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agoni sts which are useful to prevent bone | oss, restore or augnent bone
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The elderly are at greatest risk of osteoporosis, and the problem is therefore

predicted to increase significantly with the aging of the population. Worldwide fracture
incidence is forecasted to increase three-fold over the next 60 years, and one study

20 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. Other
factors that increase the risk include smoking, alcohol abuse, a sedentary lifestyle
and low calcium intake.

25 There are currently two main types of pharmaceutical therapy for the
treatment of osteoporosis. The first is the use of ahti-resorptive compounds to reduce
the résorption of bone tissue.

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

~reduces fractures. In addition, Black, et al. in EP 0605193A1 report that estrogen,

30 particularly when taken orally, lowers plasma levels of LDL and raises those of the
beneficial high density lipoproteins (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
increase in the risk of uterine cancer, endometrial cancer and possibly breast cancer,



| ong-term estrogen therapy has been inplicated in a variety of disorders,
including an increase in the risk of uterine cancer, endonetrial cancer
and possiwby2kmetast cancer, WO 02/42268 PCT/ 1B01/ 02073 -PCT@RMEIO2G3INany
wonen to avoid this treatnent. The signficant undesirable effects
associated wth estrogen therapy support the need to develop alternative
therapies for osteoporosis that have the desirable effect on serum LDL but
do not cause undesirable effects. 5 A second type of pharnaceuti cal
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20 estrogen therapy is relatively poor due to its side effects, including the resumption of
menses, mastodynia, an increased risk of uterine cancer, an increased perceived risk
of breast cancer, and the concomitant use of progestins. In addition, men are likely to
object to the use of estrogen treatment. The need exists for a therapy which would be
beneficial to patients who have suffered debilitating bone fractures and which would

25 increase patient compliance.

It has been demonstrated that prostaglandin E2 (PGE2) can restore lost bone

in an ovariectomized (OVX) rat model, a model for postmenopausal osteoporosis.
Ke, H.Z., et al., Bone, 23:249-255, 1998. However there are severe side effects
associated with PGE2. Jee, W.S.S. and Ma, Y.F., Bone, 21:297-304, 1997.

30 Great Britain Patent Specification 1 553 595 discloses compounds of the

formula



formula WD 02/ 42268 PCT/ 1B01/ 02073 -3- O (CH 2), - COOR2 R HO wherein

t he doubl e bonds are cis or trans and the variables are defined as set
forth tiveoe2/um268Those conpounds are di scl osed as havi ng spapmig®e’d and
spasnmol ytic activity, for exanple bronghodilatory and anti hypertensive
effects. The conpounds 5 are al so disclosed as having utility in the
inhibition of the secretion of gastric juice and as having abortive
effects. U S. Patent No. 4,115,401 discl oses conpound of the formula 0 R3
O NRA ORS R R2 wherein t vari abl es are defined as set forth therein.
Those conpounds are 10 discllosed as havi ng spasnogeni c, cardi ovascul ar and

bronchodil atory effects. M 4, 113 873 di sg: oses cogp](c)unddof
paari abl es are defined as

the formula OO N R3 R3
set forth therein. Those co nds are d| scI osed as having utility as a
bronchodi | ator, as an anti hype ive agent, as an 15 enhancer of

d for the treatnent of gastr o-

spont aneous contraction of the uter
Great Britain Patent Specification

intestinal disorders or gastric U|ﬁ rs.
formula WO 02/,42268 PCT/ 1B01/ 02073

1 583 163 discl oses conpounds of t
-4- wherein the double bonds are cis or trans and the variables are defined as set forth

therein. Those compounds are disclosed as having spasmogenic and spasmolytic
activity, for example bronchodilatory and antihypertensive effects. The compounds
5  are also disclosed as having utility in the inhibition of the secretion of gastric juice and
as having abortive effects.
U.S. Patent No. 4,115,401 discloses compound of the formula

O

wherein the variables are defined as set forth therein. Those compounds are
10 disclosed as having spasmogenic, cardiovascular and bronchodilatory effects.
U.S. Patent No. 4,113,873 discloses compound of the formula

wherein the variables are defined as set forth therein. Those compounds are
disclosed as having utility as a bronchodilator, as an antihypertensive agent, as an
15  enhancer of spontaneous contraction of the uterus and for the treatment of gastro-
intestinal disorders or gastric ulcers.
Great Britain Patent Specification 1 583 163 discloses compouhds of the

formula



ON~~ AI(CHZ)n -000RZ B R3 HO wherein the variables are defined as set
forth therein. Those conpounds are disclosed as having spasnogeni c,

br onchodiw@vo#ee8 vasoconstricting, vasodilating and aborpCuvEBpeparties as
well as utility in the inhibition of gagtric acid secretion. 5 Commonly
assigned United States Patent No. 4,177,346 discloses conpounds of the
formula ONA Q B R2 Uwherein the variables are defined as set forth

t herein. Those conpounds are disclosed as having vasodil ator,

anti hypertensi ve, bronchodil aQor, antifertility and 10 antisecretory
activity. International Patent] Application Publication No. WOO0\21542

di scl oses that EP4 receptor Sth{ype a Isiscye utility as stimulators
of bone farmation. Although there aféggﬂygfiety of osteoporosis therapies,
there is a continuing need a continuing search in this field of art for
alternati ve osteoporosis therapi B In addition, there is a need for
bone fracture healing therapies. AI%& there is a need for therapy which
can pronote bone re-growth into s effal areas where defects exist such as

defects caused or produced by, for exanple, tunmors’in bone. Further, there
is a need fudrer¢indreayayiabibs ate definedrassrifartibberein éhegecsampoundsargkel et al ar eas

where boneg . ARV a5 /hB01/ 02073
-5 SUMVARY d('j'g—’i‘%@a? ﬁ@%pé%%?ﬁﬁgrhfﬁ%ﬁ?%ﬁa Vs?g‘g?"ﬁgc”t ti'{é’ ! t%@b m% § ngs of
Fornul a | aboNive ptfopeiXies as @ell B2 utili§On the inhibition of gastric acid secretion.

5 Commonly assigned United States Patent No. 4,177,346 discloses

compounds of the formula
0]

wherein the variables are defined as set forth therein. Those compounds are
disclosed as having vasodilator, antihypertensive, bronchodilator, antifertility and
. 10  antisecretory activity.
International Patent Application Publication No. WO00\21542 discloses that
EP4 receptor subtype agonists have utility as stimulators of bone formation.
Although 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.
15  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
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 graft surgery has been completed.
20



5 prodrugs thereof, pharnmaceutically acceptable salts of said conpounds and
said prodrugs and stereoisoners and di astereoneric m xtures of said
conmpounddyo opsx2e¥ ugs and salts, wherein the dotted |ine i BCHIKOMAOTOr noO
bond; Xis -CH2- or 0; Zis -(CH2)3-, bhienyl, thiazolyl or phenyl,
provided that when X is O, then Z is phenyl; Qis carboxyl,

(d -C4)al koxyl carbonyl or tetrazolyl; R2is -Ar or -Ar'-V-Ar2; Vis a bond,
-0-, 10 -OCH2- or -CH2O-; Ar is a partially saturated, fuIIy saturated or
fully unsaturated five to eiHIMAR HEINVﬁﬁTgﬂﬂlonally havi ng one to
four het er oat omyyagh Reli6HRdBBERAGRIdAGS oERpygan. | sul fur and nitr ogen,
or a bicyclic ring consisting o used. independently partially 15
saturated, fully saturated or f Iy unsaturated five or six menbered rings,
t aken independently, optional |l yj{having one to four heteroatons sel ected

i ndependently from nitrogen, I Nk/éng/dxygea, said partially or fully
saturated ring or bicyclic rin optional | y'2Zravi ng one or two 0X0 groups
substituted on carbon or one or 0X0 groups substituted on sul fur; and
20 Ar' and Are are each independent partially saturated, fully
saturated or fully wunsaturated five to gkt menbered ring optionally
havi ng one to four heteroatons -select i ndBpendently from oxygen, sulfur
and nitrogen, said partially or fully saturated ring optionally having one
or two oxo groups substituted on carbon or one or two 0Xx0 groups
substituted on sul fur; 25 said Ar noiety is optionally substituted on
carbon &r mradregsetheresh pbﬁr@acﬁhfg?all)faqcﬁlétaéﬁlsétW/Ofﬁ%d GRIPRSENES ard sal  on one or
both rings c%?rﬁg};’sea t?r’e&sbﬁen*%‘a%d%idsfered%érf& rHRtub& dff%éfaecom‘bﬁgﬁ;ds' tuents per
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(C3-C7) cycl, yl
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-6 C8)al kameshoxyl((©1 @Hmlaafbgmw olte lt&us -Rrer = )Va‘f\ ;2hisyA kR m®- ( C1-
C4) aI k%ycab n_Kit [am no, hydroxysul fonyl, am nocarbonylan no or nono-N-,

di - or tri-N,N,N‘-(C,-C4)aIkyI substituted

ami nocar bon?Hz@n no, sul fonam do, (G - C4)al kyl sul f onani do am no, nono- N-

di I

oo B SR RGBT Oyl oo
( Cl 06) al kyingopfienajly havnrquneacp)fqlrk’r?tegwwrnﬁ9$|e©tﬁdl lnqien@dqnﬂ)ofrom oxygen,
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substituents i n the Ar are “optional
15  saturated, fully saturated or fulIy unsaturated five or six membered rings, taken

independently, optionally having one to four heteroatoms selected independently from
nitrogen, sulfur and oxygen, said partially or fully saturated ring or bicyclic ring
optionally having one or two oxo groups substituted on carbon or one or two oxo
groups substituted on sulfur; and

20  Ar' and Ar? are each independently a partially saturated, fully saturated or fully
unsaturated five to eight membered ring optionally having one to four heteroatoms
selected independently from oxygen, sulfur and nitrogen, said partially or fully
saturated ring optionally having one or two oxo groups substituted on carbon or one
or fwo oxo groups substituted on sulfur;

25  said Armoiety is optionally substituted on carbon or nitrogen, on one ring if the moiety
is monocyclic, or on one or both rings if the moiety is bicyclic, with up to three
substituents per ring each independently selected from hydroxy, halo, carboxy, (Cs-
C)alkoxy, (C4-Cy)alkoxy(C4-Cas)alkyl, (C4-Crlalkyl, (C,-C;)alkenyl, (Ca-C7)cycloalkyl,
(Cs-Cr)eycloalkyl(C-Cy)alkyl, (Cs-Cr)cycloalkyl(C,-C,)alkanoyl, formyl, (C;-



carbon with up to three fluoro; said Ar' and Are noieties are independently
optionally substituted on carbon or 10 nitrogen with up to three

substi t uemo 82/€26%h | ndependently sel ected from hydroxy, heCDIBIARIIOXY,

(C, -C7)al koxy, (C, -C4)al koxy(C,-C4)al kyb; (C, -Cr)al kyl, (C2-C7)al kenyl,
(C3-C7)cycl oal kyl, (C3-C7)cycloal kyl (C, -C4) al kyl,

(C3-C7) cycl oal kyl (C, -4) al kanoyl, fornyl, (C, -C8)al kanoyl,

(C, - Co) al kanoyl (C1-C6) al kyl, (Cl-C4)al kanoyl am no, (d -

C4) aI koxyc@}ao@ybﬁr(cmoe)atkyidm)m(ﬂj@)dlqhw1, Caatkar@whianam no or nono-N-,

di 15, d - t
alm nocar bo )agﬂ%rboggl%pg{q;md&gystﬂéncl éﬁf@?ﬁ@@hﬁ‘gﬁt&%&@hg%ﬁ'%“ nmono- N-
or di - N, N- gON:NAradi-KyNl, Bir{CYeG.,) iyl batatifited aminosariénymino, sulfonamido, (C+-
di -N, N-(C, - | | . . thi P | kvl thi _
(d - C6) 5 ki 4?@!5}* pmiie g, ighe: 'soﬂF}k}gﬁ‘l}qc1§ﬁgﬁ%¥%r?ﬁ¥%cgtb%m°y" mono
di bNt N’ESC g\%} a«LN(NL(@'m()gf )aﬂ«y![cfaibﬁlwayl , ‘ahamioethivl, Y 8i-C¢)alkyIkyad, (@nﬂe)alkidwdf}ny: Cut ed
substi tuen efinition itute
20 on car bd 1‘9/})?'H]1?}B%PH apf] mego TW?LRS@J)N 'ﬁ% &%%W?ﬁrﬁaﬁﬁéflrﬁp%é% I's (CH2) -
and Z i s - (fgPardalkdxieibsBRiehss intte définitiory bf, Arzine optionally sytisttuteld on
nonosubsti t ut ed wth cnl or fﬁj fluoro, phenyl, nethoxy, trifluoronethyl or
(C - C4)al EgIPON YR Ups i s (CH) - Zis -(CH2)3-, and Qis carboxyl
OL (CI Cf)r]%biﬁqllkfyw/?éﬁwletleéz En%ﬂncf%ehfaem@bpgdrbally( Sibs@Tjecar a:aﬁrbdrwr or (ii)
en i enyl- or fu each .o | e el
ﬁonoguﬂgt i tnﬂfoéﬂn ¥ith HP %@ﬁq ?W??@HG'E;? 8 '”@?Pﬁ%""@ss&%gﬁ {?ﬁhbgdr%)%{r ect ed,
indegendegtﬂay, 'géTb& @ﬁﬁkowmwc4imM(b?4@mm1 €Ce0palky) (1014(37)3'!!0903495 h?VI ng
- carbon atons e en atons,
and al Koxy (BVGZ}B\QC'Q?QM | g hasiEa ki -ShoiPe Bl e o:

conpounds, Sk &y alkandyll0s€e)alk 1CixlkaB0ylamirtoneC.For nul a | a,
10 21 4226 B R A O :

h f,
phar maceut i @AHMOYERREYREHI% hX%Pi‘)?“E‘ nyférfwﬂ%c?a';‘?ﬁaﬂﬂ'ag‘%?ﬁ Hpqingqﬂ{u&m @dre{Jgg and
st er eol5ONgRyiN NRO& t@h@ﬁﬁ\ﬁ%@@@%ﬁlkﬂ stibstituts®ambibcarBorllaminp auifdsamido,gCedr ugs and

salts, mer(il)arllkylsﬁlfclansarﬁldo amino, mono-l\G- or d? ﬁ ,N- (CES é\l 4)alkylamino, carbamoyi, mono-
N- or di-N,N-(C;-Cy)alkylcarbamoyl, cyano, thiol, (C+-Ce)alkylthio, (C4-Ce)alkylsulfinyl,
'(C1-C4)alkylsulfonyl and mono-N- or di-N,N-(C,-C,)alkylaminosulfinyl, wherein said
alky! and alkoxy substituents in the definition of Ar' and Ar® are optionally substituted
20  on carbon with up to three fluoro;
provided that (a) when X is (CH,)- and Z is -(CHy)z-, then R2 is not thienyl, phenyl or
phenyl monosubstituted with chloro, fluoro, phenyl, methoxy, trifluoromethyl or (C;-
C,)alkyl; and (b) when X is (CH,)-, Z is -(CH,)s-, and Q is carboxyl or (Cs-
C,)alkoxycarbonyl, then R%is not (i) (Cs-Cy)cycloalkyl or (i) phenyl, thienyl or furyi
25  each of which may be optionally monosubstituted or disubstituted by one or two
substituents selected, independently in the latter case, from halogen atoms, alkyl
groups having 1 - 3 carbon atoms which may be substituted by one or more halogen
atoms, and alkoxy groups having 1 - 4 carbon atoms.
A preferred group of compounds, designated Group A, are those compounds

30 of the Formula la,



or and R2 is Ar wherein said Ar noiety is optionally substituted on carbon
or nitrogen, on one ring if the noiety is nonocyclic, or on one or both
rings if woezmpety is bicyclic, wth up to three substiPOPpmME/PES ring
each independently sel ected from hydroxy; hal o, 10 carboxy, (C, -C7)al koxy,
(C -A)al koxy(C, -C4)al kyl, (C -Cr)al kyl, (C2-C7)al kenyl, (C3-

C7) cycl oal kyl, (C3-C7)cycl oal kyl (C, -4) al kyl

(C3-C7)cycl oal kyl (C, - C4) al kanoyl, fornyl, (d -C8)al kanoyl,

(C, -C6)al kanoyl (C, -C6) al kyl , (CQC4)al kanoyl am no, (C, -

C4) al koxycar bonyl am no, hydroxysiyl fonyl, am nocar bonyl am no or nono-N-,
di-N,N, di-NN- or tri-NN N-{{¢=84)alxyl substituted

am nocar bonyl am no, sul fonam d , 15 C4)\<3Q'K 1 sul f onam do, am no, nono- N
or di-N,N-(C, -C4)al kyl am no, ca yl, mono- N or

di - N, N- (C1- ) al kyl car banoyl , cyano) jol, (C, -Co6)al kylthio,

(C -Co)al kylsulfinyl, (C, -C4)alkyl sulf and nono-N- or

di -N, N-(C, -4) al kyl am nosul finyl, V\heg_?':n saRf al kyl and al koxy
substituents in the definition of Ar optionally substituted on carbon
wWith up to three fluoro. 20 A preferre% group of compounds within Goup A
designated Goup B, are those conpounds, prodrugs thereof, _

phar maceut ipeairigs therseh phabimacsatically afceptable saiio airaithermpatddsandisat odr ugs, and

st er eoi songf d. di : i ) 0f L D pr odrugs and
cal 1o whor IurigY: ol SIS wft MabidbRr il O GRTRS S ey

PCT/ 1B0%/ 0203tBugs @hd daltenwhereinapist-Gilb-; diis 1§60yl optional |y substituted with
one or two (Cl-C4)alkyl, (gj- C4) al koxy, (d-C4)al koxy(CT-C4) al kyl, chloro,

fluoro, trifluoroneth Q , Wherein sai hd al koxy .
substituents in the defi iti/nof Ar are optional\ly /substituted with wup to
three fluoro. 5 A preferr group of econmpounds wi¥hin Group B, designated

Goup C, are those conpounds, prodrugs thereof, pharnaceutically

acceptabl e salts of said conpounds and said prodrugs, and stereoi soners

and di astereoneric m xtures of said corrpo prodrugs and salts wherein
7)

the dotted line is no bond; Qci)rs car box 8 - &A4) al koxyl carbonyl; and Z
is 10 S A preferred group of Conpounds w t Group C, designated G oup D,
are those conpounds, prodrugs thereof and ptar maceutically acceptable
3?1';3 ts e?]; orswgng (Bzﬁﬁogf @H%gﬁég%dArsr%ie R 8p iBHglﬁ/’suggﬂutE& Bh 8h3R %Pﬁi?ro&%q on

one ring if the moiety is monocyclic, or on one or both rings if the moiety is bicyclic,

with up to three substituents per ring each independently selected from hydroxy, halo,

10  carboxy, (C;-C;)alkoxy, (C1-Cy)alkoxy(C4-Cy)alkyl, (C4-Cralkyl, (C-Cr)alkenyl, (Cs-
C;)eycloalkyl, (Cs-Cr)cycloalkyl(C4-Cas)alkyl, (Cs-Cr)cycloalkyl(C4-Cy)alkanoyl, formyl,
(C4-Cg)alkanoyl, (C-Cg)alkanoyl(C4-Ce)alkyl, (C4-C,)alkanoylamino, (Cs-
C.)alkoxycarbonylamino, hydroxysulfonyl, aminocarbonylamino or mono-N-, di-N,N-,
di-N,N'- or tri-N,N,N’-(C,-C,)alkyl substituted aminocarbonylamino, sulfonamido, (C;-

15  Cyalkylsulfonamido, amino, mono-N- or di-N,N-(C,-C,)alkylamino, carbamoyl, mono-
N- or di-N,N-(C,-Cy)alkylcarbamoyl, cyano, thiol, (C4-Cs)alkylthio, (C4-Ce)alkylsulfinyl,
(C4~Cy)alkylsulfonyl and mono-N- or di-N,N-(C,-C,)alkylaminosulfinyl, wherein said
alkyl and alkoxy substituents in the definition of Ar are optionally substituted on
carbon with up to three fluoro.

20 A preféerred group of compounds within Group A, designated Group B, are
those compounds, prodrugs thereof, pharmaceutically acceptable salts of said
compounds and said prodrugs, and stereoisomers and diastereomeric mixtures of
said compounds, prodrugs and salts wherein Ar is cyclohexyl, 1,3-benzodioxolyi,



15 sai d conmpounds, prodrugs and salts wherein Qis carboxy and Ar is phenyl
optionally substituted with one (C -C4)al kyl, (d-C4)al koxy,

(d -C4) awkonry§28 C4) al kyl , chloro, fluoro, trifluoronet hpCT/aB016OgEA0,
wherein said al kyl and al koxy substitueBts in the definition of Ar are
optionally substituted with up to three fluoro. A preferred conpound w thin
G oup Dis the conmpound, prodrugs thereof and 20 pharmaceutically
acceptabl e salts of said conpound and said prodrugs, and stereoisoners and
di ast er eonwfiényl, rmtaphthylm pbénys aptibneliyrgubstitated pmtb@nagst\mi@&a)eﬂ‘@'l (@herein Ar is

mtrifluor Y, r is the
conpound, %ﬁh‘%ﬁg EF? '}(8)8?8 ﬁ@a!kﬂaﬁl}o&ée@? f°c§f@§%é@6?g%‘% Pof sai d
conmpound arsdldszﬁ{ydarm a)ldm;:@abstltl%tsaln dhesdediniéion sbaweare optiehally a@ns@mmm c

m xt ures of ound prodrugs and salts wherein Ar is

m chl or ophé‘ﬁ?ﬁ’ r preferred conpound within Group D is the conpound,

pr gdr ugg t hgr é(bf prafa;deg lgeoupedt eanpoaridswithindapup Bl desigiated Gfoupdl, dreco W]Pou nd
and sai d prodrugs ster eq i soner,s. an t res of said
'?Q?& o g@dg{gs I%er réqrr% %?uq 8\@ a%F é 'sglts%f)éh‘d

conmpound, uor onet hoxyphenyl . An
especial ly cbﬁ@f)@ids@d\d@b@@od!ﬁg@@ﬂipetﬁmtmouﬁem hnd;dlasleEﬁmmemln mixiglea @& 5- ( 3-

2S- (3R- hyd (3-trifl t hyl - t 1-vyl
g)ropgll) V\g)sr@%xeéﬂ‘fegn%%’r;ofﬁb%;%geﬁ@Wh% RP(%%%{%# "Xé car oxy %:E%Eb)g} ne iy
5- (3- (2S- ( Fr(bydpaxasxykalbdnyll arid B onet hoxy- phenyl ) -

butyl)--5-0x0-pyrrolidin-1-yl)-propyl)-thi ophene-2-carboxylic acid; and
5-(3- (28 (4-(3-

chl or o- phenyl ) - 3R- hydr oxy- but yl ) - 5- oxgspyrrolidi n-1-yl)-propyl)-thi ophene-2
-carboxylic acid. 5 Another pref eﬁ‘m of conpounds within Goup A
are those conpounds of Goup A phar utically acceptable salts of said

conmpounds and said prodrugs and stereoisonefs and diatereoneric mxtures
of said corrpound:s prefdred'gials ﬁrbdmpsatds&vlthmmpm HesngnatédHGrqupZ) iage - (CH2) 3-,

Qis carbox CI-C4 al koxy arbn and Ar ent |
substi t ut ed ”&’Hén‘i’% fadryes tﬁ?fﬁﬂ H p&arr@c)eg %&?8%‘1?@%’!6 ?antg g’%g Wi t% one
to three f |déﬁfp©uﬁHs 4rid sa%r@&ﬂ@@%)dn@ steﬁ:‘édlﬁirherh and Hiastereoneaticingirtuies of

particularly directed to a ef i
i medi dBel ySais Q@EROHNERy PR %%ﬁﬁaﬂﬁwg?rﬁﬁ‘céiﬁ?a%W?ng%g q'begyl Ogt'o apg of said
conpounds  afifisthated with @Fé (@ﬁcgﬂﬁylS(bﬁuog)almmcscgaldom(ax-ez)emmhmom xtures of
said conpounds, prodrugs and g ﬁ< n th dotteqt e ks no bond; Q
i s carboxy flyyoro, influorometh lor cyano whereln said alkyl and a oxy substituentsTin

definition of Ar are optionally substituted with up to three fluoro.

A preferred compound within Group D is the compound, prodrugs thereof and

20 pharmaceutically acceptable salts of said compound and said prodrugs, and
stereoisomers and diastereomeric mixtures of said compound, prodrugs and salts
wherein Ar is m-trifluoromethylphenyl.

Another preferred compound within Group D is the compound, prodrugs
thereof and pharmaceutically acceptable salts of said compound and said prodrugs,

25  and stereoisomers and diastereomeric mixtures of said compound, prodrugs and
salts wherein Ar is m-chlorophenyl.

Another preferred compound within Group D is the compound, prodrugs
thereof and pharmaceutically acceptable salts of said compound and said prodrugs,
and stereocisomers and diastereomeric mixtures of said compound, prodrugs and

30 salts wherein Ar is m-trifluoromethoxyphenyi.

An especially preferred group of compounds of this invention include 5-(3-
(2S-(3R-hydroxy-4-(3-trifluoromethyl-phenyl)-butyl)-5-oxo-pyrrolidin-1-yl)-propyl)-



15 (C, -C4)al koxyl carbonyl; and Zis S~~ // or N This invention is
particularly directed to a conpound of Formula | as defined in the

i medi at V@ opsreeedi ng paragraph, a prodrug thereof, pharperektiocel y 20
acceptabl e salts of said conpounds and €ai d prodrugs and stereoi sonmers and
di atereoneric m xtures of said conmpounds, prodrugs and salts, wherein Qis
carboxy and Ar is phenyl optionally substituted with one (C, -C4)al kyl,
(d-4)al koxy, (Cl- C4)al koxy(C,-C4)al kyl, chloro, fluoro, trifluoronethyl
or cyano, Whiepieine-2edrboalikydid;&Hn@- (28+(Blaahydmujas{(B-ltrijleqmomeitthymbem@Fi ni tion of

Ar are optlonlly subst i W t 0 ention is
further ¥ %?I%Hi‘y Prepy Qél?g &b%ﬁf%&?cognm%én% P @@gs(kelg?s with

| ow bone W&ﬁu&)rdJ-ﬂh@‘nmEBWﬁ)dr@qmltyl)Sﬁ OXp- ayimhdeItfl)pmgyllﬂ)lwhemb—aﬂaaﬂm}(yllcan EP4
receptor sele E‘ctlve conpound of Forrmula I, a prodrug thereof or a

phar maceut 8%} |y acceptabl e salt of said conpound or said prodrug, or a 30

st ereoi soner or M’ioﬁfdr@f@@rrﬁtfgrﬁummampbumﬂs withinl Geaupparedhoseatompmungs odr ug.
This invention is particularly dir ed to.such net ho |

condition Qf&redR éo%?f'ﬁ@?eé’ﬁcaf"}//ép‘l“q@a?bt'%ﬁa"ﬁg &y 89@9?%1@@33@%@?8&5@%”6

dff eclt, CB'drﬂ@?&dwb@iﬁé@&hbU%téﬁ&)rﬁ&ﬁtﬂr?&ﬁﬁem%iﬂ%ﬁipﬁﬂmproditlfgstamde I ogs

al veol ar bone | oss n r SS t eot one
| oss associS#ft %dWW?f?Wr%E {DQ 2f51 -?‘}9'5(3" '?)?%5 E?r(i: |1<8W0ﬁ30 f‘ﬁ' aﬂ%rerred
mét hods of % Phény Iinﬂé(;ﬁ-:lhlﬂfaml? sub&teutefP4vith ©ae i mreeawbﬂ@'ﬁméeﬂa?oxyhmbshtsted
amnlstere systeni ca e met hods of this invention,
t he EP40agdmthgneitgt 8‘?1{' rgPé&éoé“F%W&; é“%”‘f" is invention is particularly
directed to suchrm@hbé}fﬁanwbérrwuwrlwﬁécts@mh tor@pmundssf Pormeflzpbasdefieet ne

di sease wherein sur |cal grmval of bone | eaves 0

requi res fitheimmedigkl Aesersing p@'fagfemhsphe?W\?ﬁ?"i't'Sﬂ"yaﬁcgnggtH%8?'% (fffa‘@s]:af ul

wher ei n saibnfR0Add érfbnsdlcﬁproﬁrfugs bhd’steﬂ&ls%rmm%re@fmdnbInﬁxtumsejﬂﬁalon are
al so especiall'y useful wherein sai

te Th t hod
of “Chis | mBmPURIS PSS W hEssdiodine Rt edr B S BaRanTon 1o
bone fKaCt YEe.falke)i&RPsHyRahe Zfig act ur e.

This invention is particularly directed to a compound of Formula | as defined in
the immediately preceeding paragraph, a prodrug thereof, pharmaceutically
20 acceptable salts of said compounds and said prodrugs and stereoisomers and
diatereomeric mixtures of said compounds, prodrugs and salts, wherein Q is carboxy
and Ar is phenyl optionally substituted with one (C4-Cs)alkyl, (C4-C4)alkoxy, (C+-
C.)alkoxy(C+-C,)alkyl, chloro, fluoro, trifluoromethyl or cyano, wherein said alkyl and
alkoxy substituents in the definition of Ar are optionally substituted with up to three
25  fluoro.
This invention is further directed to methods of treating a condition which
presents with low bone mass in a mammal comprising administering to said mammal
an EP4 receptor selective compound of Formula I, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug, or a
30 stereoisomer or diastereomeric mixture of said compound, salt or prodrug.
This invention is particularly directed to such methods wherein said condition
is osteoporosis, frailty, an osteopprotic fracture, a bone defect, childhood idiopathic



This invention is also directed to pharnmaceutical conpositions conprising a
15 compound of Fornula I, a prodrug thereof, a pharnaceutically acceptable
salt of sedd4xe$rpound’ or said prodrug, or a stereoi somer POT/IRI1A2478r eONeri c
m xture of said compound, prodrug or s&04+ of this invention and a
pharmaceutically acceptable <carrier, vehicle or diluent. This invention is
al so directed to nethods of treating a condition which presents with | ow
bone mass in a nmammal conprising adninistering 20 to said manmal such a
phar maceut i oak lasspgiesilari bone Id3sghandithliar boos tosagrmediactire, wsiestomynbongen over

26 who naVe e fsriodindfe. B BeRhbRtinoRel MpreidRaia eI tie> 0.
to 1.5 st aridantondehe BP# cateptoe selectiye agonistds adthinistesedbysferdisally ninofier met hods  of
this inventio ondi ti ons.whi ch pr, it i ncl ude such
condi tions pa(%@”?‘gme gﬁ‘&? §1,|s '8%%‘38@36%@?% ?%’?%%}N%ﬁ%‘%@%ﬁ?dg%g@\* c bone | oss,
al veol a5 bone | oRds invention isupaaticutzoiy eirbaisd o duoh endthaiistwhessin egthaonditign bone
| oss associ.ated wit eriqdontitis.and (- . t for
{reat | mo. - doboTrEgPe BFe AT e AiRa e chab e A tdfEREER 0t oas
of this inweidh eguiresSdingndary osteoporosis” includes glucocorticoid-induced
osteoporosi s, hyperthyroidisminduced osteoporosis.. inmmbilizatiaon-induced
ost eopor osi s, hﬁ%fﬁ%‘%f’ﬁ%ﬁéﬁﬁ 'rB’EPtéo&ja(S‘?queé:' %HS?%WTWH% 'ﬁﬁ%‘?gg%(ﬁ\‘?@-'?nduced
ost eopor osifmiltyn a vertebrate, e.g., a mammal (including a human being).
These t hods e carried out by.admnistering to i.d vertebrate, e.g.,
manmal ,1%2 WO 02%1%%‘1?5&%1@61'}\’8%@?@6 -aff‘f’ﬂ es%eé:&aglxalgc?@la\%@e[r '858’ osi s" treating
anount of ajonlifén seskPborosisel ecti ve prostagl andin agonist of Fornmula I, a
prodrug thereof gr aﬁtﬁhgr eutical lc% agcegt abl e Saflli of .sai.d EP4 receptor
sel ective pr osta&ea{'ﬂ RIS SiP dveriiongre alsp §SRRSRAY HSeHIWIRreR 82 .; somer or
di ast er eonajonditioh Kthohe fratturndrtbstpp@titiftactmeodr ug or salt. 5 Yet anot her
aspect of this i ve.nt%ﬁ.n (S .rengt heni n%Oa bone
i%on,

di r.ecg%g tg net ho,[dsI for: stB
graft, inducing ipyerion Is3)rRdirestaddo PRYMECRYLCE! ¢URRPSHBRRCARTEING
enhanciisg  depipouheal Farghulz0l & pridag therebfib phastatztically beseptabixdaltlofsaid
reconstruction and/or . ngi bul ar reconstruc(%i (%n in a vertebF atg, e.g., a
mammal (i ncOMROHGY & TARBIRCBE: i SIeTEBARET € JigFSaRMANS ARG 337 sai d
ve (r]I t ebrat E,%omp@umd,%rcﬁﬁfiﬁgfai saNuf dtis ineantign dad g@nerm?cﬁrbwnﬁgmeafables urgery,
I nduction of vert a NnQsL QOS] S, .enpancenent O n e extensl on,
fact al | 1 ecREHHENOs o G 1 PUeniBR R Ottng et harand o

condition which presents with low bone mass in a mammal comprising administering

20  to said mammal such a pharmaceutical composition.

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.

Methods for freating "secondary osteoporosis" are also included within the

30 methods of this invention. “Secondary osteoporosis” includes glucocorticoid-induced
osteoporosis, hyperthyroidism-induced osteoporosis, immobilization-induced
osteoporosis, heparin-induced osteoporosis and immunosuppressive-induced
osteoporosis in a vertebrate, e.g., a mammal (including a human being). These
methods are carried out by administering to said vertebrate, e.g., mammal, a



reconstruction, a bone enhancing anmount of an EP4 receptor selective
prostagl andin agonist of Forrmula I, a prodrug thereof or a

phar macew® ozhi2¢s8 accept abl e salt of said EP4 receptor sePeTABMM2073

prost agl andi n agoni st or of said prodrugj- or a stereoisoner or 15

di astereoneric m xture of said conmpound, prodrug or salt. The EP4 receptor
sel ective prostaglandin agonists of this invention nmay be applied locally
to the site of bone reconstruction or may be adm ni stered system cally.
This i nvent“semnnﬂarya:ls@mdbsie’btrﬁﬂing arrwunka&fIaocER#frecemcatéelagtivawostegie@di@r

reotile  URRMGIRY HSOINEL 35 AARSLEILN b et Loy need of

such treat rea I ng anmount of
a conpound ER4 té«:epstuﬂ saaldctwaprpsiaglaugmtalgemlm of sal@bwdmgmflasterablsgmacwept abl e

salt of sai ound 0 oi soner or diastereoneric
m xt ure of %ﬁq%fngra%co'ﬁﬁﬁ‘ W gﬁg e %{P?'%g?kg%fl nvention is also directed
to a nethod for Ye‘teabthaga@eumﬁm inwdxitioh is @fecedds enetiodaiforstiengthemieglar enal
function c riS| admn terin A Idne) ener ati ng
ef foct | ve. HBEAErbAES M Urosidhis Anerero g G G RpLarancy
phar maceut i sonelhgalirgdelpiniy faciakretorstrustitindmexiligrg rsvdnstruction dngiorodr ug or  a
stereoi soner _of, di astereoneric m xture of said und rodr sal t.
This 1 nventatibEr A DS GHRIGE riaa s oHIE s BPTSPE ABe Folge BEHER0 BBReh °3
corrpri sing Mrusmgtaamirmerm ta saie veRebrate! .91, apearhinabligh leés‘ umrergoaearmunt of
of Fgormul a er eof har mac ca accept abl e
sal t of saﬂ?ﬂ’ @Be?%%{ﬁﬁfy d'?duscﬂg p‘{egtgPﬁgsygpStgé@teéﬁ@B‘f P |I8F' b?%%st er eoneri c
m xture of @@rféloncrf@wnuwhstrpctmlrmgxnmyﬁadohstmndnamwbm@ut i cal | y effective
amount of a C@ 02/ 68 PCT/ 1I3[r %7 - @ @Ct ase ’?fi bi tor
(statin) orre‘éO’]& ecien R P eég'F‘“ﬂPg aMSHAY AR t4|r‘€°£H ‘if S&EE ‘fﬁ%{B?
said c ;)Ep;) ni@f ofFkrélulan caipmgrugAh@é@ffcerarmrrdma@@uy ac@wme Qathﬁ %auao about
100 ng/ kg rug thereof
har maceut {5 ByoRERACIN Gosapendn Sans G oh s RRe . 678 SEPPISaPLg, or a
Z t er eoi1s0 n’ﬁ'aéi’ére@péﬂcﬂﬁg(ﬁfé@@m%fd @mdéhdryﬁo@g% Dak4lt. G'ﬁgEWrrdcep}ﬂ);(r@/élgU@/eOF f salt.
n especia referre osage.i s about t ay of a
Compound ofPrURAKIIT 2oris o g inySp iR B8 D% Fonied IeeA ML SR FERTEING o pt ab e
3 alt of sabkebrieuiieH e R b@@udurnﬁtaféalsgstgmrcam/ ster eOI sorr:sr or1 0aY ]
| ast ereoneric xture o ai d compoun 0 t t anot her
Bspect of thi o TGN IsTeh isIeato At aeosh Ebtense e6PRER: |
dysfunction which comprises administering to a patient in need of such treatment an
20  impotence or erectile dysfunction treating amount of a compound of Formula |, a
prodrug thereof, a pharmaceutically acceptable salt of said compound or said
prodrug or a stereoisomer or diastereomeric mixture of said compound, prodrug or
salt.
This invention is also directed to a method for treating a mammal which
25  presents with impaired renal function comprising administering to said mammal a
kidney regenerating effective amount of a compound of Formula 1, a prodrug thereof,
a pharmaceutically acceptable salt of said compound or said prodrug or a
stereoisomer or diastereomeric mixture of said compound, prodrug or salt.
This invention is also directed to methods of promoting bone growth
30 comprising administering to a mammal a therapeutically effective amount of a
compound of Formula 1, a prodrug thereof, a pharmaceutically acceptable salt of said
compound or said prodrug or a stereoisomer or diastereomeric mixture of said
compound, prodrug or salt; and a therapeutically effective amount of a HMG-CoA



conpound, a prodrug thereof or a pharmaceutically acceptable salt of said
conpound or of said prodrug, or a stereoisoner or diastereoneric mxture
of said owoppu2es prodrug or salt, and other conpounds aBCU®dredyad bel ow.
Yet anot her aspect of this invention isidirected to pharmaceutical 15
conpositions conprising a conpound of Fornmula I, a prodrug thereof or a
phar maceutically acceptable salt of said conpound or said prodrug, or a

st ereoi sonmer or diastereoneric mxture of said conpound, prodrug or salt,
and an ant ireduetese rHibiter ttgting or aaprpdiaig rtoeredfioe rgibrroaceaticeiin poceptable saitl | v

accept abl e said prodrug and for the use of such
conposi ti oﬁisef'@é’°fﬂ’ﬁ%”f{°?°é§?%e°ﬁ§dr§§ 20 prevention of conditions which present
with | ow bone nﬁs;srefelrmdldushgmgs alsdut 00 ds alsout 100 engliey/dayiaf atoospoendyof, mammal s
(e.qg., rtlc men (. th C for
ther " bone TeuB T BB e & MhaeckialE fe-Bhieblsiedest SR RGTnbe R

conpri s& aot baid @rt&mng @&blster@ﬁéoammva disatepeorherizfmiatufd mfmldmmnmundj sai d
first conp Formul.a | und rodr u r

phar maceut |p{:°[§ﬂt'%/ e 'E'Sfﬁe@'agﬁprtefeérfe é'8r?88@tr:pd&oti° 398% ‘fd}pé@&ﬁia)? or a

st er eoi sorrefacbmclomicﬁmmail,ca m‘bmgnrcereﬂfwalmlanmounwy aquepthblecgsatir sal t
and. a ther?g@é‘t | cal I ef f ect ici/re anount saip second

of a secopd, conpound
Compound  b&! F3Y GAMERHTA 7 ealmbed e OLgSRreoorier R A PTG B
ph?r maceut |sg|a!dompoa|fd;¢>pdcmb%ersaajt of Eal d agent 0{ sakg ItOLOdr ug such ?Stﬁ'n
estro agoni s nt ggoni s ar a ona 0 ct o i's
mven'? ﬁ@n igs di y@@?%‘% r@s%qtﬁg@gs "f“fﬁm'?r?g rieﬁ %cfnf' BRUPR ST aEOFé}?”?a nmal s
whi ch pr esedinpydrid) alpmrbg)mérémssa pmmab@jtmlly ardéptablefsalt biggid eonspoiudd
vertebrate, e, g., a vnl% ng[itlon vvhlxct: %es nts with | ow bone
oS WO 02PESHHS pRHBE BaGEoen e detRo R Pt e BLSHT PatedlHound, an d
flh r st corrp@tumldfdo@im @mhénuompbunmmmbedaoewmdrug thereof or a
phar maceuti ca

tabl e s id prodrug, or a
st er eoi somer or )Q&? E rEASRET O hfﬁ'&‘ﬁﬁ‘?%n 5fdcr§8r$8?%a??ﬁ'6'aﬁ%?cqpr odrug or salt;
and 5 b5 aaomp@mansafor@nﬁﬁga@dmp@urnwrmrmslau ¢} mmgdhesr@csmland bei ng an
anti - resorBt | ve 59 @f @Eodrﬁg th(greof or glgar ceutically acceptable
salt of saPBMaFEH{Cads aLEP R GRMPUND o SIS PFRSM Oh8oni st / ant agoni st
or a bi sphespdustaie or Siaﬁﬂ@r@dmanemitu@nﬁ said Corpbied] pratiyy & <3, &gl arsed for
ot her bone nmss _ . .
anti-resorptive agent, a prodrug thereof or a pharmaceutically acceptable salt of said
agent or said prodrug and for the use of such compositions for the treatment or
20 prevention of conditions which present with low bone mass, including osteoporosis in

a vertebrates, e.g., mammals (e.g., humans, particularly women) or the use of such
compositions for other bone mass augmenting uses.

The combinations of this invention comprise a therapeutically effective
amount of a first compound, said first compound being a Formula | compound, a

25  prodrug thereof or a pharmaceutically acceptable salt of said compound or said
prodrug, or a stereoisomer or diastereomeric mixture of said compound, prodrug or
salt; and a therapeutically effective amount of a second compound, said second
compound being an anti-resorptive agent, a prodrug thereof or a pharmaceutically
acceptable salt of said agent or said prodrug such as an estrogen agonist/antagonist

30 ora bisphosphonate.

Another aspect of this invention is directed to methods for treating
vertebrates, e.g., mammals which present with low bone mass comprising
administering to said vertebrate, €.9., a mammal having a condition which presents
with low bone mass



augnenting uses. 10 A preferred aspect of this nethod is wherein the
condition which presents with |ow bone nmass is osteoporosis. Another
preferrewaspexss of this nethod is wherein the first conppanv@BEnd73t he
second conpound are adni nistered subst#dtially simultaneously. Another
aspect of this invention is a kit conprising: 15 a. an anount of a Formul a
| conmpound, a prodrug thereof or a pharmaceutically acceptable salt of

sai d conmpound or said prodrug, or a stereoisonmer or diastereoneric mxture
of sai d conpound, gprambumoba firsbéampoudd saidiirsiraraweund being ¢ FasBdad abl e

carrier or diluent in a fi ' r r=Yazollk aRd
anti-resor 8?'?19/ U%Qg%ﬁfofjﬁ‘é; tb%%é];%%l émagﬁég%%gérwg%#%ﬂgrgﬂaceuﬁ C(?gﬂ[ploy

accept abl eossdid potirugaorh sigevisomer sadigstereonietigmixiar ohsaid gompeyrdgen

agoni st/ ant %%oni St R bi sphosphonate and a pharnmaceutically acceptabl e

carrier or UMY ¥ % second unit dosage form and c. a container. Yet
anot her5 aspect bf anhansounhokaseamnd icomgourel; sad seconglcampagiedibgiogan amb

conpositions ¢ rising a,c 0 f F eof or a
phar naceut ﬁs&m%gg 3%%1&&9 R %gﬁ?rggfg?r%spgﬁﬁﬁgc%@%gﬂxaé%eﬁ%%%Qtp&rfg%pug, or a

st er eoi sonagerilor shidptodrgosuehias amestrogen agonistardaganigi oua tisppespiionaje.or sal t,
and anot her bon nabol i ¢. agen | i ¢ agent may
be a different gg%}%m%?sﬁloeg%%U%&O?Q&%g%géﬂ%gﬁ%ﬁﬁre@f ?P ﬁ%ﬂggé

phar maceut bggrhéntingusept abl e 30 salt of said agent or said prodrug and for
t he use. of such,composition r the tre [k I pr esent
wth | ggv bone nﬁé’é‘%}gfrﬁi?Wcﬁcﬁﬂjtﬁg%eg °c§’£'8&ﬁé@ﬂka%’\‘/@f‘?ﬂwgﬁg?&% ‘gnh manmmal s
(e.d., hunwmshoneanddsdsibstedporagisren), or the use of such conpositions for

ot her bone mass  augnentj ng  uses. ch QS L on [

t her apeuti cal | yAB‘fL’]tﬁﬁrcﬁr?ﬁ?HggﬁﬁW ogtfus eﬁﬁé@? W@S%’Bﬁﬁﬁ?@ﬁ%ﬁ&@raﬁd conpound
bei ng a \OXHedatbéoniiolind BREladiAiNERred dubsfaatiatyisanudltaceogsbund, a prodrug

t hereof or a phgr thEceuti ctal |}¥ acceig)t ab!ﬁg. salt.of said conpound or said
prodrug or a st BPRBPSHRER ANy ISP &3 8T FAWH%r e of said conpound,
prodrugsor salt a. amchriounief @pewtuls bédnypoehd ecprotheigdineeottorafl a second

T hor oot BPErEaERARARCAERTD GHP 91 AL PR A g T PR ohfiont o sai 0

prodrug. Areddimenspéiasterzbnidhit siktorean saidBompoutid; pridedy drasalrendhads f or
treating pharmaceutically acceptable carrier or diluent in a first unit dosage form;
b. an amount of an anti-resorptive agent, a prodrug thereof or a
20 pharmaceutically acceptable salt of said agent or said prodrug such as an estrogen
agonist/antagonist or a bisphosphonate and a pharmaceutically acceptable carrier or
diluent in a second unit dosage form; and
c. acontainer.
Yet another aspect of this invention is directed to pharmaceutical
25  compositions comprising a compound of Formula I, a prodrug thereof or a
| pharmaceutically acceptable salt of said compound or said prodrug, or a
stereoisomer or diastereomeric mixture of said compound, prodrug or salt, and
another bone anabolic agent (although the other bone anabolic agent may be a
different Formula | compound), a prodrug thereof or a pharmaceutically acceptable
30 salt of said agent or said prodrug and for the use of such compositions for the
treatment of conditions which present with low bone mass, including osteoporosis in a
vertebrates, e.g., mammals (e.g., humans, particularly women), or the use of such
compositions for other bone mass augmenting uses. Such compositions comprise a
therapedutically effective amount of a first compound, said first compound being a



vertebrates, e.g., mamual s which present with | ow bone mass conpri sing
adm nistering to said vertebrate, e.g., a manmal having a condition which
present s whbh4d268v bone mass 10 a. an anount of a first cor@pDIB/0267ai d fi rst
conpound being a Fornula | conpound, al4rodrug thereof or a
pharmaceutically acceptable salt or prodrug therof, or a stereoisoner or
di astereoneric m xture of said conpound, prodrug or salt; and b. an anount
of a second conpound, said second conpound bei ng anot her bone anabolic
agent, a pFodnulg! térepani, aprodrugtibenseaioera preanbgeuticalypeedtable sltofshidsai d - 15
agent or s r be used for
ot her bone%%gggun%gél}ﬁé%%jrﬁwﬁgg égéggtgﬁé,& éﬁﬁ{é"?é’f@gﬁg@?ﬁ%ﬂ? rrﬁ?yrte fﬁféagret hod is
wher ei n t heompouatid, pexirugrehitEnd seherapeutichlly ¢fteativeoarsounhioba secondt eopor osi s.

20 Anot her n‘g r¥d Qélgtsgéosh cgpgﬁﬁﬁéﬁooﬂal ar?otllm(értboﬁg gﬂédoﬂ:??e f?glr%ac mount of a

Formul a | prodr ereof or a armaceu ept abl e
salt of5 satrd;rmfmpelphdrmzrceshnatly gucepiabie, sath of eald agaﬂeosend)pmdruy di astereoneric

m xture of said,coppound r.odru zarma eutlcally
acceptabl e carr (A‘QP{T%F a%ﬂeF'LfﬁHi'S ¥ |o]n||sr§l{ec glgoagﬁ A9 25 b, an anount
of a secondembmtesmlg manﬂwamanmadpmsémwmdovbbommamdnmnsudgone anabolic
agent, a prgd ﬁr eof Oy tghar maceuti c X]pacce 5 ﬁaret of said
Soent o SataMseinGR SAH vereEaBfoy Anerpa Ay nich iesglisar ner
Wher e usedwith lanorefmédse above net hods, kits and corrp05| tions, certain bone
30 anaf) lic agents, estro ﬁ ggonl St a/ anéfrggm sts nd bi hosl gonat es are
pref er or  e8pdLARPYN} g? FEFYBRRPUNS, 3 ‘éor?f?ﬂ'r‘é' ﬁgg(?i 5 nts include
| G--1, pr OG(ﬁrﬁgtblﬁfﬁfda Ibﬁodrllly’thélfeaﬂd)r@maﬂmaeﬂﬁmals'taeb@pﬁlﬁ@@ﬁlt @t;ﬁodra@mewsn
fluoride, gara roid horng %‘e%actlvefra "é}c $ r0|d
hor mone, p3t&f Ofer SF digrierepmede Alxtyeof ?ﬂg§°@ PTC\‘?B"Q‘
02/ 4_2(2168 PCT/ 1BEJ¢}rD£:ﬂES@wt of 3 becund c@ﬂ@bm@and@bc@ﬁrwnﬁpmﬁd denh@éﬁ@tﬁ@r rel ated
pepti des, growt rnmones or, grqwt roone secr
Do mcout PO Fpbataamta wodh et of Banamassdicaly ads0ep i gLar o
agoni st/ aag@g@ﬁsgaprddmg ude drol oxi fene, ral oxifene, tanoxifen;
4y dr oxy- LAMOX] 6o 8siond ShEine 08 S 35 B UsBY B Bl s
augmenting uses.
A preferred aspect of this method is wherein the condition which presents with
low bone mass is osteoporosis.
20 Another aspect of this invention is a kit comprising:
a. an amount of a Formula | compound, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or said prodrug, or a
stereoisomer or diastereomeric mixture of said compound, prodrug or salt, and a
pharmaceutically acceptable carrier or diluent in a first unit dosage form;
25 b. an amount of a second compound, said second compound being another
bone anabolic agent, a prodrug thereof or a pharmaceutically acceptable salt of said
agent or said prodrug in a second unit dosage form; and
C. a container.
Where used in any of the above methods, kits and compositions, certain bone
30 anabolic agents, estrogen agonists/antagonists and bisphosphonates are preferred
or especially preferred.
Preferred bone anabolic agents include IGF-1, prostaglandins, prostaglandin
agonists/antagonists, sodium fluoride, parathyroid hormone (PTH), active fragments
of parathyroid hormone, parathyroid hormone related peptides and active fragments



5 i doxi f ene;

6- (4- hydr oxy- phenyl ) -5-(4-(2-pi peridin-1-yl -ethoxy)-benzyl)-napht hal en- 2- ol
; (4-(2WQeaxedi cyclo[2.2.1 PCT/IB01/02073

] hept - 2-yl ) - et hoxy) - phenyl ) - ( 6- hydr oxy-2-( 4- hydr oxy- phenyl ) -

benzo[ b] t hi ophen- 3-yl) - net hanone,;

3-(4-(1, 2-di phenyl - but-1-enyl ) -phenyl)-acrylic acid;

2- (4- met hoxy- phenyl ) - 3-[ 4- (2- pi peridi n-1-yl - et hoxy) - phenoxy] - 10

benzo[ b] t hiamdlrealoGues of parathyBeid hofrhererrelatsdeeptidess gramdif horpigpes pgrawth

-yl -eth -ph [ ) - - t -7 _ )
(}/) - gi soéyﬁ}?@ﬂ?e/r@%‘% 9 é-lésdf-b ngd‘?‘?)ﬁeg”?‘ %W&% P@Q%gt%%%&%e%}t?;theée% 7,8-tetrahydro
- napht hal ene- 2-Ruéfe(red sstfapenfagoeists/abigonists include droloxifene, raloxifene,

¢l s-6- phe”ﬁé@?@{eﬁ{ 4-%9&%3%—%'111'0 Il Tordinirdilel QM8 RERNEYsrmexifer; t €1 Fahydro-

napht hal en

fi tS 1;] ( g' - mefi(nwﬂm»(-rbhé’lyﬂ@f#(didiF)eriﬂmﬂhﬂMﬂOXB)—bﬂ}fdvk)m?pfﬂthaler82~¢k
etrahydro al ene;

10y Biiﬁﬁﬁ-ﬂwﬁfﬁyljr-%.vpﬁhoew&mea&h—an-%r%:%@awg@x.y-f,hs%):4- 20
et r ahydr oi phea;3-yl)-methanone;

Ci s-6-(4-hydrox nyl )-5- (4-(.2- pi Reti din- 1-.vl - et hoxy) - ph 1)-5,6,7, 8-
t et rahydr o- naph%&E(gﬁ(géé&@eg&l,-btg-ﬁaeonyﬁ-phenyl)- cryhX acfa, v)-phenyl)

1- (4" - pyrrolidi mopehsthaxypprenyl)-B-[2Dhipaydin-6-yhyitioryphéndyB, 4- ‘
t et r ahyidr oipeagplbltidghea-6asld t he pharnmaceutically acceptable salts thereof.

25( Es?eci al ly pregs@(4-tubrephend)es(4a@qpipesitin Ryltatigny)-pheny 38, T18e:
3-(4-(1, 2-di phenyl -but - 1-enyl) - phenyl ) -acrylic acid,

2- (4- et hoiﬁ%ﬁ@%ﬂ%"k@?f%‘?%@pi peri di n-1-yl - et hoxy) - phenoxy] -
benzo[ b] t hi ophen)&issd-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl)-5,6,7,8-tetrahydro-

;:Ietsrghglgr L'rﬁﬁ@ﬁ@ﬁﬁ?—@ﬂ?l@%&fe% pi peri di n-1-yl - et hoxy) - phenyl )-5,6, 7, 8- 30
(-) - ci 956- phenylciss6-pherlyR5 1y 2-pyrialitin-1lylethory sheny-Blochs-tdtrabydio , 8- t et rahydr o
- napht hal ene: % of %I isof oxi f ene) ;

ci s- 6- phenyPPRNalgNg- '-Ogyr rol i di n-1-yl - et hoxy) - phenyl ) -5, 6, 7, 8-t et r ahydr o-
n«(’:lght hal enle- 3- oIcis-ﬁ@'@?ﬂgélaaﬁ&twﬁﬁgy}iﬂzmq?@nyl-ﬁﬂ?&m-ﬂz,sA-

-(6' -pyrrol odi nget -3' -pyridyl)-2-phenyl - 6-hydroxy-1, 2, 3, 4-

t et rahydr Oﬁgmﬁ'gp@ﬁﬁ{alene,

1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2,3,4-
20 tetrahydroisoquinoline;
cis-6-(4-hydroxyphenyl)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl)-5,6,7,8-
tetrahydro-naphthalene-2-ol; and
1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4~
tetrahydroisoquinoline and the pharmaceutically acceptable salts thereof.
25 Especially preferred estrogen agonists/antagonists include:
3-(4-(1,2-diphenyl-but-1-enyl)-phenyl)-acrylic acid;

2-(4-methoxy-phenyl)-3-[4-(2-piperidin-1-yl-ethoxy)-phenoxy]-
benzo[b]thiophen-6-ol;
cis-6-(4-fluoro-phenyl)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl)-5,6,7,8-

30 tetrahydro-naphthalene-2-ol;
(-)-cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl)-5,6,7,8-tetrahydro-
naphthalene-2-ol (lasofoxifene);
cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl)-5,6,7 ,8-tetrahydro-
naphthalene-2-0;



1- (4' - pyrrolidinoet hoxyphenyl)-2-(4"-fl uorophenyl)-6-hydroxy-1, 2, 3, 4-
tetrahydroi soqui nol i ne; 5

Ci s- 6- (4Wgdreeyphenyl ) - 5- (4-( 2- plper|d|n 1-yl - et hoxy) - phr@VABMB2E37, 8-
tetra hyd ro-naphthal ene-2-o0l; -

1-(4' - pyrroI|d|noIethoxyphenyl)-z-phenyl-6-hydroxy-1,2,3,4-

t et rahydr oi soqui noli ne; and the pharmaceutically acceptable salts thereof.
Preferred blsphosphonates i nclude, tiludronic acid, alendronic acid,

zol edronic 10 #sH(6Pwameriraatioxys-ayridy)-2atepyiiechyeiaxy-1.%84dr oni ¢ aci d,

cl odrom C ,%rryg mRdLsl-onic acid and their pharnmaceutically acceptable
salts. a}9[???Wge rec%?nl zed that Brodr ugs .and pharmaceutically acceptable

salts nay be fdridbpyrididneatiexyplsnyorhids fiueepheny!)rydeaydred.torpounds in the
conbi nat i oRg, h?&roﬁs'&hﬁl b@gent ion. Al of such prodrugs and pharmaceutically
acceptabl e salt's so Bo¥ormed are within the scope of this invention.

