'(94) "Title: CARBOXYLI C'ACI D DERI VATI VES AS | P ANTAGONI ST6 Sepmbpstoact :
Obiop-2opention relates to conpounds which are generally IP receptor EP010259;
ant agoni sts and which are C N R4 (~} represented by Formula (1) wherein R,

y R---, and-R3 are each independently_ip_ R B11% 3 each occurrence aryl or -

heteroaryl, R4 s O0OOH, t t a! AB .
Case 20653 - -

Carboxylic acid derivatives as IP antagonists

This invention relates to compounds of the general formula

. C 0O -

A ,.~{CH,) /IL " _ACH,)s C
H1/ \Rz ( 2?11‘1‘\0 ﬁ/’( 2)\(( Ha)r\\H4
: ' B\Rs

wherein

R', R?, and R? are independently from each other in each occurrence unsubstituted aryl or
5 unsubstituted heteroaryl or
aryl or heteroaryl substituted with one or more substituents selected from
the group consisting of {C-Cs)-alkyl, halo, haloalkyl, tﬁﬂuoromethyl,
hydroxyl, hydroxyalkyl {C,-C¢)-alkoxy, (C,-Cs)-alkoxycarbonyl,
(Cy-Cs)-alkylene-dioxy forming a ring with 2 adjacent carbon atoms of the
10 aryl ring, cyano, nitro, amino, mono- or di-{(C,-Cs)- -alkyl}amino, _

(C1-Cs)-alkyl-aminocarbonyl, aryl-aminocarbonyl, {C;-Cg)-alkyl-carbonyl-
amino, aryl-carbonylamino, (C,-Cs)-alkyl-sulfonylamino, aryl-sulfonyl- -
amino, (C,-Cq)-alkyl-thio, (C;-Cg)-alkyl-sulfonyl, aryl-sulfonyl,
(Ci-Cg)-alkyl-aminosulfonyl, or aryl-aminosulfonyl;

15 R is -COOH or tetrazolyl;

A - is in&epende_nt_ly in each occurrence a single bond,
-O(CH2)p'3'S(CH2)p') 'NR,(CHZ)p': '(CH2)pO"' ] 'O(CHZ)RO":
-(CH2);0(CHy)p-, ~(CH;)eCO(CHy)u-, -CONH-, -(CHy),-, -HC=CH-,

or -C=C-;
20 R is hydrogen or (C;-Cg)-alkyl; '
B is independently in each occurrence -(CHa)g-, -CH,O-, —CHgOCHz- or
-CH,NH-;

m,p,andq are each indépendently in each occurrence 1,2 or 3;

nandr are each independently in each occurrence 0, 1, 2 or 3;
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razo r y , , , m n, an Or are as defined in t ecifi
&9 pa'e?rqu'dual i soners, racenic or non-racem c nixtures g‘?’%‘ﬁ b 5@?" 88010259'
‘pharmaceutically acceptable salts or solvates thereof. The i nvent i on
- further relates to pharmaceutical conpositions containing such conpounds,
processes for their .preparation and their.use as therapeutic agents. 15
Sept enber 2004 09- 02- 2002 EP0102597 wherein R, R2, and Rs. are

'-;gdepg!?denz by ad ﬁ%@%ﬂ%oﬁie@%rat&nﬁ%ﬁ@mﬁ%wxﬁx‘é‘%ﬁﬁtd&@ﬁm&ﬁbﬂextsb%xef grﬁl tor R .
- - - unsubstituted heteroaiy
or aryl or Hb@féﬁ‘i&m}ﬂaﬂgﬁﬂ&ﬁ’@é‘]ﬁﬁ%{g "ﬁ‘ﬁt‘b&@fe@f nmore substituents selected
from the group consi stjng of ( al kyl , hal o, hal oal kyI ' '
tri f1 uor onewithe prayisodh v%-bwﬂmsx(%ﬂ]vmhenﬂ(@ Liggghoxycribepylamino)-propionic.

(G -C6) - al kgogy sexbrayd., (G -C6)-al kylene-dioxy formng a ring with 2
adj ace’nt carbon atons of the 10 aryl ring, cyano, nitro, am no, nono- or

G - al kyl [k -,
(O ((C - gﬂ(yl Cgrf}a@mx?ﬁmgl@@ee@g)ruyla_dgagrtggﬁeﬁp&mdmr&rmm YhreRBpRpapugay!

(G - CB) - al kid prosinglandindRiher Paly)|antagonistsy Prostaglapdins ooprastanoidsPGs) #ies,
(G -0g)-al kg glafiamaxdwe Anpountb AN fron Qlen@)m@ﬂylli'ﬁ{sblhél ;005 £rePtimedO!

aryl - am nos I's -000H or tetrazo S ndependent Ly in-

_each occur r@ﬁ@@‘gcgb%%eﬁﬁhﬁiW@f’éﬂwlﬁalm@@WP) ur, anRredomblehonds, @adiz) po- |
- CH2) pO 4;&?13%)‘,dr g fall m@%leramaﬂ'aasses’desm by théEife® D, E; Fi&; ﬂl -

or - r (C - - al
‘ or I and they are distinguished by St)lbstltuhons to the cyclopentane ring. The main classes

( are further subdivided by subscripts 1, 2, or 3, which reflect their fatty acid precursors.
- Thus, PGI has a double ring structure, and the subscript 2 indicates that it is related to |

arachidonic acid.

PG, (also known as prostacyclin) acts on platelets and blood vessels to inhibit

15 aggregatidn and to cause vasodilation, and is thought to be important for vascular
homeostasis. It has been suggested that PGI, may contribute to the antithrombogenic
Properties of the intact vascular wall. PGI; is also thought to be a physiological modulator
of vascular tone that functions to oppose the actions of vasoconstrictors. The importance
of these vascular actions is emphasized by the participation of PGI, in the hypotension

20 associated with septic shock. Although prostaglandins do not appear to have direct effects

7 onvascular permeability, PGI, markedly enhances edema formation and leukocyte
infiltration by promoting blood flow in the inflamed region. Therefore, IP receptof
(. | antagonists may prevent conditions associated with excessive bleeding such as, but not-
| limited to, hemophilia and hemorrhaging, may relieve hypotension related to septic shock,

25 .and may reduce edema formation.

Several in vivo analgesia studies in rodents suggest that PGI; plays a major role in the
induction of hyperalgesia. Likewise, in vitro studies provide substantial evidence to suggest
that “PGL,-preferring” (IP) receptors act as important modulators of sensory neuron .
function (K. Bley et al, Trends in Pharmacological Sciences 1998, 19(4), 141-147.). Since IP

30 receptors in sensory neurons are coupled to activation of both adenylyl cyclase and -
phospﬁolipase C, and hence, cAMP-dependent protein kinase and protein kinase C, these
receptors can exert powerful effects on ion channel activity and thus neurotransmitter |
release. Evidence of a prominent role for IP receptors in inflammatory pain has been
obtained from recent studies in tfahsgenic mice lacking the IP receptor (T Murata et al.,
35 Natire 1997, 388, 678-682).
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B -Case 2b653 ' Carboxylic acid derivatives as |P antago ention
Q9-@24002% conpounds of the general fornula is mdependfa“i’%%t f)ytenﬂ)eéggﬁ)( EP0102597
occurrence -(CH2)g , -CH2O , -CH2OCH2- or -CH2NH; m p, and q are each
i.ndependently in each occurrence 1, 2 or 3; n and r are each |ndependently

in each occurrence Q, 1, 2 or 3; DK /31._@1_. 2001 AMENDED SHEET 09-02-2002

15 September 2004 EPOL 02597 -2 or an i ndividual isonmer, a racemc or.
non-racem ¢ M W ditfin eosﬁi@rrﬁedx%r@om%éa%eﬁytﬁrsﬂgxa/ncﬁ&&ﬁ@kﬁmvﬁt&@ét or

solvate thereof, wth t rowsot at

3- benzyl oxygezcr(amqoln@ﬂmmnhe)hl o K 5RSRATS6 to PR alegic girapli stvheas staetch of the ‘
excl uded. 35 x{t@usgtaﬁ?&?{ﬁ%ﬁsﬂeﬂﬂlgt%'ng%? (ﬁ\ﬁs{legrg@&a,fang&swzeeﬁ.ﬁ% off formula I

are especi a as pro ant agoni st s.

Pr ost ag| anoﬁ%éﬂdﬁmpndgtﬂameifwc? fews 1893 45Gh o263 - %51‘8)67 @ﬁtthvmwmgﬂmds
derived fro

cosent s ap FEERH BRE BBRAO BlifihitiadbBr! THEF: 40 SRl ugbb B E it prlElanding
cycl opent arma)' %lenghe linkdgtweeh|detrysar rgwhrsaletChmmduﬂeébgé!addesﬁlgnawﬂa@yraum
|l etters D, e [

subst 1 vt SHCTBAHEryE Bt BRI Bl AP B P B e
subdi.vi ded inyolgehthe pa@op stoloaft)ﬁbladdhr d!hondefsl Thtrefons antagonisty oﬁm d.

precursors 2
P ca; oo PR I apRs A UBL LB SR raePlfy SPGB KORELORL
prostacyglin)

aggr ega%i?on an l%%g%gﬂtgéﬁ%ﬁgg%ﬁ?g? ?eo%o e&[g‘g&)t oduab%@ tk'wtebiltmntgéf’ lerei "% or
ascul ar- honrlmsma%GIs praductier ibessprnse tywrsalleigantiapreRatoninyespiratory bcmdetwm t he
it t hr onbo% Rheperties of. the intact vascular wall. PA2 is al so

t hought to be a p y5| ‘ol ogi cal nodul ator of vascular tone that functions to

oppose the act '&dlﬁuoﬁﬁéﬂﬁﬁﬁ%’&ﬂddtﬁ&? ?ros %ﬁxpﬂiﬂ%‘%ﬁ&%%& ptbRES Eest@RMRAT

actions is errpha5| zed artici I.on O Ot ensi on 20

associ at ed WW@%Q”&”G’F\&@W PAF'EWB sicl Boss efgl herrpewdesoin dMeGray-have

di rect qgfqquNem&ﬁsggka@hmg{gapiéeg50/1_6ng| Z markedly enhances edema
formation and | eukocyte

Thus antagonists which can se!ectwely treat the above mentioned conditions by

acting on the IP receptor, are desirable.

In the following patent literature compounds related to compounds of general
- formulaI are exemﬁliﬁed. US 5,250,517 assigned to F. Hoffmann-La Roche AG refers to
20  certain N-hydroxyalkyl amino acid amide derivatives as inhibitors of renin for treating
hypertensmn US 5,610,176 and US 5,981,755 3551gned to Warner-Lambert refer to certain
indole derivatives useful as tachykinin receptor antagonists. Certain 2- (arylphenyl)ammo-
imidazoline derivatives are described as IP antagonists in EP published application EP
9012018 assigned to F. Hoffmann-La Roche AG. PCT published application WO 97/19911 -
25 assigned to Thomae refers to certain amino acid derivatives as neuro-peptide Y anta-
gonists. Japanese patent applications JP 06184086 and JP 06072985 disclose certain
tetrazolylbiphenylmethylurea derivatives as angiotensin II antagonists. German patent
application DE 1934783 assigned to Farbenfabrik Bayer AG and French patent application
FR 1554051 assigned to Ciba Ltd refer to the use of biphenylisopropoxycarbonyl -

30- derivatives as amino protecting reagents in the synthesis of peptides.

The role of IP prostanoid receptors in inflammatory pain is described in Bley et al. ,
Trends in Pharmacological Sciences 1998, 19 (4), 141-147. Smith et al., British Journal of
Pharmacology 1998, 124(3), 513-523 refer to characterization of prostanoid receptor-

_ evoked responses in rat sensory neurons. Altered pain perception and inflammatory

35 response in mice lacking prostacyclin receptors is described in Murata. et al., Nature 1997,




infiltration by prompting blood flowin the inflaned r eg8 8BntefieF S €. 1P
receptor antagonists may prevent conditions associated wth excessive

bl eedi ng such as, but not Ilimted to, henophilia and henorrhagi ng, may

. relieve hypotension related to septic shock, 25 and may reduce edena
formation. Several. in vivo anal gesia stugdjes in rodents suggest that PG 2
plays a major role in the induction-of hyperalgesia. Likewise, invitro
studi es pIsmcees)s RELENTHAIpheMhABISS of forkdd 4Ly trddhBooliABsAESHAHlYT
(I'P) receptors act as inportant nodul ators o ensory neuron function (K

Bl ey et al crectie Hessies i rofeweria dinsigreon ef goi Rintrascokgel Revips 993, 85(3)7293-

Since.lP - t i ", r-2,1C g.actjvat.ion of both
Sdonyi yi OB CORRRR AL Py RO 105 00 A IS8 B ROR ot e
ki nase ardistgibstion andsrasioraf progamoid rewpfatroars] thair sabagpes. power ful ef fects on

i on channel activi tly and thus neurotransmitter release. Evidence of a

~promi nént r ol eAll pnblitioas pptentssandipataht appliedtiony cited herbingwhethar suplas af ned -
fromrec Lid] ' . ' ice |acking the IP receptor (T. Mirata -
ool e By BB RS AT ceptenber 2004

- EP0102597 I n mdek 45p6yd of the PRicACintREbiRprovidesomPMRRE 8BSIng thdYeQ5ka0! andi ns
are kno to be  generated locally in the pladder in™reSporise to o

_ physiolo PR i nul'i such as stretch QS thé detrusor snooth nuscle,

injuries of the vesical nucosa, and rve stinmulation (K. Anderson, . o
Pharmacol ogi cal Revi emsA1993+{CHIELI) ,jﬁ@-)@:&)z)n ACHg){hg maj or prosta 5 °

gl andi n rel eased fr t he I:human bl &dderN There afe some d$liggestions that
prostagl andins nmay be the link between 'detrusorgruscle stretch produced by
bl adder filling and activation of Cfiber affereng® by bl adder distension.
It has been proposed that prostaglandin Jray be involved in the :

pat hophyg}holrggy of bl adder disorders. Therefore, antagonists of

pr ost agl A Al P receptors are expected to be useful in the treatnent of :
such tond't Rinad R* ke dwdepeuienty foaf eacP otlet dptahocaireenceuasuistipesd edibe find

autility in respir l‘?tl raies gherein PA 2 production in response to
an allergen is pres@%@?s}ﬁé e"{lﬁe@faosa 1-rotory conditions such as asthma. '

Addi ti onal i nf or matardwr hetestarylgubsiitpred stithgbreensti mereanbstitheits seletepfoms i s

Thorapouti oo, i nt et ook ebec Eru B A SR8t o0 26,
pages 601-616. . Thudroxdrivdyerillet(CrhielkosniCseletioxy@tbpnylr eat the above
menti gned condi ti ope, Y i3fhl AxPRrhig a Hhg L3R SRRLen ArSadRRl 2 hke

aryl ring, cyano, nitro, amino, mono- or di-{(C,-Cs)-alkyl}amino,

(Cy-Cg)-alkyl-aminocarbonyl, aryl-aminocarbonyl, (C,-Cg)-alkyl-carbonyl-
amino, aryl-carbonylamino, (C;-Cg)-alkyl-sulfonylamino, aryl-sulfonylamino,
(C1-Cg)-alkyl-thio, (C;-Cg)-alkyl-sulfonyl, aryl-sulfonyl,

20 _ (C-Ce)-alkyl-aminosulfonyl, or aryl-aminosulfonyl;
R is -COOH or tetrazolyh
A is independently in each occurrence a single bond,

-O(CHa)p-S(CHz)pr, -NR'(CHa),-, -(CE),0- , -O(CH;),0-, -
'(_(:HZ)pO(CHZ_)p”s ‘(CHZ)nCO(CHi)n‘: 'CO_NH": “(CHZ)p': ;'HC":CH‘ H

25 or -C‘—:C—;
R * s hydrogen or lower alky}; A
B is independently in each occurrence -(CH,)¢-, -CH,0- , -CH,OCH,- or
-CH,NH-~; | o

m, p, and q . are each independently in each occurrence 1,2 or 3; .
30 nandr are each independently in each occurrence 0, 1, 2 or 3;.
or an individual isomer, a racemic or non-racemic mixture of isomers, or a pharmacentically

acceptable salt or solvate thereof:



In the follow ng patent literature conpounds related tp; egBRMKRASOR
general fornula | are exenplified. US 5,250,517 assigned to F. Hof f mann-La
Roche AG refers to 20 certain N hydroxyal kyl ami no acid am de derivatives
as inhibitors of renin for treating hypertension. US 5,610,176 and US
5,981, 755 assigned to Warner-Lanbert reber to certain indole derivatives
useful as tachykinin receptor antagonists. Certain 2-(aryl phenyl) am no-

i m dazol ine derivatives are described as |IP antagonists in EP published
appl i catwignth&provs@ 28l BbasdognB biflenil-4-yipkhoBrabba/iRaed)eréfeniEleld Publ i shed
application, WD 97/19911 25 assigned to Thomae refers to certain amno acid
derivativés as neuro-peptide Y anta- gonists..Japanese patent applications
JP 06184086 and JP 06072985 di scl ose certain tetrazolyl bi phenyl met hyl urea

derivatives i i ' : [ nt. application DE
1934783 assi gﬁ% &?foa%:eg:? ﬁﬂetﬁ?%b?e?ﬁkg%gg&%&k%d%s%@’r%%nfgﬁgrgpﬁ% 3%? application FR
1554051 campiupdas deforedibthe Orstlaspedt avhichprdchs compriss§  bi phenyl i sopr opoxycar bony!
30 derivatives as am no protecting reagents in the synthesis of peptides.
The rol e of =Talell : i Rriipddamyatory pain is described in.
Bley et al. Rl 200 %‘E‘?ﬁ%‘f‘%?%ﬁ#r@g ences- 1998, 19 (4), 141-147. Snith
et al., British Journal of Pharnmacohogy gﬁ§ 124(3), 513-523 refer to
characterization of prostanoid rerkpt omR? vo‘k'é}‘o].{aspo_nses in rat sensory .
neurons. Altered pain perception and inflammatory 35 response in nmce .
| acki ng prostacyclin receptors is described in Mirata, et al., Nature 1997,
AMENDED SHEET 15 Septenber 2004 -4 388 (6643),678-682. The R
phar maco' | o' gxthaf cdnay@indusfigandrd] formalz snoot h nmuscl es and penile. erectile
tissues is reviewed in Anderson et al., Pharmacol ogi cal Reviews 1993, .
45(3), 253- 308. Coleman et .al, P X ol ogicrg) Revba®w 1994, 46(2), 205-229
refer to.properties, distri@eNon and. 3 ructur}[gf prostanoid receptors -
. and ‘their subtypes.. . 5 Al publicationk, patentls, and patent applications
. cited herein, whether supra or infra,ar ch hé‘?eby i ncorporated by -
- reference'in its entirety. A first aspect of the present invention provides"
.conmpounds conprising the general formuldlR n O .t/A i(CH2).\ J~. /(CH2)n |

to _provide a compound of the general formula

ﬁ' /A\Ra/(CHa)m\\O /“\-N /(CHZ),Y(CH,!)L_\H“_ :

| —

1 : .
wherein R’ is Cy¢-alkyl, and R', R, R, R%, A, B, m, n, and r are as.defined in -
the first aspect; or | ‘

“ b reacting.a compound ha_virig a general formula L

Iv



wherein 10 R, R2, and Rs are independently from each ,e?&ja
occurrence unsubstituted aryl or wunsubstituted heteroa%?sﬁtehg?y

het eroaryl substituted with one or nore substituents selected from the
group consisting of (C-C6)-al kyl, halo, haloal kyl, trifluoronethyl,

hydr oxyl , hydroxyal kyl, (Cl-C6) - al koxy, (_@ja_- C6) - al koxycar bonyl, 15. (C I
-C6) -al kyl ene-dioxy formng a ring wth 2 adjacent carbon atons of the 20

RA aryl ring, Wﬁﬂﬁcorﬂ%&iirmoﬁgl&hmlfomm or di-{(Cl-C8)-al kyl) am no,
(C, -Co6)-al kyl -am nocar bonyl, aryl-am nocarbonyl, (Cl-C6)-alkyl-carbonyl -

am no, aryl-carbonyl am no, (Cl- C6 %) - sul (grp am s aryl - sul fonyl am no,
(C3-06)-al kyl -thio, (C, -0C86)-al ky]N If Ayly” a kﬂtr( nyI (C
1- C6) - al kyl -am nosul fonyl, or aryI am nosuy| fonyl is - COOH or tetrazol yl;

is independently in each occurrence a sin fond,© -Q(CH2) p-, - S(CH2) p-,
-NR(CH2)p , -(CH2)pO , -(CH2)pO, . -(CH ) PO( CH2) p- , - (CH2) , CQ( CH2) n-,
-CONH-, -(CH2)p-, -HC=CH 225 is hydrogen o |lower alkyl; B is independently
in each occurrence -(CH2)qg-, -CH20-, -CHzOCH2- or -CH2NH; m p, and q :
are each Indep@@g%ﬁd&a&d]nlﬁﬁﬁﬂmyééh@m%rﬁlula? or 3; 30 n and r are-each

i ndependently in"each occurrence .0, 1, 2 or 3;. or an individual isoner, a
racem c or non-racemc mxture of isonergy, or a pharmaceutical Iy

acceptabl e salt or solvate here %15 sdpt enb 2004 th the. proviso
t hat 3benzy|oxy2(b|ph1n»y>~ﬁ]’fl @3 g Ib‘r\mlc acid is
excl uded. A second aspect of present |nnent| on provides a process for
preparing a conpound as defined in the first aspectByhjch process

corrprl ses a) reacting a corrpound havi ng a genleral fornfla -

2

10 wherem R’isCq a]kyl and RYL R R, RY A, B, m, n, and r are as defined i in

the ﬁrst aspect; or

c) reacting a compound havmg a general formula

1/A\ 2/(CH2)M /IL U

Vi

witha compound of general formula

H N/(CHZ),Y(CHZ),\I_rORS
2
A B\.Ha o
v

. to provide a compound of the general formula

H

0 ‘ | .
RPN RN J\N /(CHE)‘Y(CH?}'\R“

B
\Ra

I

wherein R?is C; .4 alkyl, and RLRL R RYA,B,m,n,and ¢ are as
defined in the first aspect .




RR2~(CH2) m-OH 11 with a conpound of general fornula

OCN,,,, (CH2)i ~~PH2) I oRs to provide a conpound of the . t¢&B6eptambboriad a O

R ~A~R2i (CH2} O'k ACH2) (CH2)r- 4 HR | wherein R5 is Cl-4-alkyl; and R 9
R2, RMW A B, m, n, and r areas-defihed in' the first aspect; or

b) 3reacting.a conpound having a general formula 2 ( 2)m RR O- SCI N 15
Sept enber 2004 -5a with a conpound of general fornula V to provide a
conmpound of the neral faormula 0.RL A R2/(CH2 CN-" (CH2).CW1 R4 if
B' gg | 10 wher ei‘% aﬁ%@a%zheﬁrﬁﬁg.l?veg@dl pﬁ’é%}’mﬁ?fmﬁﬁfal ‘(ﬁ)"’pl_ga,s121 n, and r
are as def i cogribing & therapeutisdllyasipa o amount ©f oneenabrargmaoedspaisfidedrbuveng a

general fo ri%!il%ix%@ezwi\éln ol & rx}lo?‘e p%o a%gquali)yf acge%pa%fe%larﬁ];r%r ml a

A fourth aspect of the present invention provides the use of one or more compounds
as defined above for the manufacture of medicaments for the treatment or prevention of a

disease state, which is alleviated by treatment with an IP receptor antagonist.



"Vto provi de a conpound of the general formula R /A~
N-(CHp)~(CH2) i""R4 HI wherein R5 is Cl.4 al kyl, and%sf%%rﬂ%r,zol%, A, B,
m n; and r are as defined in the first aspect . 15 Septenber 2004 -5b A

“ thi rd aspect of the present invention provides a pharnmaceutical conposition

conprising a therapeutically effective ampunt of one or nore conpounds as
defined above in adm xture with one-or nore pharnaceutically acceptable
carriers. A fourth aspect of the present invention provides the use of one
.or nore compounds as defined above for the manufacture of nedicanments for
the treatnment or. prevention of a disease state, which is alleviated by

treat ment wit Ipreferdel ab €M ndd BF RERIMAT whekéin R ©BOH. 2004 Preferred are
conpounds of fornmula I wherein R4 is'-COOH"I'n a preferred embodi ment, R4

s ];COG"bl R Rzlﬁldl péfetred eﬁfb%ﬂbﬁédtimxgd?oto}f lkg%hd% R@'hﬁ%nsﬁﬁsﬁffﬁte?@%tg)sttlhitectl g
preferably, is - stituted phe enyl ‘substitute
with 5, orfd7% F‘%P’@%&ﬁ‘ﬁéﬁ@&ggﬁ Enshbstitergd Pﬁ@vé,% wbﬁ%asgw%wsh

| ower a k%ne diahére shiyslit@entd selecdKE N thég]roﬁp( asiRisfng oﬁ%ﬁe?alﬁf[sﬂﬁ§tﬁfd1’&§r?

phenyl ene. phenyl ene supsti t ut ed ne or re substituent’'s sélected
“from the gﬁ"ﬁﬂﬁf QAR end, é mmﬁlemgﬁut WY eRaPHPheyleng systitued with oneor

cyano; andnoR\%aBstitRéfs KIQ&QY @&h)ﬁhgérohﬁ cokiidig oRlovies al HQ%'[ Bf)q

phenyl  substitut e‘g with one or substltltuents se| ect ed fromt e g oup

consi st i n@PrEVanBARe eveg lapmrefew&bbll inyePO, R istneabspituisd phyayl oapbiersd
i S' UNSUDS tsbitiRE ARIENYACHENOe sRBRTMERD RlecidTRirh tiY gi"gu[‘!"l:&rhsﬂ g o?fov\m?r e

'substi tuen ted fr t he group psi stin | ower hal. o,
hydr ox ¥ a@ﬂ@%kﬂ Ty roa% owaﬁacmnpgnaRsFWSBbsgi&#e d pheny @ﬂpm enyiﬁee h
f2 ol( Ibovwh ng sabaiteted rmﬂﬁén) dr rﬁ%&%ﬂull&ﬂffﬁ&it?%cted from the group consisting gflo:tver
, i pheny 0) cycar bonyl am no - propi oni c acl S
2- (bi phen?L@h}V1°gEY$F BEnGY ‘éﬁ?ﬁ@aa‘@}(&?al Hdﬂ‘%“}i%'r dni-c acid; or
3- (3- benzenes | am no phen - 2- hen
yl met hoxycar bcu)(h\?(}%ml}?aﬁre&bﬁ“ﬁ’ of S%g‘i B‘PPHX‘iﬁﬂot her preferred enbodi nent,
R4 i's - CO2Hbifhenyb4-yhhethskychitoaglaplifsly3-phenyl-propionic acid;

15 2-(biphenyl-4-ylmethoxycarbonylamino)-3-(3-indolyl)-propionic acid; or -
3-(3-benzenesulfonylamino- phenyl) 2-(biphenyl-4-ylmethoxycarbonylamino}-propionic

acid.

In another preferred embodiment, R* is -COOH, R' is unsubstituted phenyl or
phenyl substituted with one or more substituents selected from the group consisting of
"'20 " lower alkyl, halo, hydroxyl, alkoxy, or cyano and R? is unsubstituted phenylene or
phenylene substituted with one or more substituents selected from the group consisting of
lower alkyl, halo, hydroxy}, alkoxy, or cyano, R? is unsubstituted phenyl or phenyl
substituted with one or more substituents selected from lower alkyl, halo, hydroxyl, alkoxy,
- Or cyano, Aisasinglebond, mis },nandrare0,and B is -CH,-. B

25 - In another preferred embodiment, R*is -COOH, R'is uns_ubstitute'd phenyl or
phenyl substituted with one or more substituents selected from the group censisting of
' lower alkyl, halo, hydroxyl, alkoxy, or cyano and R? is unsubstituted phenylene or
.phenylene substituted with one or more substituents selected from the grdup consisting of
. 1ower alkyl, halo, hyd_roxyl, alkoxy, or cyano, and A is -(CH,),0-, -O(CH,) g OF -
30 (CH)pO(CHz)p-; in a more preferred embo_dimént, R*is -COOH, R an& R? are
 unsubstituted phenyl or phenyl substituted with one or more substituents selected from
the group consisting of lower alkyl, halo, hydroxyl, alicoxy, aryl-sulfonylamino or cyano
*and R?is unsubstituted phenylene or phenylene substituted with one or more substituents




phenyl substituted with one or nore substituents selected fromthe group
consisting of 20 lower alkyl, halo, hydroxyl alkoxy, or #i§eptearisrR04s
unsubstituted phenyl ene or phenyl ene substituted with one or nore

substit uend elIvesspect ed fromthe group consisting of | owerpéetiydi/ozbd o,

hydr oxyl , al koxy, or cyano, R3 is unsubstituted phenyl or phenyl
substituted with one or. nore substituenfs selected from |l ower al kyl ; hal o,

OO o BER  GERE Rondeb o LS oot o Bfne i O °"
unsubst i't WEH,)pOeMO(CH,) ,-pbefTH, HO(EH:) Himds Wintahdeas: QandBrie-Gidpst i t uent s
sel ected fromthe group consisting of |ower alkyl, halo, hydroxyl, alkoxy,

or cyano and RThe pllowinghat etanisies giisactyéempounds: phenyl ene substituted with

N e T T e
or 30 6CHRPE(Ehikecathyloxy-hermploayqiisdratantido) bpheiylpnopioié acid; - COOH, R and

R3 ituted, phenyl henyl bstj t ut i th .Or.

oo e uont e 3ar SRRt B SHER A SRRl TBRE,

hﬁdr oryl, :al(Bcﬂqo:o-laFgﬂenen{;ﬁahyll-bamiéylomﬁrb@yiplnmincﬁrﬁdpm)dl;prapimu' ibadid;t ut ed
tit Lt | t . tit ts .15

et rber SU8STHeT et st Bt s b BBt F aBepF Braiile 3eidh

. consi sti ngS{(B—Henmrestﬂfohylamihalphen)ﬂym(a@lenomﬂed:w-bemylogymbonykéimo)-d .

CH2 , -Q(CH2) Ps, - (CH2) PQ( CH2) p-, 1, r are 0, an IS

o) P PRATBAAHY Ur e exampl s of thch compounds:

-CH -. re exanpl es of such conpounds:

(R - 2- ( 4- ph&nbenvttypndylvarydnylaptias popheaylipropiodic ptidny| - propi oni ¢ acid; 5
(R) - 2- (4- phenet hyl oxy- benzyl oxycar bonyl am no) - BI-J)henyI -propionic acid; 2-

[ 4-(2-fluoro. - phenabstprefested embodimax R ds MLOYHaR! is ahsubspitueed/dr-spbstjtittedi ¢

aci d;

2- (311 vor BEGEREr A et RETebSSRISA o5 sgbstitish ok mors preferabizn s {F QBB R o

aci d; unsubstituted or substituted heteroaryl, and R” is unsubstituted phenylene or phenylene

2 b (g U RRRE RRIORE O Hloke RRNANIRHXGRA PR G T v RYdroRf1 RS, °

- benzenes ubf oyarogaridevep ey pyef@ably; RBie ORQbE Rhislunbestisitekgrabiiontedani no ) -

i 0 propionjc acid or 2-(4-pbenzyvl oxybenzyl car bonyl am 13- nyl.- propi oni c
aci 0. ' aRBEREPTRer B R RRRE SR Rl n e A e GRG0 o
subst i t ut esubdnieteitoateyied famalloWer kkkyl,haodstdraxyl, ettony, os tfzsbi and &t amingle nor e
preferably, R4 is = | S substituted or substitutied roaryl,
and R - isP8R ﬁ’ﬁg(ﬁéaﬁi 'et} "’gﬁ é%;‘ndé)x'g'@ e%’ﬁfeﬁgﬂzgl%ycf oélﬁlgrsntlﬁ)ﬁ? 8%81\%? th one or
nor e sufest projsivhie asidlieat edniploof suohve compbydd. hal o, hydroxyl, al koxy,

In another preferred embodiment, R*is -COOH, R! is unsubstituted or substituted
heteroaryl, R? is unsubstituted phenylene or phenylene substituted with one or more
substituents selected from lower alkyl, halo, hydroxyl, alkoxy, or cyano, and A is -(CH,),0-
or -O(CH,),-; more preferably, R* is -COOH, R' is unsubstituted or substituted indolyl, R

25  is unsubstituted phenylene or phenylene substituted with one or more substituents selected
from lower alkyl, halo, hydroxyl, alkoxy, or cyano, and A is -{CH;);O- or O{CH,)p-, m is 1,

n and r are 0, and B is -CH;-,

The following are examples of such compounds:
2-[4-(1H-indol-4-yloxymethyl)-benzyloxycarbonylamino}-3-phenyl-propionic acid;
30 2-{4-(1H-indol-4-ylmethoxy)-benzyloxycarbonylamino]-3-phenyl-propionic acid;
2-{4-(1H-indol-5-ylmethoxy)-benzyloxycarbonylamino]-3-phenyl-propionic acid; or
2-[4-(1H-indol-4-yloxymethyl)-benzyloxycarbonylamino] -3-phenyl-propionic acid.
In another preferred embodiment, R* is -COOH, R' and R* are unsubstituted or

substituted heteroaryl; more preferably R* is -COOH, R' is unsubstituted or substituted

35 heteroary], and R? is independently in each occurrence indolyl, indazolyl, benzoxazolyl,



or cyano; and even nore preferably, R4 is -COOH, R is unsubstituted or
substituted heteroaryl, R is unsubstituted phenyl ene oi5 Bepenibeng004
substituted with one or nore substituents selected fromlower alkyl, halo,
hydr oxylwaodd %P’S&?{ or cyano, and Ais a single bond or - pci#Rinnse

(R -2-(4-1 néo -1 -yl met hyl - benzyl oxycar bonyl am no) - 3- phenyl 20 propionic
acid is an exanple of such a conpound. -I7r anot her preferred enbodi nent, R4
is -COOH, R is unsubstituted or substituted heteroaryl, R2 is

unsubst i t beezbfyfaeylybanrethiyphemdnlydnginidezdid: isaquiraling, phqwnelisyl, #br e
subst i t uents sel o 0 s Do, 8 Kb @fuey ano,
and A is PP%?'@‘*%?“%?%Q)%EE%F%&EP_g%er?%l‘éﬂ Vo RE TS S COoH R TS
unsubst i t ot sabstitutediheterioanl, &d is imdcwt;dd,en&)azmzsch eccyrrendsdadalyh indageldny| ene or

- phenyl ene L1t ' : i HERYBissfliRcliff, of amlinguer
al kyl , halbg,HP%f}%frl k@ﬁﬁzgg%{!‘gf;?gn%thlgggﬁlﬁ ‘Bgﬁzé A isEI- tscﬁ'llzl) p&}ﬂor %(CHE?D m
is 1, = aldnsutstie:é] omsulistBuied, argHR 1s a sikgle bond- owi ng are exanpl es of such
conmpounds:

2-[ 4- (1 H i ndolThtfellowiggreeleydmplesobspch zgmpewtlsy | ani no] - 3- phenyl - pr opi oni ¢
acid; 30 ipy 9 (5 thi bonylamino)-3-phenyl-propionic

2.1 4. ( 1h (Rl Szthiqphen 3 ylhenzofuran 2 ylmethoxycarbonylamin). 3 eny - pr oo ni ¢
acid; 2- [adid¢ 1H

i ndol - 5- yl gethaxykr hejay yl ox b i P8 bR 2 ISR Pk i) CRpRBAYE-AEbighic OF
2-[4- (I H i(n tc%l B4M§l/-{ g@?ﬁét@?’(@ggﬁ% %car oﬁyl a%ngﬁ]B- ghenﬁlépﬂr) opi oni c
acid. hnh awikher preferred enbodinent, R4 is -COOH, R and R - are
unsubsti t yped_of 0, SYBSLLIYbLEE. B3 WenzdiRHa 8- PRI RIRPLAD Syl RimEOOH, R
S unsubsttlhﬁ(t}t@dﬂ%orsrggﬁitgﬁlr?ﬁ@e%ﬁ@gg%t g’rlzoarf/ll : gnc? Iogwis Jigiﬁll):zlependently in
each occumrepmeidaddol yl , indazolyl, benzoxazolyl, 15 Septenber 2004 WO

01/ 68591 RET/ EROLN25AT 5-.1). AN hethBRRAAIIA RS YA -pHReN ZirBpidarol VI |

I soqui nol i(glffﬁlgﬁgfiﬂnbpﬁﬁéﬂr%u%uﬁstﬁ%t edlyor 1substpi tﬁ"??d?pand even
nmore prefercabby, R4 is -COOH, R is unsubstituted or substituted

het er 0gr yl iy R214. '_pgﬁ,ﬂ{_ > | 73)-8 A M6 EH FRRGB mi] X -Phenyl Bhiy!
benzoxgéol Iﬁ)?[)ieﬁlz% ura%&ﬁfg%lg%}z(%%h?%gnyﬁ&ben?i%mlﬂc}gzo yl ,Wi’ﬁsilg%ui nol i nyl ,
or quinoliand., 5 all unsubstituted or substituted, and A is a single bond-
The follow ng are exanpl es of such conpounds:

(R) - 2- ( 5- t hi opmemothey prafsredsmbadimenty Risr GOORH BowyrastitrsA.csspbstiied pr opi o

nic  aci O pdflafn B istpldidnilfg) indatldcclRBARIMIAHL iddwblE Hiasyaaslny | am nol
- 3- phenyl - propi oni c T acl d; . ) L R
benzofuranyl, benzothiophenyl, benzimidazolyl, isoquinelinyl, or quinolinyl, all

20 unsubstituted or substituted, and A is -(CH;),0- or -O(CHz)p~.

