3R-hydroxy-4-(3-trif-
luoromethyi-phenyl)-butyl]-5-oxo-pyrrolidin-1-yi}-heptancic acid, 7-(2S-[3R-hydroxy-4-(3-phenoxy-phenyl)-butyi]-
5-oxo-pyrrolidin-1-yl}-heptanoic  acid, 7-(2S-(3R-hydroxy-4—(3-triﬂuoromethyl-phenyl)-butyl)-s-oxo-pyrrolidin-
1-yl)-heptanoic acid or 7-{2S-{4-(3-chioro-phenyl)-3R-hydroxy-buty(}-5-oxo-pyrrolidin-1 -yl}-heptanoic acid.

6. The use of any one of the preceding claims wherein said condition is osteoporosis, frailty, an osteoporotic fracture,
a bone defect, childhood idiopathic bone loss, alveolar bone loss, mandibular bone loss, bone fracture, osteotomy,
bone loss associated with periodontitis, or prosthetic ingrowth.

7. The use of any one of the preceding claims, wherein the medicament is intended for systemic or local administra-
tion.

8. A compound selected from 7-{25-[3R-hydroxy-4—(3-phenoxy—phenyl)-butyl]-s-0xo-pyrro|idin~1-yl}-heptanoic acid;
7-(28-(3R-hydroxy-4-(3-tﬁfluoromethyl-phenyl)-butyl)-s-oxo-pyrroIidin-1-yl)-heptanoic acid; 7-{2S-{4-(3-chloro-
phenyl)-3R-hydroxy-butyl}-5-oxo-pyrrolidin-1 -yi}-heptanoic  acid, 5S-[4-{3-chloro-phenyl)-3R-hydroxy-butyi}-
1-[6-(2H-tetrazol-5-yl)-hexyl]-pyrrolidin-2-one; and 5S-(3R-hydroxy-4-(3-triflucromethyl-phenyi)-butyl)-1 -(6-(2H-
tetrazol-5-yl}-hexyl)-pyrrolidin-2-one.

9. A pharmaceutical composition comprising a compound as claimed in claim 8 and a pharmaceutically acceptable
diluent or carrier.

10. A compound as claimed in claim 8 for use as a medicament.