Particubarly prefssd-t4ebydseryphanyiibs(4t(@ainaddin-t-diethoxyephenmy@lobi or i de,
t anmoxi f en q%%w%,% ﬁ%ﬂthta%hgrﬂ&ene citrate. The phrase "condition(s) which
Wi

presents ne nass" refers to a condition where the |evel of bone
mass i s bel ow t He(4approigiadethpxyphemybe?-paenyiiehydrowy-i 2.3.4t andar ds by the World

Heal th O gﬁ*ﬁg@%ﬁ%@%@%ié‘fﬁ& Pﬂérnféc@ﬁﬁc‘éﬁfa%ﬁ%bl@%glts fh%re%@ Application to

Scr eeni ng for €e0por osi s Report of a Wrld Health
Organi zat i on St (Ri¢feGed hisphosphonbtesdinriude, Glugeaniczand, @wnmm%ﬁols@pn@s 843" .

| ncl ud h
ana  salondey PRCUERERGRL IR ZAE SRbRG Hely PGB8, AR hmiefice | o0

peri odont alacdinamletb@rphaamawtlaallytaomtabissaltSpost ost eot ony and chi | dhood

 di opathi ¢ bone f @ Be rel? m%ryf?l?fzprgér ggﬂgphérp{;@éaucgqyagég?&aaa%a&ss may th Iow

bone nmass" al so |nc eoporosi s such as
curvature e folneedsfpinméhe docrppgunds Used@sttheas&tonqb conpoLnds in e rcgmbylathme phr ase

Ve byt e ot b AfhoR &F6M By Biddh.d< iR ABARcaPuEel il k8 @

vertebrate ve a Sl ' gher than
aver agé530 fcmwdcafe othid dhveedcopé ngthssuo‘#ertuorseaa@sularh' reeferred s@t fiobraglinglbde e

i ncludi ng q %Igﬁ%grgaﬂoéhlorgo% %moxﬁ&?&fr%%%emmifeﬂ@gﬁé}e men over the age of

50). O her bonhe nma enhanci ng uses 1 ncl ude bone
restoration, i nchheghrasg "Cd‘l'@ltlbDMWﬁICh(pl”&.ﬂeBts vh’ehal¢w hone mbses” refers ta@ ng bone

Or ! ot SR b EPUBTE RTINS R oSV ARERE Pl BRDENRLAR' P
02/ 42268 P@TdnﬁBﬁﬂs/t@ZlﬁHWorld Health Organlzatlon "Assessment of Fracture Risk and its
20  Application to Screening for Postmenopausal Osteoporosis (1994). Report of a World
Health Organization Study Group. World Health Organization Technical Series 843".
Included in "condition(s) which presents with low bone mass" are primary and
secondary osteoporosis, as described above. Also included is periodontal disease,
alveolar bone loss, post-osteotomy and childhood idiopathic bone loss. The phrase
25  “condition(s) which presents with low bone mass" also includes long term
complications of osteoporosis such as curvature of the spine, loss of height and
prosthetic surgery.
The phrase "condition(s) which presents with low bone mass" also refers to a
vertebrate, e.g., a mammal, known to have a significantly higher than average
30 chance of developing such diseases as are described above including ostéoporosis
(e.g., post-menopausal women, men over the age of 50). Other bone mass
augmenting or enhancing uses include bone restoration, increasing the bone fracture
healing rate, replacing bone grait surgery entirely, enhancing the rate of successful
bone grafts, bone healing following facial reconstruction or maxillary reconstruction,



mandi bul ar reconstruction, |ong bone reconstruction, prosthetic ingrowh,
vertebral synostosis or |ong bone extension. The nethods of this invention
may al soweousra i n conjunction with orthopedic devi ces BOUBEY26PI nal
fusion cages, spinal fusion hardware, i-fif-ernal and 5 external bone
fixation devices, screws and pins. Those skilled in the art will recognize
that the termbone nmass actually refers to bone nmass per unit area which
is sonetines (although not strictly correctly) referred to as bone m neral
density. Theartdéular técoestruatign, long banatrecanstrtiationspragthetic isgroythereriedradi n

i ncludes p Sée/{‘%%sﬁst&ngc%&% gegﬁgjslo prophylactic), palliative and curative

treat nent. y acceptable it is meant the carrier,
vehi cl e, dil uentThe ree(tboqts ariis mvamt@hmmaysaiéodbemsad ibeomjamtian ivihe with the

ot her ingredjen t he [ i : reci pi ent
t her eof . l?ét 8K %cﬁe %V'cf?ﬁ s.u}c)rﬁ %dg‘yuhaﬁltr gggc?gglrglrr%g'éﬁh 'rd%"ﬁgéts’ "‘Féér}gélg’mg

pr ecur sér s extebnavhomdfixaftioh Hew':esgscaems amc‘splnatl on, release the drug in vivo
via sone chenc or .S 1,0l Ogi y d i ng
brought to the ?Wﬁ 8'1(' &y Béﬂe %ﬁu@?écogh@%ﬁ%ﬁth&ﬁ%@nﬁ%orﬁeﬁé%ﬂéc}ﬁ%ﬂ@%ﬁ%rted to
t he desiredo domegmbss’ pgr. unibeeseplvicly issometimgs (althpagh wit sbictgeorresigase t he
correspondln expressi on "pharnmaceutically acceptable

salt" refer§ erdEOQﬁ%(gFe m'&ﬁfab%?r%lt ¥:20 salts contajni ng ani ons such as, but
not limted to, Theltem teatibg"otiedt or ftedindent” ssilseatherein nckides preeentgaiivesphat e,

acet at | eat e r,at oxal tartrate, citrate,

gl ucongpet’m{ﬁ'gt’ﬁé%ggéfg&a’rﬁfﬁ@mé%ﬂ" u?%'l"ﬁi%é%ie tfonate. The expression al so
refers to nont cByl"phamieiceulioall)sadcb;stabletin|senseartbme camier) \'remricteediltteot, sodi um
potassium calciu nma u ot onat t hi ne

(N, N -di ber‘?‘%‘ﬁ}'P@f‘ﬁ%%‘?@oﬁgﬁ gg’% C%mg%ﬁlﬂ ‘%Beg’h%mfe &qﬁ‘?aet hanol ani ne,

et hyl enedi &dii’frﬁl%tlonmicamtﬂele(éﬁouﬂohhé recipiant tierats) |, benet hami ne

i no- 2> hydlr oxy e FProran BTG o UERRRPLAS shidRarwss skit1 i n
the art15wi Ivhich, Sslowing @@hiinistraibm treloasd taé drugtio Wiyo wizdsones cHeaticalibra | of this

i nvention c%n exist in tal(ltOTTEI’IC j brium exists

il
bet ween t weNYSBREIFY RiPGESH (8.2 PIPY Légp?@eé%srlopgpt%&Hevarhyﬁlolgggﬁl'pg{ Her. A
conmmon exanoig l@éniyma A0NBN isSdvhieriddad theadeslired amnigdonar)i Bxemplarg prodigs02/ 42268

PCT/ 1B01/ OZU%Z)g cleavage rel_iease the corresponding drug compound.
The expression "pharmaceutically acceptable salt" refers to nontoxic anionic
20 salts containing anions such as, but not limited to, chioride, bromide, iodide, sulfate,
bisulfate, phosphate, acetate, maleate, fumarate, oxalate, lactate, tartrate, citrate,
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),
25  choline, ethanolamine, diethanolamine, ethylenediamine, meglamine (N-methyl-
glucamine), benethamine (N-benzylphenethylamine), piperazine or tromethamine (2-
amino-2-hydroxymethyl-1,3-propanediol).
The chemist of ordinary skill in the art will also recognize that certain
compounds of formula | of this invention can exist in tautomeric form, i.e., that an
30 equilibrium exists between two isomers which are in rapid equilibrium with each other.
A common‘example of tautomerism is keto-enol tautomerism, i.e.,



Exanpl es of conpounds which can exist as tautoners include

hydr oxypyri di nes, hydroxypyri m di nes and hydr oxyqui nol i nes. O her exanpl es
will be meaoym2sed by those skilled in the art. Al suchp¢wmwames’s and

m xtures thereof are included in this -8-invention. The subject invention
al so includes isotopically-Iabel ed conpounds, which are identical to those
recited in Formula I, but for the fact that one or nore atons are replaced
by an atom having an atom c mass or mass nunber different fromthe atomc
mass or mass nunber usuajly found in nature. Exanples of isotopes that can
10 be incorporated int ounds of the inventi o ncl ude isotopes of
hydrogen, carbon, nif0g OXYyges—phesphor ous, r, fluorine and
chlorine, such as 2H, 3H, ||13C, 14C, 15N, 180, 170, , 32P, 35S, 18F and
36C1, respectively. Conpoufds of Fornmula | of the pbesent invention,
prodrugs thereof, and pharnmaceutically acceptablebtsalts of said conpounds
and said prodrugs and stereoisoners and di astereoneric m xtures 15 of said

conpounds, Epameiesghcammpusgs which gan exsiasraupmerstiacludedVErRYPYTishes i sot opes
and/ or ot hﬂ&kﬁ%&%%ﬁe@%n@hmxﬂumn&r Bt bR IRl BEGBEoRzel BY S

i nvention I sot opi call { | abel ed conpounds aof the present

i nventi on, thase sksiflechipite Q'ﬁd’é'éuph aytqrpgre pnd m@mr@am%ar%tﬂaﬁ%mémh as 3H

and l4Gar ¢\ Lpgsr porated, are useful in drug and/ or substrate ti ssue

di stribution assays. Tritiated, i.e., 3H, and carbon-14, i. 14C, 20

i sot opes are pafhe sublestinvepiiast aise @lluﬁQﬁr'S@tﬁ@Fﬁ“IYé%@éedcﬁO”&%'ﬁﬁ phichrerand

det ect abi | '|c}e¥|t|cal Bﬁh&gée{emte%qﬁ%% Aﬁl‘ﬂé ] %tf@rm& fQ&@Nét%heb?%F@ﬁt‘énﬁ%é‘ as

deuterium 1. ceértaln therapeutic a vantg&es resul ting

from gr eat eeplmdaw@ma@reha\bm an gtonfipmagsanpass nuntker difeeant framig o hal f-1ife

or reduced me

o r cumst anGie st BaSFTEReT (Bl (OGS ol ERApOIBE Bf S6BES Mt &R,

i nvent 1@n @amqorpmmta@@tqmmmd@aﬁhgmenfeqnu@clm lW*@@ﬁ?r@@Yé@Q@fbrryl ng out

the proce e l2gssand
QR rﬁe@gfeh oh &h})?@ﬁtoﬁg&l n% OBRir argsnr{é)énd AHOAg, SEAERIAS R

Preparati ons 6. LY, 31 a rea aval 'e 1sotopically
| abel ed red§eiic, %k °@, Hen"P €6t 68i Carng’ Chb@pédlvﬁb!agémpouﬂd@ffémd@nds of

Formul a | [ | refore
are enanti g%&gperse ﬁvrbtng8 ﬁn@dfgg?%g Pta&%ke%’?{ca%%ﬁ%& es _n%{_%to /42268
PCT/ 1B01/ ozem&ompm@wdsanslespmrmo@dm rand stemmsonileﬁ@liaw dlaaueremrr@ffpmlﬁbr@ér s on the
basi s t hel . it se, for
exanpl gé b@?%%{crj g%ﬁ%&?é&{%}ﬁ%g% P&@ Fgﬁ‘g n@%y%@%ﬁ%ﬁ%ﬁag%m antl oners
can be sepandfbedhbrisatopassaftotiveg atdmas are within the scope of this invention. Certain

isotopically-labeled compounds of the present invention, for éxample those into which

radioactive isotopes such as °*H and "*C are incorporated, are useful in drug and/or
substrate tissue distribution assays. Tritiated, i.e., °H, and carbon-14, i.e., “*C,

20 isotopes are particularly preferred for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium, i.e., %H, can afford
certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. Isotopically labeled compounds of Formula I of this

25 invention and prodrugs thereof can generally be prepared by carrying out the
procedures disclosed in the Schemes and /or in the Examples and Preparations
below, by substituting a readily available isotopically labeled reagent for a non-
isotopically labeled reagent.

The compounds of Formula | of this invention have asymmetric carbon

30 atoms and therefore are enantiomers or diastereomers. Diasteromeric mixtures can



enantiomeric mxture into a diasteroneric mxture by reaction with an
appropriate 5 optically active conpound (e.g., alcohol), separating the

di ast ereov@nz42®l converting (e.g., hydrolyzing) the indi pPCOIBI/02073

di astereonmers to the correspondi ng purt-enantioners. Enantioners and

di astereoners of this invention can also be prepared by utilizing suitable
enantionerically enriched starting materials, or by asymetric or

di astereosel ective reactions to introduce asynmetric carbon atons 10 with

t he corr ecbesktparatahieivi their indiviubl diasterepmenseors thei hasisud itheir phiysiseler eoner s,
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20 The methods of this invention result in bone formation resulting in decreased
fracture rates. This invention makes a significant contribution to the art by providing
methods that increase bone formation resulting in prevention, retardation, and/or
regression of osteoporosis and related bone disorders.
Other features and advantages will be apparent from the description and
25  claims which describe the invention.
DETAILED DESCRIPTION OF THE INVENTION
In general, the compounds of Formula | of this invention (hereinafter

collectively referred to as “the compounds of this invention”) are made by processes
which include processes analogous to those known in the chemical arts. These

30 processes include methods which may require protection of remote functionality
(e.g., primary amine, secondary amine, secondary alcohol, primary alcohol,
carboxyl in Formula | precursors). The need for such protection will vary depending
upon the nature of the remote functionality and the conditions of the preparation
methods. The need for such protection is readily determined by one skilled in the



art. The term"protecting group,” where used herein, refers to a radi cal
which may be attached to a functional group on a substrate which is easily
attached vod2zeas$ |y renoved w thout affecting other funcePComgil/ogedups of

t he substrate and which 5 prevents the-3%otected functional group from

bei ng renoved, altered or otherwi se destroyed. For a general description
of protecting groups and their use, see Greene, T. W; Wits, P. G M,
Protective Groups in Organic Synthesis, 2nd ed. John Wley and Sons Inc.:
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Conpr ehens |°9§esl—lgleear"8’é9€'lqed“@‘?2’ﬁlf§ her.e qlefgl%%d tq{nﬁtahlgt? suiitaply Profecied pr esss:
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20 the alcohol oxidized to the aldehyde which is then reacted with the anion of a

suitable keto-phosphonate (Scheme C). The resulting enone of formula 8 of
Scheme E is then subjected to reduction of both the double bond and ketone to
give the desired saturated alcohols of formula 9 of Scheme E. If desired, a
diastereoselective reduction of the enone can be effected to give, for example,
25  predominantly the 15-(R) isomer or the 15-(S) isomer. The carboxylic ester or
precursor to an acid isostere (e.g., nitrile) is then converted into the appropriate
acidic group (carboxylic acid, tetrazole, etc).
A preferred method for converting a nitrile into the desired tetrazole is
treatment of the nitrile with dibutyltin oxide and trimethylsilylazide, in refluxing
30 toluene (S.J. Wittenberger and B.G. Donner, J. Org. Chem. 1993, 58, 4139-4141,
| 1993). For a review of alternative preparations of tetrazoles see R.N. Butler,
Tetrazoles, in Comprehensive Heterocyclic Chemistry; Potts, K.T. Ed.; Pergamon
Press: Oxford, 1984, Vol. 5, pp 791-838.



Scheme A0 0 CH2CH2 X-Z-QP NH 1) protection of OH NLO PG 2) base, OH

hal - CH2CH2- X-Z- QP 1 2 More specifically, conpounds of Fornula | are

pr epar ed W9 ot/268 ol | owi ng procedures. |In the first gener BCTARQWRITGe, which
begins with Schene A, the hydroxyl grotgd-of 5- 5

(R) - hydr oxynet hyl - 2- pyrrol i dinone (Al drich Chem cal, or prepared as

descri bed by Bruckner et a)., Acta. Chim Hung. Tonus, 21, 106 (1959)) is
suitably protected (where PGis a suitable protecting group) by reaction
of a conmpound of formula 1 in a r edchénmAi nert sol vent. As used herein,

t he expressions "6eact|on inert solvent” and "ignert solvent" refer to a
sol vent or m xturg of solvents which does not inferact with 10 starting
materials, reagemts, internediateisction ohPbduct s pn a OHOHX-BARCHh adversel y
affects the yi efd diHt he desir . In sfnme Nases herein, a list of
preferred reactV i-nert sol @éﬁ‘? ' 1S descri bed- wever, any sol vent whi ch
meets the above deN-npHi on of haaciH,GH -XRQP sol vanto a particular
reaction may be used in that reactlon Al'l reactions are carried out in a
reaction inert sol vent unl ess speC| fically 15 stated otherw se. Any
standard alcohol protectin be uti

t et r ahydr opf\PF&aRAC 'Cﬁirﬁ%"f' g ornpérltarﬁaﬁppr %F%&ﬁ%‘i‘"f‘9|p%°89”r8%nzy| A
preferred lﬁth&fﬁ@ﬁ jengray seiienes \Am&jhtbeblmtsth(ﬂchembW mdlwbr&&l%upaﬁﬁ ch can be

|nstaII st an t hqds d|n G eene Wits, P. G

, )\/@’ @WG'&@‘YI'%E%W@C@QH U‘ﬂ%’fﬁ’ @Cal A frefgred afoqﬁfcwqdéiy and Sons
| nc. New Iéﬂfdknerﬁl&%ﬂ Adté. GiﬁmZIQuﬁy FHeiuE £2Y, t106(196@)) is suitably protected
5- (R) hydroxynet rroI none | F%P ne chl O“(ﬂ%f C with 0.1
eq of 4-di M%?P o"b‘i}) t?'%iP'i‘P "19 groug) yorpa? ©f BEPTPOURA AU T N %hi ori de,
?2 896 )2) eqT{}éﬁctlbriﬂgéﬂéﬁlk/?"lt(A@@sedehe@eln t?’@é%pﬁéﬁiﬂrﬁﬂreé&umﬂﬁért yolveﬁt"t a?ﬂ:ilS

e amide nitrogen is a one e

al kyl at i ng"agéaelent hrgfer@_g %%OW@‘” %‘HV'Ch Q°%§ '?oé 8‘%§houp such as
brom deg or siaftffigtfiateralsiteagensy, fhteﬁtﬁlediatéérdrbﬂﬁubt@ in @manher vamamadv;erse@nd QPis a
nitrile, carboxylic acid ester or o% her recurz\gr to a ¢ rboxgl ic acid or

aci d i sost aifedts e Yield Pifie desited Prefust Ingerae gasesharein. a'lhﬁteo A%8Eed hitrogen i s

first deprpéa%néﬁ @\@rt\éfblﬂléw@lssdés&ﬁﬁé'cieHb@é%r d?iy%f)ﬁémeﬂhuéraﬁ@@tsltmmébw@ sodi um
hexanet hyl di si | azi d qsa so referred to herein.as NaHVDS N(Si Me3) 2) or

sodi um hydefiniton of reactign Rert §aIVeRH dora RATIGHAI e MRy bR URE i‘ ®hyl f or mam de
(DVF), VO Qe o rE5ctionda/@rdd3ut in a reaction inert solvent unless specifically

15  stated otherwise. Any standard alcohol protecting group may be utilized, including

tetrahydropyranyl, trimethylsilyl, terf-butyl-dimethylsilyl, or benzyl. A preferred
protecting group is tert-butyl-dimethylsilyl (TBS), which can be installed by standard
methods as described in Greene, T. W.; Wuts, P. G. M., Protective Groups in
Organic Synthesis, 2" ed.; John Wiley and Sons Inc.: New York, 1991. ltis

20 preferred to treat 5-(R)-hydroxymethyl-2-pyrrolidinone in methylene chloride at 0°C
with 0.1 eq of 4-dimethylaminopyridine, 1.1 eq. of fert-butyl-dimethyisilylchloride, and
2 eq. of imidazole (see, e.g., Tetrahedron Asymmetry, 7, 2113, (1996)). The amide
nitrogen is alkylated with one of a variety of alkylating agents (hal-CH,CH-X-Z-QP,
where hal is a leaving group such as bromide or iodide, X and Z are as described in

25 the Summary, and QP is a nitrile, carboxylic acid ester or other precursor to a
carboxylic acid or acid isostere) o introduce the desired side chain. The amide
nitrogen is first deprotonated with a suitable base. Preferred bases include sodium
hexamethyldisilazide (also referred to herein as NaHMDS or NaN(SiMes),) or sodium
hydride in a reaction inert solvent such as N,N-dimethylformamide (DMF),



-22 tetrahydrofuran (THF), 1, 2-di nmethoxyethane or 1, 4-di oxane. A preferred
solvent is DM-. The appropriate tenperature range for anion formation is
bet ween W@Q@/aeé the tenperature at which the sol vent rePCTXRE/02053
preferred tenperature for this reactied-is about 0OC. After formation of
the anion, the al kylating agent (hal- CH2CH2 5 X-Z-QP) is added and the
solution is stirred at an appropriate tenperature. The appropriate
tenperature range for alkylation is between -20C and the tenperature at
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o ool

as tri éPhyldgHyate argyPicallY prepaFeA TR g glaghcﬂﬂwgh 98 on i nert

such as hydrogen chloride, thiony! chloride, phosphorous pentachloride,
phosphorous oxychloride or triphenylphosphine/carbon tetrachioride in a reaction
inert solvent. For the preparation of alkyl bromides the alcohol is commonly treated
with reagents such as hydrogen bromide, phosphorous tribromide,

25  triphenylphosphine/bromine or carbonyldiimidazole/allyl bromide in a reaction inert
solvent. To prepare alkyl iodides, the alcohol is typically reacted with reagents such
as triphenylphosphine/iodine/imidazole or hydrogen iodide in a reaction inert
solvent. Alkyl chlorides are converted to the more reactive alkyl bromides or alkyl
iodides by treatment with an inorganic salt such as sodium bromide, lithium

30 bromide, sodium iodide or potassium iodide in a reaction inert solvent such as
acetone or methyl ethyl ketone. Alkyl sulfonates are also used as electrophiles or
are converted to alkyl halides. Sulfonates are prepared from the alcohol using a
mild base such as triethylamine or pyridine and a sulfonyl chioride in a reaction inert
solvent such a methylene chloride or diethyl ether. Conversion to the halide is



sol vent such a nethylene chloride or diethyl ether. Conversion to the

hal ide is WD 02/ 42268 PCT/ 1B01/ 02073 -23 acconplished by treatnent of the
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hal i des of the fornula hal- CH2CH2- X-Z-QP where X is CH2 and Zis 5
phenyl, thienyl or thiazolyl are also prepared as shown in Schene Bl. For
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use of carbonyldiimidazole/allyl bromide is preferred. To prepare alkyl iodides, the
alcohol is typically reacted with a reagent such as
triphenylphosphine/iodine/imidazole or hydrogen iodide in a reaction inert solvent.
Alkyl chlorides are converted to the more reactive alkyl bromides or alkyl iodides by
25 treatment with an inorganic salt such as sodium bromide, lithium bromide, sodium
iodide or potassium iodide in a reaction inert solvent such as acetone or methyl
ethyl ketone. Alkyl sulfonates can be used as electrophiles or are converted to alkyl
halides. Alkyl sulfonates are prepared from the corresponding alcohol using a mild
base such as triethylamine or pyrjdine and a sulfonyl chloride in a reaction inert
30 solvent such as methylene chloride or diethyl ether. Conversion to the halide is
accomplished by treating the alkyl sulfonate with an inorganic halide such as, for
example, sodium iodide, sodium bromide, potassium iodide, potassium bromide,
lithium chloride or lithium bromide in a reaction inert solvent. Conversion to the
halide may also be accomplished by treating the alkyl sulfonate with an organic



exanpl e, sodi um i odi de, sodium brom de, potassiumiodide, potassium
bromde, lithiumchloride or lithiumbromde in a reaction inert solvent.
Conver si wobp4X2bee  hal i de may al so be acconpli shed by trerCi/mgpiiobesal kyl

sul fonate with an organic WO 02/ 42268 47/ 1B01/ 02073 -24 anmoni um hal i de
such as tetrabutyl ammonium halide in a reaction inert solvent. Al kyl
chlorides are typically prepared fromthe al cohols wth reagents such as
hydrogen chl oride, thionyl chloride, phosphorous pentachioride, phosphorous
oxyehl or i damnmanium haliverstich ke detrabutylaramonumthelide tha treictien ingrtseiMete Bl HO hall
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where the 81‘3@oé'fi?hcﬁtﬁ%%%ggpfﬁ%f)%g%%rtgﬁlr?&ﬂé@%'de or iodide, conpounds of
Formul a53 of Scheme B2 are treated Sohetne Bbonpounds of Fornula 14 of Schene
B2 containing the suitably protected acid precursor or isostere
(hal - Z- QP) , fe~ghe "hal -Z" group) ¢4, RHOREHN broni de, i odi de Q?r
triflate, in the pr e-hc'éalbiz per—(—r')—i‘crdeF;"ahgan/l\adi/uﬁw\zafa yst such
as pal l adi um chl oride, bis(tripheny)pydregeriatiel pal | adi um di chl ori de or 15
tetraki s(triphenyl phosphi ne) 1pal | adi) balidg)conyergioan anmi ne such as

triethylam ne, diisopropylamne or butylamne in a reaction inert solvent,
preferably an aphsome cases.asthowndhSakenae BRdhistarefeged &e firgt glkyigleritur e of

1433 ( 158afrRAM proRilfe ofiBlige 4 el GBS SRABIRRRC RS AN M s are
then conveptatebtedaciderasyrsos opisasierey Rer eyaBRley Waereohe pliyigienadandis in the
loh ad0 mePiRafilt bR oaRS iR GPbEY e S oS RARS B Bre Ftia < about.
0C t o abouwitb@@npSartvsne ABZM0lad41df [Saherrie @2 aontalr)ing the, sujalblp arajgatedacidi de or
AN precursor or isostere (hal-Z-QP), where the “hal-Z” group is an aryl bromide, iodide
or triflate, in the presence of copper (l) iodide; a palladium catalyst such as
palladium chloride, bis(triphenylphosphine)palladium dichloride or
15  tetrakis(triphenylphosphine) palladium(0); and an amine such as triethylamine,
diisopropylamine or butylamine in a reaction inert solvent, preferably an aprotic
solvent such as acetonitrile, at a temperature of about 0°C to about 100°C. For
additional references see Tetrahedron, 40, 1433 (1984) and Org. Lett. 2, 12, 1729
(2000). The resulting alkynes are then converted to the corresponding alkanes via
20 hydrogenation in the presence of a palladium or platinum catalyst in a reaction inert

solvent such as methanol, ethanol and/or ethyl acetate at a temperature of about

0°C to about 50°C.
Scheme B2
hal QP
1)\~
Q 1) base, 0 ) “Zl %
propargyl bromide or QP
&Qlipropargyl iodide N /\ Gul, Pd(0) ELN NNz
O\pG O~pg 2) hydrogenation O~pg
3 4
25 Halo-arylesters and halo-arylnitriles of Formula 14 of Scheme B2 are

prepared by methods known to those skilled in the art. For example, 2-bromo-4-
(ethoxycarbonyl)thiazole is prepared according to the procedure described in J.



NH propargyl iodides N Cul, 14 Pd(O Et3N N Z o LPG o -PG 2) hydrogenation
OLPG 3 4 25 Halo-arylesters and halo-arylnitriles of Formula 14 of
Schene Bavanr4psepared by met hods known to those skill ed parABg/02078. For
exanpl e, 2-brono-4- (ethoxycarbonyl)thi2azole is prepared according to the
procedure described in J. WO 02/42268 PCT/ 1B01/ 02073 -25 Org. Chem 61,
14, 4623, (1996); and 2-bronp-5-(ethoxycarbonyl)thiazole is prepared
according to the procedure described in Hely. Chim Acta, 25, 1073,

(1942) . O @ey. Chaho 64y 14, 4623 r($9%6 varth Reramptdajethoxyeasbarty)inirzeoll ia 14 of Schene
B2 which ar f y : LSy, 1 Nk QN as, inter
alia, et hyﬁ?ﬁaréa%gg%ﬁgﬁé@%t@&ge%@q%g{%%g%%@nmz%ﬁi r'ﬁl ébtgf?aai@g?r’er cially
avai | abl e. (1842)y DifRer hialocarglestersoquitemde-Brylrafriesof Fatnaula 44 of Spbereel BBy

esterification_of c rciall avail.abl e .2-br Al 'iggp ne: 9-car boxylic
aci d. The WVERAR ”Sﬁfm@teipﬁ%ceﬁlﬂ@&p@”&? mg%r}&%u%gcgo Bt orgr)r'gl %hg ‘gf Schene A
or Fomlmul erofobéntsaleare BBromabehbaritrifecsme \cothmerciallyeavgéatde.aEthye8cri pti on of
met hods 10 for ot gction rotected

depr of . al cah , e, T. W;
Wits, P. C?romofth'lgpg?@é -f;@rgogl%tabgpqeﬁaﬁd gnqstergﬂc/%loﬁeosfi%@%"%@a@d.; John W ey
and Sons | agilabldlevisronotiiopHeh@ls-careoxpialcidf the tert-butyl -di methyl silyl
roup in conpounds of For nul 2 and Formul a 4 Sche I s preferabl
gccoﬁpl i shegp byn&\eégqqhﬂbf”g%éﬁn%%rﬁﬁ%ﬂ WQ%“F%PE@%W&% ge%gﬁt?%nﬂﬁ‘ Rloﬂori de gr
trifluoroagstria #6f Sclidne?B2 BRCthER RerBRIdl Faba §eneraidesciiptiohaf atdlthodsn a
sui tabl e atprotlc solvent at a tenperature of aQ&qW\of_-S C to about
anbi erfQ t elopeeripiaction efrsplecied @rohalseses Giagaet briih: YUBi Br®- Menmer at ur e
refers to pRedifdersmsih Or@inid Sinthddi® Sredd; JOnAW IS £l SoHs/IALINNERYS of the

reaction mxture. Anbient tenperature is generally between 20C and 25C. An
especi al | yYorsr €9%r rRemeyvgl ofdhe /arsbuivtdigiethylsild igrei in somropnds efhosgula

t enper at ur ' : | ] r +tnAnot her
preferred %ﬁﬁggﬁ?%gﬂte&?n%é@&ﬁﬁégﬁé ergf;ér}gﬁgglhgdm%léﬁéar)g}éﬁ%e%? tgé the silyl

et her wi t hcanpandedthdetsaidutylaromoiumafluvride oatriflaciodcétic awidinat ieactiandnerént . | n

hi T for i ) ) 1N
A B T e O e P
Subsequent totaboutiapbiehteemperature hé hatecudedl terein ghe igroh “agdiant tearhgeratuddhyde by

soc o 2 TRl ShogEat I SRR L i ke T L2
racem zat i mixtlrg. Awvbiedi tempecatdrads gendrallyistween FA3E and 25°C. An especially
preferred solvent is methylene chloride. A preferred temperature range is between
20  0°C to ambient temperature. Another preferred method to remove the TBS group is
by treatment of the silyl ether with an aqueous solution of a mineral acid in a protic
solvent. In this case, it is preferred that the silyl ether is treated with a 1N aqueous
solution of hydrochloric acid in methanol at ambient temperature. Subsequent to
deprotection, the alcohols are oxidized to the aldehyde by use of a maodification of
25 the Pfitzner Moffatt oxidation [K. E. Pfitzner and M. E. Moffatt, J. Am. Chem. Soc.,
87, 5661 (1965)] which minimizes racemization by avoiding contact with water. For
example, oxidation of the alcohol to the aldehyde is achieved by stirring the alcohol
in a reaction inert solvent, preferably a hydrocarbon solvent such as toluene, xylene
_ or, preferably, benzene, with dimethyl sulfoxide, a weak acid such as acetic acid or,
30 preferably, pyridinium trifluoroacetate, and a diimide such as diethyl carbodiimide
or, preferably, dimethylaminopropylethylcarbodiimide or, if desired,
dimethylaminopropylethylcérbodiimide hydrochloride, at temperatures of about 0°C
to about ambient temperature for about one to about four hours. Alternate methods



exanpl e, oxidation of the alcohol to the al dehyde is achieved by stirring
the alcohol in a reaction inert solvent, preferably a hydrocarbon sol vent
such as tvobopsee8 xyl ene or, preferably, benzene, wth di rer/mBdi/ogaBf oxi de,
a weak acid such as acetic acid or, 30-%referably, pyridinium
trifluoroacetate, and a diimde such as diethyl carbodiimde or,
preferably, dinmethylam nopropyl ethylcarbodiimde or, if desired,

di net hyl am nopr opyl et hyl car bodi i m de hydrochl oride, at tenperatures of
about 0C tooachimyetoximatiorewhile eineizing uacenizationd dhe avyEnrneiriaBeRier f our hours.
A ternate gbhods, Y2 Befirrifeiid Ah0iteRa0d h aetdfin FetdRbirdK 2efisdat | on
whil e m ni m°ziMg racem zatd on the asymmetric center adjacent to the
resul ting 4l,d&59de0a0kandi includs the ustaldR¥itzier-Maifaitaeaciioadexdaticemiter s, 41,

1359, (200 ad i ; N7 = f [ AxX{v@it i on
with chrofi'g r‘]ﬁ’r‘?@%O%gﬁ'ﬁwugaﬁldﬁ@%é‘ﬁpq’@keﬁémwg%%%g%??ﬁ’sdg@ﬂ%gﬁ?lg70)],
oxi dat i ®n DeshMartDersagdiitli Org. &geme8] 4165, (19$3)]On enidatig widn FEMPDO1983)] or
oxi dation w [~Le Letters 33, 5029, (1992)]. The
resul ting %é&%%%d%b@?ﬁ?rg&gy%u ;f'gjcg?gd without purification to a
Horner-Wttig r&heresuitingiaidehyteisquefietablyosubjacidd withasd purifigetien fetfosphonat e of
Formula 7, 0f Sch f . - al kvl I sodi um or
lithium saW?eé—&g'%%eg?t{eo-ﬁf‘@ﬁ}hg\é’g@u%r&lg(g'lrmlfrﬁgg?ﬁ}e%%%%h? ﬂ@gﬂmggmat es with
a suit abl e7befSchemaC 4R is Isadr alkyl Hyadwalide ooaryla b Sistdiginorilithivm salis 2Bl e

reacti inert solvent, referably a iLc.et her.eal t a
terrpergﬁurgred ”HB%%Y PEe tF‘??%QBBtLﬁ tﬁ%&ﬁ%ﬁ%b@%&ﬁ"ﬁ ﬁrsltgﬁ\?g%g ¢ |¥’§ and a
preferred tediparngttdeot NaRk(8iile)s intaesyiteblareaiation Mesodalenb preferabtylan al dehyde
is then added to, the s

|t .of the phosphpnate.if.a d i 15
sol vent , p?@@@?&g]%eaéﬁglé{ﬁ'?tcﬁt Adenp r\?gﬂgog%boéﬁto e(?rfaoeer‘%%grgé C’g;& %E%Er{edoc to
about 50C gpiQertiiy EHERMAespreferied temperatiirofs fBatientdeBperatyse.of eoluiémh afol vent is
THF. A preferr tenperatyre i s anbi ent tenperature. 2 268
PCT/ 1B01/ oﬁ@r@g&yﬂ?' B ded t%tﬁaé'éff 8?‘8&"5“8%“%?',F‘%-r?%%e idation 2
or 4 2)5baseiventCbtefrably an aprotic solvent at a temperature of about 0°C to about 50°C
to give enones of Formula 8 of Scheme C. A preferred solvent is THF. A preferred

temperature is ambient temperature.



11 O5 RO I ~~RR RO7 OX---~Z,QP R2 O5 8 Methods for the
preparation of phosphonates of Fornula 7 of Scheme Cl1L can be found in U S
Pat. No. V80 0982¢889; U.S. Pat. No. 4,177,346; Tetrahedr onPCLl/e8a1/020730, 36,
4787- 4790, (1989); and Angew. Chem, 1087-3, 366-369, (1996). In general

as shown in Scheme Cl, the phosphonates of Fornula 7 are prepared 10 from
reaction of the appropriately substituted arylacetic acid esters or the

met hoxynet hyl am de of the arylacetic acid with th elithiumreagent derived
froma dial kyl methyl phosphonate. These nethods are al so applicable to
cycl oal kyl acetic esters and nmet hoxynet hyl am des such as

et hyl -cycl ohexyl acetate and et hyl cycl opentyl acetate. The aryl- and

cycl oal kyl -acetic acid esters are pBaparce@ by 15 esterification of the
correspondi ng acetic acid by methods known to those skilled in the art.
The net hoxynet hyl am des are prepared by a standard am de bond form ng
reacti on between the correspondi nglacetic acid and net hoxynet hyl am ne.
Preferably the coupling of the am he withxthe qpar boxyddkienaci d i s carried
out in a reaction g, perdePSEHGRnt sudﬁ»EE/di Iorong%haﬁeaor DVF by a
coupl i ng reagent such 20 as 1-(3-#i#et hyl anmi nopr op$IP2%. et hyl car bodi i mi de
hydr ochl oride (EDC) or 1, 3- dicyclo carbodiinidefk[xxn in the presence
of an acid activating agent such as %-hydroxybenzgg&ﬁaz%L@ hydrat e (HOBT)
to generate the nethoxynmethyl amde. In the case whee the amine is
present as the hydrqghloride salt, it is preferable to &d one equi val ent
of a suitable base such as triethylamne to the reaction m xture. 25

Al ternatively, coup of Xhe-&Ti ne with the carboxylic acid is effected
with a WD 02/ 42268 1B01/ 02073 -28 coupling reagent such as
benzotri azol - 1- yl oxy- tNgss{(dimefhyl am no) - phosphoni um hexaf | uor ophosphat e
(BOP) in a reaction inert Bolvent such as methanol. Such coupling
reactions are generally cofducted at tenperatures of about -30C to about
80C, prmferably about 0C fo about 25C. For a discussion of other

Methods for the preparation of phosphonates of Formula 7 of Scheme C1
can be found in U.S. Pat. No. 3, 932,389; U.S. Pat. No. 4,177,346; Tetrahedron
Lett., 30, 36, 4787-4790, (1989); and Angew.Chem., 108, 3, 366-369, (1996). In

general, as shown in Scheme C1, the phosphonates of Formula 7 are prepared

10  from reaction of the appropriately substituted arylacetic acid esters or the
methoxymethyl amide of the arylacetic acid with th elithium reagent derived from a
dialkyl methylphosphonate. These methods are also applicable to cycloalkylacetic
esters and methoxymethylamides such as ethyl-cyclohexylacetate and ethyl-
cyclopentylacetate. The aryl- and cycloalkyl-acetic acid esters are prepared by

15 esterification of the corresponding acetic acid by methods known to those skilled in
the art. The methoxymethylamides are prepared by a standard amide bond
forming reaction between the corresponding acetic acid and methoxymethyl amine.
Preferably the coupling of the amine with the carboxylic acid is carried outin a
reaction inert solvent such as dichloromethane or DMF by a coupling reagent such

20 as 1-(3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride (EDC) or 1, 3-
dicyclohexylcarbodiimide (DCC) in the presence of an acid activating agent such as
1-hydroxybenzotriazole hydrate (HOBT) to generate the methoxymethyi amide. In
the case Where the amine is present as the hydrochloride salt, it is preferable to add
one equivalent of a suitable base such as triethylamine to the reaction mixture.

25  Alternatively, coupling of the amine with the carboxylic acid is effected with a



5 conditions used for am de couplings, see HeubenWeyl, Vol. XV, part 11, E.
Winsch, Ed., CGeorge Theine Verlag, 1974, Stuttgart. Scheme CC RR T 2 i ,R
| O ROMWORR422680 + "PLi 11/ | 6111 00 O (T=0Calkyl, PCN(EvV®&B) 7 10
The requisite arylacetic acids and est®Bs of Fornula 6 of Schene Cl are
commercially available or are prepared by nmethods well known to those
skilled in the art. As shown in Scheme C2, many aryl and heteroaryl
substituted aryl acetic acids are prepared by Suzuki couplings of the

appr opr i at eouplityy bemgent mcaasdbenm‘trlaml iy drig(dignediyamigo)phaspherdu@esi red aryl

hal i d v [
and v varfPruaBPhoHils LRI E KlayiF Y DsiPaldRaRhaRandis . 8Tt B0,

122, 17, 464Q)ing Feactiensarplgeneralie cAnguatedtal toowersdures ebakaut -3°C to

ethyl3brrm bed by Masud
et al. in Ob %%gw(aféﬁa%yg%ﬂo%&@? %%)S’g bsgchot, %%l%@rn?%%grﬁ' ﬂ‘?@%’;lt eeestgr ofS e
et hyl tﬁ‘o 3ccu)m11rdnemlyéd1&maaﬂ® ccmptlm@lsee)hlputhﬁylhVphé(VdeslttﬂédEaryI halide to
gi ve e e Synlett., 6, 829 (20 .
Bydr oxy subaise Sfieh é?@fpg RERREYe By Lot il kyl ated vi th al kyl el Caes))

and benzylic halides by nethods well known to those skilled in the art. 25
WO 02/ 42268 PCT/ 1B01/ 02073 -29 Sc%%ﬁgmg?c? OHT AAr Oor ArmB. Arm B\

OHO 6
Fli R
T R g
o] + \p/\L > |
(! O O
6 o)
(T=0-alkyl,
N(OMe)Me) 7
10 The requisite arylacetic acids and esters of Formula 6 of Scheme C1 are

commercially available or are prepared by methods well known to those skilled in
the art. As shown in Scheme C2, many aryl and heteroaryl substituted aryl acetic
acids are prepared by Suzuki couplings of the appropriate arylboronic acids or
arylboronate esters with the desired aryl halides (for a review of the Suzuki coupling
15  reaction see A.R. Martin and Y. Yang in Acta Chem. Scand. 1993, 47, 221 or J.
Am. Chem. Soc., 2000, 122, 17, 4020). For example, the 3-pinacolboronate ester
of ethyl-3-bromophenylacetate is prepared using the method described by Masuda
et al. in J. Org. Chem., 65, 164 (2000). Said 3-pinacolboronate ester of ethyl-3-
bromophenylacetate is then coupled with the desired aryl halide to give the desired
20  3-aryl-phenylacetic acid (see Synlett., 6, 829 (2000)). Hydroxy substituted aryl
acetic esters are élkylated with alkyl halides and beniylic halides by methods well

known to those skilled in the art.

25



O Thal Pd(O T ~Ar Z/hal Ar OOhal =0, Br, I, OIf Pd(0) T = 0-alkyl,
NNOWwW)Me OOor Pd(O0O) HB, OO T\ » Arl --0 O5 For a review of the

pr epar at ivomopé2268 aryl ethers, see Angew. Chem, Int. Ed.PCB801080732345,
(1999). Aryl acetic acids substituted ##9%h an al kyl ether |inkage are
prepared using Mtsunobu conditions (for a review see Synthesis, 1,
(1981)). Typically, the coupling between a phenolic conponent and a
benzylic alcohol is achieved by addition of triphenyi phosphine anhd di et hyl
azodi car boxyl ate or 10 diisopropyl azodi carboxylate in a reaction inert

sol vent such as nethylene chloride or THF. Alternatively, phosphonates of
Formula 7 of Schenme D are prepared as shown in Schene D. |In general,
triethyl phosphite is added sl owl y tSchemel@2no- or epichloro-hydrin (10) at
a tenperature of about 135C. As the triethyl phosphite is 15 added, the
tenperature drops to about 105C. The reacti/OH m Xt dke A4 r/féf‘rl uxed

overni ght and the product, a ound offe@rnula 11, | s i"Sol at ed by vacuum

distillation (see Phosphoru_s_,B/Su fur®silicoro t. Blem, 165, 71 (1992)
or US Pat. No. 2,627, Sf‘i). 5 equi r ignard solutions are prepared
fromthe appropriate aryl halide cording to proceduﬂes wel | known to

those skilled in the_art in a 20 reqlion inert solventj, preferably an

et hereal sol vent sucﬁ\ﬁé/‘liw&/and cooled to approximately -30C. Catal ytic

copper (l) iodide is added followed by addition of WO 02/

PCT/ 1B01/ 02073 -30 th8 epoxi de of ‘QEBQ [ Phosphorjus, Sulfur Silicon
o ©

Rel at. Elem, 10&l=0%:r,1, OTf Pd(0)
%

T = O-alkyl, N(OMe)Me
~o0

5 For a review of the preparation of diaryl ethers, see Angew. Chem., Int.
Ed., 38, 16, 2345, (1999). Aryl acetic acids substituted with an alkylether linkage
are prepared using Mitsunobu conditions (for a review see Synthesis, 1, (1981)).
Typically, the coupling between a phenolic component and a benzylic alcohol is
achieved by addition of triphenylphosphine and diethyl azodicarboxylate or
10  diisopropyl azodicarboxylate in a reaction inert solvent such as methylene chloride
or THF.

Alternatively, phosphonates of Formula 7 of Scheme D are prepared as
shown in Scheme D. In general, triethylphosphite is added slowly to epibromo- or
epichloro-hydrin (10) at a temperature of about 135°C. As the triethylphosphite is

15 added, the temperature drops to about 105°C. The reaction mixture is refluxed
overnight and the product, a compound of formula 11, is isolated by vacuum
distillation (see Phosphorus, Sulfur Silicon Relat. Elem., 165, 71 (1992) or U.S. Pat.
No. 2,627,521). The required Grignard solutions are prepared from the appropriate
aryl halides according to procedures well known to those skilled in the artin a

20 reaction inert solvent, preferably an ethereal solvent such as THF and cooled to
approximately -30°C. Catalytic copper (1) iodide is added followed by addition of



(1995)]. The requisite aryl halides (e.g., 3-brono-biphenyl) are
commercially available or are prepared by nethods well known to those
skilled iwobphe2e8t. The resulting al cohols are then oxi di pet]Broed7ar abl y
using a Swern 5 oxidation [Synthesis, - 165-185, (1981)] or Dess-Martin
reagent [ J. Og. Chem 48, 4155, (1983)]. Alternative oxidation
procedures such as Pfitzner-Mffatt reaction, chromumtrioxide-pyridine
conplex [R Ratcliffe, et al., J. Og. Chem, 35, 4000 g1970)]

TEMPO- bl eathh eﬁ)amue of Eormul8 8] [%smorgs,gsmfm SiliggmBelab Elatas 1 95 45 Manganese

ut 1 2ot OB alE RaTbRALIRAG Ba KPR SRR, 1 0 e D
RR,R U ?»aﬂablebrwga-pte?@au byl meiacds w&ill—knowmﬂomdéeskllled mthzeaytd[ CL O 10 11 7
A F i

n enone o or %‘@éaslfl@ngaggﬁme?eqrg t'ﬁ#xr%)ﬁc Lf%B ﬂgraeg\%él% as shown i'n

Scheme C) is re |as ere mers of Fornmula 9 15
of Schére dxidationgSyrdhlssisyepd. 185486, (tl@81)!hoslesskl/|brtledeagent hé Gngt Chem. gener al ,

01 prer 4o vREDT, REERIGR: i RE Rl S0P AU o over a

nobI e net ateactdr lchi®imism dtoxidespypidineadhphaxdR. Ratcliife ebal. pl &rgntimmoxBde in a

o ont -t o B I0Y el heth rfey Yo, 35 ErapRRERR ool S0l vent bei ng

used under Mandariisgwipiue] pmdti)fnuMgh:lasroglanmaTémr pyridimilnt dichrokette may iagsot hen
treate th cin e rab orohydride, in a ti
sol ventY " %?@F&ﬁg%/upf'&?%@%% BI?O%?W%%P gql(/lg} %‘It’}be S ef Fi)r nul grg Io?

Scheme E. CIher sel ective reducti orsma@mts wel | knovvn to those skilled

in the art which will reduce the_ketone but no other groups, e.g. zinc 25
bor ohydride or lithi umtrletﬁil &ohydrlﬁemﬁ n‘pﬁg wi th equal
facility. The tenperature sél\ec L) du n|t e tivity of the

reduci ng agerda-and<@di IT  preferfably "Zt?e ween about OCt mbiRent
tenperature. If desi@ed, the mQture of | cohol s of FotDrruIGa 9 may be
separated by preparative chromat ography or HPLC to give the desired 15-(R)
di astereoner. WO {32/ 42268 PCT/ 1B@1/ 02073 7
An enone of Formula 8 of Scheme E (which may also be prepared as
shown in Scheme C) is reduced to a mixture of alcohol diastereom!ers of Formula 9
15  of Scheme E by methods well known to those skilled in the art. In general, the
double bond of the enone is first reduced by catalytic hydrogenation. It is preferred
that the double bond is reduced by hydrogenation over a noble metal catalyst such
as palladium on carboh or platinum oxide in a reaction inert solvent such as ethyl
acetate, methanol or ethanol at ambient temperature to about the reflux
20 temperature of the solvent being used under 1-4 atmospheres of hydrogen. The
resulting ketone is then treated with a reducing agent, preferably sodium
borohydride, in a protic solvent, preferably ethanol or methanol, to give alcohols of
Formula 9 of Scheme E. Other selective reduction reagents well known to those
skilled in the art which will reduce the ketone but no other groups, e.g. zinc
25  borohydride or lithium triethylborohydride may be employed with equal facility. The
temperature selection will be based upon the activity of the reducing agent and will
preferably be between about 0°C to ambient temperature. If desired, the mixture of
alcohols of Formula 9 may be separated by preparative chromatography or HPLC
to give the desired 15-(R) diastereomer.



-31 In an alternative sequence shown in Scheme E, an enone of Formula 8 of
Schene E is first treated with a hydride reducing agent in the presence of
a chiral waavalzgst. Where used herein, the term "hydri de pedimiimgo7agent "
refers to conpounds which are able to-Ileduce a conpound havi ng a hi gher
oxidation state 5 by transferring hydrogen to the conpound. A preferred
hydri de reducing agent is catechol borane. A preferred chiral catal yst for
perform ng such reactions enantioselectively is

(R) - 2-net hyl - CBSn@naaﬁebmtlmé seljusace ebagyemin Schkohei K lanG@rone ofFornda 8 of see t he

met hod desgr bedlnE on is
carried ou% b Sk 1%3@1 rgﬂtep H"i&% tyg]g%rﬁdumag@gé ﬁ?@/g %rﬁg-%ﬁcreo(ﬁ%e&%sréll vent such
as 10 net h)tét@ly@t WHeps Usksd h@relnatﬁeetemi‘mduderedbcmgagtant” fdfeas too anbi ent
terrperature referred turefor this .reaction i.s 0 -40C.

Al ternati vE°® 'H@‘P agvhéﬁﬁbafe@%f 21113 e TAEP4R h%Y'P i %pe[rém‘g?ﬁg] #gte

st er eosgl esy trafsreRidy tiyd@gento ﬂi@&oﬁmum gapretened hydride chetsicinglagantiim J. Am
Chem Soc 8%3 (1979); Tett.

Lett. C%tf?lthdt(q@%f‘ érﬁ?%re)dﬁé‘fra' q%alys%?qsﬁrfsﬁ‘%mg :;?H%“ 'ﬁﬁ@i 15 Chem Int.
Ed., 37 188ﬁqtuoé&8&&bty id (R)- zimduhwdmaeébdrblmm tepbent (Aldcioh Gheinizat hen

reduced. It is preferred that, the hydr nation

over a nofe (ﬁ%'gﬁ method gescribgd (i Y- B(fﬁga@ﬁ ?ﬁgggﬁ%gﬂ g'?f'eﬁ%(g"fc?ﬁﬁm oxi de

in a react isodérrlédlﬁj’tlin 5 Gdattioh mw:dm\eat pidivrbbigcatapretic svbichbswwh asr et hanol at
t he ref of the solven g used

anbi ent te tur ra n
under 19 zeﬁﬁé??'fé’é’dﬁf atﬂ)teH}P(?F g&? nB@%i%?z’%@W %6‘19 é’fﬁ?g\‘ -32
Schem%‘ E 0 pksfertéd terfipe Za(t@@ féy thidyrdactdanahban 24008, P[ﬂea')atlb’@hwﬂﬁ)d%n&eductl on R2

OO+ 8 or cgtagsts Whlgh are utlhzegdetgse #ece:tce[ter\eoselecEVe Feduc%)n ofetﬁe enone caNbonyl
are described in J. Am. Chem. Soc., 117, 2675, (1995); J. Am. Chem. Soc., 101,
5843, (1979); Tett. Lett., 31, 611, (1990); U.S. Pat. No. 6,037,505; and Angew.

15  Chem. Int. Ed., 37, 1986, (1998). The double bond of the allylic alcohol is then
reduced. |t is preferred that the double bond is reduced by hydrogenation over a
noble metal catalyst such as palladium on carbon or platinum oxide in a reaction
inert solvent such as ethyl acetate, methanol or ethanol at ambient temperature to
the reflux temperature of the solvent being used under 1-4 atmospheres of

20 hydrogen.



/| R2 2) Hydrogenation 2 O OH 8 9 An alternative procedure for the
preparation of conpounds of fornula 9 of Schene Fis shown in Schene F. In
gener al , wevr/ahggir o- pyrrol i zi ne- 3, 5-di one (the 5 conmpoundrof/1BwrmeaBa 12 of
Scheme F) is prepared as described in 25 Pat. No. 4,663,464 or

J. Med. Chem 30; 3; 498-503; (1987). The conpound of Formula 12 of Schene F
is then dissolved in a reaction inert solvent, preferably an aprotic
solvent at a suitable tenperature. It is preferred that said conpound is

di ssolved in nethylene chloride atSefryoe EOC. The reaction nmixture is then
treated with tae 10 appropriate Gignard reacgent (for additional references
on addition ofjjGignard reagents to Fornul g;12 of Schene F, see

Synt h. Commun. 8, 1, <44 Pl rogeration Ghi m Act a,x 70, Z03- 2010,
(1987)). The reaNtMay\% Wam—tgﬁnb' entN te erﬁt%re to effect

conpl ete reactiqn. The resul ti @) Hetdrene i s\thgn treated with a reducing
agent, preferabl i ohydRediecion a pr ot \c 2 preferable 15

et hanol or nethanol . her "sel ecti ve reduci ng reagesnts Mhich will reduce
the ketone but no otlker groups, e.g., zinc borohydoHde or lithium

triethyl borohydride,gcan be enployed with equal fagility. The tenperature
selection will be based upon the @ctivity of the reduci ng agent,
preferably fromabout OC to anbient tenperature. The resulting hydroxyl
group is thensuitably protected. Standard algohol protecting 20 groups

such as tetrahydropyranyl, tri{ygifstéebbatbetivee]jt - butyl - di met tag silyl or

benzyl may b t ze BfreducEidn pr ot ec 3 W)Fs\z/
metMyl si yl\%i“tb:h i—s—V\ﬁ—O?f422 /1B01/ 02073 -33 installed

tert-butyl -

by standard ods as descri Btdrodenaesie, W ; Wits, P. G M,
Protective G oup\t §2C tSI’_?/ntyrcliesg&, 2nd ed.; - Wiy and Sons Inc.:
New York, 1991. Prefdrred conditions for this reactiéon include treating
the alcohol in DWMF af anbient tenperature with 0.1 @E‘ of

4-di met hyl am nopyricggne, 1.1 eq. of 5 tert-butyl-di gt hyl silyl chl ori de and
2 eq. of imdazole. The resulting conpound of Fornula®13 of Schene F is

t hen al kyl at ed Lk A =14] i ents of
the fornul a hal %%t%ﬁ@@c&%@fﬁ? ﬁ%gifjeggra;ﬁﬁgogg%ﬁwégeugﬁ é:ég%gﬂ@Hg%bf@The am de
ni trogen i Schemsf islehown inriohete. t Ih geneealiitetadflydropyelizine-3.2-digae (tbé i nert

sol vent5 ng%e&ﬂr%d ofl}gr?'ﬁl.ﬁa fl? br égﬂe?né’ Eﬁ@tpiré&ré&gé Hgsecﬁbed in U.S. Pat. No.
p
4,663,464 or J.Med.Chem. 30; 3; 498-503; (1987). The compound of Formula 12

of Scheme F is then dissolved in a reaction inert solvent, preferably an aprotic

solvent at a suitable temperature. it is preferred that said compound is dissolved in
methylene chloride at about 0°C. The reaction mixture is then treated with the

10  appropriate Grignard reagent (for additional references on addition of Grignard
reagents to Formula 12 of Scheme F, see Synth.Commun., 18, 1, 37-44, (1988),
Helv.Chim.Acta, 70, 2003-2010, (1987)). The reaction may be warmed {o ambient
temperature to effect complete reaction. The resulting ketone is then treated with a
reducing agent, preferably sodium borohydride in a protic solvent, preferable

15  ethanol or methanol. Other selective reducing reagents which will reduce the
ketone but no other groups, e.g., zinc borohydride or lithium triethylborohydride, can
be employed with equal facility. The temperature selection will be based upon the
activity of the reducing agent, preferably from about 0°C to ambient temperature.
The resulting hydroxyl group is then suitably protected. Standard alcohol protecting

20 groups such as tetrahydropyranyl, trimethylsilyl, tert-butyl-dimethylsilyl or benzyl
may be utilized. A preferred protecting group is tert-butyl-dimethylsilyl which is



10 NaN(Si Me3)2 or sodium hydride in a solvent such as DVF, tetrahydrofuran,
di net hoxyet hane or di oxane. An especially preferred solvent is DVF. The
appropri aveoverperature range for anion formation i s bet weeniBii®®7and about
the tenperature at which the solvent r3Fluxes. It is preferred that the
reaction is conducted at anbient tenperature. After formation of the
anion, the alkylating 15 agent of the fornula hal -CH2CH2-X-QP is added, and

the solution is stirred at a tenperature between -20C to about the
t enper at ur instelledvby standhies wethodmas degaribsein Creang, bW, VédstRripdat ure i s

bet vieen A gal, £ SUREE S5 aAR%,AABGs 39 BSShon kY HA 5B paeR, | ncl ude

primary h és an sul onat es rom de or
al kyl i odi ¥erk, sgatearefé'rm}:l einditinng fop ithis E&actlwglngwdarﬁeamgﬂ'lemlqobﬁlnned 20 by

RS eSS ISR Mot ISR BER T gl VaLS: P
Sons I rﬁ: . teebutyidbmiethysB@dhloride gnddtien: ef oidpzakds of Fornmul a 9. WO 02/ 42268
Do 02978 e B b B e SoF S IR o
R2CH2MgX  pitrodke withiaBekof 3)vali@$cf alkyldiihg@gents of the formula hal-CH,CH.-X-QP
to introduce the desired side chain. The amide nitrogen is first deprotonated with a
suitable base in a reaction inert solvent. Preferred bases for this reaction include
10  NaN(SiMe;); or sodium hydride in a solvent such as DMF, tetrahydrofuran,
dimethoxyethane or dioxane. An especially preferred solvent is DMF. The
appropriate temperature range for anion formation is between —78°C and about the
temperature at which the solvent refluxes. It is preferred that the reaction is
conducted at ambient temperature. After formation of the anion, the alkylating
15 agent of the formula hal-CH,CH>-X-QP is added, and the solution is stirred at a
temperature between —20°C to about the temperature at which the solvent refluxes.
A preferred temperature is between ambient temperature and 100°C. Typical
alkylating agents include primary halides and primary sulfonates. Preferably, an
alkyl bromide or alkyl jodide is used. The alcohol protecting group is then removed
20 by methods well known fo those skilled in the art (see Greene, T. W.; Wuts, P. G.
M., Protective Groups in Organic Synthesis, 2" ed.; John Wiley and Sons Inc.: New

York, 1991) to produce compounds of Formula 9.



RNH2 1) NaH, , X QP Y hal-CH 2CH2 X-Z-QP N~~~ ~Z - 2)TBAF or HCl 2 OR

, TBS OH 13 9 Conpounds of fornmula 9 of Schene F are converted to conpounds
of For mwa@o1/442¢8 met hods well known to those skilled in ther/mwtn20m cases
where the QP 5 group is a carboxylic 84ter, either. acidic or basic aqueous
hydrol ysis conditions may be utilized. Typically, lower alkyl esters are
hydr ol yzed by base catal yzed hydrolysis in a reaction inert solvent at

anbi ent tenperature to about the reflux tenperature of the solvent being
used. Preferably the | ower al kyl es®ehenmesF hydrol yzed with aqueous 1 N

sodi um hydroxi de in nethanol at a suitable 10 tenperature, preferably at
anbi ent tenperature. en QP is a benzyl ester or a t-OgutyI ester,
standard deprotecti et hodg e utili zedPas described{in Greene, T. W;
Wits, P. G M, RO in.Orga t hesj s ndNed. ; John W/ ey
and Sons Inc.: * , 199NaH@Ben QPME9 a Mitrill e and nBt a protected
carboxylic acid pref erred nethod for preparatigon of the tetrazole is
treatment of WO 02/42268 PCT/ 1B01/02073 -35 the nitrile with dibutyltin
oxide and trinethylsilylazide i norefl uxing tegl uene (S.J. Wttenberger and
B. G Donner, J. ®yOHIH@M 1993,1158, 4139-4141, 1993) If:%rAla revi ew of

al ternative preparat+ons—af éhe(#n Q . A | eP?’ ét rgazoles, In
conpr ehensi ve Heterocyclic X3 istry; Hotts, K.QI'. Ed. EtRer gamon Press:
Oxford, 5 1984, Vol. 5, p 791-838. ThW _EP4 receptor sel ective agonists of
Formula | of this invention are all addPtfed to therapeutic use as agents
that stinulate bope formation and i ncrease bone nass in vertebrates, e.g.,
manmal s, and partjjcularly humans. Since bong fgrmation is closely related
to the devel oprprit™>gf; ost eoporosigand bonejrel t ed 11 R clgmders, the

agoni sts used i h the nefNBds of t'his inveptiog; “irtueof sheir action
on bone, prevent, ar @/ or regress obsteoporogi &) NaREL Ut | lity of the
EP4 sel ective agonists off[Fornula | of the present iMV@RGlon as nedical
agents in the treatnent o® conditions which fgeesent with | ow bone nass

0
1) i
NaH
NH 2 ’ X P
R hal-CH,CH,-X-Z-QP NN, A
2)TBAF or HCI 2
5 R
~TB OH

S

13 9

Compounds of formula 9 of Scheme F are converted to compounds of
Formula | by methods well known to those skilled in the art. In cases where the QP
5 group is a carboxylic ester, either acidic or basic aqueous hydrolysis conditions may

be utilized. Typically, lower alkyl esters are hydrolyzed by base catalyzed
hydrolysis in a reaction inert solvent at ambient temperature to about the reflux
temperature of the solvent being used. Preferably the lower alkyl ester is
hydrolyzed with aqueous 1 N sodium hydroxide in methanol at a suitable

10 temperature, preferably at ambient temperature. When QP is a benzyi ester or a ¢
butyl ester, standard deprotection methods are utilized as described in Greene, T.
W.; Wuts, P. G. M., Protective Groups in Organic Synthesis, 2" ed.; John Wiley
and Sons Inc.: New York, 1991. When QP is a nitrile and not a protected
carboxylic acid, a preferred method for preparation of the tetrazole is treatment of



(e.g., osteoporosis) in vertebrates, e.g., mammals (especially humans and
15 particularly fenmal e humans) is denonstrated by the activity of those
agoni st s wao2/¢xap8/ent i onal assays, including a cyclic AMP REFaB01/020T3i N Vi VO
assay and a fracture healing assay, ak35-of which are described bel ow. Such
assays al so provide a neans whereby the activities of the EP4 sel ective
agonists of Fornmula | of this invention can be conpared to each other and
with the activities of other known conpounds and 20 conpositions. The

resul ts of thehmitrite witnpikniyfiorsidaraad ddmelylsiydazidringefuxnoriglugae &é | evels in a
vert ebrat eg,,. . SnAkAc! ugh ng r € e n such

di seases. Mttgﬁ%ég%g%?y@ #hgog%tqi \F“Q?@ 8P g@ﬁi@&%@ %t%:mggéﬁéfg?'i Eog%li mul ati ng
bone f or natréview ahalter2bive peapasationg obietrazotes sec BIN. [Butler Jetsazales, ilnt act mal e or

f I t h | &1 en: I,d .

(ovar  ect oy PrelS R Brop I Chb TSt R P PEIAREN Sora O, 5 e
(()f agg)S;:anQ&ed\m.eﬁjp‘JmF]a.&se study. The rats are either intact ordcastrat ed
ovariectom ze r rchi de ed).. . J . ed or
Gavaged vith o JOREEERIo SERENE TPy Foie) AR MR e R Pr o e

doses (suchdasted o tBerapeuticlusamslagéuntayhat Stimulae badeyermatkion amkincregse at ed r at s,

treatnent s started on the next fter r pose of
preventi ngb%%gaﬁ%gls\seﬂglpragels, THe 8 al ogr?gj ﬂagts‘éégﬁgﬁué%'?%asm}ggg@%r ed (for
t he pur posé@rafatioreistaoselygelbivd do thesieyelofuentrul osteepsosisignd bdre relatesi are al | owed

4B06a, s PRS2 2500 b BB TisGRP SR bhaly dnipdr Rapy ©

cont ai ni ng o béc&ppralent, amesthndMrethessdsteapsraasizsd 4. 96 | U g of Vitam n D3.