In another preferred embodiment, R* is -COOH, R' is unsubstituted or substituted
aryl, and R’ is unsubstittited or substituted heteroaryl; more preferably R*is -COOH, R'is
unsubstituted phenyl or phenyl substituted with one or more substituents selected from
lower alkyl, halo, hydroxyl, alkoxy, lower alkylene-dioxy forming 2 ring with 2 adjacent

25 carbon atoms of the aryl ring, aryl-sulfonylamino or cyano, and R® is independently in each
occurrence indolyl, indazolyl, benzoxazolyl, benzofuranyl, benzothiophenyl,
benzimidazolyl; isoquinolinyl, or quinolinyl, all unsubstituted or substituted; and more
preferably R* is -COOH, R' is unsubstituted phenyl or phenyl substituted with one or
more substituents selected from lower alkyl, halo, hydroxyl, alkoxy, lower alkylene-dioxy

30 forming a ring with 2 adjacent carbon atoms of the aryl ring, aryl-sulfonylamino or cyano,
and R? is independently in each occurrence indolyl, indazolyl, benzoxazolyl, benzofuranyl,
benzothiophenyl, benzimidazolyl, isoquinoliny}, or quinolinyl, all unsubstituted or
substituted, and A is a single bond or ~(CHa)p-. '

The following are examples of such compounds:
35 (S)-2-phenyl-2-(5-phenyl-1 H-indol-2-ylmethoxycarbonylamino)-propionic acid;



(R -3- (4-fluoro-phenyl) - 2- (5-pyridin-3-yl-benzofuran- 2-yl nmethoxycarb
onylam no) - propionic acid; (R)-2- 15 September 2004

[ 5- (1Hi ndol - 5-yl ) - benzof ur an- 2- yl met hoxyear bonyl ani no] - 3- phenyl - propi oni ¢
aci d; orwbboye®de12- [ 2- (1Hi ndol -4-yl)-benzoxazol - 5-yl et | am no]

- 3-phenyl -propionic acid. In another preferred enbodi rreh‘?&(@%l%g%

I S unsubstituted or substituted heteroa$y| R2 is independently in each
occurrence_i ndo yI i ndazol yl, benzoxazol benzof uranyl,

benzot hi ofRaryPhenyindz(orahenrdeproxazalodiih wyarbomrlaxqmoh@mmymc agidt 20

unsubst it yRgs- gﬁer@qj@s@t\é}ghﬁq}enmza 5§ %} oo 5mm§§ ?—r@égglsctrhl %ot her -

preferred %ﬂnbOdf'l i stl ute ted
aryl , and ( Wﬁb@mhewlt?eﬁddwdsfarbsmﬁm@@a “Heethospeaybonylonimopr ef er abl y
R4 is - CO@¥op fBnid &id;unsubsti tut ed -phenyl or phenyl substituted with one or
nor e SUbSthzé P &_ﬁgl ected from |ower alkyl, halo, hydroxyl, alkoxy, |ower
al kyl en®- di % AEp-Bhenybidpenpanazql- Saﬂfr&éwcazbom&mnmn]émhmybprmxary|
ring, arylgcﬁd,ll fonyl am no or cyano and R - is independently in each
occurrence dPIY i ndazol yl, benzoxazolyl, benzofuranyl, benzothi ophenyl,
benzi ni daz~§| %sxﬁsaorﬁ!enﬂi}b?nwa@hmdmpavwcamqnymu@ B+{¢tfluodo-phenyl)-
substitut g @lﬁgt;mpde preferably R4 is -COOH, R is unsubstituted phenyl
or phenyl ed wi.th one or nore substituents selected from | ower
al kyl , haI fa? +(2-pherdauinelingqylaethrysabonyleseyng epropiomicrsidiori ng wi t h

2 adj awnt(m@r-pp(a ST rQbhidyD- Bér&bxizbﬂﬂwlxﬁét}{{nxﬁ?}rl])fgg?l{{nﬁ%]”ﬁ pREnfiyano. and

R2 is |ndependently I n each occurrence 1 ndoly xazol yl,
benzof urarP)fPPm“Efé’r%t hi ophenyl, benzi mi dazolyl, isoqui noI inyl, or
qui nolinyl, all unsubstituted or substjtuted, and Ais a single bond or

-(CH2) p-. The fiBianeMhengrefreederahasimentoR is e ObbAp duwepybstgted phenyl or

S) - 2- phe -sub ol I - aci d;
(2 sepfen%kﬁen AR Rt R S P

(R) - 3- pherfyfed. lowepplkpgpe %‘@ﬁ}z@%@z@ﬂagﬂg/mthétaﬂmwém@anm afthe pridpirgni ¢
acid; 1s 1-sulfon lammoorc ano, R? bstituted or substitut

(R) - 3- phensy % Y I - genzoleiszlcl)rfsu ; lylll rene'f)r %uxﬁéélr%ol?]ew%%%c}d al&"%ﬁ?%m C
aci d: ingle ondor (C 2)pe-

(R) - 3- phenyl - (?jT ﬁhen yl -2, 3-dj hy ?ro benzofuran 2-yl met hoxycar bonyl am no) -
pr opi oni ¢ aci ha5f0 owlng are examples of such compounds:

(R) - 2- [ 2- (@)f2-(pRei8BydohurReNZAXRARKyRIBIITREIRNY S FhBANYr8pioAR st Pheny! - pr

opi oni ¢ (R)-2-(2-phenyl-benzofuran-5-ylmethoxycarbonylamino)-3-phenyl propionic acid;

20 {R)-2-(5-phenyl-benzofuran-3-ylmethoxycarbonylamino)-3-phenyl-propionic acid;
(R)-2-[5-(4-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino] - 3-phenyl-propionic
acid;

3-(3- benzenesulfonylammo -phenyl)-2-(5-phenyl-benzofuran-2-ylmethoxycarbonyl-
amino)-propionic acid;

25 (R)-2-[5-(4-chloro-phenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-phenyl-propionic
acid; A
(R)-2-[5-(3-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-phenyl-propionic
acid;

(R)-2-[5-(4-methoxy-phenyl)-benzofuran-2-ylmethoxycarbonylamino)]-3-phenyl-

30 propionic acid;
(R)-3-(4-ﬂu0ro-phenyl)—2-[5-(4-ﬂuoro—phenyl)—benzoﬁlran-2-ylmeth0xycarbony1-
amino)-propionic acid;
(R)-3-(4-ﬂuoro-phenyl)-z—(5—phenyl-benzofuran-2-y1methoxycarbonylamino)-propiouic
acid;

35 (R)-2-[5-(4-methyl-phenyl)-benzofuran-2-ylmethoxycarbonylamino}-3-phenyl-propionic
acid;



aci d;

, 17)-2-12-(3- cyano phenyl ) - benzoxazol - 5- yl met hoxycar bonyhaSeptemir 404 | uor o
-phenyl) propi oni ¢ aci d;

(R) - 3- ph¥@ 168591 2- phenyl - qui nol i n- 6- yl met hoxycar bonyl am nBEF/BP&E28ATI ¢ aci d;
or 10

(R) 2-[12-(3,5-di fl uoro-phenyl) - benzoxaZdl - 5- yI rret hoxycar bonyl ar ni nojJ - 3- phen
- prop| id. .Ln a erre s -000H, R is

unsubst i t 8&3 (g I-bspzo r}ﬁ %’Yﬁ%ﬁg% gf’@ - o'RBe'b’ﬁ %?’8“@36@{ i tuents

sel ect ed f(R@-m-(]SMtZo[a1ﬂi&lbxolkﬂylébenhyﬁiﬁm(-ylylmembk@ayborl}G)amﬁi’no@equgHeﬁYle di oxy

formng arin JA 2 adj acent carbon atons of the aryl ring, 15
aryl - sul f dHHF* Wicﬁ‘ﬁl br cyano, R2 is unsubstituted or substituted

benzof ur aqR)- 2a[r5d(Mﬁo@he@ﬂ)n@drﬁoﬁ@ﬂdzqﬂme(}ﬁbcb?dapbonyﬁlﬁxnfo@lﬂ-pimydgpmpmmc
exarrpl es of gﬁuch conpounds:

(R) - benzof ur an- 2- yl met hoxycar bonyl am no) - 3- phenyl - pr opi oni ¢

aci d (R)(Raezélz-d@hq»ayé -phemiebdnzafurbn-pHylwkthoxyaa dohahao] 13e(4- Brqrbehghyl )-

propi oni ¢ acid;

(R)-2-(5- pﬁ{gﬁvplcﬁéﬁofuran 3-yl met hoxycar bonyl ani no) - 3- pheny! - pr opi oni ¢
acid; (R®-2- [ﬁexmdﬂuum-phﬁlyaFbénﬁaﬂnmmwmmhoiyqumtymimpbtpmyﬂam noj

- 3- phenyl é%ooig)l oni aci d; 3-(3-benzen

esul f onyl y1) - 2- (5 phenyl - benzof ur an- 2- yl met hoxycar bonyl -

am no) 1pr ofR)Aise(Bfusto-pHenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-phenyl-propionic

(R -2-[5-(4:; dghl or o- phenyl ) - benzof ur an- 2- yl net hoxycar bonyl am no] - 3- phenyl - pr
opi oni ¢ (R -2- [ 5-(3-fluoro-phenyl)-b

enzof ur an-@)y2- (i difluatdphsiylrbenadiurah-2 piesthbxpradpimbinino s+ phenyl-

(R -2-[5-(4- net hoc}/ phenyl ) - benzof ur an- 2- yl net hoxycar bonyi am no] - 3- phenyl -
30 propi orW@PRRIGAI% Ry 3% (4-f1 uor o- phenyl ) - 2- [

5-(4-fl uor(cR)phenﬂhdroQﬂﬂngmuF[&F(ZQﬁqdrﬂth&mdy-(baangah-z-am nojl - propi oni ¢ aci d;
(()EI) Oﬁl (4 flguotrho e?g)%mméﬁpl%meor}&aggnzof ur an- 2- yl net hoxycar bonyl am no) - pr
[ 5- (4- net h{R)-p[e(R-thlohe pliail)trnzctuydnaByhneticecixboylamine]-3-(4-fluoro-

- 3- phenyl ggo%opr}logmmcacg 15 Septenber 2004 WD 01/68591 PCTI EPO /02597
(R)-2-(5-benzo[1,3]dioxol-5-yl-benzofuran-2-ylmethoxycarbonylamino}-3-(4-fluoro-
phenyl)-propionic acid; ’

20  (R)-3-(4-chloro-phenyl)-2-[5-(4-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonyl-
amino]-propionic acid;
(R)-2-(5-benzo{1,3]dioxol-4-yl-benzofuran-2-ylmethoxycarbonylamino)-3-phenyl-
propionic acid;
(R)-3-(4-bromo-phenyl)-2-[5-(4-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonyl-

25 amino]-propionic acid;

(R)-3-(4-chloro-phenyl)- 2-(5—phenyl -benzofuran- 2-y1methoxycarbonylarnmo)-propmmc
acid;

(R)-3-(3-fluoro-phenyl)-2-[5-(4-fluorc-phenyl)-benzofuran-2-
yimethoxycarbonylamino]-propionic acid;

30 (R)-3-(3-fluoro-phenyl)-2-(5-phenyl-benzofuran-2-ylmethoxycarbonylamino}-propionic
acid;

(R)-2-[5-(2,5-difluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino] -3-phenyl-
propionic acid;
(R)-2-[5-(3,4-difluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino}-3-phenyl-

35 propionic acid; '
(R)-2-[5-(2,5-difluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino}-3-(4-fluoro-
phenj‘rl)-propionic acid;



-9 (R -2-(2-benzyl - benzof ur an- 5- yl net hoxycar bonyl am no) - 3- phenyl - pr opi oni c
acid; (R)-2-(5-benzo[ 1, 3] 15 September 2004

di oxol - 5-yl - benzof ur an- 2- yl net hoxycar bonyl am no) - 3- phenyl - propi oni ¢ aci d;
(R) - 2- [ 5-WB0H§MNo- phenyl ) - benzof ur an- 2- yl met hoxycar bony| aRiCEgP01/02597

- 3-phenyl -propionic 5 acid,

(R)-2-[5-(3- cyano phenyl ) - benzof uran- 2- ywret hoxycar bonyl am no]

-3-(4-fl h d fl henyl
“benzof ur SO SIS T AR CRB et @@@ﬁw%wr% i defidior
( ?I?) ﬁ [5I (ﬁhefriyl)qympuhﬂmgdxd, benzof ur an- 2-yl met hoxycar bonyl am no]

- en

(R P 5. BUSPUPR S BSisiimbany ) spaafiransyimerhorme bRy Saminon P

- 3- phenyl - h&rqnbmpmrﬁcmﬂd (R -3-(4-fluoro- phenyl) 2-

[5-(2-T] uogces ‘p %rrll))i genzoﬁlrgno i mg{hoxycar%o}{nype mc%xé/ 55 l&onliy -yl- QPoS%L:cp o I Om ¢

aci d;

[ 5- (2 ChI 02-Q5-ﬂﬂneﬂwlI-Benheﬁlizn‘f-IJy@metBaWcHEHoh?Mytﬁm)b&pyﬁ&mﬁﬁ]—pﬁp{oﬁrcfdcﬂbr o-
phenyl)-propionic acid; (R)-2-(5-benzo[ 1,3

] di oxol -5-yl - bhrmnitherqn-e&rryﬂ embbainyenaTanyCQOH) 8] aid R¥art binaibstituted phenyl
phenyl) - pro |on|

(R -5 1 25 c AP BB EnRfiedids opacs mars wbiamy ssstse ermiawer 57} héenoxy car bon
yl - am no] hyﬂmpylmlkmqatuvcb: alldden@didy ﬁﬁmﬁﬂg a ting with 2 ad;acent carbon atoms of the

((j:q? X? !3 1% yI fenz%ﬁﬁ ﬂ@@?y%xlnﬁrr?c} %Oc)}(z noa,lhb?sn nsu ggtﬂl?t)ed or Pul%ep é(lted ﬁ)enz&ugarﬂyf aci d;

(4-f1l uor o phsmglébdmimm‘(ﬁ}an—,'zln;sl Iyatahdxyesad,hadPlis -CH.-anm no] - propi oni c

aci d;

(R -3-(4- chI ortn;rhﬁhyd prefriel embediptennRiiofCOOH, B! jshmsnbsarytedplagldran no) - pr
opi oni ¢

oPL AN vor Bt idRsiitirbd ch the & BISEOMikintstseleated Grom lower allg, helo, hydroxg; .

30 alkoxy, lower alkylene-dxoxy forming a ring with 2 adjacent carbon atoms of the aryl ring,
(R 3 (3 1Ly Gl o S R ASRARL A S BREARA B1 10) -1
( R) 2- [ 5- ( ZinBlediohHwo FECHenyore prefiradfly RAis-CO0HR and RC archonybstititedphdybheny
or phenyl substituted with one or more substituents selected from lower alkyl, halo,
hydroxyl, atkoxy lower alkylene-dioxy forming a ring with 2 adjacent carbon atoms of the
aryl ring, aryl-sulfonylamino or.cyano, R? is unsubstituted or substituted benzoxazolyl, A is

20 asinglebond, mis1,nand r are 0, and B is -CH,-.

In another preferred embodiment, R* is -COOH, R is unsubstituted phenyl or
phenyl substituted with one or more substituents selected from lower alkyl, halo, hydroxyl,
alkoxy, lower alkylene-dioxy forming a ring with 2 adjacent carbon atoms of the aryl ring,
aryl-sulfonylamino or cyanoe, R? is independently in each occurrence indolyl, indazolyl,

25 benzoxazolyl, benzofuranyl, benzothiophenyl, benzimidazolyl, isoquinolinyl, or quinolinyl,
all unsubstituted or substituted, and A is -(CH3),0- or -O(CHa),-. .

Another aspect of the invention relates to pharmaceutical compositions suitable for
administration to a subject, comprising as an ingredient a therapeutically effective amount
of at least one compound of Formula I, or individual isomers, racemic or non-racemic

30 mixtures of isomers, or pharmaceutically acceptable salts or solvates thereof, in admixture
with at least one pharmaceutically acceptable carrier; more preferably the at least one
compound is suitable for administration to a subject having a disease state which is
alleviated by treatment with an IP receptor modulator, and even more preferably the at
least one compound is suitable for administration to a subject having a disease state which

35 isalleviated by treatment with an IP receptor antagonist.



| ower al

propionic acid; (R-2- [ 5- .15 September 2004

(3, 4-difluoro-phenyl)-benzof uran- 2-yl net hoxycar bonyl am no] - 3-phenyl - 35
propi oni ¢ aci d;

(R) - 2- [Wwolodselsedi f | uor o- phenyl ) - benzof ur an- 2- yl met hoxycar ggg)ﬁl@@?ﬁgg -3-(4-tl
uoro- phenyl)-propionic acid; 15 Septenber 2004 WO 01/6 EPQ / 02597

-10 (R)-2- [5-(3,4-difluoro-phenyl)-benzef uran-2-yl met hoxycar bonyl am no]
-3-(4-fluoro- phenyl)-propionic acid; (R -2-

[ 5- (3, 5-di f| daraddjsiomalydspeds efithefinvatior rylhtes tdthx yeesfachytapeuticly fféctivé | uor o-
phenyl) - | Ong jd: 5 e . .

b (5 phe Ryt I e sSmpoupd of sensral SRyt Rbndividysl SRR PrergiF 8pi oni o
aci d; or non-racemic mixtures of isomers, or pharmaceutically acceptable salts or solvates thereof

2- (5- phepyl 1 benzof uran- 2- vl met hoxycarb | am no) - 3- pyri di n-3-yl - propi oni c
acid. | n?éa/fntéf Erézr%t"befléf"e?rre«g RS &idﬁ%ﬁ?e,sg is -COOH, R and R3 are
unsubsti t ut egy ph . henyl stit W th ane or .nore substjtuents
sel ectSs ed f ro%hﬁg\l;\e‘g%ﬂl%? ﬁ{;f}!%r Fleg%lt(e)s, tsol{ﬁf/ ?eo%aletgerg ué‘)%@!} ﬁfge\ﬁg‘re ﬁllnﬁk}'lgjteoiét di oxy
form ng &easti org coirtplould afgaesd Forankdor atdividud isotriees, treariy lbor nongacemic

aryl -sul f | am Ao or 0, R2 is.unsubsiituted or supbstityte :

benzof ur é’%‘%f%/f quioén eés’ggg?%naﬁglﬁ%c ag)'fagcte E%%Beﬁéi%s N7 ‘s{atfs, r%‘#ﬁct’rr&ilﬁr e 0, and B

i s - CH2- mdmufanoe loémepicements éat thatreatimrsin by pidenton-cE@deas? stats thandsubst i t ut ed

phenyl or bst | ed;with one or re substituents selected from
AL R i 8% 1B S e

| ower al al kyl ene-di oxy formng a ring

wth adj acen bo {o of .t.he. aryl, ri.n 1 ryl -sul f.onyl am no or
cyano® o | o DAt Rl erRba B Rt BBl sl liestisdth B REPRAE " g
bond or r¢spHalapy stawmredema édraratibhyoRypotensiCOAskulit disasksRBataras hendetiated t ut ed

phenyl bstiot ut ed w or nore substituents selected from
By PR AR IP B o dhlale 6

wer al kyl ene-di oxy formng a ring
with 2 adjac i . ary] .- f ]

or.cyano, RZFHRESi Pgﬁéﬁgs]?ﬁﬁﬁé%rtﬁ%% egg‘{%tfgesc?g%glﬁgegx%&%}g%ﬁ 18%1' '?Hlsﬂ’%g a single
bond, m itect maye preferablytiee discasmdatB comprigisbladdemdisoyders essogiatddowitieblladder

enbodj LS - ' i . I | tuted
i th bhodhmietEhelracadt bl uibart iRk cbit e AN I fle RUBH OO AR, 1

al koxy, lusimery iatentirenes, dédmxgd hladddrrgparityi ineguenaytof iddrisioantirgear bon at ons  of

the aryl ;ring r Yol .z.sl ' . 1.S: | Ly 1. each

occur  ondatiinen & e b AREnPE L AU KRS oeh BRSRIRC irberiolt)

benzot hi ¢BRENyprostatiz detrehar binydrreflesiaquinmy frequencys noctuiiaphiingry urgency,
overactive bladder, pelvic hypersensitivity, urethritis, pelvic pain syndrome, prostatodynia,

20  cystitis, or idiophatic bladder hypersensitivity.

In another preferred embodiment, the disease state is pain, more preferably the
disease state comprises inflammatory pain, neuropathic pain, cancer pain, acute pain,
chronic pain, surgical pain, dental pain, premenstrual pain, visceral pain, pain due to
burns, migraine or cluster headaches, neuralgias, post traumatic injuries, pain associated

25 with functional bowel disorders such as irritable bowel syndrome, hyperalgesia, or complex

regional syndromes.



all unsubstituted or substituted, and Ais -(CHZ)pO—(Nﬁgég&gggaﬁmoanother
aspect of the invention relates to pharmaceutical conpositions suitable for
adm nistration to a subject, conprising as an ingredient a therapeutically
effective anmount of at |east one conpound of Formula I, or. individual

i somers, racem c or non-racemc 30 m xtyyes of isoners, or pharmaceutically
acceptable salts or solvates thereof, in adm xture wth at |east one
pharmaceutically acceptable carrier;- nore preferably the at | east one

conpound is syitahle fqor agnmnistration,to a subj.ect having a di seasg state
ehren s o PiRAaRE prr RS TRdineRl i SRt Bu R At At mot P B Feven
nore pr gf ﬂfeaiﬁﬁ)(setstweﬁm ﬂiﬁﬁﬁiﬂaﬁﬁﬁﬂtmvmrfﬂﬂhﬁﬂctbﬁal,%h alabf eirkldafeateasni stration
" to a subject having,a.di sease state i 5.i.s alleyjated.hb eat ment

Wi ol Bl B SRR A ke SRR N npiop St Haddet rot
/02597 - inflafimaAlte, péleio dlpaspeeivitpfurkiheitis provdtitRNprosthatddmid & the use of a
therapeutically. effective anmount of at |east one conpound of general
Formul a | “YMUPHS dual i somers, racemic or non-racenmic mixtures of

i soners, or phar euti.cally acceptable salts,. or sqlvates thereof for the
treatment or ' { EANRetpogment e diessestals PR isRISHINGHSRER FURFHEESS el at os
‘to the usereadfthmat herapeutically effective anount of at |east one compound
of general Formula | or individual isoners, racem c or non-racemnc

m xtures of i $pafesther eaibodiaéntplde didesistite anampbaddethagatmation. sol vat es

t hereof for the manufacture of nmedicanents for the treatnent or prevention
of a disease state that is alleviated by treatnent with an | P receptor
antagonist. 10 In a preferred enbodi ment, this disease state is associ ated
with the urinary tract, respiratory states, edena formation, or

hypot ensi ve vascul ar di seases that can be alleviated by treatnment with an
| P receptor antagonist. In a preferred enbodi nent, the di sease state is
associated with the lower urinary tract; nore preferably the di sease state
conpri ses bl adder di sorders associated with bl adder 15 outlet obstruction
and urinary incontinence conditions such as bl adder outl et obstruction,
urinary incontinence, reduced bl adder capacity, frequency of mcturition,
urge incontinence, stress incontinence, bladder hyperreactivity, benign
prostatic hypertrophy (BPH), prostatitis, detrusor hyperreflexia, urinary
frequency, nocturia, urinary urgency, overactive bladder, pelvic
hypersensitivity, urethritis, pelvic pain syndrone, prostatodynia,



20 cystitis, or idiophatic bladder hypersensitivity. | erred
enbodi nent, the disease state is pain, nore preferablynvﬁgahgﬁégggghétate

conprises inflammatory pain, neuropathic pain, cancer pain, acute pain,
chronic pain, surgical pain, dental pain, prenenstrual pain, visceral pain,
pain due to. burns, mgraine or cluster higadaches, neural gi as, post
traumatic injuries, pain associated 25 with functional bowel disorders such
as irritable bowel syndrone, hyperalgesia, or conplex regional syndrones.

15 Sept enber [RQRA¢kherlembidiaient, 1RE dRESE fire eImpilRaybtatedssodidied dithease state is
i nfl anmati on; nore preﬁgrably %h§¥dis%@%eAstate COo riﬁgi hﬂflannation

f r om bac¥PPENSIVE YasgHar Gpeagssy preferaplptheidizease statq comppisss Jeligt phpyROtesion

ost eoar t Rkdokiabed Wit &pki¥ shédkadder infection or idiopathic bladder

i nfl ammati on, pelvic hypersensitivity, urethritis, prostatitis,

prostatodynia or conjunctivitis. In another enbodi nent, the disease state
conprises respiratory states fromallergies or asthma. |In another

enbodi ment, the disease state conprises edema fornmation. 15 Septenber 2004
-13W I n anot her enbodi nent, the di sease state conprises states associ ated
wi th hypotensive vascul ar di seases, preferably the disease state conprises
relief of hypotension associated with septic shock. 15 Septenber 2004 WO
01/ 68591 PCT/ EPO /02597 -14 Unl ess otherw se stated, the following terns
used in the specification and clainms, . have the definitions given below It
must be noted that, as used in the specification and the appended cl ai ns,

the singular forns "a," "an" and "t'he" include plural referents unless the
context clearly dictates otherwise. 5 "A kyl" means the nonoval ent |i near
or branched saturated hydrocarbon radical, consisting solely of carbon and

hydrogen atons, having fromone to twelve carbon atons inclusive, unless
ot herwi se indicated. Exanples of alkyl radicals include, but are not
limted to, nethyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl,
tert-butyl, pentyl, n-hexyl, octyl, :



dodecyl, and the like. 10 "Lower al kyl" means the nonov
branched saturated hydrocarbon radical, consisting sol 3§§%%te@§?r%oﬁaand

_hydrogen atons, having fromone to six carbon atomns inclusive, unless

ot her wi ted. Exanples of |ower alkyl radicals include, but are not
i teds‘tg‘?”(c";'Orﬁg;ﬁg’ﬁ1 et hyl, propyl, isopropyl, sec-butyl, IPEHEPBU?%;T”

n- butyl n- pentyl n- hexyl, and the |ikg- 15 "Al kyl ene‘ nmeans the dival ent
linear or branched sat urat ed hydr ocar bon radical, consisting solely of

c alr bon and hy @hdess ottaiwiss fjtaitdyﬂmﬂgoﬂdvﬁﬂgmﬂmsh@e& inkthe i‘{ mauomaﬁmgam,

unl ess ot bher wh s ngdi cat.e vyl ene ra | ude t are
ot 1y ¢ B4 &8 et bapRUR s B nBtsitesioss ushilut figPrisphR AR the

but yl ene, aﬁpﬁtdagllc]mm;!,lmﬂﬁngtﬁmdfotﬂﬁe "a,! Tded an&&he'ﬁﬂnkmy lﬂfﬁ&laﬁ:rdnm:rﬂasé itlgenl
-O R wherein R,is,a.lower ahﬁ radi cal as defined erel n. Exanpl es of

al koxy racﬁ?‘&tgfts leatlydi Ef@tesﬁ‘i!l’te % not linmited to, methoxy, et hoxy,

ROPLIE SRt et G B DBl 0
al koxycar l&ﬁﬂﬁiurfg&dle@ﬁdf&at‘daﬁﬂ dﬂdfh dbégenéhrt&nﬁ QJavxInE 'ﬂ(ﬁl‘i’Gné £ twefve carbon atoms

nmet hoxycar.b hoxycar.ban ut,.ox and_the |ike.
means %/he ’Fl’ﬁ'f‘%%f“@f?f %‘KerﬂnﬁFdPé‘ﬁ?teaféfﬁﬂlﬁs %9‘@9’ E’QF%@HH‘T’I‘&@R byt arg BHEIF@EtF%g of
one i ndi viteluabthyi, Bﬂxyl 9{-0;9'[1Qsdp&oﬁm,rlﬁoﬁdtﬂ‘?sic-fbht}@,&eﬁﬂbum perdin-h83locglle ring

is aromati can optionally be substituted wi th one or
nor e, preffgfjﬁﬁ'il f“aﬁg @f “two subst ituents sel ected i ndependent ly from | ower-

al kyl, hal o, Rhal oal o trifluoronethyl, dr qxyl yd allyl, |ower

al koxy 10| ower V%&Ar‘ﬂﬁ?ﬁl eWé‘ﬁﬁale%i]ﬂ ‘Zﬁlﬁ‘ edr‘f’ﬁtr%ate‘%;)gy%?ca(r Pher

al kyl ) ani ﬁ@d:cilp@ﬂ?fs:s&hgsdiclﬂﬁfmbﬁi b@cmhydrogéxy&tom fﬁ&ﬂ)b'ne td S0edrbah Ky! -
carbon | am no, r al k Ifo

car bonyl am no
aryl - sﬁl f SIS 5}%‘%‘ ei%"‘%ﬂrﬂw "fdd% I%@P%éf’a}j’l‘”% ldgé’PFis’é‘FWe*sthfonyl
| ower al k)élre Ac iiaied foometh;@,re@i}@,rprapyql, tsoPOpHD séaBult @Bty 28 Sul, hzegseﬂtﬁe
i ndi cat ed.’ ﬁd f aﬁj‘ two adj acent atonms of the aryl 35 ring may
Rlopi A %\ﬁf%l

substi t ut enedi oxy group like a nethyl enedi oxy or

Sept 2004, 01/68591, P [/ 0259 5,eth
ool E oF Al mednsthe fialenb ot ag PrARSIed (st Rigtocptagis %EE}LO
phenyl, naphsistyhg sdhlph&taylion indhydvegeroatoms Haying frbrh @A & 6 tb &Y hAHEiRY-

,P 2?? ylbut yl rB ﬁb‘reﬁr%}sg g{}i?ééteda nrgfﬂ%? of XlL’ylex?eCrg C‘!:ll?lrplc uéjehﬁt?tyare nc:))’t llnnlntterdc%:ghe i
methylene, ethylene, propylene, 2-methyl-propylene, butylene, 2-ethylbutylene, and the
like.
T 20 “Alkoxy" means the radical -O-R, wherein R is a lower alkyl radical as defined herein.

Examples of alkoxy radicals include, but are not limited to, methoxy, ethoxy, isopropoxy,
and the like.

"Alkoxycarbonyl” means the radical R-O-C(Q)-, wherein R is a lower alkyl radical as
defined herein. Examples of alkoxycarbonyl radicals include, but are not limited to,
25 methoxycarbonyl, ethoxycarbonyl, sec-butoxycarbonyl, and the like.

"Aryl" means the monovalent or divalent aromatic hydrocarbon radical consisting of
one individual ring, or one or more fused rings in which at least one ring is aromatic in
nature, which can optionally be substituted with one or more, preferably one or two
substituents selected independently from lower alkyl, halo, haloalkyl, trifluoromethyl,

30 hydroxyl, hydroxyalkyl, lower alkoxy, lower alkoxycarbonyl, cyano, nitro, amino, mono-
or di-(lower alkyl)amino, lower alkyl-aminocarbonyl, aryl-aminocarbonyl, lower alkyl-
carbonylamino, aryl-carbonylamino, lower alkyl-sulfonylamine, aryl-sulfonylamino, lower
alkyl-thio, lower alkyl-sulfonyl, aryl-sulfonyl, lower alkyl-aminosulfonyl and/or aryl-
amino-sulfonyl unless otherwise indicated. Alternatively two adjacent atoms of the aryl

35 ring may be substituted with an alkylenedioxy group like a methylénedioxy or




I ndanyl, 4-fluoro-phenyl, anthraquinolyl, and the Iike. E’S%ﬁpl S
bi val ent aryl radicals 5 include, but are not limted tg, p eer@qeé%éw

~naphthylen, and the |ike. "Heteroaryl" neans the nono- or bivalent aromatic

car bocychi@ofi@dd,cal having one or nore rings incorporati i , or
three heteroatons within the ring (choosen from nitrogen?gg’%%léor#%r

sul fur) which can optionally be substitutged with one or nore substituents
selected frompreferably one or two substituents sel ected i ndependently

1;] r gm 10 : E\&ﬂfﬂeﬁbd@k}{ g:’ﬁ&bmxah-nl@le@@f h}dnlojﬁ(fﬁll’ehﬁc drﬂgﬁcﬁf?i ifviude,Hid a0t limited to,

ydr oxya ower .al koxy, r al ko rbonyl , no, -nitro, .amno,
monos oy aPREmERhL S b S et B bR EBRRc: phediLi”

al”lil l—am‘ ln?phab,wl _dthad@’%?]irﬁd-ﬁ(dnyhlath?lﬁﬁiﬁliﬁh@md, afx%iopﬁamhpnayllwﬁlrphenyll ower
al kyl - sul fonyl am no, aryl -sul fonyl.am no, .l ower -thio,,lowey ..

o kot - sl £ STt siprS el pireguagy b api gre i Bomhiesahyatep avl radicals

aryl - amisnosadlddenbit dsiehesimédwel phafyidnephaphtigttn, &R dxfikgl es of heteroaryl
radicals include, but are not I1mted to, imdazolyl, oxazolyl, thiazolyl,

pyrazinyl, pyrl'dezsaayyl; mehisahfgwor of bivaleyd aromytic ditlsicpslic, ragieslitdivitiglone or

quinolin-2,6- diyl. quinglinyl, isoquinaolinyl, 1,6 3-benzodi gxpye,

benzof ur anyfore 5‘5‘%&1&: é’ﬁa:tﬁ_l,géaﬁ tyjo, or ﬁ'éﬁé)lbqiﬁgﬂg‘é wathip %e ,rmgC{Ch‘yosen from

g, 3-di hédr mﬁmasgzl af aMygen, or Eulﬁiry{vhiclhetlaﬁ @bﬁbgﬂl’yfbszgqsﬁnﬂédfivith olkaelﬁzmohé opyr anyl ,
enzi m dazql+ 2. 5-di NnzZoxazo -2, 5-di enzot hi aza , 20

benzopy" angtbsetitreHiepted BEAGRREGy oft R o Hbgitan Ry dependenty from

i ndol - 216- dovwdr alkyl, abloy haloalkg) tyifluordriethld ydebxyl, diydrodyalkyl) lowesalkiowynlweny | |,

napht yri di % as, vveLI as bival ent radi cal a ﬁhereg}(} and lt he ah%ge. " Hal o"

means t he IEATOFYh S50 BRSO BN MR- of Aigheverialiyhammgrlonser allgling ¢ he--

radi cal - NRmfRiocavbvewk atyl RminddrBbtyt; 16wetratlyb Garbénydarhinvpdryltdtlybnylatinoadi cal !

o . radic but .a limted

as defined,herein anpl es of .am | s _incl ude, b e .pot
PR R P R R S s B L R
means t he ralforydlow&GRE!-anwlindselionR érsargl-dminesulfehiyinldsactheplissiadicartii ned
herei n. Ex | es 0 | kyl sul.tonyl .radicals include, but, are not .Jimted to,
ot by b 1 dgrPes e A pelb bGP sl ptiedin, Reide R, Pobetidhns ¢ he
radi cal - - ShiaRlylypeagnyl, pyridizaapl, tiyphengl] firahyl agricddinple gyridiayligiquinodbina2ypl es
of arylsulfgnyl .radicals inglud but are.not |imt to henyl sul f onyl ,
napnt hy s uPBgAn SR Sehutoplind: £3 il PearohebitbsngeneL itine
radi cal SObdhiyfumaned, ®idiyl,R,3-dikgdtaberiofatany?,s-diyh Genadthiaphetst Srdigl, her ei n.
Exanpl es of, al kyl am nosul fonyl radi ca i ncl ude, 1.are t limted to,
met hy| ani ndSHfS W?Vr,anglfH%zgﬂféﬁ@%l,é-gnf;ﬁ{en%zoﬁlﬁ—g,%z M.ﬁe‘l@?@a’ﬁmer 2004
20 benzopyranyl, indazolyl, indol-5-yl, indol-4-y], indol-1-yl, indol-2,5-diyl, N-alkyl-indolyl,
isoindolyl, quinolinyl, isoquinolinyl, naphtyridinyl, as well as bivalent radicals thereof, and
the like.

"Halo" means the radical fluoro, bromo, chloro, and/or iodo. -

"Amino” means the radical -NR'R", wherein R and R" are hydrogen or a lower alkyl
25 radicall as defined herein. Examples of amino radicals include, but are not limited to -NH,,

methylamino, diethylamino, and the like.

"Lower alkylsulfonyl” means the radical -SO;R, wherein R is a lower alkyl radical as
defined herein. Examples of alkylsulfonyl radicals include, but are not limited to,
methyisulfonyl, ethylsulfonyl, and the like.

30 "Arylsulfonyl” means the radical ~SO,R, wherein R is an aryl radical as defined
herein. Examples of arylsulfonyl radicals include, but are not limited to, phenylsulfonyl,
naphthylsulfonyl, and the like.

"Lower alkylaminosulfonyl" means the radical ~-SO,NHR, wherein R is a lower alkyl
radical as defined herein. Examples of alkylaminosulfonyl radicals include, but are not
35 limited to, methylaminosulfonyl, ethylaminosulfonyl, and the like.




WO 01/ 68591 PCT/ EPOL/ 02597 -16 "Aryl am nosul fonyl " H% %Pg rad|
-S2NHR, wherein Ris an aryl radical as defined herei
aryl am nosul fonyl radicals include, but are not limted to,

- phenyl amiya@sptdseny! . napht hyl ami nosul fonyl, and the like.
al kyl - sul fony{s a% no" means the radi cal -NHSCER wherein R |(Js.1%§§|”8%§? al kyl

5 radical as defined herein. Exanples ofjgl kyl sul fonyl am no radical s
i nclude, but are not I|imted to, nethylsul fonylam no, propylsulfonylanm no,

and the like. "pmytahsubimfayylamm theealicl 150, NBR| GRbreWIRQrRiryMhgiEfad R 1S

an aryl ra i f sulfonyl m ho, radi cal s
i ncl ude, el%“ﬁ%’t" dﬁﬁampfeé(???'@f am‘B?Fé‘Ei@H@Jﬁa’G%ﬂ w‘i‘? bt a2¢ hot lmited to,

napht hyl subhﬂtﬂdrmrmnﬂfonyhdaﬁﬂtbylhmhﬁsuw&lﬂ @aidithehke. or "optional ly" neans
that the subsequently described event or circunstance nmay but need not

occur, and t hatLawee aligbartiopylaind"mdansl s radike OSSOV atRreih Beis Ell:ﬂwf& anby
ci rcumstang

it d
"opti ondl aéirltc gsu‘{eiwgggﬁlﬁ?“s ancﬁSﬁt‘?ﬁt‘%’g B{F]nﬁlﬁ?"?ﬂ?‘%d%gfsb? ‘é‘hg“t %YﬁBOtt hat the

descri pt i olimited ¢4, wdethylsilfoglyRmine pobylsulfonylainihe ahamkelikel 5 " Leavi ng group”
means the group with the neani ng conventionally associated with it in

synt heti ¢ or gafArglsolfemilating! meass the patical SNHSO,B! @Herethi B hdicdlager

al kyl ating 0 . eavi n ou clu e not
RRSARRIR  S e e e L A R T R R

met hanesul pbenylsolynylamiran esphthylslfoaxlymitdiizadahéldte. benzenesul f onyl oxy,
tosyl oxy, and thienyl oxy, dihal ophosphi noyl oxy, optionally 20 substituted

: be nzyl oy, i sojPppyiabdor, “oplﬁ(ydaﬂxymem thdt ke tdblsequenﬂ’y désefibédl:evegf aup" or
rotectin t r ne r t
Slre in o SffihesFRa b hag R Bk e e e kol st S Sev e i e ©

carried outhmhxac:tnmehmstancmuﬂsand ursmnoésa@twh,tdt itdaed noteFsd dx@mple, t he

nmeani ng COR I.. ed,with it nthetlc Certain
processes o%lp%{b%'%@%%ﬁlven E@F;‘f Oﬂﬁgﬁytoﬁénaﬁmﬁ Péeéfrtwcgﬁﬁ%? df% TgRSR k
reactive omcgdesanglasdqmbmentnplebddde. reactants. Acceptable protective

groups for alcoholic or phenolic hydroxyl groups, which nmay be renoved
successiSvel y afl¢aviepgoiupy eepns the igtmpsvigh timpneapnmg anivestiaslipagbdited with it

hal oal kyl et hers aIk het cyclyl
et hers, gﬁﬁ@?‘% %F o am%%‘@ﬁx‘lé PheeEn 49 ctr émllp 1Y<‘§P la E%SPQSFF @@laﬁ.ﬁébl ocki ng
groups f or Ccladlggl)@yﬁxgnplapsf leavinggirowpsancitde, baose mbetl:mnte&ed,lﬁm , alBBndaypdr oxy!
groups, pr enz e nert .organic
sol vent " orgmr‘{nner %mi’ogi %f %ﬁ f Lgﬁnes%{}ﬁ(’éiylodiy t/%tﬁgneisﬁlz(? depotnﬁt vl
benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionalty
20 substituted benzyloxy, isopropyloxy, acyloxy, and the like.

"Protective group"” or "protecting group” means the group which selectively blocks
one reactive site in a multifunctional compound such that a chemical reaction can be
carried out selectively at another unprotective reactive site in the meaning conventionally
associated with it in synthetic chemistry. Certain processes of this invention rely upon the

25  protective groups to block reactive oxygen atoms present in the reactants. Acceptable
‘protective groups for alcoholic or phenolic hydroxyl groups, which may be removed
successively and selectively includes groups protected as acetates, haloaikyl carbonates,
benzyl ethers, alkylsilyl ethers, heterocyclyl ethers, and methyl or alkyl ethers, and the like.
Protective or blocking groups for carboxyl groups are similar to those described for

30 hydroxyl groups, preferably tert-butyl, benzyl or methyl esters.

“Inert organic solvent” or “inert solvent" means the solvent inert under the
conditions of the reaction being described in conjunction therewith, including for
example, benzene, toluene, acetonitrile, tetrahydrofuran, N,N-dirrtethylfonnamide,
chloroform, methylene chloride or dichloromethane, dichloroethane, diethyl ether, ethyl

35 acetate, acetone, methyl ethyl ketone, methanol, ethanol, propanol, isopropanol, tert-




conditions of the reaction being described in conjuncti
i ncluding for exanple, benzene, toluene, acetonitrile, thes}[ Bﬁe[]”;?/b\é’!r& % an,
N, N-di net hyl formam de, chloroform nethylene chloride or dichloronet hane,

di chl oro&éﬂﬁgﬁ diethyl ether, ethyl 35 acetate, acetonepdiaigaybz®yhyl
ket one %?I et hanol , propanol, isopropanol, tert 15 Septenber 2004 WO

01/ 68591 PCT/ EPO /02597 -17- butanol, diigxane, pyridine, and the |ike.
Unl ess specified to the contrary, the-solvents used in the reactions of

the pr eserlsuthﬂaleaidx&rk pyridihé) ahd dedikedhless spédﬁm?ﬂb Mbnnaanshwhpotmlésdt hat
have |dent|cal Iecul'aﬂ{l formul ae but that in the nature or the

sequence o thereacHERAL W?e“él"(i’ﬁ%“‘ﬂ’rmﬂf’eﬁf@?zfp angenent of 5 their atons

in space. lsoners that, differ in space
-are termed "st SFUBFETHIRNS cnpp 5&%&% ﬁ?c ng ec'h %E?l?%?mﬁ%ﬂéés of one

anot her ar giffe} &1 fiRGhatiiit a5ihe &apieﬁwmfrbsndnngmdt}eimm &Unéhtsamhmenﬁﬂéo

non- superi nposable . mrro S, 4 r | | mes
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arrangement in space of the substltuents attached to the chiral center. The substituents

20  attached to the chiral center under consideration are ranked in accordance with the
Sequence Rule of Cahn, Ingold and Prelog. (Cahn et al. Angew. Chem. Inter. Edit. 1966, 5,
385; errata 511; Cahn et al. Angew. Chem. 1966, 78, 413; Cahn and Ingold J. Chem. Soc.
(London) 1951, 612; Cahn et al. Experientia 1956, 12, 81; Cahn, J. Chem.Educ. 1964, 41,
116).