A G are oL RSHL A3 S TR af i s, 12
are det er gk ptsdicabademiinathe Remeei of evrditiddsaghichepresens witf loev idngimassenur  f rom
b ondtbe RSt B A B PR e RO et e w
"Regi onal bhagibulRestemsald mumdssnis desmhinatee by Hiel anfjiity df those adahisteam  MA) . The
scan field size_.is 5.08 x 1.902 cm. r, lution .is.0.0254 X .%}27 cmand 10
scan speed Paveptiongl ﬁﬁ%%d'&%‘bﬁ“%%yra'%ﬁ&ﬁ’g‘r‘ss%ﬁﬁ‘ LSS f&%ﬂ v2ed and bone
area, bone hahimgrakayg abobwhich Bddescried Bave Sucheassalys diso prdvide(dBhERnsOf whol e
femora whereby the activities of the EP4 selective agonists of Formula I of this invention can
be compared to each other and with the activities of other known compounds and
20 compositions. The results of these comparisons are useful for determining dosage
levels in a vertebrates, e.g., mammals, including humans, for the treatment of such
diseases.
In Vivo Assay
The activity of anabolic bone agents in stimulating bone formation and
25  increasing bone mass can be tested in intact male or female rats, sex hormone
deficient male (orchidectomy) or female (ovariectomy) rats.
Male or female rats at different ages (such as 3 months of age) can be used
in the study. The rats are either intact or castrated (ovariectomized or
orchidectomized), and subcutaneously injected or gavaged with a compound of
30 Formula | of this invention at different doses (such as 1, 3, or 10 mg/kg/day) for 30
days. In the castrated rats, treatment is started on the next day after surgery (for the
purpose of preventing bone loss) or at the time bone loss has already occured (for
the purpose 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



(WF), distal fenoral netaphyses (DFM, fenoral shaft (FS), and proxi nmal
fenora (PF) are determ ned. Tibial Bone Hi stonorphonetric Anal yses: 15 The
right tiweaote2senoved at aut opsy, dissected free of nuscPeT/IBM@2€at into
three parts. The proximal tibia and the3@-i bial shaft are fixed in 70%

et hanol, dehydrated in graded concentrations of ethanol, defatted in
acetone, then enbedded in nethyl net hacryl ate (Eastman Organic Chem cals,
Rochester, NY). Frontal sections of proximal tibial metaphyses at 4 and 10
pm t hi ckneJekiad eMadifor W) crsitaiging 1 REP/c tateitm,JI6%% Pbbsphorussing £9@gel.  The 4

pm section ar e ned w while the
10 pm sect ﬁ’éﬂ@nlr} @%'gi"r{aﬁr‘?ﬁ é‘”%%g%%@?gggfwﬁ’%‘%‘gdﬁa%f)ﬁ%h%{ 98%?"3 E‘E:(%H &bﬁ/ from each
rat are useg 4n@rn yehite ehérfius. THeNatshkirs baummedt) TRE fdilgwing Ghdssiniseed | ons  of

tibial shaft at 10 pmthickness are cut using a Reichert-Jung 25 Polycut S

ni cr ot ome. d¢leEBEedect i ons are used for cortical bone histonmorphonetric

anal ysi §. %Hﬁ%l'B%Hé MRS MH=shRfneRoMet ry: A Bi oquant OS/2
hi st onor phonetr system (REM Bionefrics nc., Nash used for
dye

the static and dighicfemyy @?@%P%%Wﬁﬂ°¥e%%%{ﬁpé)@ﬂ¥§c%me? Hél\l')”gga@ndary

spongi osa %Be:fg&}@(-&%\ %s&aﬂlorﬁétﬁﬁ(@b<A3@sz(mhMSﬁ§|o§ieurvwaNaﬁha2nammb 3.6 mm
distal to the™ ‘ggqateelp yseal %?ﬁnctlon The f nm of the

tibial met &SH‘?@%W'“? ainnahidigh Repeluien Seant efivars (dolegic ‘ch)&’vfg‘]g‘@f'}'l ct

measur enenfyga)t ¢pd Q@an%ﬁ%%% .3 @Q@ﬂ%@@rﬁ reddltioh i900S5E & 027 dcandsed to
determ ne indices related to bone vol une, bone structure, and bone

r esor pflP on scamsnasdigy 85 mip/sespnpCiie iaora) searsimagsy arerNabEed Ad RS ons ar e
used to deta‘?édﬂbgﬁe HiHé‘ré} 8Sntef (BMeq i mg%ﬁ@rﬁr@ngmm dPUMBIe fémbraOVer . 1)

Measur ements and cal cul ations related to trabecul ar bone vol ume and
struct ure: (), digeldempiat mpiapBaes (RIFMG fernoral #hath(FSivepd prayiealieraprda bet ween
1.2 and 5( Aefinsinay to the grow h pl at e- epi physeal junction. (2)

Tr abecul ar one area (BV, mm® total area of trabeculae within TV. (3)
Tr abecul ar IM@&@H'WT‘WIDWFBJICWWSGS he length of total perinmeter of
trabecqlfae (4) T-E(err@ﬁtcﬂb'eﬁlé r@ﬁé\%%%?'aﬂ%sﬁ %ngc\,{ed ?@e of Wsdle LEHdX:utllﬁ’t@ (5)

Tr abecul ar bone Tr abecul ar

bone t hi ckiiree P@@'ﬁhemﬁm@’l@@@nﬂ the .“JQ@)Shﬁﬁ @W’Xﬁd B'S_O'O% @ﬁ)an abecul ar 10
bone separ Qfeh?d}a{e-dr'ﬁﬁgraaée corlc8lioks &f difidhol tefatt¥d in &tene, then embedded

in methyl methacrylate (Eastman Organic Chemicals, Rochester, NY).

Frontal sections of proximal tibial metaphyses at 4 and 10 ym thickness are
20  cut using a Reichert-Jung Polycut S microtome. The 4 um sections are stained with
modified Masson's Trichrome stain while the 10 um sections remain unstained. One
- 4 um and one 10 pm section from each rat are used for cancellous bone
histomorphometry.

Cross sections of tibial shaft at 10 um thickness are cut using a Reichert-Jung

25 Polycut 8 microtorﬁe._These sections are used for cortical bone histomorphometric
analysis.

Cancellous bone histomorphometry: A Bioquant OS/2 histomorphometry
system (R&M Biometrics, Inc., Nashville, TN) is used for the static and dynamic
histomorphometric measurements of the secondary spongiosa of the proximal tibial

30 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 pm sections are used to
determine indices related to bone volume, bone structure, and bone resorption, while



1) Measurenents and cal culations related to bone resorption: (1)
OGsteocl ast  nunber (OCN, #): total nunber of osteoclast within total

nmet aphysead ozares (2) Osteoclast perinmeter (OCP, nmm: | epgr/mBofo2zeamabecul ar
perimeter covered by osteoclast. (3) e&teoclast nunber/mm (OCN nm #/ m):
OCN / BS. (4) Percent 15 osteoclast perineter (%CP, %: OCP | BS x 100.
[11) Measurenents and cal cul ations related to bone formation and turnover:
(1) Single-calcein |abeled perineter (SLS, my): total |length of trabecul ar
peri neter tﬁuaﬁehm@ewﬁdnb amngseddd defermina liredices (@iteDiubdre-fomnationand hbes¢ ed

peri meter g \} mm): total Ilength of trabecular perinmeter |abeled with two
cal cei n | ab¥g er(3) Inter-1abeled width 20 (ILW pm: average distance
between two cal ¢aVieadurdmednts ar(dfléald%ﬂa*tbamtelatéthwlbbzmlacbonp@lwmand (PI\/B 9 :
(SLS/2 + DLS) / BS x 100. (5) Mneral appgsition rate prrld I LW/
| abel i nt estratture; &) Teish@etaghyasal Qfﬁar(BYéW@g)r metaphyegal ar ﬁ@‘y d/ pm:

5( Sﬁ{? 2/5“8\[3135(% Téb%%? gé @?@pl Q'é l Pééé@MﬁEtldna(Z?TfﬁgaalaP/@dfﬂe aréagdBV 2 + DLS)

hi st onmor phonetry: A Bi oquant / 2
hi st onor phenme) ;oté!)aféaajﬂrabwdel?»wmﬂ‘/I(G)BTrabemlar bislas periréter (BR\mm)s used for

cortical  bomuengt R pedndeopEbRRER. L rRRaR BEREISu e Yol
nglrjle ln'géer 3 BYhdnL RN 00. g5 Trﬁlfﬂéd#fﬁbﬁﬂie nShiver| (@BNawgig@d’l 9@ 2 B TV. (r;“é)uglge
endocort Pc lerar‘%ﬁl’“?%@ gb'ékf}ﬁ?aéﬁ a@é’%é qg%)aﬁ (Bgfcfﬁé )a&if%%@ar tissue

area -1par rb@Més@rﬂa\rattoM (‘&llBsq)m) mﬂooemwg)lxt(malavmone area (cortical area /

total tissue are percent N C (é area / total
tissue area x 1G9ME3 ')“ algulations gelate ST '(al)a% %erlrreter

[(single |ﬁhbﬁib@ﬂ|(0@\ll I#yﬁb@rﬁmwbﬁeb@mmdmmbnﬂétémaama 1801/ 02073 -38
perimeter) /[ total erlmeb Of% mne Bgomtlon ra({e (i nterl abel ed
wi dt h/ i nt erQeigasjest t‘PeS‘Efr{ ﬂthroéttré %‘ar'i TPeEhEYERI ¥h rate x
[(si ng: e : Q)Qtégeldsét @?Osf&b@ét/rﬁmﬂjéwmrﬁ(d)@m?hrﬁd#/gﬁm oleNerlras /(c:fj)tRHr@dntpgrl rr:a/t er]
are calcul ate t at i api st e cal cul ated using StatView
4.0 padRagest eeﬂamwe%ﬁgz&fg’ ?%1 {?9?’ Bée*i@.crey CA). The anal ysis of
\égr i ance I( ANO\/A)llllg)ahgééPs)uife‘Mén@AW &ycurtBherelfed Blbbhe ¢&hfatnonlfamwunﬁbacgs
ncepts onita Ave rkeley, . are used to

conpar e thé1bﬁ'%'@'rc@'ﬁ%’@iabﬁl?fj\ﬁﬁgﬁ‘e&régbé.’X”i‘}]g'}?ﬁ? 99'? gfrﬂf%‘? %’%ﬁ"ﬂ'ﬂ’e Hquence for
the EP1 reqgpicfwithsondtarenIalt.q2) DeGsle-talcein labeled perimeter (DLS, mm): total

length of trabecular perimeter labeled with two calcein labels. (3) Inter-labeled width

20  (ILW, ym): average distance between two calcein labels. (4) Percent mineralizing
perimeter (PMS, %): (SLS/2 + DLS) / BS x 100. (5) Mineral apposition rate (MAR,
um/day): ILW / label interval. (6) Bone formation rate/surface ref. (BFR/BS,

pm2/dlpm): (SLS/2 + DLS) x MAR / BS. (7) Bone turnover rate (BTR, %/y): (SLS/2 +

DLS) x MAR / BV x 100.
25 Cortical bone histomorphometry: A Bioquant OS/2 histomorphometry system
(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

30 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 labeled



10 Funk et al., Journal of Biological Chem stry, 1993, 268, 26767-26772.
The full length coding sequence for the EP2 receptor is made as discl osed
i n Regan ve® 0zh2268 Mol ecul ar Phar macol ogy, 1994, 46, 213-2PO0T/18th®2d¢73 |

| engt h codi ng sequence for the EP3 rec8ftor is nmade as di sclosed i n Regan
et al., British Journal of Pharmacol ogy, 1994, 112, 377-385. The full

| engt h codi ng sequence for the EP4 receptor is nmade as 15 disclosed in
Bastien, Journal of Biological Chem stry, 1994, 269, 11873-11877. These
ful | | engt perinestent total parimeies & d0glomjnees) aprositog satedinteslabsled essi ng the EP,

5 oo b A e st B €7

EP2, EP3 o g n receptors ed according to

met hods knpariméter/2-tosible ddbelddgubrimeter dotal perimeter] awgriatealated. PCR ( pol yner ase
chai n react) n[? prinmers corresponding to the 5 and 3' ends of the

publ i shed ‘Lgﬁength receptor are nmade according to the well known

met hodss di scl os8thtistivs\can bedakuleted sising iStat¥iewRir0 parkages tiliagus Genaegtst he t ot al
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by the TA B\SD l$tayVidw, AbadusCdnnems MCRA918 Bonite Aveo BerkelegaCASBERf- CA) and
identity o he cloned 1 ! i [ oe .sequenci ng. 293S cells
(Mayo, Depﬁ01I4(?>1aredl’§?§ﬁ8ﬁ?@?&%&ﬁ%\%ﬁrﬁo\g%%%%ﬁqr\eg ngra\e transfected wth the
cl oned r ecept or TherfylicéMgiBcdujngeseguemaegor the ERh recgptab isonads as disalaseddék pr essi ng

th t t abl i f i ' I1s with
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Fract ure TreBRbAidGnhadiPsstlscidsRnieRedat &t ah! Brtishubtmal affPhageacelogy 21994} het i zed
5 with Ketamne. A1l incision is made on the anteronedi al aspect of the

cm i
proxi mal  {# ©376386hd he fgHength pedingsseapgnrs for &R« Speepiar fyMa&2% | bes t he
tibial,surgi i l logical ' lobls exbot Maraghsye the bone,
and a 1§mngfﬁgl?%aecfl§ r@,f@?g%urﬂaiﬁhB%%%Lgﬁbm?gﬁ? r?g di stal aspect of the
tibial tub®&hessifulylepgimmeeanioraire usediepienaerd9sS cellgigxpressingthe kBddRzar y
nailing i sEp%rf@srrr%??%gsh a 0.8 nmstainless steel tube (rmaxi mum|oad 10

36.3 N, nmaxi unm stitiness 61.8 NNmm tested under the sanme conditions as
t he 2938 cells expressing either the human EP4, EP,, EPs or EP,, prostaglandin

E, receptors are generated according to methods known to those skilled in the art.
20 Typically, PCR (polymerase chain reaction) primers corresponding to the &’ 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
from human kidney (for EP,), human lung (for EP,), human lung (for EP3) or human
lymphocytes (for EP,) as a source. PCR products are cloned by the TA overhang
25 method into pCR2.1 (Invitrogen, Carlsbad, CA) and identity of the cloned receptor is
confirmed by DNA sequencing.
2938 cells (Mayo, Dept. of Biochemistry, Northwestern Univ.) are transfected
with the cloned receptor in pcDNAS3 by electroporation. Stable cell lines expressing

the receptor are established following selection of transfected cells with G418.

30 Clonal cell lines expressing the maximal number of receptors are chosen
following a whole cell ®H-PGE; binding assay using unlabeled PGE; as a competitor.



bones). No reami ng of the medullary canal is perforned. A standardized
closed fracture is produced 2 mm above the tibiofibular junction by

t hr ee- poiwo o268 ng usi ng specially desi gned adj ust abl e PoT/ERPAH208t h bl unt
jaws. To minimze soft tissue danage,-3¥are is taken not to displace the
fracture. The skin is closed wth 15 nonofil anent nyl on sutures. The
operation is perfornmed under sterile conditions. Radiographs of all
fractures are taken inmediately after nailing, and rats with fractures

out si de the specified diaph TURE HEAL| SAY¥Spl aced nails are excl uded.
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ethanol = 95: 5) at 1.m/rat, . whil h t her cgi ' e from
0.01 to 100 ny/ @é%léﬁbﬂ(ﬂ% §B@88‘9$?&A‘?y§at%@égt”z%'ﬁhgsa‘ﬁ(a?gr?f‘?l ?'g%éfr%?%%glo, 20,
40 and B0 daty Ketahiinel @, 1 &8 incloreinthadie cndlyesanté@medibaspectoffthe progiawh group are
anesthetized , wth . am ne and, sacrific i ' . Bat h
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14:19-27, 1 . Brie , the fractur ite 1S .S . to each side o
the fract uFFQCtPT%é prody H@HatﬁﬁYﬁéﬁ%{.‘@?@ug&M“ﬁt'%yﬁb\%&f%ﬁﬂ‘ﬁ?%ys'%d cut
frontals SGﬁédié)l?%leﬁ@'léﬂ a(njdﬁ@tﬁ@fdrceb;sm@h Bainy jaus. To m;*rmhizaeoft m‘séiue]E)m t hi f:k.
Masson- Tri chrone stain m 2/ 42268 PCT[1B01/02p73, 40 fronta
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and cal | us anihaiBdreaich $ubgréupt @r tifRnint Ar tting thedraeture Abding, THeMrsbony ti ssue
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while the others receive daily gavage from 0.01 to 100 mg/kg/day of the compound to
be tested (1 mi/rat) 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
25 dissection and all soft tissue is stripped. Bones from 5 - 6 rats for each group are

stored in 70% ethanol for histological analysis, and bones from another 5 - 6 rats for

each gFoup are stored in a buffered Ringer’s solution (+4°C, pH 7.4) for radiographs

and biomechanical testing which is performed.

Histological Analysis: The methods for histologic analysis of fractured bone

30 have been previously published by Mosekilde and Bak (The Effects of Growth

Hormone on Fracture Healing in Rats: A Histological Description. Bone, 14:19-27,

1993). Briefly, the fracture site is sawed 8 mm to each side of the fracture line,
embedded undecalcified in methymethacrylate, and cut frontals sections on a
Reichert-Jung Polycut microtome in 8 um thick. Masson-Trichrome stained mid-

\
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Bi omechani cal Anal ysis: The nethods for bionmechani cal anal ysis have been
10 previously published by Bak and Andreassen (The Effects of Aging on
Fracturewolezlizngy in Rats. Calcif Tissue Int 45:292-297, prOB®o/BBef |y,
radi ographs of all fractures are takemOprior to the bionechanical test.
The nechani cal properties of the healing fractures are anal yzed by a
destructive three- or four-point bending procedure. Maxinmml oad,
stiffness, energy at maxi num | oad, deflection at 15 nmaxi num | oad, and

maxi mum st frestal sec&orcée(treMngémhm}dma) BfeREET SoraisuaRzEGTURENBIEAL I NG AFTER

LOCAL ADM T RATI Fracture T s at
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Tr ansver se staidakctiona Grelnssi tarderrpnsi:hin:thd chat@ct&ylsmd:m\?thmcallumatmmwoadl ng in

t hr ee- poi nt escri bed Len n | . n

Bal I'i ggnd V\VEF ‘ﬁﬁ?fgﬁ%i%g SBG'IMNDV% e alggllza%pel@ P%ﬁ %t té)éfrﬁﬁi@%%ﬂe Trhlgr acture

I'ﬁal :c ngSj[ n de@@l‘h%; rﬂeia@aténmmtm p%rfé@ride(ﬂ fra&tﬁ%gap Aneasuesd a5 the bhartbst Br ough

the fracture, si 0 ensure,c et i s one.
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Si ItF is ac mmd {3y tcﬁél@dnéEolum]?@mf@falmompbumdtlswé |peemsege lagefasrhsrmil rel ease

pellets or m ni s i on.of t in.a suitable fermul ation

such as a H%qa@u%%qea rPB%t'Wegh@ﬁgﬂ'&s 4]@? Ci'B'%ge qEpa '%khef@ﬁ%eks

Ei st ol ogi calb An Bidﬁeoﬁanﬁdﬂ@\nﬁw'sho'dﬁ, rg@tgodm fot ubn@bnarmmh%ayas tmrvcca: bgam:t & ecki
one ve been preyv et er, 0

WO ; Rﬁnaﬁéﬁz’@#s PEB’ES%E%?// ng %é?gfeﬁﬁgeﬁ‘ ﬁh%%@%‘%? ) Agi 'gﬁ E{@&%ﬂﬁa G A

E{Iﬁ“ S %f HebRIOH GR&. €alif Tidsae it4e:202abT n@8a)]®nbfmead’@mpleldfam in dogs. J.

op. Res

1996 I nd B e Ef of Grow h
Hor none onfrPFtH@tslﬁr%tﬁ%@%PT'Wdz’ ﬂ??n%lf‘% aﬂ'cﬁﬁg“ft flbegmgghan ROpPP ?ﬁ ® Bone,
14:19-27, 1o franulr@‘ érbé,analﬁxi&fbyﬁéi@éétmbm thrt-:-beorffbatqsduﬂ@eﬁdm@ is sawed 3 cm
to each side o fract u?(g enbedded undei%l ‘%f' {jﬁ %
met hy et ha@F%PPQW@ Mooy a2 shfissty o) & Seinum Jopdpdeflegion 4 o
Rei chen- Jmmlftﬁhw&utarmméﬁaﬁﬂﬁﬁstﬂeasaremaérmr@@ of frontal sections.
Masson- Tri chr one stal nr_ed m_d-f . ti bia and

fibula) are use@=RS d ue response to
fracture healing with and w't ho;ADMmmlmm@N S| rius red st ai ned sections
are used to denpnstrate the 5 character|5|t|c of the cal ws struc{ure and

to differentiat Era8Iadsahnige: Femgiesr HAE PIagiRgqasat gRrreXIREY 2Year$ 8t ur e
site. The fgbbihdad uBasAHRIRREE I Tk &iude! TransmRese radibl fractures are produced

20 by slow continuous loading in three-point bending as described by Lenehan et al.
(Lenehan, T. M.; Balligand, M.; Nunamaker, D.M.; Wood, F.E.: Effects of EHDP on
Fracture Healing in Dogs. J Orthop Res 3:499-507; 1985). A wire is pulled through
the fracture site to ensure complete anatomical disruption of the bone. Thereafter,

local delivery of the compound to be tested to the fracture site is achieved by slow
25 release of compound delivered by slow release pellets or by administration of the
compound in a suitable formulation such as a paste gel solution or suspension for 10,
15, or 20 weeks.
Histological Analysis: The methods for histologic analysis of fractured bone
have been previously published by Peter et al. (Peter, C.P.; Cook, W.0O.; Nunamaker,
30 D.M.; Provost, M. T.; Seedor, J.G.; Rodan, G.A. Effects of alendronate on fracture
healing and bone remodeling in dogs. J. Orthop. Res. 14:74-70, 1996) and Mosekilde
and Bak (The Effects of Growth Hormone on Fracture Healing in Rats: A Histological
Description. Bone, 14:19-27, 1993). Briefly, after sacrifice, the fracture site is sawed 3
cm to each side of the fracture line, embedded undecalcified in methymethacrylate,




fracture gap - neasured as the shortest distance between the cortical bone
ends in the fracture, (2) callus length and callus dianeter, (3) total
bone vol weozsres of callus, (4) bony tissue per tissue apPerIBns2@a t he
callus area, (5) fibrous tissue in the-410 callus and (6) cartilage area in
t he cal lus. Bionechanical Analysis: The nethods for bionechanical 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. (Petadcut@GnR ReiclarblungWdlycut idionatonak a8 LD, tNick oPrentalsectides. T. ; Seedor,
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hybri di zation wth 32P-1 abel ed 18ﬁ Fﬁ?osopa %%IB F,: 2 and

prost agl andf4 Ao 1990 Brigt fagiogiaphs QA 75 et pyno”q fie EP2 293S cells
in a tinewRRLASasd témm‘n%rme&aﬁteaup?@wﬁesw thv‘he@ﬁpg fagines arsargyzed al | y not
observed in the parental cell line. Gv t eskm%%roload StncfBNP 7 1in |

ki dney r egé’M@r"&ﬂr%'V%HHe%‘l% four-point bending procedure ness
energy at maximum load, deflection at maximum load, and maximum stress are

20 determined.
Kidney Regeneration Assay

The role of a prostaglandin agonist in kidney regeneration is investigated by
the ability of Prostaglandin E, (PGE,) or a prostaglandin agonist to induce the
expression of Bone Morphogenetic Protein 7 (BMP-7) in wild type 293S cells and in

25 2938 cells transfected with EP,.

Methods: 293S and EP2 2938 cells are grown in Dulbecco’s Modified Egale
medium (DMEM, Gibco, BRL; Gaithersburg, MD ) . One day prior to treatment with
PGEor a prostaglandin agonist, cells are plated at a density of 1.5 x1 0° cells /10 cm
dish. Generally about 16 to 24 hours later the cell monolayer is washed once with

30 OptiMEM (Gibco, BRL; Gaithersburg, MD) followed by the addition of 10 ml
OptiMEM/dish in the presence and absense of vehicle (DMSO), PGE> (10°M)or a
prostaglandin agonist (10°M). Cells are harvested and RNA is extracted at 8, 16
and 24 hours. Northern blot analysis of total RNA ( 20 mg/lane ) is carried out by
probing the blots with *?P-labeled BMP-7 probe. The blots are normalized for RNA



5 ability of an prostaglandin agonist to induce BVMP-7 expression in 293S
kidney cells in a tine and receptor specific manner indicates a role for
prost agl amadbn42eoni st in ki dney regeneration. Those skil PemIBm/oeéve art

wi |l recognize that anti-resorptive age@ts (for exanple progestins,

pol yphosphonat es, bi sphosphonate(s), estrogen agoni sts/antagonists, 10
estrogen, estrogen/progestin conbinations, Premarin(r), estrone, estriol or
17a- or 173-ethynyl estradiol) nmay be used in conjunction with the
conpounds hdingbg hybridization aith **Pxabgiddat8s riposgresitRWA probe. B@Bidndbl e from
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di acet at e, lr@tp@ﬁ &ﬁ@?e (TEL'V%H @'ég(g?‘g?\g’t‘% %@?_g% géggﬁ%ggﬁ%?ﬁ%‘e%}%og]gne,

gest onos one?imgpf mpmst@m;mtiih: agumdsxtd”iadk?mrm@éé’d texxprassipn iny2838Xjgnep geltst er one
caproate, .|evonorgestr nestrenol. r t est erone
acetate, 2B FNe ﬁﬁ‘g E%CPBE” 5%%%4&"%5}"”%‘?%%%%?6&& gc?raog‘gsﬁ%qlé%ﬂ{n %ﬁéﬁﬁﬁﬁ dr one,
nor et hi ndr Rideeyaregémdration. nor et hynodrel , norgesti mate, norgestonet,
norgestrel, oxogesto henpr opi.onat e.. rogesterone, qui ngestanqgl acetate,
qui ngest rone, and®$s %@@B(ﬂ {P\gIgftéqllg;epwlﬁtﬁate%}%l—rﬁgorgﬁwg %9%8?3@’&8? g%t rone,
nolr et Ei ndemgeﬁrmd! pdlﬂmbl déﬁmmf&sﬁﬂgsptﬁﬁprﬁnem&)a?&rdﬁenegorﬁstgamagmistg,n_hi biUt iSng
pol yphosphonat es i ncl ude po sphonates of 4t type disclpsed in U S
Pat ent 1%, 683980, e%trﬁsewpgo&rsaﬂgﬁﬁ%@%a%’m% Egnarin rﬂganéo?%@%af L&"é’fn by
reference. 1ﬂ§-@i‘hgw| %Qtr&%l%ﬁ’@?%@ he&aah @8njandtion With AR corfbdunas Bhagat es (al so
referred to as Dbi's-phosphonates). Tiludronate disodiumis an especially

preferred pYeRtiPRosphonate. | bandronic acid is an especially preferred 30

pol yphosphonat eg,AhgBAS R83EsEn Sre3RaiRPREFIA LoMITRFGAI 86(ieEs A} Mah@sphonat e.
Zol edronic acid 1s an‘especially preferred pol yphosphonate. Qther preferred

pol yphosphalgastere agaiophenifenatrendapal ampdinens aealincansos PR BRAHEC acid and 1-
hydr oxys 3( em.%dmwbcaﬁw ChoPitaPYbdcRRE REBR) e@m@ges@n@géé@ate,The

pol yphosphonat es may be adm ﬁl stered in the formof the acid, or of a

sol ubl e al Helnadinone acatatesseseaesteBatimeibigtesone, dgdragasigrons jethyperoakal i ne earth

metal salt tthéHi& lralhe e?o?kﬁés?re?ffu g@ 9% Qs PRRRRIRe, gddidiehé kew se

I ncl uded. gp citic exanples Incl uo’e t%ane- 1- h%/ roxy 1, 1-di phosphoni c
gestonorone caproate, gestrinone, haloprogesterone, hydroxyprogesterone caproate,
levonorgestrel, lynestrenol, medrogestone, medroxyprogesterone acetate,

20 melengestrol acetate, methynodiol diacetate, norethindrone, norethindrone acetate,
norethynodrel, norgestimate, norgestomet, norgestrel, oxogestone phenpropionate,
progesterone, quingestanol acetate, quingestrone, and tigestol.

Preferred progestins are medroxyprogestrone, norethindrone and
norethynodrel.

25 Exemplary bone resorption inhibiting polyphosphonates include
polyphosphonates of the type disclosed in U.S. Patent 3,683,080, the disclosure of
which is incorporated herein by reference. Preferred polyphosphonates are geminal
diphosphonates (also referred to as'bis-pho‘sphonates). Tiludronate disodium is an
especially preferred polyphosphonate. Ibandronic acid is an especially preferred

30 polyphosphonate. Alendronate is an especially preferred polyphosphonate.

Zoledronic acid is an especially preferred polyphosphonate. Other preferred
polyphosphonates are 6-amino-1-hydroxy-hexylidene-bisphosphonic acid and 1-
hydroxy-3(methylpentylamino)-propylidene-bisphosphonic acid. The
polyphosphonates may be administered in the form of the acid, or of a soluble alkali



aci d, nethane di phosphonic acid, pentane-1 -hydroxy-1, 1 -diphosphonic
acid, nethane dichloro diphosphonic acid, nethane hydroxy di phosphonic
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Estrogen agiplagphorit acidrN2tgdexpettdf amiad nathankeeliphoaphaniongoid) bdanedpabl e of

binding to the estrogen receptor sites.in mal J an, tissuye, and bl ocki ng

the actd on@MEP-1-YGFPY: eﬂdlpﬁosgﬁgnl&amﬂbgeéﬂ%qeés- @9’1‘@@%&%&??{vi ties are

_reafji Id_y degiptidspheric bc}id,thsm—Gb&ht;ﬂ\d-Mydmxy-he-chpm' spiLonizidmli)djamdj assays

i ncl udi ng estrogen receptor, binding assays st andar one

hi stormrph@?ﬁé’?‘??%’t'ﬁ?{léfaﬁgerpg"f‘tfl%ﬁ%?@raqwé?ﬁ%%’?feo&nd Eriksen E.F. et al., 25

Bone Hi st onor phiarpatticMiar, Reey esmpsieds of INevnvéatisn maPed combiped witha4; Grier S.J.
In Aninmals, Inv.

et. al., The e of, Dual - Ener X- Ray. Absor pt i onet [ ,

Radi of . | 198BS C370080. 260N (NRRr LN SSeR GO RN OO ST HEY 9 uat i on of
Cst eopry OSiissd douied sedon€ cayiptirideof A FoermtionoTi teyn iestrégenni cal Practi ce.
Martin Dunitz Ltd., London 1994, s 1-296). A variety of th

conpounds %\9@'%@%@9?'5%69 gredo F@WP@%&@“"B@"&%&@WGES ?%‘?'b%f’%@oregﬁﬁ)ﬁgen

?goni sth / ?%&ﬁqﬂﬂnﬁﬁeriaﬁd@ﬂ pie@léhtftﬁme Irllosépllh@aﬁlculafieéfk?gefira(gbnists are gereinl .

I met hyl am no) et hoxy) phen - 2- phe -1- hut en - E) - nd.rel ate
conpounds 9&{iRedAs SP%X')&]&SCBF%QQW?% %p?)&é."f éﬁ?’@%?" %’eﬁﬁtygéﬁga{e%?pﬁ%r PR EY osure of
whi ch is i peainAsatigde, 4 Rimicking theaeli@B et estttgeA M dR2GEMBICTKAR01/ 02073 - 44
Anot her preferred est r,ogen ﬁg'onidstf_/ ant a oni.st] is 3-(4- gl % d]j henyl -

20 " Estrogen antagonists are herein defined as ¢hemical compounds capable of bindin
to the estrogen receptor sites in mammalian tissue, and blocking the actions of
estrogen in one or more tissues. Such activities are readily determined by those
skilled in the art of standard assays including estrogen receptor binding assays,
standard bone histomorphometric and densitometer methods, and Eriksen E.F. et al.,

25  Bone Histomorphometry, Raven Press, New York, 1994, pages 1-74; Grier S.J. et.
al., The Use of Dual-Energy X-Ray Absorptiometry In Animals, Inv. Radiol., 1996,
31(1):50-62; Wahner H.W. and Fogelman |., The Evaluation of Osteoporosis: Dual
Energy X-Ray Absorptiometry in Clinical Practice., Martin Dunitz Ltd., London 1994,
pages 1-296). A variety of these compounds are described and referenced below.

30 A preferred estrogen agonist/antagonist is droloxifene: (phenol, 3-(1-(4-(2-
(dimethylamino)ethoxy)phenyl)-2-phenyl-1-butenyl)-, (E)-) and related compounds
which are disclosed in U.S. patent 5,047,431, the disclosure of which is incorporated

herein by reference.



but - 1-enyl ) - phenyl )-acrylic acid, which is disclosed in WIllson et al.,
Endocri nol ogy, 1997, 138, 3901-3911. Another preferred estrogen

agoni st/ ano agen2est i s tanoxifen: (ethanamne,2-(- 5 PCT/IB01/02073

4- (1, 2-di phenyl - 1- but enyl ) phenoxy) - N, Ndd+ et hyl , (Z)-2-, 2-hydroxy-1, 2, 3-
propanetri carboxylate(1l:1)) and rel ated conpounds which are disclosed in
U S patent 4,536,516, the disclosure of which is incorporated herein by
reference. Another related conpound is 4-hydroxy tanoxifen which is
disclosed in U 'S. pAheher ptefefad 66fhgentagonisisaritagonistis@F (4vii2ediphenyl-

o 2o o Bl Bt R IR e B i ot 5 ooy,
hydr oxy- 2- (19‘97hyﬁ8 @oppidany.l ) benzo[ b] t hi en- 3- yI ) (4-(2-(1-piperidi nyI ) et hoxy) p

henyl )- hydrochl ori de ich is di n t he
di sgl Z)sur)é of V\ﬁp%th ri")é'e eirrﬁg 8?&5%9’9&6'%”'%2%234??’@ Plsﬁg g)?};eeﬁc eth%R ?’ﬁ pr eferred
est rogeh agQﬂQ&ﬁdr@nyla‘gbutémn)ph@nm)FmN-dhmlaﬁftyl (Brarhydroey-1,2:3- 15

4- (4-chl 1 ut h
b hydr oxy- piopangtic SRS ARk SNel BRSPS i At BB n € U s
patent 4, 99&&3&%53&5@ thill disdlaaaite o wlrﬁchvmimbrpbmtemb@epchyaefeténher ein by

rl?]z gr ??Zf ( '_A‘Prg: % e gocrlnp%%é %qleﬁyd‘?&y%r%gél en vﬁ%ccm% anclogeac ﬁr@} s hr oman:
di et hyl - Bpﬁbﬁmm&tﬁ’ﬂm trandideloguye qsﬂvmm»dy )nceltpb;dted p@femd:lylrelﬂermpe which is 20
ent 3,82 scl.os S i ncorporated

ﬂle?g: g | pe]EJ egé%%a"e‘;k?%tfggﬁpé?‘p%?‘?t@& gg”'ﬁt@é?l% 68% HE““’&%A@ her preferred

_eSEj rogﬁn ap bﬁﬁi—%lhﬁﬂ@typﬁénw)serhzfdmﬁhfeﬁmeyl)(ﬂi-@ -(1LpipéXidinid) e?apmphenyl)- .
e 2523ykﬁ0®ﬂ?og.dﬁmﬁf o 8% B ST B AR 1 P 15

|ncorporat ﬁﬂoﬁb@f@éwh&ﬁlngfr%me 25 Anot her preferred estrogen

/ L4 .
(3 i per i n1- GROBETREIFTSR aHHR AP DB RS 5t BB AP &

di scl 0$§dt (ﬂ(ﬁb%ro 1P@-H|9ﬁénle¢-bu@nﬂl§iﬁﬁﬂ?ﬁ/) Mmellr?etaydi , (@) rehyafoxyi T8 i s
i ncorporated herein ot he err
agoni st/ anpl&)@amtg@arp @t?zjj {)ﬂp@?dﬁﬁlg in Q[Sg ten?q 999%t2r289tﬁe

(2- pi peri dUBclést)fb'oﬁWh@HYs)mb@ﬁdmie)jh@ﬂanhbwdfaén& ol which is disclosed in
U S. patent 484 7?% di scl osg e of .which is mcg B(&;at ed herein
ted Hn (2§

by reference. AABPHEFPIS FFE@%‘&Q"BB Q%Vﬁtést‘?egmhé%?ﬂ
(4-(2-(2- a(—ﬁ'retm:l o3, Qiin?et IJB-phe '?g chroman -4-yl)-phenoxy)-ethyl)-pyrrolidine, which is

Lgﬁz oi é? %llhid@g'tﬁggfi( %) tl?’aé?% F@ c%_glsrﬁlo%r?x[ggi%mg%[pg%&)dﬂe{%n Rét hods of
prepar at i OPefeﬂeﬁcéDWSd%@feln@alig levorivgloxi¥Ae95/ 10513 assigned to Pfizer Inc. WO
02/ 42268 PCT/ 1B01/ 02073

Another preferred estrogen agonist/antagonist is idoxifene: (E)-1-(2-(4-(1-(4-
iodo-phenyl)-2-phenyl-but-1-enyl)-phenoxy)-ethyl)-pyrrolidinone, which is disclosed in
U.S. patent 4,839,155, the disclosure of which is incorporated herein by reference. -

25 Another preferred estrogen agonist/antagonist is 2-(4-methoxy-phenyl)-3-[4-
(2-piperidin-1-yl-ethoxy)-phenoxy]- benzo[b]thiophen-6-ol which is disclosed in U.S.
Patent No. 5,488,058, the disclosure of which is incorporated herein by reference.

Another preferred estrogen agonist/antagonist is 6-(4-hydroxy-phenyl)-5-(4-

(2-piperidin-1-yl-ethoxy)-benzyl)-naphthalen-2-ol which is disclosed in U.S. patent
30 5,484,795, the disclosure of which is incorporated herein by reference.

Another preferred estrogen agonist/antagonist is (4-(2-(2-aza-
bicyclo[2.2.1]hept-2-yl)-ethoxy)-phenyl)-(6-hydroxy-2-(4-hydroxy-phenyl)-
benzolb]thiophen-3-yl)-methanone which is disclosed, along with methods of
preparation, in PCT publication no. WO 95/10513 assigned to Pfizer Inc.



-45 Ot her preferred estrogen agoni st/ antagoni sts include conpounds as
described in commonly assigned U . S. patent 5,552,412, the disclosure of

whi ch i s wonwexpor at ed herein by reference. Especially preé¢piBad2€dnmpounds
described therein are: 5 -45-

Ci S-6- (4-fluoro-phenyl)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl)-5,6,7, 8-

t et rahydr o- napht hal ene- 2- ol ;

(-)-cis-6-phenyl -5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl)-5,6,7,8-tetrahydro
- nhapht hal ene- 20¢ﬂerbfmdobeeitrbgaeaagornéﬂan’@gpﬁsiﬂwdtﬂe(wﬁ(pgum;?ra%I idin-1

-yi - ethoxy) henyl ) - 56 8-tetr d of oxi f ene
s 1 (o UeSPet bRy el S Ay S253Ata e HERGE  whbgRS X! T ene):
t et r ahydr ofepipolddinegein by reference

1-(4' -pyrrolidi oet hax e 4" e5- hydroxy-1, 2, 3, 4-

t et r ahydr oi soqu ﬁ?ﬁci' ¥P‘A’T e}cq‘)so"éooﬁ" fh%#ﬁ'%‘gﬁﬁ %?5-(4- (2-piperidin-1
-yl - et hpxy) - phe6316)(45w6r07pi&nyb-6t(442-pcﬂ>endmag}rlr'etmaky)rmeylbﬁ,ﬁ,?a&rd

1-(4' -pyrrol,i ol et | ) - 2- phenyl - 6- hydr oxy-1, 2, 3, 4- tetrahydroi soq
ui nol i ne. ﬁgwﬂg§?9@83§8%26%|st/antagonists are described in U S. patent

4,133,814 20 ((heis®-sHengisBi(e(29dymotidieh-yi-sthox)-phpoyle8,6 4, Sretrahydrdsy

reference) ent 4,133 814 discloses derivatives of

2- phenyl - 3@?*39@'8’%%?&5%9@5@%# and 2-phenyl -3 aroyl benzot hi ophene- 1
-oxi de. Those skisld-gHénii6-4b@- wrrbncwimlyl-etaoqgrphereyrmaﬁ,aateltrehydmne anabol i ¢
agents, also ref er ed to_a ne mass augnenting agents, may be used in
conj und®i oﬁamtbfﬂeﬁ% ;0! (%0@5@%{53“(13 of this invention. A bone nass

augnent i ng agenijsifs(eapyriaginsethor 3t pyaidgiephenydérydroxgs,2,84a | evel which is
above the bone frac ur threshold as detailed in the World Health
O gani zat | &ireayq HW%ﬁ@eHealth Organi zation, "Assessnment of Fracture Risk

and its Appli cat11(ﬂrrp(¥hendﬁ¢deemmen&rm (E’Dfﬂidﬂwmﬁywsmb/dro@-tlw osis (1994).
Report of a WHO Stu Grou Wrld Heal th Organization 30 Technical Series
843." Any &@@V‘é’@ﬁﬁ%%”e’or prost agl andi n agoni st/ ant agoni st may be used as

the sggond conprled- Hyﬂrd&?ﬂiﬁ@iyl)%&(ﬂﬂ%tp%ndlﬁ 1tyhethokyvetiehyipd,6,7 s i ncl udes

utilizing two different cg r(] s of Formula | of this inventon. Those
skill ed in strabydipaghthplene-2-of; an

1-(4"-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-
tetrahydroisoquinoline.

Other estrogen agonist/antagonists are described in U.S. patent 4,133,814

20 (the disclosure of which is incorporated herein by reference). U.S. patent 4,133,814
discloses derivatives of 2-phenyl-3-aroyl-benzothiophene and 2-phenyl-3-
aroylbenzothiophene-1-oxide.

Those skilled in the art will recognize that other bone anabolic agents, also
referred to as bone mass augmenting agents, may be used in conjunction with the

25  compounds of this invention. A bone mass augmenting agent is a compound that
augments bone mass to a level which is above the bone fracture threshold as
detailed in the World Health Organization Study World Health Organization,
rAssessment of Fracture Risk and its Application to Screening for Postmenopausal
Osteoporosis (1994). Report of a WHO Study Group. World Health Organization

30 Technical Series 843.”

Any prostaglandin, or prostaglandin agonist/antagonist may be used as the
second compound in certain aspects of this invention. This includes utilizing two
different compounds of Formula | of this inventon. Those skilled in the art will
recognize that IGF-1, sodium fluoride, parathyroid hormone (PTH), active fragments



recogni ze that 1G~ 1, sodiumfluoride, parathyroid hornone (PTH), active
fragments WO 02/ 42268 PCT/ 1B01/ 02073 -46 of parathyroid hornone, growth
hor nrone ovOgreeb$r hor none secretagogues may al so be usedpCTmifoadBow ng
par agr aphs descri be exenpl ary second cetfounds of this invention in
greater detail. Any prostaglandin nay be used as the second conmpound in
certain aspects 5 of this invention. The term prostaglandin refers to
conpounds whi ch are anal ogs of the natural prostaglandi ns PG1, PGD2,
PGE2, PGE, oapatatR@ioR] hdnnohe,arewihdwinbng or grovitb horreernensatretadoguss eagor osi s.

These conpounds bi nd_t he prostagl andin r r I ndl [
readily delaéprdtﬁeNgad.ggpeﬁﬂlk%ngg%rﬁgrgghﬁ q]estcﬁ%e %?é&% g%?y §??H§%§B‘p§{s"§sb%ds?g( la.sg. ,
f\n S.loe'lc:) althis infiémighmggraa’(érﬁatpl&essi on of the EP2 Subtype of Human Receptors
or rost agl gndi n E2 i ochemical, a Bio L cal sear.ch
Communi cat i ons, %‘TﬁQQSE@E’%{'&T%g]%9%&%’?%@?\%@?&@%@%@%@Ials%?lcctﬁ ic
c ]9 W}[Dﬁu ng S bﬁih@timbnti@?. Uhgltm bioszgRPdIb Peferspio osmpowids wiidhcare Bhalogsaofbon at ons
0] e basic prostagl.andin a n r enty f.r.omt b [
carbon at o} 'Fﬁi‘(‘fﬁg‘?{gftﬂ@aﬁ?)@f éé@m%g% F’%&Z’tﬁ%@#h%‘dlﬁé%%\wwmaﬁe ‘J§§fr“§@; g?grr: gn
E he adj apemﬁe ﬁéaﬂﬁem_jh_ﬁb@teoyb&rbﬁal Tnefsé bempaljraie &inid ts tteeprostagiasdin eaceptors. t he
rans orie {L.on. e presence o 0X0..gr o at. C-9 of th tyl
oy ety i s i EBRe s ierll e ees RIEH e B cEsndad i boks
ggzga;trlstﬁﬁhra@sal.,mﬁﬁo i ygﬁe&brd@mi'_ cffthDBrelzf &Ibt):ﬂweolfﬁhg_aeﬁlﬁec&ptdxrafoci jsbdgublg
- L op. var 0; ost aglandins_are ri bed an
ref er edfed %ﬁﬂ%‘"ﬁ%’?fkb@cgemf@' ?ﬂdn@?&y?'&'t éﬁﬁrﬁi(f?éan'?a%%s’agg to those
Zkill7lle33iln 1@Z@§g%:§2.%7(§§enpl ﬁry OIprolst agl andins are disclosed in U S. patents
, , an \ , 197, the . disclosures of .each, of which [ t ed
herein by ref er ERSAJIAgSINSATR agcfycgq qqmpﬁHﬁgﬁi(?{aée‘%f’qﬁ E@?’%é‘?crﬁ‘?ﬂ?ﬁr"ﬁsl P?\O{Bg(rjlraal ﬁ
}ﬂ vo, Pr QStp?&Htféﬁibd;lb | 44, Thg@{i@bhiaﬁjzgﬁs ﬁ&ﬁ?Bés{i@;brgﬁaglhmﬂﬁ@'raimrﬁﬂerecll396150, 1990
is a review of bone anabolic r ost agl andi ns. t '
agoni st/ antSagERI—Y fmﬂﬁeca&%"ca@??%@f@ﬁ Wﬂ@%@ﬁ&{]wﬁﬁ ﬁnéﬂ&rtﬁgi Innas pect s
of thi agl n\\xﬁﬁﬁn'ﬁpgarbgﬂiltatoh%mntar gt!smmb'hainagemhar%&ma@@mA 'tg'ae blﬁin&{s to
conpounds e in 0 pros andin receptors (e.g.., .. et .,
C oni ng and® B EIH Qﬂ‘?"%“oﬁ-h geeﬁgsegaﬁp%ﬁ@fgrﬂmﬁﬁﬂ@ég%%@s?@
Prost agl a”%d?etg%in(%btﬁé QFH pristflanamdviBirops Esdiase wHie PEGH, Con@perLtne at | ons,

1993, 197(1):263-2 i m i o -
(1):263:270) and mmc the action of prostaglapdin in vivo (e.g.,

stinmul ate BHEREURERAAGUPRISPORE @t e eleeand acis doublé b

A variety of prostaglandins are described and referenced below. However,

5~Ce pos?tio‘rﬁ.

20 other prostaglandins will be known to those skilled in the art. Exemplary
prostaglandins are disclosed in U.S. patents 4,171,331 and 3,927,197, the
disclosures of each of which are incorporated herein by reference.

Norrdin et al., The Role of Prostaglandins in Bone In Vivo, Prostaglandins
Leukotriene Essential Fatty Acids 41, 139-150, 1990 is a review of bone anabolic

25  prostaglandins.

Any prostaglandin agonist/antagonist may be used as the second compound
in certain aspects of this invention. The term prostaglandin agonist/antagonist refers
to compounds which bind to prostaglandin receptors (e.g., An S. et al., Cloning and
Expression of the EP, Subtype of Human Receptors for Prostaglandin E,,

30 Biochemical and Biophysical Research Communications, 1993, 197(1):263-270) and
mimic the action of prostaglandin in vivo (e.g., stimulate bone formation and increase
bone mass). Such actions are readily determined by those skilled in the art of
standard assays. Eriksen E.F. et al., Bone Histomorphometry, Raven Press, New
York, 1994, pages 1-74; Grier S.J. et. al., The Use of Dual-Energy X-Ray




bone mass). Such actions are readily determ ned by those skilled in the art
of standard assays. Eriksen E.F. et al., Bone Hi stonorphonetry, Raven
Press, NavOo¥exk§ 1994, pages 1-74; Gier S.J. et. al., TheT/uaa/ 00§73

Dual - Energy X-Ray WD 02/ 42268 PCT/ 1B01/-4722073 -47 Absorptionetry In

Ani mal s, Inv. Radiol., 1996, 31(1):50-62; Wahner H-W and Fogelman |., The
Eval uation of Osteoporosis: Dual Energy X-Ray Absorptionetry in dinical
Practice., Martin Dunitz Ltd., London 1994, pages 1-296. A variety of these
corrpounds MOmmemmdArmndlsrdeRMEd9QﬁeBW) 5¢:64eVehnerdi-Me@ngr ost agl andi n
5 agoni st s/ [ t I n Exenpl ar
or o5t agl andCHoRaR T $0E FlblliateaorERolds DamEnBiy X Ry pBscrforiityin TOTP! A1
assi gned U. CﬁnlcplerecttceSJ\/ﬁaBm B%tz LﬁmeLqildsnl’l%fhlpegeﬁ 1-286.0hvariety ¢fri|m€t$|8por at ed

herein by reference I sci 1- desoxy-
15- subst i t JPEH° '?1%’ eg%%%'&%%?ﬁ? gesgrgﬁﬁ? t%’l ns use @é%rlggt;\éllag‘%g‘rmt i on
activitg. Hiofistsiantagpniassvilbe bndwrSo tIprzHeehiﬂedlmGh@aS%gempim’ydl scl osure of
which is inc or e e ses
16-aryl -13 P% %g?m%gdo‘géséaﬁta%%#eﬁrfe J'S%Q)% e?ésjkoaé\!é' ‘ul for bone formation
activity. Commorgomrasrdy gsmgheULSS ;pmemrstgsa 3Beothd @clostre adwbichdisur e of whi ch
s ncorporat ed herein efere p RS 4 pyrones
useful for' Cféooﬁ%tﬁ(g F‘?@P}T@{ refﬁger}f& {}Scﬁ?se@ %ér#r%ﬁﬁ)@ﬁ gteﬁafolt'gw @uae%gt ent
4,132, 847, toheubslitsted-omega- pehtanbrpmdsstagiandmsmseimbfoabenb fwnahqm deiivityef er ence,
051 0385, 3 S HhiduhnEN SR 4RIt {8l O, T 201 VLY
f20 rgferendm:orphratedi bsnefn H;ﬁretewmeel&sdlds;edl1{6mylg§%réw¢»ﬁﬂfg_rpybl?mwers ;Jseful
or bone aten : : e disclosure o
which is i r?éiﬁ’%%?ﬁi@é%rcbr? é?rﬁ\agg}n a?tgﬁ rence, discloses
16-aryl-13, 14- dldvndﬁ@aly’&?gr[edm Bheatyt 4ex10a188, the elffisclostierof ubivh is f or mat i on
activity. 25

Yy erhranRBbel el b8 £ LA 0BG A ek b Por Lo
for mat i16n  awhé Yoringtion 4&tiGity. pat ent 5, 216, 183, the di scl osur e of which is
g P e ok iy LSRR puheEL . BB oot rouna
i n certain jgspsthted brein by reference, discloses 2,3,6-substituted-4-pyrones useful for

bone formation activity.

U.S. patent 4,000,309, the disclosure of which is incorporated herein by
20 reference, discloses 16-aryl-13,14-dihydro-PGE; p-biphenyl esters useful for bone

formation activity.

U.S. patent 3,982,016, the disclosure of which is incorporated herein by
reference, discloses 16-aryl-13,14-dihydro-PGE, p-biphenyl esters useful for bone
formation activity.

25 U.S. patent 4,621,100, the disclosure of which is incorporated herein by
reference, discloses substituted cyclopentanes useful for bone formation activity.

U.S. patent 5,216,183, the disclosure of which is incorporated herein by
reference, discloses cyclopentanones useful for bone formation activity.

Sodium fluoride may be used as the second compound in certain aspects of

30 this invention. The term sodium fluoride refers to sodium fluoride in all its forms (e.g.,
slow release sodium fluoride, sustained release sodium fluoride). Sustained release
sodium fluoride is disclosed in U.S. patent 4,904,478, the disclosure of which is
incorporated herein by reference. The activity of sodium fluoride is readily determined
by those skilled in the art of biological protocols (e.g., see Eriksen E.F. et al., Bone



30 this invention. The term sodiumfluoride refers to sodiumfluoride in
all its forns (e.g., slowrelease sodiumfluoride, sustained rel ease

sodi um f wopn/de$s Sust ai ned rel ease sodium fluoride is dpeTAREMABN U. S.
patent 4,904,478, the disclosure of wht8#h is incorporated herein by
reference. The activity of sodiumfluoride is readily determ ned by those
skill-ed in the art of biological protocols (e.g., see Eriksen E . F. et al.,
Bone WO 02/ 42268 PCT/ 1B01/02073 -48 Hi stom)rphometré,_ Raven Press, New
York, 1994istoameshofinety,; RaBendiress, Newefork,d41994, pRges 114eCoer Buat-atndhgy X- Ray

Absor ptionetr n, Ani S | 996, o) ' ner H W
and Fogel :ﬁﬁ? %’f'd,uall-.ﬁger@g(ﬁa t'i%(;sr? r@@@o’%@&%& 'sngl%%aé?l ggg@g@(%t}%y
Absor pt i ongst; Watiner BIW narcidfogeinaart I,Cline, Evistuatiomofeteapprasisi Dual knedgnX-1994,
pages 1 5 296). Bane [ engl i r | e H?c% t cond
conpound a%‘%ﬁ’s?rp?'f) gﬁfrﬁgﬁ%@é%@,ﬁc@e’gé&@ U Fﬁng/LtaT L go%%# i %ﬁegﬁ t he
Ost eogeénet29).Activity of Reconbi nant Human Bone Morphogenetic Protein by
Pr ost agl andi n Bone, 199 9 - AN i d hornone
(PTH nmay be uE%@ea{gorpﬂ%g?gﬁ%%’%eé@%gng&‘?dﬁgs{%grs% g?n asgegﬁ égﬁtﬂgthi s
i nvent i on.invértioh (.41 s @hdy\ett al. Prbmotiene theOstesgeretip Actiityyf oi d  hor none,
fragnents Qr t abol.ites thereof and .St h 0 I ch can
o Rl P e R hhEERi DR oA Thss £ b g iosd
par at hyr oi th(6)n681v688). r el at ed pepti des and active fragments and anal ogs of
par at hyroi d rel at ed enti des PCT. i | , H{IE /:01460) . Such
bone afYabol i c f&ﬁ'cﬁqr%}ﬁ‘é(g'd%émm? f'y'iﬁénﬁye%eglrﬁ% aggtﬁéegénl%oﬁggob O%d@e skilled
in the artcephinsdspactaofithRSmaysion.arhg. ternsparathfaciddsemote Feferstto parathy@ithe
Hi st onmor phonetry, Ravep Press, . Yor 1994 7 : ' S.J. et.
al ., The Bgcgmapg.ﬂaagmegﬁeqr W%%%%%SB#; iSZ’H%tPWEgﬁg%nPﬁéﬁfs‘fV%m%” Radi of .,
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Radiol., 1996, 31(1):50-62; Wahner H.W. and Fogelman 1., The Evaluation of

20 Osteoporosis: Dual Energy X-Ray Absorptiometry in Clinical Practice., Martin Dunitz
Ltd., London 1994, pages 1-296). A variety of these compounds are described and
referenced below. However, other parathyroid hormones will be known to those

skilled in the art. Exemplary parathyroid hormones are disclosed in the following
references.

25 "Human Parathyroid Peptide Treatment of Vertebral Osteoporosis”,
Osteoporosis Int., 3, (Supp 1):199-203.

"PTH 1-34 Treatment of Osteoporosis with Added Hormone Replacement
Therapy: Biochemical, Kinetic and Histological Responses” Osteoporosis Int. 1:162-
170.

30 Any growth hormone or growth hormone secretagogue may be used as the
second compound in certain aspects of this invention. The term growth hormone
secretagogue refers to a compound which stimulates the release of growth hormone
or mimics the action of growth hormone (e.g., increases bone formation leading to
increased bone mass). Such actions are readily determined by those skilled in the art
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ethyl)-2-methyl-propionamide.

20 The term "HMG-CoA reductase inhibitor" is intended to include compounds which
inhibit the enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. Any
HMG-CoA reductase inhibitor may be used as the second compound of this invention,
including mevastatin, lovastatin, pravastatin, velostatin, simvastatin, fluvastatin, cerivastatin,
mevastatin, dalvastatin, fluindostatin and atorvastatin, or a prodrug thereof or a

25  pharmaceutically acceptable salt of said compound or said prodrug.

Statins enhance the production of osteoblasts, the cells that produce new bone. The
expression of the bone growth factor Bone Morphogenetic Protein (BMP) is known fo
enhance osteoblast differentiation.  S.E. Harris, et al., Mol. Cell. Differ. 3, 137 (1995).
Statins are in turn found to enhance BMP production. G. Mundy, et al., Stimulation of Bone

30 Formation in Vitro and in Rodents by Statins, Science, 286, 1946 (1999). Mundy, et al. find
that statins increase new bone formation as well as increase osteoblast cell numbers at all

stages of differentiation.
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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 administered orally, but parenteral administration (e.g., intravenous,

25  intramuscular, transdermal, subcutaneous, rectal or intramedullary) may be utilized, for
example, where oral administration is inappropriate for the target or where the patient is
unable to ingest the drug. ‘

The methods of this invention are used for the treatment and promotion of healing of
bone fractures and osteotomies by the local application (e.g., to the sites of bone fractures of

30 osteotomies) of EP4 receptor selective agonists. The EP4 receptor selective agonists of this
invention are applied to the sites of bone fractures or osteotomies, for example, either by
injection of the compound in a suitable solvent (e.g., an oily solvent such as arachis oil) to the
cartilage growth plate or, in cases of open surgery, by local application thereto of the
compound in a suitable vehicle, carrier or diluent such as bone-wax, demineralized bone
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the conpounds of this invention together with a é)har maceut*cal ly acceptable
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the compounds of this invention together with a pharmaceutically acceptable carrier,
vehicle or diluent. Thus, the EP4 receptor selective agonist can be administered
individually in any conventional local, oral, intranasal, parenteral, rectal or transdermal
dosage form. )
For oral administration the pharmaceutical composition can take the form of
25 solutions, suspensions, tablets, pills, capsules, powders, and the like. Tablets
containing various excipients such as sodium citrate, calcium carbonate and calcium
phosphate are employed along with various disintegrants such as starch and
preferably potato or tapioca starch and certain complex silicates, together with
binding agents such as polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally,
30 lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are
often very useful for tabletting purposes. Solid compositions of a similar type are also
employed as fillers in soft and hard-filled gelatin capsules; preferred materials in this
connection also include lactose or milk sugar as well as high molecular weight
polyethylene glycols. When aqueous suspensions and/or elixirs are desired for oral
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General Experimental Procedures

NMR spectra were recorded on a Varian Unity 400 spectrometer (Varian Co.,
Palo Alto, California) at about 23°C at 400 MHz for proton nuclei. Chemical shifts are
expressed in parts per million. The peak shapes are denoted as follows: s, singlet;
25 d, doublet; t, triplet; g, quartet; m, multiplet; bs, broad singlet. Atmospheric pressure
chemical ionization (APCI) mass spectra were obtained on a Fisons Platform Il
Spectrometer (Micromass Inc., Beverly, Massachusetts). Where the intensity of
chiorine or bromine-containing ions are described the expected intensity ratio was
observed (approximately 3:1 for **Cl/*’Cl-containing ions) and 1:1 for "°Br/*'Br-
30 containing ions) and the intensity of only the lower mass ion is given.
Medium pressure chromatography was performed using a Biotage purification
system (Biotage, Dyax Corporation, Charlottesville, Virginia) under nitrogen pressure.
Flash chromatography was performed with either Baker Silica Gel (40 um) (J.T.
Baker, Phillipsburg, N.J.) or Silica Gel 60 (EM Sciences, Gibbstown, N.J.) in glass
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observed (approximately 3:1 for **CI/*Cl-containing ions) and 1:1 for *°Br/*'Br-
containing ions) and the intensity of only the lower mass ion is given.
Medium pressure chromatography was performed using a Biotage purification
system (Biotage, Dyax Corporation, Charlottesville, Virginia) under nitrogen pressure.
25 Flash chromatography was performed with either Baker Silica Gel (40 pm) (J.T.
Baker, Phillipsburg, N.J.) or Silica Gel 60 (EM Sciences, Gibbstown, N.J.) in glass
columns under low nitrogen pressure. Radial Chromatography was performed using
a Chromatotron (model 7924T, Harrison Research, Palo Alto, California).
Preparative Chromatography was performed using Analtech Uniplates Silica Gel GF
30  (20x20 cm) (Analtech, Inc. Newark, DE). Dimethylformamide (DMF), tetrahydrofuran
(THF), and dichloromethane (CH,Cl,) used as reaction solvents were the anhydrous
grade supplied by Aldrich Chemical Company (Milwaukee, Wisconsin). The term
“concentrated” refers to removal of solvent at water aspirator pressure on a rotary
evaporator. The term “EtOAc” means ethyl acetate. The abbreviation *h’ stands for
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Bi otage purification system (Biotage, Dyax Corporation, Charlottesville,
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with either Baker Silica Gel (40 m) (J.T. Baker, Phllllpsbu , N.J.) or
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extracts were dri ed [tered and concentrated. resi due was

purified bis AEHi3AH (Pr.dE8.2-20 GrArON&20 4N aPhly 24P i) it aHy i8Rt gr adi ent
(1 % MeOH iy CH2CI 2 to 2% MeOH in CH2CI2) to yield 5.9021 g 15 of
5- ( 3- oxo0- 4- p)nenyl butyl) - pyrrolldln 2-one. 1H NMR (CDCI 3) 87.35-7.18 (m

5H), 3.69 Step B:2843-Hadrary-¢-pheryl-butyl)-pymgiiding2-ongTo sjytion/f S4px0-4: 15 (m 1
H. 173 (BhedfButytpfiioitifa-ore 81902 g, 25.52 mmol) in EtOH (30 mL) at 0°C was
20 added NaBH, (485 mg, 12.76 mmol) and the reaction mixture was stirred at 0°C for
2.5 h. The reaction mixture was quenched with saturated aqueous ammonium
chloride. Water and CH.Cl, were added. The aqueous layer was washed with
CH,CI, (2x) and the combined organic extracts were dried (MgSQ,), filtered and
concentrated. The residue was purified by medium pressure chromatography with a
25  solvent gradient (1:1 hexanes:EtOAc to EtOAc to 1% MeOH in CH,Cl) to yield 4.3 g
of 5-(3-hydroxy-4-phenyl-butyl)-pyrrolidin-2-one. 'H NMR (CDCls) 37.35-7.16 (m, 5H),
6.02 (m, 1H), 3.80 (m, 1H), 3.63 (m, 1H), 2.79 (m, 1H), 2.64 (m, 1H), 2.26 (m, 3H),
1.72-1.22 (m, 6H).
Step C: 5-3-(tert-Butyl-dimethyl-silanyloxy)-4-phenyl-butyll-pyrrolidin-2-one. To a
30 solution of 5-(3-hydroxy-4-phenyl-butyl)-pyrrolidin-2-one (4.3 g, 18.43 mmol) in DMF
(86 mL) was added tert-butyldimethylsilyl chloride (3.06 g, 20.3 mmol) followed by
imidazole (2.5 g, 37 mmol) and DMAP (225 mg). The reaction mixture was stirred for

24 h and was quenched with saturated aqueous ammonium chloride. The aqueous
solution was washed with EtOAc (3x) and the combined organic extracts were dried
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sat urated aqueous ammoni um chloride. Water and CH2CI 2 were added. The
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5-[3- (¢aertcmaﬁmdogf$pﬁﬂdm% EtOAd .amnékm) toAigdne sy lg-drut Bl pyteroliydi n- 2- one

3.20 g, 9.21 n (0 THF,
115 b, SRR e bR SR R P EZBE SoH et by
ester (2. 84sgh 14&@@@@@ (y@éct&ﬂﬁ@alksﬁsvdgzm zmevcm-wmg (M, XH}”BQSGV@S stirred

at 70C for 18 h was renmoved in vacuo and resi due

di ssol ved 3). B304, THh8.&r(gadHe B4 (ilhh 28R mva%e%}@mztﬁ? (\Waf‘E’P 2%’1 ed

(MS™), f2|1g%eﬂ_|)a5@3qgrg¢.§rm§e§t2g? Mkag residue was purlfl ed by nedi um

pressure 15 chronmat ogra c In hexanes) to yield 3.39 g of
3 t 1t B-Hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yll-propyl}-benzoic aci
4- (3-{20 [ 3Stepd: 4{§i2lBJ-Pd 4-phenyl-butyl)-5- lidin-1-yI- [:-b id

methyl ester. To a solution of 4-(3-{2-[3-(tert-butyl-dimethyl-silanyloxy)-4-phenyl-

butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-benzoic acid methyl ester (3.37 g, 6.43 mmol) in
THF (40 mL) at 0°C was added tetra-butylammonium fluoride (1M in THF, 9.6 mL,
9.6 mmol). The reaction mixture was stirred at room temperature for 18 h and the

25  volatiles were removed in vacuo. EtOAc was added and the organic solution was
washed with saturated aqueous NaHCO; (2x), water (1x), and brine (1x). The
organic solution was dried (MgSO0,), filtered and concentrated. The residue was
purified by medium pressure chromatography eluting with EtOAc to yield 2.28 g of 4-
{3-[2-(3-hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yl]-propyl}-benzoic acid methyl

30 ester. "HNMR (CDCls) (selected peaks) §7.91 (d, 2H), 7.32-7.15 (m, 7H), 3.86 (s,
3H), 3.75 (m, 1H), 3.63 (m, 1H), 3.54 (m, 1H), 2.94 km, 1H), 2.78 (m, 1H), 2.61 (m,
3H); MS 410.1 (M+1).



di met hyl - si | anyl oxy) - 4- phenyl - butyl ] - 5- oxo-pyrrolidin-1-yl}-propyl)-benzoic
acid nethyl ester. 1H NVR (CDCl 3) (sel ected peaks) 87.92 (m 2H),
7.25-7.0wWQnm/4226§, 3.86 (s, 3H), 3.80 (m 1 H, 3.61 (mPar/H01/030746 (m 1
H, 2290 (m 1 H, 2.78-2.57 (m 4H), &%638- 2.18 (m 2H), 0.83 (s, 9H); M5
524.1 (M+l). 20 St ep E:
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To a sol ut bQp 20f3-1.30 (m, 9H); MS 3963SM+1) 394.2 (M-1).
4-{3-[ 2- (3-hydr oxy- 4- phenyl - but yl ) - -oxo pgrolldl n-1-yl]-propyl}- benzoic
acid nethyl ester (2.28 g, 5. 57 (20 nL) was added 2N NaCH (5

m). The reg d? g}’f‘ux . ,fﬁugrﬁ@@.yﬁf, yrba@qmaﬁéwﬁohern 1?-91}1praﬁﬂ)-5

was heated u e Vo es were renoved in vacuo and
the residue was diluted wth CHZCI 2b@na019 aMICI-ICI The aqueous sol ution was
extracﬁ d ) xL.racts were washed
with b : ——orgarm We Vi SU4 ITtered and
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5 200 At 1y Bt B el B eobbhogn K (1 119
(m 9H); MBolB8th & J-iftgromaduibenzyhehigride EXANAL F .9 meol) in Et20 (25 mL) was
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syringe filter into a solution of tetrahydro-pyrrolizine-3,5-dione (650 mg, 4.68 mmol) in
CH.Cl, (30 mL) at 0°C. After 2 h, the reaction mixture was quenched with 1N HC
and the aqueous solution was washed with CH;Cl, (2x). The organic solutions were
combined, dried (MgSO,), filtered and concentrated. Medium pressure
25  chromatography (1:1 hexanes:EtOAc) provided 5-[3-oxo-4-(3-trifluoromethyl-phenyl)-
butyl]-pyrrolidin-2-one (1.376 g). 'H NMR (CDCl5) 87.38 (m, 4H), 3.78 (s, 2H), 3.61
(m, 1H), 2.58 (t, 2H), 2.30 (m, 2H), 2.20 (m, 1H), 2.86-1.59 (m, 3H).
Step B: 5-[3-Hydroxy-4-(3-trifluoromethyl-phenyl)-butyl}-pyrrolidin-2-one. Analogous
to the procedure described for Example 1A, Step B, 5-[3-oxo0-4-(3-trifluoromethyl-
30 phenyl)-butyl]-pyrrolidin-2-one (1.37 g, 4.59 mmol) was reduced with NaBH, (174 mg)

at 0°C over 2 h. Purification by medium pressure chromatography (2% MeOH in
CH_,Cl,) provided 5-[3-hydroxy-4-(3-trifluoromethyl-phenyl)-butyl]-pyrrolidin-2-one
(1.19 g). "H NMR (CDCls) 87.42 (m, 4H), 6.26 (m, 1H), 3.82 (m, 1H), 3.65 (m, 1H),



Magnesiumcoils (1.13 g) were stirred under vacuumin a round bottom fl ask
for 60 h. Anhydrous Et20 (5 nL) was added and the reaction m xture was
cool ed t wO@/42268 sol uti on of 3-trifluoronethyl benzyl chlopCOSB(IL2€3M., 7.5
mml) in Et20 (25 m-) was added dropvi/se over 3 h. The reaction m xture
was stirred for an additional 2.5 h. 20 The solution was slowy added via a
syringe and filtered through a Nylon AcrodiscM syringe filter into a

sol ution of tetrahydro-pyrrolizine-3,5-dione (650 ng, 4.68 muvl) in CH2Cl 2
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and the aq o;gs solution was washed with CH2Cl 2 (2x). The organic sol utions
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propyl)-benzoic acid methvi ester. 4 ~(3-{2-[3-Hydroxy-4~(3-trifluoromethyl-phenyl)-
butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-benzoic acid methyl ester was prepared
Analogous to the procedure described for Example 1A, Step E. 'H NMR (CDCl5)
(selected peaks) §7.91 (d, 2H), 7.49-7.35 (m, 4H), 7.22 (d, 2H), 3.85 (s, 3H), 3.80 (m,

25  1H), 3.65 (m, 1H), 3.55 (m, 1H), 2.98-2.61 (m, 5H).




15 trifluoronethyl -phenyl)-butyl]-pyrrolidin-2-one (250 ng, 0.602 nmol) was
al kylated with NaHVMDS (1 Min THF, 0.72 nL, 0.72 nmmol) and
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4-(3-trifluoronethyl-phenyl)-butyl]-5-0xo-pyrrolidin-1-yl}-propyl)-benzoic
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pyrrolidin-2-one (1.9 g, 7.15 mmol) was reduced with NaBH, (135 mg, 3.57 mmol).

Purification by medium pressure chromatography eluting with a solvent gradient (1:1

25  hexanes:EtOAc to EtOAc to 1% MeOH in CHCI; to 4% MeOH in CH:Cl, to 8%
MeOH in CH,Cl,) provided 5-[4~(3-chloro-phenyl)-3-hydroxy-butyl]-pyrrolidin-2-one
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30 Step C: 5-3-(tert-Butyl-dimethyl-silanyloxy)-4-(3-chloro-phenyi)-butyl]-pyrrolidin-2-
one. Analogous to the procedure described for Example 1A, Step C, 5-[4-(3-chloro-

phenyl)-3-hydroxy-butyl]-pyrrolidin-2-one (1.53 g, 5.71 mmol) was reacted with tert-
butyldimethyisilyl chloride (0.97 g, 6.4 mmol). Purification by medium pressure
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in CH2Cl 2 2&7Em, r@é'm 45-3 264 2|6r201v1r%'|5e(a1 8H), 0.84 (S 9H) 2008 (d; 31), 0.2

5-[3-(tert @WJMQI%%W.F)SI | anyl oxy) - 4- ( 3- chl or o- phenyl ) - butyl ] -
pyrrolldanOne ). lH NNR(CDCIS) 67. 94(d 2H) 7.25-7.13 (m
5H), 7.01 B4 AU ) y-tuiyll- lidig-1eirorgoyly - 3. 50 (m

éH)H) 02824 éﬁimclaé'a mea1 7§ster2 43@ {é [ﬁ-g%ﬂ)loroﬁbhéﬁ){_lﬁiaﬁﬁsr@gy b&gﬂ-? I\C}I%j)_lzsg éng (m
( 3- { 20[ 4.pymolidiit- bﬂk}rpmwagyzosc agdimsiyl ?ﬁ&@rwas nreRaed Apalparysdp the o

-vl) - propyl 8 %%%&b%%'fgrlf%b‘!é 18 &4 E after purification b medlum ressure
4-(3-{2 [4p}ocecﬁgoro-|hen rox% St?r -“-o| rrg |

3 bt opyichromatosmemHGrHCkris HipI e i ks 8122 MPoR bt toMe Qe
in CH.Cl,). "H NMR (CDCls) 67.94 (d, 2H), 7.25-7.19 (m, 5H), 7.07 (m, 1H), 3.88 (s,
3H), 3.78 (m, 1H), 3.66 (m, 1H), 3.58 (m, 1H), 2.97 (m, 1H), 2.76 (m, 1H), 2.68-2.58

25  (m, 3H), 2.45-2.27 (m, 2H), 2.07 (m, 1H), 1.95-1.34 (m, 8H).
Step F: 4-(3-{2-[4-(3-Chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yf}-propyl)-
benzoic acid. Analogous to the procedure described for Example 1A, Step F, 4-(3-{2-

[4-(3-chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-benzoic acid
methyl ester was hydrolyzed with 6N NaOH at room temperature over 24 h to

30 generate 4-(3-{2-[4-(3-chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
benzoic acid. '"H NMR (CDCls) 57.98 (d, 2H), 7.27-7.09 (m, 6H), 3.81 (m, 1H), 3.65
(m, 2H), 2.99 (m, 2H), 2.75 (m, 3H), 2.39 (m, 2H), 2.20-1.30 (m, 9H).



procedure described for Exanple 1A, Step E after purification by nmedium
pressure chromatography (CH2ClI2 to 1% MeOH in CH2ClI 2 to 2% M3OH in CH2Cl 2
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v L ouce ek B G5 B A SATBL e I UGB RE U
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o el M R g W B G 708
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(d, 11, e70E1-I l% (L)ll%Clg) provided 5-[4-(3-fluoro-phenyl)-3-hydroxy-butyi]-pyrrolidin-2-one

(2.23 g). "H NMR (CDCls) 87.27 (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, 1H), 1.75-1.40

(m, 5H); MS 252.2 (M+1).

25  Step C: 5-[3-(tert-Butyl-dimethyl-silanyloxy)-4-(3-flucro-phenyl)-butyl]-pyrrolidin-2-one.

Analogous to the procedure described for Example 1A, Step C, 5-[4-(3-fluoro-
phenyl)-3-hydroxy-butyl]-pyrrolidin-2-one (2.23 g, 8.87 mmol) was reacted with tert-
butyldimethyisilyl chloride (1.47 g, 9.76 mmol). Purification by medium pressure
chromatography using a solvent gradient (1:1 hexanes:EtOAc to EtOAc to 1% MeOH
30 in CH,Cl, to 2% MeOH in CH,Cl, to 4% MeOH in CH.Cl,) provided 5-[3-(tert-butyl-
dimethyl-silanyloxy)-4-(3-fluoro-phenyl)-butyl}-pyrrolidin-2-one (2.84 g). "HNMR
(CDCl5) 7.23 (m, 1H), 6.88 (m, 3H), 5.75 (m, 1H), 3.85 (m, 1H), 3.57 (m, 1H), 2.71
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(m, 1H), 3.57 (m, 1H), 2.97 (m, 1H), 2.78 (m, 1H), 2.64 (m, 4H), 2.45-2.25 (m, 2H),

2.07 (m, 1H), 1.95-1.30 (m, 7H). '

25  Step F: 4-(3-{2-[4-(3-Fluoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
benzoic acid. Analogous to the procedure described for Example 1A, Step F, 4-(3-{2-
[4-(3-fluoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-benzoic acid methyl
ester was hydrolyzed with 6N NaOH at room temperature over 24 h fo generate 4-(3-
{2-[4-(3-fluoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yi}-propyl)-benzoic acid. 'H

30 NMR (CDCls) 87.99 (d, 2H), 7.26 (m, 3H), 6.95 (m, 3H), 3.81 (m, 1H), 3.65 (m, 2H),
3.01 (m, 1H), 2.86-2.66 (m, 3H), 2.39 (m, 2H), 2.08 (m, 1H), 2.00-1.30 (m, 9H).




(m 1 H, 1.95-1.30 (m 7H). 25 Step F:
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id methyl ester was hydrolyzed with 6N NaCOH at room tenperature over
to generate 4-(3-

4- (3-fl uoro-phenyl) - 3-hydroxy-butyl]-5-o0xo-pyrrolidin-I|-yl}-propyl)-ben
acid. 1H 30 NWR (CDCI 3) 87.99 (d, 2H), 7.26 (m 3H), 6.95 (m 3H),

(m I H, 3.65 (m 2H), 3.0l (m 1 H), 2.86-2.66 (m 3H), 2.39 (m
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[ 3- (tert-buty ret . ' S -pyrrolidin-
2-one (673one. Analogous to the procedure descrlbed for Example 1A, Step C 5-[3-hydroxy-4-

(3-phenoxy-phenyl)-butyl]-pyrrolidin-2-one (668.3 mg, 2.05 mmol) was reacted with

-pyrrolidin-2-
V

25  tert-butyldimethylsilyl chloride (341 mg, 2.26 mmol). Purification by medium pressure
chromatography (CH:Cl; to 1% MeOH in CH,Cl, to 2% MeOH in CHCl,) provided 5-
[3-(tert-butyl-dimethyl-silanyloxy)-4-(3-phenoxy-phenyl)-butyl]-pyrrolidin-2-one (673
mg). '"H NMR (CDCls) §7.32 (m, 2H), 7.22 (m, 1H), 7.09 (m, 1H), 6.99 (d, 2H), 6.89
(d, 1H), 6.83 (m, 2H), 3.85 (m, 1H), 3.58 (m, 1H), 2.76-2.62 (m, 2H), 2.32 (m, 2H),

30 2.23 (m, 1H), 1.73-1.34 (m, 5H), 0.84 (s, 9H), -0.03 (d, 3H), -0.16 (d, 3H); MS 440.7
(M+1).

Step D: 4-(3-{2-[3-(tert-Butyl-dimethyl-silanyloxy)-4-(3-phenoxy-phenyl)-butyl]-5-oxo-
pyrrolidin-1-yl}-propyl)-benzoic acid methyl ester. Analogous to the procedure

described for Example 1A, Step D, 5-[3-(tert-butyl-dimethyl-silanyloxy)-4-(3-phenoxy-



ng). 1 HNWR (CDCI3) 87.32 (m 2H), 7.22 (m 1 H, 7.09 (m 1 H), 6.99 (d,
2H), 6.89 (d, 1 H, 6.83 (m 2H, 3.85 (m 1 H, 3.58 (m 1 H, 2. 76-2.62
(m 2H), woB824268 2H), 30 2.23 (m 1 H), 1.73-1.34 (m 5SHpCT/BBA2(7S, 9H),
-0.03 (d, 3H), -0.16 (d, 3H); M 440. 763{ M+1). Step D
4-(3-{2-[3-(tert-Butyl-dinmethvl-silanyl oxy)-4-(3-phenoxy-phenyl)-butyll-5-0
Xx0- pyrrolidin-1-yl}-propyl)-benzoic acid nmethyl ester. Anal ogous to the
procedure described for Exanple 1A, Step D
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s al kyl RGO RB i 35 il ha R i 85fic Sl fmyhefer® o)

4- ( 3- br onoias oy )50 enmd) © yield 4- (aq{aZ [By(terelbutdrdiméthpissilamyloxy)-843- phmﬂxy to yield

yl
ghgﬁyff Lﬁ‘?%ﬂ ISéutgb:;oS gy%yg&aﬂ?’lhyﬁ'p#ﬁyﬁ&%éﬁ'&ﬁ&i@g@@?%ﬁ%c1731 tq% | "ester
(173 1 579) NMRHCDONVR? .8LRCLB), 1632 G, 72547191m33HI MmOk, , 1HY.. (H 19 (m

37,99 40 ooy 3 Sl ?E?ﬂ fG% QHSéé‘*EW%%%ﬁ?@A%“ (m 4t

2.37 (m 2 1|-B DNB-L1B7 (th, 4B), 28798, 2HR 2.030m, 3H),,1.92-567 (rm 3H)L H)56 (i, 46- 1. 25

(m(33?|)2 [3“'&@(1,! yzgfl’_?"'( 3°’ngPe%”oé§y9'fJﬁF$19’l‘ dO@[lJ'g éqsﬁ% S;?roﬂ:dl n- 1-yl } - propy

1) - ( 31? b[egSl@ aE aqs Jrnlxve4‘>t3%bhenoxv-phenvl) -butyl]-5-oxo-pyrrolidin-1-yi}-propyl)-

4- r oxy- 4- e y 0X0

pyrr ol mﬂ%ﬁﬁ—éﬁ@%@ﬁé—@é @qg?&ém&?ﬁé%hémphﬁ% WHYh%PEY anal ogous
to the SERAshE W@MI)Q%#]Z&I@@CEX%WI@stéﬁwaésbl%pa@d@‘nébgomlfoltfﬁe cation by

Goa s | Ber%é?r e Aoy BEE B e N IRP ECERY ByTIERUGPY BeoWipBosEues 7 55 tm
SH), 7.11 &Hﬂ‘bméﬁbragﬁy @ﬂ-im to 4% IQIbDJH |@CQF§CI§t0825’/o(I\MBOl3hDCH&I§t8 K5Me®H) , 3.77

1 6 3
(2 46- 2H)26 l(qu;}Hz@h[) (ngaila)lsn.% (dlzrg)az ]'_352782%@? 5y*l|)4)7ml‘séL |_?I-il;) 700%d(m H.
4 (3- %[%Wé@@@s%%m@m%nh%w(h bm\d#oﬁs@w MQ@'? | MHYL- Y1} - propy
| )- benzoic ‘acid. Anal ogous to th rocedure describ anpl e 1A, Step
F, 4-(3-{2277(m, 1H), 2.62 ( m 3H), 246-226 , 2H), 2.06 (m, 1H), 196128(m 7H).

[ 3-hydr Oxység@z;g@@}@m. 5_55%&?)—9%& ]éhéﬂ?%@%ﬁ%%)@'—?ﬁ?l‘blﬁ-ﬂﬂl}}m pyl ) - benzo
ic acid 2 yI—ester was ny n‘aperature
over 24 h benzoigagidr Apalogous to the procedure described for Example 1A, Step F, 4
4-(3-{2-[3 ] 1-yl}-
pr opy beﬁhﬂéﬂ'{c&g_gl (g pﬁén@ﬂ%@ﬁ%}bch%};y O)(O gﬁdﬁhfn ﬁwﬁfb?ﬂébéﬁid&éd‘um 5H), 7.12
%0 methsl esteg gvas mydmofyped witig 6N Ofiabrqpoméerezeretwe o 24htoo (m 1 H,
EXiﬁP E E62 erdteM(342-flhydrSRy-R A pheRoRPpHemy)-butd)-6-ckoPyrrdidd®14m 8H) . 25
propyl)-benzoic acid. '"H NMR (CDCls) 57.99 (d, 2H), 7.37-7.26 (m, 5H), 7.12 (m, 1H),
7.03-6.88 (m, 5H), 3.82 (m, 1H), 3.66 (m, 2H), 3.00 (m, 1H), 2.85-2.60 (m, 4H), 2.41
(m, 2H), 2.09 (m, 1H), 2.03-1.28 (m, 8H).
25 EXAMPLE 1F
4-{3-[2-(4-Biphenyl-3-yl-3-hydroxy-butyl)-5-oxo-pyrrolidin-1-yl]-propyl}-benzoic
acid

Step A: 5-(3-Bromo-3-oxo-butyl)-pyrrolidin-2-one. Analogous to the procedure

described for Example 1A, Step A, tetrahydro-pyrrolizine-3,5-dione (5 g, 36 mmol)
30 was reacted with 3-bromobenzylmagnesium bromide (0.25M in Et,O, 155 mL, 38.8
mmol) over 2 h. 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,



4-{3-[ 2- (4- Bi phenyl - 3-yl - 3- hydr oxy- but yl ) - 5- oxo- pyrrolidi n-1-yi]-propyl }-be
nzoic acid Step A 5-(3-Bronp-3-o0xo-butyl)-pyrrolidin-2-one. Anal ogous to
t he procedoonz422descri bed for Exanple 1A, Step A PCT/IB01/02073
tetrahydro-pyrrolizine-3,5-dione (5 g,-686 mmol) 30 was reacted with
3- br onobenzyl magnesi um brom de (0.25Min Et20, 155 nL, 38.8 mmol ) over 2 h.
Purification by medium pressure chromatography using a solvent gradient
(1:1 hexanes: EtQAc to EtQAc to 5% MeOH in CH2Cl 2) provided 5- %3 br ono-
3- ox0- but yHi), By87r(e) 2, B.6R-(oneHY, 2.524t, §H), 2132 (RVRH).CDZ9 G, ). #88-1.601 (m 4H),
6 24 (bs, Y\O%MZGB PCT/ 1B01/ 02073 -64 1 H), 3.67 (s, 2H), 3.60 (m 1
H, 2.52 ( 2.32 (m 2H, 2.20 (m 1 H, 1.88-1.60 (m 3H. Step B:
5- ( 3- Br onmoSiplB d-@xBroimot3th roublHpyimolidin-8rome. Anaidgsys is thegprededutgr ocedur e

(7o g §eoroaT iR Ramie A ot otk R RBY S8 ) T O

Purifi cat i o53mymolpdas reducedwithi NaBiHy @8a g rnagmmal.i Ryrifeatiar Me'nedlgrrnadl ent

1:1 h Et OAc to Et OH2CI 2 t
536 MO, | nPERBED ShicTalaR RO g o sallsty Fclsi (g fné SEBRNB BibAKS 0
5- ('3- br onp4 G- MydHwx gHROIL 30 3% PieOtdini @ﬂmzze <5e/eM(e6H7iﬁ CiiClo I-B3NMROK ®DCI 3)

10" 2. 65+ proyiges SleaBrorsimaihinghaiop @fe ] sk, )% > 515 1

M5 312. 2, @t;lgcg)s7(3@f709§he4ﬂ)0527(m 1H) 3.78 (m, 1H), 3.63 (m, 1H), 2.75 (m, 1H),

o et A M e 2R AR S

hydr oxy- buwlf)) pyrrolidin-2-one (6.76 g, 21.6 rrm)l) was reacted with tert
15 butyl di et hyl si | I chI orlde (3.5 g,_ 23.8 mmp P rification by medium
pressure ARd e ls rouyil- 0% 1 % MeCH i n

G2 2 ¢ 059(a|oltme GoRGo aéscﬁe/ed\@eﬁkampmacuépt@ SREOMB@b3 N CH2C! 2)
provi ded 5-

br onp- 3- (tBYC{@E}’u*?LW') ByTrRigiRgA-ong ER\a 1-H)MHAD yep IeRAsININGPT: 2- one (7. 45 @) .

H g'vg'i (%Hﬁﬂl_ﬁtﬁﬂs@pcrﬁdﬂde%ﬂw %72§Qn{nﬁﬁl ). Pdrificatibn®§ nfetiund pldssurb. 71 (m 1
(m

T)’?o 1.35 ¢hremsiggranhyasinga Sod}ﬁs‘t gf?‘@e@téct'acb t%?#me(?ﬁ*é‘zfg'ﬂ@z]‘?ﬁ/n NB 426. 2,

428. 2 (M) \MeBiHeR GM.CL, to 5% MeOH in CH,Cl, to 8% MeOH in CH,Cl,) prowded 53
5[4 Blphenyl 3y|-3gtert- | - di et hyl - S|Idan¥on_} gty |\£)§/I‘I‘O|Idll‘120
ne. a bEma-3digridutyl- dlmethyI-SI anyloxy)-butyl]-pyrrolidin-2-one {7.45 g). "H N

5- 3- br Oﬂvm(r%?@t)eﬁ%oﬁ@ ﬂk@dﬁ i@§ y1|H‘)S7 b@wl ﬂ%)yhb%ymiy YA (&Y, mcl)é@ -58-one (750

ng, 1.76 nyl boroni ¢ acid (236 ny, 1.93
mol ). 20 (m, TH), 2.66 (m, 2H), 2.32- 17(m 3H) 170135(m 5H), 0.82 (s, 9H), -0.06 (d,

3H), -0.24 (d, 3H); MS 426.2, 428.2 (M+).
Step D: 5-[4-Biphenyl-3-yl-3-(tert-butyl-dimethyl-silanyloxy)-butyl]-pyrrolidin-2-one. To

a solution of 5-[3-bromo-3-(tert-butyl-dimethyl-silanyloxy)-butyl}-pyrrolidin-2-one (750
mg, 1.76 mmol) in DME (15 mL) was added phenylboronic acid (236 mg, 1.93 mmol).
25 Palladium acetate (26.8 mg, 0.120 mmol) and tri-o-tolylphosphine (39.5 mg, 0.130
mmol) were added, followed by a solution of Na,COs (373 mg, 3.52 mmol) in water
(1.8 mL). The reaction mixture was heated under reflux for 24 h. The reaction
mixture 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)
30 and the combined organic extracts were dried (MgSO,), filtered and concentrated.
Purification by medium pressure chromatography eluting with a solvent gradient (1:1
hexanes:EtOAc to EtOAc to 1% MeOH in CH.ClI, to 3% MeOH in CH.Cl, to 5%
 MeOH in CHCl,) provided 5-[4-biphenyl-3-yl-3-(tert-butyl-dimethyl-silanyloxy)-butyl]-
pyrrolidin-2-one (717.3 mg). 'H NMR (CDCls) §7.57 (m, 2H), 7.43 (m, 2H), 7.33 (m,



25 Pal | adi um acetate (26.8 ng, 0.120 mmol ) and tri-o-tolyl phosphine (39.5
ng, 0.130 mmol) were added, followed by a solution of Na2CO3 (373 ng, 3.52
nmol ) i nweabzu226§ 1. 8 nL). The reaction m xture was heat edrpanvaem/oe@Bl ux for
24 h. The reaction mxture was cool ed6and the volatiles were renoved in
vacuo. The residue was diluted with brine and Et OAc. The aqueous sol ution
was washed with Et OAc (3x) 30 and the conbi ned organic extracts were dried
(MgSX), filtered and concentrated. Purification by nedi um pressure

chr omat ogr ahy.1¢Kmt 2ty 5WBt(m, AH: Lo, 15),8cb%Bm, 1H): 276 trex@the2 2E(@AC to Et OAc

to 1 %M % ded
R SRR TR AT ithipREn oo
gyi@;o'( IrndI \r/l\sofgﬁ?j -8 P /301/ 02073 e (o : 78 Enm 2T)H)
3.91 (m A 12d % CT OIC Ci Ig (pnalo C}JSJT tﬁrégﬁHedLH:é73 1.38 (m
2H% 5. ? 258[°:4d§cnt%d)for Exantide (A, StatrI%Z) 5-[4D-btbﬁer@di-B—yBBi)(tertP&I&tylrﬂnn@hs(l-l\/lg1% . SE:) ep E

| er X - 5- oxo-
oyt rol i rilengop B EpoREra B ket 1eoR L i SRIMEERN R Y e
grﬁzeg:JIrjﬁ Erodﬁémdspybeﬂnf@c atid argithye estéy, (33“&3)13),3 mmol) over 20 h. Purification
si | anyl oxy?yfﬂﬁ‘?ﬁ]m%%?ﬁ?eo‘?ﬁ“a?#- éEaBE%U?'%Q %i@v%ﬂt 95@.%‘%?’)‘3’\?&5%\ ?<yl at ed

i th 3-1:bh ¢ jo- ErOACad ¢ %aldedHrire CRYC, &53% MeCQH #iCId.Cl,1 3. 3 I

\émo h. Pl(JrI}ICemepEzg t’crdiu g)lre&sr; ﬁgﬁm t rqeﬁl u % ; soI\Tenr)\t) over
gradi eft (¥ ‘i ‘i%h '[4@%&8 'tr% -3 h@%‘ E@%@‘?@E&'@@%& 1 % MeOH in
SH(Z?C)I {22t F4®gﬁoh@m)1l}fbr63@@e?%z?&@?ﬂrnﬁ?eﬂh)d@ﬁer (5t3f$ ). 'H rlleR (CDCL3 ) §7.93 (?] ‘.

i -3-yl-3-(ter Si u 0XO0-
pyrrolidi reH: 2(5?1% 6322'7%13%?n§|( yé‘f‘b? 1( 3%)3&@5/ NVR ( CDCl 3)
57.93 (d, 1H”-’)F&87Zs @ﬁé(sm éHrl)1H)73 4§(rﬁn1|-| 32'95-27613(41 (sm) P (m PH2.0m 2H)

S g oMt @WF%H)B% PP k' &14?533841% iy Gha o Ao Friddes ™

1.59- 11524;§|.E? 0.84 (s, 9H, -0. 04 (d, 3H, -0.16 (d, 15 3H) Step F:
4-{3-[2-(4; |phen I | -3-h droxy butylt)-5 oxo-pvrrolidin-1-ell-propel}-be
nzoic aci=®

1A, Step EaCId4metth ester Analo ous to the procedure described for Examples 1A, Step E, 4-
(3-{2-14-hbi hen ert but yl - di rrethgx)-sua yl oxy) - but yl | - 5- oxo- pyrr

ol i din-1- y03}{2 4y @B?‘T%”tyéﬁ f@ﬁcbu%ﬂtﬂn%@ﬂ‘ﬁﬂﬁny@ utyllsp-a%p- @yrz‘)!!d@'?' 1) was
depr ot ect eglopfjtidnizbie Bkid HetRfl eQﬁér (mh ol Xevig ﬁﬁ%&m&s%bm@&&g rRRiiYatiéhi Ng a

sol vent gradient (hexanes to 2:1 hexanes: Et 1:1 hexanes: EtOAc to

0. 5% IOOH By medigripgessirechugmyaienraphy usineEpalyen’ gadiank hexanes to 2:1
4-{ 3- [ 2- (AndxbRbSEDAC 3o Y11~ HxBNEK DROACRE DY) MBOPKR CPKEL% 19 MeGHYH | -

CH.Cl,) provided 4-{3-[2-(4-biphenyl-3-yI-3-hydroxy-butyl)-5-oxo-pyrrolidin-1-yl]-

propyl}-benzoic acid methyl ester (3.70 g). 'H NMR (CDCls) 87.93 (d, 2H), 7.57 (d,

2H), 7.40 (m, 6H), 7.24 (m, 2H), 7.17 (m, 1H), 3.86 (s, 3H), 3.80 (m, 1H), 3.66 (m,
25  1H), 3.56 (m, 1H), 2.97 (m, 1H), 2.90-2.60 (m, 4H), 2.33 (m, 2H), 2.07 (m, 1H), 1.98-

1.34 (m, 8H).

Step G: 4-{3-[2-(4-Biphenyl-3-yI-3-hydroxy-butyl)-5-oxo-pyrrolidin-1-yll-propyi}-

benzoic acid. Analogous to the procedure described for Example 1A, Step F, 4-{3-[2-

'r"‘.'..-‘s.,. OXYaR YA 1s0-@XOr W ENE - Hdle-RIOD W s BENZQ

(4-biphenyl-3-yl-3-hydroxy-butyl)-5-oxo-pyrrolidin-1-yl]-propyl}-benzoic acid methyl
30 ester (3.14 g, 6.47 mmol) was hydrolyzed with 6N NaOH (40 mL) in MeOH (160 mL)
at room temperature over 24 h to generate 4-{3-[2-(4-biphenyl-3-yl-3-hydroxy-butyl)-
5-oxo-pyrrolidin-1-yl]-propyl}-benzoic acid (2.73 g). 'H NMR (CDCls) 57.98 (d, 2H),
7.57 (d, 2H), 7.40 (m, 6H), 7.26 (m, 2H), 7.18 (m, 1H), 3.85 (m, 1H), 3.68 (m, 1H),



propyl }-benzoic acid nethyl ester (3.70 g). "H NWMR (CDCI 3) 67.93 (d, 2H),
7.57 (d, 2H), 7.40 (m 6H), 7.24 (m 2H), 7.17 (m 1 H, 3.86 (s, 3H),
3.80 (m wWObBD/4228866 (m 25 1 H), 3.56 (m 1 H), 2.97 (m RCHIB1D2G0- 2. 60
(m 4H, 2.33 (m 2H), 2.07 (m 1 H, H698- 1.34 (m 8H). Step G

4-{3-[ 2- (4- Bi phenyl - 3-yl - 3- hydr oxy- butyl ) - 5-oxo-pvrrolidin-1-ell-propyl}-
benzoi c acid. Analogous to the procedure described for Exanple 1A, Step F,
4-{3-] 2-

(4- bi pheny3.58<w| 113), Ryedr(ox yH) 2188l (n, 3HRAZ gy, 1361),i 2186 ¢n.-3H)] 2.68 Gpy1H): benzoi ¢
aci d net hy ester, (3.14,9,,.8. I rolyzed with 6N NaOH (40
m-) in M ?TB%H%L-G%' %Et 45&@%@4%/\1%2702{)%&%? h to generate
4-{3-[ 2- (4- bi phenyl - 3-yl - 3- hydr oxy- but yl )

5-oxo-pyrrolidin-1-yl]-propyl}-ben (2.73 g). "H NWR (CDClI 3) 57.98
(d, 2H), 7.57 (d, 2H), 7.40 (m éﬁs@"ﬁ%ﬁ%égm 2H), 7.18 (m 1 H), 3.85 (m
1H, %68 (§3-f-{du- oRBULY 251 6%0-pyblidinaRy| | 2.98
(m 1 %, 3PW%W%MP&M ﬁB 3@ p I rﬁﬂyHﬁ&o;ﬂyﬁ), 1.85
(m 3H), 1 69 1.35 (m 4H); Ms 47 q'zemqsld 472 2 (I\/H) EXAMPLE 1 G 5
?-(g-{Z-[“s{e A henyf-ae Ndid-22neXMdmyoughd Mien- 1- y1 } - propyl
- benzoic

5-[ 4- (4-Fl nr@rc@iqﬁﬁ desaripeos Esamplevi, SieprA.detrayarosygrizinesdatdignsud-4lo t he
procedure gﬁ?g)l ey rg%@cf%tﬁﬂﬁ?vir.og&ﬁ%lnea%\esmm chlaride (0.25M in Et,0, 50

tetrahydro pyrr di one ) was reacted with
4-f | uotobemty 1 2 gmag) aver S diuritieatico by smadium Eteﬁﬁb'rei*‘ybm”!?@gﬁphﬂa%S mol ) over

5 h. Purif WeSE (b1gaCH2Cl 2
orovi ded SR SHRLIBEHE LRSI BReRI SR ARSI Y (8425
NVR (CDCI 3%). QHNMR(GECIQHY 181rr02H1 032H), 2Hp.. 33314 (nmﬂ'ﬁl 3-I70 (321D 62 (n2H) , 3 62
82-1.61 3 St B:
Eram[4 (4-Fl Ui?'é%d’l"@l?yl_ﬁ@%“% g?oXy a’ss\ghér%/rro)l di n- 2- 0512] A:Dal ogoﬁg to the
15 procedug teche@MMdJof@Qh@&_rm_h@ rakopcbufStl-eprréidin-2-one. Analogous to the
5-[4- (41 10.6 I
oL U 1 RER PR e s U BR Sy 10 © 1)
Addi t i onal pyxedBtif- Zd:’fd)(Zrﬁg g, 30 85mmmi) Wes vedticed ditll NaBH., (400eng, dQck monol) @t xt ur e
was stirr ed fo

S o ekt SRR IBTE S TS S IA5) AR 9 2Dy,
provi ded 5’ehb4reéet|oh Imidtue-vdsestigred f3-20\nd rRuxifiediion ol ngoljum pilesslira- 2- one (2. 01
9 R Lk el o B AN B STy 3,70 (m 1
1. 72- 2047 MeOHGR)CH,CL,) provided 5-[4-(4-fluoro-phenyl)-3-hydroxy-butyl]-pyrrolidin-2-one

(2.01 g). "M NMR (CDCls) 87.14 (m, 2H), 6.98 (m, 2H), 6.78 (m, 1H), 3.76 (m, 1H),

3.65 (m, 1H), 2.76 (m, 1H), 2.64 (m, 1H), 2.32-2.18 (m, 4H), 1.72-1.47 (m, 5H).

Step C: ﬂS-(tert-Butvl—dimethvl-silanvloxv)-4-(4—ﬂuoro-phenvl)-butvﬂ-bvrrolidin—2-one.

Analogous to the procedure described for Example 1A, Step C, 5-[4-(4-fluoro-

25  phenyl)-3-hydroxy-butyl]-pyrrolidin-2-one (1.95 g, 7.79 mmol) was reacted with tert-

butyldimethylsilyl chloride (1.47 g, 9.76 mmol). Purification by medium pressure
chromatography (1% MeOH in CH,Cl,) provided 5-[3-(tert-butyl-dimethyl-silanyloxy)-
4-(4-fluoro-phenyl)-butyl]-pyrrolidin-2-one. 'H NMR (CDCls) 57.12 (m, 2H), 6.97 (m,
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-
30 1.38 (m, 5H), 0.84 (s, 9H), -0.05 (d, 3H), -0.2 (d, 3H).
Step D: 4-(3-{2-[3-(tert-Butyl-dimethyl-silanyloxy)-4-(4-fluoro-phenyl)-butyl}-5-oxo-
pyrrolidin-1-y-propyl)-benzoic acid methyl ester. Analogous to the procedure
described for Example 1A, Step D, 5-3-(tert-butyl-dimethyl-silanyloxy)-4-(4-fluoro-




Step C

5-[3-(tert-Butyl-di methvl-silanyl oxy)-4-(4-fluoro-phenyl)-butvll-pyrrolidin
-2-one. woat/aetis to the procedure described for Exanpl ePARIBG02gy3C,
5-[4-(4-fluoro 25 phenyl) - 3-hydroxy-bu#y/t]-pyrrolidin-2-one (1.95 g, 7.79
mmol ) was reacted with tert- butyldinmethylsilyl chloride (1.47 g, 9.76

nmmol ). Purification by medi um pressure chromatography (1 % MeCH in CH2C 2)
provi ded 5-[3-(tert-butyl-dimethyl-silanyl oxy) -

4- (4-f | uor phetydryty)]-dyaoldid-2gne (296 rdgrﬂaoammol)MSMﬂﬁla(t@D@lﬂB'} (Bhronw- (m  2H),

2 36 2 24 PIPVBETEL St gyt enlerizre By Tophuoh Sorgh bufficgicn & L1 =1,

(d, 3H). S’h%ﬂnﬁl pressure chromatography (1:1 hexanes:EtOAc) provided 4-(3-{2- [3-(tert-

o ] A AR B el e i
pr OCeAls bty gt edrdam oLt KO (eecied pok) 7.2 G 26

PCT) 1801/ 0G0 2*@77892'??3/?@ Gm 5%%9%& Bk 878 'g)gé%%% 8809 mol )
was al kyl azem (, qh)4y313(3bgp|9m propyl) benzoi c acid net hyI ester (276 ng,

ﬁeggngﬂ)g eé 72 h. P‘lill’ll |ct | o .1 Y oo %I press%[edln goraphy (1:1

i met hyl - si *o@ﬁlz\ﬂnc%ra bt é‘témhaogﬂmewwe ﬂawéﬂue@semmrmmhm -yl }-propy

enzom—ﬁglj;' egted peaks
57,52 (8. S E. 4r(pe-Beriaupy s ol Yo B e Rery P egser s Pory

:é ZG( g”} . 1 Pl]h‘olldﬁ}-ﬁgl}-bmpyﬁ—bb%zom é3c|<ﬂ|5|e{hlyl esterk®41.2 n] 0485 ntmél) wasSt ep

| uor o- - 3- hydroxy-butvl | -5-0 vrrol yl }-prop

yl)- benzmdépré?@ﬁctﬁdﬁ@ty a@%&@?d‘“'ﬂrﬁ’ sé\j@ﬁ‘“{rﬁati)%@pw écklg%age%%fg%}ctged for
Ex?gm g %éEt?AQ%oSf%FM&DH in CH%CI to 3% MeOH in CH,Cl,to 5% MeOH in ChH20I2) 4- (S,-t .

ent - anyl ox uor en uty OoX
o pyrrolidi {%(MLPI%P%}YD)?" F@%Tbé'tyﬂiﬁ'@(or%)frﬂﬂﬂ"g'g%}’ﬂ}eqm‘{ ?\‘/rﬁz'do 445 mmol )
was dgpgro 3 K8) §NOD Qamﬂmmy
noxaned i G el e e T 5% 5 506
MeOH i n CHIQA4X)), 24),(7300 (m, 2H), 3.88 (s, 3H), 3.80-3.51 (m, 3H), 298 (m, 1H) 2.32 (m,

{2-[4-(4- flfg@ro phenyl ) - 3- hydr oxy- but yl ] - 5- oxo-pyrrolidin-I-yl}-propyl)-ben

zoic acid met hyl ester (61 1 1H NWVR CDCI 3) (sel ected peaks) 57.93
(d, 2H), 7 Steb Eh-(3R4-(4Flupno-phgnyiidhvdroxpdutyihS-anagmpvreliie1ag-brey)- 3. 80- 3. 51
(m 3H), Bdl for E l1ASt F, 4-(3-{2-

4-(3-f2- f4_p%ﬁz¥é%%¢|ﬂnah@ édmﬁy%rb%&r?/%ﬁ@\? _05r_ ggg-pevrro ?p ! {Xl} propyl
)- ben26i c [4¢4 ﬂuormaem@d’u fwwllpﬁ-@&@bﬁ@d'ﬂésﬂ}’ﬁ“ﬁgﬂ) ?WOE%&‘HW% MA Step

I[:4 ?4( ?I B(Z)r o{?eg 6e1n1y 8143(Tr o'llw%sumggﬁlxzesj(‘)N>I<tg-6Ny[Fl?%ll_l|(zj|mrlf) T “&?C}DHS Bnﬁ% ) - benzoi
c acid met rayrooestempe(&mrelovng% . Pusificatien by nmdynhpmswr? £BPNAegRaN NaOH (1
m) in MO, (Rg With a solvent gradient (CHCl to 2% MeOH in CH,Cl to 4% MeOH in CHCI,
to 6% MeOH in CH,Cl, to 10% MeOH in CH,Cl,) provided the title compound (45
25  mg). "H NMR (CDCls) 87.97 (d, 2H), 7.25 (m, 2H), 7.14 (m, 2H), 6.99 (m, 2H), 3.75-
3.58 (m, 3H), 2.97 (m, 1H), 2.69 (M, 4H), 2.40 (m, 2H), 2.15-1.35 (m, 9H); MS 413.8
(M+).
EXAMPLE 1H
4-{2-[2-(3-Hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yl]-ethoxy}-benzoic acid
30 Step A: 4-(2-{2-[3-(tert-Butyl-dimethyl-silanyloxy)-4-phenyl-butyl]-5-oxo-pyrrolidin-1-
yll-ethoxy)-benzoic acid ethyl ester. Analogous to the procedure described for
Example 1A, Step D, 5-[3-(tert-butyl-dimethyl-silanyloxy)-4-phenyl-butyl]-pyrrolidin-2-
one (prepared in Example 1A, Step C) (250 mg, 0.719 mmol) was alkylated with
NaHMDS (1M in THF, 0.86 mL, 0.86 mmol) and 4-(2-bromo-ethoxy)-benzoic acid




at roomtenperature over 24 h. Purification by nmedium pressure
chromat ography eluting with a solvent gradient (CH2CI2to 2% MeOH in CH2Cl 2
to 4% Me®OON422Cl 2 to 6% MeOH in CH2Cl 2 to 10% MeOH i nPCHPEDI1AR079r ovi ded
the title conmpound (45 25 ng). 1H NVR-6&8DCl 3) 87.97 (d, 2H), 7.25 (m 2H),
7.14 (m 2H), 6.99 (m 2H), 3.75- 3.58 (m 3H), 2.97 (m 1 H, 2.69 (m
4H), 2.40 (m 2H), 2.15-1.35 (m 9H); Ms 413.8 (M+). EXAMPLE 1 H
{2-[2-(3-Hydroxy-4-phenyl -butyl) - 5-oxo-pyrrolidin-1-yl]-ethoxy}-benzoic
cid 30 Sitey edter (216 mg,0791 mmol). The reaction temperature was maintained at 50°C
2-

- Lt#&@%bﬁ s e S A e S F

escri bed providedz-@¥{2-e- (te@t-btﬂi]leipn@hyl -silanyloxy)-4-phenyl- butyl] -5-oxo-pyrrolidin-1-
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4- (2 {2- [3(tert- - S| ’ oxg)4 he

y L0, G ] A S )
(Sel ect ed é’cﬁﬂ@ﬂar 5’\n5|6 86s {orfhe Bl’&edt?reaesﬁlbé@fdrlﬂ(aﬁbl)e1A68&‘b[€rm- 22{5)[3- 4.33 (q,
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d
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3H). Step &id ethyl ester (66 4 mg 0. 122 mmol) was deprotected to provide 4-{2-[2-(3-

4-{2-12-(3- oxy- - but yI - 0X0 | idin-1- enzoi c
acid et hyydsayrph eﬂWaq §X‘? BVrf‘ng rﬂk%tg%éga@m%%wcﬁs %% )2

Step E, 4-4fferbariflcationlsy radial chromat aphy (CHCl, to 2% MeOH in CHzClz) 'H NMR
(tert-butyl-dinmethyl-silanyl ox %engl bu%é%-ﬁg 0XO0- p Iltil_bn 1-yl}-eth
oxy) - benz olGPCla 87 §4 énhit), dsXlef: ‘% )n§;83 (M. ﬁ'?o% cted to
provi 4-4 2H

hydrog??‘) 4- % h% {F@ 37? m 2|-(|))X838y(p1r (1)H) 2|8r(1) (in- ;W -2 3% ((r)r;(;}l—l)bze%?%gnlwc z;m d et hyl

ester (52 %9 (maTH)ei 691Jr37fm; ,o1n3‘bSi 3“b)d| al chrorrat ography (CH2C1 2 to 2%

g/ﬁ)a" '4”3 BvdrbfAbRényE Buty grrolidi » t(é’r‘ikméabd 288? (ml
o m
H, 2.80 (Malqszqu; to Me@noqeﬁweldqayrlbeg fgeExamplezH) SteFZF’l‘b{% E%(31hyply)oxy*f 69- 1. 37

6
gfn?{Z 1|‘_|)2 (Bp%;}% w %&de d?gth o>fy(}))l()8r_120|crarc(|)ci etg)l/lre_s He_r (5I2I rf‘g’%é‘i‘%h benzoi c
aci d. 20Anamowphueasthydno éequél@@U R Es@k) ‘Ee/éflﬁl“ be t@a@mpemﬁﬁ( 8. H

4-{2-12- (35 Qﬁsﬁj@é{%@ 0B (6 B 583 !1b (A, SR BB (I bhf 4Dl b, e} - benzoi ¢

acid et hyl
1H), 3.81 (m, 1H), 375 (m, 1H) 3.40 (m, 1H), 2.82 (m, 1H), 2.66 (m, 1H), 2.36 (m,
2H), 2.10 (m, 2H), 1.70-1.34 (m, 5H); MS 398.4 (M+1), 396.3 (M-1).

Example 2A

25 7-{2S-[3R-Hydroxy-4-(3-methoxymethyl-phenyl)-butyl]-5-oxo-pyrrolidin-1-yl}~
heptanoic acid
Step A: 7-(2R-Formyl-5-oxo-pyrrolidin-1-yl)-heptanoic acid ethyl ester. To a solution

of 7-(2R-hydroxymethyl-5-oxo-pyrrolidin-1-yl)-heptanoic acid ethyl ester (1.63 g, 6.01
mmol) in anhydrous benzene (50 mL) was added 1-(3-dimethylaminopropyl)-3-

30 ethylcarbodiimide hydrochloride (3.46 g, 18.03 mmol) and DMSO (1.5 mL, 24.04
mmol). The solution was cooled to 0°C and pyridinium trifluoroacetate (1.28 g, 6.61
mmol) was added. The reaction mixture was stirred at 0°C for 15 minutes and at
room temperature for 2 h. The solution was decanted from the oily residue. The



20 mmol ) was hydrol yzed with 6N NaCH [

(1 nm) to yield the title conmpound
(41.5 mg). 1H NWR (CDCI3) 87.98 (d, 2H), 7.32-7.
3.75
1

e

16 (m 5H), 6.85 (m 2H),
(m 1 HPpCcBIBIG/OE 1 H),
O(m 2H, 1.70-1.34 (m

mL
4.13 (m wop2/423692 (m 1 H, 3.81 (m 1 H),
2.82 (m 1 H, 2.66 (m 1 H, 2.36 (m-692H), 2.
5H); MS 398.4 (Mr1l), 396.3 (M1). Example 2A 25
7-{2S-[ 3R- Hydr oxy- 4- ( 3- net hoxynet hyl - phenyl ) - butyl ] - 5- oxo-pyrrolidin-1-yl}-
heptanoic acid Step A 7-(2R-Fornyl -5-o0xo0-pyrrolidin-1-yl)-heptanoic acid
et hyl est efesidie was s\@shid with ben’zene (38x) and the combined benzene washes were

? D AR L O bt o (1.6

1-(3-di netétpijd@meno/mcrpwhéus’de@S@pFB/WMﬁdihenputélcuNr ochI oride (3.46 g,
18. 03 mmol a d Aﬁl&& . MRS G ed to 0C
and pyri di AleRhR-cidleksNeoyn B¢ F

reacti @ nhegianicic d6é elbivli gster 0T S(ﬁ]ﬁildl‘l(])‘f [31:63 metimkmethyid)hanyl) -2-0XIm terrper ature

pCr/ e01/ oBGPAFPAGPIS Pt ATRLoEhEo  viC BMdLRGHF i aP o e 7 nea
benzene wagdues N#H eaovmnwagmmbmm mng; #d0ominol) pouivihdise.7 Tij Reaction

-f | - 5- q
S SRRl e B PSR ALR: Safhtes et ol vas vse
- f 4- (13- Met bspleatoog lanp Aesaltion S DR -bmrhwyﬂ:5®ug—bymﬁikdmxbylb}yeptammdamd 1-vl}-

hept d et t

5P 5 s neymsiarirepReny $te8 Aodtmste gl TioR R BHE PR ML MRS B8y st er

(1I 71;48, 5roﬁ@136HQhé rédbtla'ﬂrﬁgﬁlﬁém‘s)stmé_ld Qe Gdsr 1%:{1\6@3%\&1&1{ (o0 ) byt wei ggt ![ n
oi , rti onw se. e reactjo irred a
room t errpg%mﬂ?f@m@d?r %f%h ﬁ?‘?ﬁj'ﬁeégt'onfﬁ'émfee\é@? P%oﬁedrﬁog} Eragé\?/g e %@31’% to 0C and
a sol uti Onaeﬂed7ur(t|2é?pro®5mab~aah|@m rstomland wartet werd adusdtamddheaqueods 10 et hyl

i opwi So. Aot weer it FROACERS < T o eobforrorerd mphie SERBRTS! oo

t emper & ur Gith YatetAdridd (W so;; em@emaamtmeatmgmebuede tvas P@ified tyacet | c aci d
was added until a pH o p%chgved Et QAc and ;%r wer e added and the
b H

aqueous smedwﬂbwemgeﬁﬁ@ﬁ@@% ipgwith g,splventglad i'c sol utions were
conbi ned, we&hBSEIGANMD 11 H@)Eafhés EdDACH 1OMEOH in GHICIa0 8% MaOHdoncent r at ed.