25 "Geometric Isomers" means the diastereomers that owe their existence to hindered
rotation about double bonds. These configurations are differentiated in their names by the
prefixes cis and trans, or Z and E, which indicate that the groups are on the same or

opposite side of the double bond in the molecule according to the Cahn-Ingold-Prelog
rules.
30 "Atropic isomers" means the isomers owing their existence to restricted rotation

caused by hindrance of rotation of large groups about a central bond.

“Substantially pure"” means at least about 90 mole percent, more preferably at least
about 95 mole percent, and most preferably at least about 98 mole percent of the desired

enantiomer or stereoisomer is present compared to other possible configurations.
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20 proton present in the parent compound either is replaced by a metal ion, e.g., an alkali

metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an organic or

inorganic base. Acceptable organic bases include diethanolamine, dicyclohexylamine,

ethanolamine, N-methylglucamine, triethanolamine, tromethamine, t-butylamine and the

like. Acceptable inorganic bases include aluminum hydroxide, calcium hydroxide,

25  potassium hydroxide, sodium carbonate and sodium hydroxide.

The preferred pharmaceutically acceptable salts are the salts formed from sodium,

potassium, lithium, t-butylamine, or dicyclohexylamine.

It should be understood that all references to pharmaceutically acceptable salts
include solvent addition forms (solvates) or crystal forms (polymorphs} as defined herein,
30 of the same acid addition salt.

“Crystal forms" (or polymorphs) means crystal structures in which a compound can
crystallize in different crystal packing arrangements, all of which have the same elemental
composition. Different crystal forms usually have different X-ray diffraction patterns,
infrared spectra, melting points, density hardness, crystal shape, optical and electrical
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20 release or delivery, improve easy of formulation, or provide site-specific delivery of the

compound. Reference to a compound herein includes prodrug forms of a compound.

"Subject" means mammals and non-mammals. Mammals means any member of the
Mammalia class including, but not limited to humans, non-human primates such as
chimpanzees and other apes and monkey species; farm animals such as cattle, horses,

25 sheep, goats, and swine; domestic animals such as rabbits, dogs, and cats; laboratory
~ animals including rodents, such as rats, mice, and guinea pigs; and the like. Examples of
non-mammals include, but are not limited to, birds, and the like. The term "subject” does

not denote a particular age or sex.

"Therapeutically effective amount" means an amount of a compound that, when
30 administered to a subject for treating a disease state, is sufficient to effect such treatment
for the disease state. The "therapeutically effective amount" will vary depending on the
compound, and disease state being treated, the severity or the disease treated, the age and
relative health of the subject, the route and form of administration, the judgement of the
attending medical or veterinary practitioner, and other factors. "Pharmacological effect” as

35 used herein encompasses effects produced in the subject that achieve the intended purpose
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“Trauma" means any wound or injury. Trauma can produce, for example, acute

and/or chronic pain, inflammatory pain, and neuropathic pain.

"Pain" means the more or less localized sensation of discomfort, distress, or agony,
20  resulting from the stimulation of specialized nerve endings. There are many types of pain,
including, but not limited to, lightning pains, phantom pains, shooting pains, acute pain,
inflammatory pain, neuropathic pain, complex regional pain, neuralgia, neuropathy, and
the like (Dorland's Hlustrated Medical Dictionary, 28" Edition, W. B. Saunders Company,
Philadelphia, Pa.). The goal of treatment of pain is to reduce the degree of severity of pain
25 perceived by a treatment subject.

"Neuropathic pain" means the pain resulting from functional disturbances and /or
pathological changes as well 2s noninflammatory lesions in the peripheral nervous system.
Examples of neuropathic pain include, but are not limited to, thermal or mechanical
hyperalgesia, thermal or mechanical allodynia, diabetic pain, entrapment pain, and the

30 like.
"Hyperalgesia" means the pain that results from an excessive sensitiveness or

sensitivity.
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15 of the urinary tract" means the pathologic changes in the urinary tract. Examples of urinary

tract disorders include, but are not limited to, bladder outlet obstruction, urinary
incontinence, reduced bladder capacity, frequency of micturition, urge incontinence, stress
incontinence, bladder hyperreactivity, benign prostatic hypertrophy (BPH), prostatitis,
detrusor hyperreflexia, urinary frequency, nocturia, urinary urgency, overactive bladder,

20 pelvic hypersensitivity, urge incontinence, urethritis, prostatitis, pelvic pain syndrome,

prostatodynia, cystitis, and idiophatic bladder hypersensitivity, and the like.

"Overactive bladder" or "Detrusor hyperactivity" includes, but is not limited to, the
changes symptomatically manifested as urgency, frequency, reduced bladder capacity,
incontinence episodes, and the like; the changes urodynamically manifested as changes in

25  bladder capacity, micturition threshold, unstable bladder contractions, sphincteric
spasticity, and the like; and the symptoms usually manifested in detrusor hyperreflexia
(neurogenic bladder), in conditions such as outlet obstruction, outlet insufficency, pelvic

hypersensitivity, or in idiopathic conditions such as detrusor instability, and the like.

"Outlet obstruction” includes, but is not limited to, benign prostatic hypertrophy
30 (BPH), urethral stricture disease, tumors and the like, It is usually symptomatically
manifested as obstructive (low flow rates, difficulty in initiating urination, and the like},

and irritative (urgency, suprapubic pain, and the like).
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x;LY?ggnég as g@&ﬁlt:iflgggglﬁngg 58%%# fHWe%errehstzygﬁéoggfbfglly
regi on, and USUBMSb i ncl udes synpt %etﬂ{r]s&‘f&&&lgt' ve bl adder.

EtOAc " Ethyl acetate

Hal Halo

MeOH Methanol

20 NBS N-Bromosuccinimide

TBS tert-Butyldimethylsilyl

TFA Trifluoroacetic acid

THF Tetrahydrofuran

In general, the nomenclature used in this Application is based on AUTONOM™
25  v.4.0, a Beilstein Institute computerized system for the generation of [IUPAC systematic

nomenclature.

For example, a compound of Formula I wherein R R% and R’ are phenyl, R'is
-COQH, A is -OCH,-, Bis -CH,- ,mand n are 1 , and r is 0 is named
2-{4-phenoxymethyl-benzyloxycarbonylamino)-3-phenyl-propionic acid.



Thr oughout the application the follow ng abbreviations &ﬁﬂ ' t he
follow ng neanings: 10 AcOH Acetic acid Al BN Azodii sobﬁ%??gm re}NFQ&AI | ;

Al kyl  9-BBN 9-Bor abi cycl o[ 3. 3. 1] nonane DVAP 4 . Di et hyl am nopyri di ne 15

DVF N, Nwioh gidsheyl f or mami de  DVSO Di et hyl sul f oxi de Et OA‘CWIL lfagigkat e Hal
Hal o MeOH Methanol 20 NBS N Bronosuccinimde TBS tert-Buty c?i met hyl si |yl

TFA Trifluoroacetic acid THE Tetrahydr23f-uran I n general, the nonencl ature
used in this Application is based on AUTONOMTM 25 v. 4.0, a Beilstein
| nstitute corgumpeyndseaf the presentiowentfon menbe aado by tiie mehods depictedrin the

LT TSR g SRR a2
05 "L BTG M B ST R e

present icitheravedeblafipmpommensiabyupisrsnachad $ldriqh ChasicaliCa.ey ar¢ prepsredat i ve
synt hej | %ﬂ&%gy&eaﬁﬁ@eﬁcgf %f&@&e%&ﬁfah Et?ege#?&'d%ser%b&ggénﬁr i ?%anic
d rea | S general

materials and ents used I n preparing these conpounds are
ei t her aviamnthessWVileydkrSemhlerwdiark, E9ppYolumess 1shdc Rodd's GhainistehofSebdircal Co. |
or are pr, |, Oy > r S tihe | ..Such as
Fi eser an |£%g$ 'E_issghgg%@é%?es P][l gfrf %gg%gé?&_é{/ng{sﬁess ilugd 5@3‘%@%‘2@3&%& : New
Yor k, 1992rganisiRapssions Wity 8ebois: Ne@Hamk.sopy, bolutes betd. Tisofollownngsynthetevi er

Sci ence Fl"‘é?(!tio%@%ﬁénesjagggx’ereﬁoilllﬂgﬁgti\;le'o? s8R %mlall the cgrrllugounds of the

10 present invention may be synthesized, and various modifications to these synthetic

reaction schemes may be made and will be suggested to one skilled in the art having

referred to the disclosure contained in this Application.

The starting materials and the intermediates of the synthetic reaction schemes may
be isolated and purified if desired using conventional techniques, including but not limited
15 to filtration, distillation, crystallization, chromatography, and the like. Such materials may

be characterized using conventional means, including physical constants and spectral data.

Unless specified to the contrary, the reactions described herein preferably take place
at atmospheric pressure over a temperature range from about -78° C to about 150° C, more

preferably from about 0° C to about 125°C.

20 In general, the compounds of Formula I can be prepared by processes described in

the following Reaction schemes.
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Organi c Reactions, Wley & Sons: New York, 1991; Vbluneq?%%gg@#£229%4

follow ng synthetic reaction schenes are nerely illustra
~methods by which the conpounds of the 1o present invention maybe
synt hesi »aol/e8ssd various nodifications to these syntheticy Jo9&y;Schenes

may be made and will be suggested to one skilled in the art having
referred to the disclosure contained i m%his Application. The starting
materials and the internediates of the _synthetic reaction schemes may be
isolated and purified if desired usi ntional techniques, including
but not limted 15 to filtration, distillation, crystallization,

chromat ography, and the like. Such materials may b

g characterized using
conventi onal neans, incfudi ng pHysical constantn(!DHspectraI Lg@./\ownl ess
T&€d herei. e ly take

specified to the co roH th eact i Qnsgted
pl ace at atnmospht pr &s€VrE_gveraeekper at ur e Tandds about -78 Cto

about 150 C, nore prgferably fyomabout 0 C%o about 125 C 204| n general ,
t he conpounds of Formila |I can be prepared by processes described in the

foll owi ng Reaction schen®s. 15 Septenber 2004 WO 01/ 1 -24 Scheme 1 0 0
OH 2 OH Schene 1 des@¥¥pepax nethod of preparing p und of Formula I,

wherein Ais -QCH2)-,\@4s 1, nand r are 0, .Bis!l-@i., and R, R2, and

R3 are aryl, preferabgy cﬂt]yl or 5 phegg%é;afprsﬁe tively, X is halo,
All: is alkyl, and Ris an_gryl q%@gng iYuent as defined before. 0
PCT/ EPQ / 02597 15 Sept enber 2004 68591 &#CT/ EPO1/ 02597 - 25

OJLN OH
o H o

e ——
(R)
£
Scheme 1 describes a method of preparing a compound of Formula I, wherein A is
-O(CH,)-, mis 1, nand r are 0, B is -CH;-, and R, R*,and R?are aryl, preferably phenyl or
5 phenylene, respectively, X is halo, Alk is alkyl, and R is an aryl ring substituent as defined

before.



Scheme 2 Scheme 2 describes a nethod of preparing a co = la I,
wherein Ais - (CH2)F, 0O, mis 1, nand r are 0, Bis ?E%?éﬂte@ber%gw
are aryl, preferably phenyl or phenylene, respectivel y, Al k is alkyl, and

R i s an wopl/egs9ng substituent as defined before. (A)o-2 9,00,
NA.L _QAlk (Ro-2 (Ra2 (R02 O{ (Ra2 0 01NJ, 000OH H 5 g%&% H 12

0 15 Sept enber 2004 WO 01/ 68591 -26 Schaﬁ'e 3 Ot 16 OCN OH 18
Scheme 2
Scheme 2 describes a method of preparing a compound of Formula I, wherein A is -

{CH1);O-,mis 1,nand rare 0, B is -CHj-, R', R%and R*are aryl, preferably phenyl or
phenylene, respectively, Alk is alkyl, and R is an aryl ring substituent as defined before.
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(R 0o-2 (R a2 Schene 3 describes a nethod of preparing a u fFormul a
I, wherein Ais a single bond, mis 1, n and r are O, é%%sgﬁ?etrﬁgergO&ﬁ and
Rs are aryl, preferably phenyl, R -is 5 heteroaryl, Ak is alkyl and Ris

an aryl mwogl/essastituent as defined before. Alter natlvely, /e 17 can
be synthesized as shown in the foll ow ng schene 3a: Scherre R) a
(R 0.2 +OH Pd(PPh)3ClI Z }az PCT/ EPOI/0259%-OH 17 15 Sept ember 2004 V\D

01/ 68591 -27 Schenme 4 PCTI EPOL/ 02597 S hem_;' 4 describes a method of
preparing a conpound of Fornula I, \AA%&@EPE—A is a single bond, mis 1, n
and r are 0, Bis -CH2-, R and R - are heteroaryl, R3 is-aryl, preferably

phenyl, Al k |§ al k and R |s an aryl ring substituc¢tt as defined in the
Summary of th .entlon 0 Cet " 20 (Raz2 2
A

QEt
o) _— OH
15 O
16
Q
(R )o.z . (R
Rz @ o
—_— Q A dn 9
o © ™ oa
18 (Rlo2

(Rg

Scheme 3 describes a method of preparing a compound of Formula I, wherein A isa
single bond, m is 1, n and r are 0, B is -CH,-, R1 and R* are aryl, preferably phenyl, R?is
5 heteroaryl, Alk is alkyl and R is an aryl ring substituent as defined before.

Alternatively, compound 17 can be synthesized as shown in the following scheme 3a:

Scheme 3a

(R)0-2

OH
(R

(Ro2
1 + ,;/ﬂ“ Pd(PPh),CL, @
—_—
OH

(@]
20




OH 24 CH23 R,2 (R0-2 CGenerally as set forth in reacti nﬁ%? 2, 3,
and 4, the alcohols of fornmulae 4, 11, 17, and 22 can E)g%reé%c ed§9m&1h
~ 2-isocyanat o- 3- phenyl - propionate 5 (prepared according to the nethod
descri bavo byessiwi ck et al, 1. Og. Chem 1996, 61, 3929) par/kFraifd7presence
of a base for exanple triethylamne or 4-dinethylam nopyridine (DVAP) to
give esters of fornulae 6, 12, 18, ant?23 which can be hydrolized with an
al kal i hydroxi de such as sodium i tﬁi um gr potassiumin a | ower al kanol
solution to prepare acids of fornul a@g<BE€33 19 and 24 respectively.
Conmpounds of rnulag 4,and 11 o chenes 1 and 2 ¢ be pr red
al kyl ati on 1%%8?1@61@&%}@5 B | PIEPTINE ACUNRRYAG ﬁ%l"&‘&i“%ﬁg’gﬁ‘fﬂ’i@y%ﬁci d,
pr ef er abl M?QB benidah kv, aendqiage (]g,éﬁlik dCBl-, BIRF Qﬂg & layd Eﬁ&i)@hﬁ, Rfoi}s alyl, ipfeferably
presence of ap excess,anpunt of a.suitabl e bas r ., exanpl e potassi um
Rydr oxi depasgah AT P AL S feareery iR T BB BacEnghe SABIRTS Of e um
hydr oxisdeldventiorg Ui t abl e sol vent preferably dinethyl sulfoxide (DVBO, and
further reduction with, for exanple, lithiumalum num hydride or
borohydride in a O 15_Septenbiéagﬁﬁnﬂym)01/68591 PCT/ EPO1/ 02597 - 28-
suitable inert ether solvent sfich as tetrahydrofuran (THF), diethylether or
di met hoxyet hane. Conpoupds of T®rgplae 17 and 22 of schenes 3 and 4 can be
prepared fromHa_bal opelfizof ur arcaFbexyl ate, preferkhbly
br onobenzof ur ancx at@Ft15 with 5 beﬁ@oﬁci d and
t hi opheneboroni ¢ ati d’respectively in the p oce of a catal yst
preferably tetraki ststri phenyl phosphi ne-pal | adium and a base such as sodi um
carbonate or potassium carbonate, gand further reduction of the acids with,
for exanple, lithium alum nunodyd gﬁﬁor borohydride in a suitable solvent

such as THF, diethyl ether or 1,24 dFffet hoxyethane. Aryl halides coupling
to boronic acids have been descrisb n t(lgse
5 62

0
e M oH ' g @

(Ro2

L

24 {R)o2

Generally as set forth in reaction schemes 1, 2, 3, and 4, the alcohols of formulae 4,
11, 17, and 22 can be reacted with 2-isocyanato-3-phenyl-propionate 5 (prepared
according to the method described by Nowick et al, J. Org. Chem. 1996, 61, 3929) in the
10 presence of a base for example triethylamine or 4-dimethylaminopyridine (DMAP) to -gi\'/e
esters of formulae 6, 12, 18, and 23 which can be hydrolized with an alkali hydroxide such
as sodium, lithium or potassium in a lower alkanol solution to prepare acids of formulae 7,

13, 19 and 24 respectively.

Compounds of formulae 4 and 1] of schemes 1 and 2 can be prepared by alkylation
15 of phenols of formulae 2 and 9 with haloalkylbenzoic acid, preferably chloroalkylbenzoic
acid or bromoalkylbenzoic acid, in the presence of an excess amount of a suitable base, for
example potassium hydroxide, potassium carbonate, sodium carbonate, preferably
potassium hydroxide in a suitable solvent preferably dimethyl sulfoxide (DMSO), and

further reduction with, for example, lithium aluminum hydride or borohydride in a



10 chem cal literature, for exanple Synth. Comun., 198 nd
Chem Rev., 1995, 95, 257. Alternatively, corrpound 17 i%%é@”ﬁ’g%%g?gd from
a certain 4-biphenol, that after iodination into the 3-iodo substituent

fol | owi nYWQ#88Nocedure described in 1. Og. Chem, 1990, PET/EFIR82597 and

foll owed by a condensation with the terminal acetylene of an 15 acetylenic
al cohol such as prop 2-yn-1-ol or but-3“%n-1-ol in the presence of bis-

(triphenyl di,um er, and a base such
as tet raﬂ@?ﬁ%@ 'Ellr?hgﬂrﬁ%vfrﬁs&di %eﬁ%}yéfrg@r%mgﬁhyg "%\ﬂf’rf ol | owi ng the
proceduredlmemﬁmetbztm:dron Letters, 1997, 38, 2311. Exenpl ary preparations
of schenes 1, 2, 3 and 4 are given in Exanples 1, 2, 3, and 4 20

respecti vel y. Ganiprunas effmmpﬂedﬂiamdﬂ@ﬁ'sdmnnoﬂ afd 2 tacbephpafedifrainian Exanpl e
3. Schene che 5 scLi.bes t.hod ar| nd of Fornul a
RIS R N R R A R S A
- CH2-, R1 banzknESorané: a@/dnd thld;ﬂﬁﬁ&iﬂrvymc ptid Iﬁbﬂpectﬁﬁlyllﬁ the presenicoef ydatalpich as
benzof ur an al ar 25 .subst,i t uent as defi ned
ot oo 1 B¥eblyel RS i S p AR i ep e B 5 e R BIs 65 Lo
HO N-/ OpBEasﬁﬁer&rﬂozfatt(, Bhd fiktHer réthduioh obthe aclis wnh fo@exﬁ‘lﬂlé, lithium

aluminum hydride or borohydride in a suitable solvent such as THF, diethyl ether or 1,2-

dimethoxyethane. Aryl halides coupling to boronic acids have been described in the

10 chemical literature, for example Synth. Commun., 1981, 11, 513, and Chem. Rev., 1995, 95,
257.

Alternatively, compound 17 can be prepared from a certain 4-biphenol, that after
iodination into the 3-iodo substituent following the procedure described in J. Org.
Chem.,1990, 55, 5287, and followed by a condensation with the terminal acetylene of an

15 acetylenic alcohol such as prop-2-yn-1-ol or but-3-yn-1-ol in the presence of bis-
(triphenylphosphine)paliadium (II)chloride, copper iodide and 2 base such as
tetramethylguanidine in a suitable solvent such as DMF following the procedure in
Tetrahedron Letters, 1997, 38, 2311.

Exemplary preparations of schemes 1, 2, 3 and 4 are given in Examples 1, 2,3,and 4

20 respectively. Alternate preparations of compound 17 can be found in Example 3.

Scheme5

Scheme 5 describes a method of preparing a compound of Formula I, wherein A is a
single bond or -(CH3)p-, mis 1, n and r are 0, B is -CHa-, R!and R*are aryl, preferably
phenyl, R? is a heteroaryl, such as benzofuranyl, Alk is alkyl, and R is an aryl ring

25 substituent as defined before. '



2) OCN (R)a2 28 (R)o-z 29 CQ2Ai k Generally as set forth1$§@ g)ter%?‘ischerre
5, 3-io0do-4-hvdrobenzoate (X fornula 26 can be prepared ac o-th
procedure described in C.WHol zapfel et at. Tetrahedron 1995, 51, 8555 An
ester ofy, 27 can be prepared according to the proc

Francel I| M'HE? Tetrahedron Letters, 1997, 38, 237 by co %&@F%ﬁ of the
I odohydr o- benzoate of fornmula 26 vm'thzs)henyl acetyl ene or

phenyl al | yl acetyl ene in the presence of

bi s- (tri phenyl phosp pal | adll | gellyor i de(f)g, a suitable s t. A
propionic acid pg;}ﬁ{ll a 29 ca przlebJ ared by Oéqu{&hyl
ester of for with TTThi um;) m num hydr| de bor de, foll owed

by acylation W th 2-isocyanat o- 3- phenyl 10 propionate 5, and hydrolysis
“according to the p@ocedures in the 8 orenenti oned schene? Exenpl ary
preparations of schene 5 are given in Exanple 5. Schenme 6 Schene 6

descri bes a nethod of preparing a conpound of Formula |, wherein Ais a
single bond, mis 1to 3, nandr are 0, Bis -CH2-, RRI, R2 and R3 are
aryl, preferably phenyl, 15 Alk is alkyl, and Ris an _aryl ring
substituent as defined before. 15 Septenber 2004 WO O 591 PCT/ EPO1/ 02597

-30 30 )0-2 0 0 33 0 32 Gene(h?lly as set for in@eagTl hene 6,
bi phenyl - 4- nei§ Rgdiuctidnl or of or ma g[o oy S ] R Jr epar ed when
bi phenyl nmet haret—36—s~t r eat ed phg g in abl 4
OCN .
OAlk
2) 28
5 (R)g»

[G\ (R)
. (R)O'@/A\(IB/\OB\N COH "
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Generally as set forth in reaction scheme 5, 3-iodo-4-hydrobenzoate of formula 26

can be prepared according to the procedure described in C.W.Holzapfel et al. Tetrahedron
1995, 51, 8555. An ester of formula 27 can be prepared according to the procedure of D.

5 Francelli et al,, Tetrahedron Letters, 1997, 38, 237 by condensation of the iodohydro-
benzoate of formula 26 with phenylacetylene or phenylalkylacetylene in the presence of
bis-(triphenylphosphine)-palladium(II)chloride in a suitable solvent. A propionic acid of
formula 29 can be prepared by reduction of a methyl ester of formula 7 with lithium
aluminum hydride or borohydride, followed by acylation with 2-isocyanato-3-phenyl-

10 propionate 5,and hydrolysis according to the procedures in the aforementioned schemes.

Exemplary preparations of scheme 5 are givenin Example 5.

Scheme 6

Scheme 6 describes a method of prepanng a compound of Formula I, wherein Aisa
single bond, m is 1 to 3, n and r are 0, B is -CHa-, R!, R*and R? are aryl, preferably phenyl,
15 Alkisalkyl, and R is an aryl ring substituent as defined before.



I nert chlorinated sol vent such as chlorof ormor nethyle i
Acyl ation of the 5 cholorofornmate can be effected with Eﬁg%g{egr{baeﬂ?g‘% ester

in the presence of a base such as sodium or potassium bicarbonate in a
~suitabl e wolbysesser for exanple nethylene chloride, and thggrmbhietdezed to
prepare an acid of formula 33. Hydrolysis can be effected follow ng the

af orenenti oned procedures. Exenplary prepdarati ons of Scheme 6 are given in
Exanple 6. 10 Schene Z Scheme 7 describes a nmethod of preparing a conpound
of Formula 1, wherein a single bond, mis ](R n and roare 0, Bis
~-CH2-, Rl and R fR)gg e By /mBy i s hydrogen or_al KW¥2 (3 ik a heteroaryl,
ALk is alk 1, andXR.is aryl ring substit u€ @- i'n8d Bbfore. 15

Sept enber 2004 @ 68591 -31 (R) a2 (MO 0 Cl 31 R %910 OH QAl k
General ly the react¥Ton ?4 schene 7 follows tle_sanme procedures as schene 6,
but the acylation is eftected substituting phenyl al anghe ester

hydrochl oride with optionally (R§ubstituted tryptophan ester hydrochl oride

in a suitable solvent such thyl ene 5 chloride. Exenpl ar\RRkeparati ons
of scheme 7 are given in e 6. Scheme 8 (R 0.2 Hal 36 37 (R a2
(R) a2 .
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Generally as set for in reaction Scheme 6, biphenyl-4-methy! chloroformate of
formula 31 can be prepared when biphenylmethanol 30 is treated with phosgene in an
inert chlorinated solvent such as chloroform or methylene chloride. Acylation of the

5 choloroformate can be effected with phenylalanine ester in the presence of a base such as
sodium or potassium bicarbonate in a suitable solvent, for example methylene chloride,
and then hydrolyzed to prepare an acid of formula 33. Hydrolysis can be effected following

the aforementioned procedures.

Exemplary preparations of Scheme 6 are given in Example 6.

10 Scheme 7

Scheme 7 describes a method of preparing a compound of Formula I, wherein A is
a single bond, mis 1, nand r are 0, B is -CHa-, R' and R?are aryl, R’ is hydrogen or alkyl,
R? is a heteroaryl, Alk is alkyl, and R is an aryl ring substituent as defined before.



OR.O038 (R = Phenyl) 19 (R = Indolyl) OH 40 (R
| ndoiyl ) PCT/ PO /02597 15 September 2004 WO 01/ 68591 35%%#@8&%%‘%@97

Schenme 8 describes an alternative nethod of preparing a conpound of Fornul a
1, wherej [s-Q(CH2)-, mis 1, it and r are 0, Bis - aryl or
het er oarw)méﬂ&ind R3 are phenyl, Al: is alkyl, and R ﬂs;@gﬁ ary#gglrl ng
substituent as defined before. Generald$ras set forth in schene 8, a nethyl
ester of fornula 37 can be prepared by 5 reaction of a chloronethyl benzyl
al cohol of fornmula 36 with the isodyanate of formula 5 .follow ng the
procedures of the precedent schenes. ters of formula 38 (R =phenyl) and
39 (R =indolyl) can be prepared b ation with p-ffworophenol or

i ndol ol respectively _in the_ pres of] a base such asNspdi um pot assi um
or cesium carbonate, r"Eprzef erbggl y ceSl ugn ate in ! | e sol vent such
as DMSO or neth odeci Hydrol ysiso to follo t hej pregedent
procedures can 2d out in prepareng the rectlveiNac ds of

formulas 40 (R and 41 (R =indolyl) e .é:pgloatl ons of
schene 8 are givesin Exginple 7. Schene 9 Sc(ﬁ\ dscribes a nethod of
preparing a conpound of Formula I, wherein A &a@ singl,e bond, mis 1,
nandr are 0, Bis -CH2-, R ar]g R3 are aryl§ _gpreferably phenyl, RZ2 is a
heteroaryl such as indolyl, Ak ijR.allyl, and Ris an aryl ring substi t uent
as defined before. 0 CO2C2H5 44 0

- ' OH

(Ro ’1

O
@ (Y7

Generally the reaction of scheme 7 follows the same procedures as scheme 6, but the
acylation is effected substituting phenylalanine ester hydrochloride with optionally
substituted tryptophan ester hydrochloride in a suitable solvent such as methylene

5 chloride. '

Exemplary preparations of scheme 7 are given in Example 6.

Scheme 8

(R)H'
[© \/©/\ — \/@/\ Oji N QAlk
H
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5 36 - a7
(R)D-z (R)U"a
2 — hi§
H O
" 0O O R‘/O
38 {R'= Phenyl) 40 (R = Phenyl)

38 (R' = tndolyl) 41 (R' = Indoiyl)




47 (A) 0.2 15 Septenber 2004 WO 01/68591 -33 PCT/ EPO1/ 02597 I as set
forth in schene 9, 5-phenyl-1Hindole 42 can be prepar ea%fsoﬁ%?%vﬁmﬂeﬁgéw?h
procedure described by Y. Yang et al, Heterocycles, 1992, 34, 1169, from

i ndol ebowonigsseracid in the presence of a catal yst such agCT/EP01/02597
tetrakis-(triphenyl phosphi ne)-pal | adium_and a base such as sodi um or

- potassi um carbonate in a suitable sol veltt™ such as dioxane. The 5

phenylin ecarboxylic agid ester 44.can be.prepared aft trect | of
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- precedent _schenes. eppl ary preparations schene .9 are given in Exanple
5. ScHemef FeF AR BEQEBLE: G e RURE DU BEA G T TSR A st

For mul a | forhhi@ds 0N RA-pientl) 2R@ 48 (RGiidgnd, mis 1, n and r are 0, Bis

-CH2-, R and R3 are aryl, preferably phenyl and R2 is a heteroaryl, such

as benzoxazol Exeriplarygiept@iiciRbfB@ichie® ard piver i Exddgple 2004 WO 01/ 68591 - 34 48
50 51

Scheme 9

Scheme 9 describes 2 method of preparing a compound of Formula I, wherein A is a
15 singlebond, misl,nandrare0,Bis “CH,-, R" and R?are aryl, preferably phenyl, R’ is a
heteroaryl such as indolyl, Alk is alkyl, and R is an aryl ring substituent as defined before.
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HNIr -"-~ a O. 0 53 52 PCT/EPOL/ 02597 General ly as ' chene
10, 2-nethyl -5-phenyl benzoxazol e 48 can undergo a radi iitlse%t(rg@rgg'f]%@%n I n
the presence of for exanple azodiisobutyronitrile (AIBN) or benzoyl

peroxid ably AIBN, and N-broniosuccinimde in a | vent
o BLRLEY et

such as oh tetrachloride to yield a correspondi ng bro

derivative of fornmula 49. Replacenent3dt the bromde with an acetate can
be effected with an acetate such as cesium acetate in an inert solvent
such as di neiChykdally aeset fbeth iRsdanad 9,6t plicngl- iddhdole 42 nambe prapatedfalioning or mul a

50 can be effected W t. su sod 0 ' - :
pref er abt':j@e W%‘&‘gf’ E}Fﬁc'eg?(g@hbgtsﬁmigﬁgg]’ gsﬂtﬁo% ?egrmgg?v%hﬁ@?ﬁéé‘%’%‘%ﬁgﬁ‘g to
yi el d an adQ ialtkopebenod of Dramalyssich as ferrakis- (thiplatytphosphifie)-pullali®a apdn be
prepared, by reaction with carbonyl dijnm dazole. i h.t.abi. laent such
Dot hy el R Abiodtiut ok RateF S pRBIP ORI R F ofatls ool fidhad Uigape T
phenyl ol ghengirlolechrbesflRacidnsrpad e lomepated gftérprotectipn of guansinofgroupal dman
and Kunz, ,lhi‘lebi,%% Ann. Chem, 19&3, .17']:%)[ An t{ue F)rte_ l?tncecaof)%lg(lbase such as
tri et hyl dfifthesyifble Regiepting grolip s dsstritsd 3&%%@‘? e S PAY™" An acid of
formul a FRpestbnatorbtips speigishsbyuctapr-bugdithinm,icarbeijlatioh ahd rethevabpbibence of
a suitable catal yst .such a tri i phenyl phgsphi ne) -rhadi ri de at
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pr ef er abl.gynihegnWiley3adiSons NeweYeikopil Forsaxaimplesa hethndxod deprdiegtion wileh i s
alkyl, antﬂe grtl)tgctgrg g?or%l is H—qut%g?csag}:l)c}nl;ﬁg% b%scaldneefdlorllx?gvithstnl?l%fo%aecéti%(fd(')_II"O

| hydrochloric acid in a suitable solvent or a mixture of suitable inert organic solvents. 2-(5-

Phenyl-indol-2-ylmethoxycarbonylamino)-3-phenyl- propionic acid 47 can be prepared
15 after reduction, acylation and hydrolysis of the compound of formula 44 following the

procedures of the precedent schemes. |

Exemplary preparations of scheme 9 are given in Example 8.

Scheme 10

Scheme 10 describes a method of preparing a compound of Formula I, wherein Aisa
20 singlebond, mis1,nandrare0, Bis-CHz-, R! and R*are aryl, preferably phenyl and R? is

a heteroaryl, such as benzoxazol-2-yl, as defined before.



CCN O (Ro0-2 (RO0.2 5 (Ra2 59 60 Cenerally as set forthegli ,
2- benzyl i deneam no- 4- net hyl phenol 54 can be prepared f(h;? Fgant%ﬁ{&%ﬁ%ﬁl
procedure described by AL W Baker, J.Arn.Chem Soc., 1959, 81, 1524, from
2- ami no- PXAPEEEEN and benzal dehyde in a suitable solvent swahyEmisedhanol . 5
10 Methyl - 2- phenyl benzoxazol e 55 can be Hrepared fol | owi ng the procedure
described by R Varma et al., J. Heterodcyclic Chem, 1998, 35,1539 by
cyclization of 2-bgnzylideneam no-4- fethyl phenol 54 with nanganese (111)
acetate dihydratdliff a suitable inert solven uch as benzene or tol uene,

preferably tol uenes G $rorri Aat-ew~ of t oup can be
. v scheme 10 in the
N)

gr

ef fected by neans des g;h‘c'é‘?rof

azodii sobutyronitril as (Al 15 or benzoyl peroxide, "preferably Al BN, and
&y sol vent such as #arbon tetrachloride to

N- bronobsuccinim de in a sui t alp

yi el d 5-brononet hyl - 2- phenyl b8gzéxazol g 56.0 Repl acenent of the brom de
derivative of formul a58 can be efte)el—WJL yan acetate such as potassium
or cesium acetate, preferably cesi #m @cetht € '#n an inert solvent such as
di et hyl formam de, followed by hydr&ysis to yield the al cohol of formula
58. Acyl ation of the al cohol of 20 general forrmula 58 with

2-1 socyanat o- 3y phenyl - propi onate 5, foll owediby hydrolysis ept enber
2004 WO 01/6 PCT/ EPO / 0259 r diNeg s pr%:e urés in the

af or enent i oned®s i@ ¥ can give ( 2- (2- o NN O~ cH

phenyl benzoxazol - 'S5 @)eTTm*ycaﬁ play no)-3-pheny|O propithnie aci d B0.
Exenpl ary preparatiggns of schen® Ol are given in Exami,e 10. Schene 12 5
Schenme 12 descri beS a nethod of preparing a conpound 0'1‘g Forrmula |, wherein
Ais a single bond, mis 1, nand r are 0, Bis -CH2-, R and R3 are
pyridyl, R2 is (2- hydroxynethyl)benzofuran-5_yl as defined before.
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53

Generally as set forth in scheme 10, 2-methyl-5-phenylbenzoxazole 48 can undergo a
radical bromination in the presence of for example azodiisobutyronitrile (AIBN) or
benzoyl peroxide, preferably AIBN, and N-bromosuccinimide in a suitable solvent such as

5 carbon tetrachloride to yield a corresponding bromomethyl derivative of formula 49.
Replacement of the bromide with an acetate can be effected with an acetate such as cesium
acetate in an inert solvent such as dimethylformamide. Removal of the acetatein a
compound of formula 50 can be effected with a base such as sodium or potassium
carbonate preferably potassium carbonate in a suitable solvent such as methanol to yield an

10 alcohol of formula 51. An allyl ester of formula 52 can be prepared by reaction with
carbonyldiimidazole in a suitable solvent such as methylene chloride, and further addition
of the tosic salt of phenylalanine allyl ester (prepared according to the procedure of
Waldman and Kunz, Liebigs Ann. Chem., 1983, 1712) in the presence of a base such as
triethylamine in a suitable solvent such as methylene chloride. An acid of formula 53 can

15  be prepared by deprotection in ethanol in the presence of a suitable catalyst such as
tris(triphenylphosphine)-rhodium chloride at approximately 80 °C.

Exemplary preparations of scheme 10 are given in Example 9.
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COOH 63 CGenerally as set forth in schene 12,

(5-pyridin-3-yl -benzof uran-2-yl)-nethanol6l 10 can be prepared foll ow ng
the procewumessei schenme 3 for conpound 17 but replaci ng bprgppaikREANI ¢ acid
with diethyl 3-pyridyl borane. Acylation with 4-nitrophenyl chloroformate
in an hal ogenat ed sol vent such as di cht¥ronmet hane can give 5-pyridin-3-yl-
benzof uran- 2-yl met hyl p-nitrophenyl carbonate 62, which when treated with
2-am no-3- pyridin-4-yl-propionic acﬁ%&-&e lhy| ester (nmethod for the
synthesis is scriq%d ig}the is chemcal literature, for exanple J. Og.
Chem , 1958, 2%hempd lydesqriberiymsthad of prepariagp compapnd pbFemyla hyehersinguisgp

01/ 68591 sigdle Bod, R 1,207 2500, ERLCELG R' @5d RMre afy) premesbiPyhdiyfirdliygi s can
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benzof ur aRetropTstirl 23 Renergagh-2urh Adh s ghshrohRds 2wl B2 sebssiymng pydefined
prepar at | Befsreof schenme 12 are given in Exanple 11. Schene 13 5 Schene 13
descri bes a nethod of preparing a conpound of Formula I, wherein Ais a
single bond, mis 1, nandr gre O, Bis - o Rr and R3 are aryl,

preferably phenyl, @ QHs | ,__and R2 , 3- -hyero~benzof ur anol - 5-yl
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Generally as set forth in scheme 11, 2-benzylideneamino-4-methylphenol 54 can be
prepared following the procedure described by A. W. Baker, J.Am.Chem.Soc., 1959, 81,
1524, from 2-amino-p-cresol and benzaldehyde in a suitable solvent such as methanof. 5-
10 Methyl-2-phenylbenzoxazole 55 can be prepared following the procedure described by R.
Varma et al., J. Heterocyclic Chem., 1998, 35, 1539 by cyclization of 2-benzylideneamino-4-
fnethylphenol 54 with manganese (III) acetate dihydrate in a suitable inert solvent such as
* benzene or toluene, preferably toluene. Radical bromination of the methyl group can be
effected by means described in scheme 10 in the presence of azodiisobutyronitrile (AIBN)

- 15 or benzoyl peroxide, preferably AIBN, and N-bromosuccinimide in a suitable solvent such
as carbon tetrachloride to yield 5-bromomethyl-2-phenylbenzoxazole 56. Replacement of
the bromide derivative of formula 56 can be effected with an acetate such as potassium or
cesium acetate, preferably cesium acetate in an inert solvent such as dimethylformamide,
followed by hydrolysis to yield the alcohol of formula 58. Acylation of the alcohol of

20 general formula 58 with 2-isocyanato-3-phenyl-propionate 5, followed by hydrolysis



OCN 1.) OH 66 \% SOH 0 2.) Hydrolysis Cyclizatiorz CHB gﬁer@%p P@%Iy as
set forth in schene 13, allyl brom de can react with 4 4 10

to give the allyl ether 65 that under basic conditions can undergo C ai sen
rear r ang¥eeei68s9d prepare an allyl al cohol 66. Treatnent wgdyERaseyi ¢ acid
can effect cyclization to the 2,3- di hydro-benzofuran-2-yl al cohol 67.