The residue was purified medi ure elutlng with a
sol vent gr &kl toppovide W‘i@%‘ﬁe@ @?%@@P %ﬁ% ?Pg))(%ﬂé%%%t%q %P~ %6 MeOH i n
CH2Cl 2 to ﬁ/ﬁ&rﬁﬁﬂl Ui he&’al?c% 3a.d &mylrésmﬂ(da gi WIWR (CDCIs) §7.29 (m, 1H),
- [ 4- ( 3- met hoxynet h ?/ - but X;
20 7.22(m,1H), 7.16 (s H), 7. 09 (d 1H) 6 62 (dd H), 6. 19 1H), 4.41 (s, 2H), 4.10

(m, 3H), 3.82 (s, 2H), 3.51 (m, 1H), 3.36 (s, 3H), 2.67 (m, 1H), 2.43-2.18 (m, 5H),
1.75 (m, 1H), 1.56 (m, 2H), 1.42-1.17 (m, 9H).
Step C: 7-{2R-[3S-Hydroxy-4-(3-methoxymethyl-phenyl)-but-1-enyl]-5-oxo-pyrrolidin-
1-yl-heptanoic acid ethyl ester. To a solution of 7-{2R -[4-(3-methoxymethyl-phenyl)-
25  3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (1.40 g, 3.26 mmol)

in anhydrous CH,Cl, (200 mL) was added (R)-2-methyl-CBS-oxazaborolidine (1M in

toluene, 0.49 mL, 0.49 mmol) and the solution was cooled to —45°C. The reaction

mixture was stirred for 20 minutes and catecholborane (1M in THF, 9.8 mL, 9.8
mmol) was added. The reaction mixture was stirred for 24 h at —45°C and THF (100

30 mL)and HCI (1N, 100 mL) were added. The reaction mixture was stirred at room
temperature for 24 h and at 40-45°C for 1.5 h. The solution was diluted with CH,Cl,
and water and the layers were separated. The organic solution was cooled to 0°C
and was washed with ice-cold NaOH (0.5N) followed by brine. The organic solution
was again washed with icé-cold NaOH (0.5 N) followed by brine and was dried



pyrrolidin-1-yl}-heptanoic acid ethyl ester (1.4 g). 'H NWR (CDCl 3) 57.29
(m 1H, 207.22 (m 1 H, 7.16 (s, 1 H, 7.09 (d, 1 H, 6.62 (dd, 1 H),
6.19 (d, wobd/42248 41 (s, 2H), 4.10 (m _3H), 3.82 (s, 2H),PGr/HHN1(20731 H),
3.36 (s, 3H), 2.67 (m 1 H), 2.43-2.18%m 5H), 1.75 (m 1 H), 1.56 (m
2H), 1.42-1.17 (m 9H). Step C

7-{2R-f 35 Hydr oxy- 4- (3- met hoxymet hyl - phenyl ) - but - 1- enyl | - 5- oxo- pyrrol i di n-
1-yl}-heptanoic acid ethyl ester. To a solution of 7-[2R

- [ 4- ( 3- met (MeRPkfilgred gﬂ@ﬁgrpopntrqtgd Purification by medium pressure

3- oxo- but - %?ﬂéﬁbéraéhf&l@ﬂd@’ﬁnﬂ% 's@“/éh‘téreﬁﬂ‘e}'nt g&ph%ﬁwEﬁ@A&toEZhyl ester (1.40
g, 3.26 I N~ anhydr ous

(R) - 2- net H;axamt&é\&i%drhﬂmmﬁﬁt%f tREIPAC oY MeOH @%%Pf%'dﬂ‘é7mm|) and
the sol uti C?‘tﬁihefa%Qld(3trﬁeth6%etﬂ_}h?hér%%t—@%nylFB)&pr?rrm stirred for 20

m nutes an or ane

dded The
reacti én rheptanois agigsetayl iestes .2 o} apan apppximaisd 25t of :i%éR% AP and HC
(1 N 100 (ﬂg%t 5%@*4 aggngs mhw(dneﬁt)%&e&@espéékwﬁ@b b7 (Rom

t enperature nd a 450 The sol ution was diluted with

CH2Cl 2 an@l—l)v\/é,ﬁél(maﬁd) 6H8 (Mayb). ¢-30cE2Hehdb dneth)), 196 (BrYANPE84WI ution was
cool ed to @%S ?W‘&n"“ﬂﬁ) WaENE B 148 43 E%O(WL\?@@WQ SN) followed by brine.
0 WA

The organi S agal h vvas I ce- co[d NaC]—I (0 5 N) fol | oned
by brine aSidpBay Q : tighin-1-yl

and, o el o ghil St 5%“1%@%&"&@@ i ?W'@‘Qﬁﬁﬁi&%ﬁ%ﬁ@yt .
h[eé gnﬁsdEt ey B-butEt-EWyd]-3-ox@pyriviidin- Ti-yi}-@taniolr) agist efayl ester 11.2 goR78 mlmocli ol
- hydr ox - 5- i di n-
y %&éHg’?’ C{Trﬁu‘_?\ﬁ g%ér&iﬁf /EBQ%&’U% &P&arﬂoneg Bblhig: ?HQ ré&éflérp y

5 hept anoi (& XI me 1 mxture of
3S: 3R al cofmixture Mahy@og@'rmteﬁ trya ARtrGhakesilal4%5 BSI f<1rI-24MMR3|' Kemwﬁt wesel ect ed

geglés% m571r2ef6_1|30z/e wagm(aaon %ug%é?%l ®%n%hjﬂiyé‘§i 0?5@1( nfi]cja_l'% by @gggl(ws 1 3H) VE
4713{22%_ ([5%/:;_1 regﬁﬁ@cl&oﬁ%ob}aah@te&}ﬂn@wnh a solvent gradient (CH,Cl, to 2% MeOHr in e 1yl)-
7o 2 o By T ST RS AP B 1=
7h~({a ﬁRl- g 35[1 ﬂtﬂﬁiy%utlyﬂ-s(&orﬁyhbmmg?’l}hwbtanom acid ethyl ester (1.1 g). 'HNMR ester (1.2
8 2 78 nmi5Ck Clajo Zét(@?f?&@p %’ar@ 2)5@3“ Qd@ﬁ&hicfgﬁpgr ?Qg 43%@n§@a¥t§on (120 nm).
The catal Vo e e e o Coritetry Wi th the aid of
Et OH. ?er?/?péért"l - 6;78&%1%% L&éggu??'g iﬁégﬂaﬁﬁﬁgﬁgg@ uting with a

sol vent gr gghent7(G-2RLEydr Mpeiol pbR/ L tARG-MasbrrolidiBHAT:- 2)  ( 2X)

provi ded 7t-1e9tar;O|C aC|d.y|'oraO§(o¥utlon of 7?2:% [%Kﬁoxf' ‘{ (8-methoxymethyl-phenyl)-

butyl}-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (1.1 g, 2.53 mmol) in EtOH (32

mL) was added NaOH (6N, 16 mL). The reaction mixture was stirred for 24 hand 1N
25  HCl was added to obtain a pH of about 2. Brine and CH,Cl, were added and the

layers were separated. The aqueous solution was washed with 5% MeOH in CH.Cl,

(2 times). The combined organic layers were dried (MgSOs,), filtered and
concentrated to provide the title compound of Example 2A (890 mg). 'HNMR
(CDCls) 87.28 (m, 1H), 7.18 (m, 2H), 7.11 (m, 1H), 4.43 (s, 2H), 3.83 (m, 1H), 3.57
30 (m, 2H), 3.40 (s, 3H), 2.91 (m, 1H), 2.79 (m, 1H), 2.66 (M, 1H), 2.43-2.25 (m, 4H),
2.10 (m, 1H), 1.83 (m, 1H), 1.66-1.22 (m, 13H); MS 406.3 (M+1), 404.3 (M-1).



phenyl ) -butyl]-5-0x0-pyrrolidin-1-yl}-heptanoic acid ethyl ester (1.1 g).
"HNWR (CDCI3) 67.28 (m 1 H, 7.8 (m 2H), 7.11 (m 1 H), 4.42 (s, 2H,
4.08 (q, wop2/43682 (m 1 H), 3.58 (m 2H), 3.38 (s, 3H), pCBIBUIpRo72H), 2.66
(m 1 H, 2.41-2.23 (m 4H), 20 2.084m 1 H, 1.78 (m 1 H, 1.64-1.37
(m 9H), 1.28 (m 4H), 1.22 (t, 3H). Step E

7-{2S-[ 3R- Hydr oxy- 4- ( 3- net hoxynet hyl - phenyl ) - butyl | - 5- oxo-pyrrolidin-1-yl}-
hept anoi ¢ acid. To a sol ution of

7-{2S-[ 3R- hydr oxy- 4- ( 3- net hoxyrret Iﬁ)kampiemﬁ)

butyl ]-5-0x%0: d cid eth r 1. 2. 53 mol

T O 95 RIS Ho R R RO i Ve Cpef o )
st Id r E;.?SCT (23$te34\ y- I?chtgl\ldﬂgﬂr?ﬁrﬂ—vlmoaﬂﬂﬂCerWD-Sbeébvrrglailr_?_lﬂ-v%eaﬂaoub 2. | B{| ne
an wer e added a e u S solutlion
was mshe@ﬁﬁiﬁw%%q? gﬁuﬁ%@ﬁoceéurﬁdrﬁé‘ér)%eg%{? B\%&%ﬁ%ﬁ Pc 1ayers

were dsi edarfidseed frbml (Bihé@(ﬁhéléﬁl-Z 26 Y dpyt) PHosphopic@iciddiimethgl dstdrl e

S b B et Sl i Lol e sl o 1

3H), 2.91 WifA 7- @QFH)orm?I 5Z8xo(-r69rroﬁdn|'r1)1 )% rfoiB ackd éthyl edteft Grs8urdied {184 4H) 2.10

1 H, 1.83 2 M 404.3 (M 1).
S/\g 02/zﬁgzaemﬁ?ﬂqfs‘@f/méﬁlf'ﬁcam?fy@%ﬁwe re roma%graphg/ i (ML)

7- [gR- (S ? Heke R/ EthARAE IEthAS) RRovided! 7-PR- Ml naphthakef=2ey 3 éXol tilitn -ehyly45} - hept anoi c
aci ep A
7- [ 2R104- l\@ﬁ@rﬁyﬁ§|'%1Z’J]SFPP@n@?@C'Hlﬁthyieiiﬁwi”ﬁoQl%xBLWRr(QPPb $L-48 M4 - hept anoi ¢

acid ethylzpsygs sAr'P-g"P romzthg 1.5¢ d3r19665166’(%iddﬂ4)06'2f4%| rmr4%wl e 2A, Step

B, the 5 ani'bn derii ht hal en- 0X0-p phaosphoni ¢

acid di met3yh 3@9&%2"')»(%4@(”@1 )22‘2 (M) 2éﬁt-iy%(ﬂ‘ ©EQot- Z@OF 1)|‘Bh1 52n oil, 81
mg, 2.02 npploly) Wegy. ’i%@ﬁﬂheﬁ-l) Wd 43671 ( I\H—R‘)WCM”%{M -3).0x0-pyrrolidin-1

-yl ) - hept andi ¢ aC| ester (assurred 1 mmol ) over 163 h.
Puri fi catiSiepiBy 2§ I 5 ofidin-1 is AqHY

E;gp‘g) ; f{)ﬁéigﬂggf_t@? A[r\%i%g&f}s f?ﬁﬂ@ #b%&ﬂe %e érl‘béd ‘FB?@‘XQM re12A %&Bﬂ Ib Pmid

y tano c acid ester E) . 1H NI\/R (CDCI 3)
87.78 (m ofFHRR-(#-n@phthglen-£-yHp-oxg- bme1(enyl) o-pyrrca@hrwyl] merrislnm@a% (dd, 1 H),

6.24 ( d, 1?tﬁ?I eg% Es%z(r@% 0 ﬁwmmé}} gr?d ﬁé% ?‘erurﬁ oﬁ%ar(tﬁh _550 Hg%m%t@ﬁl m 1 H)

2. 44-
436. 1 ( |\/|+ L) w@hmrqgﬂngyed a@ﬁ@ps@ar 3 h. Medlum pressure chromatographyrq 1

125 (4- NapBhbak ko oy Bydu 1ok @-r%éﬁthebéh ishgerh).8 oRept anoi ¢ aci d

15 et hyl nal ogous t described for anpl e 2A, Step
D, a rf0xt upyerolidif-17d]fiRRtandicraaishating beler (299IMg). GkNMRUECDCL!:) 57.80 (M, 3H),

o)) S KL B YA (PR ORI (A0 B By S ok 3] e O 774
(m, 1H), 2.47 (m, 2H), 2.26 (m, 4H), 1.98 (m, 2H), 1.61-1.16 (m 13H); MS 438.1
(M+1), 436.1 (M-1).
Step C: 7-[2S-(3-Hydroxy-4-naphthalen-2-yl-butyl)-5-oxo-pyrrolidin-1-yl]-heptanoic
25  acid ethyl ester. To a solution of 7-[2S-(4-naphthalen-2-yl-3-oxo-butyl)-5-oxo-
pyrrolidin-1-yl]-heptanoic acid ethyl ester (367 mg, 0.839 mmol) in EtOH (20 mL) was
added NaBH, (32 mg, 0.839 mmol). The reaction mixture was stirred for 2 h and
water (5 mL) was added. The volatiles were removed in vacuo and the remaining

aqueous solution was washed with CHCl; (4x10 mL). The organic solutions were

30 combined, dried (MgSO,), filtered and concentrated. Purification by medium
pressure chromatography (1:1 hexanes:EtOAc to EtOAc) provided 7-[2S-~(3-hydroxy-
4-naphthalen-2-yl-butyl)-5-oxo-pyrrolidin-1-y{]-heptanoic acid ethyl ester (332 mg). "H
NMR (CDCls) §7.80 (m, 3H), 7.65 (s, 1H), 7.46 (m, 2H), 7.33 (m, 1H), 4.07 (m, 2H),
3.91 (m, 1H), 3.60 (m, 2H), 2.98 (m, 1H), 2.84 (m, 2H), 2.35 (m, 2H), 2.25 (t, 2H),



m.) was hydrogenated at 50 psi for 3 h. Medium pressure chromatography (1:1
hexanes: Et OAc to Et OAc) provi ded

7-[2S- (4waphihzes en- 2- yl - 3- oxo- butyl ) - 5-oxo 20 pyrrol i di nPQFABG1ARERt anoi ¢
acid ethyl ester (290 ng). 1H NWR (CDCF23) 87.80 (m 3H), 7.66 (s, 1 H),
7.47 (m 2H, 7.30 (m 1 H), 4.10 (q, 2H), 3.85 (s, 2H), 3.52 (m 2H), 2.77
(m 1 H, 2.47 (m 2H), 2.26 (m 4H) 1.98 (m 2H), 1.61-1.16 (m 13H); M
438.1 (M+l), 436.1 (M1). Step C

7-[ 2S- ( 3- Hi0 omytH): RapiinhaieA-82-(yn, 18)t1y10)(d 5t .68y 370, diHh- 13671 20hept anoi ¢

25 acid et ol ution of
7-[25 (4- n@%ﬁﬁﬁrﬁgm(}]@wg?oxo butyl)-5-oxo- pyrrolidin-1 -yl]-heptanoic
aC| d et hyl Steg Der7-28 @(__zmow-@mmmmz-vlrbummmmmmmm NaBH4 (32

ng, 0.839 t 5 nL
was added. —r%g Wé‘ﬁ'ﬁﬁ ifévére re h:ﬁf]a?e\/r;%glrtglﬁﬂ)dé 8%1 8¥'por¥ggﬂgll %136 g(r:]ufaous )
sol uti dn wesptamaichaoit emylrestaﬂcm rﬁgtmmmmmol),mmwm 8 migl andiMeQH (& e 30

b essUr e crﬁ i o Pbiper e DR RSN E e Lgquhi Warp el um
7- [ 2S- ( 3- htdmely was4ddeghThabeaueolls golutimmtwds) acklifeddeo pyatt ofl § wiitmiN HEI | - hept anoi ¢
LS Tt B S R i iRy )
2.98 (M lwéik,combféd( drie®MigSQy) FMertethant idpncediraid(to praxide 7-126-82/ 42268

T 8-l ol e S P 0 (0
;CI[ 38— ,&352?4?53%)%? BABD(MABIEN 7 B5\E,- )L 46 (rb-2r007 B8 (i H)IBre4l(m; yH-I) hept anoi ¢
7-[ 25 (3- hya® &myZ"Z) RBr BRime 3. 3,34 (D) 288 G2ty 1 B4 2R I 130 MS

hept anoi ¢ &1, ﬂ(mhy41@z(w1 (327 ngy, 0.744 mmol), NaOH (1 M 0.8 nL), and
h

MeOH (15 pf -)_was. eated ) reflu fo 4 h ey e renoved
in vacuo aB@RJs 2t o QoA g-NapRaIeRcal) ORI i di i ed

to a pthofy h tédblclé\éndﬁo a @mhohhbewzs - ﬁy@@éym-napmwm m@zsunﬁyd) Sokdr CHCl 3

(4x10 m). organlc sol uti ons r 0 filtered
and concenPWé’J'@'ﬁ’ Trdl-hartncifacid {%’§§‘€\{A§ 0%5({\ mm°|?'nckﬂe(9 Salvlg(ﬁglvzd
hydr oxy- 4- aajaatNEDI (Ve -0/083ML Y | DieTresution Ryktiie! wab stirrkd yr] 31k pt GCarel aci d (180

1H NMR (CDCl 3) 87.80 33 |
ﬁ) 3.94 (W?S( qorgpnirated %Vﬂcwmﬁﬁﬁfowwgzééﬁ'si%@'é%m y?"fa‘gh(s?r‘imﬂﬁ)a“ 2, (()g] (m
(Z)fH) 3 [122_7 éftﬁétn&egc}(orﬂﬁd%d Mexarfigié 2@ éM*né) 1H4@MR20(JM35L87 6$Y 2n (f; 7|$de um sal t

9/ napht hal en- )( 2) 5- 0X0- pvrr?lldlg
yI | - hePd an647§ (@Jcﬂd 379 (al QHD@&W @H) 216 70 (m, 4H), 1.43-1.18 (m, 12H
7-[ 2S- ( 3- hydr oxy- 4- napht hal en- 2-yl EQ%He)Z@ 0XO0-

7-[2R-(4-Benzo[1,3]dioxol-5-yl-3-hydroxy-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-

heptanoic acid
Step A: 7-[2R-(4-Benzol[1,3]dioxol-5-yl-3-ox0-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-
25  heptanoic acid ethyl ester. Analogous to the procedure descrjbed for Example 2A,
Step B, the anion generated from (3-benzo[1,3]dioxol-5-yl-2-oxo-propyl)-phosphonic
acid dimethyl ester (12.65 g, 44.2 mmol) and NaH (60% by weight in oil, 1.62 g, 40.5
mmol) was reacted with 7-(2R-formyl-5-oxo-pyrrolidin-1-yl)-heptanoic acid ethyl ester
(assumed 36.8 mmol) over 24 h. Purification by medium pressure chromatography
30 (10% EtOAc in hexanes to 40% EtOAc in hexanes) provided 7-[2R-(4-
benzo[1,3]dioxol-5-yI-3-0xo-but-1-enyl)-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl
ester (4.18 g). "H NMR (CDCls) 86.76 (d, 1H), 6.63 (m, 3H), 6.20 (d, 1H), 5.94 (s,




pyrrolidin-1-yl]-heptanoic acid (35 ng, 0.0851 mmol) in MeOH (5 n-) at 0OC
was added NaOH (1 M 0.085 niL). The reaction m xture was stirred for 1.5 h
at 0C anavowasg26dncentrated in vacuo, azeotroping w th CHCBIEB02073L) to
yield the sodiumsalt of the title cofffound of Exanple 2B (37 ng). 'H NWR
(CDCI3) 87.69-7.24 (m 7H), 20 3.78 (m 1 H), 3.40 (m 2H), 2.80 (m 6H),
2.16-1.70 (m 4H), 1.43-1.18 (m 12H). Exanple 2C

7-[ 2R- (4-Benzo[ 1, 3] di oxol - 5-yl - 3- hydr oxy- but - 1- enyl ) - 5- oxo- pyrrol i di n-1-yl ]
hept anoi ¢ 2id), 4.1St(@p3iA), 374[(&RH)43.B21moTH), 2.71 (m, 1H), 2.38 (m, 2H), 2.26 (m,

3l di oxol - 55| - 3 lidin-1-yll 25 heptanoic acid

et hyl este:?l){) Aﬁgce yﬁgt‘f’% (ﬁﬁéhijr1o%6g§3?§¥dé®crl bed for Exarrpl e 2A Step B,
t he ani on §ep&: th-@R-(ﬂ#Bnmzér?.- bk K phosphoni ¢

iCI(SCZi gl rrztoh%) remslgtiﬁe%r’ é!l:!lé.i ﬁé?g! g%ngﬁo%% Wg)pro%ggur% érﬁ)gc{q’&*)ééﬁp%B' noil,

7- ( 2R- for nBiep S, INRR{¥-bendo] tiB)diokels-yi- M@Em&drmy&ﬁrd(oeiyhplldlreﬁﬁf (assumed
36. 8 I 24 P t h 30
(200 Er neRATRRARRanVgelss b B ol 74 i MatTeREET B Bab, RIERgPArY

bené o[ tth} nhnmk)om EOH [323nD)X dheWNaBH,adyitigr Wasa;qummed at 0% andlthy Ire}aoher?t anngS:
acid e . est m

6.20 (d, Yim ure @’%gt"("sf’aat%’ﬁE@%%@r%bskﬁ'%%w““?§ "‘%?r eg%ﬁi%’_s (m 3H),

3.74 (s 2<|:H)rom3to§%p(1mEtd)Ab9 proﬁd@d7{[2R-(41=béﬂ)zp[123]658xc(l45}yl-3+lﬁydrcﬁy P6t--m  3H),
1.78 t.ep B: 7-f2R-(4-Benzof 1

3l di ox 56’52) %OWWF% %5@1 rfpfﬂﬂ‘?lc)a %ﬁﬂ]eﬁ*\ﬂ%oﬁ M n-1-vi1- heptanoic acid
gt h¥l [SSRt (eﬁmp@]a?-rzgiDM]SBérﬂomMdlmdbﬁeﬂieﬂﬁdngm\?bulﬂ-bad/ll)ﬁﬁaoxwd_ 5 ft elp]

. 7-[ 2R- (4-benzo 0X0 X0-,bu Nyl ) - 5- ax0=pyrsL ol i di n- 1-
hept anoi ¢ %@?@—0&—@'%@Eff’@?us(tf‘??ﬁ%pr&ce‘g’r%ﬂe?ﬁ%?ﬂ %@’P@S%e&% IJT:’#'NaBI-M ()?:69
my, 9.74 nmn(u)benzo[lﬁe}anbxbsﬁyn&hydraiqebuuawl)@bjmpymnms mmebtanmed at 0C and

1 0t S0 oA 385 I L) B hEBILLTRGTAL A6 ) RO T o201 On

7- |2;Q ’(5% b%ﬁﬁ(fallo@bﬁh@&mhr &eyéﬁécﬂﬂwdﬁwgwdwt@% EBOAC in hexanes to EtOAc . -

eny OXO I’I’O - 1- ept anol ¢ tep y

7-f 2R (4- 50 % Y%J"We th?&?‘E?J?? @E“”f"é‘ﬂ?l"‘j‘t@ s&"&“ﬁ?fﬁ%i‘ §din-1-vyi1

-E h$pt agg QZ@EAerH t[AiiszgWS"/otMe@h@n BHOTIOPrs\ededesioR-@embnkoln , Aiiawopbe 2A, Step
- - enzo

0
_enyl)-5-0 F‘?’%qu‘&?ﬁn}il) é)??‘? pﬁé?)'{dé{hg'mr‘eé%n%c %‘E"%ﬁ 26,9} oH NMR36 g, 7.79
nmol ) was twttlg)lsm%%weﬂb 52@11 SB@ (il 101), BA4MROH), 1B1Rwu, i1H), g1 on by
nmedi um pressure chromato 8 é Et OAc I n hexanes to Et OAc
2 (m, 1H), 3.45 (m, 1H), 27 (m, 3H), 234 (m, 4H), 2.15 (m, 1H), 1.70-1 20(m 10H);

MS 404.3 (M+1), 402.1 (M-1).

Step D: Sodium salt of 7-[2R-(4-Benzo[1,3]dioxol-5-yI-3-hydroxy-but-1-enyl)-5-oxo-

pyrrolidin-1-yIl-heptanoic acid. The sodium salt was prepared by addition of NaHCO4

(470 mg, 5.60 mmol) in water to a solution of 7-[2R-(4-benzo[1,3]dioxol-5-yI-3-

25  hydroxy-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-heptanoic acid (2.26 g, 5.60 mmol) in EtOH.

The reaction mixture was stirred for 3 h and was concentrated in vacuo to provide

the sodium salt of the title compound of Example 2C. 'H NMR (CD;OD) 56.65 (m,

3H), 5.85 (s, 2H), 5.67 (m, 1H), 5.34 (m, 1H), 4.24 (m, 1H), 4.09 (m, 1H), 3.45 (m,

1H), 2.79 (m, 2H), 2.61 (m, 2H), 2.29 (m, 2H), 2.16 (m, 3H), 1.68-1.17 (m, 9H).
30



to 5% MeOH in CH2ClI 2) followed by a second colum eluting with a sol vent
gradient (1 % MOHto CH2ClI2 to 5% MeOH in CH2Cl 2) provi ded

7- [ 2R- (4venzed288 3] di oxol - 5- PCT/IB01/02073

yl - 3- hydr oxy- but - 1- enyl ) - 5- oxo- pyrrol i-@4n- 1-yl ] - heptanoic acid (2.26 g). 1H
NVR (CDC13) 56.66 (m 3H), 5.91 (s, 2H), 569 (m 1 H, 544 (m 1 H),
4.3 (m 1 H, 40120(m 1 H, 3.45(m 1 H, 2.76 (m 3H, 2.34 (m 4H),
2.15(m 1 H, 1.70-2.20 (m 1 OH); M5 404.3 (M+l), 402.1 (M1). Step D
Sodi um salt of 7-f2R-(4-Benzof 1, 31Ebkamxpib-25¥yl 3- hydr oxy- but - 1- enyl ) - 5- oxo-

by oL 1 9L b B R RBlie, %o A5 o R B IRl LSRR Ao L on

7-[ 2R- (4- benzo[ 1, 3] di oxol - 5- yI 3 25 Imcuoxy but 1 -enyl)-5-o0xo0-pyrrolidin-1
-yl ]-heptanoic aCId 26 5. 60 Th eacti.on m xture was
stirred fopeBALTAeS(4rBenzokhs IO IMs  sodi um sal t

?f tgﬁl) stit té?féIHf’é&H“AnQIfo @g&meeprageduiéu&mbéma@@mge 265S{epD, a3H) , 53825
S

(m 1 H, rnlxweaﬂ I%Ijg“-bezlzellélﬁ?xokﬁ&? 3“? ‘ifQXI( Eﬁ"" bepyi» QO%PV(IQI'%HJV'] 1.68-1.17

(m 9H) . ROMBiOiLEA268d, %6%&?}%@ (30 ), EK@ITD%Q)aﬂ&hum on carbon
7-[2S- (4-Benzo[ 1, 3] di oxol r oxy- but % R%/rrgi L di In5 1-yl]-hept
anoic aci @4gﬁggryvag hqutogggat@dlagg}%%/oﬁB h'to pro de 7-[28-(2- ehzo[1,3]dioxo

31di oxol - Sg .l drdky HueaNs- M%Jr&)hcﬁn-q 'Hébfah@icleféldrﬁ’iﬂ\hhd) 5I-I|I\EMR€GEIB|§) aci d.

Anal ogous to the procedure describ for | e 2A, a mxture of
7- [ 2R- (M- b¥,, 33‘])d’~1'> 8% €8, 25).y3. 7430h . B Iﬁ'i.‘rt 2R ( WL%")OEBZWTIWI i din-1-yl]
- hept I

carbon (1 %5%}8*?"1“%3%93“09%2?83”2?“&3'%3. o0 011908, Kol igidosss um on

7-[ 2S- (4- b@hAp[4043 Gi-dkol -

yl - 3- hydr oxy- but yl ) - 5- oxo- pyrrolld hept an0|c acid (71.3 ng). '"H NWR
Eamplé E7
(CDCI3) 10 86.68 (m 3H), 5.92 (s (m , 357§m 2H), 2.87

(m | H), 24T2[2RH4-Behdq[1 3m|®cb|(5m|-31hyd;9x32bc&1-enyl)-ﬂmo-mrlmld mi-yil-H), 1.99

m 1 , 1.66-1.19 (m 13H); gﬁm% 404.3 (M1). Exanple 2E
{3-[2R- (4-Benzo[ 1, 3] di oxol - °P qf OXy- ut-l-enyl ) - 5- oxo-pyrrolidin-1-
1- 15 pr spepls 44842Ri4 Banidlt $usaao|¢5-v|«&c5>@-5@4=k-dnm)5emmvmidin-1-vn-
d
|

oS s el G B B ©
2A, Step B, the anion derived from (3-benzo[1,3]dioxol-5-yl-2-oxo-propyl)-phosphonic
acid dimethyl ester (356 mg, 1.28 mmol) and NaH (60% in oil, 46 mg, 1.14 mmol)

20  was reacted with 4-[3-(2R-formyl-5-oxo-pyrrolidin-1-yl)-propyl]-benzoic acid methyl
ester (assumed 1.04 mmol) over 24 h. Purification by medium pressure
chromatography (30% hexane in EtOAc to EtOAc) provided 4-{3-[2R-(4-
benzo[1,3]dioxol-5-yl-3-oxo-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-propyl}-benzoic acid
methyl ester (202 mg). "H NMR (CDCls) 57.92 (d, 2H), 7.18 (d, 2H), 6.73 (d, 1H),

25  6.60 (m, 3H), 6.15 (d, 1H), 5.91 (s, 2H), 4.08 (m, 1H), 3.87 (s, 3H), 3.68 (s, 2H), 3.56
(m, 1H), 2.79 (m, 1H), 2.59 (t, 2H), 2.34 (m, 2H), 2.14 (m, 1H), 1.72 (m, 3H); MS
450.1 (M+1).

Step B: 4-{3-[2R-(4-Benzo[1,3]dioxol- 5-vI 3-hydroxy-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-
propyli-benzoic acid methyl ester. Analogous to the procedure described for Example

30 2B, Step C, 4-{3-[2R~(4-benzo[1,3]dioxol-5-yI-3-oxo-but-1-enyl)-5-oxo-pyrrolidin-1-yl]-
propyl}-benzoic acid methyl ester (202 mg, 0.449 mmol) was reacted with NaBH, (17
mg, 0.45 mmol) in MeOH (8 mL) at 0°C over 2 h. Purification by medium pressure
chromatography (EtOAc to 2% MeOH in CH,Cl,) provided 4-{3-[2R-(4~

(
4
y
3
a

I
I
oi




2A, Step B, the anion derived from

(3-benzo[ 1, 3] di oxol - 5-yl - 2- oxo- propyl ) - phosphonic acid dinethyl ester (356
ng, 1.28 wootd22és,d NaH (60% in oil, 46 ng, 1.14 mol) 20 nawIBEaci’dad with
4-13- (2R-fornyl - 5-oxo-pyrrolidin-1-yl)-#opyl ] -benzoic acid nethyl ester
(assuned 1.04 mol) over 24 h. Purification by nedium pressure

chromat ography (30% hexane in Et OAc to Et OAc) provided 4-{3-[2R-(4-
benzo[ 1, 3] di oxol - 5-yl - 3- oxo- but - 1- enyl ) - 5- oxo- pyrrol i din-1-yl]-propyl}-benz
oi ¢ aci d mbérppl1,3idibsl-5028hydpxy-but-i -Rivi)-5-CREpByoligin- B]-propylpbgnzolz. ac@l (d, 2H)

073 (0 I 25 B0 b oo T adle 0, 223 o, £ D, (1

i ?g ]ngnR (2509._% @- lrg dmm& 1), 5.45 {8, (i), 426)m, M), 308m]. 1HMEIS7 (sSHeyp B:
enz
3l di oxol - 5335?5 3. ﬁ?ﬂ?&@yz B 15|'Qn§rf’9 1@(‘%7'6219\4%?’?%11 r(lM?LL1)\/| 1- propyl }-benzoic
gf' d ges hy lstepst:er-{3-[ARAkL - Bears] 1 BRIIGXOR5-PFBaRTioNyeouta sanyl){Beckofmrrofdimiyile 30 2B,
e .
4-{ 5. [ 2R- ( Ropyirbenzoioadd. Apglooaus tp the presediie dascaisd for BxampBle sy PSPiRi n- 1-y1 ]
propyl } - be qui[m-@@b&zﬁﬁtﬂ]mbxcﬂ-&stwe 33%%1 @nﬁ)d@omxpyr)olmm ~yipgropyd wit h

e (17 Sl Sl bR L >

medi um pr e§§rﬁﬁ°@ acﬁm%mlt%éﬁr gﬁ@m@
4-{3- [2R-(mewg @é@&%&:ﬂﬂ@ﬁhé&@éﬁa&md of E@m@za[(ﬂztﬁrhd) o%oNMBR yI - 3- hyd

Sab i GD e o 2 & 2. 2, o7t OBy SRy B @) 5 8Blg o5
(s, 2H) 51ﬁ25(46m41%4@6‘#16—g\3@9$ lf_)b@é?gﬁnﬂ) E|)94236(9@n(5m A3d), 3.87

(s, 3H, 50 1 (m 7H); M 452.1
(M1). 5 s&r@pZIﬂ), 24%@4'2%@1-‘3@%%[ ) M3 436.2(M71).

3l di oxol - 5-yl - 3- hydr oxy- but - 1- enyl kxgh.@@zpyrrol I din-1-vil propyl} benzoi c
aci d. Anal ogous to the procedure described for Exanple 2A, Step

4-{ 3- [ 2R- ( 4-(B4RS4- Bgﬂ;«c{n51@!1Ox@-fyyl-:shy@rexmhyty@uﬁ-oxo-paﬁyllylmsl Mﬂrercmw}r olidin-I
-yl ] - p'r@)pyl}- benzoi ¢ acid net hyl ZS; % g6 ny, 0.345 mml) was hydrol yzed
with 2N"NaCH in IVEO—|(5 rrL) to pI’OVI e etltle corrpound of Exanpl e 2E

(120 ny). R 3! e : qin74 H ,
083 (1 2 isbbgid gl iy Sl b gt L 1
H)y, 1.87- 1463-[2Ry4-BéhHzo[ INEdiesd-52y-3Mydoxy-Buairphg)-2-exo-pyrrolidin-1-yl]- propyl}-
opyl 1 1 Sebetare i Briep kb dps kS A Rl K ploieok s parol | 6 ey
3l di ox@b - 5hehzabt, BididxoiSsyliBctygirdxyBubies-pya-pyotolidini -yll-propyd}-benzoic acid (101

mg). 'HNMR (CDCls) 37.99 (d, 2H), 7.26 (m, 2H), 6.74 (d, 1H), 6.63 (m, 2H), 5.91

(s, 2H), 5.68 (m, 1H), 5.46 (m, 1H), 4.29 (m, 1H), 3.99 (m, 1H), 3.56 (m, 1H), 2.91

(m, 4H), 2.84-2.60 (m, 4H), 2:36 (m, 2H), 2.14 (m, 1H), 1.87-1.62 (m, 4H); MS 438.2

(M-1).

25 Example 2G
7-{2S-[3R-Hydroxy-4-(3-trifluoromethoxy-phenyl)-butyl}-5-oxo-pyrrolidin-1-yl}-

heptanoic acid
Step A: 7-{2-Ox0-5R-[3-0x0-4-(3-trifluoromethoxy-phenyl)-but-1-enyll-pyrrolidin-1-yi}-
heptanoic acid ethyl ester. Analogous to the procedure described for Example 2A,
30 Step B, the anion derived from [2-ox0-3-(3-trifluoromethoxy-phenyl)-propyl]-
phosphonic acid dimethyl ester (370 mg, 1.13 mmol) and NaH (60% in oil, 45 mg,
1.13 mmol) was reacted with 7-(2R-formyl-5-oxo-pyrrolidin-1-yl)-heptanoic acid ethyl
ester (assumed 1.13 mmol) over 16 h. Medium pressure chromatography (19:1




propyl } - benzoi c acid. Anal ogous to the procedure described for Exanple 2A,
Step D, 4-{3-[2R-(4-benzo[ 1, 3] di oxol -5-yl - 3-hydroxy-but-1

-enyl ) -5voa02/mes$ ol idin-1 -yl]-propyl}- benzoic acid (116PahyB0A/02&3 rmol )
was hydrogenated to provide 4-{3-[2S-(-46-20

benzo[ 1, 3] di oxol - 5-yl - 3- hydr oxy- butyl ) - 5- oxo-pyrrolidin-1-yl]-propyl}-benzo
ic acid (101 ng). '"H NWR (CDCI 3) 57.99 (d, 2H), 7.26 (m 2H), 6.74 (d,

1H), 6.63 (m 2H), 5.91 (s, 2H), 5.68 (m 1 H), 546 (m 1:2e 429(m 1
H), 3.99 (rmxaried—&toA% 156: 4(hep<ariesHﬁtOA2 191:1 hemanesthtOAR tGEIOAD Prquited4 2: 36

Vo] srir e eeid e Bt hutCeditiyfoidii Yhnes %Qr@ré?m?nzf

yl}- heptmahﬂ@s@r(mtm@ AHNMR (CDCls) §7.35 (m, 1H), 7.12 (m, 2H), 7.05 (s, 1H),

(1 hept andi 6 ik #is by cltbet TERaTGE0E Goihe p b et ® el beu for
Exanpl g 2/, 70@9 1$1 ep.4B2.221(m, 8H), qwad(err i1vgc 57 M 2H), 1.61-1.21 (m, 9H); MS

[ 2- oxo- 3- (3 tr| gé M’u xy phenyl ) - propyl ]- phosphoni c acid di net hyl
ester (3707 (M+1 )and NaH (60%in oil, 45 ng, 1.13 mmol) was

react ed wgihy AMbroflettibix-phen u glir6ioxo-girdidat-hy|
ester (assuned

.13 di pre e ch tography (19:1
WO 02/ 42268RYIbhgptang %}?QH&% '°"P "ﬁe‘&&mels Et OAc to 1:1

hexanes: Ett@&ibrérﬂetﬁb@“ﬁﬁenpl;)-@Mﬂ-ﬂ@nﬁ%/I]Ypyrrolldln 1-y|} heptanonc acid ethyl ester (169
{2- 0x0-5R-[ 3- 0x0-4- (3-t

Fent Ror ho0Aeh BIMePIandRES TOTTE R ramr e At Bt ipheba By L1 11 Y1
E m gt?) go g%u ﬁﬁ’nol)]ih'bl-lzCI@ 2560 ﬁ]dplat U5t wab added ehtecholdbrand. (18 ir 'm-IF,l( H) Sﬁb 10
17 (m 118§ m 11@1? n("ﬁ?‘) QFHPW(SS% ahe !'Tgaﬂ"’t ng@ﬁwsﬁé’ré&éfto%gf\%l)z’% 468. 1

(7N$ %?? ¢ gtserﬁl_stﬁanol b5 ane glas ad?eid and the rer?ctlon mixture was t\)Narmed to roorln g
- - r oxy- trifluoromethoxy- ut 0-pyrro i di
n- 1-yl } - Hepwarriire € Wgs cpRipniraled 4t vacey. ﬁn ﬁﬁﬁqe se2bh b GRS
7-{ 2- opt0- Shxd e B¥ gtk doftition was washed with 1M NaOH (4x10 mL) 1M HCl (1x10 mL),
trifl uororrethox -{)hen I% but - 1- enyI}:tsj yrroI i?g E@égy h‘ (g 0| c acid ethyl
ester (16%novaigr (13188 rhRa groanie Se! I o VIESE lidine (1 Min
toluene, O.fpéntied. ﬁurﬂéé’udﬁ‘ﬁ%ﬁeduﬂn %@hr% cﬂ’n?cﬁnéiogl’api)y @1 hedafesnBO/Aadded
cat echol borane (1 M .08%3 dr Nﬁ@iﬁg Th reaction
m xture weal® st hexasgs EEOAQ@(,E"@GP) pirgwﬁed (6755 r‘(’@% Fi{jeRo @/ “and t he
reaction mi g( ?umnmwp*rﬂbhﬂlﬁﬁln}'l}—ﬁégwﬁoﬁ w@em9|¢sm$9mmgpwa gated in
vacuo. The residue was di sso i n 1
20  mixture (3S:3R) of alcohol diastereomers by HPLC analysis. 'H NMR (CDClg) 87.32
(m, 1H), 7.10 (m, 3H), 5.70 (dd, 1H), 5.50 (dd, 1H), 4.41 (m, 1H), 4.09 (q, 2H), 4.01
(m, 1H), 3.45 (m, 1H), 2.85 (d, 2H); 2.70 (m, 1H), 2.41-2.24 (m, 4H), 2.17 (m, 1H),
1.71-1.54 (m, 5H), 1.47-1.21 (m, 8H); MS 472.3 (M+1), 470.2 (M-1).
Step C: 7-{2S-[3R-Hydroxy-4-(3-trifluoromethoxy-phenyl)-butyl]-5-oxo-pyrrolidin-1-yl}-
25  heptanoic acid ethyl ester. Analogous to the procedure described for Example 2A,
Step D, a solution of 7-{2R-[3S-hydroxy-4-(3-trifluoromethoxy-phenyl)-but-1-enyl]-5-
oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (86 mg, 0.182 mmol) in EtOH (40 mL)

was hydrogenated in the presence of 10% palladium on carbon (50 mg) at 50 psi for
2.5 h. Purification by medium pressure chromatography (9:1 hexanes:EtOAc to 1:1

30 hexanes:EtOAc to EtOACc) provided 7-{2S-[3R-hydroxy-4-(3-trifluoromethoxy-phenyl)-
butyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (49 mg). 'H NMR (CDCl,) 57.33
(m, 1H), 7.11 (m, 3H), 4.09 (g, 2H), 3.84 (m, 1H), 3.59 (m, 2H), 2.85 (m, 2H), 2.72
(m, 1H), 2.42-2.24 (m, 4H), 2.10 (m, 1H), 1.79 (m, 1H), 1.68-1.21 (M, 16H); MS 474.2
(M+1).



15 and the organic solution was washed wwth 1 M NaOH (4x10 nL), 1 M HCl

(1x10 nm), and water (1x10 nlL). The organic solution was dried (MjSH),

filteredvaod2zenngentrated. Purification by nmedi um pressurBCTmB@mG73gr aphy

(9:1 hexanes: EtQAc to 1:1 hexanes: Et-OAc to Et OAc) provided

7-{2R-[ 3S- hydroxy-4-(3-trifl uoronet hoxy-

phenyl) - but - 1-enyl ] - 5- oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (90
ng) as a 9:1 20 mxture (38 3R) of al cohol d| astereoners by HPLC anal ysi s.

’ Wviicatgxo-pyridliding-vhie (dd, 1

A R W s R R T ‘gégf‘}g?‘m’ Eﬁﬂﬂﬁe@m N
1.47-1.21 {QM[3I8Wdroib;B443 fifBofohtetoxy-phenyd-Hurg]is-oxspylidin-1-yl}-heptanoic
7{28—f3R— ~tri [0 h - | ) yrrolidin-1-y
- 25 he;ﬁ%‘?}ﬁ eﬁt@r @&ﬂy‘?@@ﬁ“&%ﬁ%@@g‘ggﬁh tq Méwépd?%i%g%&y%escri bed for
Exarrpl & 2AeORi(EpmD) urdes eéflukiovar Hh to provide the title compound of Example 2G (35
Z;E?E‘yi??h{% d"°@<@ﬁ4§&$’@§;{a§k§.“®r 1073 Bty BREe] RSB A 2881 ) 10 o
(4;) ) - (8.2 aﬂHadz V@(mhm)pzes@mgm)oﬁ J&Q% v}, Imdl(mmﬁm 1cg8-bon (ﬁO
ng) at i C n by nmedi um pressure chromat.ography
(9:1 hexanﬁ%“Eﬂd&@:")*tMSf"@3@8‘%&)@&%%481@00\0 to Et CAc) provided
7-{2S-[ 3R-hydr oxy-4-(3-trifluoronethoxy-phenyl) -
butyl]-5-0oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (49 ng). 1H NWR
(ol 30 87.33 (m 1 H, 7.11 (m 3H), 4.09 (g, 2H), 3.84 (m 1 H), 3.59
170 (1 B Leel 21 (m ioh: MR S v by azzes
PCT/ 1B01/ 02D{2S- [&(B?C;@myppIl[gny}’)-:’,R-hydroxy-butyl] -5-0xo-pyrrolidin-1-yl}-heptanoic
2S-[ 3R-Hydroxy-4-(3-trifl uoronet hoxy- nyl)-butyll-5-0oxo-pvrrolidin-1-yl}
hept anoi ¢ aci d. Anal ogous to the proce flre described for Exanpl e 2A, Step
E, 7- Step A: 7-{2R-[4~(3- Bromo phenyl)-3-oxo-but-1-envl]-5-oxo-pyrrolidin-1-yi}-heptanoic

o S AA R Al RRSRBRA P Sl e ()
NaGH (0. 95anibn c)erlved ﬁoﬁh[%{oﬂﬁnmbhénylmetmo -pregyillphospteniciadd dimefyiastele t he
(i Sy 0o, YodR 5 RGH @0 TR, 4g0 gl hY20 Gt s Rt iy P 710
(m 1 H, @R3éryRs- diﬁ)pyrralldilﬁ)-ﬂyh)}hej)tai))lp atid@shy( ested (aspymad 6606 mmpﬂ) ( m 13H);
$/B{ ggG [ 2 E%"e&gHMFAf érﬂ‘?f‘} 1%‘?9%@3%?7%@#}‘"?”&‘05}00 L RIPYided, - iZR_P} hept anoi
c acigh (3-bromo-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester
(2.63 g). "H NMR (CDCls) 7.40 (d, 1H), 7.35 (s, 1H), 7.20 (m, 1H), 7.12 (d, 1H),
6.66 (dd, 1H), 6.21 (d, 1H), 4.17 (m, 1H), 4.11 (q, 2H), 3.81 (s, 2H), 3.54 (m, 1H),
2.71 (m, 1H), 2.48-2.21 (m, 5H), 1.79 (m, 1H), 1.58 (m, 2H), 1.47-1.20 (m, 9H); MS
466.1 (M+1).
25  Step B: 7-{2R-[4-(3-Bromo-phenyl)-3S-hydroxy-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-
heptanoic acid ethyl ester. To a solution of 7-{2R-{4-(3-bromo-phenyl)-3-oxo-but-1-
enyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (2.63 g, 5.66 mmol) and (R)-2-
methyl-CBS-oxazaborolidine (1M in toluene, 0.85 mL, 0.85 mmol) in CHxCl, (225 mL)
at —45°C was added catecholborane (1M in THF, 17.0 mL, 17.0 mmol) dropwise.
30 The reaction mixture was stirred at —45°C for 17 h. Aqueous HCI (1N, 17 mL) was
added and the reaction mixture was warmed to room temperature. The organic
solution was washed consecutively with 1N HCI (1x100 mL), water (2x100 mL) and
brine (1x100 mL). The organic solution was dried (MgSQOy), filtered and




Step A

7-{2R-[ 4- ( 3- Bronp- phenyl ) - 3- oxo- but - 1- enyl | - 5- oxo- pvrrol i di n- 1-yl } - hept anoi
c 15 aciwoer/kpeks est er. Anal ogous to the procedure descri betiBurn2@&sanpl e
2A, Step B, the anion derived from -78-

[ 3- (3- brono- phenyl) - 2- oxo- propyl ] - phosphoni ¢ acid di nethyl ester (2.90 g,
9.03 nmml ) and NaH (60%in oil, 489 ny, 12.23 nml) was reacted with 7-
(2R-fornyl - 5-oxo-pyrrolidin-1- yI) hept anoi ¢ aci d et hyl esteréassum&d 11. 06
mol ) ovetoréniated| Burtiicatiundiyefiaely chpmatddiaDA(EtQAGHOMe MBOHN EX@A) provi ded

ST et aRBEed GARAP ROkl Pty S s SO MAA P 4y

7 35 (s 1héptandic 26 &yl ebtarl(705/mg@pag ah adprefimate®@5abratiol df 39:3R)ajcobol21 (d, 1

: 2 45 231'2‘&"3(4&“%?%93/111"&'(”9'5 %Nﬁ@ﬁ@%@%‘@ 2%?4)%415( @?hﬁzﬁo % 75%H§;m \E
466 1 (8v1)H), 2e3ueP1H; 4.40 {m, 1H), 4.10 (q, 2H), 4.03 (m, 1H), 3.46 (m, 1H), 2.81 (d,
ept ;‘né?cBé@”‘é <ﬁ£¥h£@te§3%¥%?§g£mﬂvoﬁ%k% T BB B! ) 1Y)

7-{2R-[4- (8t @ R ﬂ 3JC a@'o roxy-but-1-enyl]-5-oxo-pyrrolidin-1-y}-
enyl ] - 5- oxo pvrr.o

e ans thyl est 5. 66 mol
and (R)-2- el eslesipiabineR oyebagd g 2 SuBRer ¢ RE R opRhs ol )
in CHCl 2 bﬁéﬁll)rﬁs t)ydrc"kg but%—@n%@oﬁd@ﬂdol@&t—?—?mﬁéﬁtamd@acmﬁ étHyl esner'KHR) 17.0 ni,

17.0 1) d f 17 h.
AqueOlrJr{;BDH)CI“QE (i) 5\6'”?"%#) H"HDM'F %aé ﬁ’?-g%ﬂ%dn'QH Ec‘ﬁ@%}}% Gﬂé @tﬂ,? \%ir med to

room t enpe i | Rine)palladiu N\m@udded@rw with 1 N
HCl (1x lOOéﬁ(q §éﬁil@kl$$ mew wg me)?) mz)r i I’l m‘bg

, -) .and 1x100 The o anlc
sol uti on wairogen was W@g@d?to the !qaév%mmefm O’é‘f“ﬁftﬁ’%g%f’ ?)73 -78

concentrat gds hé’élt(ea bt FPC @8t 2avh. fABbnaNERaRs (@Bh&RMhobBHikAalladiubO)VEOH i n
Et OAc) provided

7-{2R-[ 4- (@W@&OWWD)’W@GH%?%W%Q wes captinued f5 R By Thereaghon 1-yi ) -
hept anpi ¢ ﬁ%&e%wou@atu% m!ai’éﬁsm aﬁdﬂtﬁa@n%mmbﬁm@&@shaﬁwm of 3S:3R
al cohol di astereoners s’%g ('Iip i 7.15 (m
2H), 5.70 E&S,(3x50mp) Tf@ @glb(flﬁﬂ' eﬂierﬁﬁl layﬁrﬁwefér?{'e(iﬁ\ﬂé) 4, Higr 2H), 4.03
Etm %H)H% Bort@nirited I Vacuo. 2M§é|uﬁ\dpress7ﬂrﬁ chramﬁ%g(dﬂqy%Etb)Ac @ 58OMEOH iRH) , 2. 27
7-{2R-f 4- (Ei@e@mi%@%)rbm E@A@cﬂf@%%%ﬁiﬂ%@;ﬂyﬁﬁ)@%{w&3%WS‘F P y1 )

hept tdxyl o RM f
7ef2§nf'40( %Cébn?(])% Jxy pyﬁ'élfdﬁﬁ g&dh&gs@aaa awa%tr?u@&érqua, ﬁfggxo gyﬁxg%)ﬁ .

I ox

-yl } - hept aR6od (@cm) 6146 3%@n, é%) bé(dde)n? 511(d@o1Hv)n43f’rj (PnTVE1P496 nd -)
for 5 mnut ﬁg{%
tetrakis(t rFIZhenqu ggaﬂ @ Ha T%O?)?jz n?m)ag(% ™ 2H3 ZV\:/Zgr(é added and
ni trogen wak), ta,%bdnedl'i)mt?ﬂ ﬂﬁ@ (meé@ﬂ) WMe)for 5 ninutes. The reaction

m xture Step D: 7-{25-[4-(3-Cyano-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-heptanoic
acid ethyl ester. Analogous to the procedure described for Example 2A, Step D, a
25  solution of 7-{2R-[4-(3-cyano-phenyl)-3S-hydroxy-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-
heptanoic acid ethyl ester (150 mg, 0.36 mmol) in EtOH (13 mL) was hydrogenated

in the presence of 10% palladium on carbon (16 mg) at 45 psi for 3.5 h to provide 7-
{2S-[4-(3-cyano-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl
ester (150 mg). 'H NMR (CDCls) 57.54 (m, 2H), 7.44 (m, 2H), 4.09 (q, 2H), 3.84 (m,
30 1H), 3.60 (m, 2H), 2.95-2.71 (m, 3H), 2.36 (m, 2H), 2.27 (t, 2H), 2.11 (m, 1H), 1.79
(m, 1H), 1.68-1.20 (m, 16H); MS 415.2 (M+1).
Step E: 7-{2S-[4-(3-Cyano-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-y[}-heptanoic
acid. Analogous to the procedure described for Example 2A, Step E, 7-{2S-[4-(3-
cyano-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-heptanoic acid ethyl ester (150




was heated at 105C for 24 h. Additional

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (58 ng, 0.050 nmol) was added and
heati ng we@oreb8 nued for 1.5 h. The reaction 15 m xture MaFIROWO2Ed | nt o
water (50 m-) and the aqueous sol uti em@-was washed with Et20 (3x50 ni).
The conbi ned ethereal |layers were dried (MgSO4), filtered and concentrated
in vacuo. Medium pressure chromatography (EtOAc to 5% MeOH in EtOAc to 10%
MeOH in Et QAc) provided 7-{2R-[4-(3-cyano-phenyl)-3S-hydroxy- but -

1l-enyl]-5 @-Sthl‘nml)IWhSmyﬂiFOjWQBd withp SMEQH R intl) intEiQH (Esmlgmat (BB ng). ' H NWVR

I(—DCF)CLSlezg?’mpﬂraiﬁé oyfer ta provﬂg])thg’ ﬁtleogf?p%ld%ﬁ E&’Zégél%g"l :H %QH%SJZ- (Sgd( ml

(2H) gH)73 MNWSIR ﬁ%ﬁ%’ S25B6m,(AR), 24 (m,21HH73.64 (m, 7Y 3.58.(202()2.98-2FQ (L. 71- 1. 22
m

7-{2S-f 4- (%@é%ﬂ“M?P? (@‘RﬁﬁbéDl?é)@ bk y185-525 48 13 MR 3ET A M4 - hept anoi
c acid ethyl ester. Anal ogous to Ekgmple@tedure described for Exanple 2A,
Step D, a 25 solution o .

7-{2R- [ 4- (zxa%%ﬂwwsI%@my@\oasxvtmrmerwﬂthtvlﬁﬁe@ PXFFRNSN-dvh: 1- 1} -
heptanoi c acid ethyl ester (150 rmg(s,tg,cﬁ@agml) in EtOH (13 nL) was

hydr ogenated in the presence of 10% pal | adium on carbon (16 ng) at 45 psi
for 3.5 h Step Ar 62R4-[8-(2-Methoxy-ethyl)- phenvl] 3-oxo-but-1-enyl}-5-oxo-pyrrolidin=1-yl)-

g (2:|S;j[gt é\il ARG | oSf3r %%fo%éds l? Cm‘)rbcéd&é@ésﬁb(ﬁbé@fdr@x&méleyj hept anoi ¢
4. 09 (1,  Z3pp Baine aniandeBued o (3 5: oo ¥y -2 RO ROR3E) | 2. 36 (m

2H. 2. p%htos%fﬂ aé?u&éthﬁlﬁaste’r (o md. /806 ol bntNaHle8% it 0RO 7(Hy, 16H); MB

415. 2 (|v++1
7 { 2S- f 4- (BAZBmmON) presTeagteBRithT-(RRYfoymMkA-9¥a-PBTaitio- oyl HhentanpigRAd §ihYl- hept anoi

2 {gg' ? 1 (A%?ér?gs%ﬂ%etdcb A8mROR 6 Wath, dfssitih Rk sl chirsrAdBh@pry 0% ep E

cyano- pher@to PcIRERaTES iy EQAC) bilovided X d2Ry4-f%(2-arioxy-gthy)-pegiyndoy@- aci d et hyl
ester 2 / I hydr ol yzed

W th o eSSy PR R ol SR er O T N Lo
provi de tr(euou)lsazwmnpuﬁ);mm(rralahﬁm (20, B0 gy, THXHE.201R 1@-&0@%) 57 52

(2.n]322(H) m %‘ér%%&@w?“g 3%46( Py ﬁrﬁm’qkﬁo% S8\, 8H} 22% %1%% A 36y 2

(Mt1). 5 Empmalse (@A12H), 2.24 (m, 3H), 1.75 (m, 1H), 1.56 (m, 2H), 1.42-1.17 (m, 9H

7-(2S (3R ~4-[ 3- (2- met hoxy- et hyl ) - phenyl ] - but yl ) - 5- oxo- pyrrolldln 1-
yl)- hept a{%’dé&é d St ep A

7- (2R-dA- f Step B: RELRY X/-R-[ B 5-a%R0- pyrrolidin-1-

éi(;nplh:ptzanm g a(%| g !et ﬁ estﬁ hy An@l 3% §Sotjﬁt%n otl]? (Eﬁ?&-ﬁq{frﬁetﬂwr' bed for

{3-[3-(2- r@hﬂpmﬁr@qnydxb -t renli}-5-Dxopwrralidinp 1y -heptanoic acid ethy! ester (88
mg, 0.198 mmol) and (R)-2-methyl-CBS-oxazaborolidine (1M in toluene, 0.200 mL,

0.200 mmol) in CH,Cl, (10 mL) at —45°C was added catecholborane (1M in THF, 0.60
25  mL, 0.60 mmol) dropwise. The reaction mixture was stirred at —45°C for 24 h.
Aqueous HCI (1N, 10 mL) was added and the reaction mixture was warmed to room

temperature and was stirred for 1.5 h. The organic solution was washed with cold 1N
NaOH (3x15 mL) followed by brine (1x20 mL). The organic solution was dried
(MgSO0,), filtered and concentrated. Purification by medium pressure

30 chromatography (50% EtOAc in hexanes to 75% EtOAc in hexanes to EtOAc)
provided 7-(2R-{3S-hydroxy-4-[3-(2-methoxy-ethyl)-phenyl]-but-1-enyl}-5-oxo-
pyrrolidin-1-yl)-heptanoic acid ethyl ester (45 mg) as an approximate 4:1 mixture of
3S:3R alcohol diasteromers by 'H NMR. "H NMR (CDCls) 87.22 (m, 1H), 7.09 (m,



phosphonic acid diethyl ester (130 ng, 0.396 mml) and NaH (60%in oil, 17
nmg, 0.425 mmol) was reacted with

7- (2R-f ow@ b2/&26%0- pyrrol i di n-1-yl)-heptanoic acid ethyl PepRm/o¢Essuned
0.461 mmol) over 24 h. Medi um pressure8@hr omat ogr aphy (50% EtOAc in
hexanes to Et OAc) provided 7- (2R {4-[3-(2-nmethoxy-ethyl)-phenyl]-3-o0xo 15
but-1 -enyl }-5-0xo0-pyrrolidin-1-yl)-heptanoic aci d et hyI ester (101 ny). 1H
NVR (CDCI3) 87.23 (m 1 H, 7.11 (m 1 H, 7.02 (m 2H), 6.62 (dd, 1 H),
6.20 (d, MH)7.04(nM2H)( 52 &id), 1H3. 5340 (dd, 1|'2)I,-|)1383IT15®'1X14102(H£)2H)3492(I@m 1 H,
3.32 (s, ( 7 2 m 3H),

1.75 (m 1%33335%4 %432%“%&%4 G %5%963)(% sz At 54?%@")( 20 Step B:
7- (2R-{3S- mmmw)mmem%m BOXys aﬂmma-mzﬂe(w@mww&‘sér(wpw 0X0-

DYE rzg_l{gl[ ep 9 J‘ng f.]i'l rfdfidin-1-

-enyl } 55- qmqmwhbmlacdla’nhw eytel. Anetmgammtodheapnodecmrelgiesoebe@forCESSmplﬁ@A 0.198

0,200 ol S50 7 eRBEIRR 4170 2Rrop Ao B el U PReIR iR T
TEEC 196?02%5 pytrol::!muﬁ@l +meptahoid moidwetiskestdi@3 nea 610965 mmal} inrEOhA20 s (r) :1 ed at
m xt ure m"%aﬁtx‘iﬁ'fjf?@gn% tE%présg%ée?%&amad' V\%rg&g H@gg’n#){;ﬁ%sgﬁw

g; ?ﬁg i c solgH.i mwwmn\wsi;?ﬂhmptéss?fel crmrdtnatbgral:dm-ﬁo%xlﬂis)ﬁtﬂ in heXaonk$ tn/veg ngy
concen ratzlgt&) c J‘ﬁé‘“&?‘q é%@ﬁ@u Vﬂﬂ%lap?@§s{glr§e?’§r &Q’Q&Qgﬂ{n (?fgtgﬂrdxg%{h?lﬁ 50% Et CAc
i N hexanespHef IF&%yIES-Gk@-pynfblidexa-y%eptancﬁb a¥id pthylestari(ti@ chg). MS 448.3

7- (2R—{38n{1%q§,oxy 4-[3-(2- et hoxy-et hyl ) - phenyl ] - but - 1- enyl } - 5- oxo-

pyrrolidi | ) - hept anoi c aC| d ethyl ester (45 ng) as an apprOX| mate 4:1
m xture ofstegB: 3 g ¢ Ry-bi shéiiviR-buivi-NvIR-P\ERHiIBY1-67. 22 (m

Il H, 7.09 m VO 02[ 48PCT/ Jn?BOl/ 02 7é3d%0?8 %Toﬁtﬁ#plgé%gle ?é—|)7 5 72

|
gdg8 (11L5 2425{3@ h?@rokm [3 (Wtr&x%tf@s ;pham]-buly}Erez-pBrdlidin- 'Eﬁ{)—hepﬁarmb 2. 24 (m
22% 4 (ZM}_%C Jngpéﬁ%r (135 mg, 65%4 mlr_TQo’I) wasl‘:h dn(oﬂ}zec?H?th o NSO &%O HB in° ) M
7- (2S- { 3R- frhoM @60t ) at rdotn terhepatyredvey 11§ hmdnm'ovbé{l’mﬁtlyelc}on‘@ouad)efpvr rolidin-1-
C R o P SSPLSRR ok 5, PG A3 o 1o
ox0- py1 1 L L D R gl o, Sl Sh | e he (A% T Guoge, rrol) i
Et O—lp)(/@() ) 20\%\@ ldﬂt%déﬁ‘aﬂ B 16p-1 ﬁé(% @H@é 4%3%1(%%1551118§2th car bon

(20 ng) at 50 psi for 18 h. PurifEggahprreJoy medi um pressure chronatography

(50% Et OAc in hexanes to
7-{2R-[3-Hydroxy-4-(3-phenoxy-phenyl)-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-

heptanoic acid
Step A: 7-{2-Ox0-5R-[3-0x0-4-(3-phenoxy-phenyl)-but-1-enyl]-pyrrolidin-1-yl}-

25  heptanoic acid ethyl ester. Analogous to the procedure described for Example 2A,
Step B, the anion derived from [2-oxo0-3-(3-phenoxy-phenyl)-propyl]-phosphonic acid
dimethyl ester (633 mg, 1.98 mmol) and NaH (60% in oil, 70 mg, 1.74 mmol) was
reacted with 7-(2R-formyl-5-oxo-pyrrolidin-1-yl)-heptanoic acid ethyl ester (assumed
1.58 mmol) over 24 h. Medium pressure chromatography (EtOAc) provided 7-{2-oxo-

30  5R-[3-oxo-4-(3-phenoxy-phenyl)-but-1-enyl]-pyrrolidin-1-yl}-heptanoic acid ethyl ester
(215 mg). "H NMR (CDCls) 57.28 (m, 3H), 7.08 (m, 1H), 6.97 (m, 2H), 6.89 (m, 2H),
6.83 (m, 1H), 6.62 (dd, 1H), 6.19 (d, 1H), 4.13 (m, 1H), 4.08 (g, 2H), 3.79 (s, 2H),
3.51 (m, 1H), 2.68 (m, 1H), 2.35 (m, 2H), 2.24 (m, 3H), 2.24 (m, 3H), 1.75 (m, 1H),
1.54 (m, 2H), 1.43-1.20 (m, OH).