Fol | ow ng the procedure of schemes | t638-treatnent with

2-i socyan e |ona and .h 0 IS can e_the acid of
for mul a 6§é Eﬁ@%‘?% &GﬁgorS’f”egeﬂ%?F{e‘ Eé""‘&‘r‘é‘“@‘ i &(Exanpl e 12. 15
Septenberpﬁﬁﬁlbem:&ibﬁﬁﬁﬁe&n&&c&bbﬁmnﬁﬂo% SR68i¢ aSdse 14 descri bes
a nethod of preparing a conpound of Formula I, erein Ais a -QCH2)2-, m
is 1, n and rEsmeplary fepsratiéiddf scdime Rlareg Mnm langl, preferably phenyl
or phenyl ene, respectively, and Alk is aI | cyl ef i ned before. ss 5 72
70 1) Hydroboration O- HO 2) Oxidation with aI kaI I ne peroxide 71
Scheme 12
5 Scheme 12 describes a method of preparing a compound of Formula I, wherein A is a

single bond, mis 1, n and r are 0, B is -CHa-, R' and R*are pyridyl, R? is (2-
hydfoxymethyl)benzofuran-S-yl as defined before.

1) Coupling
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2) Hydrolysis COOH

Generally as set forth in scheme 12, (5-pyridin-3-yl-benzofuran-2-yl}-methanol 61
10 can be prepared following the procedure of scheme 3 for compound 17 but replacing
benzeneboronic acid with diethyl 3-pyridyl borane. Acylation with 4-nitrophenyl
- chloroformate in an halogenated solvent such as dichloromethane can give 5-pyridin-3-yi-
benzofuran-2-ylmethyl p-nitropheny! carbonate 62, which when treated with 2-amino-3-
pyridin-4-yl-propionic acid methyl ester (method for the synthesis is described in the
15 chemical literature, for example J. Org. Chern.,1958, 23, 575 ) and DMAP in a suitable inert



73 Generally as set forth in scheme 14, 4-vinyl benzoic | gqgg‘e
esterified followng the procedure in Liebigs Ann. Che?n?,sg%tgggté@ 9- 563,

in nmethanol with thionylchloride. The ‘vinyl benzoate 74 can be

hydr obor aye®1 ks 9- BBN or BH3, preferably 9-BBN, followed, Mh&hation
with an al kaline peroxide in an inert solvent, preferably tetrahydrofuran,
to yield io the alcohol of Fornmula 71.-%onversion into the phenyl ether 72
can be effected with _addition of phenol in the presence of diethyl

azodi car boseWyeat &chasDME, fellowed byhydpysisecanigive 3apyridierdt vishi(Sremidiogiil-as

t et rahydr %éﬁéﬁrarf-@#irﬁ%ﬂﬁrc@rb%hgﬁﬁﬂ%z)gpﬂo ion¥dUcpesd. s, 1981, 1, or in

J. Chem Soc. Perkin Trans. 1981, 1, 2328. Reduction of the benzoate of
formula 72 , W i i i ; ha 5, and hydrolysis
as in the previous scEgérﬁfshtwi‘%%%ﬁerg?ngﬁﬁgéﬁp%%ﬁgﬁgfl'For mul a 73. Schene
15 Schene 15 describes a nethod of preparing a conpound of Formula I,
wherein Ais a single bond, mis 1, 2h&hed3 n and r are 0, Bis -CH2-, R,
R3 are aryl, preferably phenyl, R22 is aryl or heteroaryl as defined
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et al, Tet. Letters, 1984, 25, 4583) in a suitable solvent such as THE and

in the presence of a hase such as triethylamne to.give a conpound of
general formula 5 20 ich can then be convert :@a the tetrazolyl

conpound 202 fol | ow cedure B
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Generally as set forth in scheme 13, allyl bromide can react with 4-phenylphenol 64
10  to give the allyl ether 65 that under basic conditions can undergo Claisen rearrangement to
prepare an allyl alcohol 66. Treatment with peracetic acid can effect cyclization to the 2,3-
dihydro-benzofuran-2-yl alcohol 67. Following the procedure of schemes 1 to 5 treatment
with 2-isocyanato-3-phenyl-propionate 5, and hydrolysis can give the acid of formula 68.

Exemplary preparations of scheme 13 are given in Example 12.



of OW Wttersdorf, J. Med. Chem 1984, 27, 840, with 'g{é},@%' in the
presence of amoniumchloride in a solvent such as DIVF§9$Ire1 "r’gg%dptor

~antagoni sts such as those described in this invention preferably possess
anti -i ntoegmwesepr y and/ or anal gesic properties in vivo. Agqeqihiioigissy the 10
conpounds of Fornmula | as described in the present invention are useful as

anti- inflammtory and/or anal gesic ag@8ts in mammals, especially humans.
They find utility in pain conditions froma w de variety of causes,
including but not limted to, infla pai n, surgical pain, visceral

pai n, dental _pain, enmenst rua ajn, central pain ain dque to _burns,

m grai ne or éEli‘E'E‘%}f‘TEFé%‘ ﬁé%?t{‘ﬂ‘g?b%"e?‘i‘ﬁ“l& ?/FOWQBPW% P&for abivhesen Aisa
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parasitic,or .bacterial .infectjon, post-.trau ic injuries (1ncluding
fractur e?hﬁﬂﬂe-%epf)‘?s?%‘t’?’ﬂhﬁ"ﬁég#}s"Qﬁg%‘;‘?ﬁ“\‘eéifgg’iﬁat ed with functional bowel
di sorders such as irritable bowel syndrone. The conpounds of the present
invention also fing utigdgedivasdan 1 Nfla tory),_gggbgjaﬁoj,ons fromagvariety of
causes, incl udy H nat-4l m teg-ig Bacterial, fungal opra,~
i nfectionsa, eunmat oi d artriftigl, osteoarthstis, sur , bl adder
infection or idlopathic bladder”inTl ammati on, over-u&e, ¥age, or
nutritional def8iencies, prostatitis, and 3§§E¢m§£h&ébt' s. ZMThe conpounds
of the present invention also find utility In adder  di sorders ci ated
wi th bl adder outlet obstructiqp and urinary incontinence conditi uch as
bl adder outl et obstruction, ry incontinence, reduced bIdd ccapacity,

frequency of 15p¢%ept enber g Z2d972 a0 01546859 40 PCT/ EPS N #ition,
urge incontinenkg Ast neneer blladder d fly, &enign

prostatic hypertroph?/ PH), prostatitisy J6t r @507 hyerre_;l exia, urinary
frequency, nocturia, &f i nary urgency, overactive bl adder ,ipel Vi c
hypersensitivity, urge incontinence, urethritis, prostatitits, pelvic pain

syndr one, prastatodyni a stijis, _ and.idiophatic¢_ bladder 5, .
oy per sonsi L1 Lwralggnisn iralinchems 1 AsgnRboRrve Aid 68 e Boestrifipdfelawipg |

t he treattdiepioceduRYd DicBRRSANE CHeASA9BEI551 58BN efdAHl vAish thiBRJIEN6H&) The
associ at ed th septic %h Céﬁ I'n dj %I Olg%lﬂt he _conmpqunds of_the present
i nvent i on"BY #6FRHALOSER ¢ Byciohorate with Ak o7 Sy B rtly SriBhy; iellasedkbis uch
as al | er gh@datRAAvidtid UIRalind Perdi&han ARG @t SftVerlt SRR tbrah@forda s, WeRdd | bed,
for exarrptlhe, |1_r: Gt%(%dma‘ﬁ .. .
10 e alcoho! of Form a 71. Conversion into the phenyl ether 72 can be effected with

addition of phenol in the presence of diethyl azodicarboxylate and triphenyl phosphine, in

an inert solvent such as tetrahydrofuran, following a procedure in Synthesis, 1981,1, or in

J.Chem.Soc.Perkin Trans. 1981, 1, 2328. Reduction of the benzoate of formula 72,

condensation with an isocyanate of Formula 5, and hydrolysis as in the previous schemes

15 can give the compound of Formula 73.

Scheme 15

Scheme 15 describes a method of preparing a compound of Formula I, wherein Aisa
singlebond, mis 1,2 or 3, nand r are 0, B is -CH;-, R}, R*are aryl, preferably phenyl, Ris
aryl or heteroaryl as defined before, R is an aryl ring substituent as defined before and R* is

20 tetrazolyl.



G I man's, The Pharnmacol ogi cal Basis of Therapeutics, ni b3
MGawH ||, New York, 1996, Chapter 26:601-616; and Cﬁ%ﬁgﬁh{bﬁpgmm

Phar macol ogi cal Reviews, 1994, 4-6, 205-229. The binding affinity of these
conmpoundwotod/ekdvg | nt ended target was neasured with 15 th?{:ir}ﬁlp}ﬂlﬁz%%("'“”a”
Platelet IP receptor binding Assay as described in nore detail 1'n anpl e
23. Preferred conpounds have a pKi int¥e range of 6.0 to 8.7 in this
assay. In the following table are given exanples of in vitro Human Pl atel et

| P Receptor _binging data sonme specific_co unds of t

affinity 51 S %fe Human Pl at el %\ggp

337. 23 418. 37.9 736. 6 757°5 857. 45 911 136. 72 11¢y.9 11371

1506. 07 156871 15 Sept enber 200w, 68691 -41 PCT/ EPO /(02597 Y
anti-inf| dffmt ory/ anal gesi ¢ actlvi fpounds of/this invention was
assayed by in vime assays th theNgat Carragegnan Paw Assay, the Rat

Conpl ete Freund's Adjuvant-Induced Assay, and the Carbaprostacyclin
| nduced Withing Test as described in

o2 H Rlo
NeH)g”
° N
N,
(Rlo N A
202

The chloroformate of general formula 200, can be treated with 2-amino 3-phenyl
propionitrile (K. Moli et al, Tet. Letters, 1984, 25, 4583) in a suitable solvent such as THF
and in the presence of a base such as triethylamine to give a compound of general formula

5 201, which can then be converted to the tetfazolyl compound 202 following the procedure
of O.W. Wottersdorf, . Med. Chem, 1984, 27, 840, with sodium azide in the presence of
ammonium chloride in a solvent such as DMF.

The IP receptor antagonists such as those described in this invention preferably

possess anti-inflammatory and/or analgesic properties in vivo. Accordingly, the

10 compounds of Formula I as described in the present invention are useful as anti-
inflammatory and/or analgesic agents in mammals, especially humans. They find utility in
pain conditions from a wide variety of causes, including but not limited to, inflammatory
pain, surgical pain, visceral pain, dental pain, premenstrual pain, central pain, pain due to
burns, migraine or cluster headaches, nerve injury, neuritis, neuralgias, poisoning,

15  ischemic injury, interstitial cystitis, cancer pain, viral, parésitic or bacterial infection, post-
traumatic injuries (including fractures and sports injuries), and pain associated with

functional bowel disorders such as irritable bowel syndrome.

The compounds of the present invention also find utility in inflammatory conditions
from a variety of causes, including but not limited to, bacterial, fungal or viral infections,
20  rheumatoid arthritis, osteoarthritis, surgery, bladder infection or idiopathic bladder

inflammation, over-use, old age, or nutritional deficiencies, prostatitis, and conjunctivitis.

The compounds of the present invention also find utility in bladder disorders
associated with bladder outlet obstruction and urinary incontinence conditions such as

bladder outlet obstruction, urinary incontinence, reduced bladder capacity, frequency of



nore detail in Exanples 24, 25, and 29 respectively. The bgpkgkkﬁggbgf

bl adder contractions 5 of this invention may be assayed %y n Vi vo assays
such as Inhibition of Bladder Contractions |nduced by Isovolunetric

Bl adder Wgdi®asdon in Rats and Inhibition of Vol ume- '”d“%E? tions
in Rats, as described in nore detail in Exanples 26 and 2 respec vely.
Act|V|ty in the inhibition of the septird0shock nmay be assayed by in vivo
assays such as the Rat Reversal of Endotoxin-Induced Hypotension Assay, as
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present invention, or an i ndi’vi dual__i somer, _facenic or, non-racem c mxture
of i somer §ogiurig, %‘a‘ﬂfﬁ.‘é@ﬂ% @wfﬁ?l‘&d%%’émeb“%lémﬂsém@ﬂm&f% ingpatisgnce,
toget her Wedihrifi, profatitits, PeRicPads BRASsHhE (i:ﬁfbéﬁ(toa‘}ﬁﬁpéﬁm:@ aﬁ@fcﬁéﬁfaﬂc %Hﬁ!dcr '
optlonall¥ ot her’ _therapeutic and/'or 15 prophylactic ingredients. In

gener al? EWPBds of the present invention will be admnistered in a
therapeutlcall ef fective anount y.of the_ accepted nodes of

admi ni strat i ofrOrRRouRss Af Ge prasent lwwnsamﬁ%utdw i thedeeatmentof Bypotersivege
ranges ar Gadcupk @iehdts hrcRA0hyHbnciAiduassaiAbeithlskprle shd0Q My dai |y, and most
preferably 1-30 ng daily, depending upon numerous factors such 20 as the
severity of tigadisRashetanp &ﬂdsQfﬁt reben® iR@RtiaRdiss ﬁhahngﬂg@é trbutifent he
subj ect, é? otenﬁ of t npou used, the route and form of

adm ni st r &f FSRrARE is?‘i’d‘?séH‘E e§§5§§a”¥‘é§s %h the adnministration is
directed, and_the preferences and exper.ien f the dical practitioner
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know edgeYa d the (f%}&ﬂgl scl osure of ti Aﬁg t| on, iscertal n a

t her apeut i*C& 14728+ 4 #8686l erangrCalergan ﬁ’a’é“cﬁk’g’Fﬂ e &4 Elvent i on
for a givepsgdheease. |In general, conmpounds of the present invention wll

be adm ni stered as pharnmaceuti cal formulations includi ng those suitable

for oral (inc mﬁllﬁﬂdnh Sﬁﬁi amlle%ﬁ digidako therlﬁehabd taf@$ das meSRk&Pdvith

pul nonary,. vagin ent er al | udj n cul ar, intraarterial,
i nt r at kecahe mslﬁﬁeﬁ t%@bIPameRtﬁf $la 3Q/ r“éf"i"é‘h %?J M a form

sui tabl e fEREmpEM3) PRéfERéd @pdinds Raved pIQhin Btie rahgéutfefd)ed 8.9t thid¥esay ef erred
manner of administration is generally oral using a convenient daily dosage

regi men whi ch Igahe ﬂﬂloﬂvﬁi ﬂil@dre%@féh@ihﬁ@le&@firhﬁnﬂ!?ﬁﬁﬁﬁl PlhteRf [H Redeptr. A
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conventi o lﬁgﬁﬁ tsgmeagff: éPg‘P%‘P %ﬁ’ ¢ !é‘ﬁ’f"ée“t‘ﬁﬁybe pl aced into the form
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20  as the severity of the disease to be treated, the age and relative health of the subject, the
potency of the compound used, the route and form of administration, the indication
towards which the administration is directed, and the preferences and experience of the
‘medical practitioner involved. One of ordinary skill in the art of treating such diseases will
be able, without undue experimentation and in reliance upon personal knowledge and the
25 disclosure of this Application, to ascertain a therapeutically effective amount of the
compounds of the present invention for a given disease. In general, compounds of the
present invention will be administered as pharmaceutical formulations including those
suitable for oral (including buccal and sub-lingual), rectal, nasal, topical, pulmonary,
vaginal, or parenteral (including intrarnuscular, intraarterial, intrathecal, subcutaneous
30 and intravenous) administration or in a form suitable for administration by inhalation or
insufflation. The preferred manner of administration is generally oral using a convenient

daily dosage regimen which can be adjusted according to the degree of affliction.

A compound or compounds of the present invention, together with one or more
conventional adjuvants, carriers, or diluents, may be placed into the form of
35 pharmaceutical compositions and unit dosages. The pharmaceutical compositions and unit

dosage forms may be comprised of conventional ingredients in conventional proportions,
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compacted in the shape and size desired. The powders and tablets preferably contain from

about one (1) to about seventy (70) percent of the active compound. Suitable carriers
include but are not limited to magnesium carbonate, magnesium stearate, talc, sugar,
lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium

25 carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term
“preparation” is intended to include the formulation of the active compound with
encapsulating material as carrier, providing a capsule in which the active component, with
or without carriers, is surrounded by a carrier, which is in association with it. Similarly,
cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and lozenges

30 may be as solid forms suitable for oral administration.

Other forms suitable for oral administration include liquid form preparations
including emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions, or solid form
preparations which are intended to be converted shortly before use to liquid form
preparations. Emulsions may be prepared in solutions, for example, in aqueous propylene

35 glycol solutions or may contain emulsifying agents, for example, such as lecithin, sorbitan

monooleate, or acacia. Aqueous solutions can be prepared by dissolving the active
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constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free water.

20 The compounds of the present invention may be formulated for topical
administration to the epidermis as ointments, creams or lotions, or as a transdermal patch.
Ointments and creams may, for example, be formulated with an aqueous or oily base with
the addition of suitable thickening and/or gelling agents. Lotions may be formulated with
an aqueous or oily base and will in general also containing one or more emulsifying agents,

25 stabilizing agents, dispersing agents, suspending agents, thickening agents, or coloring
agents. Formulations suitable for topical administration in the mouth include lozenges
comprising active agents in a flavored base, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert base such as gelatin and glycerin or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid

30 -carrier.

The compounds of the present invention may be formulated for administration as
suppositories. A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter
is first melted and the active component is dispersed homogeneously, for example, by
stirring. The molten homogeneous mixture is then poured into convenient sized molds,

35 allowed to cool, and to solidify.
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EXAMPLES carbon dioxide or other suitable gas. The aerosol may conveniently also contain a
surfactant such as lecithin. The dose of drug may be controlled by a metered valve.
20  Alternatively the active ingredients may be provided in a form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose, starch,
starch derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP).
The powder carrier will form a gel in the nasal cavity. The powder composition may be
presented in unit dose form for example in capsules or cartridges of e.g., gelatin or blister

25  packs from which the powder may be administered by means of an inhaler.

The compounds of the present invention can be formulated in transdermal or
subcutaneous drug delivery devices. These delivery systems are advantageous when
sustained release of the compound is necessary and when patient compliance with a
treatment regimen is crucial. Compounds in a transdermal delivery systems are frequently

30 attached to an skin-adhesive solid support. The compound of interest can also be
combined with a penetration enhancer, e.g., Azone (1-dodecylazacycloheptan-2-one).
Sustained release delivery systems are inserted subcutaneously into to the subdermal layer
by surgery or injection. The subdermal implants encapsulate the compound in = lipid
soluble membrane, e.g., silicone rubber, or a biodegradable polymer, e.g., polyactic acid.
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The following preparations and examples are given to enable those skilled in the art

to more clearly understand and to pré.ctice the present invention. They should not be
15 considered as limiting the scope of the invention, but merely as being illustrative and
representative thereof.
Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperatures, etc.), but some experimental error and deviation should, of course,
be allowed for as well as due to differences such as, for example, in calibration, rounding of

20 numbers, and the like.



stirred for 30 mn. The solution was then acidified wt nd
extracted. The extracts were dried, concentrated, and E)su?%étugﬁ E@(Ma
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resi due wadepaéi dified with 4.5 N HC forming a precipitate that was
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added. The mixture was stirred at room temperature overnight. The mixture was then
poured into H;O and acidified with concentrated HC. The solution was then extracted

and concentrated to give a solid. The solid was dissolved in an aqueous sodium bicarbonate
solution, then washed with ethyl acetate. The aqueous mixture was then acidified with

15 dilute HCI forming a precipitate which was filtered and dried to give about 3.7 g of 4-
phenoxymethylbenzoic acid 3.

Step 2:

4-Phenoxymethylphenylmethanol 4

4-Phenoxymethylbenzoic acid 3 (3.424 g, 15.0 mmol) was dissolved in -tetrahydrofuran
20 (THF) (50ml) and cooled to 0 °C. A solution of borane in THF (33 ml, 33.0 mmol) was

added dropwise at 0 °C. The solution was then allowed to warm to room temperature and

stir overnight. The mixture was then quenched with water, aqueous NaOH was added, and

stirred for 30 min. The solution was then acidified with dilute HCl and extracted. The

extracts were dried, concentrated, and purified by chromatography to give about 2.9 g of
25 crystalline 4-phenoxymethylphenylmethanol 4.



np. 92.6-93.5 C
4- (2-fl uoro-phenoxynet hyl ) - benzyi oxycar bonyl am nol - 3- pﬁe%teprF (2)%940ni C
d, 75, np. 114.0-117.0 C, 30

[

[

[ 4- (3w bdsasPhenoxynet hyl ) - benzyl oxycar bonyl ani no) - 3- pegrpbrgpsepi oni ¢
cid, 76, np. 107.9-110.0 C, 15 Septenber 2004 WO 01/ 68591 PCT/ PPO / 02597
48

2-
ac
2-
a

(R) - 2-[4-(3-net hanesul f onyl am no- phenoxynet hyl ) - benzyl oxycar bonyl anm no]
- 3- phenyBPtepgk opi oni ¢ acid, 77, np. 161.9-164.9 C, (R -2- [ 4-(3-b

e e e achona SRE e SR RO AT Pl iy BETY -
[4-(3-acgtyl am no- phenoxynet hyI ) benzyl oxycar bonyl am no]

- 3- phenyl~-propionic acid, 79, . 190.3-193.5 G g

(R) 2-14 182 IBHE é?)h B dHBEeqs B@ﬁﬂyblamamdisscﬂquhemyd ewPi oni C
(5@?&{5” SERERAIBI iyl (R) - 3- %ﬁ%n%l 22 (453 [(1

- pheny$ rchldﬁm@yﬂ):gddmoc Fﬂ;gmg?mhmt?mell@ 1.0 ml, 42. mmol) was added

benzyl OX Y& | ari 409 r n Shm larly

rop! hoi ndo R B/ R SRE (Y ot i ity el b rad

phenyl s u I t&mpyﬂatmt- btydl wbm;dd(fmytrhaceﬂmw!i ditiernoixtyse vigh W@%‘F@nt%‘i‘aﬂe HEL

113. 3- C. Simlarl c o ghtdatbditoot €p 1

woh o e e bt B B AR ARl BB Aok aichchedt

3- f | uor o-gveabionys.8lgaiia aleer mbofdam llsoqwnﬁ@t?r-@herwlwmmomchNdaﬂﬂhYl ester 3.

N- br onosucci nim de in carbon tetrachloride, as described in the procedure

in J. Ned. CPhenvoxymkaihhahylnBiansa5(0.85E 4D sl ), (Ri-2-ispcpsnateisahently | -

b I b

Srr Y aa. GoRimer s die? s 08 b BhoN afid AfhenibhinbRrdR ARORS. | O
f5 : In St ep(l(}?mgvv.tre?e agmbinpd,ihehted umibaynahem,canﬂrsumeémr&oauxrdlhﬂ@nlcvdmgyﬂse t he
(6] oW n (X ounds -

(R) - 2- |s8££§'gﬁngf"’85 %“fcéﬁ%ﬁﬁé%gﬂg BRYfo ffive aboyt L& g of (R)-2-(4 phenoxymethyl |
ester gavBendylofkabamyhndac)-3-phyydpiropioptverid r)ﬂetbyl(tﬁtqa lée

noxynet hyl - benzyl oxycar bonyl am no)- propionic acid, 83, np. 129.7-130.3 *C,

and (Fi)s-ZSte acyanat o- 3- (1 rret hyl - 1H i ndol - 3-yl )-propi onic acid nethyl ester
gave (R)- 1- 25 rret hyI
|ndol3y-2- 8 ,

ieagiddni ¢ acid,

(R)-2-(4-Phenoxymethyl-benzyloxycarbonylamino)-3-phenyl-propionic aci‘d methyl ester
6 (1.605 g, 3.83 mmol) was dissolved in methanol (40ml) at room temperature. A solution
of LIOH (177 mg, 4.21 mmol) in 15ml of H,O was then added and the mixture was stirred
20 overnight. The mixture was diluted with HO (50 ml). The methanol was then removed in
vacuo. The aqueous residue was acidified with 4.5 N HCl forming a precipitate that was .

filtered and dried. Recrystallization gave about 1.2 g of (R)-2-(4-phenoxymethyl-
benzyloxycarbonylamino)-3-phenyl-propionic acid 7, mp. 115.9-116.7 °C.

Siniﬂarly replacing phenol 2 with the appropriate substituted phenols in Step 1 gave
25 the following compounds:
2-[4-(2—methoxy-phenoxymethyl)-benzyloxycarbonylamino]—3-phenyl-propionic acid, 74,
mp. 92.6-93.5 °C;
2-[4-(2—ﬂuoro-phenoxymethyl)-benzyloxycarbonylamino]-3-pheny1-propionic acid, 73,
mp. 114.0-117.0 °C;
30 2-[4—(3-ﬂuoro-phenoxymethy1)-benzyloxycarbonylamino]-3-phenyl—propionic acid, 76,
mp. 107.9-110.0 °C;



170, np. 79.9-82.6 C. 15 Septenber 2004 WO 01/ 68591 PCT. 9-
EXAMPLE 2 (R)-2-(4-Phenet hyl oxybenzyl oxy-carbon | am no 4%§%%ﬁ-§?9%9%{)1| oni c
acid 13. In accordance with the general schene 2, the following is the

pr epar atyy@iRksep conpound 5 of Fornula 1, wherein each o po12ze7 and
Is phenyl, Ais -(CH2)20-, Bis -CH2-, mds 1, and n andf'(r:ﬁgre 8 Step 1:
4- Pheneth to enzoic acid nethyl ester 48~ NaH (609% (4.400 120. 0 nmol)

id | g,
&y ox Bz - methanesiltap i Ph e mesyb henerlgtyca IR S e
evolutio . lch QY ' (DMF) (20nml) was added clearing the
cl oudy 235{5 @gﬁag%rﬂﬁg%g&%i%h@eﬁt hyl bromde 8 (16.39 n, 120.0 mmol),

ot ure Wt pbol iR Riaiho o kna i JeRonRBR PRI i

conbi ned,propiinéchcid]78.adp. wEoREAQOr at ed- The residue 15 was purified by
chromat ography to give about 7.6 g of 4-phenethyl oxybenzoic acid nethyl

ester 40.(R$t>BM-B-adedyihnpephenviopiyhiiobehyyishikatahylithingl- Ppaasi pybsisyizenzoi ¢

acid nethyl| ester 10 (7.66 g, 29.89 mml) was dissolved in diethy 20

et her andicichiZBi Bp- 1t98~30t23-5_?8i1H4 was slowy added and allowed to stir at 0 C
for 3 hours. The m xture was quenched with H2O After addition of 3 N NaCH
the m xt URe-2nids (3-aitrophencxymethyh)-tepeylagysathenylrminel d-pherylvepiohisraciki di f i ed

with 4.5 HCl , t.ragtec ried, and concentrated in vacuo to give about
6.7 g of @’E‘F%f@ﬂféﬁz ?‘gé‘b‘ﬂenet hyl oxyphenyl ) - methanol 11. 25 Step 3: R

12, " (0 RGERT RO A P PReR AR | S el e )

(R)- 2'163(196[){'%2@ adsoRYRMihe)-PrdpRiRLGd, 301 thy s iy jepe€r 5 (1.036 g, 5.0
mol ) and Pkf(;hfo ) \A/e?)epcc%ﬁ%i ned and FST?Sept enber 2004
Similarly replacing phenol 2 in Step 1 with thiophenol gave 3-phenyl-2-(4-
phenylsulfanylmethyl-benzyloxycarbonylamino)-propionic acid, 82a, mp. 113.3-114.1 °C.

Similarly replacing 4-chlorometﬁylbenzoic acid 1 in Step 1 with 3-fluoro-4-
bromomethylbenzoic acid (prepared from 3-finoro-4-methyl-benzoic acid by bromination
1 with AIBN and N-bromosuccinimide in carbon tetrachloride, as described in the

procedure in J.Med.Chem., 1992, 35, 877-885, gave 2-(3-ﬂuofo-4-phenoxymethyl~
benzyloxyzarbonylamino}-3-phenyl-propionic acid, 82b, mp. 104.2-104.7 °C.

Surdazly replacing (R)-2-isocyanato-3-phenyl-propionic acid methyl ester 5 in Step
3 with ap;iopriate isocyanato propionic acid derivatives, the foliowing compounds can be

20 prepare::
(R)-2-isocyanato-3-(3-benzenesulfonylamino-phenyl)-propionic acid methyl ester gave 3-
(3-benzenesulfonylamino-phenyl)-2-(4-phenoxymethyl-benzyloxycarbonylamino)-
propionic acid, 83, mp. 129.7-130.3 °C; and
(R)-2-isocyanato-3-(1-methyl-1H-indol-3-yl)-propionic acid methyl ester gave (R)-3-(1-
25 methyl-1H-indol-3-y1)-2-(4-phenoxymethyl-benzyloxycarbonylamino)-propionic acid,
170, mp. 79.9-82.6 °C.



WO 01/68591 PCT/ EPOL/ Q2597 50 heated until nolten and §f 5gpephbbPiodPd nun.

Upon cooling the residue was purified by chromatography to give about

g of (R)-2-(4-phenethyl oxybenzyl oxycar bonyl ar ni no) - 3- phenyl - propi oni ¢ aci d

met hyl ester 12. Step 4: 5 R -2- 4-Pheneth o bent to car ' -3- hen

- ro i WAty 13 Bemrdlibatn

(R) - 2- (4- Phenet hyl oxybenzyl oxy- car boryd%i no) - 3- phenyl - propi onic acid

nmet hyl ester 12 (2.106 g, 4.85 mmol) was dissolved in nethanol (75 nl) at

roomtenperature. A solution of LEKAMBIEZng, 5.83 mmol) in 20 M of HO

was then added and the mixture was stirred overnight. The m xéure was

di luted w t h{Ryj2x(4 bverviredtyrarpg nyigamino r3nplianvi BROPLQINC 26dd U 3+ 10, The

aqueous resi due was washed with diethyl ether and acidifiedwith 4.5 N HCl .

The aqueous m xture was then extracted with dichl t hane, dried, and

concentrated in vacuo. The residue was dissol ved i ot diethyl ether. A

slight excess of t-butylam ne was added. The m e was again heated to

boiling then allowed to stand form ng crystjal s.I Upon cooling the crystals

were filtered and dried i gi ve ab 79°@ ofN't he0®3 t - butyl am ne salt of

(R) - 2- (4- phenet hyl oxybenzyl axy- car am no) i phenyl -propionic acid 13,

rnp. 155.6-157.0C. SinilarTy Tol [®&wi g Steps 3 and 4, and repl aci ng

(4- phenet hyl oxyphenyl ) met hanol 13 w th other appropriate

aryl al koxyphenyl nmet hanol, gave the faoll ow ng conpounds: . ¢ d

- 2-(4- beniy hcnoymnzyritbahwnytaémhﬁm)ezat}mfeﬂwm;sr%g\%&ﬁ?ﬁéﬂétﬂr‘o‘? 2ERAMRAST

118.3-119.9 C 12 ; ! R? 35 1, A is -(CH:);0O-, B is -CHz-, mis 1,

2-[ 4- (54- PFES?%L}I g’nv%}il %lg%ﬁc-hboefr?zil 6)%9%5 Esop#ﬁ“ém no}(- 3- E)zhenyl - propioni c acid,

85, np. 43d4.nend38rd0.C '

- 2-(4-phenet hyl oxy- benzyl oxycar bonyl am no) - 3- phenyl - propi onic acid 86, np.
96. 9- 97A S&p knd

(R) - 3- phenyl - 2- [ 4- ( 3- phenyl| enzyl oxycar bonyl am nol - propionic acid

87, np. 2Bhdiphwoxybé z epl aci ng phenethyl bromde .in Step 1

wi th the appropriate bron des ave the fal l.qw C u , o

6- Brormnﬂﬂ%?ll(é(?%‘} (qqmﬂgelngmol?wuaddedto es yd?s e&)m?cﬂﬂ]sédtoo C,

2-{2- hydr ” 4a O:JCP&LQ. 5ic ati t der PHERY1Y ¢, 100.0 mmol). After H,

et hangix/l at?hﬁé‘é’gd%’f%&%# = pr ??3%@?%@%88723}). 17%‘11311 C 304 d-

(2- Brom%mmdgmdsﬁmegaugrmm@e (DMEF) (20ml)} was added clearing the cloudy

(R - 2-[4- ( 2 Pe R A ) PrUR A BEShRIHEABROH, 870.6 tmol), and the mixture was

stirred at 80 °C for 24 hours. Upon cooling, the mixture was poured into H,0 and

bepiestes 10

extracted. The organic extracts were combined, washed, dried, and evaporated. The residue
15 was purified by chromatography to give about 7.6 g of 4-phenethyloxybenzoic acid methyl

ester 10.
Step 2:
(4-Phenethyloxyphenyl)methanol 11.
4-Phenethyloxybenzoic acid methyl ester 10 (7.66 g, 29.89 mmol) was dissolved in diethyl
20  ether and chilled to 0°C. LiAlH, was slowly added and allowed to stir at 0 C for 3 hours.
The mixture was quenched with H,O. After addition of 3N NaOH the mixture was
allowed to stir for 30 min. The mixture was then acidified with 4.5 N HCl, extracted, dried,
and concentrated in vacuo to give about 6.7 g of a crystalline (4-phenethyloxyphenyl)-
methanol 11.
25 Step3:
R)-2-(4-Phenethvloxybenzyloxycarbonylamino)-3-phenyl-propionic acid methyl ester 12.

(4-Phenethyloxyphenyl)methanol 11 (1.141 g, 5.0 mmot), (R)-2-isocyanato-3-phenyl-
propionic acid methyl ester 5 (1.036 g, 5.0 mmol) and DMAP (10 mg) were combined and



3-phenyl - propi onic acid 89, np. 130.0-131.3 C. 15 Sept eqdgen2RPér W4
01/68591 -51 PCT/EP01/ 02597 Simlarly replacing phenethyl bromde 8 in Step

~Iwith benzyl brom de, and replacing 4-hydroxybenzoic acid nmethyl ester 9 in
Step 1 Wyblpigsdydr oxynet hyl benzoi c acid nethyl ester gavfcr/EP01/02597

2- (4- benzyl oxynet hyl - benzyl oxycar bonyl am no) - 3- phenyl - propi oni ¢ acid 90,

np. 78.3-79.9 C. 5 Simlarly follow ng'élhaps 3 and 4, and repl acing

(4- phenet hyl oxyphenyl ) met hanol, | 11 .-wth N .. . .

(4- Hydr ox%?é?cﬁ P'I;hp‘ﬁ%lFﬁﬂ WdﬁBﬁféﬁ?H‘J@ '(‘B‘r%ﬁ&?éﬂolb?ﬁ g’ﬁdﬁ‘aleb‘é?‘fzpouﬂﬁeg oride to

4- am nob%ﬁkn@éﬁg@&% fm Byt Zi pof (rd2-$4-phenalylbgybedrflonycatbonglamino)-3-

tenperaturg), ~gave Z:

Benzoy| anPheybdsoniepicpcid mpghyliestst k%) - 3- phenyl - propi onic acid 181, np

196.9-198.1 C. 10 EXAMPLE 3 R -2- 5-Phen |-benzofuran-2-

| met hoxvcateBdvl ani no - 3-hen 1- ro p ionic acid 19 COOH In accordance with

Foe e TRy U henetdonihenpylonita oy mingisd pEla Frapln@ach £ PO nd. Of

phenyl , 5 Ajs a single bond, Bjis -CH2-, mis and .n d_L.ar . Step

DR byl R R R Re ks Fbor iy ey iy a8 mdth ' ete?

gébr omlo)s ahbgyhes ﬂ,ei]&sjﬁrr%dﬂ) wmi?ghg@ imme:léu)anolot'v&hﬂy bt rtmgﬂr reaipRransd go( 13j 19,
mml ), pot.assi_um car bonate : , and 2-butano was

SUirred asbBoORELIOR (4 mp.s s3rmincl izl ol S Wt hef 2 s g™

_preﬁsgreda@asgén@dgaaﬂighhqﬂhe&ﬁdmﬁ' Tﬁwam ' _tgﬁvﬁhﬂzéﬂ(l\muﬂ).ﬂgﬂegﬁﬁhaﬂdmaamﬁ*ﬂ, )

washed, dried, and evapor at ed. e residu S, RULIfI chy.omat gr aphy

to gi vad agemeved o Ioe agyeosys B?Stﬁdﬁ-"ﬁéwzg?%?‘ﬂﬂl 19[‘8%?‘@8& 43 ﬁg‘? W‘%. “

59-60C. 1% SRIIENTRE agdds Mikld R208dn ebrRIWIBPOChD2AAthShgdrizd, and

concentrated in vacuo. The residue was dissolved in hot diethyl ether. A slight excess of

t-butylamine was added. The mixture was again heated to boiling then allowed to stand
forming crystals. Upon cooling the crystals were filtered and dried to give about 1.9g of the

15 t-butylamine salt of (R)-2- (4~phenetl_lyloxybenzyloxy-carbonylarrﬁno)-3-phenyl-propionic '
acid 13, mp. 155.6-157.0°C.

Similarly following Steps 3 and 4, and replacing (4-phenethyloxyphenyl)methanol 11
with other appropriate arylaikoxyphenylmethanol, gave the following compounds:

2-(4-benzyloxybenzylcarbonylamino)-3-phenyl-propionic acid, 84, mp. 118.3-119.9 °G
20  2-[4-(4-fluoro-benzyloxy)-benzyloxycarbonylamino)-3-phenyl-propionic acid, 85, mp.

134.0-138.0°G;

2-{4-phenethyloxy-benzyloxycarbonylamino)-3-phenyl-propionic acid 86, mp.

96.9-97.4 °C; and

(R)-3-phenyl-2-[4-(3-phenyi-propoxy)-benzyloxycarbonylamino]-propionic acid 87, mp.
25 105.6-106.5 °C.

Similarly replacing phenethyl bromide 8 in Step 1 with the appropriate bromides

gave the following compounds:
6-Bromomethyi-1H-indole gave 2-{2-hydroxy-2-{4-(1H-indol-4-ylmethoxy)-phenyl}-
ethanoylamino}-3-phenyl-propionic acid 88, mp. 178-181 °C;

30 (2-Bromoethoxy)-benzene gave (R)-2-{4-(2-phenoxy-ethoxy)-b enzyloxycarbonylamino]-
3-phenyl-propionic acid 89, mp. 130.0-131.3 °C.




5- Phen | - benzofuran-2-carboxvlic acid 16 A m xture of ejfigbptember 2004

5- br ono- benzof ur an- 2- carboxylate 15 (2.5 g, 9.3 mmol ), benzene- boronic
acid (1.25 g, 10.2 mml), tetrakis(triphenyl phosphine)palladium (0) (118
mg), Swapslidegscarbonate (3.25 g, 30.6 mol) in water (2%dfppe1/adaey di oxane
(25 M) was stirred under an argon atnosphere and heated to 100 C for 16
hrs. The white heterogeneous nmass was?hcidified with 1 M HO, extracted,
washed, dried, and evaporated, gi ve abqut . 2. 0 . .

5- phenyl - ben2drilatlyifeplacipg Bbwmvi 85&1"&8 gan gh‘*@. 1‘*@%}%‘2‘8’%{"@““% gt seplaging

2- Hydr ox f[ﬁfdli‘o Attt aclid R Pésurdnn BrepA with Uilyio ethylbenzoic acid methyl

5- phenyl }4benzo)1ty3r5rzlan- 2-ccar bgérpl ic acgi dp?% (2]1.;:‘1,}?,a jgfn% nﬁg}l)‘{o di SSOldvfgd: in
THE (50 ®$tpr gaxs 2cddreagyloymetylihenghoxycerbpayRmingly3 Ahsppropiogic agid 2% ¢
mol ) was a%§%9€pétionw se and stirred at roomtenperature for 1.5 hrs.
The exced® gent Was deconposed with an addition of 1 MHO, and the

acidified mxture extracted wi,th A5 et.hyl ¢ Lihech1 and
evaporat ed. %ﬂ?ryg\g’gﬁ‘gmﬁégpﬁg?f‘#%ﬁ]dbvp 1?:’ & % 4%%{?%%%1&?)&@%%@8&%%%%. 22 g
of 2- hy dréxyNekiydroxphehyl pleaph) dfeneanide Tpreppred byadidty @nzodtlpride tad-

- 2- (5- Phenyl - benzof ur an- 2- vl .nmet hgxvcar bonyk am no) - 3- phenyi Lo ey acid
SR vt R R SR R O T O
(1.20 g, Ben@&ylamito)benztbx@arbonglayinsltd-pRemiiqrypiopicmidbd aci d nmet hyl ester
5 (1.2 g, 5.% mgéo triethylamne (1.7 m), and THE (30 mM) was heated to
50C under™B Af-P7 n-at nosphere for 6 hrs. The solvent was renoved under
reduced pressure and the residue. was purified by chromatography giving
about 14. 6 g of (R)-2-(phenyl -benzof EXaRP2IEY et hoxycar bonyl 25

am no) - 3- phenyl - propi onic acid nethyl ester, 18, np. 85-86C. Step 5. (

R) - 2- ( 5- PhéRy2-(bthenflsennefiran-Pay cantbonylaginob } {eals:
19. A solution of

(R) - 2- (5- phenyl - benzof ur an- 2- yl net hoxycar bonyl am no)
acid nethyl ester 18 (1.39 g, 3.24 mol) in nethanol m) was treated
with a 30 solution of Iithium hydroxide nonohydr at ng, 3.56 mmol) in
water (2 ml) and heated to 50 C for 3d1rs. Itljwast t hen cooled to room
tenperature, acidified with I M HEA extyracoéd nNi t leagithy| acet at e,
separated, washed, dried, and The redidue was 15 Sept enber 2004

henyl - propionic

In accordance with the general scheme 3, the following is the preparation of a
compound of Formula I, wherein each of R'is phenyl, R? is benzofuranyl, and R® is phenyl,

15 Aisasinglebond, Bis-CH;-,mis l,and nandrare0.
Step It

Ethyl 5-bromo-benzofuran-2-carboxylate 15

A mixture of 5-bromosalicylaldehyde 14 (10 g, 50 mmol), diethyl bromomalonate (13.1 g,

55 mmol), potassium carbonate (6.9 g, 50 mmol), and 2-butanone {80 ml) was stirred at
20 90°C for 16 hrs. The solvent was removed under reduced pressure at 45° C,and the residue

was acidified with 1M HC], extracted, washed, dried, and evaporated. The residue was

purified by chromatography to give about 3.6 g of ethyl 5-bromo-benzofuran-2-

carboxylate 15, mp. 59-60°C.




WO 01/68591 - 53 PCT/EP01/02597 crystallized to give agg)gﬁ "TL
(R) - 2- (5- phenyl - benzof ur an- 2- yl net hoxycar bonyl - am no) eny prop| oni c
acid, 19, np. 154-156 C. Simlarly substituting benzeneboronic add in Step
2 with tW@O0yp®bpri ate substituted benzeneboronic acids mawerdihessrol | owi ng
conpounds: 5 -53 .

(R -2-[5- (4 fl uor o- phenyl ) - benzof ur an- 25yl nmet hoxycar bonyl am no] - 3- phenyl - pr
opi oni ¢ jg, 91, np. (for 0.5 H20)-129.5-131.5 C (R)-2- |

5-(4- met hoxy phenyl ) - benzof ur an- 2- yl met hoxycar bonyl am no] - 3- phenyl -

pr opi oni G.pkdri-bOrsofiitan-A-ERbodliEREN 1432-156. 1 C (R)-2-

[ 5- (3-fl uoro-phenyl’) -benzof uran-2-yT met hoxycar bonyl ani no]

- 3- phenylx RiiRRESY th Ilj%r%ﬁ‘lodbenggﬁlrﬁﬁQ Jaflﬂfxxgtélﬁa@% @%Qnﬂloi-)lgerﬁene-

(R)-2-[5- (4 chl aor.o- g en benzof ur an- 2- hoxyca | am nol

- 3- pheny (boseRipREAi(E 5&:{(& mgygol), ﬁﬁpahq(frwheeylﬁhmnem@laémm@)@ 8 mg),

(R) - 2-d SshdnRtdybaitbenys gd@%ﬁfow ﬁﬁva%ery('zﬁ?ﬁlg.%?bw%ﬁ?@?sqm)% stirred

- 3-phenyl -propionic acid . (for 151-154 C; "15

(R) -2-[5- l(r(decgmangoplaanyip)lwtﬁnzldfewedm 20§ P @nfarHichy < Fthie euhyte duetenogendoysheny! - pr o

pionic acid, 96 20 4- 68 3]

G oxor - 5.0k peealRa 0 M eRbedr ShRedriritd ond Eparbised. 1 Pip B aci o
97 nmp. (f0rglf %hb@ﬁ)beﬁggfu;a%lz-%rboxyhc acxd 16 mp. 218-220 °C.

(R -2-[5- (2 f1 uor o-phenyl ) - benzof uran- 2- yT et hoxycar bonyl ani no]

- 3-phenylgtggppionic 20 acid, 98, np. (0.5 H20) 97.1-100.8 C

(R -2-[5-(3,5-Difluoro- phenyl ) - benzof ur an- 2- yl net hoxycar bonyl am no]

- 3- ph@mylz—]maﬁmvﬁﬁ't@@%lfénxﬁﬁenzmaﬁlfrﬁ- 167 C (R -2- [

5-(2,3 uor o- pheny enzof uran-2Z-yl nmet hoxycar bonyl am no] - 3-phenyl -
propi oni s §8liflen épﬂ- E@d b%ﬁﬂ)f&l@g }.Ccargéxyhc acid 16 (2.1 ﬁ 8.8 mmol) dlssolved in

(R -2-(5-Benzo[ 1,3 | - 4-yl - benzof urian- 2- yT met Hoxycar bonyl am no) - 3- pheny

| - propi GFHE (Sbind), wals(l‘@pled]]lo 52Q1n 48 Zce®atl{,Rnd 2iAlH, (0.67 g, 17.6 mmol) was added

(25 PRI UL P ha gl SRR LR QO B, Py
(3,4-Dif Idmompptadnmﬂ) aw eddiabn 6ANMHY madhh yddifbdmiktars wias|extractedivithy | - 30
Propl @i Corf (ilagétat]ép vA\'réshrérB,' dr%:%; gﬂdl gr%pg}atcéd. The residue was purified by chromatography

to give about 1.22 g of 2-hydroxymethyl-5-phenyl-benzofuran 17, mp. 134-135 °C.,
- Step 4:

{R}-2-(5-Phenyl-benzofuran-2-vimethoxvcarbonylamino)-3-phenylpropionic acid methyl
ester 18

20 A mixture of 2-hydroxmethyl-5-phenyl-benzofuran 17 (1.20 g, 5.85 mmol), (R}-2-
isocyanato-3-phenyl-propionic acid methy! ester 5 (1.2 g, 5.9 mmol), triethylamine (1.7
ml), and THF (30 ml) was heated to 50°C under a nitrogen atmosphere for 6 hrs. The
solvent was removed under reduced pressure and the residue was purified by
chromatography giving about 1.6 g of (R)-2-(phenyl-benzofuran-2-ylmethoxycarbonyl-
25  amino)-3-phenyl-propionic acid methyl ester, 18, mp. 85-86°C.

ropionic acid 19.

A solution of (R)-2-(5-phenyl-benzofuran-2-ylmethoxycarbonylamino)-3-phenyl-
propionic acid methyl ester 18 (1.39 g, 3.24 mmol} in methanol (30 ml) was treated with a
30  solution of lithium hydroxide monohydrate (149 mg, 3.56 mmol) in water (2 ml) and
heated to 50 °C for 3 hrs. It was then cooled to room temperature, acidified with 1 M HCl,
extracted with ethyl acetate, separated, washed, dried, and evaporated. The residue was



15 September 2004 WD 01/68591 PCT/EPQI /02597 -54- Sim | a8 5y gHpst bdd | ng
(R) - 2-isocyanat o- 3- phenyl -propionic acid nethyl ester 5 .in Step 4 wth the
appropriate isocyanato derivatives gave the foll ow ng conpounds:

(R -3-(4-1l - phenyl ) - 2- (5- phenyl benzof ur an- 2- yl met hoxycar bonyl am no) - pro
pi oni ¢ A‘é{éi"g’,g&%ha mp. (for 0.3 HBO 131.5-135 C, 5 PeHERNET

(R) -3-(4-chl oro-phenyl)-2-(5-phenyl - bengd# ur an- 2- yl net hoxycar bonyl am no) - pr
opionic acid, 106, nmp. 151-157 C (R)-3-(4-brono- phen¥l ) - 2- (5- phenyl - benzo
furan-2 - yiystelizeksoqgivdnboyut hid gof (Ri23-phecyl-teozaefuran?-ylmgthoxgarborgl-C,

3- (3-Benzenesyl f onyl am nqg- phenyl ) - 2- ( 5- - benzof ur an- 2- yl met hoxycar bony
30 am RO Bhe EroRtotie sadald. fp. 1364SAHs & (R
-3-(3-fluoro-phepny])-2-. . e s . ) )

(5- phenyl - ben m&rﬁﬁuétyvmWMPmﬁWﬁﬁe p i tepePropriale bt uteq,
141. 4- 142p3nenelfttbnic acids gave the following compounds:

4- Phenyl - 3- ( 5- phenyl - benzof ur an- 2- yl met hoxycar bonyl am no) - butyri c acid,

110, s 1BE20518%udrEphédiEbesoaianatylmitioxyatbotylaman]i Hphéiybpopbprdc at i on
can be prepared 15 fromthe am no ester synthesized according to the

pr ocedur e 2fid, 3 , wpd fordeheO) B2M3-331.50GD) , 3247 starting from benzyl

3- ket o- 4-phenyl butyrate). Simlarly substituting benzeneboronic acid in
Step 2 wi t(R)-@t[5604-mctbgw-phtrww—bmné@feﬁdﬂlmnﬁhexﬁérbﬁmmOiGthanIUti ng

2 MR BRI IR ) e S 2 e
ol AR s TR S S s oo

(R -2-p- (3 P @jeﬂ i .2-yl met hoxycar bori yl am no] - 3- (4-fl uoro
-phenyP -%‘rdg%?’o gh’g?ﬁ ,2112,69%1@(%. 2 H20) 84-87.5 C.

(3) 3 (1 Tipyer e hanslol il Sz diar 2y BRERYLarBB ARG S BhidhyTpisiear bon

yl am noj - propi oni ¢

(R - 3- (4- fdcidpo-mpdfor0)2 B,(QPrA95-$401@- phenyl ) - benzof ur an- 2- yl net hoxycar bony
| - am no] -propionic acid, 114, np.105.2-110.2 C (R -2-]

5- (2- Gl Or(®) AER el paéry aendo ka2 yiythasyiartinytimiop]3-Hénfi propionic

henyl )-propionic acid, 115, . 86. 7-100.
P Y )A P ac?d, 95, mp. (for 0.2 H,0) 15r7113154 °C;

15 (R)-2-[5-(3-cyano-phenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-phenyl-propionic
acid, 96, mp. (for 0.2 H,;0) 64-68.5 °C;
(R) -2-(S-benzo[1,3]dioxoi;s-yI-benzofuran—2-y1methoxycarbonylamino)-3-phenyl-
propionic acid, 97, mp. (for 0.66 H;0) 125-131 °C; '
(R)-2-[5-(2-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino] - 3-phenyl-propionic
20 acid, 98, mp. (0.5 H,0) 97.1-100.8 °C; _
(R)-Z-[5-(3,5-Diﬂuoro-phenyl)-benzofuran—2-ylmethoxycarbonylarnino]-3—pheny1—
propionic acid, 99, mp. 163-167 °C;
(R)-2-[5-(2,3-Diﬂuoro-phenyl)-benzofuran-2-y1methoxycarbony1amino]-3-phenyl-
propionic acid, 100, mp. 159-160 °C;
25 (R)-2—(5—Benzo[1,3]dioxoi—4—y1-benzofuran—2-y1methoxycarbohylamino)-3-phenyl—
~ propionic acid, 102, mp. 191-192 °C;
(R)-2-[5-(2,5-Diflucro-phenyl)-benzofuran-2-ylmethoxycarbenylamino]-3-phenyl-
propionic acid, 103, mp. 89.4-92.6 °C; and
(R)-2-[5-(3,4-Difluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino}-3-phenyl-
30 propionic acid, 104, mp. 98.9-101.7 °C.
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di oxol - 5-yl - benzof ur an- 2- yl net hoxycar bonyl am no) - 3- (4-fl uoro-

phenyl ) -propionic acid, 116, np. 132-134.5 C, (R)-2-

[ 5- (4-t eMO®WEBHYI- phenyl ) - benzof ur an- 2- yl net hoxycar bonyl ampgqleposadsdr f | uor o-
phenyl)-propionic acid 117, np. 114.3-124.6 C, 5

(R)-3-(4-chl oro-phenyl)-2-[5-(4-fl uoro-phényl)-benzof uran-2-yl met hoxycar bon

yl - ainino]-p ' ac] S - 05;154.5 C (R) -3 - - br opo- phenyl )
. [ 5O PrRlaD suffhiing (% i RRraritss e oplomiascil el S 8t

am no] - prSispdniith theiapprdprixte ispcyahdio déritBiveCpavieithe Blloyig-cbimponadphenyl ) - 2-
[ 5-(4-fluoro-phenyl) -benzo furan-2-yl net hoxycarbonyl - 1o am noj

- pr opi oni R)agi(d-fub2e-phegyl)-84(57pIBRybezofifn-2-rhetboxycarbonylamino)-propionic

éﬁeﬁyldl) f :o#‘géﬂ - hgr%teoaeg%)%@_@yolfgﬁt g)xycar bonyl am no] -3-(4-fl uoro-

(R -2-[5-(3, 4-di f] uorq-pheny]) - bengzof uran- 2-yl net hoxycar bonyl am no],- 3- (4-f|
uor o- [5 @@ﬁgﬁg)ci%ferﬂ%ﬁﬂgﬂa@agmﬁgew. rary-2ompetlgoxydasbonylarnino)-propionic

2-[5- (3, 55&?89fﬂ69ﬁ$‘. @@gm%ﬁ .benzof uran- 2-yl met hoxycar bonyl am no] - 3- (4-fl uoro
- pbenyl)-propionirc acid 177, np.. 101.1-103.2 C, and (R) -2- [ 5 -

3, 5-di fl yoy.9-(R! - Of K an- I ' = 3v- (4-1l
ot o- phetiyl - ErEE kol AL Bl bR R E AR A Oy pufiighic
2- hydr oxnedilylo75mphedai4bamzof uran 17 in Step 4 with the 20 appropriate
met hanol s gave the foll ow ng conpounds:

[ 5- (4- et quwm&ﬁmoﬁﬁﬁrﬂilﬂo%h@n]mf@(?ﬁl’i@iyl—ﬁéﬁ’ﬁfuran-2_-y1methoxycarbony1- o
2- [ 5- (4- met hoxy- phenyl ) -furan-3- yl net hoxycar bonyl am no] - 3- phenyl - pr opi oni ¢
aci d, 2eamérg)cpriopiasdc 4, 1Z2mp) Ni961082C56. 83; H 5.35; N 3.54. Found: C
66.69; H5.33; N 3.73; (5-p-tolyl-furan-3-yl)-nethanol gave

3- phenyl - fR)Y-8=(3-flusirgtphenyl - (S-phampt-banzg beabdrglinetRByamanylaninoppwpicniaci d,

Z. np. 67.7+6 C .2-h xet hyl - 5- phenyl - benzof uran (prepared as

descri bed®*d 1@%}2 “&’a&%‘-%égég-g%@% - 2- |

[ 2- (5- phenyl,- b éu an-2-yl): et hoxycar bonyl am po].-propi gni ¢, acid, 128, np.
170. 9- 17%71%3‘%%%’2 Wi‘ﬁ?ﬂ%ﬁ%?ﬁ%ﬁgwcstﬁﬂw&mﬁ utyricacididdfy i hed in EP
260744)  9ays 168b-1%9.8 °C. (The isocyanato derivative used in this preparation can be prepared :

15 from the amino ester synthesized according to the procedure in J. Med. Chem. 1994, 37
(20), 3247 starting from benzyl 3-keto-4-phenylbutyrate).

Similarly substituting benzeneboronic acid in Step 2 with other substituted
benzeneboronic acids, and substituting (R)-2-isocyanato-3-phenyl-propionic acid methyl
ester 5 in Step 4 with the appropriate isocyanato derivatives gave the following compounds:

20 (R)-3-{4-fluoro-phenyl)-2-]5-(4-fluorophenyl)-benzofuran-2-ylmethoxycarbonylamino]-
propionic acid, 111, mp. (for 1 H,0) 158-162 °C;

(R)-2-[5-(3-cyano-phenyl)-benzofuran-2-ylmethoxycarborylamino]-3-(4-fluoro-phenyl)-
propionic acid, 112, mp. (0.2 H,0) 84-87.5 °C;
(S)-3-(4-fluoro-phenyl)-2-[5-(4-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino}-

25 propionic acid, 113, mp. 148.3-157.0 °G;
(R)-3-(4-fluoro-phenyl)-2-[5-(2-fluoro-phenyl}-benzofuran-2-yimethoxycarbonyl-
amino}-propionic acid, 114, mp. 105.2-110.2 °C;
(R)-2-[5-(2-chloro-phenyl)-benzofuran-2-ylmethoxycarbonylaminol-3-(4-fluoro-
‘phenyl)-propionic acid, 115, mp. 86.7-100.1 °C;



acid, 129, 15 Septenber 2004 WO 01/68591 - 56 PCT/ EPOL/ 025 -215
- G, 1-nethyl-1H benzoi m dazol - 5-yl - net hanol (prepared by reduction of the
correspow digssorCi d as described in DE 26 41060) gave

(R) - 2- (1- Met hyl - 2- phenyl - | B benzoi mi dazol - 5- PCT/ER01/02597
y| met hoxycar bonyl ami no) - 3- phenyl - propio®¥it acid, 130, np. 176-177 C, 5

(2- phenyl -qui nol i n-7- -pet hanol (prepared fromthe brom de as descri bed
in Bi oor g(.R(i' Lereavlhgiﬂ)&@%o!-ﬁ;ﬂ%gwﬁley- Yimethoxycapo wm@r?cﬁﬁ-ﬁaowe
acetate w es] M ¥A) by-. hydrolization with sodium

hydr oxi d\t%ﬁéﬁ&g&gb P%‘@ﬁ%‘;‘vlﬁgl%g\&g’%gn% -

qui nol i n- Gyl At hoxy 0Nyl A [ opi oni ' R, 100-191 C
(2- pheny! SOH TELEPAL BB PR ABARMARLRR A LhoRfeatbontihin P (4R2875 2
descri bedphédnyl)opropionddwill D7, Lgt 1 Pr5-124.89C;, 38, 2707 gave

(R) - 3-phenyl - 2- ( 2- phenyl - | Hi ndol - 5-yl met hoxy- carbonyl am no) - pr opi oni ¢

aci d, 3$32R)ap(4-tKBrd-pheryl)-245(4-Huosd-photlyl-Paebitrn BlMaMbkyadyshyl-
3-phenyl -2-[4-((E)-styryl)-benzyl oxycar bonyl - am no] -propionic acid, 133,
np. 165. 0RmBW]Propiopic agidnill, np. A 4§ 6t hyl benzof uran gave

(R) - 2-(5-benzyl - benzof ur an- 2-yl net hoxy- 15

car bony! atR)nb)4-Brermerpheng)-3pB A ftncaciplienyi Bhenavfuran Soylmetiaaydaripnynd

(R -2-(5-benzyl - . . . £ .

benzof ur aW?%T%PWBWE%%W%W%@)Eg-?!1- $uor o- phenyl ) - pr opi oni ¢ aci d,
135, np. 77.,3-.133.9 C, ,3- roxymet hyl - 6- phenyl - bepzof uran (prepared as
descri bedHets “gmreh@yé)szwgﬁ-gﬁ@wmaa }ﬁ?e&ﬁ@&rwﬂﬁfﬂmﬁwﬁwmﬁam no) -

3- phenyl - BEARITHbFicAf fid. 178 mi2 81 Fsale/oc.6- 178. 6 C; and

5- benzoyl - Z?Ej;;gjr}ogl;/’rret !yl%rignoifggg Zﬁszé%?e’

(R) - 3- phepy.s.: (i MWl g{bq?( 22- inol-3-(4- _
benzof ur an- 2? 3?{(72";5%19‘3@?%5%%?% no l{a)ﬁrzo llr%ert]tlx%xyg%rpgn?ylirglé—to] rr3p(4 ?g%r.os- 138. 6
C. Al 't er nphényd)-propidifsacid, a1 appsduradsOpf Fornula 17  Preparati on

~of t - hvdr oxyet hvl - 5- phenvl - benzofuran 25 A m xture of 2.00 g (6.75 mmwol) of
4- hydr oxy {Ry-2-48qbj4rdifindtor- phenplf-b@nicitran - N eth@fycarBointlind)-30{4-188ro1y (0. 34
mol ), 237  ng_(0.34 mol) of dichlorqpis-(triphenylphos phi ne)

pal | adi unPhenyl)-prepioniqerid 12 mps 9hP911)°Cof t et r anet hyl guani dine in 40 mL DWF

was allowed to stir under an atnosphere of nitrogen at anbient tenperature
for 1815hr 2-[5%B&-Dichloro-phenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-(4-fluoro-

30 Phenyl - 2- (2- phenyl - 1H benzoi m dazol - 5- yl net hoxycar borygggf}%ﬁ%f Qq I oni ¢

phenyl)-propionic acid 177, mp. 101.1-103.2 °C; and

(R)-2-[5-(3,5-difluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-(4-fluoro-
phenyl)-propionic acid 123, mp. 174-175 °C.

Similarly replacing 2-hydroxmethyl-5-phenyl-benzofuran 17 in Step 4 with the
20 appropriate methanols gave the following compounds:
[5-(4-methoxy-phenyl)-furan-3-yl]-methanol gave 2-{5-(4-methoxy-phenyl)-furan-3-
ylmethoxycarbonylamino}-3-phenyl-propionic acid, 126, calculated for C;HaNOg:
C 66.83; H 5.35; N 3.54. Found: C 66.69; H 5.33; N 3.73;

(5-p-tolyl-furan-3-yl)-methanol gave 3-phenyl-2-(5-p-tolyl-furan-3-ylmethoxycarbonyl-
25 amino)-propionic acid, 127, mp. 67.7-68.2 °C;

2-hydroxethyl-5-phenyl-benzofuran (prepared as described below) gave (S)-3-phenyl-2-
[2-(5-phenyl-benzofuran-2-yl)-ethoxycarbonylamino]-propionic acid, 128, mp. 170.9-
1719°C;

2-phenyl-1H-benzoimidazol-5-ylmethanol, (as described in EP 260744) gave (R)-3-
30 Phenyl-2-(2-phenyl- 1H-benzoimidazol-5-ylmethoxycarbonylamino)-propionic acid, 129,



reaction m xture was evaporated under high vacuumto re The
resi due was 30 chromat ographed on silica using 4% Et OAC@%%%@%@@?
eluent. This afforded 1.15 g of 2-hydroxethyl -5-phenyl - benzof uran. 15
Sept enb 01/ 68591 PCT/ EPOI /02597 -57- Sinmlarly

3-10do- éelfvhy %i%/‘\f)di phenyl met hane, prepared from 4-benzyl -‘BﬁE’ﬁo" ”%23?:70rdi ng
to the procedure in J.Org. Chem 1981, 198%-46 (22), 4535 and propar gyl

al cohol gave 5- benzyl - 2- hydr oxynet hyl benzof uran, and

4- hydr oxynip.il68@hBACpphenone, prepared from 4-hydroxy-benzophenone
according to the procedure in J. Og. Chem 1999, 64 (20), 5 7312, and
propar gyl 1anethiybl Hesangoimiterok byjl-n2ethynbl dpsepated by bahztbniofithe cBrregrondingn of

3-h d th,l-6- - A ti fi 3-ph , 29.4
ool ) sodf i et Rl rbaac s Vol ke Rl A AU AR ERA P B g, = ¢
29. 4 ol )yhﬁmlekycafb@tynﬁﬁmez-phéﬁylgirb RARAS3E agl.ade 197 °0; 5 C. A solution
of sodium hypochlorite (42 g of a 5.25% solution, -29.4 nmol) w$ 10 added

dropwi s¢ ‘éW(S:JIHEHylJ%L‘iﬂplh{-?ayl)%ﬁﬁﬁné‘.c@ir&ﬂa%ﬁ b8 the BrlowhiBe YPdesaiiheQUB Bidorg.stir in
the cold for an additional 1 hr: The reactign was quenched by the addition

of 32 m e §hemabesp 998,80 1243; alter qonuersioaiteths acatalh With S9UIERCEHF Ut i on. The
oi | whi ch (SIRRRAS Al B liGK Gith g&lihEhE H%rtmldepgammrstmnﬁl@@zmn washed

with brine, and‘dried over MgSO4. Evaporation of the sol vent af)f(orded 7.98
g of crudeuimsler6glmethoxarbbbyleminapmpidrigrcid A8, rop. 190+1988Cand el uted with
CH2C12: hexane (1:2). This afforded 1.91 g (22% of

3- hydr oxy{2-phedelbs tiadgl 6-d-neethdridl praparédhby radwaiontdf o agfd as described in

RO o e T A R e

mol ) and Kl daAMakdinbY-3rdfonifack® 1330b. 1 76-26 ; DV was evacuated and
t

flushed 20 with argon 3 tines, then heated in an oil bath at 100 C for

51/z hrs, [gt\gﬁf-@lﬁgm-gl?%@u%@n@ve9%%Hylfzol4i§li9ﬁs&%ﬂpbemww@hrbmﬂ wat er

(50 nmL) an exanes The m xt'ure was éred to'renove the

i nsol ubl esamihod-pnepianie atidyks3, mps165@314B85t1°€d, washed with brine, and dried

over MgSM. The sol vent was evaporated and the residue chromatographed on

si li ca and-denzdd-hyddxifdh@biizbirin ghex(®)e-(5Thngyldfdnoofieah-2Flmhedoxy (47%

of 2 TBS-3-(TBSoxynethyl ) -6-phenyl benzofturan as a pal e yello il. .The '

above BFs-greemeareio émpﬂrﬁﬁpm@,@lﬁ,ﬁéﬂeﬁﬁﬁ)%%tfgégg&#%%@a‘ﬁ“aﬂ'

di hydr at € pepzofuran-2-ylmethoxycarbonylamino)-3-(4-fluoro-phenyl)-propionic acid, 135, mp.
177.3-133.9 °C;

3-hydroxymethyl-6-phenyl-benzofuran (prepared as described below) gave 2-(5-Phenyl-
benzofuran-3-yimethoxycarbonylamino)- 3-phenyl-propionic acid, 172,
20 mp 177.6-178.6°C; and

5-benzoyl-2-hydroxymethylbenzofuran gave (R)-3-phenyl-2-[5-(1-phenyl-methanoyl)-
benzofuran-2-ylmethoxycarbonylamino]-propionic acid, 136, mp. 136.3-138.6 °C.

Alternative synthesis of compounds of Formula 17

- Preparation of 2-hvdroxyethyl-5-phenvl-benzofuran

25 A mixture of 2.00 g (6.75 mmol) of 4-hydroxy-3-iodobiphenyl, 2.36 g (33.7 mmol) of
3-butyn-1-ol, 64 mg (0.34 mmol), 237 mg (0.34 mmol) of dichlorobis-(triphenylphos
phine) palladium(Il), and 7.78 g (67.5 mmol) of tetramethylguanidine in 40 mL DMF was
allowed to stir under an atmosphere of nitrogen at ambient temperature for 18 hrs. The
reaction mixture was evaporated under high vacuum to remove the DMF. The residue was

30 chromatographed on silica using 4% EtOAc in hexane as eluent. This afforded 1.15 g of
2-hydroxethyl-5-phenyl-benzofuran. |



(602 nmy, 6.4 mmol) and benzyl trimet hyl ammoni um chl ori deq£ 48 nmol )
were .conbined in acetonitrile (25 m) and heated at reﬁuxétgn gﬁ%‘%‘

at nrosphere of nitrogen for 4 hrs. The reaction m xture was evaporated and
t he residue chromat ographed on silica and 30 eluted with

; ne
(1:2). THPPYE¥Pbr ded 402 ng (58% of 3-hydroxynethyl -6- phenyl E))gﬁgggfuran as
a white solid. 15 Septenber 2004 WO 01368591 -58 EXAMPLE 4 PCT/ EPQ / 02597
. (R) - 2- (5- Thi oRhen- 3: ~yl - benzof ur an- 2: : 3LI net hoUcar boM am np) - 3- qheal - proRi
onic acid 28imiarly3-indoal hiairoxy-diphtnylmethgan preparedcfiened-Renayhghergl| owi ng i s
the preparation.of, a ¢ Qu r | ¢; ' : hSl eave
t hi ophenfi‘F‘fO‘ﬁBgF%hﬁé’ﬁg%aﬁ%dﬁg‘ﬁrgg#%g@:‘l%}é(gﬁg%g?férg’:l s aréé)(ii ?115’ o b nd, Bis
-CH2-, Msi seﬂzyl-awdmxmiﬂmmanmfﬁran&rdﬂ-hydIBXYFﬁfméWQthnozfcﬁF%E ic acid
21 yl-benzofyrgn 10 A m xture of, efh - 7 I ate 15
(1. 0"g, | Brom ety bep oSO p G s Fop BB RET € Gy 1o98/caa0)
- tetrakd s(312,pREPydIGA ool ppad 3-betlizoyhI-Bydroxymethylberzafiitam car bonate (1. 30
g, 12.3 mol) in water (10 n), and dioxane (10 m) was stirred undei an
at nosphere of argon and heated to 100 "'C for 24 hrs. The m xture was
eplrhti i-by hetieyli-6-pldiy ' i h et hyl acetate, washed with

water, dri ed, and 15 evapor td, to gi v a.ut 0.88 % of
5-t hi ophefsdution bEShphényipencl-(6 e d¢ mimolhsadipm iodids (240, 394 mpoliapd, .

g: thh TLSE%@% H"g’é&lz : ? Pwa.:%_@éjg' %@Q@ggngﬁer(@ 8[" Hitbd¥en Was cooled to

(#zdeldlzra

orara Ic acid 21 .84 g, 3.4 nqnle 20

di ssol ved-BRCTABol(86n of sodivms hyprshlsdite 2% of @5.25%sqlution) ~29-4mmplbWatp| e) was
added porijonw se. jhe S0l it bithfeSfasalloweR k& Rir thehPalat ur e
for 2Wr Sgﬁg&?gqpﬂg a‘}l{hﬁ'éﬁl 2 i(‘)l%s‘ ‘?ﬂﬁ\,@%ﬁ)ﬁt eel%rri Xture. was ext r%ct ed \/@ hed,
dri ed, evfapanaddidonaidrt The reasiodyes %@Ched,lblf theaddisipncof 33t g‘toa{‘bN?? 3give
about 0368, 8, Ol QMBS HCiTohilbRPNeN- 3-Y1 - benzofuran 22, .

The oil which separated was taken up in methylene chloride (~50 ml), washed with brine,

and dried over MgSO,. Evaporation of the solvent afforded 7.98 g of crude material which

15 was chromatographed on silica and eluted with CH>Cla:hexane (1:2). This afforded 1.91 g

(22%) of 3-hydroxy-4-iodobiphenyl as a white solid.

A solution of 3-hydroxy-4-iodobiphenyl (1.91 g, 6.45 mmol), 3-0-bis(TBS)propynol (2.20

g, 7.75 mmol), LiCl (273 mg, 6.45 mmol), sodium carbonate (3.41 g,

32.25 mmol) and Pd(OAc); (73 mg, 0.32 mmol} in 20 ml DMF was evacuated and flushed
20 with argon 3 times, then heated in an oil bath at 100 °C for 5% hrs.

The reaction mixture was cooled to room temp, poured into water (50 mL) and hexanes

(50 mL). The mixture was filtered to remove the insolubles. The hexane layer was

separated, washed with brine, and dried over Mg3O4. The solvent was evaporated and the

residue chromatographed on silica and eluted with 10% CH,Cl; in hexane. This afforded
.25 1l39g (4%%) of 2-TBS-3-(TBSoxymethyl)-6-phenylbenzofuran as a pale yellow oil.

The above bis-protected benzofuran (1.38 g, 3.0 mmol), potassium fluoride dihydrate

(602 mg, 6.4 mmol) and benzyltrimethylammonium chloride (764 mg, 3.3 mmol) were

combined in acetonitrile (25 ml) and heated at reflux under an atmosphere of nitrogen for

4 hrs. The reaction mixture was evaporated and the residue chromatographed on silica and -
30  eluted with EtOAc:hexane (1:2). This afforded 402 mg {58%) of 3-hydroxymethyl-6-

phenylbenzofuran as a white solid.
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hen- 3- vyl -benzof uran-2- | net hoxycarbonl am no -3- phenyl- propionic acid
met hyl ester 23 A m xture of 2-hydroxynethyl -5-thi ophen-3-yl -benzofuran 22
(0.31 g,wa;.osfﬁssmml), (R -2- 5 isocyanat o- 3- phenyl - pr opi onipcTaEpdro28%t hyl
ester 5 (0.33 g, 1.6 mml), triethylampnge (0.43 n), andTHF (25 m) was
heated to 50C under a nitrogen atnosphefe for 14 hr's- The sol vent was
renoved under reduced pressure. and mﬁﬂ_gpgiﬁ?gue was purified by

chromat ogr aphy gi ving about 0 28 ¢ (5-thi ophen- 3-yl - benzof ur an- 2-
yl met hoxyc m _Ro

C 10 Ste PG RYARL B! I By ronid 05- 106

5- Thi ovhen- 3- vl - benzof ur an- 2- vI met hoxaadh2zdonyl am no) - 3-when ro ionic A
sol ution of

(R) - 2- (5-thi ophen- 3-yl - benzof ur an- 2-yl met hoxycarb am .no) - 3- phenyl -

propionic acid nethyl ester 23 (0.23 g, 0.54 mol nmet hanol (10 m ) was
treated with a 15 solution of lithium hydr(@(id hydrate (25 ng, 0.59
mmol) in water (1 m) and heated to 50 C for rs, cooled, acidified with

| MHCI, evaporated, partitioneg Bg

v yN aceo@ite and 1 M HCl,
separ ated, washed, dried, . and

l:- The'TeS| due ‘'was crystal I I zed
gi ving about 0.15 g of (R) iophen 3-yl - benzof ur an- 2- yl met hoxy-
car bonyl am no) - 3- phenyl propi-ehi c acid 24, np. 169-170 C. 20 Simlarly
substituting thi opheneboronic acid in Step 1 with appropriate

het er oaryl boroni ¢ acids the foll owi ng conpounds were prepared:

I( %10'29%4 bor opi fccérdaflcedYIe the general scheme 4, the follomng is the reparatlon ofa

5 (1H—|ndol 4-yl benzofuran 2-yl net hoxy
- 3- pheny| cHmpPInsH é'@?-‘lii I, whereingach of R Hr{gwﬁ&?ﬁ%ﬂé ‘}?ef‘é'aﬂ‘ *‘]“iléb‘slos C
| ndol e- 5- eﬁérﬁ]I“A%%in%egﬂ»\fﬂ B8R -3 Smid Hranddohndr st benzof ar an- 2- yl met hoxy-
25 car bonyl am nol - 3- phenyl - propionic acid, 138, np. 90-95 C
Step 1:

5-Thioghen-3-11-benzoﬁ1ran-2-carbomic acid 21

10 A mixture of ethyl 5-bromobenzofuran-2-carboxylate 15 (1.0 g,  ~ mmol), 3-
thiopheneboronic acid (0.52 g, 4.1 mmol), tetrakis(triphenylphospnine)palladium (0)
(47 mg), sodium carbonate (1.30 g, 12.3 mmol) in water (10 ml), and dioxane (10 ml) was
stirred under an atmosphere of argon and heated to 100 °C for 24 hrs. The mixture was
cooled, acidified with 1 M HC}, extracted with ethyl acetate, washed with water, dried, and
15 evaporated, to give about 0.88 g of 5-thiophen-3-yl-benzofuran-2-carboxylic acid 21,
mp. 215-220 °C.

Step 2:
2-Hydoxym ethyl-5-thiophen-3-yl-benzofuran 22

A solution of 5-thiophen-3-yl-benzofuran-2-carboxylic acid 21 (0.84 g, 3.4 mmole)

20 dissolved in THF (30 ml) was cooled to 5 °C, LiAlH, (0.26 g, 6.9 mmole) was added
portionwise. The solution was then stirred at ambient temperature for 2 hrs. After addition
of 1 M HCI, the mixture was extracted , washed, dried, evaporated, and the residue was
purified by chromatography to give about 0.368 g of 2-hydroxymethyi-5-thiophen-3-yl-
benzofuran 22, mp. 122-124 °C.



30 Pyridi ne-4-boronic acid gave 15 September 2004

3- phenyl - 2- (5- pyri di n- 4-yl - benzof ur an- 2- yl net hoxy- car bonyl am no) - pr opi oni c
acid, 174, np. 119-121 C; Pyrimdine-5-boronic acid (prepared follow ng the
procedure in Chem Scripia, 1986, 26, 305) gave

3- phenyMOOVEESBY 1 i ni di n- 5- yI - benzof ur an- 2- yI met hoxycar boRHTARMEIL7
propionic add, 175, np.192-192.5 C, 15 Reptenber 2004 WO 01/ 68591

PCT/ EPO / 02597 -60- Simlarly substit-uting thi opheneboronic acid in Step 1
wi th di etSeg 3:3- pyri dinyl borane gave the follow ng conpounds:

(R) - 3- phenyl - 2- (5- pyri di n- 3-yl - benzof ur an- 2- yl met hoxycar bonyl am no) - pr opi on
ic acid, (M%(S-Whlonhé%iﬂ-&eﬁzdﬁlra_ﬁmwwm&w

(R -3-(4-flyorg-ph n)ﬁ) 2- (5-pyridi n-3-yl - benzof ur an- 2-yl met hoxycar bonyl am
no) - prﬁ;ﬁ-ﬁﬁ‘—‘é—&g@ﬁg—éc z215b mp. (0.6 H20) 17?hg 178r4 C. EXAMWPLE 5 ]

R) - 3-P e |
by d 2o Th it 8P AROR AR N T HERRB e Ceptangs AL BrL PP s |

prepar at i igdcyahata- B-Pbéi‘m}pﬂqn@’ilc Eﬂflﬁtﬁthyllestem& Ba lefamhlcxb)‘ ttﬁéthalanhnm are
phenyl, R is benzof uran

g/ S|n gﬁndor- %Fls-CI—IZ m
is 1, and(Of3md), angTHEG2 rg})e\gjaslheagedpﬁéﬂﬁuﬁ Adritpgan amesphsge for d4 B g
met hyl _esgg &Jelﬁlach{eﬁ;&w h@ggreasée%eéu &%Tﬂe ydhoxyPsageaty 26 (1 g,

3.6 mMmol) eny ene , tetranethylguanidi‘'ne (4.5 nm,

36 mol ), chrgpp@@grag y(g;mugal(cgn 0:28,g of. (B)Mghzophen -3-yl- benzo ran—2-
bi s(t h di hl d DVF
(IZS( mrl) p\/\glgyet ?’8’??8 % é‘ _%%m g’ '(épgoardi/dgrpﬁtii‘ lﬁegter eact | on mnxt ure

was poureg rlto wat er, extract ed -washed and dr| ed. After evapor ation of
P % he resi due was purlfled by 20 chr orrat ography to give about
d h

the sdPve
. 0.9 g of
-3-Phen 1

acid 24

A solution of (R)-2-(5-thiophen-3-yl-benzofuran-2-ylmethoxycarbonylamino)-3-phenyl-
propionic acid methyl ester 23 (0.23 g," 0.54 mmol) in methanol (10 ml) was treated with a
15 solution of lithium hydroxide monohydrate (25 mg, 0.59 mmol) in water (1 ml) and
heated to 50 °C for 4 hrs, cooled, acidified with 1 M HCl, evaporated, partitioned between
ethyl acetate and 1 M 'HC], separated, washed, dried, and evaporated. The residue was
crystallized giving about 0.15 g of (R)-2-(5-thiophen-3-yl-benzofuran-2-ylmethoxy-
carbonylamino)-3-phenylpropionic acid 24, mp. 169-170 °C.