10 Et CAc to 10% MeOH in CH2Cl 2) provi ded

7- (2S-{3R- hydr oxy-4-[ 3-(2- et hoxy-et hyl) -

phenyl ] - 0 92/32288 oxo- pyrrol i di n-1-yl)-heptanoi c acid et hyPCEsR81024736 ny) .
M5 448.3 (Mtl). Step D -81-

7-(2S-{3R-Hydr oxy- 4-f 3- (2- met hoxy- et hyl ) - phenvl | - butyl } - 5- oxo- pvrrolidin-1-
ri -heptanoi c acid. Anal ogous to the procedure described for Exanple 2A
Step E, 7- 15

(2S- { 3R- h\glgw Mxrol i din-1-yl

NaGrt (0, 2epEhols I él d?[bé?egg’fﬁ?émghgeradu%%g%?‘é%%Wlth o
pr OVI de t Istep Cf quomaqu@ﬂ (3-Rremgxy-@hadyl-Hut-1ranyl]-pyirblidRI-gIEDCI 3) 57. 22 (m

(m vy Heplnpliaen spytesilz d pid b4 Wgof Jos ibteg ity Phang %1%
1.81 (8 10.49 mnibol)GHEOR 23 (i) atiBE)ovelvBh 4 POrialidnHiy medit®. (RegsMrel) .  Exanpl e 2J
2R [3- I—%ldr o r@BIgyA(E%EB rg\fié)e%eng) -[3- u);[drolxyel\ln%l ;Jheﬁox?/)-(p eRW B&H din-1-yl}

hept anoi ¢
7- { 2- Ox0- BfRyf|-B-axsPyholidin-pyBmeptanpib eoidlethybesterl(16Tyrig).- PYNMR (CRIGK) 1- yI } 25

hept ool U ST 5L TRLGAD B Ao BSSOH. R s3BTh0e, o

[ 2- oxo0- 3- (537 nﬂ-gysnb@}ﬂwm mewwlalhq@Raqm)%am(rd m)l, mlzfmyll 3lpter (633
ny, reacted with

7- (2#1100”1%@5 RH- %??l(to?H)d?ﬁﬁmyI“ﬂ) HJ&”‘E%B%'E é&‘ﬁgoet hyl ester (assuned

% ?g mol )Stey@r 729R 13- HYEBG LAY DO RS Ty BhERMN TR Qi B ko plzir €N 1-pN-ovi ded
0XO0

5R-[ 3- oxo-@@!ﬂ%f?alﬁﬂwﬂm&wc@%WﬁmWfPE)E?‘%ﬂ’ﬁ’{e 2AyPEP I bt anoi ¢ aci d
et hyl est ebr [§4d@roRph- (3-§hbrN§@ ﬁ&%'—l?ﬁt 1%6hyAB-dxelpyrbiidin- 7—~y@$|e()t&h0|&bl)sld 6.97 (m
2 6. 89 1 4,13
1H)|_|) 4. oge%::l(lyq :é)pgzg mg -pgoéosmeM)Nas hgdrnggchwtriZM)Waq-? @g@;ﬂ (4{) rpw ét2 35 ( Enm
(ZH) 2524 B téﬁ%era&r@éve(r% hbbrovidethe (it co'knrb'd)und ol ERemilend 29 mgfl '43- 1. 20

WD 02/ 42268 PCT/1B01/ 02073 -81
7- {2R—f3 NYMRALPRC) BB 331 &1 diy 3h &g (. Bh‘r),-ﬁl9£ﬁ§ﬂ|(m55'6&é78\ﬂ'i“r o & 1-y1 1 -
52$P2| gé?rFngez{ﬁé( m.Efih€4.00 (RM1HISUE (hO11f) 2 SBLOSLEH 3p1) ARSE (rh.oae), T or
7-{2- oxo- 5124%31101&@,15@9 BrendQ).phenyl ) - but - 1-enyl ] -pyrrolidin-1 -yl}-
heptanoi c acid ethyl ester (215 ngg, bmol ) was reacted with NaBH4 (17
ng, 5 0.45 nmmol) in EEOH (3 n-) at over 4 h. Purification by nmedium
presste  hi2sspBtidydrapny-(3-phaiaiy-phenyl)chutyl]-5-oxo-pyrrolidin-1-yi}-heptanoic
7-{2R-[ 3- hydr oxy- 4- ( 3- phenoxy- phenyl )acl?&'t 1-
enyl ] - 5- oxo-pyrrolidin-1-yl}-heptanoiC acid ethyl ester (167 ng). 1H NWR
(CDCl 3)  Step A: 7-{2S-[3-Hydroxy-4-(3-phenoxy-phenyl)-butyl}-5-oxo-pyrrolidin-1-yl}-heptanoic

acid ‘ethvl ester. Analogous to the procedure described for Example 2A, Step D, a
mixture of 7-{2R-[3-hydroxy-4-(3-phenoxy-phenyl)-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-
25  heptanoic acid ethyl ester (139 mg, 0.290 mmol), MeOH (30 mL), and 10% palladium
on carbon (14 mg) was hydrogenated on a Parr shaker at 50 psi for 18 h. Purification
by medium pressure chromatography (1:1 hexanes:EtOAc) provided 7-{25-3-
hydroxy-4-(3-phenoxy-phenyl)-butyl]-5-oxo-pyrrolidin-1-yi}-heptanoic acid ethyl ester
(86 mg). "H NMR (CDClg) §7.35-7.24 (m, 3H), 7.10 (m, 1H), 6.99 (m, 2H), 6.93 (m,
30 1H), 6.87 (m, 2H), 4.09 (q, 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-{28—[3-Hvdroxv-4-(3-phenoxyi)henvl)—butyl]-5-oxo-pvrrolidin-1 -yl}-heptanoic
acid. Analogous to the procedure described for Example 2A, Step E, 7-{28-3-




57.33 (m 2H), 7.25 (m 1 H, 7.10 (m 1 H), 6.9 (m 2H), 6.93 (m 1 H),
6.86 (m 2H, 5.72 (m 1 H, 545 (m 1 H, 4.37 (m 1 H, 4.10 (g, 2H),
3.47 (m wWObBD/42288 82 (m 3H), 10 2.35 (m 2H), 2.26 (t, 2HpCT/BAB2(™ 1 H),
1.70-1.21 (m 13H). Step C 7-{2R-f  -82-

3- Hydr oxy- 4- ( 3- phenoxy- phenyl ) - but - 1- enyl | - 5- oxo-pvrrolidin-1-yl}-

hept anoi ¢ aci d. Anal ogous to the procedure described for Exanple 2A, Step
E, 7-

{2R-[ 3- hymydquy4-((33>hph®(quenplb}buiylﬂ -p-osapyiroligingl-yi-bepirooip peid 61MYRSiErL - yI } - hept

B on (a0 (6 T froTamAh weé Rl @?ﬂ%@“&%ﬁ*ﬂ%@%ﬁ%ﬁ el Thenn i
(CormtiunH)d oaroﬁwmeltme Bdmbatﬁhdﬁf)Exa&lbl(e VB2 (EPCHAMBRACBE!:Y 5233723 (mH% . 7103)
400 (m 13hLb 708 (341 'é')rrﬂa 9%% Zﬁé e 4. I(g)n‘?fi éﬁ;zﬁ)zé g@(r%mm)niée’ i, T, (m 1

H, 1.63- 12|482€3€xm11|q;4)2 77I:‘marmb@62u<(n2m—|) 2.38-2.28 (m, 4H), 2.09 (m, 1H), 1.7

7-{25[ 3- r oxy en phenyl ) -butyl]-5-o0xo0-pyrrolidin-1-yl}-heptano
ic -acid I_%léb')ﬂ 6 3RS

7-{2S-f 3- Hydr oxy- 4- ( 3- phenoxy- phenyl ) - but vl | - 5- oxo- pvrrolidi n-1-yl}-heptano
Ic acid ethyl ester. Analogous to the procedure described for Exanple 2A,
Step D, a mxture of

7-{2R- [ 3- hydr oxy- 4- ( 3- phenoxy- phengkampidtzal- enyl | - 5 oxo pyrrolidin-1-yl} 25
hept anoic acid ethyl ester (139 ng, 0.290 nmol), (30 L and 10%

pal | adlium orb-{3a[25¢(3- Hmoxngﬁ-tNQQhMﬂb@@WQt%GXQrRYH°M'Pr1 Wirgrdlat 50 psi

for 18 h. Purification tography (1:1
hexanes: Et OAc) provi ded 7- {”gﬁffgﬂbuﬁ’é fﬁﬁm&yﬁé"é@i@

hydr oxy- 4- $@p P e BR-QrleBiR(J-oxnst-dhidphenad-buty i-eavli-ayrolidingl-yl-preptianoi ¢ aci d

?ﬁnhyIZHEE ,St g{hﬁﬁ%sfﬁ 2%% g)_q‘l 'lec_NB@ [ééBg e@e&%%aﬁbg %sgt%%é Brocakilire dés&@cﬁ%ﬁ for &D H), 3?539

(1 m772H) 2eﬁé‘n;§lair2,g§$t)ep B2 tiédar(ion derﬂzed-lpromZZ@ZO-E-tIZﬂprSﬂEg-XﬂI-I)I’OP}Q) 10 (m 1H,
7-{2S- ?r% F@@SBQW'ﬁa?'%dmeém&S%E "a %&0 'f‘%%? H ?90{3 P,(\:I’\{elr? htlln 0"} - hept ano
ic acid. #@ai gpo.atsnrhol) waerqmctedeﬂhhr&[sdasdomtyé&okmpymwrrp1ﬁl)-pwpylkt ep E

Pyl oxy- 4- %é%—é“ O By e oL e rom S GRS, 1 ¢ i ¢
et hyl 1;5?} e?xo ﬁ)&ﬁ)hﬂig d1 ylz[ Erﬁpytgq’:h:ophmz-hgmlggﬂgaed nwtg}ﬂ :;g wﬂ(&’% 0“; tq?g_'N(lvg m-)
over 0 rovi de e r‘r%?el.b su r‘ﬂ) @ I r@

(CDCI 3) 67P%%8 r%éef%‘Ped%-l) Xa‘f‘pl?gﬂr A? 9T (m 1 H),
6.86 (pp 2Hhrificatiddby mdlﬂlm-lbress&réﬂwrémmtoﬁrazw (1: Qh%r@mEtQAm E@Av)r (m 1 H,
2. 64 (m 1py%/|deg 5—%%—[% -OXO 5&%—oxo- -thl%piQe% éugﬁ'buh'_ebnyl) %yr?ghdlr(-fryl] En'dbyl} 1.64-1.21

(m 13H).
thiophene-2-carboxylic acid methyl ester (74 mg). '"H NMR (CDCls) §7.60 (d, 1H),

7.21 (m, 1H), 6.96 (m, 1H), 6.88 (m, 1H), 6.78 (d, 1H), 6.65 (dd, 1H), 6.23 (d, 1H),
4.14 (m, 1H), 4.01 (s, 2H), 3.84 (s, 3H), 3.58 (m, 1H), 2.88-2.77 (m, 3H), 2.46-2.17
25 (m, 3H), 1.82 (m, 3H); MS 418.0 (M+1), 416.0 (M-1).
Step B: 5-{3-[2-Ox0-5S-(3-0x0-4-thiophen-2-yl-butyl)-pyrrolidin-1-yll-propyl}-
thiophene-2-carboxylic acid methyl ester. Analogous to the procedure described for
Example 2A, Step D, 5-{3-[2-ox0-5R-(3-0x0-4-thiophen-2-yl-but-1-enyl)-pyrrolidin-1-
yll-propyl}-thiophene-2-carboxylic acid methyl ester (71 mg, 0.17 mmol) was
30 hydrogenated in EtOH (20 mL) in the presence of 10% palladium on carbon (50 mg)
at 50 psi for 2 h. Additional catalyst was added (50 mg) and the reaction mixture was
hydrogenated at 50 psi for an additional 1 h to provide 5-{3-[2-0x0-5S~(3-0x0-4-
thiophen-2-yl-butyl)-pyrrolidin-1-yi}-propyl}-thiophene-2-carboxylic acid methyl ester




Exanpl e 3A 10

5-{3-[2S- (3- Hydr oxy-4-t hi ophen-2-yl -butyl)-5-o0xo-pyrrolidin-1-yl]-propyl}-
t hi ophenav@owamboxylic acid Step A PCT/IB01/02073

5-f 3-[ 2- Ox0- 5R- ( 3- 0x0- 4-t hi ophen-2-v| -B8t -1 -enyl ) -pyrrolidin-1-yll-propyl}-
t hi ophene- 2-carboxylic acid nethyl ester. Anal ogous to the procedure
described for Exanple 2A, Step B, the anion derived from

(2- oxo- 3-t hi ophen-2-yl -propyl) 15 phosphonic acid dinmethyl ester (101 ng,
0. 407 nmol (53 ameg. "NaMMRGOBCRYSTed @ht H),17.28 (m, 1H),6.97(m,0H),16.88¢0n) 1Has react ed

with 5-[3- rrol i din=1:yl); | 10t B ene- 3-car boxylic
aci d met o S8k AP e Dot G D 507 e ) SR elH p 0BT Y, Ziar by
0X0- pyr rol, QH) A48/ {m,-181) onF ImtIH)pROBAESINT dHRoX3A (ng 3ki)j MS OBy (M+d5t er

anal ogous twe procedure descri bed for Exanple 2A, Step A (assuned 0. 34
mol ) over B2 W10 Purification by medi um pressure chromatography (1:1

hexanes: Et$pg ¢t &- QMé-Hv@thﬁdphen-z-vl butvl) 5-0x0- pvrrolldln 1-yl]-propyl}-

5- { 3-[ 2- 0X0- 5R- ( 3- 0X0- 4-.t hi.oph | din- 1 |-
*ht ophane.thiophsrieszea baxvic.atd Faafng éstle Agsioadis e rPRAch pesetbe s £0°0y
H, 7.21 E)&lnplefﬁ ,Stép @65@[2 dxolrss (Boxd34-(Haphénidyi- bﬁtymyl(rd;dnrﬂmyu 6. 65 (dd,

5. g, Promiihophne ZaarkpbiR aga s arnie) ma Ghgsancaige et s o (k) |

416. 0 (M Njith l\‘fé@ﬂh B'mg O 132 mmol) over 2 h. Purification by preparatlve thin layer

5-{3- Ox0- 5S- (13- - |i di |
i opiiBne. e%r@aatearﬁmxn? e e e ST L
ge?gr '[ gegx%ﬂ%{gilﬂWr Zt/i}“fh|o|s§31iéi‘llé\—2.D,:arboxyllc acid methyl ester (10 mg). 'H NMR

yl]-pr opyI(PQQh)gZ)ﬁéI% 1?'»);:72%%&&9!"- )& aé%ﬁ"@?%?@t%%ﬁ ?é lf'gysb(?)(lﬂl ﬂﬁ) 3é3ﬁ’ ol ) was

30 hydrog t | | rESKERS; fo 44 | padigm on car bon
(50 nm) 2%"@ g@o (8, ﬁll)oje(l%% QF-I? sqmo(ﬁgIQHgata }l/s?%s ag%m? (50(ng) and the

reaction r@t %ﬂ@(ma%H) ﬁy?éﬂo%%@ﬁfat%a ¥} or an additional | h to
provi dg 5-4@dslg- @?SQ2§$34—@dMﬂ4hlophen-2-vl butvl) 5-oxo-pyrrolidin- 1-vl] propyl}-

t hi ophen- 2-yT-putyty- pyrrolldln T-yI opyl'}-throphene-2-carboxylic acid
met hyl est  ANBPOIoYS e prapgdyrg sleggibed: for#ﬁmi?'et 13) 87.61

d, 1 7 d, 1 3.88
E < H) gtgé% é"{ééﬁ @-r\l}yd x? A- t‘ul@fhén Hhyi- b@tﬁlﬁ@ o&mfyﬁolid)n—1 S@pﬁfbyl@ ", H)2 I~

(t, 2H) zthweh@nﬁ—Z—maerxthagQ rrqq’ehlyl gﬁr—r (18. m-olo%mmg'ﬁ wagihydre YS‘E}’ ‘Q’Fﬁ 3H); MB
419.9 (M

5-{3-[ 25 %%a?vﬁmx‘?o%m% op%%ﬁt(gﬁqvls:? er 29 1 torovide the e omPoun o 11 or opel 1 -
t hi optzene- Bxarapid84 Y10 mgadi Nm(mls)eﬁit@r(d N\)anééms“f'b 61 WM Bd el e

g?fgf '[ g?gx{gﬁ’gg)géﬁﬁh RO &rﬁpm% 3001 3 240h 290, 31 2.85 @ 21, 236 (m
2H), 2.11 (m, 1H), 2.00-1.18 (m, 8H).
Example 3B
5-(3-{2S-[4-(4-Chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
25 thiophene-2-carboxylic acid
Step A: 5-(3-{2R-[4-(4-Chloro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
thiophene-2-carboxylic acid methyl ester. Analogous to the procedure described for

Example 2A, Step B, the anion derived from [3-(4-chloro-phenyl)-2-oxo-propyl]-
phosphonic acid dimethyl ester (113 mg, 0.407 mmol) and NaH (60% by weight in oil,
30 16 mg, 0.41 mmol) was reacted with 5-[3-(2R-formyl-5-oxo-pyrrolidin-1-yl)-propyl]-
thiophene-2-carboxylic acid methyl ester (assumed 0.34 mmol) over 17 h.
Purification by medium pressure chromatography (1:1 hexanes:EtOAc to EtOAc)
provided 5-(3-{2R-[4-(4-chloro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-



propyl } -t hi ophene- 2-carboxylic acid nethyl ester (60 ng, 0.143 mml) was
reduced wth NaBH4 (5 ng, 0.132 nmol) over 2 h. Purification by

pr epar at iwe 02/4i268 | ayer 10 chromat ography (Et OAc) provi dedPCT/IB01/02073
5-{3-[2S- (3- hydr oxy- 4-t hi ophen- 2-yl - bu84H ) - 5- oxo-
pyrrolidin-1-yl]-propyl}-thi ophene-2-carboxylic acid nmethyl ester (10
ng). " HNWR (CDCI3) 67.61 (d, 1 H, 7.18 (d, 1 H, 6.96 (m 1 H, 6.85 (d,
1H, 6.81(d, 1 H, 3.83 (s, 3H, 3.80(m 1 I—1|) 3.61 (m 2H), 3.00 (m
2H), 2. 89 prapyl)XhibPhend-Blarbbxyli@bbdid metiilesten (94 pid), HNWR (CBPCLL54H1 (di. 98- 1. 23

(Sm{ 38|[_|)2;S- ?/%)%59 é%% %ﬂPgS%r?ghe@%)d BU >§I€)2 (gdb@ B\)?I'(%| |‘_91 1:?(-el | - propyl }-

t hi Oplheng 13 C:aebgsle—lo @. 7 (st2HAB BB Gy Uid), RB7thE7 mBHedAE-2desor, BHRd f or
Exanpl e 2A,

St e
5-{3- [28—(38%%@ng 4-t hi ophen-2-yl -butyl) - 5 0XO- pyrroI|d| n 1-yl]-propyl}-
t hi ophgne sae%ar BQ3YPE4-pCHI0 )-8%ixetbu o1 s hydrol yzed
with NaCH . M003m ] over .29 ht rowde etitle
conpound JRIOB FRIbaxyyoaeiq ety esk ﬁ@%@?ﬁe %r'?ceé@ “f%esc g f%g 18 (m
1H), 6.96 Exa}npr SieSb, 51(3r{2F8[4)(4 oBIo?@pl(néﬁyl)JS bﬁablﬁ-ﬁéhyﬂ-lﬁ}oxﬁlﬁ)/rrolﬁilrﬁl (m
(er;? ’ 8I2—I) 9 { rT}.fﬁnog)l/_ggﬂs;|ophene-& carbo|>_<?/l|c acid metFl)rlpester I(@1 mg, (;‘ %04 n]noi‘) @s 2.00-1.18

) 5- ( 32£{3 2 tSh [tﬂzdﬁo@e@lb@irpEing(mhﬁL)?m Mereseyicd ot 10°% pazativon pry carbbm Eomng)- y1 } - pr opy
- I opnene- car box
5) (3 (18R [ 30 PSRl P as PGS IS KT ARG QBRI FPBPYERIN y 1} - or op

yl)- thiophgn |$ﬂﬁ$méﬁéq%aawx¢|cmwhyéthﬁ%@r (844mg). dgIOUARYODChE pr ocedur e
descri bed for t he anlgn derj ve

I orl GV T . Bt 2 e B g e Eoan hBBls 2HE® (113 g,

0. 407 mml j\ﬁl—ﬁ | ght &0 2P 2.2 (fdl, 2 .04-was reacted
with 5-[3-( 2@3'? oh o R v ﬁ-k) 2811(t02I1-I) 23@( H?] th(l opﬁglnze 2-carboxylic

-'5- OX0- PYI T n- 1-
aci d met hyl. 7%(§tlé1rH)( b§§l(me%l‘|bx/@l44r§rﬁ)q é\félﬁol Purification by medium
, . Q A

Ere:s),_sqé;eR_ Cé}é : - -ox rroI
RE12-02MDP Ble o Lﬁﬁ?'@ﬁﬁ‘é”n@ -the E@P%‘BE%F‘?‘?”E%‘% F?rmat hyI

g.sggr ( ((1,94 1%%p|e65%g§{§% g@%ﬁgs tﬂ 4%l&<9-pheri5/|)t@ oxozblaﬁ] 5—6)(0 a olidif- %ﬁ} ( gl, :2%;)!) :
3.79 (s, 2mppylstheeheng-2-tangpxylie aglqlnzetl'pyjr e§tﬁ{ ( |.q5|g Oﬂ&ﬁm@o&gva@ ,lﬁdugpg 1.80
gT{ 2%!_2 4 ?ﬁﬁcﬁ olrﬁo(ﬁ‘ﬂ% _mEnSQ gyeru2t h. PL_mﬁ_cgt)l(on_by preparatlve tr_nn_layer opyl ) -
t hi opHahe- @w@faaibglsap y Et%pﬁmmﬁed @s(§é28 [%(?apfa@fetpi‘eﬂw @ﬂzédfw%*elgﬂ
descri bed §-8§o-pyrrolld|n -1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (54 mg). "H

NMR (CDCls) 87.61 (d, 1H), 7.28 (d, 2H), 7.12 (d, 2H), 6.81 (d, 1H), 3.82 (s, 3H), 3.77

(m, 1H), 3.60 (m, 2H), 2.99 (m, 1H), 2.83 (t, 2H), 2.77 (m, 1H), 2.62 (m, 1H), 2.34 (m,

2H), 2.09 (m, 1H), 1.97-1.30 (m, 8H); MS 450.0 (M+1). :

25  Step D: 5-(3-{2S-[4-(4-Chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-

thiophene-2-carboxylic acid. Analogous to the procedure described for Example 2A,

Step E, 5-(3-{2S-[4-(4-chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yi}-propyl)-

thiophene-2-carboxylic acid methyl ester (52 mg, 0.116 mmol) was hydrolyzed with

NaOH (1M, 0.14 mL) in MeOH (5 mL) under reflux over 29 h to provide 5-(3-{2S-[4~

30 (4-chloro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-

carboxylic acid (16 mg). 'H NMR (CDCls) §7.67 (d, 1H), 7.28 (d, 2H), 7.12 (d, 2H),

6.84 (d, 1H), 3.78 (m, 1H), 3.62 (m, 1H), 3.01 (m, 1H), 2.85 (t, 2H), 2.77 (m, 1H),

2.63 (m, 1H), 2.36 (m, 2H), 2.10 (m, 1H), 1.90 (m, 3H), 1.75 (m, 1H), 1.69-1.24 (m,

4H); MS 434.0 (M-1).




Exanpl e 2A, Step D,

5-(3-{2R-[ 4- (4-chl or o- phenyl ) - 3- oxo- but - 1- enyl ] - 5- oxo- pyrrol i di n-

1-yl} - pr op®bld/4x2b8 ophene- 2- car boxylic acid nethyl ester (9eCTMIB1022684 rmol )
was hydrogenated in EtOH (20 nL) in t-8% presence of 10% pal | adi um on
carbon (50 ng) 10 at 50 psi for 2 h to provide

5-(3-{2S-[4- (4-chl or o- phenyl ) - 3- oxo- but yl ] - 5- oxo- pyrrolidin-
1-yl}-propyl)-thi ophene-2-carboxylic acid nethyl ester (84 ng). 'H NWR
(CbCI3) 67.61 (d, 1 H, 7.30 (d, dmple3C1 (d, 2H), 6.80 (d, 1 H) 3.84

(0 2r; > FB-EIerod-S piflospelny sy v bropytdiaffl- i, * s
448.0 (Mrl), 446.0 (Ml) pi&)ﬁ-ﬁlﬁbﬁﬁene-z carboxylic acid

5-(3-{2S-f4-(4- ChI oro- hen oxy-butyl | -5-0 o-vrlroll'n 1-yl }- propy
1)~ thi ophigeA2 Sd@ES r yzphe TOWE5F ocedur e

geﬁgr '{ lggd I " Ihéhezﬁcaer 3c |d meth I ester Analogous to the procedure

- ;%ZI Fﬁl} phen I;- oxo-5 y -
propyl ) -t mex@sw@«#éorﬁ@m% tep Being WH{? v [3,(2 éﬁ? %éé'g@”ﬁrgq‘%MI ) was
reduced vhHeh - ﬁﬂosgﬁonl@aég dinfatRI )est@wga rﬁg fo. 239uﬁmb|) eAd NGH (69%

B (B 5s [y \Efe;gl%im o1 6D sica RSP T as RRLtst oy oo GRS S

5- t 3 ali eyl t 54
ng;)?(o pyr Wrﬂoﬁ&rﬁl’l%/g}ﬂr&ép_?ﬂrtﬁleyﬂxéne ?J@B@W@a@d ﬁ%ﬂ@ﬁi&t f gsmﬁ, Z) y 6.63 1eE d,( 4
H, 3. 1@2 (ramoB iqyer h77PUF(fIﬁ§-1tIOIl q.)q)me Urg Gresyr ﬂom oggplayﬁg ., 2.83 (t,

(2|r'n|) 8I2-|) 77|v'fsé?2%és F';'&)Acgo )E%A%Fprévld@d , 5-B-{24ox0BR-[34b-4- @—tﬂﬂ.ldrmethylH) 1.97-1.30
5- ( 3-{ 2S- fEheny)- taa\trber@d]my@ﬁktd") 13'J}rgvmy85$9'°BhLﬁfg‘?r% casbylic Bt MAYLESIET- i1 § - propy

1)- thi Oph@,@%@‘ﬁaﬁgﬁﬂ&tb’cﬁg)@%éw APl 06PYs, 1H9, 2.58 (Rraperoemdasyr i bed for

Exanpl e 2A

5- ( 3- {23-[12Mncm0669p11eﬁy)| $.64-(Ads IH0:8/2B (& JH), 45L6ib 15+ 3-83 (SdPik 1- y1 } - pr opy

1)- t

arol Grec a Ih 2 e T %6 ﬁ"fgkﬁm””’e@m LB, REZ IR TS TTor 20 1

to provi de4'.59£26\4+f12817[841(|\®0))

(4-chl oro- ghe : ol SRy ) - t hi ophene
-2 carbox g 5 VR D, )—7—% (d, 2H),
7.12 (d, medl-_ml@e_r(gﬂ Carbagvhcme?thvl este[-mna@gglgs tpﬁhe proogdurs 01 (m 1 H),

2.85 (t, 3{,:%%”%(37@ %&Hmp} 'E%\ Stfg ggg g} %obﬁ{a[&%x&@ (éiﬁ’iﬂugh‘)metl%’yl-lo (\f/n\o 1H,

1.90 (m
02/ 42(22}13 priényliitbm‘ﬂ-OEMB)yrm%n-ﬂné}@p@l)gtyophene-zcarboxyl|c aCId me(thyl ester

5-(3-{25-| %Wﬁ mgl whb 'h{é %l%ﬁ@)tln éO@Q%%'L ) inftHé pleseRceoraoy T rol i din-1-

yI }- propy ene- -car I c aci
5-(3-{2- O(palEE@uﬁﬁarmanbm(Gng)lat bQipsidere mig pr9w@¢1§1(§ {DOxe-8SEHPXI4rr rol i di n- 1

trifluoromethyl-phenyl)-butyl]-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid
methyl ester (29 mg). 'H NMR (CDCls) 87.66 (d, 1H), 7.59 (m, 1H), 7.52 (m, 1H), 7.39
25  (m, 1H), 7.27 (m, 1H), 6.80 (d, 1H), 3.83 (s, 3H), 3.78 (s, 2H), 3.64 (m, 1H), 3.55 (m,
1H), 2.97 (m, 1H), 2.81 (t, 2H), 2.48 (m, 1H), 2.33 (m, 2H), 2.05 (m, 2H), 1.87 (m,
2H), 1.56 (m, 3H); MS 482.0 (M+1), 480.0 (M-1).
Step C: 5-(3-{2S-[3-Hydroxy-4-(2-triflucromethyl-phenyl)-butyl]-5-oxo-pyrrolidin-1-yi}-
propyl)-thiophene-2-carboxylic acid methyl ester. Analogous to the procedure
30 described for Example 2B, Step C, 5-(3-{2-0x0-53-[3-0ox0-4-(2-trifluoromethyl-
phenyl)-butyl}-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (26 mg,
0.054 mmol) was reduced with NaBH, (2 mg, 0.054 mmol) over 2 h. Purification by
preparative thin layer chromatography (EtOAc) provided 5-(3-{2S-[3-hydroxy-4-(2-
trifluoromethyl-phenyl)-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid

......




5 vl }-propel)-thiophene-2-carboxylic acid nmethyl ester. Anal ogous to the
procedure described for Exanple 2A, Step B, the anion derived from
[ 2- ox0- 3WQ@or/42268 uor oret hyl - phenyl ) - propyl ] - phosphoni ¢ apCTIBRN1wRGAY| est er
(74 nmg, 0.239 mol) and NaH (60% by wdéght in oil, 10 ng, 0.239 mml) was
reacted with 5-[3-(2R-fornyl -5-oxo-
pyrrolidin-1-yl)-propyl]-thiophene-2-carboxylic acid nethyl ester (assuned
0.239 10 mmmol ) over 17 h. Purification by nmedi um pressure chronat ography
(1 1 hexanehylEsah¢10 mghkt DANR [CDOI)BFES5 (d, 1H), 7.59 (m, 1H), 7.49 (m, 1H), 7.36

5- (3-{2- oxo- 5R—[3-
phenyl) - bufm ?"’é'rﬁ/ﬂ (%Qé? %%10(%1{"!)1 \’}P r@r%?)&t(m 8'5)1&9@ (T 8H box ﬁ Tc acid
net hyl estzH) 2(782mm_:|i91) 234+&TNMR) (gemhsg?&?z @121 68 (m 18H}) MS74881(D MM):L H) 7.51

(m 1H), 1 H),
6.22 (d, 1&990/5%:{25 ; B5(m 1 H),
2.93-25/9 h8ne’1§-c3rb3 llé Btid 3b4rﬂalogbu8~'ﬁo ﬂ”lmpr&jd)iurel‘vﬁscmbéﬁ f6r (M+1) 478.0

M1 Ste
EUP Bzé’;sam 28, SioB E4 1G5 VS RHT IBHBS Y PIBOAYSTPIS | i - 1- 1 )
- propyl) - syichdReng: d&oﬁ;ﬂ)ﬂh@bb{éne@ aﬂbdxymbaylmet@ﬂeﬂterﬁomgqgmmno t he

procedure ‘descri be

5- ( 3- { 2- oX®MoRWas -hydrplvzed yltlﬂ N?PFU%Q@H@% H&t) i, MeOH (5 mL) heated under reflux
phenyl) - bugyr 39 ﬁriwbﬂoviawst(gl{zsi{slhﬂdrwyh-m @RYordmbthyPsHeappbatyt-8rdroxyl i ¢ aci d

thyl est yd t th

g‘re esgnwgsoﬁeyrﬂm‘s/m ~Ipd)- wramrlhﬁmoeher&éﬁ@m%we ag‘r‘é%e@:?‘ggg"'yﬂ\g\ﬂ% éﬂ;{c@%% é&) )pr ij\r/ll dee

5- (3-{2-

trl(flfjorg)r(rg'g ﬁp[ﬁﬁ@gﬂ’l (?37 (m 3H)r?§4|(d|1r|1-|)1383(§mp1rH)p36%(Th|2|g)pﬁﬁO4 2- car boxy

o actd i Bhi1 S5 (29 S50 1) ik 2o 24 (s o oA 24 (PR RS £ P
7.52 1 7.27 1 680d1 3.83 (s,
3. 78(‘?011%1) 1683@('\?5)(m ,H) 55 m(m H),H)2.97 (m( 1 H),H)2.81 (t,(S

2H), 2.48 (m 1 H), 2.33 (m 2H) ﬁxmpkerﬁDzH) 1.87 (m 2H), 1.56 (m

5 (3 f 4825&3/3 i)"’(‘}lﬂﬁg} ?Ip "%)&o?r’gﬁeﬁﬂ()y “t%'£5'° - r¥°\5'f'"‘-'15'y<'3}x'§°'8‘y"?'ro| I di n-1-

yl}- propyl) t hi ophene- 2 car bmnphem-a@tbqwllhycldester Anal ogous to the

procedure e CrélI IuErX‘:jl In -%%XQ-.%LEP—eﬁi’lﬂ—S—oxo-pvrrolidin-1-vl}-propvl)-
5-(3-{2-OX tHyt=

phenyl ) - buthigphe mgz:oefbmmahdﬂgthges@y.Ianngbwtwhepmcewbdgwrbed &ri d et hyl
ﬁ.St gtrjr |( f2 ?cg}%’?"ﬂﬂe @85§an§1 & q'%eé%rﬂg&ﬁggﬁaﬁgwg'%?%F ap ho);Br() C (r:r;m lpz 08¥32d2
5- ( 3- {25 [ BrdupHonix weid d(rdethyl ester (106 mg, 0.407 mmol) and NaH (60% by weight in ol
v boxyl | o T MG QA6 Smobee ekpd i Fyas TS o furoBE RV IRBI I e SR
(CDClI 3) 87infidphele-2Xatoxylié.2o@ riethyl Bstdy (assumdd Q@07 trigl) over 38 h. (m 2H) , 6.81
(d 1 H, SUr?ﬂ%a{igﬁ b)?’ H)ediu%' p%&ssg@ chlronlagt’og%pﬁg({:%e)?aﬁés:Etoblggto(E’{bAgw , 2.83 (t,
provided 5-(3-{2R-[4-(4-fluoro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
25  thiophene-2-carboxylic acid methyl ester (77 mg). 'H NMR (CDCl5) 57.60 (d, 1H),
7.16 (m, 2H), 7.00 (m, 2H), 6.77 (d, 1H), 6.62 (dd, 1H), 6.19 (d, 1H), 4.13 (m, 1H),
3.84 (s, 3H), 3.79 (s, 2H), 3.57 (m, 1H), 2.87-2.77 (m, 3H), 2.37 (m, 2H), 2.20 (m,
1H), 1.80 (m, 3H); MS 430.0 (M+1), 428.1 (M-1).
Step B: 5-(3-{28-4-(4-Fluoro-phenyl)-3-oxo-butyl]-5-oxo-pyrrolidin-1-yI}-propyl)-
30 thiophene-2-carboxylic acid methyl ester. Analogous to the procedure described for
Example 2A, Step D, 5-(3-{2R-[4-(4-fluoro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-
1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (74 mg, 0.172 mmol) was
hydrogenated in EtOH (20 mL) in the presence of 10% palladium on carbon (50 mg)




2H), 2.78 (m 1 H), 2.34 (m 2H, 2.12 (m 1 H, 2.01-1.35 (m 8H); M
484.0 (Mtl). Step D

5- (3-{2SWaQetyxtsoxy-4- (2-trifluoronet hyl | - phenyl)-butyl | - BeDx@pe730! i di n- 1
-vi} 5 propyl)-thiophene-2-carboxylic-&cid. Anal ogous to the procedure
descri bed for Exanple 2A, Step E,

5-(3-{2S-[ 3-hydroxy-4-(2-trifluoronethyl-phenyl)-butyl]-5-o0xo-
pyrrolidin-1-yl}-prapyl)-thi ophene-2-carboxylic acid nethyl ester (10 ny,

0. 0207 nrabb) psider iy tir proyide &- (ﬁn{2$r[4\@€ﬂ&0(01pl’llqn}'t)-36¥<0rhm}ﬂ] §-exavpuiqlidin-

h d f
52 (a5 ( 25 [amnyapeibionheie-FRebele BRI srien 7 mel ) MNIRLRG 256
pyrrolidi qd1tH)| 7.4 (rapa)) 710hi(op b)) 6:8- (darH)oxgm G 3@.316@ G32HyB.641m, 1 NVR

(m 1ty Wieyst ity 2os fpatt Rerdipho 2450 byl oy A gty o 57

(m 2Hp, 2(m12H1 M561rrHRH) MO 232024+ (TH3BHM-MS  470. 1 (M+1), 468.0 (M 1).
Exanpl e 30, 15 ) )
5(3{23[e 5K et susiy

1)- thi Ophﬁw@&\e@éé?b_d&ﬂnt Qcmmetthygﬂg Analogous to the procedure descnbed for

o) hi oerBInZe Ay A Do ReauF B A RSB TI oL et e
([Jlgst(:z1 i ?Iego réyl) tﬁzsprﬁgﬂegz-g&boﬁhgBanme&HgEesims(eﬁ g;gleglggdnrholo)was reduceedSt o (106
ng, 0.%07 "HM"")B?';KE Mg A @6&0‘18@%\’/% 23]1 qunﬂc%op by i%oar[r%“'g(yﬂﬁgggmml ) was

react ed widhforRatbgrapRREROA! roGdaKB(PRSHoli-diorobhehyl)- Bhggroky-butyl]-5-

t hi oph 2- car boxyl t . 407 1 17 h.
bur 11 cat 160 ot herdipeee Sty R MethResle BRI Bae (o et onc)
g[ ?\é'_?gg [I\AlfMR CDC&%)??O&Ipd 1H? 7135 (&SH 7.00 (m, 2H), 6.81 (()d 1HF))382 (lsI 3H)n g1} prop
yl) 25 th.%ﬁ]@ﬁeﬂﬁ 260 KBx )ié98<§md1'ﬂ9e?+§9](t 5@%@775%)%%3)55‘{{&(1 (CDCl 3)

67. 60 # dd, 1H,
o (ﬁd 21’|I_%'Qm 1? '26011@0 (%HhH)ﬁ ﬁ)(nﬁrTH)ZiFémGﬂm (ud) lem#Ms@A 3. ( H),H)
2. 87- 3t 4 ‘

('VH) 428(h|o kd¥eld-carbb cgud Analogous to the rocedure descrlbed for Example 2A

5-(3-{25 [ or - 5- 0xo0 rrol. ropyl
30(t hi ophﬁépﬁv 5:&515%&% G4cﬂUQ€q H‘%l)ﬁwyd%?( QPWI] ﬁﬁﬁ‘P% iR- (dﬁ yﬁ??éo‘%l %cgdulrog :

ge?gr ' g%d tﬁBPhe ?%Sxﬁ@acﬁtrﬁ&h@ester (35 mg O 0807 mmoI) was hydrolyzed with

| uor o- % & -'0x0- but - %}Iﬁ) rrolldég3
1-yl}- Ziﬂ'opNﬁiQHt(‘erbh‘éﬁ&)El aPhHdR k) eaied H”q?étr Oé@'i %1079!'0}4%9 172 mmol )
was hydr n1c YHidvhbhaagd um on
car bon (SOQ%QR%J%QPEE@ @I';ﬂ:(LYB%’)ulﬂllI](g5 bﬁ?pﬂfcﬁ&nﬂ ﬂ}pﬁf gI?l fcf)p? 2 h to provide
5- (3-{2S- [earléowlidmﬁ@ﬁoh@)nyH)Nl\@RleaCleWﬁﬁ(dB“o&& W% EH? drQ9-(m, 2H),
6.84 (d, 1H), 3.77 (m, 1H), 3.62 (m, 2H), 3.01 (m, 1H), 2.85 (t, 2H), 2.78 (m, 1H),
2.62 (m, 1H), 2.36 (m, 2H), 2.10 (m, 1H), 2.00-1.72 (m, 4H), 1.69-1.34 (m, 4H); MS

25  420.1 (M+1), 417.7 (M-1).

-yl }-propy

Example 3E
5-(3-{2S-[4-(4-Fluoro-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
thiophene-2-carboxylic acid
Step A: 5-(3-{2R-[4-(4-Fluoro-phenyl)-3S-hydroxy-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-
30 propyl)-thiophene-2-carboxylic acid methyl ester. To a solution of 5-(3-{2R-[4-(4-

fluoro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic
acid methyl ester (20 mg, 0.047 mmol) and (R)-2-methyl-CBS-oxazaborolidine (1M in
toluene, 0.047 mL, 0.047 mmol) in anhydrous toluene (3.0 mL) at 45°C was added




1-yl }-propyl)-thi ophene-2-carboxylic acid nethyl ester (72 ng). 1H NMR
(cbcl3) 87.61 (d, 1 H, 7.24 (m 2H), 7.01 (m 2H), 6.80 (d, 1 H, 3.84
(s, 3H), 06642268 2H), 3.64 (m 1 H), 3.51 (m 1 H), 2.94pCMBo/ok)73 2. 81
(t, 2H), 2.43 (m 2H), 2.30 (m 2H), 28®5-1.79 5 (m 4H), 1.56 (m 2H); M
432.0 (Ml), 430.1 (M1). Step C

5-(3-{2S-[4-(4- Fluoro-phenyl) - 3-hydroxy-butvl I -5-0xo0-pvrrolidin-1-vl}-propy
| )- thiophene-2-carboxylic acid nmethyl ester. Anal ogous to the procedure
descri bed chtecholborans (1 BE;HFSDeE ., 0.14 mmol) dropwise. The reaction mixture

Sr(()gyl{)zst Ewag%ﬁgfﬁéug—@a(‘?giﬂ%fg ﬁé@%ﬁ) Erﬁ%gu"a @éﬂ a?éél‘ié) elag% réé%n’m)l) was
reduced MS\M/atrime&l&Bidén'(témpgr,atL(De 466 warobrjceotrated I vacuPuThé resittieavashy
t t t )
D eBaL 8L e N oS T S L PR R0 (5 m),
oxo p)l/ﬁHroINHGil(nc&my)l hnd)watgyh)@mmop'henﬁga?mthyvbs driect{Mb S, rﬁitereégtgrl Eg? .
1.3 g2 (@nd c%pﬁen §d7éu f}ﬁa |c1r1 pr arggv in lg]ﬁr%h%n-@gogg%)wgkgb 83 (1 :

2H) 2 77 pm,deu BHB{2R-[344- (lmromnymss Bydoxy-bot- Tleriy]]-5-Goaroli@e1 oy 4H) , 1. 75
M5.434,.3
5 (3 {28 [pﬁo;(y 'téPélﬁ“%ryp‘f?éﬁ%ﬁy e agiq, Mg} I'y;(é,s Lﬁs\ﬁrllapgroggégatség PHYPM- 1- yl } - propy

1)- thi ODM arcﬁlﬁﬂ Hiaxtgtdomers byl HPAGAIMSBI48%51 (M+1)he pr ocedure descri bed for

Exarrpl idin-1-vli-
5- ( 3- {§s 1-5-0XG- YNV n- 1-y1 } - pr opy

1)- thi Opkm )&h.@m dmg&arsogm abld_r_a@m ‘ estat Analé@smth@remrml) was
232; Olzgzﬁ qegcr&egé?r ag1_pte3)21A I\é!tep Dlg (§T1{QR-[4 (4'¥Emro ;Shen% %s'h 8}&9 thnper reflux
{ZSh[4 (421 é‘dyﬂt@é&omly&aww1@&hmpmemmg42}e35bmoym?dngc;ihgmsuerxq@m}g pr3p>1/|5 ) (t h
I opnene- calr pox |1 C

2H;) 7. 00 Q03> mmph) wag hg&roggﬁa%&id lqh)%)th%no 716‘%5}[) r%ﬁc rgs§n%%of7 Hf“}j E?.lfadl%’ 01 (m T
H ., 2485 (dn catbdn (58nght (SG)TbS|$oH‘2h to Frobide 6+(B-{2S- H)(A-fﬂlo&ﬁpr(eml)-BR) 2.10 (m 1

EDX’ mz)| 203 |:_hydr20x§/-butyl] 5-0x0- pyrrolldl n-T-yl}-pr %n%pyéskpnbphene 22 carboxyhc aédM%le}Hyl esltgr 7 (M1).

3-{2S [41(149‘)F|'HI1N\\4R@M!:)5|676356 hnmrpw(rhuzm}’ﬂb(mxmmmqw TH)n- 1-yl } - prop
t hi ophené- 2-carboxylic ac

5-
gl (3-{2R- 1318%@, BHLG3- (5héH2/|3)60:451 @wr%%muwlz 8h{H 20528844 o) i di n- 1-y1 )

- 30 propy I ki, a HaLCi.gB-mab [yl 819 Ve 434Tp(M0l ut i on of
5-(3- {2R [édfésilda mj{]g?’%( gﬂ;@cogy( oxgﬁbut _I(m I )S - OX -g/{rlldl -1
-yl } - BPop)ySte " Ne3R-g PRI ¥gPIOBY547 ol )

and (R)- 2t né/rle .&é%a?b aa@rmaudaongtdtﬂaewdcedu@@by@med & K ra,on 047
nmol ) in ol Uen 3.0 z{ 45C was added WO ﬁ422
PCT/ 1B01/ O3t &, 5.(%9,28 [4- (4—f|uoro phenyl) -3 -hydroxy-butyl] -5-0X0- pyrrolldln- -yl}-propyl)-

thiophene-2-carboxylic acid methyl ester (11 mg, 0.0254 mmol) was hydrolyzed with
NaOH (1M, 0.25 mL) in MeOH (4 mL) heated under reflux for 3 h to provide 5-(3-{2S-

25 [4—(4-f|uoro-phenyl)—3R—hydroxy-butyl]-5—oxo-pyrrolidin-1-yI}-propyI)-thiophene-2-
carboxylic acid (9 mg). 'H NMR (CDCls) 87.67 (d, 1H), 7.14 (m, 2H), 6.99 (m, 2H),
6.83 (d, 1H), 3.78 (m, 1H), 3.62 (m, 2H), 3.02 (m, 1H), 2.85 (t, 2H), 2.76 (dd, 1H),
2.64 (dd, 1H), 2.37 (m, 2H), 2.09 (m, 1H), 2.00-1.42 (m, 8H); MS 420.1 (M+1), 418.0
(M-1).
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cat echol borane (1 Min THF, 0.14 niL, 0.14 mmol) dropw se. The reaction

m xture was stirred at -45C for 17 h. Methanol (1 m-) was added and the
reacti on woxt/ames was warmed to roomtenperature and was eOngEnte@sded in
vacuo. The residue was dissolved in &9 3 and the organic sol ution was
washed with 1 M NaOH (4x5 nlL), 1 M5 HC (1x5 mL), and water (1x5 mL). The
organic solution was dried (MgSO4), filtered and concentrated.
Purification by preparative thin |ayer chromatography (EtOAc) provided
5-(3-{2R-[4- (4-fluoro-phenyl) - 3S- lBudmple 3But - 1- enyl | - 5- oxo- pyrrolidin-1-yl}

- | ) -t hi gph 2- d t te 39:1
Y e e ST B Y A
5-(3-{2S-f4-(4- Fl uor o- pheny! fhiciifehiB-cafibolplicyddid 5- oxo- pyrrol i din-1-yl}-

pr opylj) thlphenez car gll c aci d_oth 4 ter. Anal|3%0+lsl to the
procedur e Stee prbeN{ % HARN-e Y2 APNEP e BB
o>- (3- {gR [tﬂlo HenEL UL BoRiE BN )ert3t§:t )égtépbf\‘ﬁabﬁbuélto the procedure described for
enyl]-5-0 YT T O In-I-yl}-propy ene2 lic aC|d met hyl
ester (15 m@mpleﬁﬁaﬁemﬁnﬂl? a8 dRNeE tpah hm?'eér F -PX% in the

gr ?g e?gg ﬁ;ﬁrl]o%@ép 3 g!@hﬁfﬁyﬂét&gzmheomﬂ &mm))arthéi@(aam by Wéug& uhl ofl,0 provide
hydr oxy- biaéyhg, @%mmqﬂwaswa@%wnh T3PV E-ora-Rpioldia-1MRPRx y 1 i ¢ aci d
met hyl esgﬁgah%ﬂ%% Waseh) xy%b%r&%le%r @Es@rﬂe& 0.588 nihol) dvet48om 2H), 7.00

m 2H) 3.82 (s 3.00
Em 119|) Parification bymdlumpmﬁswr(a&hromtq)grapw (é:(i Qeefane@lEtRf\C?%E@%)m 2H), 2.08

1 2 - I}-
S a2 Ao B R T P T LA TSP 1) - pr op
yl)- t hi oghieplesre- &earbm¢ a@d é&ﬁ-wtylﬂﬁt@rb U9 oHtNMR}(ﬁ;'BE e FeSEYi bed for

1)

Exanple 2 t

S A 5o 1R B RS 4T o 2 A 003 2H>1.22.<do;s.>49%<31.15*.>n| )13~ prop
yl)

h

but
- thi oph%és— 2H);3r4@o(ny|1H¢ %@Wﬁw[ﬁ%g@@t%ﬁ @Q(WH)@ 424, Hel ) was
fg(rjrgl 21%%@3&_53,?5%&51?% @%354 k1), BoVG G104 | heated under refl ux

[ 4- (4-f | usBtep BhER[RH2SIRNapbithaten-2kylBy0ixd-batyH-anoXrdY WIHRrOOVLE: propyl ) - t hi op
h 2- boxy| 14
Za)ne 5. ggat oA 'fcgrb it i M r%BaGhs?i tﬁ@g%e@ﬁ"e d@sé‘r*)oed?or 0o Em L

H, 2.85 (Exanidld2A 256 Dy Bd3-[2R-Mynaphihaien-3-vieB-oxo-pyt-1-enyip- erygpbdm-z 09 (m 1
0. 200 (1)12@7;@(0”31%&%gh@lz“c%%&y&'\é‘é@tert A181 St Mrd Ing, BO5HOHRAY Y2268
5-{3- [&S- (Iﬂfdl-d;génabemetﬁpmeL)emf@Weseme of 10% pellasiiyy pp 6a1ban (.5 mg)
-yl1-propy] }50 psi for 3 h. Purification by medium pressure chromatography (11
hexanes:EtOAc to EtOAc) provided 5-{3-[2S-(4-naphthalen-2-yl-3-oxo-butyl)-5-oxo-
pyrrolidin-1-yl}-propyl}-thiophene-2-carboxylic acid tert-butyl ester (144 mg). '"H NMR
(CDCls) 57.80 (m, 3H), 7.66 (s, 1H), 7.48 (m, 3H), 7.30 (m, 1H), 6.74 (d, 1H), 3.85 (s,
25  2H), 3.59 (m, 1H), 3.48 (m, 1H), 2.89 (m, 1H), 2.73 (t, 2H), 2.47 (m, 2H), 2.26 (m,
2H), 2.04-1.74 (m, 4H), 1.53 (s, 9H), 1.50 (m, 2H); MS 506.1 (M+1), 503.8 (M-1).
Step C: 5-{3-[2S-(3-Hydroxy-4-naphthalen-2-yl-butyl)-5-oxo-pyrrolidin-1-yil-propyl}-
thiophene-2-carboxylic acid tert-butyl ester. Analogous to the procedure described for
Example 2B, Step C, 5-{3-[2S-(4-naphthalen-2-yl-3-oxo-butyl)-5-oxo-pyrrolidin-1-y}-
30 propyl}-thiophene-2-carboxylic acid tert-butyl ester (142 mg, 0.281 mmol) was
reduced with NaBH, (11 mg, 0.281 mmol) over 2 h. Purification by medium pressure
chromatography (1:1 hexanes:EtOAc to EtOAc) provided 5-{3-[28-(3-hydroxy-4-
naphthalen-2-yl-butyl)-5-oxo-pyrrolidin-1-ylJ-propyl}-thiophene-2-carboxylic acid tert-




t hi ophene- 2-carboxylic acid Step A: 5-{3-[ 2R (4- Napht hal en- 2-yl - 3- oxo- but - |
-enyl)-5-oxo-pyrrolidin-1 -yll-propyl}- 5 thiophene-2-carboxylic acid
tert-but Wwoessrers Anal ogous to the procedure described forPCT/Bampi’a 2A,
Step B, the anion derived from (3-napH0Gial en-2-yl - 2-oxo- propyl )- phosphonic
acid dinmethyl ester (208 ng, 0.71 mmol) and NaH (60% by weight in oil, 26
, 0.65 mml) was reacted with

5-13-(2R-fornyl -5-oxo-pyrrolidin-1-yl)-propyl]- thiophene-2-carboxylic acid
tert- butylbu@lsé@ér ((28my)re'H MMBIEDOR) BY.79 ey 3H)37.65 (3,0 HPLF.52 (& 4H),dbby nmedi um

Et
B Fa TR (- b hondh o £ 7p o MBS RGT el b e A se Rt i8R my ) )
}- thi ophepg-23cai, tze»ym@(rmm 2 04.41-715(try PHE LA aaam 61@)) 1.5215,1964% ( CDCI 3)
87.79 (mﬁqug% %35 V' 7.47 (m 3H), 7.29 (m 1 H), 6.63 (m 2H),
6.22 (d X (mlH) 3.98 (s, 2H), 3.49 (m 1 H, 2.73 (m 1 H),
5/56;)2 ml Bdp D25384S 3(1%41&10&424 -h8pltthalert 2 butdi B5-bxd-pyrfatidirBHyll-prop@# (s, 9H);

- "EHP)? [ §431235G-ygrp¥rargthle I%ylpr opyl }-

5-{3-[2S-

é hi Ophgngbfa @&@Wmmmw pﬁ'@iﬂ}-thbbbdneezstaboxymmlm@mbtmtyl@stehel2{3r ocedur e
escri pe or

5 3- | 2R (U5, QHRIWEDIbR-Gapl 180 kS ob e ey TEASRI9 9h- OFTdTRED

1-y1'] - pr og¥kreddib® RIMRIE Wis GBIrE® dobm tmp@tatmtoraemwndwseaon¢m1@tadg 0. 353

| 20 hyd t ed f |l adi
on caitBon I Yesiltg e secss wsipuTtd by ermaila hBAnveE AR R GRAL DT °¢' U
chromat Ogréleméldé Jehe]{ltle%ﬁl%ﬁﬁﬁd &@é@d@sﬁ(@%ﬁg) ﬂHQWIIQ@ODCh) 57.78 (m,
5-{3-[25-(4-na hthalen- -yl - 3- g
pyrrol i d| B3H)- %63 (pr2bhyT 44 {m %’Bhéﬁé-('?* X‘é ﬁgﬁm’ HL 389 (Mo HRRMest er (144
/ . M8 7.30 1
) " 74 ?ﬂﬁ,) é%%)?fz?@@n(ms) 3l3b.(m 2@}32(1@111715% gHg ae 4(5?]3 (EVHMFg A 89(?1m
2. 735022 (MeH), 2.47 (m 2H) 2.26 (m 2H), 2.04-1.74 (m 4H), 1.53

(s Iil)i- 1.50 (m 2H) I\/55061(I‘é5ga}n|§g@8(l\41) Step C
5-{3-f2S- (3- Hydr oxy- 4- napht hal en- I-butﬁ/.{5 ) - 5- oxo- rroI|d|n

-yl | - propyl } 5- @stmm@ybawbamr@cydm B R){!f%]l 'E'Qtyé]rpmmﬂlé'l ogous to

t he procedure described for t!1E5<OI aml

5-{3- [25 (4- napht hal en- 2 yI- - 0X0- e f’-g-’oxo pyrrolldln 1-yl] 30
i-3-va3-DX eRMrEotidi prepYlln. 281 nmml )

was redu ed Tt 'ﬁexa QUSQEW&{%O&duPé‘HégcyE&HOPn by

medi um pr esst Bt oyt apmy OAc) provided-
5-{3- BS- (B@h}pﬂ#ZAg)Sﬂtéb B the anion derived from (3-biphenyl-3-yl-2-oxo-propyl)-

C hci 0t orroREDS AR 2847309 e LN D hgRBRTY &1,

(CDCl 3) 674029ng§ 0.0 Hhmol] was réactediwdjh 5-13-@R-fornyl-Etexo- pyrrnh;jln 1-yl)- propyl]
thiophene-2-carboxylic acid methyl ester (assumed 10.09 mmol) over 17 h.

Purification by medium pressure chromatography (solvent gradient 9:1
25  hexanes:EtOAc to EtOAC) provided 5-{3-[2R-(4-biphenyl-3-yl-3-oxo-but-1-enyl)-5-
oxo-pyrrolidin-1-yl]-propyl}-thiophene-2-carboxylic acid methyl ester (4.0 g). 'H NMR
(CDCls) 57.56 (m, 3H), 7.49 (m, 1H), 7.42 (m, 4H), 7.34 (m, 1H), 7.16 (d, 1H), 6.73
(d, 1H), 6.62 (dd, 1H), 6.22 (d, 1H), 4.11 (m, 1H), 3.88 (s, 2H), 3.82 (s, 3H), 3.54 (m,
1H), 2.79 (m, 1H), 2.73 (t, 2H), 2.36 (m, 2H), 2.20 (m, 1H), 1.76 (m, 3H); MS 488.1
30 (M+1),486.0 (M-1).
Step B: 5-{3-[2S-(4-Biphenyl-3-yl-3-oxo-butyl)-5-oxo-pyrrolidin-1-yll-propyl}-thiophene-
2-carboxylic acid methyl ester. Analogous to the procedure described for Example
2A, Step D, a mixture of 5-{3-[2R-(4-biphenyl-3-yl-3-oxo-but-1-enyl)-5-oxo-pyrrolidin-




(m 2H), 7.32 (d, 1 H, 6.76 (d, 1 H, 3.90 (m 1 H, 3.62 (m 2H, 2.98
(m 2H, 2.81 (m 3H, 2.34 (m 2H), 2.10 (m 1 H, 2.04-1.75 (m 2H),
1.70-1. 36v@m4B6), 1.52 (s, 9H); M 508.0(M+l). 5 Step DpCT/IB01/02073
5-{3-f2S- (3- Hydr oxy- 4- napht hal en- 2-yl =gt yl ) - 5- oxo- pvrrolidin-1-ell-propel}
- thiophene-2-carboxylic acid. To a solution of

5-{3-[2S- ( 3- hydr oxy- 4- napht hal en- 2-yl -

butyl )-5-o0xo-pyrrolidin-1-yl]-propyl}-thi ophene-2-carboxylic acid
tert-butyh yﬂsdr6;5 thidBherER-cAtb@d/Ac s ethyh eSeR(BI535(20.261mmel), 10% was added

TFA (0.19 At a7 |

t errp((ar at ulPé 'qddﬂm o3 Cﬂf%@%&%%?égﬁﬁ Q%@Jmlf)&sq%mygrogggg’teq.ﬁ r e%f dlrjzce)ovn\)as
Flu“ fe | ggnplp%ta ng@wof %X{eme (nibimehmem 3a5xbmmnﬁ)eagma:p¢wro(|ﬁn@g¢])propyﬁ pr0\|i||) de7t gg
(m 2. HoaRhenme-ponic ad PV whigh s edpinplt el BulBatoy - .70

(m 24, w?S%ﬁansZﬂdmmﬁiQ(m 3H), 232 (M 2H), 2.10-1.17 (m OH); M8
45?33[gg/w1 : M 1 anpl g, 3 .
5 -

t5hi{ gppgge'tl%o nQCQ‘cYérb » W&é(ﬁlﬂ §th Fbsi‘er Analogous to the procedure dlescrlbed for . N
-{3- (g% he I-%-yl-?- vrroli el | -propyl } -
t hi ophene E@%ﬂ%ﬁqﬁtq’%caﬂ%mﬁ( Tﬂﬂ%eééfee}q 3&?‘?3?”%6)0% X¢ Byffql.'g'” %ncedur e
?gs E ri Eed |r6H§" -tﬁl@g@f@@b&b&&hc ﬁl(ﬁﬁheﬁlﬁ/l édter (amsmdewaﬁ datbd wrth Na?E)BHE .

| pheny yl - 2- 0XO0- 0 oni ster ,
10. 091ﬁ1ml(¥74a'ﬁ'9 N&ﬁ"‘(’%@ ﬁé 84?(“ eﬁ‘pﬁﬁct‘,‘recf ol rrgE f'fé %’gbyn'ﬂ%ﬂ‘mwas rgact ed
with 5-[3 ﬁ@uf&%%ﬁat@ I@éﬁy gb{’f hé)angé: EtdAG’io)EtQA@pm’oinded $‘|-I{3}Eﬁ$e(ne 2- carboxylic

d nmeth t P b d
or essure m%‘%wf%g o SRR 8rerond- Hokiect EREe o f onc)
provi ded 5a {ef(1b689§‘)enM|Nl\ﬁ?)(¢D@ra)°8ﬁ3Wﬁ -31=r)€71¥(b Im, 5&H) 7. 17(d 1H),
0X0- pyrroI| hi ophene- 2- car boxyl j ¢ _aci ester (4.0
1H NNFB?Q@DG*BFZ??(Q )( 858w 1H)7 348 (heH i 0("?1 2(«#? :}iﬂ) 7.34 (m 1

1§6ngd71 %) §§Z§E izr% 210'(#)1 1&%%1(11?'5 &nl 4H), 1. ﬁoZ%(s((ﬁln 4H)H)H)31247%1(§,m

2H) '2.36 ((r$H)2M§5OQ12M+am 1 H) 1.76 (m 3H); M5 488.1 30 (|vi+1) 486. 0
(M1). st
5-{3-12S (& - 3-yI - 3- 0X0- bu -H5-0X0-p n-1-ell l}-thio
hene- 2- ca_iopmgg&mmm@a@_dﬁna&aoeg to tﬂﬁzﬂ"‘lf&@ﬁ@ qeécrtb}eg f?fr%@g’tm‘ff@'ggsir i bedp

£ o o (AeBEoRTE PRI o S prain LA o)) 12066
PCT/ 1201/ (BdpBene-B-tarboxylic acid ethyl ester (1.882°g, 3.72 mmol) was hydrolyzed w

NaOH (1M, 5.6 mL) in MeOH (100 mL) over 3 h under reflux to provide the title

compound of Example 3G (1.741 g). 'H NMR (CDCls) §7.66 (d, 1H), 7.56 (d, 2H),

7.40 (m, 6H), 7.17 (d, 1H), 6.82 (d, 1H), 3.85 (m, 1H), 3.63 (m, 2H), 3.02 (m, 1H),

2.86 (m, 3H), 2.72 (m, 1H), 2.36 (m, 2H), 2.11 (m, 1H), 2.01-1.75 (m, 4H), 1.71-1.35

25  (m, 4H); MS 478.1 (M+1), 476.0 (M-1).
Example 3H

5-(3-{2S-[4-(3-FIuoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin'-1 -yl}-propyl)-
thiophene-2-carboxylic acid
Step A: 5-(3-{2R-[4-(3-Fluoro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-vi}-propyl)-

30 thiophene-2-carboxylic acid methyl ester. Analogous to the procedure described for
Example 2A, Step B, the anion derived from [3-(3-fluoro-phenyl)-2-oxo-propyl}-
phosphonic acid dimethyl ester (3.236 g, 12.4 mmol) and NaH (60% in oil, 458 mg,
11.4 mmol) was reacted with 5-[3-(2R-formyl-5-oxo-pyrrolidin-1-yl)-propyll-thiophene-
2-carboxylic acid methyl ester (assumed 10.4 mmol) over 18 h. Purification by




1-yl]-propyl}-thi ophene-2-carboxylic acid nethyl ester (3.535 g, 7.25
nmmol ), 10% pall adium on carbon (750 ng), and EtOH (250 m-) was

hydr ogenav@d2/ax2660 psi for 2 h to provide PCT/IB01/02073
5-{3-[2S- (4- bi phenyl - 3-yl - 3- oxo- but yl J925- oxo- pyrrol i di n-1-yl ] -propyl }-

t hi ophene- 2- carboxylic acid nethyl ester which was used w thout further
purification 5 in Step C. M 490.1 (M+tl). Step C

5-{3-[2S- (4- Bi phenyl - 3-yl - 3- hydr oxy- but yl ) - 5- oxo- pKrroI i di n-1-vil-propyl}-
t hi ophenenduar ;bress;dre chmmattbgaaap’lyleltélsg gith 20%EtOde s hexanes to FVo EKRMNG e
descri bed. for 0 0

5-{3-[ 25- (“4“%‘?'5% @)""39‘1)4 %E%ﬁgc U ejuting with 20% acefangin tojueng fo 30%

propyl }-t bt:étodfeaheelaertﬁapsrbmlgd 543 &R - (ﬁﬁbhl;d—pmylarﬁ ox@-br61emp]-5-overs tr eat ed

th NaBH4 1 25 . mmpo t r 1 h.
\IIDMurlflcat P}Srﬁo'gél’ hg'%mlym%@gﬂ? C@FPr togr eth@%%?ﬁgégngiﬁ POOAC to
Et Oﬁc)g,lprg(gmdg)ct?%d m)';" X.47 (m, 1H), 6.92 (m, 3H), 6.76 (d, 1H), 6.60 (dd, 1H), 6.18

| phenyl - 3-

VTS o opf D et 5@%9@9«3’1%‘)@? B8 L BT+ 1 e

CDCl 3) 5 16 97!—117 d, 1 6.79 (d, 1 H, 4.27
gq ZHg EHZ&%W&F%Z@&Q Hmm o ) ( H).. . ( 3H)H) 15 2.71

4H), 1.31 thi& henécar IﬁﬁﬁbidLmé sterS&lﬁbdaUs o the procedure described for

phenvh

5-{3-[2S -3-v[-3-h di |
o aohr @h@efeﬂérqpcoé%(sd{zﬁﬂ&%éqaso RSB bl ProP )
5 {3 I[SSZA 4y D hentﬁToPh?ne-Z carbo lic acid methyl ester (2 959 6r8r70r|n:ncci>ll) ;vals - propyl}
20 thioph @Dgepf@é@ 16)!\% Igttlp%pregg'?c&of? % (§’d propy

Pydr ol yzg%qy'aft Bo pé\%ﬂi k. 1PM|f|c5t|<§h mmednanw&du(e]@ﬁom‘atograwﬁso% Etomnder ref | ux
O provide

he tit NVR ( CDCl 3
87.66 (d, |r1p§x%n¢sl nget@&\%?gplq?nlégdﬁ (g@%%gﬁfro-gé@ylz-%aoxg)lbu%l]'% %xogz( (d, 1) H .
3. 85 (13] JZD h‘Q)lldln?”i ?@ {)(d’ﬂylﬁﬂphéﬁef?zce(rlﬁﬁxylk ddid mefyB&térR.601d)., '"BNKR (m 1H),

et (mxszocaw@p ) ';)@X@wr@, 592 S, 670 (¢ 100 3823, 3y 6P, M B

5-(3-{25- [ (33?{{&{0{@”% ! )Hﬁz@x%omy blabx{ ]2H§ -0XDERYIH) 02 2T (.- |

-yl}-prop -car boxylic acid
5- ( 3- {2R— [211)(2304-”6«@1, AHB Y0 (T8 (M%&@z ?L(MM/)I f13c51 éMtﬂ)'pyrrol i din-1-yl}-prop
yl)- 30 thi : I@, 5 ds

|ved from

[ 3- (3201 udhiophsne wylick acie tethfo?reé%ﬂuﬁ‘?eg [bgsdPlr (3. 236
SEN éRf“fﬁéia?“pf% “%ﬁz oot i, ?K?”‘f'“?"?ap“@E’;%%%*“’ ‘.ﬂ’t‘mﬂ’fb’*é"ﬁ?@w*fﬁﬂxm e
aci d net hWro;a@ttblppreI@szjn@rt;OMC acigmsthyl @Sﬁ@r( fé 5 6.03jpinel) wae ,rqﬂqfegy
with NaBH,4 (114 mg, 3.01 mmol) in MeOH (30 mL) at 0°C for 3 h. Purification by
medium pressure chromatography (EtOAc to 2% MeOH in CH,Cl,) provided 5-(3-
25 {28-[4-(3-fluoro—pheny|)-3-hydroxy-butyl]—5-oxo-pyrrolidin-1-yI}-propyI)—thiophene-2—
carboxylic acid methyl ester (2.43 g). MS 434.0 (M+1).
Step D: 5-(3-{2S8-4-(3-Fluoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
thiophene-2-carboxylic acid. Analogous to the procedure described for Example 2A,
Step E, 5-(3-{2S-[4-(3-fluoro-phenyl)-3-hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
30 thiophene-2-carboxylic acid methyl ester (2.43 g) was hydrolyzed with 2N NaOH in
MeOH (30 mL) over 18 h to provide 5-(3-{2S-[4-(3-fluoro-phenyl)-3-hydroxy-butyl]-5-
oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid (2.06 9).