20 Similarly substituting thiopheneboronic acid in Step 1 with appropriate
heteroarylboronic acids the following compounds were prepared:
Indole-4-boronic acid gave (R)-2-(5-(1H-indol-4-yl)-benzofuran-2-ylmethoxycarbonyl-
amino]-3-phenyl-propionic acid, 137, mp. (as dicyclohexylamine salt) 100-106 °C;
Indole-5-boronic acid gave (R)-2-{5-(1H-indol-5-yl)-benzofuran-2-ylmethoxy-

25 carbonylamino]-3-phenyl-propionic acid, 138, mp. 90-95 °C;
Pyridine-4-boronic acid gave 3-phenyl-2-(5-pyridin-4-yl-benzofuran-2-yimethoxy-
carbonylamino)-propionic acid, 174, mp. 119-121 °C;
Pyrimidine-5-boronic acid (prepared following the procedure in Chem. Scripia, 1986, 26,

- 305) gave 3-phenyl-2-(5-pyrimidin-5-yl-benzofuran-2-ylmethoxycarbonylamino}-

30 propionic acid, 175, mp. 192-192.5 °C;



roionic acid 25 To a sol ution of 2-phenyl-benzofuran-5 I id
nmet hyl ester 27 (0.7 g, 2.8 mol) in THE (15 m) was a’égg’gb‘%ﬁ%ﬁ%‘gﬁ
solution of |ithiumalum numhydride (1IMin THF) (3.6 m, 3.6 mol) at O
C. AflteW@dK6ssditi on, the reaction mxture was all owed PCTVEROMI02S97 15

Sept enber 2004 WO 01/ 68591 PCT/ EPO1/02g§7 -61 roomtenperature and stirred
for 2 hrs. The m xture was cooled to 0 C, diluted with ether and sodium
sul fate decalygiiAt u%&uéﬂ@ﬁﬂoptéﬁ&ﬁfroﬁk'ahﬁ%'s% 1 (eth dQith 3-pRidnylashed Wi th
ether, and the or anl c l.ayer was washed and dried. Evaporatl on of the

sol vent Ragenegayq the fellowing egmpanndiat ogr aphy yi el ded

(2- phenyl - benzof ur an- 5-yl ) - met hano A5 m tu.re

(2- phenyl(R bé%ﬂﬂr%sﬁyyﬂW%¥W8+“f%®2§ @%&@W@fhﬁw I“P%PIQP‘PQW%M 0- 3-

phenyl PnR9 a ester 5 (0.55 g, 2.68 mml) triethyl am ne
(0.74 m——g"gﬁ f13¢ lc*s)di?raiénq'HE (15 m) was heated at 50 C for 6 hrs.

Addi tion ) e | 5(0 15
g) was aggéglh fﬁl ! r%%“ 2 (;Sep Was g%@{lh@égﬁhfﬁ%y@ﬁ%@%rm ghlnyﬁﬁ-%gssol vent
was evapiapioticadid, 125 ik $0.6 #BOYa6.pA7BMONed between ethyl 1o acetate
and water. After extraction and evaporation of the solvent, the residue was
purified by chronmatography to give about 0.76 g of
(R) - 3- phenyl - 2- (2- phenyl - benzofuramﬁmmﬂst hoxycar bonyl am no) - pr opi oni ¢
acid nmethyl ester 28. Step 3: (R) 3-Phenyl-2-f phen 1-benzofuran-5- |netho
carbon | a 1-Her2Q fdran Bovlmedpixutdrboniimino)-propionic acid 29
(R) - 3- phenyl -2-(2-pheny - benzof ur an- 5- yl net hoxy- car bonyl ami no) - propi onic
acid nethyl ester 28 (0.7 g, 1.63 nmol) in THE (15 and net hanol (15 m)
was added a solution of lithiumhydroxide (1 N) i er (2 m, 2 mol).
The reaction mxture was heated at 50 Cf 6 nleft at room
tenperature overnight. The oI ven QY rabhed and water (20 m) was
added. The m xture was a' ‘ I\PHCIﬁan C20Het hyl acetate was

8 D itation and evaporation of the

added. The solid obtai ned\=d

sol vent was purified by recrystal I|at|on to give about 0.35 g of
(R) - 3- phenyl - 2- (2- phenyl - benzof ur an- 5-yl met hoxycar bonyl am no) - pr opi oni c

aci d 23, np. %7%c§:dﬂghﬁt}ﬁhe§hﬁ@r£l%ﬂﬁéﬁ1§5' Rt fdmwm@ls )éﬂ)ﬁﬁﬁb:y bese in Step
Il with 3 -ph eny - propyne “and Iovm n o% re o) ?ps,l 2 and
3, the fotdropping offieppuldswhereis eaelopih @ad 5re Phenvl 1s benzofuranyl, Aisa

(R) - 2- (2 HERE¥badEP AR R-LHIR IR &A1 Randlkafd 610) - 3- phenyl - propi oni c
Step 1: ' '

2-Phenyl-benzofuran-5-carboxylic acid methyl ester 27

15 A mixture of methyl 3-iodo-4-hydroxybenzoate 26 (1 g, 3.6 mmol), phenylacetylene (2 ml,
18 mmol), tetramethylguanidine (4.5 ml, 36 mmol), copper(I)iodide (34 mg, 1.8 mrmol),
bis(triphenylphosphine)palladium (IT)chloride (130 mg, 1.8 mmol) and DMF (20 ml) was
stirred at room temperature overnight. The reaction mixture was poured into water,
extracted, washed and dried. After evaporation of the solvent, the residue was purified by

20 chromatography to give about 0.9 g of 2-phenyl-benzofuran-5-carboxylic acid methyl ester
27.

o)-propicnic acid

methyl ester 28.

25 To a solution of 2-phenyl-benzofuran-5-carboxylic acid methyl ester 27 (0.7 g, 2.8 mmol)
in THF (15 ml) was added dropwise-a solution of lithium aluminum hydride (1M in THF)

(3.6 ml, 3.6 mmo}) at 0 °C. After the addition, the reaction mixture was allowed to warm to



. sol ution

np. 108.8-110.5 C and (R)-3-(4-fluoro-phenyl)-2- (2- (4155{4&59,-0@;1%6@

- benzof ur an- 5-yl met hoxycar bonyl - am no] - propi oni ¢ aci d,

- 201.0-204.0 C. 15 Septenber 2004 WO 01/ 68591 PCT/ EPC]/02597 62 EXAMPLE 6
ro ioni Cyashlesd® Y 2- Biphenyl-4-ylnmetho carbon | am no - Berasroisodser _
accordance with the general schene 6, Bf following is the preparation of a
5 conpound of For mul a 1 wherein each 6F"R, R2 and R3 are phenyl, Ais a
single bond, Bis - mlsl and-n and r are Ste ; .

Bi phenyl - Aoqmttﬁyper@mre%ﬂl gitrask for 2 hrs. %ﬁﬁﬁ%’ﬁyre ‘HaSrFQPE?QﬁBb go&'?‘ite%é” ith ethes

mol ) was 3ga§§ Bhteitalt dedatlflrst R 21dcANhe FRSARBOhe 18lidsARYe whstiediwdene, 8

m) was a roomtenperature. The sal ution was %éoweld to tand at
room tenpetl"mmmﬂ the pr@eiciayer wanwashed agddded. Exapofatien aiapse ﬁ?rgd‘ The crude

pr gﬂ:ﬁ; | Wi,ar,ﬁgﬁﬁtf,{ bﬁh %f?&g%ﬁmz éagb;phteﬁywuea&@h;a&psuynhn&hagom 55g). A

| ami no 5 3-mmelof (z-phewben@@ranﬁr l‘rrnlleﬂ@glpb(r -39 48 @H&hrf% gﬁ? f?ﬂ%ﬁ?ﬁ

ST R S e on s

4 mol ) wasimaticad THRA1 iad) vnishleated at 56 wbréhmg’\ddttlmlab@)f%ﬁo%nhﬁon%t es at

room tenperature |t was,then red into et a er was

evapor at eds‘éﬁﬂl PW%?%%F’&&% terﬁ@ largga'ﬂ'?:?&%gsa de]'g’F 3‘“?‘“1? oed i:rté()da%lél eld

about 1.3 f?) d&o@erl(lggp l‘lgg)f(!ﬁvéhtags)! a%%ﬂ&i%fﬁ&h@ﬁﬁﬂu@'ﬂa@@iﬂ%h@h?ﬂwepﬁ ethiybni ¢
y

acid neth ester - hen 1-4- | metho carbon _am no -3-. hen |-
ro ionilc axetitad Fiter. aﬂeewcttazuma@d)e\gpogunn efthepolysat, thegesiduayas prafisd

met hanol , EnyldehdfuR@-$4 nut es at
50 C, the g Bé“ré‘?%@’q‘é’%wﬁgg‘gf 6 {8 Blbtin 2 (AP HehRILAR 7 DL BF
HCl, and eyiﬁre&un@chrbmdarysmh{pmmamﬁendyméhﬂé&te%\?ﬁaut 1.12 g of 2

15 To a solution of (R)-3-phenyl-2-(2-phenyl-benzofuran-S-yhnethoxy-carbonylamino)-
propionic acid methyl ester 28 (0.7 g, 1.63 mmol) in THF (15 ml) and methanol (15 ml)
was added a solution of lithium hirdroxide (1 N) in water (2 ml, 2 mmot). The reaction
mixture was heated at 50 °C for 6 hrs then left at room temperature overnight. The solvent
was evaporated and water (20 ml) was added. The mixture was acidified with 1 N HCland

20  ethyl acetate was added. The solid obtained after precipitation and evaporation of the
solvent was purified by recrystallization to give about 0.35 g of (R)-3-phenyl-2-(2-phenyl-
benzofuran-5-ylmethoxycarbonylamino)-propionic acid 29, mp. 172.8-173.5 °C.

~ Similarly substituting phenylacetylene in Step 1 with 3-phenyl-1-propyne and
following the procedure of Stepsl, 2 and 3, the following compounds were prepared: -

25 (R)-2—(2-benzyl—benzoﬁaran-S-ylmethoxycarbonylamino)-s-phenyl-propionic acid, 139,
mp. 108.8-110.5 °C; and
' (R)-3—(4-ﬂuoro-phenyl)~2—[2—(4—ﬂuoro-phenyl)-benzofuran-5-ylmethoxycarbony1-
amino]-propionic acid, 140, mp. 201.0-204.0 °C.



(bi phenyl - 4-yl net hoxycar bonyl am no) - 3- phenyl - pr opi oni ¢ 3§ig@nicdiber P04
141.7-142.2 C. 15 Septenber 2004 WO 01/ 68591 -63 PCT/ EP01105597 imlarly
by repl aci ng bi phenyl -4-nmethanol in Step 1 with the appropriate

subst i t uwexbisBhenyl - 4- al cohol s and/ or repl aci ng phenyl alpTVEPOI/ESHET
hydrochloride in Step 2 with substituted phenyl alanine ester

hydr ochl ori de the foll ow ng conpounds canh be prepared: 5

3- (3- benzenesul f onyl am no- phenyl ) - ZEXEWgI - 4-yl met hoxycar bonyl am no) - pro
pionic acid, 141, W 529,345 (1009,

3-(4-fl uoro-phenyl ' '

bR
nic acid, 142,

2- (3- bi phenyl - 4-yl - propoxycar bonyl am no) - 3- phenyl - propi oni ¢ acid, 143, np.
139.1- 10 139.9 C. Simlarly by replacing biphe
Wi t h- (4- phenyl et hynyl - phenyl ) - net hanol can be _psgpared

3- Phenyl - 2- (4- phenyi et hynyl - benzyl oxycar bogy! -[ am no) - propi oni ¢ acid, 142,
np. 172.1-173.4 C. Simlarly substi i Rg-Phe i ne nmet hyl ester
hydrochloride in Step 2 with 15t ophan reet hyl™ ester hydrochl oride the
foll owi ng conpound of Forrrul fein each of R, and R2 are phenyl and

1
3
>
QD
>
=4
S
Q
D

©
=

R3 is 3-indolyl; Ais a singl e pond; Bis CH2;, mand n are 1; andr is O,
wer e prepared: 2-(biphenyl-4 met hoxycar bonyl am no) - 3- (3-i ndol yl ) propi oni c
acid, 144, np. 180.1- 180.6 C, 20

(R) - 2- (bi phenyl - 4-yl net hoxycar bonyl am no) - 3- (1- et hyl -1 H-i ndol - 3-yl ) - propi o
‘nic acid, 14% aqrprdahE6with tix7genendl scheme 6, the following is the preparation of 2

2- ( bi phenyl - 4- ' B2 - D - ' | - s  oni
e EG?éhmﬁBg{L{ggf%ﬁﬁgf, RN Bk RE kIO phiiyh Wl ngld Bk, Bk o ¢
2- ( bi phen@HAmlinkrndoyeandraoel an no) - 3- (1- et hyl -1 Hi ndol - 3-yl ) - propi oni c
acid, 147, 25 np. 136.8-138.5 C, and

2- ( bi phenyitepdl:yl et hoxycar bonyl ami no) - 3- (1-i sopropyl -1 Hi ndol - 3-yl ) - propi on
ic acid, 148, np.143.1-144.8 C. Simlarly replacing phenyl al ani ne net hyl
est er hydrBiplnyl-#-anethyl chiosefopmage3A.

1
<z

Biphenyi-4-methanol 30 (1.82 g, 10 m:hol} was dissolved in 25 ml CH,Cl,, and phosgene
10 (20% in toluene, 8 ml) was added at room temperature. The solution was allowed to stand
at room temperature for 96 hrs, and the volatiles were evaporated. The crude product was

purified by chromatography to yield about 1.51 g of biphenyl-4-methyl chloroformate 31.
Step 2:

2-(Biphenvl-4-ylmethoxycarbonylamino)-3-phenyl-propionic acid methyl ester 32

15 Phenylalanine methyl ester hydrochloride (880 mg, 4.2 mmol) was suspended in 20 ml
CH;,Cl,. A solution of 2 g K;COs in 20 ml H;0 was added. The chloroformate 31 (1.0 g,
4 mmol) was added, and the biphasic mixture was stirred for 30 minutes at room
temperature It was then poured into ether, and the organic layer was evaporated and .
chromatographed. The product was recrystallized to yield about 1.3 g of 2-(biphenyl-4-
20 ylmethoxycarbonylamino)-3-phenyl-propionic acid methyl ester 32.

Step 3:

2-(Biphenyl-4-ylmethoxycarbonylamino)-3-phenyl-propionic acid 33.
The ester 32 (1.30 g, 3.4 mmol) was dissolved in 25 ml methanol, then treated with 200 mg

LiOH in 5 m! water. After 30 minutes at 50 °C, the mixture was poured into excess water,
25 made acidic with dilute HC, and extracted. Recrystallization yielded about 1.12 g of 2-
{biphenyl-4-ylmethoxycarbonylamino)-3-phenyl-propionic acid, 33, mp. 141.7-142.2 °C.



appropriate 2-am no-3-heteroaryl propionic ester hydrochk @@8@%&12@@4 t he

followng 30 conmpounds: 15 Septenber 2004 09-02-2002 EPO 02591 -64

. 2-am no- (2- met hyl - 1- oxo- 3, 2-di hydr o-i soqui nol i n-4-yl)-propionic ester gave
(R - 2- ‘&bi Ehenyl - 4-yl met hoxycar bor nyl am no) - 3- (2- et hyl - |

- oxo- 1, %98, ’ﬁ?fsa o-isoquinolin-4-yl)- propionic acid, 1_ 45%?“%%9-7217 G

and 2-am no- (1H benzoi m dazol - 2-yl ) - prégd oni c ester gave

(R -3-(1H benzoi m dazol -2-yl)- 5 -

2- ( bi pheny! -Simjlhriebi eeplabigdisipydnybitnogthpmain Stepd with the apPOopriatp. 243- 245 C.

(R) - 2- Anmi nQ=, 3- ghenyl am, no- propi gpi_c_aci.d ‘ i Rhenyl -4

V1 et hoRy B B e BB R s B s e G She oI bR~

(R) - 2- Afite2 S4th4ubmithtedybenylylainemstep hgdicshiocide thafoliewing cogmposndyeane

2- (Bi phenyl - 4- yl met haxycar bonyl am no) - 3- (4- net haxy- phenyl am no) - pr opi oni c

acid, 1 R‘Fﬁa’i%z. 6- 10 154.8 C. EXAMPLE 7

2-14-(4- r o- phenoxyiet hyl ) be I LN 3 | +-Rk:QRi-0oNi C
R e G T L e S

pr epar atdcid) 141, ra/elR9cHiHA00%W),0f Fornula |, wherein each of R is phenyl or
3-indolyl, R2 and R3- are phenyl,. A is a single bond; .Bis -CH2-; mis 1;
and n arg(4-faps-Pherilep-(4'-hydrhi-bipbemddhylifetmzytarbdndéminadepropionic acid,

4- Chl or oy het k&;k&_@&é i_g cid (20 mml) was dissolved in 20 M THF, then 30
m 20 b 2*{tded. The mixture was stirred for 16 hrs at room

t enper ature, .and en. uenched, wit hy gx ) -1 Bvap iaqn yi el ded
wbout 5. BERRRYLRST RO 3 PP acia, MBPRE DT

01/ 68891144F#EP0L1/ 02597 -65 Step 2: 2- 4-Chl oronet hyl benzyl | oxycar bonyl)
am no- 3- phenyl propionic acid neth | ester 37 IF, 4-Chloronethyl benzyl

al cohol 36 ( 3Q1PH bytepRGhg bpRenRICREIRNAN N BRep B With! (2 §Hetflethynyl-
phenyl)-methanol can be prepared 3-Phenyl-2-(4-phenylethynyl-benzyloxycarbonyl-
" amino)-propionic acid, 182, mp. 172.1-173.4 °C.

Similarly substituting phenylalanine methyl ester hydrochloride in Step 2 with
15 tryptophan methyl ester hydrochloride the following compound of Formula I, wherein
each of R, and R? are phenyl and R}is 3-indoly}; A is a single bond; B is CHz; m and n are

1; and ris 0, were prepai’edz

2-(biphenyl-4-ylmethoxycarbonylamino)-3-(3-indolyl)propionic acid, 144, mp. 180.1-
180.6 °C;

20 (R)-2-(biphenyl-4-ylmethoxycarbonylamino)-3-(1-methyl-1H-indol-3-yl)-propionic acid,
145, mp. 156.7-157.2 °C;

2-(biphenyl-4-y1methoxycarbony1amino)-3-( 1-propyl-1H-indol-3-yl)-propionic acid, 146,
mp. 136-138.3 °C; '
- 2-(biphenyl-4-ylmethoxycarbonylamino)-3-(1-ethyl-1H-indol-3-yl)-propionic acid, 147,
25 mp. 136.8-138.5°C; and
2-(biphenyl-4-ylmethoxycarbonylamino)-3-(1-isopropyl-1H-indol-3-yl)-propionic acid,
148, mp. 143.1-144.8° C.

Similarly replacing phenylalanine methyl ester hydrochloride in Step 2 with
appropriate 2-amino-3-hetercaryl propionic ester hydrochlorides gave the following

30 compounds:



‘i socyanate 5 (1.13 g, 5.5 mmol) were conbined with 2 NU15 September 2004
D000 A am nopyridine. The 5 m xture was nelted and mai ntai ned at 1EP0310259:
- for 2 minutes. Chronatography gave about 1.165 g of

2- (4-chl or onet hyl - benzyl oxy- car bonyl") am no- 3- phenyl - propi oni ¢ acid net hyl
"ester 37. Step 3: 2- 4- 4-Fluoro keno :
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p- Fl uorophe s di ssol i.n_DVBO al on R
o 5 oty St BT bR R FeaR BTy Uerepee B e s B oni 00
acid net hyl (bqsteﬁyl—@?rlmetﬁ@e}utbbmamhmm(zé&@ !M)omaﬁzadwb-@qduionﬁ- -yl)-
suspension was_stirred -at room_tenperature 2 hours. The reaction

m xt'ure wasPrpRionicacishdd.mep.Rdedi2thendand dilute 15 aqueous HCl. The

organi c. phase was dried, evaporated and chromatographed to give about 121
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treated W tylmdthbxp@tbonylakikh)- &lgﬁdm)ﬂ&ﬁ oploni®dcht, 178fhpr143-twscat 60 C,
m X was poured into-water; fied wit HCl, .and extracted. The organi c.
- phase was eva orate rystallized t d. abo
B e A T R e R L R oA S
acid, 40, ryimethbiydribhlatifo)-Si{#Hichahdxy-pheaghiding)-popiodit akd,AB0anplisact h
' her subst a%tﬁd phenol s or indolols, and follow ng the procedure of
teps 219 1§ e fol | owi ng conpounds were prepared: 2- [4- (1
H i ndol - 4-yl oxymet hyl ) -benzyl oxycarbonyl am no ] -3 -phenyl -propionic acid,
“41, np. 1059-108.5 C; 30 2-[4-(1H
i ndol - 5-yl met hoxy) - benzyl oxycar bony| ZXAMPLEZphenyl - propi oni ¢ acid, 151,
EI M5 rnle 467, 236; 15 Septerrber 2004 V\D 01/ 68591 - 66 PCT/ EP01102597
(R) - 3- pheny| 2:344(4 . bene: arbpig 12y7~phd¢ ; dfpi oni
c acid : ' -

£ o In accordance with the general scheme 8, the following is the preparation of a
15 compound of Formula I, wherem each of R' is phenyl or 3- mdolyl R2 and R*are phenyl, A

is a single bond; B is -CH;-; m is 1;and n and r are 0.
Step 1:

4-Chloromethylbenzyl alcohol 36

‘ 4-Chloromethylbenzoié acid (20 mmol) was dissolved in 20 ml THF, then 30 ml -

20 borane/THF were added. The mixture was stirred for 16 hrs at room temperature, and then
quenched with excess methanol. Evaporation yielded about 2.5 g 4-chloromethylbenzyl |
alcohol 36. | | -

AMENDED SHEET




152, rnp. . 189. 4-189.8 C; 15 September 2004
(R)-2-(4-indol -1 -yl net hyl - benzyl oxycar bonyl am no) - 3- phenyl - propi oni ¢ acid,
153, np. 122-125 C; 5

2- [ 4- ( 3+vi@beesyr phenoxymnet hyl ) - benzyl oxycar bonyl am no] - 3-geh@poheBeppi oni c
acid, 154, np. (0,55 H20) 62.5-64.8 C

2-[4-(4-chl oro-phenoxynet hyl ) - benzyl oxyﬁ:Sa'r bo. nyl am no] - 3- phenyl - pr opi oni ¢
acid 155, . 122.0-123.1 C, and -

2-[4- (1 HSt | - 4-yl oxynet hyl ) - benzyl oxycar bonyl am no] - 3- phenyl pr opi oni c
acid 10 np. _ bon

| ami no - Fzidbs EEYIDeR Az : ' ik H e : gchene
9, thefoIIovvlng IS the pre aratlon of a15 co of For L , Wherein
each of I% Chlmomﬂwlf@n@ﬂéhyﬁoliéﬁﬁ’g fftgnﬁHF‘S}Pl) A ?‘H@T E‘eﬂ’g’ wE B is

- CH2- t@% 93 gﬁ.ds ?v@re &nffindd wih Ehﬂg‘&'idlriabﬂlyladﬁh@yhdﬂ&l: Phayl i
acid tert ester ure of indole-5-boronic acid (2.0 g, 12.4

mol ) ; si aﬂndmmemaedaadgmmammu;q °C f 2troinutdsi @bnomwnglmﬁmﬂm% e)

pal | adi u fé)% sody na £ '
wat er (ng 8%&?@*5&8&%@(‘%& Ox\‘?v%r §f'¥l? g‘gr?hﬁenytﬁr%ﬁ%%ﬁaég{%o@ﬁer e
and heat egtdrg7100 C for 5 hrs, cooled to roomtenperature, acidified with 1
M HCl, extracted, washed, dri ed and evaporated. The residue was purified

by chror&&pgfaphy to give about 1.6 g of 5-phenyl-IHindole, np. 72-74 C.
25Amxture of 5phenyI-IH-|ndoIe(1 56 g, 8.1 mml), d|-tert butyI
& 0 ‘ d h a‘ﬂ_b rMOY

A v ) 1 b 3, J ) =dn. i 1 1T
nmol ) acet nitrile (15 m) was stlrredfor 2 hrs. at roomterrperature
under an phere of nitrogen. The solution was poured into et hyI

Sent omper P HbRol Bt n R BN B Pp PSR b RS P
1.8 g of 52 ghehldrodkthyittaldetycadiongharhino- hphd'lyﬂ-epn‘tbplbmt: ytld m@hﬂ esteri37. np.
105-106 CCesuun carbonate (300 mg) was added, and the suspension was stirred at room
temperature for 2 hours. The reaction mixture was partitioned between ether and dilute
15 aqueous HCL The organic phase was dried, evaporated and chromatographed to give
about 121 mg of 2-[4-(4-flucrophenoxymethyl)benzyloxycarbonylamino]-3-phenyl-

propionic acid methyl ester 38.
Step 4:

2-[4-(4-Fluoro-phenoxymethyl)benzyloxycarbonylaminol-3-phenyl-propionic acid 40

20 2-{4-(4-Fluoro-phenoxymethyl)benzyloxycarbonyl}amino-3-phenyl-propionic acid
methyl ester 38 (115 mg) was dissolved in 10 ml methanol, then treated with 1.1 equiv
LiOH predissolved in water. After 2 hrs at 60 °C, mix was poured into water, acidified with
HC], and extracted. The organic phase was dried, evaporated and recrystallized to yield
about 74 mg of 2—[4-(4-ﬂuoro-phenoxymethyl)benzyloxycé.rbonyi] amino-3-phenyl- -

25 propionic acid, 40, mp. 111.8-113.4°C.

Similarly substituting p-fluorophenol with other substituted phenols or indolols, and
following the procedure of Steps 2 to 5, the following compounds were prepared:
2-[4-(1H-indol-4-yloxymethyl)-benzyloxycarbonylamino]-3-phenyl-propionic acid, 41,
mp. 105.9-108.5°C;

30 2-[4-(1H-indol-5-ylmethoxy)-benzyloxycarbonylamino]-3-phenyl-propionic acid, 151,
EIMS m/e 467, 236;



Step 2: 5-Phenvl-1Hindole-1 ;carboxylic acid tert-butvisegprmér gggdoxylic
acid ethyl ester 43. 5 A sol ut I on of 5-phenyl-1Hindole-I-carboxylic acid
~tert-butyl ester (1.56 g, 5.32 mmol) in dry THE (18 m) was placed under a
ni t r ogenwad oxwsgher e and cooled to -78 C, treated dropw seCEEFI/E2D7M
tert-butyllithiumin pentane(4.0 nl, g mmol ), and stirred for 2.5 hrs.
Et hyl chlorofornmate (0.69 g, 6.38 m*ml) s added, and stirred for 40

an adai t1 00sP PREOH Tt businlit s YU R R Qe AR EipioBlg i,

The sol ut ijgx MESISOETBEKT;act ed W|th ethyl acetate, washed, dried, and
evaporated. The residue was purified by chromatography to give about 1.04
g of 5-phgRyk- (JLHntiBI:lDighéthﬂafdneyiykycarbmyldnnm)&s-lphtmﬂ peepionicacih 183:x3Pi ¢
aci d et hyl gihg tep 3: 15 5-Phenvl - 1H i ndol e- 2- carboxylic acid et hyl
ester 44 AZ t?on of 5-phenyl - 1H ndol e- i-car boxylic acid tert-butyl

ester-2-c aC| eth

di chl or%n&fﬁ‘aﬁy &&’sﬁﬁﬂéﬁfﬁ Q(fofcﬁéatr l}?)%gigeélcheg lcaad , and
stirred atmgﬂP) mmqgca)tw:esierc,l hr. Evapor ation of the sol vent gave

about 0.72 g of 5-phenyl-1Hindol-e-2-carboxylic acid ethyl ester 44, rrp
173-174 Cao- ?@(:ﬁ&mar&_ hé@x?hemyl)-baﬁdﬂbxyﬂanblohylanuin@]ﬁb-lphq@l promomqwdlh@_

al um num hydride in l?l;:_ vvas added to a cool ed sol ution of 5- phenyl I

H i ndol e- ZnEalrzﬂ&%% i@ ethyl ester 44 (0.375 g, 1.41 mol) in dry THE

(5 nl). Af r | roo ure es 1 : nposed
Wth water2- b nd S derne e Ehe PSP BT B IR PR o REee
evaporqbeqn oj@isceosbeaot 0.285 g of (5-phenyl- indol-2-yl)-nmethanol 45, np.
115-116 C. Step 5: '
(R) - 2- (5- Phenyl -i ndol - 2-yl | met hox) car bonyl am no) - 3- phenyl -pro ionic acid
nethyl ester 46. 30 A mixture of (5-EKaMABLE&dol-2-yl)-nethanold5 (0.259 g,
1.16 mol), (R)-2- |socyanat o- 3- phenyl propi oni ¢ aC|d rret hyI ester 5 (0.286
g, 1.39 R ' pl-2 h tbonyly ila P1f agiiidMeated to
50 C under a nitrogen atnosphere for 22 hrs. The sol vent was evapor at ed
and the residue was purified by chromat ography to @ about 0.220 g of 15

Sept enber 2004 WO 01/ 68591
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In accordance with the general scheme 9, the following is the preparation ofa
15 compound of Formula I, wherein each of R' and R’ are phenyl, R? is indolyl, A is a single
bond, B is -CH,-, mis I,and n and r are 0.

Step L

5-Phenvl-1H-indole-1-carboxylic acid tert-butyl ester 42

A mixture of indole-5-boronic acid (2.0 g, 12.4 mmol); iodobenzene (2.48 g, 12.2 mmol),
20  tetrakis(triphenylphosphine) palladium (0) (288 mg, 0.25 mmol), sodium carbonate

(4.34 g, 40.9 mmol) in water (20 ml), and dioxane (20 ml) was stirred under an argon

atmosphere and heated to 100 °C for 5 hrs, cooled to room temperature, acidified with

1 M HCl, extracted, washed, dried, and evaporated. The residue was purified by

chromatography to give about 1.6 g of 5-phenyl-1H-indole, mp. 72-74 °C.

25 A mixture of 5-phenyl-1H-indole (1.56 g, 8.1 mmol), di—tert-bufyl dicarbonate (2.12 g,
9.73 mmol), and 4-dimethylaminopyridine (0.10 g, 0.81 mmol) in acetonitrile (15 ml) was
stirred for 2 hrs. at room temperature under an atmosphere of nitrogen. The solution was

poured into ethyl acetate, washed, dried, and evaporated. The residue was purified by
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(R) - 2- (5- phenyl -i ndol - 2-yl met hoxycar bonyl am no) - 3- phenyl - propi oni ¢ acid
“nmethyl ester, 46, np. 142-143 C. Step 6:

(R) - 2- (55 =i ndol -2- A -3_phenyl - projionic acid 47 5 A _sol uf] of
(R) - 2-( 53‘);(*;@%%95 ndol - 2- yI net hoxycar bonyl ani no) - 3- pheny! - B?HEF’@H#’%E’aci d

met hyl ester 46 (0.195 g, 0.455 mml) +a7aethanol (20 mM) was treated with
a solution of [lithium hydroxide nonohydrate (23 ng, 0.55 nmol) in water (1
m ) and hdeabadtdgraiy t€giveabot I8 g of Bphleryl- iH-indotel tcerhpeylit acidter=loutgl f i ed,
evapor at eq; erSXd Last ?9“ Lth Et OAc, washed, dried, and evaporated. The

resi due wa bm’in? e1 blybc T omat ography to give about 10 46 ng of (R)-2-(
5- phenyl -cgt@%%o\- 2-yl met hoxycar bonyl am no) - 3- phenyl - propi onic acid 47, np.

168-174 CEXAMPLE 9 !R)-3-phenyl -2-f 5-phenyl - benzoxazol -2-yl nd o carbon
?(r)nl Ingvmp:log-!ﬁlg —ﬂqligdcﬁglgérblo o tate] P'e"%‘ﬂﬁﬁwi"é Eeb 05 450 af:ﬂeof

R and_.R3 ] I IS - Xaz . ' | hond: ' 2-; m
s 1 dndAouSRORE phefil- LEGRERE P GRGtlc ol Lar Byl (LS 3885 A Pulon 0
2- Met hyl - 8rypPidRY 18 indraonpdaced end@ a(dit0ge athiodpinné Ind todledroT8EC) treatedie

(89ny, 5 |.): i onitril B 0, in
ot o PP AEEAC LS ARENT ekl te bl She bioffthndiuirra BRI o) B
wer e addebrsaBthyt ¢tdormiforimate(0/G9g, 6:38frhomobdvasaddedd, ghd stirfbdbforidf minetesdbe di | ut e=
sashed w f. | n negentra I rud .

chr omat og%%ﬁﬁ@%%‘%tug%@%qg %%laﬁgﬁ%nagn lﬁé g%%h%‘rrn% rgyrl %%gdpﬁéﬁ%&lgg 38 tgffza Sgazol e
49. 15tw0Sepuanthed wabG4tuyPedINILSb@lutiti® TRETHERG: Wa2BR T eStrege®withedtylc aci d

5-hen | - benzqx -2- t hyl ster A iy xtur f

> br oot arhed drilE M vk S th el WistyRified by chromatgeraphy to
give about 1.04 g of 5-phenyl-1H-indole-1-carboxylic acid tert-butyl ester-2-carboxylic
acid ethyl ester 43.

Step 3:

15 5-Phenvl-1H-indole-2-carboxylic acicf ethvl ester 44

A solution of 5-phenyl-1H-indole-1-carboxylic acid tert-butyl ester-2-carboxylic acid ethyl
ester 43 (1.0 g, 2.74 mmole} in dichloromethane (10 ml) was treated with trifluoroacetic
acid (10 ml), and stirred at room temperature for 1 hr. Evaporation of the solvent gave

about 0.72 g of 5-phenyl-1H-indole-2-carboxylic acid ethyl ester 44, mp. 173-174 °C.
20 Step 4:

(5-Phenvl-indol-2-vl)-methanol 45.

1 M Lithium aluminum hydride in THF was added to a cooled solution of 5-
phenyl-1H-indole-2-carboxylic acid ethyl ester 44 (0.375 g, 1.41 mmol) in dry THF (5 ml).
After 2 hrs at room temperature, the excess reagent was decomposed with water, acidified

25  with 1 M HCl, extracted, washed, dried, and evaporated to give about 0.285 g of (5-phenyl-
indol-2-y1)-methanol 45, mp. 115-116 °C.

Step 5:

30 A mixture of (5-phenyl-indol-2-yl)-methanol 45 ( 0.259 g, 1.16 mmol), (R}-2-isocyanato-
3-phenyl-propionic acid methyl ester 5 (0.286 g, 1.39 mmol), in triethylamine (0.37 ml),
and THF (10 ml) was heated to 50 °C under a nitrogen atmosphere for 22 hrs. The solvent
was evaporated and the residue was purified by chromatography to give about 0.220 g of



acetate (585 ng, 3.06 mml) in 5m DWMF was stirred over i gbbtemibel SO
tenperature. The 5 reaction mxture was diluted wwth ethyl acetate, washed
with brine, dried, filtered and concentrated to yield acetic acid

5- phenyl zol e-2-ylmethyl ester 50. Step 3:

(5- Phenyﬁv??gﬁggggazol -2-yl)nmet hanol51 Acetic acid PCI/EP01/62597
(5- phenyl - benzoxazol - 2-yl ) met hyl ester-@0 (409 ng, 1.53 mml) was di ssbl ved
10 in 10 M of nethanol. Finely ground K2CO8 (53 ny, 0.38 mml) was added.
After 3 HR;2-(Tphenyl-idot-3-yhmethosyradrunytareino)-Adabenylipropipni¢ adid methud ester
extract edydn lplg_ri)i%oécet ate. The extracts were washed with brine, dried,
filteredand*concentrated to yield about 251 ng of

(5-phenyIStQ @zoxazol e-2-yl)nmethanol 51. Step 4: 15 R -3-hen 1-2- 5-hen

| - benzoxazol -2- | metho carbon amno 12 y roionic acid all | ester 52.

SRR LS TRE TR R

car bonyl vazotl Z. 43 1mol) 7] were stirred

o 1y e R s e b S

triethyl amethyl ¢80 261§ 199g.93t5hmumpl) i ineethariok {2¢mal) weas treaiedneith vsadutieompt . The

m xture Wik i . i HOl - ; S e
After dryi nb‘ﬂh{h ﬁ%t%g}dg%?%&gﬁ&ggee%vé@g’# |'5|¥!t er e()gsig%gi 5@5&?‘?@{‘ g&%%d dgjraude
product whs 7dins, soeled ty moetdmperaguneeacidified, evaporatgd,@ktracted with EtOAc,

(R) - 3-phe - 2-45-1p - henz | 4= 2 : )%'C‘ﬂ lL,am LM C
acid all y{‘}x%lgg‘eérré&;lﬁg%)ag?lg%HB‘:PK%ZE?‘?P gﬁégﬁﬁﬁgﬁ - é%gﬁ%ggﬁgzhgggggga 1it?lFtlmet ho
car bonol a6 mg of {Rp2FapheniBindol-2-yimethoxycarbonylamino)-3-phenyl-propionic acid 47,

(R -3- Phe{r}%’l légz_g% enyl - benzoxazol - 2- yl met hoxycar bonyl am no) pr opi onic acid -
allyl ester ‘(Ph3P)3RNCL in 10 m of 9:1 ethanol/water was heated to
80 Cfor 3 hrs. The mxture was cooled and filtered. The filtrate was

concentrated, diluted with ethyl aCEX%WLF?@ washed, dried, filtered and
concentrated. The crude product was chromatographed to give 365 ng of

Still inmppges L 0 WES o BEN5 YIRL GBIl V5 opfbhnjd b3 Pr oduct .
Thi s was rt- yI nmethyl e r to 1 0

di cycl ohexyl ami ne was added. The riesultant salt recrystallized from

ethyl acetate to give about 208 ng of (R) 15 Sept Enbpr 2004
Oyt
SY\O N “cooH
15 In accordance with the general scheme 10 the following is the preparation of a

compound of Formula I, wherein each of R' and R? are phenyl, R is benzoxazoly; A is a

~ single bond; B is -CHz-;mis 1,and nand r are 0.
Step 1:

2-Bromomethyl-5-phenyl-benzoxazole 49

20 2-Methyl-5-phenyl-benzoxazole 48 (1.05g, 5.0mmol), N-bromosuccinimide (89mg,
5.0 mmol) and azodiisobutyronitrile (AIBN) (41 mg, 0.25 mmol) in 10ml of CCls was
heated to reflux. After 5 hrs an additional 50rg AIBN were added and the mixture was
refluxed overnight. The mixture was dilutec ;ashed with water, dried and concentrated.
The crude product was chromatographed to give about 465 mg 2-bromomethyl-5-phenyl-
25 benzoxazole 49.



WO 01/ 68591 PCT/ EPA / 02597 - 70- 15 September 2004

3- phenyl - 2- ( 5- phenyl - benzoxazol - 2- yl met hoxycar bonyl am no) propionic acid
.53, np. 150.9-152.7 C, as dicycl ohexyl anmoni um salt. EXAMPLE 10 W 2-

2- Phen | B&MER%20l - 5- netho carbon lamino -3-hen 1 ro ionipCTAPotess Step 1:
2- Benzyl i den eam no-4- net hyl phenol 54 A solution of 2-am no-p-cresol (1.23
g, 10 nmmol) and benzal dehyde (1.06 g, 10 mmol) in nmethanol (10 m) was
heat ed at lex for 2 hrs then cooled in an ice bath. The product-was 10
filtered of'f;” washed with a little cold nmethanol and dried to yield 1.35 g

gf I\/tzat Eeln_zﬁ‘%ehggagélg% g%é})zp@ﬁégiﬁﬁ g%l ERD esit SPSt ep 2
Gy Zé'c'ef? SHSRA - pro R SOt ey e dte B IR T EBROT SRR, 20

refl ux uratetatexa85 pugnd8p venel) ad 5P DIME wis étrrramifenﬁgﬂhm rbamremperaenpdihat ur e.

1 T Heeindddcd RSl @y TN ol e R Wik HIBIOBREE S T0°

filtrafe was evaporated un rbssure

i n met hyl mmeetttmt@tpdrmldmdztlpmcxdf&phhriyybénzlobcanﬂe—ﬂwlmethyl sta 50. 23 ¢

5- et hyl - 2- phenyl benzoxazol e 55. 20 Step 3:

5- Br ononeithyB- 2- phenyl benzoxazol e 56 5-net hyl - 2- phenyl benzoxazole S5 (1.23
g, 5.8 mol and NBS (1.17 g, 6.5 mmol) were dissolved in carbon

t et r achl dia:ee ‘ peylimethanob5ihvas evacuat ed and flushed with argon.
AIBN (ca. 5 ng) was added and the m xture heated at reflux and irradi ated
with a 25Amn atidﬁ’.irphmylaaehzmdlhkybmleﬂghtsta@ (d0%py; A58 adnmohavas dzshivedd

press e | ra

5" br orme o PO R indl bl %50, (235 G0 SRR o3 s Rresia )

PCT/ EPQO / B2&Ere w85 eqmaentrated then dlluted with water and extracted with ethyl acetate. The
extracts were washed with brine, dried, filtered and concentrated to yield about 251 mg of
(5-phenyl-benzoxazole-2-yl)methanol 51.

Step 4:

15 {R)-3-phenyl-2-(5-phenyl-benzoxazol-2-ylmethoxycarbonvlamino) propionic acid allyl
ester 52. '

(5-Phenyl-benzoxazole-2-yl)methanol 51 (437 mg, 1.94 mmol) and
carbonyldiimidazole (393 mg, 2.43 mmol) in 7 ml of dry CH,Cl; were stirred at room
temperature for 3 hrs. The tosic acid salt of (R}-phenylalanine allyl ester(767 mg,

20 1.94 mmol) was added followed by 0.42 ml of triethylamine (301 mg, 2.98 mmol). The
mixture was stirred overnight. The mixture was diluted and washed with 1 M HClI solution
then with brine. After drying, the organic phase was filtered and concentrated. The crude
product was chromatographed to give about 711 mg of (R)-3-phenyl-2-(5-phenyl-

benzoxazol-2-ylmethoxycarbonylamino)propionic acid allyl ester 52.

25 Step 5:
R)-3-phenyl-2-(5-phenyl-benzoxazol-2-vimethoxycarbonylamino) propionate 53.

{R)-3-Phenyl-2-(5-phenyl-benzoxazol-2-ylmethoxycarbonylamino)propionic acid allyt
ester 52 and (Ph3P);RhCl in 10 ml 0f 9:1 ethanol/water was heated to 80 °C for 3 hrs. The
mixture was cooled and filtered. The filtrate was concentrated, diluted with ethyl acetate,
30 washed, dried, filtered and concentrated. The crude product was chromatographed to give
365 mg of still impure product which was rechromatographed to give 241 mg of product.
This was dissolved in 2 ml fert-butyl methyl ether to which 1 ml of dicyclohexylamine was
added. The resultant salt was recrystallized from ethyl acetate to give about 208 mg of (R)-



Acetic acid 2-phenyl benzoxazol -5-yl net hyl ester 57 15 September 2004

5- Br ononet hyl - 2- phenyl benzoxazole 56 (1.0g, 3.4 mmol ) and cesium acet ate
(1.33g, 6.94 nmmol) were stirred together in DM (25 nl) under an

at nosphave oofssdz overni ght. 5 The DVMF was evapor at ed undegcPifigdspsuum and
the residue partitioned between ethyl acetate (100 ml) and water (100 m).
The ethyl acetate Iayer was separ at ed t#n washed and dri ed. Evapor ati on

~of the soIv nt y| t1c aci.d 2-phe benzoxazol-5- yl net hyl
ester 57.5-Bhew Bﬁ%Y?éHEWL ‘RCREGSKYBrRANY gt RO RSBk Bas Sdanp

- 2- phenyl bfsmzpmzwhe&sﬂ.ﬁ@bhwm&heﬁm%aﬂt%o ng, 3.4 mmol) and potassium
carbonate (100 ng ) were stirred in nethanol (50 m) and water (5 m) under
an atnosphere of N2 for 3 hrs. The sol vent was evaporat ed under reduced
pressure to yield a residue which gpsMPeEnystal lized to give 619 ng of

2- (phenyl benzoxazol - 5-yl) met hanol 58. 15 Step 6: (R)-242-Phenyl benzoxazol - 5-
| met ho car l§aip- -ph&t oficatidt 60 e of
2- (phenyl benzoxazol - 5-yl) nethanol 58 (215 ng, 0.95 nmol), (R)-2-

i socyanat o- 3- phenyl propionic acid nethyl ester 5 6 nmg, 0.95 mmol), DVAP

(12 ng, 20 0.095 mml) and toluene (12mM) was h at reflux under an

at nosphere of N2 for 3 hrs. The sol vent vva nder reduced pressure
and the residue purified by chror&to .G |eId 381 ny. of

(R) - 2- (2- Phenyl benzoxazol - rbonyll—am @?1"3 phenyl propi oni ¢ aci d

nmet hyl ester 59. Step 7: 2 hen | benzoxazol - 5-1 met ho car bon

| ami no3-3- henvl propionic aci d 60 A sol ution of

(R) - 2- (2- phenyl benzoxazol - 5-yl met hoxycar bonyl am no) - 3- phenyl propi onic acid
net hyl esg 559(374 ng, 0.8 mmmol) in dioxane (8 mM) was treated with a
solution 0O Flthi um hydroxi de hydrate (55 ng, 1.3 mmol) in water (4 m)

under an at BinoNE metifblahbl §£d for 3 hrs at roomtenperature. The
m xture V\%SEE"E%;‘(E&FEE]E%O nv(\)nl\%rrlnel I\]_}%CI_ hen 30 extracted with ethyl acetate

(25 m). Zhg; %fe of m-%—cf% (@9 mﬁ%mm% bemdﬁth @(11 06 %"l@ﬂﬂ{ngi)'ﬂ” of

the sol vent a was recr 1 zed 220

(609 of (rﬁ)thazw(l tlwﬁwb@ﬁz@a@zﬂu fprillhmhmm@lad mw*ahﬁtho'}"hgpr;ﬂdéﬁwas
Pr opi Ofyi C £ BldhE QrastiER witt?Ptifte 2611 etfanot §nc§89£@fg)ﬁéld 2@,% of 2-benzylidene-

amino-4-methylphenol 54.

Step 2:

5-Methyl-2-phenylbenzoxazole 55

A mixture of 2-benzylideneamino-4-methylphenol 54 (1.34 g, 6.3 mmol) and manganese
15 (III) acetate dihydrate (3.4 g, 12.7 mmol) in toluene (65 ml) was heated at reflux under an
atmosphere of N; for 1 hr and cooled to room temperature. The mixture was filtered to
- remove the insoluble manganese salts. The filtrate was evaporated under reduced pressure.
The residue was taken up in methylene chloride and purified by filtration to yield 1.23 g
5-methyl-2-phenylbenzoxazole 35. |

20 Step 3:

5-Bromomethyl-2-phenylbenzoxazole 56

5-methyl-2-phenylbenzoxazole 55 (1.23 g, 5.8 mmol) and NBS (1.17 g, 6.5 mmol) were

dissolved in carbon tetrachloride (20 ml). The mixture was evacuated and flushed with

argon. AIBN (ca. 5 mg) was added and the mixture heated at reflux and irradiated with 2
25  sun lamp for 3 hrs. The solvent was evaporated under reduced pressure and the residue

purified by chroinatography to yield 1.18 g of 5-bromomethyl-2-phenylbenzoxazole 56.



WO 01/68591 -72 PCT/EPO1 /02597 Similarly the follow ng15gepembes20d4
Formula I, wherein R2 is benzoxazol-5-yl, were prepared:
Ei)fi’a (4-fluoro-phenyl)-2- [2-

uor Qg benzoxazol - 5- yl met hoxycar bonyl am n - be [
157, np. fgd;%?wl)% 7C 5 Y Y yham nol PERRBiNSRC! O,
(R)-2-[2-(4-fluoro-phenyl ) -benzoxazol -5 et hoxycar bonyl am no] - 3- phenyl - pr
opionic acid, 158, np. 208.2-208.5 G (R -2-12-
(3- cyano-Jhkeayl ) - benzoxazol - 5-yl nmet | | oxycar bonyl am no] -3 -
(4-f1 uoro- phenyl) pr0|on|c aC|d 159, np. 208.5-209.2 C (R-2- [2-
(3, 5-di flAcatgap nythenzoxszol-§-ylme carbonylamno] -3(4f|uorQ I 0
phenyl ) - prop| oni c aC|d 160 ) 196 2-197.7 C, (R -
H i ndol - %ﬂrymmm&ézpiienﬁbel}ﬂomohﬁ@@&mé WMCﬁSMF@W?(b?%I oni c
Fuz: i ((13 éG(]j.? ?FBlm&l§zrepe %d?ﬁﬁ‘ler%‘ﬁhﬁ@ﬁ%nl) under an atmosphere of N2 overnight.

uor o+ pheny zoxazol yl met hoxycar bonyl am no]' -3-p e1
pr opi o cThe DMF W@Qevapgaméﬁnsenlggh@a@quxmm@qHargtwfwii e §Hnyln. (5

-pyridin-3- t I \ 6
SPap 1 "oipehe LSRN Uhd el (00) oI TPUGALDAMIAR] RaficpaRiPtERLERA A0S 03
5- br ono- bériedRyaporaton of hoslvent Fielded 980 g ofacdiqnrid - phandbenpoxagol-5-

pyri dyl boy 25 mol ), tetrakis(triphenyl phosphine)palladium (0
(270 ny), Yﬁ‘éﬁ%ﬁ%“?‘gi—su um phosphate (11.4 g, 53,7 mmol) in Dlv)Fp(Go ) s
stirred \tlngpI%r an argon atnosphere and heated to 100 C for 16 hrs. The

m xture Iovved to cool to room 25 tenperature, poured into ethyl

acet atﬁ) apdp 7 .40 Iheg organic | ayer was washed with brine,
dried, "an of 5-pyridin-3-yl -benzof uran- 2-

car boxyl LG8t &iﬁ—%ﬂgﬁylﬁ&gﬂazollé-yﬁﬁahﬁ@t@f 57060 - MG, H1nb8el hnB bt 02597

carbonate (100 mg ) were stirred in methanol (50 ml) and water (5 ml) under an

atmosphere of N for 3 hrs. The solvent was evaporated under reduced pressure to yield a

residue which was recrystallized to give 619 mg of 2-(phenylbenzoxazol-5-yl)methanol 58.

15 Step6:

(R)-2-( 2-Phenxlbenzoxazol-5-ylméthogcarbon):lamino )-3-phenvlpropionic acid methyl
ester 59

A mixture of 2-(phenylbenzoxazol-5-yl)methanol 58 (215 mg, 0.95 mmol), (R)-2-
isocyanato-3-phenylpfopionic acid methyl ester 5 {196 mg, 0.95 mmol}), DMAP (12 mg,

20 0.095 mmol) and toluene (12ml) was heated at reflux under an atmosphere of Na for 3 hrs.
The solvent was removed under reduced pressure and the residue purified by chromato-
graphy to yield 381 mg.of (R)-2-(2-Phenylbenzoxazol-5-ylmethoxycarbonylamino)-3-
phenylpropionic acid methyl ester 59.

Step 7: |

25  (R)-2- 2-Phenxlbenzoxazol-5-v1methoxvcarbonviamino)-3-Dhenvl propionic acid 60

A solution of (R)-2-(2-phenylbenzoxazol-5-ylmethoxycarbonylamino)-3-phenylpropionic
acid methyl ester 59 (374 mg, 0.8 mmol) in dioxane (8 ml) was treated with a solution of
lithium hydroxide hydrate (55 mg, 1.3 mmol) in water (4 m!) under an atmosphere of Na
and stirred for 3 hrs at room temperature. The mixture was acidified with 1 N HCI, then

30  extracted with ethyl acetate (25 ml). The ethyl acetate extract was washed, and dried.
Evaporation of the solvent afforded the product which was recrystallized to yield 220 mg
(60%) of (R)-2-(2-phenylbenzoxazol-5-ylmethoxycarbonylamino)-3-phenyl propionic
acid 60, mp. 220.0-221.4 °C.



-73 534 ng of the carboxylic ester were then dissol ved i5sdpfemblr badut anol
and stirred under nitrogen. After addition of 198 ng NaBH4 fol | owed by

- 1.75 m nethanol the reaction was stirred at 55 C overnight. After

cool i ng, WhQVE8EHCt i on was poured into brine and extracted PouiiHe1 @23y |
acetate. The organic |ayer was dried an sevapor at ed. The residue was
purified by 5 chromatography to give 330y of

(5-pyridin-3- -
5- Pyri di n- 3- yréirgenzo uran- 5‘%%/ ?%GGF&%R%W@%%&*%gPé%ﬁSlfenzg}éazﬂl SL?’l’pvéerfgl on
of 330 ngPpotpagslpyri di n- 3- yl -benzofuran-2-yl) -nethanol 61 in 5 m CHI1C 2
was stirred under nitrogen in an ice bath. After addition of 256

4- ni t r ophéRYBcl+ieeromhenyl Feli2e(4- Ausronphaoyl) thenzoxarel- Wmm@wa‘boa}’llam to

cone to roemitennel Al 6,787 \a% 7&tdrred for 2 hrs. Additional 75 ng of
4- nitroph% @1 ﬁBoro‘f_or r1€te \i{\ﬁ m "CH2C12 were added and the m xture was

t BLGh e
pour e} i egoy Qo h TR A DR S bl BecBbI BN o S p IR W SoiotRl
dried, ewraidol3s,sap-208-20208i5°Ced by chronmat ography to give 368 ng of

5- pyridin-3-yl -benzofuran- 15 2-yl net hyl - p-ni trophenyl carbonate 62, Step 3:
3=Pyri di n{B)@r[22( aﬂapvrphﬁnﬂ)-Bemoxb@olzijﬂmedrpﬂcqrbmhmm&ér&dﬁﬂlydraﬂphm)fl)pr opi

d 7 I f
' gn:of/r?gl: npg%@nglenzo %ggF@tg%%ldp rZTTCIDnl)t(r)ophenyl carbonate 62, 195 ny
(0. 77 molk) a2 aa@dfmlzo%o@xgk@ Be&&kz&rs%@ggfﬁgg&%&lﬂa%h@y 5-(@%¥ro- and 290

ng DVAP ( were stirre en at
t enper & urréleo)ﬂlmpyhmcaﬁde_ﬁﬁmmd@ﬁﬁ/a@?ﬁ@@s ed into water and extracted with
ethyl acetate. The orqanl c phase was washed with saturated NaHCG3,

O,

fol | owed HR)wal2et! i {ﬂﬂflhbenmpcmﬂﬁ “AmetpuyiarbenylayinohB ertenpepropionic o gi ve
241 g of a%fdog?_h ?1%730' géole;

pyridin-3-y ur an- yI me oxy car bonyl - am no) - propi onic acid 63, np.
256. 6-"

(5-pyri di nig 23{2(1 %c?é Igﬂ‘ngﬁﬂf?&ﬁ%& éﬁ%l ylme xgcarlion\xll rrhxno] -3-phenyl

2- hydroxyrrté'tlﬁtwiln-“‘—Sa el_égzalmbelﬁz-@f%dh‘ﬂ? gave

2- (5- phenyl - benzof ur an- 2- yl net hoxy-" car bonyl am no) - 3- pyri di n-4-yl - propi oni ¢
acid, 163, np. 219-220 C, and with 30

2-hydr dkymet hyl - 5- (4- f | uor o- phenyl ) -BeAMEBLEAAN gave 2-[5- (4-fl uoro- phenyl ) -

benzof ur an- 2- yl met hoxycar bonyl ami no] - 3- pyri di n-4-yl - propi oni.c acid, 176,
np. 255.2- 255. idi 5 1dm-3- ]-benzofuran-2- Imethoxvcarbonvlammo -

propionic acid 63

Step 1:
20 (5-Pyridin-3-yl-benzofuran-2-yl)-methanol 61

A mixture of ethyl 5-bromo-benzofuran-2-carboxylate 15 (6 g, 22.3 mmol), diethyl-3-
pyridylborane (3.66 g, 25 mmol}, tetrakis(triphenylphosphine)palladium (0) (270 mg),
and potassium phosphate (11.4 g, 53.7 mmol) in DMF (60 ml) was stirred under an argon
atmosphere and heated to 100 °C for 16 hrs. The mixture was allowed to cool to room

25 temperature, poured into ethyl acetate and washed with 10% HCL. The organic layer was
washed with brine, dried, and evaporated to give 10.4 g of 5-pyridin-3-yl-benzofuran-2-
carboxylic acid methyl ester.



15 Septenber 2004 WO 01/68591 - 74 PCT/EPQL/ 02597 Si m {mebpemipesLodgat i ng
(5-pyridin-3-yl-benzofuran-2-yl)-nmethanol in Step 1 with 2-

hydr oxynet hyl - 5- phenyl - benzof uran 17, and 3-am no- 3-pyri di n-4-yl - propi oni c
acid newb\iegpier in Step 3 with 2-am no-3-pyridin-3-yl-propionicoacid
met hyl ester gave

2- (5- Phenyl - benzof ur an- 2- yl r net hoxycar-t#nyl am no) - 3- pyri di n- 3-yl - propi oni c
acid, 164, 5 np. 164-169 C. Simlarly substituting

2- ami no- 33dyng df the darpbxydicepieowere than dissolse yi 1 Egtl ¢tbutanddtand s8rredutidher

appropri at. ORi ' aned.

2" pyr a1 g8 RESF Ao BP1Sk s MR Y e SR cBO s oy
ami no) - 3-stiyredat b5 2C pyerpighpiAdter codingdthe 166 tiompas pddred-iautbinGndlaxtrattag |

2- (pyrim gdiqf-5- ' . .. X

2- (5 phen‘ﬁitﬁ' B@xﬁi&%ﬁ#@é Ebgsltﬁgﬂgﬁ%g& g/v%sa c}%%dnziﬂd_ evaporated. The residue was purified by

ani no) 5 3-ghyoinatography g tivpdHping of (5-ppiidin-3tyidhenzpfurdiB2-Y)-t8ethendlilet hyl 2-
(pyrimdin-4-yl)glycinate gave 2-( 5-phenyl - benzof uran-2-yl met hoxycar bonyl -
am no) - 3-Pyp 2mi di n-4-yl -propionic acid, 166, np. 182.9-183.2 C, and et hyl

2- (pyridazin-3-yl)glycinate gave -

2- ( 5- pher3Pyhdinzhf Y}~ etk gophenylt&rbonate 62

am no) - 3-pyri dazi n-3-yl -propionic acid, 167, np. 174.7-175.0 C. Pre aration
of ethyl &suspeirsiorpof 3B0Ingof (Sepyeidird3GMbenzofemnt-y)rmethanol 61 in 5 ml CH,Cl»

2- (met ha : ) QY. AA . fram

2' - (pyr ag‘? %Sl%‘frgpgdg é‘?rgﬁégélc%’%% dl&f]%areﬁdd( f?ﬁ%gglgllf’égé) géé&gfg%ﬁr eﬂg?,dc’%oo'l | owed
by tr aat nfemmnain Ginpl{CHEG) dnemixtdrengals aldnvet fodemeaoaoosh tegnpepatarepndoadur e i n

Can. J. 4 L§, 2 T. d .d ' to th

sod um sattiredOoe Hs Afatigharting e AT Ehe oRES AR ES s 2B ove
cool ed i nadidediane thranhcturehes sticcediorermght. Afteosvegotationanf nhe valatilen thetreiqpereat ur e
duri 4 ) . ) : g : q
Gurino %, hperTORE 261 AL BLABS ORI PSSR LR 200
The 25 coeappeitdatnidgneiied by thmotatographey waitedds wg of Bpyridimbgi-tenzetirawer

MySHA.,Ev j700 sp| v af forded a residue which was
chronaltsog?&gﬁgghﬂng%}% %aﬁg neal?étlé—zéd wi th acetone: hexane (1:3) to afford
1.27 ¢ (7§t%?>39f' et hyl 2-(pyrazin-2-yl)-N-(di phenyl- nethyl ene)glyci nate.

A mixture of 300 mg (0.77 mmol) of 5-pyridin-3-yl-benzofuran-2-ylmethyl-p-

20 nitrophenylcarbonate 62, 195 mg (0.77 mmol) of 2-amino-3-pyridin-4-yl-propionic acid
methyl ester, and 290 mg DMAP (2.4 mmol) in 2 ml DMF were stirred under nitrogen at
room temperature overnight. The mixture was poured into water and extracted with ethyl
acetate. The organic phase was washed with saturated NaHCO3, followed by water and
brine, dried, and purified by chromatography to give 241 mg of 3-pyridin-4-yl-2-(5-

25 pyridin~3;yl—benzofuran-2-y1methoxy—carbony1—amino)-propionic acid 63, mp. 256.6-
257.3°C.

Similarly substituting (5-pyridin-3-yl-benzofuran-2-yl)-methanol in Step 1 with
2-hydroxymethyl-5-phenyl-benzofuran 17 gave 2-{5-phenyl-benzofuran-2-ylmethoxy-
carbonylamino)-3-pyridin-4-yl-propionic acid, 163, mp. 219-220 °C; and with

30 2-hydroxymethyl-5-(4-fluoro-phenyl)-benzofuran gave 2-[5-(4-fluoro-phenyl)-
benzofuran-2-ylmethoxycarbonylamino]-3-pyridin-4-yl-propionic acid, 176, mp. 255.2~
255.7 °C.
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2- (pyrazin-2-yl)-N(di phenyl net hyl ene)glycinate (1.64 g, 4.56 mmol) was
stirredin 30 m of (1:1:1) mxture of (HOAc: H2O THF) for 2 hrs at room

t enper at WPPIB4H9E sol vent was evaporated and the residue EGTEROVEI?Tphed on
silica and eluted "with 7.5% MeOH (conggining 2% NHAOH) in nethyl ene
chloride. This afforded 682 ng (77% of ethyl 2 5 (pyrazin-2-yl)glycinate.

Simlarly, etdiyk.ds domdk o da- D= i) @l gl 4 bl : sh 9.
> (pyri m n-ﬁéﬂ;ﬁaggﬁ%ﬁm@m Grpyriin B AR Erark I methanlin Step Lt 2
pr epar ed Iysiroxymethylt hrpbenyl denenfumn 1Z@0d3 rlipo3-pysidihérlpropiosic apién | - 2
3-di hvdr Q= rs - hxvear bars:L ad Gi_ . 11N . 68 Step
1 4 %F@Q?E#sﬁga%ﬁ‘gﬁﬁ%%ﬁ\éﬁ?{ BRALLE- T glonichcRl RRIGIEEBEVE D)
broni de (2(5-Fhgnylehengsfunwi-2-vimethrzcad onyiangng)-3-pygdo-35l-pripioninads, k4, of
dry we glﬁsflt_hég at room tenperature overnight. The reaction mxture
W t 0

was diTute m of diethyl ether and washed with water. The et her
| ayer was washed with brine, dried and concentrated to give a lightly

brown solid t&a : | ' ) ;

4-al | yl oxy- bi pheﬁﬁg‘é]%{tﬁ%{‘%%?ag’!’h%g%ﬁ o 3%2&?%}%@%&&?%@% Selirher 2 o
4- al | yl oxyithiapprapyiatepropiqygtes thefallowingsompoyndgwere pedparidiet hyl ani | i ne was
heated at 170 C for 5 hrs. The mxture was diluted with 250 nl diethyl

et her andethchiyiraziptnyl) slycimete gavs 2r(?-shenythenzafien-imesharsarpasfed wit h

bri ne, dralﬁﬁmgmpfaaﬁeﬂtyr-gr orki€acidi 18, ApPigVeL 150 ¢¢l. The crude product was
recrystallized fromcycl'oheXxane to give 2.69 g 25 3-allyl-biphenyl -4-0l 66.

The MojoNeEhyl ricifin : . 89 1thdMonfibbhnyl-
Rt aro) ham AR SRR e 218 PIAGTBGRGRRRD, C‘y*%‘fu‘?‘%’ﬁ?nw M henol 66.
15 Sept endp@incHpyymidieGEEpPionic Eh 1EBanpoiBidgy184.5 °C;

ethyl 2-(pyrimidin-4-yl)glycinate gave 2-(5-phenyl-benzofuran-2-ylmethoxycarbonyl-
amino)-3-pyrimidin-4-yl-propionic acid, 166, mp. 182.9-183.2 °C; and

.ethyl 2-(pyridazin-3-yi)glycinate gave 2-(5-phenyl-benzofuran-2-ylmethoxycarbonyl-
15 amino)-3-pyridazin-3-yl-propionic acid, 167, mp. 174.7-175.0 °C.

Preparation of ethvl 2-(pyrazin-2-yl) glycinate:

0
O § H,N._/ ~OAk
N O S - =N._/ ~OAlk 2
L« ,_N\/\Lomk e e N

~ At s S ST
OMs O Na+ | j I P

e

N

A solution of 2-(methanesulfonyloxymethyl)pyrazine (5 mmol}, (prepared from

2'-(pyrazin-2-yl)styrene according to the procedure in EP 02 257, followed by treatment

20 with methanesulfonyl chloride, according to a procedure in Can. J. Chem. 1999, 77 (4) 463
in 20 m! THF was added dropwise to the sodium salt of ethyl N-(diphenylmethylene)-
glycinate {5 mmol) in 20 ml DMF cooled in an ice bath. The mixture was allowed to warm
to room temperature during 4 hrs. The reaction mixture was partitioned between ether
and water. The aqueous layer was separated and reextracted with ether (75 ml). The

25 combined ethereal extracts were washed with brine and dried over MgSO,. Evaporation of
the solvent afforded a residue which was chromatographed on silica and eluted with
acetone:hexane (1:3) to afford 1.27 g (78%) of ethyl 2-(pyrazin-2-yl)-N-(diphenyl-
methylene)glycinate.



Step 3: (5-Phenyl- 2 3-dih droobenzofuran-2- 1 -nmethanois; 8éptdnpel pdapn of
2-al lyl -4-phenyl - phenol 66 (1.05 g, 5.0 nmol) in 10mM CH2CI2 was treated
.wWith a peracetic acid solution (32%in acetic acid, 2.10 m). The reaction
was allo tir 5 at roomtenperature overnight. Thepp S

di luted W%ﬁ@@t hyl ether and washed with a saturated sorgltr{ggghg%‘szaHCCB.
The aqueous phase extracted wth ether-&hd the conbined ether extracts
were washed with brine, dried and concentrated to give 0.78 g of a cream

col ored s&thyl 2elpy(asinpheyN~(@ipBentilingdhylsbeglysinated .62 gy #.56 memiok)igasssrirrediep 4:

lo R -3-P | 2+ .4 - . - 2 J m no -
pr opi oni nggﬁ‘ lc? fé%l.ﬁ? dﬁﬁggﬁoﬁﬁg{&(‘%@ﬂ&gg@g@%#gﬁg %laé&% ?%r%af;%%g%%n of
(5- pheny| w@s dvatiomatett arikthz cesidugchroraatpgrppheat drasilidasindehaed math DA% MeRl ) in 2
m THF. After,_ 3. i I L. & [ at-tyo relj fied
W eh gD NEOH SRR, e pRofia bEE rR B PO B ¢
washed s pytazinrieyl)glydimde.and concentrated to give (R)-3-phenyl-2-(5-

phenyl - 2, 3-di hydr o- benzof iran-2-yl met hoxy-carbonyl am no) - propi oni ¢ aci d.
The crude product was dissolved in 1 m_ ethyl acetate and treated with
0.15 ml of di cybimberdsgthad-fryrimifiieSpybelydoatevetbyl?-tRyrimidin-ddyliglyainate ghfdi t i on
of hexane. } . 5 i ) rystals were
washed wi teﬁﬁg@gl(gwéﬁ?{e}i§g,ngﬁagét?gﬁyi?ﬁmg%&g%%léﬂten at0 E%I%“% 20 overnight to
give 211 ng of the dicycl ohexylam ne salt of (R)-3-phenyl-2-(5-phenyl-2, 3-
di hydr o- benzof ur an- 2- yl met hoxycar bopy &)z propi oni ¢ acid 68, np.

176. 3-182 C. EXAMPLE 13 3-Phenyl-2-"4-"3- henvl- ro 1 -bent la carbon

lami no - ro i@)ixPR&GivA2¥93hémyl-2,3-dihvdro-benzofuran-2-yimethoxvcarbonylamino)-
‘3- Phenyl - 2-[ 4- phenyl - propy enzyl oxycar bonyl am no] - propi onic acid 168,
np. 13%.8-135.2 C, was prepared fwﬁbﬁ%nyl - propyl ) -benzoic acid
(comercially available fromAl drich) followed by reduction to
[ 4- (3- phenyl - propyl ) - phenyl] -nethanol, condensa{#0) with
(R) - 2-i socyanat o- 3- phenyl - pgogi onate of forrmula 5 @ hydrol ysis as
described for exanple in @ e 1. 15 SeptfoeE 2094 WO 01/68591 -77
PCT/ EPO / 02597 EXAMPLE 14

0 N/\|rOH
H o

Step I:

4-Allyloxy-biphenyl 65

4-Phenylphenol 64 (25.5 g, 0.15 mol), allyl bromide (20.0 g, 0.165 mol) and K;CO: (41.5 g,

15 0.15 mol) in 75 ml of dry DMF were stirred at room temperature overnight. The reaction
mixture was diluted with 500 ml of diethyl ether and washed with water. The ether layer
was washed with brine, dried and concentrated to give a lightly brown solid that was

recrystallized from hexane to give 24.9 g of 4-allyloxy-biphenyl 65.
Step.2: .
20 3-Allvi-biphenyl-4-0l 66

A solution of 4-allyloxy-biphenyl 65 (5.03 g, 23.9 mmol) in 20 ml of dimethylaniline was
heated at 170 °C for 5 hrs. The mixture was diluted with 250 m! diethyl ether and washed
with 1 M HCl solution. The ether phase was washed with brine, dried and concentrated to
give a brown solid. The crude product was recrystallized from cyclohexane to give 2.69 g

25  3-allyl-biphenyl-4-ol 66. The mother liquor was concentrated and chromatographed (7%
ethyl acetate/hexane) to give an additional 2.13 g of 2-allyl-4-phenyl-phenol 66.



2- 4- Meth |- hen |-amno -nmeth 1 -ben | oxvcarbon | am nes5 S3pfeaibel 20040 ionic
acid 169 5 Followi ng the procedure in J. Og. Chem 1996, 61 (11),

-~ 3849- 3862, nethyl-4-fornyl- benzoate (0.821 g, 5.00 mmol) was dissolved in
1, 2-di cWwoopsstiane (75 nml) at room tenperature. N nethylROWEPN&ZFG. 542 i,
5.00 rnnmol) was added foll owed by sodi L}? triacet oxyborohydride (1.484 g,
7.00 mol ). The nmixture was allowed to‘Sfir at room tenperature overni ght.
The m xture_was quenched with saturated sodi um bi carbonate 10 sol uti on and
extracte eRnsth diethyl ether. The organic extracts were dried over

anhydrou et vacuo. The residue was
purified ‘hét gi%I uted with 4:1 hexanel acet one

to give ' ( % of I Cl

4-[ (meth Bﬁ@g‘ﬁ&aﬂﬁh Y]E?/}ﬁno gehz%si %fﬁm gllor%{%ﬂ{mle%fz eCF1 Was&é%aéec‘% ion to
{4- (et wﬂh A iydic adil s -al)mrmt(m%]m ptmnybl}i;iré@ h&lhﬂIhe reastian ives elloved o stir

wi th(R)-2-isocyanat o- 3- phen 0 a S as
descri &t Fogm TMPEIAIE ‘F"ﬁ“ﬁéﬁhﬁﬁ"&%’é{]e%‘g’a hj ed %?e%hgggb&)éga Wa);‘i?éd

2-{4- [ (meiithyd sahh@fléﬂl soﬁﬂ‘iloﬂ@;)’NaHCO; The aqueous phase extracted with ether and

met hyl ] - ben xygcar bo | am no n p | C.
EXAVPLE megi/“e - rlfﬁlé"ﬁ WY %he%gﬂﬁt%mg’arg n% ac%n%&%mé@rﬁeﬁ% (?787%0?%n| c
acid 73 2feaft &flored solilbhiis-pHenyl-aya-dibpdrobereofitran-2/yhdthamd 62. aci d 69 (2. 222
g, 15.00 nrnol) was dissolved in 5 m of nethanol at room tenperature.

Thi onyl cgaépog:i de (1.094 nl, 15.00 mol ) was added dropwi se and allowed to

15 Sept enber 2004 V\D 01/ 68591 - 78 PCT/ EPOL/ 02597 stir for 2 hours. The
M Xt URE VRS T ] bmethoywearboopialmeok-he i xt ure

was diluted with yl ene chl ori de. The sol vent was renoved under a stream
of ni trd%}@%mﬁ?éﬁ@i due was purified by flash chronatography on silica -
ot B a5 oS AR RO o 3t 50k
442- Hy dr opeysi-pyl)- hrtaabls 788 nig D44 mesd)in 27l THE. After 3 hrs, the mixture was

cooled in an ice bath and acidified with 1 M HClL. The product was extracted into ether.

15 The extracts were washed with brine, dried and concentrated to give (R)-3-phenyl-2-(5-
phenyl-2,3-dihydro-benzofuran—2-y1methoxy—carbonylamino)-propionic acid. The crude
product was dissolved in 1 ml ethyl acetate and treated with 0.15 ml of dicyclohexylamine.

The product was precipitated by the addition of hexane. The solvents were removed by
pipette and the crystals were washed with cold ether then dried in 2 vacuum oven at 60 °C

20 overnight to give 211 mg of the dicyclohexylamine salt of (R)-3-phenyl-2-(5-phenyl-2,3-
dihydro-benzofuran-2-ylmethoxycarbonylamino)-propionic acid 68, mp. 176.3-182°C.

EXAMPLE 13

3-Phenyl-2-[4-(3-phenvl-propyl)-benzyloxycarbonylamino]-propionic acid 168

°in[?

25 3-Phenyl-2-[4-(3-phenyl-propyl)-benzyloxycarbonylamino]-propionic acid 168, mp.
134.8-135.2 °C, was prepared from 4-(3-phenyl-propyl)-benzoic acid (commercially
available from Aldrich) followed by reduction to [4-(3-phenyl-propyl)-phenyl] -methanol,
condensation with (R)-2-isocyanato-3-phenyl-propionate of formula 5 and hydrolysis as
described for example in Example 1.



Met hyl - 4-vi nyl benzoate 70 (2.270 g, 14.00 nmmol ) was di s$®kep@nibar 26l of
tetrahydrofuran and cooled to O C. 9-BBN (0.5 Min THF) (28.00 m, 14.00
nol ) was added and the 10 m xture was stirred for 2 hours. The sol ution
was al | oweshiis@sopar mto roomtenperature and stirred for ggﬂ %9&%72 hrs.
The reaction was cooled to O C and quenched with al kaline hydrogé

peroxi de. The m xture was then extract€with diethyl ether. The extracts
were dried over anhydrous sodium sul fate and concentrated en vacuo. The
residue was purified by flash chrod#AMPLERY on silica eluted with 4:1
hexane/ acet one 1 15 1.632 ¢ of 4-(2- hydroxyeth I)ben20|c
aci d net hyl&=4 FEUWL-DASNA-ad1 By}~ ING S By CAIDTTIPEASIDQ ]

met hyl ester 72 4- (2 Hydroxyet hyI)ber}%gll%gam d et hyl ester 71 (1 622 g,
9.00 nmmol ), triphenyl phosphine (3.54T 70, 13.50 nmol), and diethyl
azodi carboxyl ate (2.13 m, 13.50 mmol) were dissolved 20 in 50 m of

t et rahydr of uran at roonttenperature and allowed tgjysthr for 30 m nutes.

Phenol (0.847 g, 9.00 nmol) was added and t m'x was allowed to stir
overnight. The m xture was dlluted mnth wat ind i

ether. The extracts were drled Yl i sul fate and
concentrated en vacua. T Niue purtfl fl ash chromat ography on
silica eluted with 99:1 e/a €t o6 to give 387y (16.8 % of 25

4- (2- phenoxy-et hyl ) -benzoi € acid nethyl ester 72 as a clear oil. Step 4:

2- 4- 2- keno -eth 1 -ben to carbon larnino -3-phenyl- ro ionic acid 73

4-(2-ph thyl)-b d (387 th duced with Li Al H4,
condehJear R DgpraeREdy RAoiCCATHSAMLAL Dp P th o et BN oA

hydr ol yzeslereaatde@szl Qemofmoﬁ%aeaemb&j i, F9RRRr8kthastt @BSmBafrodf Vi el d

o1 oy EHiea N TSRV BAE AU BLS Mo Sl vas adsted follopeed by sdinm ¢ 15

Sept enber tr20&4x )0 d6ﬁ5@ﬂ48 705%%89&%@&%&&4}1@%3% sti¥koom
Adnlnlstratlon PCTI EPQI /{% I ngr edi en @g Iwt. Actiyve ingredient20.0%
Lact ose79tcaperature overnight. The mlxture was quenched with saturated sodinm bicarbonate

10 solution and extracted with diethyl ether. The organic extracts were dried over anhydrous
sodium sulfate and concentrated en vacuo. The residue was purified by flash
chromatography on silica eluted with 4:1 hexane/acetone to give 1.097 g (85.9 %) of a
slightly yellow oil of 4-[(methyl-phenyl-amino)-methyl]-benzoic acid methyl ester.
Reduction to {4-[(tnethyl—phenyl—amino)-methyl] -phenyl}-methanol, condensation

15 with(R)-2-isocyanato-3-phenyl-propicnate of formula 5 and hydrolysis as described for
example in Examplel Steps 2-4, yielded about 1.5 g of 2-{4-{{methyl-phenyl-amino)-
methyl]-benzyloxycarbonylamino}-3-phenyl-propionic 169, mp. 69.6-70.1 °C.

EXAMPLE 15

ropionic acid 73

20
Step 1:
Methyl-4-vinylbenzoate 70

4-Vinylbenzoic acid 69 (2.222 g, 15.00 mmol) was dissolved in 5 ml of methanol at room
temperature. Thionyl chloride (1.094 ml, 15.00 mmol} was added dropwise and allowed to



Magnesi um st ear at e0. 5% The ingredients are mxed and di $§&epiethben004
capsul es containing about 100 ng 5 each; one capsule would approximate a
total daily dosage. EXAMPLE 17 Conposition for Oral Administration

| ngr edi eWPRUHSF wt . Acti ve ingredi ent 20. 0% Magnesi um st eapetrePofiisse
Croscarnel | ose sodi un2. 0% Lact ose76. 50/91; P (pol yvinyl pyrrolidine)l. 0% The

i ngredi ents are conbi ned and granul ated"Using a sol vglnttsuch ats et hanolb. t
The 10 f ' ' ' - fqr tg.tabl e cont ai ni,ng abou
20 ny of sgit@-l vzgtdc"ggr]fgo}%n ‘E\L{/}\)lel%~L gﬁ“i%%?%&??g@é’é {8’52? &‘“?Fﬁt":?rfﬁg?é‘.m?@‘_‘%ﬁ’ﬁt enmber
2004 WO OBixggsyas dgptedwyilrmethykneohbooislet Thnsdivnt @aatenfsied nhdérraatieamn of

PCT/ EPQOL/ | e di. 0 q.Funmr.i i,dQ.5 g
Sodi um chrlggrréigeéégagEgﬁvﬁﬁt@ﬁggé%giE%#ﬁg’%gﬁﬁ?%w%ypoé}%élb%%t@g@ § 3nu| ated
sugar 25. Sngthgsnahlende¢/nethasol wtgion). 320807 %esfynethid-4-Vanyitenfiatd 70Ga.2) 1. 0 ¢
Fl avor 4 ngRpQ@gjm Colorings0.5 ng Distilled waterg.s. to 100 nl The

i ngredi erfts are mixed to forma suspension for oral adnministration.