WO 02/ 42268 PCT/ 1B01/ 02073 -92 medi um pressure chromatography eluting with
20% Et CAc in hexanes to 80% EtQAc in hexanes followed by a second col um
el uting woh2/20288 acetone in toluene to 30% acetone in toPOEM1IPL@3i ded
5-(3-{2R-[4- (3-fl uoro-phenyl) - 3- oxo- bt83-1- enyl ] - 5- oxo-
pyrrolidin-1-yl}-propyl)-thi ophene-2-carboxylic acid nethyl ester (2.95 g).
IHNWR 5 (CDC13) 87.60 (d, 1 H, 7.27 (m 1 H, 6.92 (m 3H), 6.76 (d, 1
H), 6.60 (dd, 1 H, 6.18 (d, 1), 4.12 (m 1 H), 3.83 (s, 3H), 3.80 (s,
.3.56 E:1S im%aBaf -(6-{2B-[Mh(3-Fora-plignyl)- -hRifyl 2.22 (m 1

5. ( 3. { 5. lic gcid. énalo%ous tcr) Fhoel praoeduie yl }-propyl)-
t hi ophenedadssiaed @x ExampiedDd smmw (3e{QSe[4 (3 #Numb@gemet) -3-bydrivgy-putgEedur e

St (o pASpgTaRoT T BeMHoPBe iR 5 s thoslioaris 2.088 854988 s was,
\}vaglil %):gpzé%-:ide\kgtmél%@ @mgﬂdoqiejofi!rmnalg:todﬂemmeydodmm@ﬂ c((;mefmleg 3m8(7)nmm')
Car bon ( SSomPHgY SHEEEPRH 1 NaAR (ChbS pT B8 RF O 26,88 i PR Ty

(3 2o D e e ] ?ﬁgyﬂgmmm 270 m
pyrrolidi %Hi’-%l:ﬁ(}%r%ﬁyf 'ﬁlﬁ'ﬁh%ﬁ Zﬁc@{l? ylic acid nmethyl ester (2.60 g).

1H NVR (CDCI3) 67.60 (d, 1 H), 7.Eearhle 3L H) 6.92 (m 3H), 679(d 1 H) ,
3.82 (s, 3H),
2.80 65 , 2H)S,-(3-z{.2a§.4i4rl5ﬂprH21etwl)z&hyﬁfowzhlbtvﬂ -5-059- Py("’r;’]é'dt“rﬂH{’!}FlBr°P§') 50 (m 2H)

M5 432.2 (Mrl), 430.1 (M1) ngaz-carboxyllc acid
5-(3-12S-[ 4- (3 FI uoro phenyls r oxy- bu yII-5 oxo-pvrrolidin-1-yl}-propy
1)- 20 thiStg | gnyIH3-ewe-hyt-1-sRvld-oxouparaidindsVIkefop¥ls procedure

descri bed[tﬁg ér%g E—?—c: &vﬁc%mﬂn@%y%ster A?a? ous to the procedure descrlbed for

5-(3-{2S O- pienyl ) - 3- 0X0- D -5- 0x0- pérro idin-1-yl}-
propyl ) - t lExamipErA, &emebayhlonda@\le@ fram I3y(-att-ghe 26@<°gpf°BY'b3 mol ) was

Lﬁ?f; ﬁg at nghhg%%% él(dliétﬁ |"Ster €27gf]rn 15 rhﬁog%WNQﬁ%@%ﬂ/ vitdig e dipr 3 h.

ressure Ir onat ogr fo 2/o|\/e0—||n
CH2CI 2) prdduhgleld0 Bma®l)2&s reacted W|th 5-[3~( 2R—formy| 5 oxo-pyrrolldln 1-yl)-propyl]-

2S-[ 4- ( 3- 1- 1)-th
! ophene. o MpHEIE AN dad RSN e tblupmer QHORKIAG, 18 8- Wﬁ'ﬁ Psren b
5- (3-{2S- [m.flaatﬁhmmmpmssurechmamramw|hesaraﬁseﬁtﬁé\prt@ﬁ QARG 1-yI } - pr opy

B(;I thi Opheé‘\?<§2d %@&%{X'(ﬁ St EbItnyHA20RRIS enPi1-B R BYRERIH G- BRspyIH bed for
npl e
5 (3 085 [ifhopRericl ncaonticayd nefhgsien?y? b yTH NEIROEEGy) 57 §Pi(@éi ¥il)a.- y1 } - pr opy
2N NaGH | 7 TR 3R 3628 W T o o (bR 16T APk 103, Mipiaiarzed w1
5-(3-{2S[(4; :{h'b‘rﬁms @HY, 858/ (), -134) 5. a8 (ry3HLL.$P (&, 2H), 2.36 (M, 2H), 2.19 (m,
oxo-pyrrol fdi no oyl 3P4 98 Al MSRAS A tmencar boxylic acid (2.06 g).
Step B: 5-(3-{2S-]4-(4-Ethyl-phenyl)-3-oxo-butyl]-5-oxo-pyrrolidin-1-yl-propyl)-
25  thiophene-2-carboxylic acid methyl ester. Analogous to the procedure described for
Example 2A, Step D, 5—(3—{2R—[4-(4-ethyl-phenyl)-3-oxo-but—1-enyl]-5-oxo—pyrrolidin-
1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (227 mg, 0.517 mmol) was
hydrogenated in MeOH (30 mL) in the presence of 10% palladium on carbon at 50
| psi for 1.5 h. Purification by medium pressure chromatography (1:1 hexanes:EtOAc
30 to EtOAc) provided 5-(3-{2S-[4-(4-ethyl-phenyi)-3-oxo-butyl]-5-oxo-pyrrolidin-1-yi}-
propyl)-thiophene-2-carboxylic acid methyl ester (119 mg). "H NMR (CDCls) 57.62 (d,
1H), 7.16 (d, 2H), 7.10 (d, 2H), 6.81 (d, 1H), 3.84 (s, 3H), 3.65 (s, 2H), 3.63 (m, 1H),




WO 02/ 42268 PCT/ 1B01/ 02073 -93 Step E: Sodium salt of
5-(3-{25-[4-(3-Fluoro-phenyl) - 3- hydr oxy-butyl I - 5- oxo-
pyrrol i diwe b2/y12p8 pr opyl ) -t hi ophene- 2- carboxylic aci d. AnaPOTyoRM/02@3t he
procedure described for Exanple 2D, S4p E,
5-(3-{2S-[4-(3-fluoro-phenyl) - 3-hydroxy- butyl] 5-
oxo-pyrrolidin-1-yl}-propyl)- thlophene 2-carboxylic acid (2.058 g, 4.905
nmol ) was 5 reacted w th NaHCO3 412r’rg 4.90 to yield the sodium
§al2 E ?f t 134 (M, 116), ZShimaiit, 280 AhpPE23H, 2H)+2r{ﬁ/ﬁ“(%hbsé§¥ @728 (d, 1 H)),
m 1.78 (M4 4 HP 153 ( 8H), s 6m1,367m1
[20 (DAt 2608 dodishegann 100 367 (n L
1.98-1.28 er{éﬁthvwhemvl) 3 hvdroxv-butvl] 5-oxo- pvrrolldln 1-yl}- propvl)—
)5-(?h{ 22 [ﬂ%o LIV ARRON it Vég’cé}xh(né?b’édds]to BreDrOcddvife ddschbiedfér y! } - pr opy!l
5-(3-{8R [E«a(r@leaB]ﬁterﬁeﬁrf/?r §283[4dﬁ@1hyhphelwl=}1$yq>10 il oxsrpyretidiaiind1- yi 3 - propy
1) thi Oprb?%b&l)%@)%@ﬁ&\%ﬂéé&ﬁo@é Qm(gﬁ{et}w ef&!(§69 n@nélzgg%h%l)t\ﬁaérléauﬁdocedur e

descri bed anion dérived from

[ 3- (4- et hwuthm@w@nm @ﬂ@zmnmpl ln]M@*%%bﬁfcﬁ?de&quﬂltWF@myﬂe 8Edr (274 ny,
0. 915 mm'r%é%ﬂﬁcmﬁbg/ e@w %JFtCHlL é/r? h}/l(J} 1% HesQé{dN?E%Etdﬁc% react ed

with 5-]3- - 0X0- - thiophene-2-carboxylic
aci d met hydrovideides- (q%s[af(é@trwl menwrhﬁfr)ydwwbuty 5I'PX0 WUPilq*n—&"é{{}TP&PYBy medi um

pressulgg [ctaoo%t(?% rB%’F?éég‘?'%"%?’ﬁﬁQS% ﬁgg HCN gq)g)%;ls gfr?'é ﬁn 1-yl}-propy

1) 20 thi apteee2R), Fartdxdt), 6.84dd.di HEd.BY (s, élslb @77((227”1}1}'2) 62 (m ANFB.0TDC 3)
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Example 3J
5-(3-{28-[4-(4-FIuoro-3-methy|-phenyl)-3-hydroxy-butyl]-5-oxo-pyrro|idin-1 =y}
propyl)-thiophene-2-carboxylic acid

25  Step A: 5-(3-{2R-[4-(4-Fluoro-3-methyl-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-
yvil-propyl)-thiophene-2-carboxylic acid methyl ester. Analogous to the procedure
described for Example 2A, Step B, the anion derived from [3-(4-fluoro-3-methyl-
phenyl)-2-oxo-propyl}-phosphonic acid diethyl ester (273 mg, 0.903 mmol) and NaH
(60% by weight in oil, 41 mg, 1.01 mmol) was reacted with 5-[3-(2R-formyl-5-0xo-

30 pyrrolidin-1-yl)-propyl]-thiophene-2-carboxylic acid methyl ester (assumed 1.01 mmol)
over 18 h. Purification by medium pressure chromatography (20% EtOAc in hexanes
to EtOAc) provided 5-(3-{2R-[4-(4-fluoro-3-methyl-phenyl)-3-oxo-but-1-enyl]-5-oxo-
pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (174 mg). "H NMR
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2.62 (q, 2H), 2.43 (m 2H), 2.31 (m 2H), 2.06-1.79 (m 4H), 1.48 (m 2H),
1.21 (t, vebp2/4d9m8 442.2 (M+l). Step C PCT/IB01/02073
5-(3-{2S-[4- (4-Et hyl - phenyl) - 3- hydr oxy®dbut yl | - 5- oxo- pvrrolidin-1-yl}-propyl
)- thiophene-2-carboxylic acid nethyl ester. Anal ogous to the procedure
described for 5 Exanple 2B, Step C, ’
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reacted wi té}, %&&g&%&{o@&%ﬁ 981, Bing, 0.132 mmol) in MeOH (10 i) at 0°C

pyrrolidin- ropy ene- -carboxylic acid nethyl ester (assuned
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hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester
(80 mg). 'H NMR (CDCls) §7.59 (d, 1H), 6.98 (d, 1H), 6.93 (m, 2H), 6.80 (d, 1H),
3.81 (s, 3H), 3.74 (m, 1H), 3.60 (m, 2H), 2.99 (m, 1H), 2.82 (t, 2H), 2.72 (m, 1H), 2.54

25  (m, 1H), 2.33 (m, 2H), 2.22 (s, 3H), 2.08 (m, 1H), 1.96-1.32 (m, 8H); MS 448.1 (M+1).
Step D: 5-(3-{2S-[4-(4-Fluoro-3-methyl-phenyl)-3-hydroxy-butyll-5-oxo-pyrrolidin-1-
yl-propyl)-thiophene-2-carboxylic acid. Analogous to the procedure described for
Example 2A, Step E, 5-(3-{2S-[4-(4-fluoro-3-methyl-phenyl)-3-hydroxy-butyl]-5-oxo-
pyrrolidin-1-yi}-propyl)-thiophene-2-carboxylic acid methyl ester (80 mg, 0.179 mmol) ‘

30 was hydrolyzed with 2N NaOH in MeOH (6 mL) over 18 h to provide the title
compound of Example 3J (56 mg). 'H NMR (CDsOD) 57.58 (d, 1H), 7.08-6.98 (m,
2H), 6.90 (m, 2H), 3.69 (m, 2H), 3.55 (m, 1H), 3.04 (m, 1H), 2.84 (t, 2H), 2.67 (m,
2H), 2.31 (m, 2H), 2.21 (s, 3H), 2.11 (m, 1H), 1.98-1.27 (m, 7H); MS 432.4 (M-1).




pyrrolidin-1-yl}-propyl)-thi ophene-2-carboxylic acid nethyl ester (174 ny).
1H NVR WO 02/ 42268 PCT/ 1B01/ 02073 -95 (CDClI3) 87.59 (d, 1 H, 6.97 (d, 1
H)y, 6.93wap2/21%8 6.76 (d, 1 H, 6.60 (dd, 1 H), 6.18 (d, PCl/aBdu/o2ey311 (m 1
H, 3.82 (s, 3H), 3.73 (s, 2H), 3.56 (8- 1 H, 2.82 (m 1 H, 2.77 (t, 2H),
2.36 (m 2H), 2.22 (s, 3H, 2.19 (m 1 H, 1.78 (m 3H); M 444.2 (MW1);
442.2 (M1). Step B:
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met hyl est(®¥1). (80 ng). 1H NIVR (CDCI3) 87.59 (d, 1 H, 6.98 (d, 1 H) 6. 93
(m 2H), : . .99 (m
1 H, 2. 82— 7 : 2 22
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descr i2ped 2c @frboﬁdi@alﬂh meﬂﬁd estbre(POEMg, 0.741 mmol) was hydrogenated in MeOH (30
FSJyE ?ol{ |2(?| fnl). 'Glt}{el F%%‘%VF)OF? A’%B“?gﬂg‘qén garia%iﬁqoorﬁgam SJ ﬁ)ﬁi ﬁ)ﬁg-st er (80 nm,
0. 179 mmolPuriBativhdyhyetiurh prsdurei(t:h hakadaEHOAD tdEIOAJ) 6ravid)ad &v{82-080-h to
}i)r |C_)|;“ de t {%%)lo?ﬁphe Wblﬂﬁ?pyrrollgﬁ%qﬁf propy:‘} ﬁ?o%hgﬁg 2- wﬂo%%aglg%ml 67.58 (d,
| ester (235 mg). "H NMR (CDCls) 57.62 (d, 1H), 7.35-7.18 (m, 5H), 6.81 (d, 1H), 3.84
25 (s, 3H), 3.69 (s, 2H), 3.62 (m, 1H), 3.48 (m, 1H), 2.94 (m, 1H), 2.80 (t, 2H), 2.43 (m,
2H), 2.26 (m, 2H), 2.04-1.78 (m, 4H), 1.48 (m, 2H); MS 414.1 (M+1).
Step C: 5-{3-[2S-(3-Hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yll-propyl}-thiophene-
2-carboxylic acid methyl ester. Analogous to the procedure described for Example
2B, Step C, 5-{3-[2-0x0-5S-(3-0x0-4-phenyl-butyl)-pyrrolidin-1-yl]-propyl}-thiophene-2-
30 carboxylic acid methyl ester (235 mg, 0.569 mmol) was reduced with NaBH, (11 mg,
0.284 mmol) in MeOH (7 mL) at 0°C to room temperature over 2 h. Purification by -
medium pressure chromatography (30% EtOAc in hexanes to EtOAc) provided 5-{3-
[2S-(3-hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-yl]-propyl}-thiophene-2-carboxylic




H, 6.90 (m 2H), 3.69 (m 2H), 3.55 (m 1 H, 3.04 (m 1 H), 2.84 (t,
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acetone in toluene) provided 5-(3-{2R-[4-(3-chloro-phenyl)-3-oxo-but-1-enyl]-5-oxo-
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pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (2.63 g). 'H NMR

(CDCl3) 87.59 (d, 1H), 7.23 (m, 2H), 7.16 (s, 1H), 7.04 (m, 1H), 6.76 (d, 1H), 6.60 (dd,
25  1H), 6.17 (d, 1H), 4.12 (m, 1H), 3.82 (s, 3H), 3.78 (s, 2H), 3.56 (m, 1H), 2.87-2.75 (m,

3H), 2.45-2.28 (m, 2H), 2.21 (m, 1H), 1.78 (m, 3H).

Step B: 5-(3-{2R-[4-(3-Chloro-phenyl)-3S-hydroxy-but-1-enyll-5-oxo-pyrrolidin-1-yl}-

propyl)-thiophene-2-carboxylic acid methyl ester. To a solution of 5-(3-{2R-[4-(3-

chloro-phenyl)-3-oxo-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic
30 acid methyl ester (2.63 g, 5.91 mmol) and (R)-2-methyl-CBS-oxazaborolidine (1Min
toluene, 5.9 mL, 5.9 mmol in CH.CI, (140 mL) at —45°C was added catecholborane
(1M in THF, 17.7 mL, 17.7 mmol) dropwise. The reaction mixture was stirred for 18 h
and MeOH was added. After stirring for 18 h, the volatiles were removed in vacuo
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arboxylic WO 02/ 42268 PCT/1B01/ 02073 -987 acid nethyl ester (177 ng). 1 H
NVR (CDCI 3) 87.70 (d, 1 H, 7.32-7.16 (m 5H), 6.79 (d, 1 H, 3.80 (m
4H), 3.60 (m 2H), 2.99 (m 1 H), 2.80 (m 3H, 2.62 (m 1 H), 2.32 (m
2H), 2.09 (m 1 H), 1.97-1.32 (m 8H); M 416.0 (M+tl). Step D

5- { 3- [ 2S- (ahdpECWastdibenYhe drgbic solbtiaxwapwashedivdihreold 1N NaOH (3

;jg lsl:r P[)gget%rﬁq T)Eig\gﬂgf évayAanépﬁrgé b‘Pr)fei/;organlc‘%1 Shfnor el (?r%(aliﬁlgts&)t higrB4 ocedure
{ 3- [ 2S- ( 3- dnasoprentrhtdal eMyi hcehiuh Wl meatiumn presyure ehiothiatogtagHy] (4dr opyl } - t hi ophene-

NacH P‘SXVNLF@% %éﬁlﬁ%gé‘%'ﬁ M BoRED e (T erd stV Exampl o ‘oK

(132 ). AHENNVBy-HUED3RER)-5%ko Pyrrondin-1-yBoropll) 2iephehé-2 carb&tyic ac(id 88 (d, 1 H),

3 75 (m 1 quylﬁqjer%#ozgg)(qﬁlgnﬁ%pm@natg 1%)51‘ ra% 5838 gl} %@Eéﬁ]dﬁt{r‘%{?méﬁﬁ 2 ﬁ/fS
402 2 (IVHt) 1I—F|1QI0IR41I-(NM3?) cd@@mabe (SLHD; 1.31 {ra%H)4703(rﬁh1H) 6.80 (d, 1H),

Lol Spﬁgﬁgy'@%%m v s ) 38 AL 401 T, ) 3 8206, ) SBY h 1m,
5-(3- {2R-[é184§~7@f(hpsﬂy @hﬂm’té (ra; mozbsf(mlﬂmlsb 125@p9-4pYyr rol i din-1-yl }-prop
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5-(3- {@R [31.8'(311 1H), 3.62 (m, 2H), 301 (m, 1H), 2.84 (t, 2H), 2.77 (m, 1H), 2.65 (m, 1H),

chl or o- ph x e ] yrrolidin-1-yl}-propyl)-thi ophene-2
- car boxyl |%]¥§%fna0| 918%31%%2?25‘@%%}@ 5.91 mmol ) and

{2 : gininenyl}-3R4hydroxy-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-
thloghene-Z-carboyllc acid. Analogous to the procedure described for Example 2A,

Step E, 5-(3-{2S-[4-(3-chloro-phenyl)-3R-hydroxy-butyl]-5-oxo-pyrrolidin-1-yi}-propyl)-
25  thiophene-2-carboxylic acid methyl ester (504 mg) was hydrolyzed with 2N NaOH in

MeOH (20 mL) at 50°C over 4 h to provide the title compound of Example 3L (338.6

mg). 'HNMR (CDCls) §7.68 (d, 1H), 7.22 (m, 3H), 7.08 (m, 1H), 6.84 (d, 1H), 3.80

(m, 1H), 3.64 (m, 2H), 3.01 (m, 1H), 2.82 (m, 4H), 2.64 (m, 1H), 2.38 (m, 2H), 2.12

(m, 1H), 1.92 (m, 3H), 1.66 (m, 1H), 1.57-1.19 (m, 3H). MS 436.1 (M+1), 434.2 (M-
30 1)



toluene, 5.9 nm, 5.9 mmol in CH2Cl 2 (140 nL) at -45C was added

catechol borane (1 Min THF, 17.7 niL, 17.7 mmol) dropw se. The reaction

m xture weQ@oz#2s8 ed for 18 h and MeOH was added. After spCTaBm®2470r 18 h,
the volatiles were renoved in vacuo W3982/ 42268 PCT/ 1B01/ 02073 -98 and
CH2Cl 2 was added. The organic solution was washed with cold 1 N NaOH (3
tinmes), 1 N HCI, water and brine. The organic solution was dried (MjSH),
filtered and concentrated. Purification by medi um pressure chromat ography
(1:1 hexanes: Et OAc to 80% Et OAc iEP(ﬂmgﬁéé) provi ded

gS( ﬁyf:er('?xg/ f{zﬁ% I-Bﬁdpw k?tp@ru P 5?'“%“‘X' Rh ‘?)'b“t¥ﬂy|3x°"?h’"°' dtlanr;é- 2} car boxyl i
c acid net hyI est er (870 prgbyl)aﬂnwhemppﬁroa«bnuylmamdl rati o of 3S: 3R al cohol
di astereo BLS A 3 __l_H)l,H)7 07
m 1 , .
%1 01 |(_|) lr;) -tﬂt Be 652-08 I|8a5id | Btk Anabg%i@tﬂeﬁpf@m&dm 2.44-2.28
2H), 2,18 1 1 6
5m( 3-{25 [%SEQA%HPB?Q’B‘H%E& §"e%§ %%&“@%’ ?‘%c/)fr?m§£8§°'3'6§i YoV y1 3 - prop

el) - thi opsreng)-gropsil-bhosphbsic acid dinmathi pbter (5.@26. g, A ragol) and dlatH{@0%r ocedur e

gescrs D8 4 o ) B by BB oy o

enyl ] - 58?6[5%@}@#‘1—0Lylﬁbrﬁpﬂ}thbl})h@fecmoérbeiym ﬁmmﬂeeaeﬂ@mem &&nmhoh)et hyl
ester adi um on car,bon was
hydr od nat%’& g rﬂ’i'gfltlggf"s)g%ﬁ? 'JEF“ RIPSSYF upmp raghg??sljﬁgc%e%er 'BSQH%R% on was
repeat ed_usi2o®, ddeforien edluch@ypropidéd a¢3—l{mbm5RQ:B-me(@JtrlﬂﬁoﬂameEhyr—| fication by

di h ded
e (o125 [oheF orr B mai - SRRy Ot o par o ach ety &t 4
5- 0X0- pyrra'oztb)nlklNMF} © 35'7)61t<@|1<|>9h7es43(d249|é;1r7b43<w lzr-l)amﬂ(dmﬂhﬂ?gester

(504 m:J) *8 m 6.82
(0t @ ) b ee G TH b8 B IHE A 1ot H) 3. 80 e A, Sl s B3 blimy [ 5 64
t, 2 24177 , 10 1

(1 - ;1)543 *rl-z)1 2@%2733@ 3#!%23589.@11 (h, 201), 22%(3519)711 &, 32).10 (m H)

5- (3 {28-[ D) s.'i'n" 'S”"u "‘"L' ul2 gL i. 5 L_"n! di n-1- y|} prop

yl ) - f hi gg&mgﬁn %E&Wth@pﬁ&iedz cdx\B@M@Qéié niethyl BSed NASIBESLIsGo ERsCr i bed for
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5 (3-{25 Mo?eﬁuﬁlqi%ﬁcﬂb%@h§¥§ml§ﬁzﬁy§t€6>@y5d§t{§1°]@ BRIZ®x¢1(Bol i di n- 1-yl }- prop

1) 25 thigpheas . MBSy I d
\>I/VI % h 2N N:';O—I i n off @reh%uutme pgrrgﬁﬁor{\jeerl}%’ﬁé@[) tﬁlgé}ge\?lg%%ct he Wﬁde) >c/grerpound
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2.82 (m 1.
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1N HCI and the mixture was stirred for 40 minutes. The organic solution was washed

consecutively with ice cold 1N NaOH (3 times), 1N HCI (1 time), water (1 time), and

25  brine. The organic solution was dried (MgSQ,), filtered, and concentrated.
Purification by medium pressure chromatography (10% acetone in toluene to 20%
acetone in toluene) provided 5-(3-{2R-[3S-hydroxy-4-(3-trifluoromethyl-phenyl)-but-1-
enyl]-5-oxo-pyrrolidin-1-yl}-propyl)-thiophene-2-carboxylic acid methyl ester (3 g) as
an approximate 4:1 ratio of 3S:3R alcohol diastereomers by 'H NMR. "H NMR

30 (CDCls) 87.60 (d, 1H), 7.50 (d, 1H), 7.41 (m, 3H), 6.79 (d, 1H), 5.70 (dd, 1H), 5.48
(dd, 1H), 4.41 (m, 1H), 4.00 (m, 1H), 3.81 (s, 3H), 3.50 (m, 1H), 2.86-2.77 (m, 5H),
2.42-2.26 (m, 2H), 2.16 (m, 1H), 1.81 (m, 2H), 1.72-1.54 (m, 2H).



30 1). WO 02/ 42268 PCT/ 1B01/ 02073 -99 Exanple 3M

5-(3-{2S-[ 3R-Hydroxy-4-(3-trifluoromethyl - phenyl)-butyl]-5-0xo-pyrrolidin-1
-yl }- propgbd4268 ophene- 2- carboxylic acid Step A PCT/IB01/02073

5- (3-{2- Ox0- 5R- [ 3- 0x0-4- (3-trifluor omet¥l - phenyl ) - but - 1-enyl | -pyrrolidin-1
-vl}- 5 propyl)-thiophene-2-carboxylic acid nethyl ester. Anal ogous to the
procedure described for Exanple 2A, Step B, the anion derived from

[ 2- ox0- 3-( 3- trlfluoroneth I- -propyl] phosphonlc acid di nethyl ester
(5.026 g, SEPE: HrBH2SH ‘ phenylutyll-Srexo-pgrolidia-1s ol ) was

reacted w g ﬁéﬁ 2DIBAHb 'led methyl ester. Analogous to the procedure
pyrrolidin=I- ene- 2- nmet hyl ester (assuned

Thi
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trifl uor ongodyin; e85 )b AH), 2 Zniym, HHR2:340(m, @H)-21§ (.- o bPB8Y148Himephene- 2- ca
rboxylic agiﬂ 20 nethyl ester (2.63 g, 5.91 mmvl) was reduced with

cat echol boPahe (1 Min THF, 18.8 ni, 18.8 rrrml) in the presence of

(R) - 2- met hgt fERHYHIoo ] )-Bdxavbyrrdddiod- nmol ) at

m i’&?l%ﬁ@@%ﬁ@i@@%ﬁ%&&%@e?ﬁﬁg&%& SRSl il o0 e
consectd i vEkampie RA, Step E(;GL(G {ZSJBBmaﬁ-bW?A-(a-mMrométhM M@Inylo-builyl] feoxo- wat er (1
tinme), and_ 2 ut. on. filtered, and

concentr at B)H"O??i[]r |’3fq} %rgp BW'OS 8 'gicaﬁ*."@ﬂ'%g'ﬂmﬂ’@e%@ﬂ%%g 6% (10% acet one

I Nt ol uenenhydvolfUowith@N Na@Hl im Me@iHi@0enL )2t mondiechperature over 24 h to
enyl ] - 5- ox BEHSE N YRRy oS B REhc AU GBE 1528 et ny)
ester (3 gy.5a5.383F, aPresd (Rt E),8.85 (Rt HY 383 @528 3102 gholH)d2.85(my eoner s by
(6. 1% T alrg B T3 @k, 4 Ben a2 s py N 40 2Bt B T 1y
81 (s, 3hBg2@a® (m 1 H, 2.86-2.77 (m 5H),
Example 4A
5S-(3-Hydroxy-4-naphthalen-2-yl-butyl)-1-[6-(2H-tetrazol-5-yl)-hexyl]-

pyrrolidin-2-one

25  Step A: 7-(2R-Formyl-5-oxo-pyrrolidin-1-yl)-heptanenitrile. Analogous to the

procedure described for Example 2A, Step A, 7-(2R-hydroxymethyl-5-oxo-
pyrrolidin-1-yl)-heptanenitrile (150 mg, 0.67 mmol) was oxidized to generate 7-(2R-
formyl-5-oxo-pyrrolidin-1-yl)-heptanenitrile which was used in Step B without further
purification. .

30 Step B: 7-[2R-(4-Naphthalen-2-yl-3-oxo-but-1-enyl)-5-oxo-pyrrolidin-1-yi]-
heptanenitrile. Analogous to the procedure described for Example 2A, Step B, the

anion derived from (3-naphthalen-2-yl-2-oxo-propyl)-phosphonic acid dimethyl| ester
(196 mg, 0.67 mmol) and NaH (60% by weight in oil, 27 mg, 0.67 mmol) was
reacted with 7-(2R-formyl-5-oxo-pyrrolidin-1-yl)-heptanenitrile (assumed 0.67 mmol)



2.42-2.26 (m 2H), 2.16 (m 1H, 1.81 (m 2H), 1.72-1.54 (m 2H). WO

02/ 42268 PCT/ 1B01/ 02073 -100 Step C

5- (3-{2SWa R/ oxy-4- (3-trifluoronet hyl - phenyl) - but vl | - BeDx@P20730!1 i di n-1
- yl}-propyl)-thiophene-2-carboxylic atdd nmet hyl ester. Anal ogous to the
procedure described for Exanple 2A, Step D, a m xture of

5-(3-{2R-[ 3S- hydr oxy- 4- ( 3-
trifluoronethyl-phenyl)-but-1-enyl]-5-o0xo0-pyrrolidin-1-yl}-propyl)-thiophen
e 2 5 car hewey ho . duiriéicatieh iy Imeiidrapréssug) chrodatb@Pappp(1: & tiexanesrEtOAcbon (400

Me i P h for 16 h.
Pur| :‘ |ncat ?rﬁé )P@H'%ﬁi\?g?% ‘g' &'%B%I %é‘ﬁ'g‘ > &%q(%@)%@cyn% d'ﬁ(?;(ance); to
EOE%BEE g)éc 3', Rhehﬁ%ﬁmmlé)(ﬂpg@?” UﬁilMR (CD(t:I?1 ) 87.79 (m 3|H ), 7.67 (m 1H), 7.46 (m,

- - r rifluoro - 5-
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pyrrol i d. V.47 Gne2145 790, i), 3.85 (s, 2H) 351 (m 2H), 2.81 (m, 1H), 248 (m 2H )

7- 2R 1t th
pr(()ce ure des@“io dﬁ%gg(mqu?rg égﬁ)‘r@feﬁ)haxﬁln%h g@wg\?@%ng?%yld'oS oio-
pyrrolidi M=ty 38%e(dd-dhenitrile (150 ng, 0.67 rrm)l ) was oxidized to

generate TggiR: 7L 08 MY Ay i idrfo ﬂumyb)oxa%%ama Ll e which vas
used in St W tout Tt ur ther rfrcact omn.
7- [ 2R- ( 4- Negptaresiteln- anwgqess@memmchtmyles)cnsedﬁmﬁzamptﬂ 231|S’ieaCyV+ -
gept ﬁge“' t o5l @:napRRbRASA- 3L o iRy IRE AE PRI S SN HRpRnEREE @ mLEe 2A Step
’ 20  0.108 mmol) was reduced with NaBH, (4 mg, 0.11 mmol) in EtOH (20 mL) at room
temperature for 3 h to provide 7-[2S-(3-hydroxy-4-naphthalen-2-yl-butyl)-5-oxo-
pyrrolidin-1-yl]-heptanenitrile (40 mg). 'H NMR (CDCl,) §7.80 (m, 3H), 7.65 (m,
1H), 7.46 (m, 2H), 7.33 (d, 1H), 3.92 (m, 1H), 3.59 (m, 2H), 3.03-2.78 (m, 3H), 2.35
(m, 4H), 2.12 (m, 1H), 1.81 (m, 1H), 1.68-1.40 (m, 11H), 1.28 (m, 2H); MS 393.1
25  (M+1).
Step E: 58-(3-Hydroxy-4-naphthalen-2-yl-butyl)-1-[6-(2H-tetrazol-5-yl)-hexyl]-

pyrrolidin-2-one. A solution of 7-[2S-(3-hydroxy-4-naphthalen-2-yl-butyl)-5-oxo-

pyrrolidin-1-yl]-heptanenitrile (39 mg, 0.0994 mmol), azidotrimethylsilane (150 mg,
1.30 mmol), and dibutyltin oxide (25 mg, 0.10 mmol) in toluene (15 mL) was heated
30  under reflux for 19 h. The reaction mixture was cooled and was acidified to pH of 2
with 1N HCI (5 mL). The volatiles were removed in vacuo and the aqueous solution
was washed with EtOAc (4x10 mL). The organic solutions were combined, dried
(MgSO0,), filtered and concentrated. The residue was purified by preparative thin
layer chromatography (9:1 EtOAc:MeOH) to provide 5S-(3-hydroxy-4-naphthalen-2-



ani on derived from (3-napht hal en-2-yl - 2- oxo- propyl ) - phosphoni ¢ aci d

di nethyl ester (196 ng, 0.67 mml) and NaH (60% by weight in oil, 27 ng,
0. 67 mMmoIWO wa42268 eacted with PCT/IB01/02073

7- (2R-fornyl - 5- oxo-pyrrolidin-1-yl)-hepdZanenitrile (assumed 0.67 nmmol) WO
02/ 42268 PCT/ 1B01/ 02073 -101 over 19 h. Purification by nmedi um pressure

chromat ography (1:1 hexanes: EtOQAc to Et QAc) provided

7- [ 2R- (4- napht hal en- 2-yl - 3- oxo- but - 1- enyl ) - 5- oxo- pyrrol i di n- 1-
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pal I adi um on - carbon (50 ) for 3 h. Purification by nmedium

pressure (Step A:HeRRAA<316 sthvl-oheny)nk-exg-bidl -enyll-5-oxo-pyrrolidin=1-yl}-
7-[ 2S- (4- ngpht hakiel: Andibgot O&S(?heb Eéc)uréd@é%?ibed for Example 2A, Step B, the
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rcl:ept751nen| t ko oveP2h RO Pt ftioh B nREFE PHsSudESFohaBgrabRy (FXxampl e 2B, Step

[ 25- (4- naphexaabesRiQAY to BOMcdo il YePHEn StbChyte Bt MaOilin GH-Llhergvidaéni tril e
(42 ng 5 rzg%%lil?@- -eral'%o&(yﬁéwgﬁﬂgéﬁﬁlﬁi SMXB?S%%I]@o%yrBIi$H-1W| ) in EtOH (20
7 [25 (3 hiyehtanepitdler(@btdal’ HrNMR)(CDBhi §1.39 Gnokid), 7.22 (m, 1H), 7.16 (s, 1H)

rrolidin 0 .65
Cn 11 gl AP B 1 pipol @y hands MG .22, ),
3.03-2.78 1549(r3H)H) 3.35(s, 8i), 247Iﬂ)(m,2H3,243r220(h1) 5H),. BI6 (g 1H), HBY (D, 68- 1. 40
11 1 25 (MF1l). St E:
fsg-(3 k&r%&b%fo((ﬁ4 - %% L but yl )fl-f%i-(Zlle:)etrazol -5-yl)-hexyl | -
pyr r ol 2ai nS2pd &-{2R-[SSIHNdraxy- 43(3 methoxymethyl-phenyl)-but-1-enyl]-5-oxo-

7-[ 25 (3- hydr axy-4-napht hal.e @P%X'%@g@j& {-methoxymetin-ohenydids 1| e

pyrrolidi n=t=
(150 ng, dxoBlﬁhth@’ny)],-S-amipyi‘rdjldmyl -yli-hepanetetri(e2@. 06y, S6ALMmoleEny (Rir2t ol uene

(15 n) War%e@m?/ﬁbEg-oxazaborolidine (1M in toluene, 0.81 mL, 0.81 mmol) in CH,Cl, (200
mL) at —45°C was added catecholborane (1M in THF, 16.2 mL, 16.2 mmol)
25 dropwise. The reaction mixture was stirred at —45°C for 24 h and 1N HCl was

added. The reaction mixture was stirred at room temperature for 1 h and the layers
were separated. The aqueous solution was washed with CH,Cl, (2 times) and the
organic solutions were combined, washed with cold 1N NaOH followed by brine 2
times. The organic solution was dried (MgSQ,), filtered and concentrated.

30 Purification by medium pressure chromatography (1:1 hexanes:EtOAc to EtOAc to
1% MeOH in CH,Cl, to 3% MeOH in CH,Cl,) provided 7-{2R-[3S-hydroxy-4~(3-
methoxymethyl-phenyl)-but-1-enyl]-5-oxo-pyrrolidin-1-yl}-heptanenitrile (2.07 g) as
an approximate 2:1 mixture of 3S:3R alcohol diastereomers by 'H NMR. 'H NMR



30 under reflux for 19 h. The reaction m xture was cool ed and was acidified
to pHof 2 with 1 NHCI (5 nL). The volatiles were renoved in vacuo and
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pyrrolidii-I- IF-H aneni 0 a so |0n o
7-{2R-[ 4 ( Wu;s.t@,the procedure described for Example 4A, Step

oxo- but - 1- @M{%@R@%«B&{M gbﬂg Sqﬁﬁé(th% dh%ﬁ#l?ﬂ@tg fsfdxbepyﬁ%n&%ﬁ 19)->- 39 m'g

and (R)-2- oxaz 0.81
in CH2Cl 2 f(e;pwenﬁn_y (g8 94@@1molweé@eas:éﬁde\wﬂmmtam@thwﬁllwq(IQWL 16.2 ni,

16. 2 mmol ) ?@nﬁﬁ&%fﬁbutﬁhﬁo&@@ {2600 g0 B MR fAR to%éﬁé @g rgit_) hedRld for 24 h

anleH ereatlon mxture was sftirr room

t enperdt urundeoreflux forZdd. tAdditianpbazdotietayisigner (Sl 1hed auaanst sol uti on
was washedyiuiifin it 56(Rgl1.0% fim@ \Werk™ided and the reaction mixture was

continued under reflux for 3 days. Purification by medium pressure
chromatography (CHxCl, to 2% MeOH in CH,CI, to 4% MeOH in CH,Cl, to 6%
MeOH in CH,Cl, to 10% MeOH in CH.Cl,) provided 5S-[3R-hydroxy-4-(3-

25  methoxymethyl-phenyl)-butyl]-1-[6-(2H-tetrazol-5-yl)-hexyl]-pyrrolidin-2-one (619.5
mg). "H NMR (CDCls) §7.30-7.11 (m, 4H), 4.42 (s, 2H), 3.87 (m, 1H), 3.64 (m, 1H),
3.52 (m, 1H), 3.39 (s, 3H), 2.99-2.67 (m, 5H), 2.42 (m, 2H), 2.16 (m, 1H), 1.87-1.25
(m, 14H).
Step E: Sodium salt of 5S-[3R-Hydroxy-4-(3-methoxymethyl-phenyl)-butyl]-1-[6-

30 (2H-tetrazol-5-yl)-hexyl]-pyrrolidin-2-one. Analogous to the procedure described for
Example 2C, Step D, treatment of 5S-[3R-hydroxy-4-(3-methoxymethyl-phenyl)-
butyl]-1-[6-(2H-tetrazol-5-yl)-hexyl]-pyrrolidin-2-one (619.5 mg, 1.44 mmol) with
NaHCO; (121 mg, 1.44 mmol) provided the sodium salt of the title compound of
Example 4B (628.3 mg). 'H NMR (CD3OD) 7.20 (m, 4H), 3.79 (m, 1H), 3.64 (m,




organi ¢ sol utions were conbi ned, washed with cold 1 N NaCH fol | owed by
brine 2 tinmes. The organic solution was dried (MgSO™4), filtered and
concentr a¥@d2/42268 Puri fi cati on by medi um pressure chromat oBCEpSN/0¢d73 1
hexanes: EtOAc to EEOAc to 1 % MeOH i R1@H2ClI 2 to 3% MeOH i n CH2Cl 2)

provi ded 7-{2R-[3S- hydr oxy-4-( 3-

nmet hoxynet hyl - phenyl ) - but - 1- enyl ] - 5- oxo- pyrrol i di n-1-yl }-heptanenitrile
(2.07 g) as an approximate 2:1 m xture of 3S:3R al cohol diastereoners by
"H NVR ' HIHJVB.500m) 2H), 2268288 T BA),/202D{8, 2H)12.30 (BDCHB).&871.38{(m, 09 (m 4H),
5.71 (m 114-%, 5.46 (m 1 H), 4.41 (s, 2H), 4.38 (m 1 H, 4.00 (m 1 H,

3.45 (m 1 ; 3.38(s 3H), 2.88-2.68 (m 3H), 2.31 (m 4H), 2.17 (m 1
H, 1.70-1.21 (m 1 ) Step C Examﬁle5A it s
7-{2S-[ 3R- 0X 0oX en t 0X0:- pyrrolidin-
vl % he|[ot an!%? qu 8- H&if CRIEJWNELP%@'%P&MPB%H&?H TSR g%aﬁ’éﬁf’%l e 2A
Step D5 7- carboxylic acid

I) but 1|eny|] 5- ox.-cyrﬁolldln 1l-y

By iR rralidig- 1Ayll-prop

{2R-[ 3S- hydroxy 4- (3 met hoxglrret hy rl]

I}- hepta g-INogRlemenat ed

in the pr@%ﬁfb%ﬁxlféfacﬂooe@rﬂ%lste@qﬁkd#iﬂ s‘f@fﬂé%?o&e%@% d&Bkribdd o ERghpleor 24 h on
urifilcatlion iu

a Parr shaker. y m pressure chromat ography (1:1
hexanes: Et ZncSten By the anjorederixed ﬁé%@é@‘ot%P@%Eroptﬁ')?%%@ltcl%‘dWZCI 2 to 5%

Me CH |
7-{2 SI- ”3g‘lﬁﬁgﬁgﬁ Qstép?fDS 04)(3'3r n@{ﬁﬁg):la% rI]\FeéLI-PQGD%eQ/ wei ht in oil, 17 mg, 0.434
oxo- pytd ol mmqtb Vla%/ﬂePCﬂQéM'tar?e[ﬁr(?RTfP@M'ﬁ Q- Fg'yrohd'mwﬂ)r@re@[ﬂdh?)zolsﬂ 30-7.10 (m
;'::P) 2_4 62 e(rﬁo?@é')acrd%tt%geétgﬂ (pilezfﬁ}ed @orﬁb [@WQth?g)ro%fn@h_)ﬂ-%nox%@yrro?mﬁQ 6%”11 40
(m 11 H), -yl)—pgoqyﬁ;thrg];gle 4ic§rkgtxylfp @rd ethyl ester analogous to the procedure

5S-[3R Wdéééié)tbéld fo?ESEEﬁqB%XZ’Ar%EéB’A é&%ﬁﬁﬁéh)ciwmhbr)%véﬁ%ﬂbhﬁﬁdéﬁéﬁbg yl )
hexyl | - pyrrol i di n-2-one. Anal ogous to the procedure describ anp
4A, St ep medium pressure chromatography (1:1 hexanes:EtOAc to EtOAc) provided 2-{3-[2~

7-{25-{g3 &}qdélﬁ- %—of%%ﬁg)ﬂég&lw-x %Wlplyrrelﬂﬁr‘iw g 6&5}N}Lﬂ1la§ol@)ﬁoca‘?b!6)é’yﬁ’é' din-1-yl}-

heptanenlt was react azi dotri mét hyl si | ane
(0.90 L, add é’&lyheﬂtrhr)(Saﬂ‘i@Q)dltblhtl\W(CBlﬁCb)@&i% (5125) r7933 0181, AHI6)61 n t ol uene

(68 m-) heat d € X t yl si | ane

(1.8 m, 1@% thng"r(#@aﬁ@) 4‘{db@t2Hf| n%g@]c? d%é% so%l 33%%99 {Hll)ng\%gre added

and the re@et3HN2.8DX1 1), Badst-2. ¢6Iﬂ!’ll Bhded. Qﬂtr(tjerQH),e’f Y@ﬂmf‘thl) 33§d'y§H)

Purificati ' yre chromatography (CH2Cl2 to 2% MeCH in

CH2Cl 2 to @%%é&ﬁﬁﬁ%g@wg 6% MeOH in CH2CI2 to 10% MeOH in CH2Cl 2)

provi dd 5StepIR-ZBelPedxo-BSBogb4-phenyl-butyl)-pyrrolidin-1-yll-propyl}-thiazole-4-

met hoxynmet - 1)z L=l 6- | - - - lidin-2-on

e (619.5 %&9&@%@%'53‘3%’39%{-8%%%F%aurz?ﬁte?&%ﬁe?gé%%’}a% 5ﬂ3 87 (m 1

H, 3.64 (8tepD,{3-[2-0x0-5R-(3-0x0-4-phenyl-but-1-enyl)-pyrrolidin-1-yl]-propyl}-thiazole-
4-carboxylic acid ethyl ester (23 mg, 0.0539 mmol) was hydrogenated in EtOH (15

mL) in the presence of 10% palladium on carbon (15 mg) at 50 psi for 3 h.

25  Purification by preparative thin layer chromatography (1:1 hexanes:EtOAc) (2.
times) provided 2-{3-[2-0x0-5S-(3-0x0-4-phenyl-butyl)-pyrrolidin-1-yl}-propyl}-
thiazole-4-carboxylic acid ethyl ester (19 mg). 'H NMR (CDCl;) §8.03 (s, 1H), 7.34-
7.17 (m, 5H), 4.39 (q, 2H), 3.68 (s, 2H), 3.65 (m, 1H), 3.53 (m, 1H), 2.98 (m, 3H),
2.43 (t, 2H), 2.26 (m, 2H), 1.98 (m, 4H), 1.49 (m, 2H), 1.37 (t, 3H); MS 429.0 (M+1).

30 Step C: 2-{3-[2S-(3-Hydroxy-4-phenyl-butyl)-5-oxo-pyrrolidin-1-vil-propyi}-thiazole-
4-carboxylic acid ethyl ester. Analogous to the procedure described for Example

2B, Step C, 2-{3-[2-0x0-5S-(3-0x0-4-phenyl-butyl)-pyrrolidin-1-yl]-propyl}-thiazole-4-
carboxylic acid ethyl ester (34 mg, 0.0793 mmol) was reduced with NaBH, (3 mg,
0.079 mmol) in EtOH (10 mL) at room temperature for 2 h. Purification by



3.52 (m 1 H), 3.39 (s, 3H), 2.99-2.67 (m 5H), 2.42 (m 2H), 2.16 (m 1
H, 1.87-1.25 (m 14H). Step E Sodium salt of

5S- [ 3R- Hywdo 0xy2248 ( 3- met hoxynet hyl - phenyl ) -butyl | - 1-[ 6- 30PCT/IB01/02073
(2Htetrazol -5-yl)-hexyl | -pyrrolidin-2t08ne. Anal ogous to the procedure
described for Exanple 2C, Step D, treatnent of

5S- [ 3R- hydr oxy- 4- ( 3- net hoxynet hyl - phenyl ) -

butyl]-1-[6-(2Htetrazol -5-yl)-hexyl]-pyrrolidin-2-one (619.5 ny, 1.44
mol ) wit I‘pre;bﬁhﬁi@ihmaﬂermrorﬂatégkapmmqatopcmbddeid PHB-[2D(B-hydregt4- of t he
title corrp

3.79 (m 9'%“"36)4 ¥ @T51%‘%@303"@5@'}‘i@i‘?%&%‘g&ﬁ%&gé @o ¢

H, 2.97- 2m§)9 MNNW)CD@)%@ 0onim, 2H),,7.23-2A8((M, 5H),4.38 {4, 8M),13.88(nf,MH), 14H)
Exanpl e 5A

2-{3-[ 25 (26%4Br 2y 3064 AH--23R () 1H. 38B M8y 1HLIZ3A @ 211 3-9DBsiTh - t hi azol e
-4- 5 @ar bpwgwczﬁi)cn@zféhﬁm-im .68-1.42 (m, 4H), 1.37 (t, 3H); MS 431.1 (M+1)
2-f3-f2-xo0-5 -oxo-4-hen|-ut- - ) rroILdln-l- | }-thiazol
e- 4-car boX§Pits €569 TG & 5%r i bed for

Exanpl e Zﬁcar@bﬂ,ﬂlc Bmdt hﬁal@ébt%rto@% ;brb@éHJré Géécrlbed for Example 2A Step E, 2-
ropyl )-phosphoni¢c acid dineth 0.434

2- 3-
Erm)f);(oand @ﬁﬁ%@%@g&yﬂm@m‘ -Quiylgp-pro-pyFraligin- by'k\éﬁ)pig‘ﬂ?fﬂ"cﬂ - Wag’%?(@%t ed with

2-[ 3- (ZR'féHdTé(thyl%s@ifgm’ng O'MQ'nﬂn&?QWbé hydreRyéd wttmﬁm@woo&mr_ mxyl ic acid
et hyl ester égre ared from 2-[ 3-

ydr ox neth oxo I n-
1-yl ) -4 opYePHi(findz dreated. ‘@Qﬁb@(’%f%‘ 3zibtpd"‘é‘f"¥ﬁliheé F(—?ngﬁ'én éf t he
procedure Aé'(%% bﬁ‘-ﬂNW(d@@}mb%@é\1@?@3#1@@15%(13@3%91%'@6 over 17 h.

Purlflcatlon di um pressure chroratography (1:'1 hexanes: Et QAc to
Et OAC) pro(m,(ﬂ:é 309 gn{ﬁ-l)lg 02 (t, 2H), 281 (m, 1H), 2.68 (m 1H), 2.35 (m, 2H), 2.06

0X0- 5R- ( 3- F kel Aol dn I h}-thiazol e-4-carb
oxylic ac d e hy?fg-}{t»f#p}l? o5t ?r)] MN%AZ(%DC " %018%9?}‘1)} 1H) 7.33-7.17
(m 5H), &StepE: (SﬂQIUMSEHO / pxv-4-phenyl-b t () \ 115 H, 3.82
s, 2 3
(1 04 hpn5,1 g%r@&fiﬂagalew car%o%c agg] I%"Qo%%ngglt 6f‘ﬂhe]ti‘ﬂ'3e ’C?I% Mndzcﬂé%aﬁ{ﬂe'w'ig 20
Step B: 2- ‘x’t'%w[aiP%F%m%omimwmﬂ@ﬂdufm@%ﬁcﬁbww(EIXﬁ@PHE-ZB Step E.

-yl| - propyi rROxXy b t t he
procedur e 10%5@?1 (E“bgf §c§’ ggnﬁ—lﬂg/?ﬁ%ﬁg{n@i%@% . 7, 3@%%[99%"52'%)

2-{3-[ 2- ox(m,3R)(B6dY0; 3HpRGY!.2B (10 - 2HNnyl ) - pyrrol i di n-1-yl ] -propyl }-thi azol
e- 4-carboxylic acid ethyl ester (%)? 0539 nmol ) was hydrogenated in
EtOH (15 nlL) in the presence of 73 FI adi um on carbon (15 ng) at 50 psi
for 340 5-(3-Hydroxy-4-phenyl-butyl)-1-{3- [4 -(2H-tetrazol-5-yl)-phenyl]-propyl}-

pyrrolidin-2-one
Step A: 4-(3-{2-[3-(tert-Butyl-dimethyl-silanyloxy)-4-phenyl-butyl]-5-oxo-pyrrolidin-1-
yl}-propyl)-benzonitrile. Analogous to the procedure described for Example 1A, Step

D, the anion derived from 5-[3-(tert-butyl-dimethyl-silanyloxy)-4-phenyl-butyl]-

25  pyrrolidin-2-one (262.8 mg, 0.756 mmol) and NaHMDS (0.83 mL, 0.83 mmol) was
reacted with 4-(3-bromo-propyl)-benzonitrile (186 mg, 0.832 mmol) at 70°C for 24 h.
Purification by medium pressure chromatography (5:1 hexanes:EtOAc to 1:1
hexanes:EtOAc to 1% MeOH in CH.CI, to 5% MeOH in CH,Cl,) provided 4-(3-{2-[3-
(tert-butyl-dimethyl-silanyloxy)-4-phenyl-butyl]-5-oxo-pyrrolidin-1-yl}-propyl)-

30 benzonitrile (257.6 mg). 'H NMR (CDCls) §7.56 (m, 2H), 7.26 (m, 5H), 7.13 (m, 2H),
3.85 (m, 1H), 3.62 (m, 1H), 3.48 (m, 1H), 2.93 (m, 1H), 2.82-2.60 (m, 4H), 2.29 (m,
2H), 1.88-1.25 (m, 7H); MS 491.5 (M+1).



25 Purification by preparative thin |layer chromatography (1:1

hexanes: Et OAc) (2. tinmes) provided

2-{3-[ 2- O o58268- 0x0- 4- phenyl - butyl ) -pyrrolidin-I|-yl]-prpEpiBe1/02073

t hi azol e-4-carboxylic acid ethyl ester-1089 ng). 1H NVR (CDCl 3) 88.03 (s,
1H), 7.34- 7.17 (m 5H), 4.39 (g, 2H), 3.68 (s, 2H), 3.65 (m 1 H), 3.53
(m 1 H, 2.98 (m 3H, 2.43 (t, 2H), 2.26 (m 2H), 1.98 (m 4H), 1.49 (m
2H), 1.37 (t, 3H); I\/IS4290(IVH) 30 StepC
2-{ 3-f 2S- ( StepyBird{dy droxdy-doniterntyl-buy in1 pltprebyil-pr opyl } - t hi azol e
_ 4-car boxél ';gc gg% E%Anea og}fnus% h%rproc'?gb%lré)ggs%ﬁbéé)foﬁ'I%?(amb%cﬁg"gtgp Eeifé' bed for

Exanple 25
2- { 3- [ 2- ox(2-BSirBbutyiedichefblyesilahylby yA-dhamyl-budyil-Biome-pysrbljdined eyiyirdpytai azol e- 4-

o, 0. 07ooRimstie (e Sl b2 By Ben R TRaf FMAERE &b 1P CR | o

by WO 02/ 42126 8.7eGmadiBoldr@AdY. Purifit@forpbyemadiatr pressuné chioenatogrephyo(telt ogr aphy

Et OA 3:h
bhenyl bt 16 TekaieE o EEPAGITIE NI Gl 14306 A9 N CHSHBONI aci o
zt gé | est (234 -{813(3- hmroxy-? bhédMRbgt@ZDG -34o- @Brdl]dﬁngnyl] -dropiyl}- génz’ﬁﬁﬂﬁle 167 8n 15H) ,
267 (m 1y, PR Ehchyl 50 mody ey s 46 6 N oS s 1
% ?g [124512(@93\/ FH")!H)@WY;& t1H|)3%4b? (t:V)EHg&Malz(zMﬁiq) leyjml(laa |1|H) 1.80- 1|3}3 i ol
- X - bu 0X0 rrolidin -pro i azol e
4- car bU?(yI ?’E %{%g‘ Wﬁaf@gais to %/he procedgye descri bedyforpExg?/rpl e 2A

" car boxyl i avy_qgmaz_g&éi iniagods 1 tfs'n?ac"eﬁﬁr%lézcm Ior B P PR 4 th 2 N
NaCH (0. 06{31}2)(3Lﬁyd%%y1¥9;5ﬂén95bm§4) sholgfoMnes RStV Er T ovi de the

title conpound of
7.33-7.18 (% ng@ mrgolg\ga% Fﬁacggdp'ylthngz%rlmﬂpylsiqqﬁ (o] 10gL Q'r§4 mm;q)l) ar‘gi 02 (t,

2H), 281 eiBmtyiltunlthde?(z@ﬁ/ué;( 0108 mirbl) n?toﬁ@nér@ 62117!)) he%tééﬁmd@ﬁ}eﬂﬂki}orsbr& (m 1
H, 1.69-1 403. 0 (M+1), Sodi um salt of

2-{3-125 ( é’waatw\pymmwresgufw)ro@a@sa@pbyr(ﬁgmqluﬁorﬁ"/z G inggach

propyl }-t ht@mlmedﬁ ﬁﬁchgmyiol 6% MdoH dejﬁzcagtiere'aeé {3-Rydrékyed-phérye: corrpound
of Exanpl e prepared Anal ogous to procedure descrl

ed f
Exanpl e 2Bbut$k)éd3é4 (ZWWK“Q:&PQ?“@W@BV'}CBY”@'P|)2 one fig4:7 mg). ('th'\é?+) 3.75
(E;naml)l 58@%@13)(89022&9 2H3; 7.87 (H)L 3t (n2 168, 467 (BHH), 3:188ml 14D Agw 12H) .
5 (3" Hr okD- mma@wm, B, m&(m{m)[wmm RelAdm, 3H)) . 9BANM, Sptopy | } -
pyrrolidin @ﬁp z@ o o
4-(3-{2-[3-(tert-Butyl-di m(;'t hyl - si | anyl oxy) - 4- phenyl - but yl | -5-oxo-pyrrol i di
n-1- Preparation 1

5-[3-(2R-Hydroxymethyl-5-oxo-pyrrolidin-1-yl)-propyl]-thiophene-2-carboxylic
acid methyl ester

25  Step A: 5R-(tert-Butyl-dimethyl-silanyloxymethyl)-1-prop-2-ynyl-pyrrolidin-2-one. To

a solution of 5R-(tert-butyl-dimethyl-silanyloxymethyl)-pyrrolidin-2-one
(Tetrahdedron: Asymmetry, 1996, 7, 2113) (10.24 g, 44.6 mmol) in DMF (650 mL)
at 0°C was added NaHMDS (1M in THF, 49 mL, 49 mmol) dropwise. The reaction
mixture was mechanically stirred at room temperature for 2 h to yield a thick

30 suspension. The reaction mixture was cooled to 0°C and propargyl bromide (80%
in toluene, 5.0 mL, 45 mmol) in DMF (50 mL) was added slowly. The reaction
mixture was stirred at 0°C for 2 h and at room temperature for 0.5 h. Aqueous
saturated ammonium chloride (700 mL) and water (300 mL) were added. The



vl }-propyl)-benzonitrile. Analogous to the procedure described for Exanple
1A, Step D, the anion derived from

5-[ 3- (t ewo bu#2eks di net hyl - si | anyl oxy) - 4- phenyl -butyl] 25 pgTARIli0dé7- 2- One
(262.8 ng, 0.756 mmol) and NaHWVDS (0. 83041, 0.83 mmpl) was reacted with

4- ( 3- brono- propyl )-benzonitrile (186 ng, 0.832 mml) at 70C for 24 h.
Purification by medi um pressure chromatography (5:1 hexanes:EtOAc to 1:1
hexanes: EtQAc to 1 % MeCH in CH2CI 2 to 5% MeOH in CH2Cl 2) provi ded

4- ( 3- { 2- [ 3solyticer washwasHedovithgttAC(3Xa08rmylJo xie-org@tie polutiangtware - 5- oxo- pyrrol i d

[n° oY1 1 PLaRihag JhaRER %E%(%E?O%%L)QO ed Py X338ThE). }56 (m 2H)
7.26 5 Y 7 ééé%’ 8
EQ?SSE;M%ﬁnlczp&ngggm Naz§04)2f|l2e7}eq§z chgenlttEEggPynggatpmbWH) |\/5
4-3-[ 2- (3)“ﬁ9'§9' g’%ééﬁ;%ﬁg%ﬁg%w @90%9-“\]}? ?'8?’5%9%@ % EOfen Iy -
benzoni& ri haanéa)enrogdert5R{(terttmiéyl-;drm©tbyitmlanxd@s/matm¢)dl -pop-yapl e 1A, Step E,
4-( 3- -
{25[3-(ter?¥r5cllffjwll'2-'8?%%'§1§/9)-' o i MM (GRGe) 3488 430 13 88 {ms TR 37801 i i n- 1-y
|( }1 - ;I\)/Ir _opy[I_NHbeer;D(ﬂi, HH),I3€601((2571H6, m;;p-z@aaas 2mr)r,tﬂ.jP8 (ma,?1 I-@ep._rlOt(mgﬂld)j 1\33& h TBAF

Vi in urification medi um
pressure chro taéﬁégaﬁ)(&ag(gmg\éﬁgé@@g)'to EtOAc to 1 (Vgll\/EC]-I in CH2Cl 2
to 3% MBO—Bieb BCHRGL2R [ Budedimethyl-silanyloxymethyl)-5-oxo-pyrrolidin-1-yl]-prop-
I4I 533([1 (3 1_& %x -4- enyl - b ta/l -5-0 0% %rﬁ)rnc%lx q[ﬁgf%%]ye%tr_@tﬁgyls% ?ﬁ]nzilr—létr
? 67220 5526|met%uany&x%eﬂﬁm) 1Jpr¢bi) 2—y3yl8;§3/n(dﬁdln]2 bhe (826465 32t3 matd)), 5-2 43-2.24
m

5- (3- Hvdr oQR?”lP tb‘f‘?é’hﬁrl‘_g B&?Sﬂoj‘y'f 6{%" Tﬁg‘é’é‘?ﬁt?re(?) ﬁa%ch)ﬁ %’“{ﬂoﬁ él\t@ﬁ MGy opyl. }-

pyrrol i di n.320MM0l),AsRalegBipReriyipHosphipe pakstiura(0) €68 ki hed rimol),Exanpl e 4A, Step

{3 [2 ( 3- nYigiylamine e mh 3%01'9‘?) apd GSHECNBPB Ml ves hegied YRds LI X fXnz oni t ri |

8 g }157158| )@hdﬁhglﬁadgﬁmnilxtmwsagﬂsﬁdo%ém t@ﬂpéiﬁtdréaﬁdmehﬁildltlmeudr(gslé m., )
mo an | but tin Xl ae I n uene -

ot e unUBTER ey 56 Rt fcoliRtn B0 e TR bt e & Edknid

chr omat ogr ggiison( a2k shed avith % veQex200 aHRfalidwed by Eﬁﬁd\(asztoo mLEHPKE 2 to 6%

MeOH i n CH2CI 2 [L&)Iw ded

5-(3-h ro - 4-phenyl - e
but yl ) - 1- (99pmeBivR pa £8r Biarop Hrer PG FERSANIlsg AFTeREN Mone (144, 7
mJ) 11-1 IINMﬁun'( Lﬁé cﬁl%n% ﬁrohy2(|1ﬂ)% HtONE if lﬁibxemé)s,to 35%‘Et0ﬂc id H, 3.67 (m
3,10 (m % 54,20 (m #?R rt-b“vsg (bl 242 (m
T H) P 14 ftweap fimep) grevied §-{@rigR gftrE-bu 'w@yks' %w@yym 4)-8-PRr 1)
Pr epar at i opyriolidin-1-yl]-prop-1-ynyl}-thiophene-2-carboxylic acid methyl ester (11.42 g). 'H
NMR (CDCI3) 67.61 (d, 1H), 7.09 (d, 1H), 4.81 (d, 1H), 3.98 (d, 1H), 3.87 (m, 1H),
3.85 (s, 3H), 3.78 (dd, 1H), 3.63 (dd, 1H), 2.49-2.29 (m, 2H), 2.11 (m, 1H), 1.82 (m,
1H); 0.85 (s, 9H), 0.03 (s, 6H); MS 408.0 (M+1).
25  Step C: 5-{3-2R -(tert-Butyl-dimethyl-silanyioxymethyl)-5-oxo-pyrrolidin-1-yi]-
propyl}-thiophene-2-carboxylic acid methyl ester. A mixture of 5-{3-[2R-(tert-butyl-

dimethyl-silanyloxymethyl)-5-oxo-pyrrolidin-1-yl]-prop-1-ynyl}-thiophene-2-carboxylic

acid methyl ester (11.4 g, 28 mmol) in EtOH (200 mL) was hydrogenated on a Parr
shaker at 50 psi in the presence of 10% palladium on carbon (1.2 g) for 3 h. The
30 catalyst was removed by filtration through Celite® with the aid of EtOH and the
organic solution was concentrated in vacuo. The hydrogenation was repeated
using EtOH (200 mL) and 10% palladium on carbon (1.2 g) at 50 psi for 24 h.
Purification by medium pressure chromatography (25% EtOAc in hexanes to 50%
EtOAc in hexanes) provided 5-{3-[2R~(tert-butyl-dimethyl-silanyloxymethyl)-5-oxo-



5-[ 3- (2R- Hydr oxynet hyl - 5- oxo- pyrrol i di n-1|

-yl)-propyl]-thi ophene-2-carboxylic acid nethyl ester 25 Step A

5R- (tert vMBoDyk2268 et hyl - si | anyl oxynet hyl % - 1- prop- 2-ynyl - ppeT/oBa1d2e732- one.
To a solution of ~108-

5R-(tert-butyl-dinethyl-silanyl oxynethyl)-pyrrolidin-2-one (Tetrahdedron:
Asymretry, 1996, 7, 2113) (10.24 g, 44.6 nmmol) in DVF (650 n-) at OC was
added NaHVDS (1 Min THF 49 ni, 49 mmol) dropw se. The reagtion mxture
was mec hanpyfmhum ~syi-prapyldhiophaner2-earpexie asid mefhyl;eswrw 2okl d NMRhj ck 30

suspensi on a riom de
(80% in th Wi‘,fwb@ﬁﬁmﬁwﬁwﬁéﬁn@%%@%@ PG The
reaction ﬁH)thj1e2\265€rTB2H) r2ete- MBGM Md} 0283I‘(Sa9idl) 8t04r(eophik enperature for 0.5
h. Aqueousgm_‘@%& iMRERE(300 M -) were
added. The C 50 washed with Et OAc
(3x600 %) carbheylioa mmmhgdstgrn Tma smlsti@ﬂ Ofcﬁa{ﬁaIZI?e@ert-Watyh@memyl h water (4x300
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g, 33.9 mmikihyl &3tér 6808g)LH NMRBEDTE)ISY.59 (d, TH), 6.79 (d, 1H), 3.82 (s, 3H),

(5 0 L 38 7RID 7 o, S866 ) 2atisbaCa 4t RuD Bk 2Hr 15 10 n

The reggti 209083 (i, 4HYRMSCIEB.2(M+1. room tenperature and the volatiles were
renoved i n vacuo. The residue was d| ssol ved in EtOAc (500 nL) and the

organi c sol ution was washed with MEP#@IEA200 ni) fol | owed by brine (1x200
n). The or gaqpR-HRIrgkyMBthYRS-cXol RS9 hedtahéiRrRiU athyl estaeent r at ed.

Purification by medium pressure chromat ography (10% Et OAc i n hexanes to
25% Et OAC Aﬂalggpqﬁ;észé!merpc?@rﬁ|dmyoesm\ﬁra@afa T 5. $toRA, the anion derived

-(tert-but me@mﬁérlf%htyﬁmh%ﬂﬁh—% gm &rdln 2-one (18.83 g, 82.1 mmol)
-t hi'ophene- -car boxylic acid nmethyl ester

rrolidin-| ro
?31/1 422Qy) . arlq_l\éalllM% (p 1Min TI-YF 90 mL, 90 mmol) was alkylateéd with ethyl 7-
bromoheptanoate (16 mL, 82 mmol). The reaction mixture was stirred at 60°C for

16 h and was worked-up analogous to that described for Preparation 1, Step A.
The crude residue was dissolved in MeOH (600 mL) and 1N HCI (300 mL) was
added. The solution was stirred for 3 h and the volatiles were removed in vacuo.

25  The aqueous solution was diluted with CH,Cl, (300 mL) and the organic solution
was washed with water (2x75 mL) followed by brine (1x75 mL). The organic
solution was dried (Na,SO,), filtered and concentrated. Purification by medium
pressure chromatography (EtOAc) provided 7-(2R-hydroxymethyl-5-oxo-pyrrolidin-
1-yl)-heptanoic acid ethyl ester (21.2 g). '"H NMR (CDCl;) 54.12 (q, 2H), 3.80 (dd,

30 1H), 3.66 (m, 3H), 2.97 (m, 1H), 2.54-2.27 (m, 5H), 2.04 (m, 2H), 1.67-1.28 (m,
8H), 1.26 (t, 3H); MS 272.3 (M+1).



NVR (CDCl 3) 57.61 (d, 1 H, 7.09 (d, 1 H), 4.81 (d, 1 H, 3.98 (d, 1 H,
3.7 (m 1 H, 3.8 (s, 3H, 3.78 (dd, 1 H, 3.63 (dd, 1 H), 2.49-2.29 (m
2H), 2. 1wQnmi4kedH), 1.82 (m 1 H); 0.85 (s, 9H), 0.03 (spcHH01/0233408. 0
(Mrl). 25 Step C 5-{342R -109-

-(tert-Butyl -di net hyl -sil anyl oxynet hvl ) - 5-oxo-pyrrolidin-1-vil-

propyl } -t hi ophene- 2-carboxylic acid nmethyl ester. A m xture of
5-{3-[2R-(tert-butyl -

di net hyl - si | anyl oxynet hyl ) - 5- oxo- pjwepatatidng | -yl ] - prop-1 - ynyl} t hi ophene- 2-
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si | anyl oxy Ma=RPk) - BligrRe- ;ﬁﬂdr ofqngeRirated | - Fusfsationt o pMeRRID- RIESBIRY | i ¢
aci d et hykhroffatfraghy- @ %8 .Mebi$4n "ERIAL 1on4%eﬂbbﬂ491 EtoAd)aﬁroaﬂd@OV RN HCI (18

m.) and the reaction mxture was stirred for 1. vol atiles we

removed i nhydfeumaifd-Staxe- pyar@u%dsyl)smmn%ﬁ“kﬁdéo@e@héﬂi NM'R KCBARLP: 7@3x5o
m). The O[RRAHE 3568 W, 'SFDSZWr(ﬁ Jrﬂ) QoI edl), 285hesh w, @H)bﬁ b em, i), ed

(MyS™4), filtered and concentrated. Purification by medi um pressure

chr omat ogr A§Ry!-450p. I@é’@l—ﬂ 2R (o-2id); S B?@3|(Mé&l) 5-

[ 3- (2R- hydr oxynet hyl - 5- oxo- pyrrol | Bla ibh)g Propyl ] - t hi ophene- 2- car boxyl i c
acid methyl ester (689 mg). 'H NWVR %D&ls 57.59 (d, 1 H, 6.79 (d, 1 H),
3.82 (s, 3H, 3.75 (M-(&Brpmoaareay'oﬁhenm acw oethyhesterH) , 2.82 (t, 2H),

261 aBtd ridthy e, % %@ﬁkep L) .

: anoi c acid
et hyl 2t emetmhﬁ-hambenzoate 20, [36mmadlmrmomwgyi ricobad (&b g%é;ﬂanmbl)@ndl Step

A, the ani om
5R-(tert- bﬁféﬂﬂ'ﬂéﬁ'}{g&rﬁ) LA PSeiopidle RA4TH a8 7995C di n- 2- one (18.83 g, 82.1
nmol ) dlchIorobls(trlphenylphosphine)pallad|um(|l) (1.55 g, 2.21 mmol), followed by Cul

(454 mg, 2.38 mmol). The reaction mixture was stirred at room temperature for 24
h. Water was added and the aqueous solution was washed with EtOAc (3x). The
25  organic solutions were combined, dried (MgSQ,), filtered and concentrated.
Purification by medium pressure chromatography (9:1 hexanes:EtOAc to 4:1
hexanes:EtOAc) provided 4-(3-hydroxy-prop-1-ynyl)-benzoic acid methyl ester
(12.65 g).
Step B: 4-(3-Hydroxy-propyl)-benzoic acid methyl ester. A solution of 4-(3-hydroxy-
30 prop-1-ynyl)-benzoic acid methy! ester (12.65 g) in EtOAc (75 mL) and MeOH (75
mL) was hydrogenated at 50 psi on a Parr shaker in the presence of 10% palladium
on carbon (2 g) for 24 h. The catalyst was removed by filtration through Celite® and
the filtrate was concentrated. The reaction was repeated by adding 10% palladium



20 and NaHVDS (1 Min THF, 90 nL, 90 mmol) was al kylated with ethyl 7-

br omoheptanoate (16 nmi, 82 mmol). The reaction m xture was stirred at 60C
for 16 wanzi422es wor ked- up anal ogous to that described fpeT/mBapasiati on 1,
Step A. The crude residue was di ssol v&th-in MeOH (600 nmL) and 1 N HCl (300
m.) was added. The solution was stirred for 3 h and the volatiles were
renmoved i n vacuo. 25 The aqueous solution was diluted with CH2CI 2 (300 nlL)
and the organic solution was washed with water (2x75 nlL) followed by brine
(1x75 i) . oTharbon g&p) and ls;@rqgeinaﬁng/\asacﬂ’tarreﬂ\a@me@y Aftet tiltering thradgh

f h E OA
concent 2 Sayel s LAEOLOR RHTRANEY RS RO AR BNABARRAE OF),
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Pr epar at i oRaHICOSWa® a&dedTHEhequuéeus seleticheas@ashibidsal Odci (Bx)Meidtthé 350 L)
and 1IN HCI (154 was adde he 3 é{?ﬁf s,stirred {Kg 2 h and the
vol at i Pes AGRRICSANHIRRIWETR &Q ﬁﬂ@ gME s filg5ed 8nd,eonginti@edwashed wit h
CH2Cl 2 (3X|2|Qﬁlcﬁhdn wlﬁhea.hm mém Ehridfatddraptsy (VBN exaRTRIONS) prdviiedashed wi t h
brine (1x The organic solution was dried (Na2SO4), filtered and

concentr attgﬁ t't'?’ﬁPmPP%ﬁ? HeRgra ‘um pressure chronmat ography (1% MeOH in
Et CAc to 4% MeCOH in Et OAc) provi dwega,gagn5

hydr oxynet hyl - 5- oxo- yrrolidin-1-y tanenitrile ( g). 'HNI\/R
(CDCl 3) 53. 5-53 rO&vmﬁthV%5-GZO(nWr03n§) n-1yl Opbﬂ]-tlllamle 4zce!@°e<wc 1H,

233-11 94 (m 5H) 1.92 (m 1H),ac,&e§{§,1;s{é}(m 6H), 1.30 (m 2H); IVB
225. 3 (I\/H . Preparatlon 4l 4- (3 Brom) proyt) benzoi c aC|d met hyl ester

Step A: 4-3 Aeolshgolutionef sodiema sol ut i on
of 20mr:§t hyid nté‘(ﬂZ@%ﬁ’%‘@Pﬁ%l)(@Q/a%r (Z 6 s addbdRAS e B £ARRIre 6P25 9

990 amlno-thlazole 4-carboxylic acid ethyl ester (J. Am. Chem. Soc., 1946, 68, 266)
(500 mg, 2.90 mmol), CuSO, pentahydrate (2.100 g, 8.41 mmol), NaBr (1.134 g,
20  11.02 mmol), HSO, (3.0 mL) and water (3.0 mL) at —5°C to 0°C. The reaction
mixture was stirred at 0°C for 20 minutes and at room temperature for 1 h. The

reaction mixture was adjusted to pH 9 with 1N NaOH (105 mL) and the aqueous
solution was washed with CHCl; (4x50 mL). The organic solutions were combined,
dried (MgSO,), filtered and concentrated. Purification by medium pressure

25 chromatography (39:1 hexanes:EtOAc to 19:1 hexanes:EtOAc) provided 2-bromo-
thiazole-4-carboxylic acid ethyl ester (257 mg).
Step B: 2-{3-[2R~(tert-Butyl-dimethyl-silanyloxymethyl)-5-oxo-pyrrolidin-1-yl-prop-1-

ynyli}-thiazole-4-carboxylic acid ethyl ester. Substituting the appropriate starting

materials, the compound of Step B was prepared using an analogous procedure to
30 that described for Preparation 4, Step A using
tetrakis(triphenylphosphine)palladium(0) and Cul as catalysts.



triethylamne (20 nmL) in acetonitrile (200 nL) was added

di chl orobi s(tri phenyl phosphi ne)pal l adiun(I1) (1.55 g, 2.21 nmmol ), followed
by Cul Wad4/mye8 2. 38 nmol ). The reaction m xture was stiPC€EIBMEI020700M
tenperature for 24 h. Water was addedl®hd t he aqueous sol uti on was washed
with Et OAc (3x). The 25 organic solutions were conbined, dried (MpJSO),
filtered and concentrated. Purification by nedi um pressure chromatography
(9:1 hexanes: EtQAc to 4:1 hexanes: Et OAc) provided

4- ( 3- hydr o8teppl:Epf3i2Rtelt-Butykdinethvicsilanyioxy methybsi-exo-pyricidiési-g)-. St ep B:

4- ( 3- Hydr oxy- enzaoi sol 0, 3- hydr oxy-
30 prop-| MM sq{eb%gtruggé&e ?plrﬁ’?@?%cgtf'%& m.) and
MeOH (75 m‘a)erraﬁstHeyudmmndbéSteatC Was peaparad wsirRpan asdiedoess procedbee tpr esence
of 10% pal bon 24 h. The catal yst was renoved by"

filtration h?ﬁ?%ﬁ?ﬂﬁe%qri {EPARLPD ‘?r?éeg%trate was concentrat ed. The reaction
was refeat skply 2a@dPRaHYO ethegleB-oxo-Werdlidih4r AHi&fbld-0-28rboxylic110 on

caron, U e B 0 LA 72 A bl 5

4- (3- hydr omgo-wrmﬁgtih)Lylppmpgn}-mlmimmmbmlcmtdeasth&l Ested 8309 mgSl Ep7 C.
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1 5 h b d d th t t
heat ed' qj\l d%}1 f\ag][’g{’]n% ?%&ra?eég‘\lﬁ)lcéﬁga ‘fetd %ﬁqﬂ?ﬁ@ "gggﬁléggggﬁx L{Fg i oom
t enper at ur gacaod Thalaguedb Bschdtion s wﬁaémmm@p@!&do mL)e ThguR@RHR: Sol ution

was washed wi.th Et QAc d.t ani c sol utions were. conbined,
dried (Ngsﬂ‘ﬂt'onﬂ“fef%%%g %‘l‘éi C&?Hé@ﬂ?g)g)t ﬁ'&‘ged B cPicentrp tBV‘%’&ltHb #n pressure
(F:)hromat ogrmm}ongﬁ;uﬂ:dbe?msagﬁgmgﬁ pighvi ded the title conmpound of
reparation 4. reparatlon -

- Hydr oxynet hyl - 5- oxo- pyrrol i di n- 1'%?‘?”6?‘85@ ] -thiazol e-4-carboxylic 15
acid efshyl wf-ﬁﬁrem-metr&i%henﬂ) nm@zabpygwﬁgpﬁauklab.@eie%ﬁb%r ester. A
cold solution of sodium nitrite (228 I n wat er 0 mM-) was
added dr opieRé: {&(4Flvpra-gnmeting-phenyhind-R m—%&eeﬂhmaﬁwwa@e_% d ethyl

ester (J. dVfar, %%@olu‘-ﬁ%ﬁ of4Jﬂ%6|%~3 RiethyRfehyimag REsii®.brémide (BRI i £t8/SO4 (2. 100

g, 8.41 rrrml g NaBr ﬂ
mL, 7.75 mmol) in THF (10 mL) at —30°C was added Cul (196 mg, 1.03 mmol)

and the reaction mixture was stirred for 10 minutes. The reaction mixture was

20  warmed to —15°C and oxiranylmethy!-phosphonic acid diethyl ester (1 g, 5.2 mmol)
in THF (10 mL) was added. The reaction mixture was stirred at 0°C for 2 h.
Saturated aqueous ammonium chloride was added and the product was extracted
into EtOAc. The organic solution was dried (MgSQ,), filtered and concentrated.
Purification by medium pressure chromatography (20% EtOAc in hexanes to 70%

25  EtOAc in hexanes) provided [3-(4-fluoro-3-methyl-phenyi)-2-hydroxy-propyl)-
phosphonic acid diethyl ester (1.37 g).

Step B: [3-(4-Fluoro-3-methyl-phenyl)-2-oxo-propyl]-phosphonic acid diethyl ester.

To a solution of [3-(4-fluoro-3-methyl-phenyl)-2-hydroxy-propyi]-phosphonic acid
diethyl ester (1.37 g, 4.51 mmol) in CH:Cl, (30 mL) was added Dess-Martin reagent
30 (Chemical Abstracts No. 87413-04-0, 2.10 g, 4.96 mmol). The reaction mixture
was stirred at room temperature for 2 h and additional CH.Cl, was added. The
organic solution was washed with NaHCO; (2 times) and once with brine. The
organic solution was dried (MgS0,), filtered and concentrated. Purification by



20 11.02 mml ), H2SHY (3.0 nL) and water (3.0 m-) at -5C to 0C. The
reaction mxture was stirred at OC for 20 mnutes and at room tenperature
for | h. Wide24nemcti on m xture was adjusted to pH 9 wi th RCNIB@EORIG105 nl)
and the aqueous solution was washed witZ CHCI 3 (4x50 nL). The organic
solutions were conbined, dried (MgSM), filtered and concentrated.
Purification by nmedium pressure 25 chronatography (39:1 hexanes: Et OAc to
19: 1 hexanes: Et OAc) provi ded 2-brono- thiazol e-4-carboxylic acid ethyl

est er (257megium @esgur8chromatography (20% EtOAc in hexanes to 70% EtOAc in

2-{3-[2R-(tert-Butyl.-dipethyl -sil . o-pyrrolidin-1-yll-prop
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appropriate starting materials, tPrepamtipandnd of Step B was prepared using

an anal ogous_p ure t descri bed for Preparation 4, Step A using

tetrakis(tri &néﬁ@?%maﬁ W&P?‘i‘&r%ﬂfpé{ﬂ Pﬁ%%caﬂif’%'?‘é et 02/ 42268

P(CT/ 15(%/ OQPBsgltutmé e SHPpliate %taﬁ'tfﬁnglrﬂ&enals the title compound of Preparation 7
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ot opyl } -t Va3 BIeBRUetkaipeRg Pl enabpa s o Bt dgsgubed Bt Frepersions.
appropriate starting nmaterials, thepseawpasd of St ep C was prepared using

an anal ogous procedure to that described for Preparation 4, Step B. 5 Step
D: 243-(2R [3-(4-Ethyl-phenyl)-2-oxo-propyli}-phosphonic acid diethy! ester

- Hydr oxy meglydtiuing QmsraﬁmétgLsfan%fsgvhafenélepmé kitid BorABSURr S-Firapdanon 8 ¢ acid

ethyl ester. To a sl?ﬁ ution of

-(tert1®ut y/Rs grqu[qqyplkyymgiﬁp|a5§l99@19rgrp§edgre to that described for Preparation 6.
oxo-pvrrolidin-1-yl]-propyl}-thia Eaﬁmﬁﬁ@boxy' ic acid ethyl ester (306
ng, 0.717 wmmol) in THE (20 nL) at was slowy added Bu4NF (1 M n THF,
1.1 nL, 1.1{3- Ml-lylethbuwaMbPhWIMWQMOMkPMSMlp@crcbdwthsénptgrat ure and

\\I/vglsats;[ : re;e%%ésgﬁué'égcen?pprégzﬁgg%@r%t%h%%eth%%%@eé%l u? [ on vvas vvashed W th

CHClI 3 ( 4x1@asrhiepaiEddolinvgiagan anslogous mrosedies © tbairdnsnebbd ior Peapa(aiige®4) ,
filter and concentrated to provi (tle conmpound of Preparation 5
(225 nﬁ Preparation 6 15 P bggpatrgﬁon id ™ P
13- (4-Fl uorqeaaxm:s{mtnfprwomleihyt-phénylppmpyl]]pmlsphonhloruch:l dimeathyliestdny| ester

3 : d 1| -phos hon| aci d
di et hyI 4 : RIS @E’i"h M br oni de
(0.5Min Edelme%l@lrfydrdxylahﬂdShymmdh)ond@(1T5HI:7g( 1e. thbnoaﬁn DWQZW&&) angled Cul

(196 ny, 3 the r tion mxt tlrred 10 m nutes.
The reacti 8%2%%0%@ %@QC \?ﬁ&‘?fgtﬂe glam éﬂgﬁdn\’@xrﬂ? ShYHARE %0 P - phosphoni ¢
aci d deet hyinugss B-ﬁnf(ubrcﬁmetﬁ,tl&dﬂimﬁc)stlc acid (3.0 g, 14.7 mmol), HOBT (3.177 g, 23.5

mmol), and EDC (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 solution was dried (MgSOy,), filtered and

25 concentrated in vacuo. Medium pressure chromatography (20% EtOAc in hexanes
to 50% EtOAc in hexanes) provided N-methoxy-N-methyl-2-(3-trifluoromethyl-
phenyl)-acetamide.
Step B: [2-Oxo-3-(3-trifluoromethyl-phenyl)-propyll-phosphonic acid dimethyl ester.

To a solution of dimethyl methylphosphonate (9.4 g, 75.8 mmol) in toluene (80 mL) at
30 -78°C was slowly added n-BulLi (2.5M in hexanes, 28 mL, 70 mmol). The reaction
mixture was stirred for 1 h and a solution of N-methoxy-N-methyl-2-(3-trifluoromethyl-
phenyl)-acetamide (14.39 g) in toluene (50 mL) was slowly added. The reaction
mixture was stirred for 2.5 h and AcOH (40 mL) was added. The reaction mixture



in THE (10 m -) was added. The reaction m xture was stirred at. 0OC for 2 h.
Sat ur at ed aqueous anmoni um chl ori de was added and the product was extracted
i nt o Et OMO 0Tme®r gani ¢ sol ution was dried (MgSH), filt ePeUIBN®2073
concentrated. Purification by nmedi um-pt3®ssure chromat ography (20% Et OAc in
hexanes to 70% 25 Et OAc i n hexanes) provided

[ 3-(4-fl uoro-3-net hyl - phenyl) - 2- hydr oxy- propyl ] - phosphoni ¢ acid di et hyl
ester (1.37 g). Step B:

f 3- (4- Fl uowas @ammedHy Irequi tanyeyat@recarsl-watenpwvdd adoleds phe aiganiedayer daet hyl ester.

To a sol utj f [3-(4- - 3-.1et - n s 2- - | ] - phosphoni c
2o d i ot gTheBlpt et gt By BHE. o SRARR KR RS REREREY
Dess- Mar t i filterezayeirdon&éhtiaueinivaalo. Abedjwraptessme chendet@yraghy0(CH2Clk @ 2% 4. 96
nmol Th e [ 2 h and
ddi 11 onal MEPBER SR eXbifich wdile ShbhaA o bR THRES TR EER 1 nariocs
(2 timsds) @DCIHBTE2\Wnt THHT7i4dem, ZHE 7.37r(ganH¢,$%Qst2H);l3MS(s,cBH eBl76 g SA) ,
filtered aﬂ%u s 25 Eat ed. Purification by WO 02/42268 PCT/ 1B01/ 02073 -112
medi um pr € 33 g‘ﬁ t ography (20% Et QAc in hexanes to 70% Et QAc in
hexanes) provided the title conpop aﬁéﬂdﬁrﬁpar ation 6 (1.1 g). Preparation
rep

7 [3-(3- N@thoxgneth I-phenylé 2- 0X0- propyl ] - phosphoni c aC|d di et hyl ester
5 Substitutingl Pibenyl)-@-axepropyil-rhasihonis acididimethy egteg o ipound of

Preparat i ogypktilasg fh%%ﬁfo%ﬂatfa%’tdrﬂ’@ métefifls %H@Eiﬂ&éﬁ#ﬁpd&h@%ﬁﬁk&pﬁrén@n fhat
descri bed for Preparation 6. Preparation

[3- (4-18 hy\1\’a~‘°plﬁl>f§|5ﬁ’?§i foilo‘ﬁb@gﬁﬁ%BPQ?U%W%%%IO@%M%CWGQWW reparation 10.
Substituting the appropriate starpidpgrdtinefa @l s, the title conpound of
Preparation 8 10 was prepared follow ng an anal ogous procedure to that
descri bed for B<pBremo-whenyl)-2xerpropyil-phosphonic acid dimethyl ester

{3-[3-(2- “é‘dd%ﬁ@nifh@%ggropﬁftg%salr%ﬁrﬁé@n&éc’cﬂéf ﬁéﬂ?m‘?pfcﬁﬁ%l'feglcagoﬁﬁ?t hyl ester

Substituting g nateri npound of

Pr epar at i omasprepared follewiag@d ahelopovs procethratcthaigieasribed dorddheparatian tthat
descr|1lged for Preparation 6. 15 %BPA’%T'\I n 10

[ 2- Ox0-"3- (3-trifluoronethyl -pheny § propyl - phosphoni ¢ aci d di met hyl ester

Step A N l\[Etd)om@-(Nrifhtdnqnineﬂm(x@-pHemyI)qwopytppﬂrgdphphm‘gdld dimethghester To a
POl b o0 ST DS BRIt bloppetion 5,3 1010,
Af ter sti rwasngepared following an analogous procedure to that described for Preparation 10.
MS 327.1 (M+1), 325.1 (M-1).
20 Preparation 14
[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
—78°C 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. Acetic acid (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 (MgSO,), filtered and concentrated in vacuo. Purification by medium pressure
30 chromatography (20% EtOAc in hexanes to EtOAc) provided the title compound
(9.28 g).



20 m nutes, 3-trifluoronethyl phenyl acetic acid (3.0 g, 14.7 mol ), HOBT
(3.177 g, 23.5 mmol), and EDC (3.10 g, 16.2 mmol) were added. The reaction
m xture we@ox#i2s8 ed at roomtenperature for 18 h and waspcomRanRe7at ed in
vacuo. The residue was diluted with Ei@~h and the organic sol ution was
washed consecutively with IN NaOH (2 tines), water, and brine. The organic
solution was dried (MyS04), filtered and 25 concentrated in vacuo. Medium
pressure chromat ography (20% Et OAc i n hexanes to 50% Et OAc i n hexanes)
provi ded N net hoxy- N net hyl - 2- ( Preparfations dse4dhy| - phenyl) acetam de. Step

B: 12- Oxo- triftluoronethyl-phenyl).-pr || - pho ni aC|d di met hyl
ester. gﬁégtﬂt'ﬂg r@nap@roqﬁlia%t%ﬁrlxg Wé%ﬂ?[%pﬁ%ﬁ?}‘%‘ﬁyt 05'81 5 75.8 mml) in

t ol uene (%Préﬁe)raﬁﬁns 13(24) Vfe wesarsd dvdryaraishads fasBichito {Ha. ;ﬁMadnrehexanes, 28
m., 70 mmllié The r act|? q1xture was stirred for 1 h and a solution of

N- et hoxy- ﬁ‘?ﬂ?‘iﬁfﬁor rQPRUPN A fhyor oret hyl - phenyl ) - acet ani de (14.39 g) in

tol uenes (50 nm.) was slowy added. The reaction mxture was stirred for 2.5

h and Ac ction mxtuyre WD 02/ 42268

pCT) 1801/ oBtsRaraan 1 g Hicrepheny D Sumcr Brapul AHoRBRGRIG 26 Gmefid added.
The or gani gstbpyer was washed with water followed by brine. The organic
solution was dried filtered and concentrated in vacuo. Medium
pressure cﬂmﬁﬁﬂtw‘réﬁar{? -(¢-Elyare phesyB-@sona-piapyHi-nhosenanic geis\dimethii he titl e
conpound oéstg'reparatl on 10 (9.37 g). IHNWR 5 (CDCI3) 67.52 (m 1 H), 7.44
(m 2H), (m 1 H, 3.96 (s, 2H), 3.87 (s, 3H, 3.76 (s, 3H, 3.12 (d,
2H) . PtOepaPmpianatiomw:[B-(é@rmmomlmnwhmq-pmmﬂmlmspbqnipqomme@wlc aci d

di et hyl e%%[ Substituting the appropriate starting naterials, the title
conmpound o eparation 11 10 was prepared foll owi ng an anal ogous procedure
to that deBmp'ak’aitblf‘tB‘ (BrNepiutizdiern2-yl-2-oxoFsrepyl)-phosphdiiic acid dimethyl

[ 3-(3- Brom) henyl ) - 2- oxo- propyl ] - phosphoni ¢ acid di nethyl ester
Substltutl?ﬁj he appropriate starting naterials, the title conpound of

Preparati oprebaratm9@r(emcesl-tﬁ.ebhmwpmymﬂ%dsgauﬁ.crarcmematﬁyltéstérhat
descri bed for Preparation 10 15 Preparation

[ 2- OxdL- (Breparatiand® érGusighexnie2rokg-proryllPhosphosiarsid direthyl eftefet hy | ester
SubSt i LUt | BerARIGY, ARIO,-oRb LB TBhEYIEIT: allfihbithPestgpOUNd of

Preparation 13 was prepared an anal ogous procédure to that
descri bed l?mparatw?at(ﬂtaenzgﬁ 3]dloxol-5-yl-2-oxo-propyl)-phosphonlc acid

dimethyl ester

Preparation 23: [2-Oxo-3-(3-phenoxy-phenyl)-propyl]-phosphonic acid dimethyl

20 ester
Preparation 24: [2-Oxo-3-(2-trifluoromethyi-phenyl)-propyl]-phosphonic acid
dimethyl ester

Preparation 25
(3-Biphenyl-3-yl-2-oxo-propyl)-phosphonic acid dimethyl ester

25  Step A: Biphenyl-3-yl-acetic acid methyl ester. A mixture of phenylboronic acid (1.000
g, 8.20 mmol), methyl 3-bromophenylacetate (1.691 g, 7.38 mmol), Na,COs (1.738 g,
16.4 mmol), tetrakis(triphenylphosphine)palladium(0) (0.474 g, 0.41 mmol), toluene
(30 mL), and water (5 mL) was heated under reflux for 20 h. The reaction mixture
was diluted with water (20 mL) and the volatiles were removed in vacuo. The

30 aqueous solution was washed with EtOAc (4x20 mL). The organic solutions were
combined, washed with 1N NaOH (15 mL) followed by water (15 mL). The o}ganic
solution was dried (MgSOy), filtered and concentrated in vacuo. Purification by |



M5 327.1 (M+l), 325.1 (M1). 20 Preparation 14

[ 3- (3- Chl or o- phenyl ) - 2- oxo- propyl ] - phosphoni ¢ acid dinethyl ester To a

sol uti on vo® ozliazet hyl net hyl phosphonate (17.93 g, 144 mmol PCT/MBOTHEN7G270 L)
at -78C was slowy added n-BuLi (2.5M1564.2 ni, 160.6 muol). The reaction
m xture was stirred for 1 h and (3-chl oro-phenyl)-acetic acid nethyl ester
(26.93 g, 146 mmol) 25 was slowy added. The reaction m xture was al | owed
to warmto roomtenperature and was stirred for 24 h. Acetic acid (15 nL)
was added raediumipeessateadhrbrastogapky (79einexedes: BtOAnta 89: 1ThezamessktOde) was di | ut ed

wi th CH2Cl 2 and, t.he organi c.sol.utian S hed carefully with saturated
aqueous Naqfﬂ'%ed(@pl??%gy.'ac?ﬂ‘éaﬂ g% y&%ﬁ%%&éﬁ' dried (MgS™4), filtered
and concergtepBe@-Biphsrad-84!-2-8xs-bfopelbhesphbyic aeididimetbyl @stenrihe3ifle
chr omat ogr aph 0% Et CAc i p- hexanes tq Et ovi d he title conmpound
(5 58 o) pRbund efbismeton 26 ro pparer o pberyEr ISR b8y bt it ng
t he appr opgsteriof Skipak follogingah@nalagsus drieeduc dsotdsedbguifosPrlepartiars 14.
(Preparations 15-24) were prepar '@bgﬁi‘?’f‘%al ogous fashion to the procedure
r

described for Preparation 14. 5 15:

[ 3- (3- Fl uor o- phenyl ) - 2- oxo-yetaRyddo-p\iesiies,6-diengl di net hyl  ester
Preparation 16: [ 3-(4-Fl uoro- phc%'rall - 2- OX0- pr.opy! }a-lﬁ)hos honi ¢ aci d di net hyl
ester 10 Prggille gompRundref reparationd8okas RaeaeH fellowly (S-%)P@g?ff € phosphonic acid
di rethyl  RsbMfedh SPFHdR N0l 8 664 46MNapht hal en- 2- yl - 2- oxo- propyl ) - phosphoni ¢
acid dinmethyl ester Preparation 19:

(2- x093- t hi ophen- 2-yl - propyl ) - phosphoni ¢ acid di nethyl ester 15
Preparation 20: (3-Cycl ohexyl -2-o0xo0-propyl)-phosphonic acid di nethyl ester
Preparation 21: (2-Oxo-3-phenyl -propyl)-phosphonic acid dinmethyl ester
Preparation 22: (3-Benzo[1, 3]di oxol -5-yi-2-o0xo0-propyl)-phosphoni c acid

di net hyl ester Preparation 23:

[ 2- Ox0- 3- ( 3- phenoxy- phenyl ) - propyl ] - phosphoni ¢ aci d di net hyl



20 ester Preparation 24:

[ 2- Ox0-3-(2-trifluoronethyl-phenyl)-propyl]-phosphonic acid dinethyl ester
Pr epar at ivod 02826% 3- Bi phenyl - 3-yl - 2- oxo- propyl ) - phosphoni crarigbidzerat hy|
ester 25 Step A Biphenyl-3-yl-acetic-a@-d nethyl ester. A mxture of

phenyl boronic acid (1.000 g, 8.20 nmol), nethyl 3-bronophenyl acetate
(1.691 g, 7.38 mol), Na2CO3 (1.738 g, 16.4 mmol),

tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0.474 g, 0.41 mol), toluene (30
m.), and water (5 m-) was heated undeCLAI®IS ux for 20 h. The reaction

m xture was diluted wwth water (20 m-) and the volatiles were renoved in
vacuo. The 30 aqueous sol ution was washed with Et QAc (4x20 nlL). The organic
sol utions were 1.combirespowrisdige foihllal N NaCH (15 m-) fol |l owed by water
(15 nlL). The organic solution s dried (MgS™4), filtered and concentrated
in vacuo. Purification by WO 02442268 PCT/ 1B01/ 02073 -115 nedi um pressure

chromat ography (79:1 hexanes: Et @Ac tqQ 39:1 hexanes: Et OAc) provi ded
mx{ilgcg). Step B:

bi phenyl - 3-yl -acetic acid net

(3- Bi phenyl - 3-yl - 2- oxo- propel )\ phgsphoni ¢ aéid di nethyl ester. The title
conpound of Preparation 25 was preépared from bi phenyl -3-yl-acetic acid
methyl 5 ester of Step A follow ng an apal ogous procedure as descri bed for
Preparation 14. Preparation 26 Tetra hyd ro.pyrro | iz i ne-3, 5-di on
e The title conpound of Preparation 2gowas epared follow ng the procedure
described in U S. Patent No. 4,663,464. 10 WD 02/42268 PCT/ 1B01/ 02073

-116- @GAIM5 1. A compound of the formulal OZ N"-/XN-Q HOR2 5
a prodrug thereof, a pharmaceutically acceptable salt of said compound or said

prodrug or a stereoisomer or diastereomeric mixture of said compound, prodrug or

salt, wherein:
10 the dotted line is a bond or no bond;
Xis -CH»- or O;

Z is -(CH,)s-, thienyl, thiazolyl or phenyl, provided that when X is O, then Z is phenyl;
15
Q is carboxyl, (C4-C4)alkoxylcarbony! or tetrazolyl;

RZis -Ar or -Ar'-V-Ar%;
20 Visabond, -O-, -OCH,- or -CH,O-;

Ar is a partially saturated, fully saturated or fully unsaturated five to eight membered
ring optionally having one to four heteroatoms selected independently from oxygen,
sulfur and nitrogen, or a bicyclic ring consisting of two fused independently partially
25  saturated, fully saturated or fully unsaturated five or six membered rings, taken
independently, optionally having one to four heteroatoms selected independently
from nitrogen, sulfur and oxygen, said partially or fully saturated ring or bicyclic ring
optionally having one or two oxo groups substituted on carbon or one or two oxo

groups substituted on sulfur; and



a prodrug thereof, a pharnmaceutically acceptable salt of said conpound or
said prodrug or a stereoisoner or diastereoneric mxture of said conpound,
prodrug ovO ox#d268 wherein: 10 the dotted line is a bond opChiBho2el3 X is
-CH2- or 0; Zis -(CH2)3-, thienyl, thitzolyl or phenyl, provided that when
Xis 0, then Z is phenyl; 15 Qis carboxyl, (C, -C4)al koxyl carbonyl or
tetrazolyl;, R2is -Ar or -Ar'-V-Ar2; 20 Vis a bond, -0-, -OCH2- or
-CH2O-; Ar is a partially saturated, fully saturated or fully unsaturated
five to ei ght menbered ri ng optionally having one to four heteroatons

g consi Ak PRE Abrare et DORAe S narBall R i GRBERY o T, 2V Ful Fy
S a’a g r 2';] Sg nﬂsafwétb? fltémﬁneélghtﬁrge\f?bne‘redéﬁ\eg)?pgls?aﬂlymmg roeel taf ionghetenoal:?l:d
: zdemlgenden?ql%jt ‘f'B @%FP YRR g%‘i?%?g&rcﬁ%{l ly or fully

sat ur atzd ﬁatmgte@rrlnblcmoﬂmallgz hawng;one)@rttwo oab b;oubasubnjnt@eﬂaomcarbamormm gr oups
substituted ,on carbon or t-,sg)ltﬂ'ef\ éir tt\}i\P 0x0 groups substituted on sulfur; and
WO 02/ 4226% We:PXq BEPHPE SHISURA QHSHIT ang Ar2 are each independently a
partially saturated, fully saturated or fuIIy unsaturated five to eight

menbered ring,.o naII havi .0 t o_f.our { er oat ons €
i ndependentdJAf r?' ﬁ&d??@ ,aﬁl%iH%gP}P{égr‘PH Cﬁ‘erPoOéé' roge %’grr{ngéf:t%%g’fet)f ully 5
sat gr at ed inftghotydlit asranlonelvaBoihgings i ther mbiaty u@bmycglcpnﬂsupsmhlsrgét uted on
carbon, or one,_ or, two . .0X0 gr.oups subs su sai,d Ar.noiety is
optionHfl | yS%Bt’s'?ntF@Féﬂ"%‘ﬁacg‘d?‘%(%ﬁn‘iqng}ﬁﬁ?l?é{ gﬁomgwdg)%%ﬁl%éz ALLPXY, (&1~ o e%/y i's
{Tﬁnocy(llgl CCQQI{(O)?/“(@F@)ﬁlkoﬂ?@@#@balma(cn -C,)alkgl, (E}gl-(e;lt)adkers': Kﬂiﬁ@ﬁ)d:)}clmalkwhtg up to
ree subs uen e I n ec rom r oxy,
hal o, car b=y “(Yéoa'kﬁd@ MWQ(CQ %C)C%aﬂiyﬁgk§e)éh‘ @?3 W (c C7) A kyl | Y
Eg gg al kls ylmnc(y@eimg)amﬂm@ﬂbmk)alkyl(@3 - Tallearoliasiinoy (C.C, - 04) al kyl ,
cyclqQa ano or
(C, - 0B) a?/kgﬁ%'b?%’ér%@@)ﬁd")“ws‘ﬂ hyd(%ys‘(% F%’HWBSE/EFQ?HY%?““?E’ BHO-N- d-NN-
834) al\tll KLWYC&IWNDﬂ &llNrN)N’ 4@4@4§amyssub%@tuwb an&lmmyiag’?d t&ﬂlfd‘mgnﬁfo (@no- N-,
[ stitute

ani nocar boﬁ??'ﬁﬂ?‘l‘ﬁ?na@!ﬂq 6’?‘?5‘91 @8“0 E"Cgr d‘éﬁﬁ'é&k@)ﬂ%&mﬂﬁﬁ amg¥i 8" pno- N-
or di - N, N- QGhr &, gl(By-Carikpearbamb@aE@yib, thish (O~Cs)alkylthio, (C4-Ce)alkylsulfinyl,

(C4-Cy)alkylsulfonyl and mono-N- or di-N,N-(C;-Cy)alkylaminosulfinyl, wherein said

alkyl and alkoxy substituents in the definition of Ar are optionally substituted on

20  carbon with up to three fluoro; and

said Ar' and Ar” moieties are independently optionally substituted on carbon or
nitrogen with up to three substituents each independently selected from hydroxy,
halo, carboxy, (C-Cr)alkoxy, (C4-C4)alkoxy(C4-Cg)alkyl, (C+-Cr)alkyl, (C,-Cr)alkenyl,

25  (Cs-Cy)cycloalkyl, (Cs-C)cycloalkyl(Cq-Cs)alkyl, (C5-C7)cycloalkyl(C4-Cq)alkanoyl,
formyl, (C+-Csg)alkanoyl, (C-Cg)alkanoyl(C+-Cs)alkyl, (C4-Cs)alkanoylamino, (Cs-
C.)alkoxycarbonylamino, hydroxysulfonyl, aminocarbonylamino or mono-N-, di-N,N-,
di-N,N’- or tri-N,N,N’-(C,-C,)alkyl substituted aminocarbonylamino, sulfonamido, (C;-
Cs)alkylsulfonamido, amino, mono-N- or di-N,N-(C,-Cg4)alkylamino, carbamoyl, mono-

30  N-or di-N,N-(C-Cy)alkylcarbamoyl, cyano, thiol, (C;-Cg)alkylthio, (C4-Cg)alkylsulfinyl,
(C4-Cy)alkylsulfonyl and mono-N- or di-N,N-(C,-C,)alkylaminosulfinyl, wherein said
alkyl and alkoxy substituents in the definition of Ar' and Ar* are optionally substituted
on carbon with up to three fluoro;



N or di-N,N(C, -C4)al kyl carbanmoyl, cyano, thiol, P-C6)alkylthio,

(C -Co)al kylsulfinyl, (d-C4)alkylsulfonyl and nono-N- or

di - N, N- (Ve @Bxabkyl am nosul finyl, wherein said alkyl andral/kem2073
substituents in the definition of Ar aneg-optionally substituted on 20
carbon with up to three fluoro; and said Ar' and Ar2 noieties are

i ndependent|ly optionally substituted on carbon or nitrogen with up to
three substituents each independently sel ected from hydroxy, halo,

?fgz b(é);% I (k floviddd giSall(@the:g%s@l)i Jimk (Scml%ahéry Fz is (el thishyiabherlyl (l)<r I

al ke c a clo :
(C3- C7) cycP'?%Wk‘VP'@‘@&'%&)‘t&p v&éﬁ&ﬁlpm ¥v959mﬁgenyq %PYW i Fémthg (e
(G, - C6) al kepaxf &nd @Mé.kxl |s (cm; %%Hg{l%d@‘@@arbd@ or (Cs-
C4) aI koxycar bonyl am no, ‘31/ I fon noca %/t mn no- N-,
g B e RORcaBGR: 110 R o Gt L (ool OE (b arol daerv o Tory

am 30035 Ef?éclgllhadTWﬁbh rfdl) Maﬁrand@ m&r@%ubﬁﬂ)t@d wdngsdsﬁmfmee cREWd0, nmono- N-
or | -

di - N, N ( C, S4B 'féepmwseépi?grﬂﬁg}épené%%n yher%@féﬂr ca%ecﬁfoessl}aéqwﬁ@m% alkyl
(A -Co)al kyﬂoﬁ ﬁé\md1 3 CSHorAlcrhdwhisimb BY susiELite®@BPomé ordfore halogen

di-N N (C, - al kyl am nosul finyl, wherein said alkyl and al koxy

subst i tuen?@"'!sna’ﬂ k%fﬁ@l‘i‘ﬁ%h?t‘f‘“@f" -Arcarb@iAtams. are optional |y substituted
on carbon with up to three fluoro; WO 02/42268 PCT/ 1B01/ 02073 -118

provi ded that (a) when Xis (CH2)- and Zis -(CH2)3-, then R2 is not

t hi enyT phenyl or phenyl nonosubstituted with chloro, fluoro, phenyl,
met hoxy, trifi U9rOmaﬁ\%hp%nc(Sfjclalr@l)(ﬁltﬂé\’formlﬁﬁ%(b) when X is (CH2)-, Zis
-(CH2)3-, and Qis carboxyl or %C’ C4) al koxycar bonyl, then R2 is not (1)
(C5-C7) cycIoaI kyl or (ii) phenyliy thienyl or furyl 5 each of which may be
optionally nonosubstituted or dijgubstituted by one or two substituents
sel ected, independently in th ater Nqask Qm hal ogen at ons, al kyl
groups having 1 - 3 carbon ato i ch rray\lz€ substituted by one or nore
hal ogen atoms, and al koxy groups Raving 1 - 4 carbon atons. 10 2. A
conpound of clalml of the fornula ¥a |V-/X\Z--Q HOR2 la a prodrug

t hereof, a pharmaceutically acceptable f said conmpound or said 15
prodrug or a stereoisonmer or diaster eg@erl c M xture of said conpound,
prodrug or salt, wherein:

la
a prodrug thereof, a pharmaceutically acceptable salt of said compound or said
15  prodrug or a stereoisomer or diastereomeric mixture of said compound, prodrug or

salt, wherein:

Xis -CHy-; Z is -(CHa)s-,
N

-

20 and R®is Ar wherein said Ar moiety is optionally substituted on carbon or nitrogen, on

one ring if the moiety is monocyclic, or on one or both rings if the moiety is bicyclic,
with up to three substituents per ring each independently selected from hydroxy, halo
carboxy, (C+-Cr)alkoxy, (C4-Cs)alkoxy(C4-Cs)alkyl, (C4-Cr)alkyl, (Co-C;)alkenyl, (Cs-



Xis -CH2-; Zis -(CH2)3-, S~/ NS or 20 and R2 is Ar wherein said Ar

noi ety is optionally substituted on carbon or nitrogen, on one ring if the
noi ety i svoonexyglic, or on one or both rings if the noi epgTiBV1bREMCI i C,
wWith up to three substituents per ringtach i ndependently selected from
hydroxy, halo, carboxy, (C, -C7)al koxy, (C-C4)al koxy(C, -C4)al kyl,

(C -Cr)al kyl, (C2-C7)al kenyl, (C3 WD 02/42268 PCT/1B01/ 02073 -119

C7) cycl oal kyl , (C3-C7)cycl oal kyl (C1-C4) al kyl

( C3- C7) cy ot daycloplkyICiGa2h) ajcloalgiiC.-ChHalkyy C.-C/)ecBlloalig)(@h-Ka)atkphoyl, formyl,

Cl-Cg)al k Cl- | kyl 5 | |\ami C1-

(C4) al kéiyC@%Waawﬁ@-%ﬁ@&ﬁ&%%@aﬂ(ﬁ?egéf)%lgélg&tl)aonﬁll&%é%-no or nono- N,

di - N, N,  cli)alRixilcarbomyldrmine NyydiraXysu(fehyl Giiabdaytbonylznsina orunemb-N-, di-N,N-,

T L i

diCl- N,CGN;5( IC G:{Féﬂk;&éqﬂysh@aidbwr?mb, mcrlycaNTJor dliJfN,NJ(CrCQaH@Gmiﬂokvérbﬂth mono-

- a sul. finyL, - a sul f.Q 0- ,

N (0 NG AP R0 SRR Lo =G (pralpuign

subst i t uenics-O,Jalkylsalfsrat amd tnbodNe br dvN,NdCdCAakylantnasplfingnadrgin saidst i t ut ed
b i th to th fl : 3. A d of. clai d

ther aof . Alphard ket BsFe H0bEpetriod o & RGPS gt Sr et o g

prodr ug ororecaibéH With Gtthre@fluof, ast er eoneric m xture of said conpound,

prodrug or salt, wherein Ar is cyclohexyl, 1, 3-benzodioxolyl, thienyl,

napht h or phenyl optionally substituted with one or two 15 (Cl1-C4)al kyl,
(C, - C4) al koxy, %.C, - G rembseund sELiafid pad kiodrugcthérenh) a phatmiceutidally f | uor omet hyl
or cyano, wherein Ea&)d ,(;I%%I and al.goxciéj substituents in the definition of
Ar are opt3SSRRLRPK sal ghiaid eQIPRRUNGIYY Raid Bradsid ¢ adereOlf8ME 9% A conpound of
claim 38 adiéut@égmgrié gmm@fofsaﬁd @aapmeprbmgldrgalgmea@nAptsaiyuehes@l,t of s?i d
conpound oy _sai ro or a stereoj sopner, or tereoperic mxture o
sai d corrpo{xﬁ%,enfﬂd{')ﬂi‘faugﬂg?nyg@PP',’J‘%?&P'%?ngm@nﬂytst”bgtﬁﬁ‘t?ﬂ@"tﬁg"e AoMSond: Q i's
car b0>o<|1>5for(tc§]©4 ), 2C KONk, untrry4l)alrl<cala<y¢1234m<y5 chi¥ro, iuom, tifugromsthyiadr cl ai m 4,
a prodrug cyar(?(g,(:‘(/\(/)he’reirﬂi sgigaaﬁky acn%uallio%sugstituents in the definition of Ar are optionally

substituted with up to three fluoro.

4, A compound of claim 3, a prodrug thereof, a pharmaceutically
20 acceptable salt of said compound or said prodrug or a stereoisomer or
diastereomeric mixture of said compound, prodrug or salt, wherein the dotted line is
no bond; Q is carboxy or (C4-C,)alkoxylcarbonyl; and Z is

S

o

5. A compound of claim 4, a prodrug thereof, a pharmaceutically

25

acceptable salt of said compound or said prodrug or a stereoisomer or
diastereomeric mixture of said compound, prodrug or salt, wherein Q is carboxy and
Ar is phenyl optionally substituted with one (C4-C,)alkyl, (C4-C4)alkoxy, (Cs-

30 Cyalkoxy(Cs-Cs)alkyl, chloro, fluoro, trifluoromethyl or cyano, wherein said alkyl and
alkoxy substituents in the definition of Ar are optionally substituted with up to three

fluoro.



acceptabl e salt of said conpound or said prodrug or a stereoisoner or

di astereoneric m xture of said conpound, prodrug or salt, wherein Qis
car boxy ama02/#0268 s phenyl optionally substituted with oneP(TIBI@A@EBKYI ,
(d-&A)al koxy, (C, 30 C4)al koxy(C, -CAy#okyl, chloro, fluoro,
trifluoronmethyl or cyano, wherein said al kyl and al koxy substituents in
the definition of Ar are optionally substituted with up to three fluoro.
WO 02/ 42268 PCT/ 1B01/ 02073 -120 6. A conpound of claimb5, a prodrug
thereof, a pharmaceutically acceptable salt of said conpound or said

d t i j d,
D odr g or salt®. wnds apagii o HE5s BRI Grigbih it Ruiret A 2 Conpound of
claim 5,d aaqneptdblegalt bﬁabd)f:ompomhax mdptﬁd’rugaédeystecsepbabﬂ e salt of sai df
conpoun or [ or _a.stereoiso r iC mxtureo
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conpourd otﬁfludranémﬁlph@nyprodrug t hereof, a pharmaceutically accept abI e sal t
of said conpound or said prodrug or a stereoi somer or di ast er eoneric

m xture of said conpound, prodrug or salt, wherein Ar is m 15
trifluoronet hox;ypherwlconﬁ?pouﬁdcoﬁrplalmos,sel;&odmg fhepenf, a pharmaceutically

5-(3-(2S (3R r 0X i fl uoronet hyl - .

phenyl ) - blﬁ%ﬁ‘;’%gl %Ith{ e o‘?WWUQE;EQE)r | BrogH80 SheRe SISy P ¢ aci d:
5- (3- (2S- (B&dtereomeric mixture of said compound, prodrug or salt, wherein Ar is m-

hydr o trifl or onet hoxy- phenyl ) - butyl)--5-0xo-pyrrolidin-1-yl)-propyl
) - t hi o{?nen%]orﬁ?f‘ef arboxylic acid; and

5-(3-(2S (4-(3- chI or o- phenyl ) - 3R- hydr oxy- butyl) 5- oxo

pyrrolidin-1-yl t hi o ne 2- car,bo i C. aci A .conpound of
cilaim2, a pro ug t’ﬁé‘?“bB ””déﬁ 5 W%%B@Ff”@ﬁ?rﬁd 3@@35?%89@0%& t of said
Corrgound Oéccér&bb’leiéémdfsiﬂﬂ ecsm?oma\%eaid PRIG Ga ﬁéredlsamtaeoneom(erl c) m xture of
said conp roru or sal.t, erein Xis -CH2-, Zis. -(CH2)3-, Qis
car boxyl " AR e UERTCTTS LS b, Mo SR er ST AR B ot |y

subst itaut eglfirériettogphenyihr ee cyano, (Cl-C7)al koxy substituted with one to
three fluoro or (C -C4)al koxy(C,-C4)al kyl. 30 11. A conmpound of claim3, a
prodrug thereof, a pharmaceutically acceptable salt of said conpound or

said prodrug org.a stﬁ&@ﬁp@m@em{ed f@nasi(:ﬁ(zsnmmrmymwmﬂmorﬁ@w conpound,
prodrug or salt \/\(31 rein the d b ,r}h
phenyl)-butyl)-5-oxo-pyrrolidin-1-yl)-propyl)-t |ophene-2-carboxyllc acid; 5-(3-(2S-(3R-
hydroxy-4-(3-trifluoromethoxy-phenyl)-butyl)--5-oxo-pyrrolidin-1-yl)-propyl)-thiophene-
20  2-carboxylic acid; and 5-(3-(2S-(4-(3-chloro-phenyl)-3R-hydroxy-butyl)-5-oxo-

pyrrolidin-1-yl)-propyl)-thiophene-2-carboxylic acid.

10. A compound of claim 2, a prodrug thereof, a pharmaceutically
acceptable salt of said compound or said prodrug or a sterecisomer or
25 diastereomeric mixture of said compound, prodrug or salt, wherein X is -CHz-, Z is
-(CHy)s-, Q is carboxyl or (C-C,)alkoxycarbonyl and Ar is phenyl independently
substituted with one to three cyano, (C-C-)alkoxy substituted with one to three fluoro
or (C4-C,)alkoxy(C4-Cy)alkyl.

30 11. A compound of claim 3, a prodrug thereof, a pharmaceutically
acceptable salt of said compound or said prodrug or a stereoisomer or
diastereomeric mixture of said compound, prodrug or salt, wherein the dotted line is
no bond; Q is carboxy or (C4-C,)alkoxylcarbonyl; and Z is



no bond; Qis carboxy or (C -C4)al koxyl carbonyl; and Z is WO 02/ 42268
PCT/ 1B01/ 02073 -121- -~~ or N 12. A conpound of claim 11, a prodrug

t her eof , veo pliem2emceuti cally acceptable salt of said conppondBmm2eai d
prodrug or a stereoisoner or 5 diasteréptreric m xture of said conpound,
prodrug or salt, wherein Qis carboxy and Ar is phenyl optionally
substituted with one (C -C4)al kyl, (C, -C4)al koxy, (Cl-

C4) al koxy(C, -C4)al kyl, chloro, fluoro, trifluoromethyl or cyano, wherein

said al kyl and al koxy subssituents |n the def mit\ on of Ar are optionally
substituted with uptoTFn@ uoro.q 3e_of a conmpound of claim
1, a prodrug thereof or rnaceutlcally acy able salt of said

conmpound or of said prodr , or a diastereoneric m xture of said conpound,
salt or prodrug in the manufacuture of a mnedicanent to treat a condition
whi ch presents with | ow bone mass in a mammal . 15 14. The use of claim 13

wher ei n sai d cof@iti Arcompousd efogieimoldi 8 pradrug theseof, @phagvaesyieallyt i ¢ fract ure,

a bo_ne def S%%eﬁta%’e éaﬁ{%? Sdicgbwggﬁrﬁdﬂ'&%aﬂgﬂgdrbgﬁﬁa s{%t cﬁédn‘?é one | oss,

mandi bul ar 0SS, one cture, one | 0SS associ at ed W th
peri odoft i diasteremmqmlcmxth@tdf@aidr@mmmd pR@Irdgsor s@ltpwmrm@lﬁtqadwxy entposi tion
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accept abl e” sal oun sai I'eoi soner
di ast er eoney)atkoxs(&i-Cr)alkyl cmenodﬂlmmmmfuundzmqmybdr a@nor whareaintsaidvefient andh and a

phar maceut Lgal | p8HGESRS FhE d&ftifidn®rar 4R bptbSalf suBbttHER bith BB to three
fluoro.
10
13. The use of a compound of claim 1, a prodrug thereof or a
pharmaceutically acceptable salt of said compound or of said prodrug, or a
diastereomeric mixture of said compound, salt or prodrug in the manufacuture of a
medicament {o tfeat a condition which presents with low bone mass in a mammal.
15
14. The use of claim 13 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.
20
15. A pharmaceutical composition comprising a compound of claim 1, a
prodrug thereof, a pharmaceutically acceptable salt of said compound or said
prodrug or a stereoisomer or diastereomeric mixture of said compound, prodrug or
salt, wherein and a pharmaceutically acceptable carrier, vehicle or diluent.
25