Step 2:

4-(2-Hydroxvethvl)benzoic acid methv] ester 71

Methyl-4-vinylbenzoate 70 (2.270 g, 14.00 mmol} was dissolved in 50ml of tetrahydrofuran
and cooled to 0 °C. 9-BBN (0.5 M in THF) {28.00 ml, 14.00 mmotl) was added and the

10 mixture was stirred for 2 hours. The solution was allowed to warm to room temperature
and stirred for additional 2 hrs. The reaction was cooled to 0 °C and quenched with
alkaline hydrogen peroxide. The mixture was then extracted with diethyl ether. The
extracts were dried over anhydrous sodium sulfate and concentrated en vacuo. The residue
was purified by flash chromatography on silica eluted with 4:1 hexane/acetone to give

15 1.632g(64.7%) of 4-(2—hydroxyethyl)benzoic acid methyl ester 71 as a clear oil.

Step 3:

4-(2-Phenoxy-ethyl)-benzoic acid methyl ester 72.

4-(2-Hydroxyethyl)benzoic acid methyl ester 71 (1.622 g, 9.00 mmol), triphenyl phosphine

(3.541 g, 13.50 mmotl}, and diethyl azodicarboxylate {2.13 ml, 13.50 mmol) were dissolved
20 in 50 m! of tetrahydrofuran at room temperature and allowed to stir for 30 minutes.

Phenol (0.847 g, 9.00 mmol) was added and the mixture was allowed to stir overnight. The

mixture was diluted with water and extracted with diethyl ether. The extracts were dried

over anhydrous sodium sulfate and concentrated en vacuo. The residue was purified by

flash chromatography on silica eluted with 99:1 hexane/acetone to give 387 mg (16.8 %) of
25 4-(2-phenc;xy-ethy])-benzoic acid methyl ester 72 as a clear oil.

Step 4:

4-(2-phenoxy-ethyl)-benzoic acid (387 mg) was further reduced with LiAlH,, condensed

with (R)-2-isocyanato-3-phenyl-propionate of formula 5 and hydrolyzed as described for
30 example in Examplel, Steps 2-4, to yield about 550 mg of 2-[4-(2-phenoxy-ethyl)-

benzyloxycarbonylamino}-3-phenyl-propionic acid 73, mp. 150.2-152.4 °C.




5 EXAMPLE 19 Parenteral Fornulation (1V) Ingredient% w 15 8bptebkt Y804

I ngredi ent0.25 g Sodi um Chl oridegs to nmake isotonic Water for injection to
100 m 1. J The active ingredient is dissolved in a portion of the water
for injegidlesshy sufficient quantity of sodiumchloride is then added with
stirring to make the sol ution isotonic. The 10 sol ution PET@HH()%B.HO

wei ght with the remainder of the water-ff9r injection, filtered through a
0.2 mcron nmenbrane filter and packaged under sterile conditions. 15

Sept ember 2004 WD 01/ 68591 -81- EXABRAEBIE Buppository Fornul ati on PCT/ EPO
/02597 Ingredient% wt.Ilwt. Active ingredientl. 0% Pol yethyl ene gl ycol

100074. 5% Pol yet hyl ene gl ycObmpo§i6iad f&lomhadmidstedioant s are nel ted toget her
and m xed on a steam bath, and poured into 5 nolds containing 2.5 g total

wei ght . EXAMgkddiéit Topi cal Forrmul ation I ngredi ¢p§agrans Active
conmpound0.{2-2 Span 602 Tween 602 M neral oil5 Petrol atunmlO Met hyl
par abenO. 1fSActive ingredient 20.0%

Lactose 79.5%

Magnesium stearate 0.5%

The ingredients are mixed and dispensed into capsules containing about 100 mg

5 each; one capsule would approximate a total daily dosage.

EXAMPLE 17

Composition for Oral Administration

Ingredient % wt./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crdscarmellose sodium 2.0%
Lactose 76.5%
PVP (polyvinylpyrrolidine) 1.0%

The ingredients are combined and granulated using a solvent such as methanol. The

10 formulation is then dried and formed into tablets (containing about 20 mg of active

compound) with an appropriate tablet machine.




Propyl

the ingredients,

except water,

par aben0. 05 BHA (butyl ated hydroxyani sol e) 0. 01 V4% Seftefmbel 8604 |
are conbi ned and heat ed to about 60 Cwth

of

10 stirring. A sufficient quantity of water at about 60 'C s then added

With Vi gigHmsssdii rring to

g.s. about

PCT/ EPO1/ 02597 Nasal
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nasal
I ngr edi ent
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15 Sept enber 2004 WO 01/68591
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15 Septenher 2004 WD 01/ 68591 PCT/ K

KON s 2-4 sprays e

P01/02597 -83- EXAMPLE
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rAdivecempeund Recept or Radi ol Band Bi
et |P Receptor Binding Assay neasul

nbf Bg Assay The in vit
ed the strength of a

[ O

potenti al
tested, tH

drusepric asidndi 1 ng affinity to its intend
e concentration producing 50%.inhibit

e¥>garget. 5 For each
lon of binding (1C50)

ir ug
and

hill sl op€g
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was 1 E-8

Sesienra ehlerigs ned using iterative curvd
d_Kd _was. known the inhibition dissodi

298t ing techni ques.
Latjon constant (Ki) o

|1

a
each

aviethyl pasebenaccor ding to the nethod of
tor., a typical Kd using the precedin

g exoerl nental conditi

@h28g & Prusoff (1973).

For
DNS

NPropgpardbgnt he negative | ogarithm df |t®H85g
Granulated sugar 255¢
Sorbitol (70% solution) 12.85¢g
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water [ qss. to 100 ml

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

EXAMPLE 19

Parenteral Formulation (IV)

Ingredient Yo wt./wt.
Active ingredient 0.25g
Sodium Chloride gs to make isotonic

Water for injection to

100 ml

The active ingredient is dissolved in a portion of the water for injection. A sufficient

quantity of sodium chloride is then added with stirring to make the solution isotonic. The

10 solution is made up to weight with the remainder of the water for injection, filtered

through a 0.2 micron membrane filter and packaged under sterile conditions.



10 Ki (pK;) was presented. EXPERI MENTAL DESI GN The f ol | psvsegtelbef 200 wer e
prepared using the purest available water. Lysis Buffer: 1QmMM Tris-HC, 1.0
nmv EDTA (di-Na)pH 7.5 at 4C Assay Buffer: 20nM Tris-HCI, 5.0 nM MyCl 2pH 7. 4
at 25 C Wasévdgsdif er: 20mM Tris-HC, 5.0 nM MyCl 2pH 7. 4 at pérfepdieddefbr ane
Preparation 250 ml Platelet Rich Plasma was transferred into 250 ml
centrifuge tubes and spun at 15 6000 g8%or 10 min at 20 C. Pellets were

t hen resuspended in IP lysis buffer_and__honogeni zed using a
polytron(setting 7, 1x20 sec. burst3 up to a final volune of
m and centrifuged at 40000 g for 15 mn at 4 C. The pellets were then
resuspended in | P assay buffer,suliﬁ%’ct@'l'}’rfcﬂ@h‘lth det ermi ned by BCA net hod

180

(Pi erce) nd_st Qrpd in.2. 0. mn vials at -80.Cfo QIIhQF\qILF\I‘If assay-use. 20
To obtai n |kngresient 80 9% specific binding, 50 p.g|pPWEBI/ assay tube \Was
used in a coppet iLtion pyppri nent The final radiloligand concentratidn was
1 to 3E-8 |victive ingredieht i on Assay The nenbranes (8t hawed at room
tenperaturje.and then diluted in assay huffer tolthe appropriate

concent r at |j Belyethylene glyot 100 drug, radiol i gand, add-5Pastiy, nmenbraneg 25
wer e added .t he 3 2 he he 7 % pmere incubated at 25 'YIC for
60 min. ThePelgethyleneggol 4800 filtered onto. 0. 3% PRASHre-treated gl asg fi ber
filtermats kar d nt 96 well cell harvester he
tubes were rinsed three tines with ice cold 20mM Tris-HC, 5mM MyCl 2,

pH=7.4 (3 x 0.5 m/sanple).

Bound radi oactivity

was 15 Septenber, 2004 WO

01/ 68591 -84 Phyimgredienoge melied dpsathrsandsningd o1 asteamdathhend pavsedrinkount i ng.
Accor disNg pid)dd dHrkaiRifReediioRl weppounds of formula | were tested and found

to be I'P receptor antagonists.

EXAMPLE 24 5 Carrageenan-| nduced Mechani cal

Hyper al gesi a Assay The anti-infl anmatory/ anal gesic activity of conpounds of

this invention was
Hyper al gesi a Assay by neasuring the

determ ned by t pgAGgPIE@Eenan- | nduced Mechani cal

Topical Formulation

Ingredients grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxyanisole) 0.01
Water q.s. 100

10

All of the ingredients, except water, are combined and heated to about 60 °C with
stirring. A sufficient quantity of water at about 60 °C is then added with vigorous stirring to

emulsify the ingredients, and water then added q.s. about 100 g.



i nhibition of carrageenan-i nduced paw hyperal gesi a i n t h&Septembesk0@s a
nodi fication of the nethod described in L.O Randall and J.J. Selitto,

- Archives of international 10 Pharnmacodynam cs, 1957, 11, 4Q9- » nd
Vi negar WO 9468591 Jour nal of Pharmacol ogy and Experi ment al PTHE ég@ ics,
1969, 166, 96-103. Ml e Sprague-Daw ey.grats (130-150 g) were wei ghed and
random y assigned to treatnent groups (n=10). To i nduce mechani cal

hyperal gesia, rats were lightly angtiMPiLEed w th hal ot hane and

adm ni stered 1% carrageenan or vehicle 1 (100 i) in the plantar 15 surface
of the left hindpaw. Rats wer e Nyl Spraf Borgtldatidriscl e (10 nl/ kg, p.o.or 1
m/kg, 1.v) or conpounds of this invention (at 1, 3, 10, 30 and 100 ny/ kg,

p. Oh) or foh%ev&alf)aqu%e& saBSknsibBpBoMgining frot abbat hﬁlﬂﬁ - DSfpereent asEve ng. . ,
Mechani cal hyperal gesi a was neasured using a a - | LE,
Bi ol ogi cﬂonﬂ@é’@é@éﬁpﬁﬁﬁéﬁgf B @6%&’!“5‘,“&ﬁtﬁﬁf'a‘)}‘.ﬁnﬁr@gﬁgéﬂ{%f@? alqo]r ek
ciar r ?%erzlgﬁk'tfv@ ??ér@&i}gﬁ& _Bﬁlﬂﬁdyd, fwaxdghﬁl@,aﬂic@mtrlydlﬂ!iﬂen&lhﬁr}se,tshféma;ppar at usLh
pl ant ar surtace facjng down. nsta i;ACcr.easin r S n
appl i ed teorhametiestiuloss dggrosss aﬂcf H%& ﬁ%&&#‘*ﬂﬂﬂ%f{ agd 5’?"‘”\}&% iagﬁe‘iﬁe di at€3
‘4“ t hdr ew i STIRAW IS AydStRElatiOfs Mepbt ddidredasa a nmlhipigjr materddepianpl poi nt . i
reat nent” groups were conpared using a ope-way.analys : 0R the
paw i t Horpiso deiSeries QRSB OpaFeds SERPARAIBR P anteie AHREHRSRE
groups tOsci-l@ﬁ_‘]ygfﬂ-@gﬁaygéegx@yphws.e made using Fisher's LSD strategy and
Dunn's -procedure. Percent inhibition of nechanical hyperal gesia was
cal cul ated for each animal, and the average IDS val ue was estimated using
the foll ow ng signoidal nmodel: %inhibition = 100/ (1 + exp ((IDS-dose) /
N)) where IDS is the dose of the conpound needed to inhibit half of the
maxi mum 30 response (i.e., 100%in this nodel) and Nis a curvature
paraneter. The conpounds of this invention were active in this assay. 15
Sept enber 2004 WO 01/ 68591 PCT/ EPO1 /02597 -85- EXAMPLE 25 Conpl ete
Freund's Adj uvant-Induced Mechani cal Hyperal gesia Assay The
anti-inflammatory/ anal gesic activity of conmpounds of this invention may
al so be determned using an adjuvant-induced arthritis pain nodel in the
rat, where pain is 5 assessed by the aninal's response to the squeezing of
the inflanmed foot, using a



nodi fication of the nethod described in J. Hylden et al 15 SBptemb&P83%4 37,
229-243. The nodification includes the assessnent of hyperal gesia instead
of changes in activity of spinal cord neurons. Briefly, rats were wei ghed
and ran igned to treatnent groups. To induce 1o nj
hyper al gggpéféigts were lightly anesthetized with hal ot hé‘@%ﬂ&’“i@h pl of
Conpl ete Freund's Adjuvant or saline wag-adm nistered into the plantar
surface of the left hindpaw. 24 hours later, water (vehicle) or conpounds
of this invention were orally admBXAUELEd3to the rats 1 hour before
testing. Mechani cal hyperal gesia was neasured using an Anal gesy-neter (UGO
BASI LE, Bi ol ogi cal InRése bhuntan/RipaleaiRBecefonRadimlichndBindinglAssdihe sal i ne or
carrageenan-treated hi ndpaw was pl aced on the donme of the apparatus,
pl antar surface facing down. A constantly increasing force was then applied
to the dor saThesupitaddumin Phatelgrd®, Regeprot Rimding Assayunessarastthe bizengsh ofi t hdr ew
LS pan a0k b ER GO GRInG E8ls WS dRgller e the end poi it . The

oups re co usi ng n

t r eat ment® gr are a one®way analysis of variance on the

P 3 Ly A T AR LB 100 o

wi t hdr awaindthilt sep¢ was détermined ngjrgitenative eavelittipguedhmiques.dfd radioligand Kidi ch

drug has 1. 0§ sker.ed: . | WM t he

car r agoor MpAHThElrRGHEH ol i BARbEICH BIG wic el

adni ni st excedtdingtd th¢ mettod df Cheng@oPrusdff (iB7 AnEbr thas xeeeptton; a typecab Bdivsingt r eat ed
paw in a . . € | e was
et er i nalc BLePRting S M EBL BBl 3, PN, BRENTARS Efthve Iobilhi SAREC

act i vaoi rKit(pKs wes pagsentt. Sept enber 2004 WO 01/ 68591 -86 EXAMPLE 26

PCT/ EP01102597 | nhi biti on of Bl adder Contractions |nduced by Isovolunetric
Bl adder T N The inhibition of bladder contractions was
determ ned by an assay using a nodification of the method described in C A
Maggi et Hhe followingimitersawate prapered usingTthe parsstaviitable we@gr, 230, 500- 513.
Briefly, male Sprague-Daw ey.rats (200-250 g) were wei ghed and randomy
assi gned t d.ysis Buffer AOm@M JuipdICIAL fanMEIdTA (disNahser pPHY -3 #r40Ggh the urethra

into the bladder to induce
Assay Buffer: 20mM Tris-HCI, 5.0 mM MgCl, pH 7.4 at 25°C

Wash Buffer: 20mM Tris-HCI, .5.0 mM MgCl, pH74at 4°C

1. Membrane Preparation
250 ml Platelet Rich Plasma was transferred into 250 ml centrifuge tubes and spun at
15 6000 g for 10 min at 20 °C. Pellets were then resuspended in IP lysis buffer and
homogenized using a polytron(setting 7, 1x20 sec. burst), brought up to a final volume of
180 ml and centrifuged at 40000 g for 15 min at 4 °C. The pellets were then resuspended in
IP assay buffer, protein density determined by BCA method (Pierce) and stored in 2.0 ml

vials at -80 °C for subsequent assay use.

20 To obtain at least 80 % specific binding, 50 pg protein/assay tube was used in a

competition experiment, The final radioligand concentration was 1 to 3E-8 M.

2. Competition Assay

The membranes were thawed at room temperature and then diluted in assay buffer
to the appropriate concentration. First buffer, drug, radioligand, and lastly, membranes
25 were added to the assay tubes. The assay tubes were incubated at 25 'C for 60 min. The
assay tubes were filtered onto 0.3% PEI pre-treated glass fiber filtermats (GF/ B ) using
Packard Top Count 96 well cell harvester. The tubes were rinsed three times with ice cold
20mM Tris-HCl, 5mM MgCl, pH=7.4 (3 x 0.5 ml/sample). Bound radioactivity was



bl adder contractions, and a warm saline solution (5 nl) 198epienibes 2do4

Rhyt hm ¢ contracti ons were produced in about 30% of the animals. The
conmpounds of the invention 10 (0.1, 0.3 or 1 ng/kg) were adnm ni stered

i ntravenW@01485% he onset of regular rhythmc contracti onpcr/Epgi@kdrects on
rhythm c contracts were then nmeasured. The conpounds of this invention were
active in this assay. EXAMPLE 27 | nhi biedi-on of Vol ume- 1 nduced Contractions

in Rats ih,nhi birt i on of..bl.adder ctontractions was determ ned by an
assay us?igtge;r'g?neﬁo i.'%“@éﬂ‘?‘&w%‘fil‘?‘hé"m%d described in S.S. Hegde et al.,

Proceedi ngs qf Annual  Meeting, of..the,I.nternatipnal  Continence
Soci ety (Aug%§f$@§1g§8 %%Ets ﬁf&fg%f Coﬂﬂ%‘?"?’%@toffﬁg‘.m ‘ﬁ'&Fée“éﬁf fou Wté‘&%r ats
wer e anestdeptarapigonists. ur et hane and i nstrunmented for intravenous
adm ni stration of drugs and, in sone cases, neasurenent of arterial
pressure, 20 heart rate and intra-bl adder pressure. The effect of test
conpounds on vol unme-induced bl addeEX&d4Pi¥24 i ons was determined in separate
groups of animals. Vol une-induced reflex bladder contractions were induced
by filding the bl adde¥ampgeanzalndwed ¥echarded Hypemlgesindssaper e admi ni st er ed
intravenously in a cunulative manner at 10-mnute intervals. Atropine (0.3
ngl kg, iv) wddeaatiinfllammataty/analgéses astivitpof compostndslyf this iavemidriwa 25
control. | St | e ti i\ is assay..15
Sept enber 3BT o1y CaBeadeRyuB M EEMA B a1y BB e Jm PR e e
Endot oxi Anhihiiisesd cayzaserarsinducédpavahpesdgisiagn sheoak nsingmemdifsatieafeithed t 0
as endot glifiodBAEbed M IOURGHLINAL T RIBSRERVRLrDhaAAUS agents,
particul arly bacterial endotoxins, Th e oodstreamand is characterized
5 by HWypdthensaedynamicsot{fdnlti¢e9-4de andVinsgany: &y oprohsf Bharsepblbgy aslock, in
parti cul %ge,ﬂxgg&mg(& #3T® bnl%gcgéj ('w the rat by the adm nistration of

| endo i e’ agl % :

bacterial t t oxi ns. . 17Ty of "a conpound to inhibit o
the compound e PRaURRLERRY s (Fio 15 R BicREl S RaRinty s g et Vi Uy o
t he conpdtratisersigrovns (hAl@nTo drduce niedbarticad hypeeagesiof, raeweredightly ah&tletidat oxi ¢
Shock WegufPhSb MRt 2l RARE 1) LiSgdehis o vehicl! 1 E1B00F T e plinae >
15 surface of the left hindpaw. Rats were administered vehicle (10 ml/kg, p.o.or 1 ml/kg, i.v)

or compounds of this invention (at i, 3, 10, 30 and 100 mg/kg, p.o.} or (0.3, 1.0,3.0 and

10mg/kg, i.v.) one hour before testing. Mechanical hyperalgesia was measured using an

Analgesy-meter (UGO BASILE, Biological Research Apparatus, Comerio, Italy). The

vehicle- or carrageenan-treated hindpaw was placed on the dome of the apparatus, plantar

20 surface facing down. A constantly increasing force was then applied to the dorsal surface of
the paw. The force at which the rat withdrew its paw, struggled, or vocalized was
considered the end point.

Treatment groups were compared using a one-way analysis of variance on the paw
withdrawal force (RESP). Pairwise comparisons for the drug-treated groups to the vehicle
25  group were made using Fisher’s LSD strategy and Dunn’s procedure. Percent inhibition of
mechanical hyperalgesia was calculated for each animal, and the average IDs; value was

estimated using the following sigmoidal model:
% inhibition = 100/ (1 + exp {(IDs-dose)} / N))

where IDs, is the dose of the compound needed to inhibit half of the maximum

30 response (i.e., 100% in this model) and N is a curvature parameter.

The compounds of this invention were active in this assay.



hypotension in the rat, using a nodification of the nmet ho&egaserbotdi n hl.
Gral et al., British Journal of Pharmacol ogy, 1969, 118, 1223-1231.
Briefly, adult rats (>200 g) were anesthetizZed with an inhal ation

anest het o) @Rdsoif enoral arteries and veins were cannul at ed Qi s3gs tion of
bl ood pressure transducers and 15 drug adm nistration |lines, respectively.
They were placed in Mayo restrainers wgd-e still under the influence of the
anesthetic. After recovery from anesthesia and stabilization of heart rate
and bl ood pressure (which typical | \EXAA4BLE@8 about 30 mi nutes), endotoxin
(50 nmg/ kg E. coli and 25 ng/ kg Sal nonel l a) was adm ni stered intravenously.
Changes in bl odibppletsireendinddhwant-Indatel MeckkamoahHyperelgesiaissay one hour,
~conpounds of this 20 invention or vehicle were al so adm ni stered _
i nt r avenousl Y heanti-io8antinoyaryéanalgesip activity tof compowends of this inventinsi mayraled bor ed

for the : : : . e return
o inti SrprE R RuaERRNAEE ARG PR TIAN Bnet PRLEBIA0T N

St udent ' sssessed by thahmabspsporke tothetsqireezingvod thé imflamed footatsings in thi s
assay. 2 [ e -t R t nal gesi c
properti ggg%ﬁ%{?ss%%goﬁn{ﬁgﬁo%%%%%ﬁh(b/'gg%l?glg%é%’ w’{’ﬁ%éﬁgl'%r%%ft acyclin
i nduced unédificatipnt insiudeshihe asmtssnent 60hyp@ealgpsiaanseadaif ghagesinchctivitioiafispinal

assi gned c%g %&@%ﬂsnt groups (n = 8). Each animal is adm nistered vehicle,
reference % st'ance or test substance at a dose and dose vol une

det o1 m ned b, SN UdBBHAha Alaorh S AR P LLAkER! bBEpaTSHalud dose

(peak tinme of action npoun car ba- prosta kg, 2
m 1 kgaoi -rﬁechahﬁ:aﬂﬂ?efﬂl@e&ﬁ{ﬁdswﬁ@ﬂigﬂﬂ\ﬁ Agstelirdneisi kdyhhhdandrdoipdiost r at i on,
the rats are placed i,n individual, plexiglas cages. Wiﬁthesggfre olt#:liteﬁd for—-
15 Sept erfeRPPIstsOreyes d AApantor salingwas adpripisiesedigio the PlANATS a%é%it g5

m nutes fighiPw.Nd Howkdlakk AsdtaCiehicle) SEBipEilndd bf @ik infentlontwige ollpsi sts of a
dorsi fl exion or g{%rong cont, rac%itgn of . the aﬁ)dom'lgal éalr:{usg:ul ature with

si mul t anetsigainstared EnibEgats dhoup belgrpartingoechamiea! byremigreRiwasmfdpeednd t he
negative &%fgirPAnﬂ?é?lxﬁét@r (UGB ASILEB16loB RIS dh ApFarSQEIEH R J) Saly). a
one-wa%/ aﬁgel%il s of variance. Pajrw se conpar, sotgs et ween the negative
contrdP a BROY F"éé&gﬁ%l}?P"fg%EFg‘lﬂ& BAYHaEPlass £ dpme-of thegpppratys,

plantar surface facing down. A constantly increasing force was then applied to the dorsal
surface of the paw, and the force at which the rat withdrew its paw, struggled, or vocalized
was considered the end point. The treatment groups were compared using a one-way
analysis of variance on the paw withdrawal force. Percent inhibition was calculated for each

20 animal in the form:
100 x ({c/d —c/v) = (s/v — clv))

where c/d is the paw withdrawal force for the carrageenan-treated paw in an animal to
which drug has been administered; c/v is the paw withdrawal force for the carrageenan-
treated paw in an animal to which vehicle has been administered; and s/v is the paw

25 withdrawal force for the saline-treated paw in an animal to which vehicle has been

administered. Significance was determined using Student’s t-test.

The compounds of the invention were active in this assay.



with Bonferroni's adjustment if the overall difference 15Sapermbegddd4 cant .
The ranked data are applied in the analysis. The positive control group is
conpared to the negative control group using WIcoxon rank-sumtest for
assay vewdbuesspon. i o Estinmation of 1D50: The % i nhi biti gperspoamberl at ed
for each animal in the formof 100 * (1- (nunmber of withes 1 mean withes
for the vehicle group)). The ID50 is es¥@mated usi ng the follow ng

si gmoi dal nodel : % i nhi bition = 1OMI dose)N),where ID50 is the

dose for the conpound to achieve h nmaxi mum response (50% in the

dose res e .cur i s the.curvatur ar apet er.. Xinumre nse i s
assured 103 s‘?lﬂonggﬁ{aﬂ@er@aﬂéwaww S inet sl oL R

descri bed Wltlil ref rence 4he specific o ts thereof, it should be
under st ood by FPHEYE %‘R?Pf'%lﬁd h PR acé‘Pf‘SVﬂ “if ﬂ‘Pg%EYa‘bﬁsé%&‘ 88y be made '
and equi valodifictidRyf i nsdihed désotiesdl iniG. AOMaggiepal, i, Prgrir avd Expert rue spirit

Adapt 3 Bt dpan 220 ot a‘:d'nél ol al . bomposi ti on SPSPZ?tyeP  Process.
Pnvent on. Al PrigieshrmeteaorRERar (oS aDikaists Boehd R ovl- SeBRE o

the clai neo &mﬁﬁdegrdngs Qtdithe@&*v&gu%@ﬁed %o&@pﬁerﬂmﬁrﬁa&ﬂﬁ@(ﬂad}%%md&ee

Clainms |. ound conp rjsin ner = ~ CH2) M C~~
- (CHR)\ P@A@?f%ﬂfn‘ﬁ“ Vi Saing o ““?& E‘rl'w)dwﬁs‘“ﬁ‘ﬁ%dA RYEBldent Iy from
ﬁaC h ot hegohifactiagk w@f&Cpibdhﬁﬁ& én aﬁltﬁiﬂ Bedi dflﬂh@d'gﬁfalsl 'ﬁb&f cdssathslsidf mlhext!)‘h;entlon
et eroaryl etero substitute th one.or ubstituents
sel ect ¥a {9- 8'rﬂ gf’\ﬁli kﬁgﬂ"eﬁ ?fgf‘éﬁtﬂﬁ‘? B EEFRQEs g'lelﬂplse Oﬁéﬁ%‘m@?@ﬁ“&w
trifl uor ogehitydtions!Biebeffisatt on Finthmicm@nlaitts wefd theb ineasutedy; - '
(Cl-C6) - al koxycarbonyl,. 10 (Cl-C6)-al kyl ene-dioxy formng a.ring wth 2

adj acent car bqfhe&bﬁijﬁuﬂds dfholeis 1rBJl’e§dlo:twa@ acdywinahisaksay.0, ani no, nono- or
di -J(Cl-0C6)-al kyl }am no,

EXAMPLE 27
Inhibition of Volume-Induced Contractions in Rats

15 The inhibition of bladder contractions was determined by an assay using a
modification of the method described in $.S. Hegde et al., Proceedings of the 26th Annual
Meeting of the International Continence Society {August 27th-30th) 1996, Abstract 126.

Female Sprague-Dawley rats were anesthetized with urethane and instrumented for
intravenous administration of drugs and, in some cases, measurement of arterial pressure,
20 heart rate and intra-bladder pressure. The effect of test compounds on volume-induced
bladder contractions was determined in separate groups of animals. Volume-induced
reflex bladder contractions were induced by filling the bladder with saline. The test
compounds were administered intravenously in a cumulative manner at 10-minute
intervals. Atropine (0.3 mg/kg, iv) was administered at the end of the study as a postlve

25 control,

The compounds of this invention were active in this assay.



(C -C6)-al kyl -am nocar bonyl, aryl -am nocarbonyl, (Cl-C6)5 akkigmbealhyl -
am no, aryl-carbonyl am no, (Cl-C6)-alkyl-sul fonylam no, aryl-sulfonyl -
am no, (Cl-C6)-alkyl-thio, (Cl-C6)-alkyl-sulfonyl, aryl-sulfonyl, 15

(Cl. - Co)welkyssenm nosul fonyl, or aryl alninosulfonyl; RipdgEpdifeekdror
tetrazolyl; Ais |ndependently I n each occurrence a S|ngle bond,;
-Q(CH2) p-, -S(CH2) p-, -NR (CH2)p-, -(CHBYIPO , -Q(CHR2)pO-, (CHZ)PO(CHZ) :
-(CH2)F,CO CH2)n , -CONH, -(CH2)P , =HC=CH 220 or -C=C-; R is hydrogen
or (C-C6)-alkyl; Bis independently!%ﬂgﬁgc ccurrence -(CH2)q , -CH20-,
-CH2OCH2- or -CH2NH-; m p, and g ar #rAdependently in each

occurrence 1, 2 or 3; r ndependent] in each occurrence
0, 1, 2 or 3: or an |Bﬁﬁeﬁagﬁfg€nq‘)§ elngﬁceait}@r?lt Slﬂ“‘ﬂiﬁ?&’r acemic mixture of
{ﬁg”g{ i oo Seorl RogRceutl cal Y A9GS Rl A0 ot lioc is SRV S e 13 gls ofM LN
3- benzyl imfyctidug bgdnbeegydtrcélaﬁy badthda eadotoriny,iathabipedstepimaidds clehderdized

excl udedb VENDE ET 08 E_)LMZ_OOZ 5 Sept.enber 8045P%.0259 90 2. The
conpond PhRYRYtERsim and prgp Ay imetion- MERR I m g SR Sk TP r e, 2,
wher ei N Rjpdaeiskid aadladu&aubﬂid fatb dxeofdnsiubﬁmdmbﬁﬁc&riyl endoéoxlﬁdw@heorrpound
of clalm rein R |tu.ted subst, tute vmth
One by mebilintel B rihasad oo L eaAp e PR BYBoBhuBnE et Bredicaite

al kyl, haeutility df the¥bmpofdd @r}maiekﬁwnt of eptiy an endutoxiRghack. unsubst i tut ed
phenyl ene or phenyl ene substituted with one or nore substituents sel ected

12 Ei mCE} he g r o The acthdtysif tieg-oafpoundd oml)e-lﬁﬂ‘eh;ibn 1ﬂ1&iemreah1yd'lvtw(imf ydgt:c or -l
- 0X c e aun ere is a single
bona B~ codsts sBoaHiEesBinsddaserierat el Wik s bidung fs

sel ect ed h aﬂmdﬁeugﬂ@ W4, d@ncci)ﬂﬁ:ldﬁidaﬂgn of the method described in M. Giral et al.,

2= (Dl Pheny i ok t?Bﬁ%S«%Eoogy}’igasg‘ IR 13 P{s3y! -propionic acid;

Briefly, adult rats (>>200 g) were anesthetized with an inhalation anesthetic and

fernoral arteries and veins were cannulated for insertion of blood pressure transducers and
15 drug administration lines, respectively. They were placed in Mayo restrainers while still
under the influence of the anesthetic. After recovery from anesthesia and stabilization of
heart rate and blood pressure (which typically required about 30 minutes), endotoxin
(50 mg/kg E. coli and 25 mg/kg Salmonella) was administered intravenously. Changes in
blood pressure and heart rate were monitored. After one hour, compounds of this
20 invention or vehicle were also administered intravenously, and cardiovascular parameters
were continuously monitored for the next three hours. Responses are represented as
percentage return to initial diastolic blood pressure. Significance was determined using
Student’s t-test.

The compounds of this invention were active in this assay.

25 EXAMPLE 29
Carbaprostacyclin Induced Writhing Test

The analgesic properties of these compounds was investigated with the
carbaprostacyclin induced writhing test. The rats (100-130 g) are weighed and randomly
assigned to treatment groups (n = 8). Each animal is administered vehicle, reference

30  substance or test substance at a dose and dose volume determined by the study director. At
the appropriate time after drug dose {peak time of action for test compound), carba-
prostacyclin (30 pg/kg, 2 ml/kg, i.p.) is administered. Following carbaprostacyclin

administration, the rats are placed in individual plexiglas cages. Writhes are counted for



2- ( bi phenyl - 4-yl r aet hoxycar bonyl ani no) - 3- (3-i ndol yl ) - pr ¥pFepleabenddt or
3-(3-benzenesul f onyl am no

phenyl ) - 2- ( bi phenyl - 4-yl r net ho) cycar bonyl am no) -propionic acid. 15 7. The
conpound VP 01448391m 4, wherein A is -(CH2)pO ,-Q(CH2) 0- or PCTERMIO2EY CH2) p .
8. The compound of claim7, wherein th_essqorrpound I's selected fromthe group
consi sting of

(R)-2-(4-phenoxyrethyl - henzyl o r.n ) - - A AQRkideaci d; 20
(R)- 2. (4 BB ey s o s R gt bar oty R e RAP AT

2- [ 4- ( 2- fdonsists ophdoniflerienhuy sirotye oamttastiye af the abdemiriahoiusalgheswyith pr opi oni ¢
aci d; . ;

2-(3-fl uosflgpﬁa-‘rbeﬁ’gﬁf)tﬁ;?mflﬁyl - benzyl oxycar bonyl am no) =3- phenyl - pr opi oni c

aci d; - N . : . h

2-[ 4" (3- f1 uorBrOBRERTRFFEN; The eatort rouns 5 thr negative control (rehicle  Hbe oni ¢

aci d; 5 inducing agent) are compared using a one-way analysis of variance. Pairwise comparisons

3- (3- benzenesul f onyl am no-phenyl -(4- - d yl am no
Y- 25 pr olfﬁ'%gﬁffnct &x%ﬁ w(e)Fontpoq an eg&ztrézémgﬂeé?gﬁy Qf%tr'ntyde RERDLRYY ESDRAR

2- ( 4- benzyith Bphferoni’s adjbameheifihed merdl difiongte-ipnosignifieansdihg ramkeddpga are

conpound of ,ckaim 2 _ wherein R. | e bitie@dnfiet er oar yl
and R2 isaRPA‘E%B%{Hetan“éﬂs-;ﬁ‘?ﬁgé‘Y‘lf ?%L{goégg)r% Il'% wfg& “Qrﬂéég‘%%n%au% olf1 claim?9,
wher ei N Rgroup using Wilddxbh radk-pine test fonassay veifisatporene 30 substituted with one
or nore substituents selected fromthe group consisting of (G -C6)- alkyl,
hal 0, toydr oxy| Estin@iticB6)fIBkk Thy% iohibitiamis caltulated dorceash snimenl iF theifarmiof o,
wherein A si ngl - J - Q2 HEEPBL, 1L Gk 0259.
Yo7 1o, THSCnlplie PR e Skl Yot ki B TREREL, iZMMGRE 0299,
(R) - 2- ( 4- tsidgtheFoldwing kigmobdahmeidek e uhiunyt a0 6§ L 8{(HPwidpse)phwbeisdPeo isci d.
13. The c und of cl aim EY | Sz gd%% 56% iR dosd 4. The
conmpound g}rgj&gof%leoﬁ]?ll%fo%oeurnéi %ai\ﬁﬂg"%&‘nﬁp‘@ﬁﬂh"é‘“f’é se lééc}Fce) f:f(r.om t he ?roup 5
consi st i ngespéns@-curve, N is the curvature parameter. The maximum response 1s assumed 100% in
[ 4-( 1|T5i nﬁ%l -4@“ oxymet hyl ) - benzyl oxycar bonyl am no] - 3- phenyl - pr opi oni c
acid; "2- -T?L 1 ndol - 4- yl met hoxy) -.benzyl oxycar bonyl am no]
- 3- phenyl - propi oni ¢ aci d, _ o
2-[4- (1Hindol - 5-yl met hoxy) - benzyl oxycar bonyl ani no] - 3- phenyl - pr opi oni c
acid; or 2- [4gfnclie g%gﬁé@&h@%@ﬁ&n'dk;&ﬁe&Witﬁwtéaé&@&yﬂmpmﬁc
j - 3-phenyl - propioni c aci d. ) ] .

embodiments thereof; it should be understood by those skilled in the art that various

changes may be made and equivalents may be substituted without deparing from the true

spirit and scope of the invention. In addition, many modifications may be made to adapt a

20 particular situation, material, composition of matter, process, process step or steps, to the
objective spirit and scope of the present invention. All such modifications are intended to

be within the scope of the claims appended hereto.



- conmpound of claim2, wherein R and R2 are unsubstituted or -
;(&Dééi‘?toyt%d heteroaryl. 16. The conpound of claim 15, mAh@Septen%r2@04EP010259’
i ndepéndently in each occurrence selected fromthe group consisting of :

i ndol yl, indazelyl, benzoxazolyl, benzofuranyi, benzothiophenyl,
benzi m dazol yl, isdquinelinyl, or quinplrﬁ I, all unsubstituted or 15
substituted. 17. The conpound of claim 16, wherein Ais a single bond.  18.
The conpound of claim 17, wherein the c nd is selected fromthg group

consisting of (R),-2- : .. _

(5-t hi ophen- 3- yi- Apampaundsemprisinggenssal foamslhy | ani no) - 3- phenyl - pr opi oni ¢

-+ 20 acid; _ _ : ' S
(R -2-[5-(1Hi ndol --4-yl ) - benzof ur an- 2- yj met hoxycar bonyl ami no] - 3- phenyl - pr op
ionic acid; (R -3- A CH CH CH A -
(4-f1 uor o- phenyl ) - 2-(5ﬁ‘p§ri\maﬁ'—(3-§?f‘- AZONGT ST ot ﬁb\xﬁéar bonyl ani no) --
propi oni ¢ acid; 25 _ H '

(R -2-[5- (1 Hindol -5-yl)-benzof uran-2-yl net hoxycarBOSﬁyl am noj - 3- phenyl - prop
“ionic acid; or ‘ I

(R -2-[2-(1Hindol -4-yl)-benzoxazol - 5-yl met hoxycar bonyl am i no] o

- 3-phenyl - prppkigni ¢ acid. 19. The conpound of claim2, wherein R is

) ki . : .
unsubstituted. or substituted aryl' and R2 30 is unsubstituted or

".substitu edpih 3yl S HE BTRPL; AW ' . '
s unsubsti % u?{edﬁg’ﬁ{éﬁ% )%er m;?%_g%n;ﬁ&ﬁﬂgubst %ﬂtog{cf l-'v%l{ faﬁmg %%rééﬁargrgﬁée&ssﬁ%lst%cﬁrgle% s
sel.ected from ( Cl- Co)ungulsituted Retgrodryldroxyl , (Cl- C6) - al koxy, or cyano,. and -

R2:i s i ndependent |y ijg r - f .

09- 02- 2002 15 Sept Sty %gg‘gteg' ) Qs%lgéglgﬁgegghgf%‘gééorcrgﬁgsg g0 mcf?l iyﬁf ﬂ,;

i ndazol yl , benzoxazolth¢ gropreposistingsfi( Ci-6eha2¥bvh hadphimigalkyl, thiéneiomeatbylol yI |

i soqui nolinyl, or quitRald<Y hvd s sEiyt - _? ' 21. The

conpound of claim ZO,H}V\#e)&e’i h %x#r%l!égl g?lﬁégﬁ)é”ﬁogﬂ&r@g %ﬁ%}ﬁ%& The

conpound of cl ai m 21 (Cnfel-elkilennalionifouning aingsride? edjatans carbpe atproyef the

consi sting of aryl ring, cyano, nitro, amino, mono- or di-{(C;-Cs)-alkyl}amino,
(C1-Cs)-alkyl-aminocarbonyi, aryl—aminocarbonyl, (Ci-Cs)-alkyl-carbonyl-
amino, aryl-carbonylamino, (C;-Cg}-alkyl-sulfonylamino, aryl-sulfonyl-
amino, (C;-Cs)-alkyl-thio, (Cy-Cs)-alkyl:sulfonyl, aryl-sulfonyl, ,

15 (Cy-Cs)-alkyl-aminosulfony), or aryl-aminosulfonyl;
Rr* is ~COOH or tetrazolyl;
A is independently in each occurrence a single bond;

'O(CHZ)p's'S(CHZ)p': -NR’(CHz)p-, -(CH3),0- , -O(CH2),0-,
~(CH2)O(CHa)p-, -(CHz)aCO(CHa)a-, -CONH-, -(CHy),-, -HC=CH-,

20 or -C=C-;
R is hydrogen or (C,-C;)-alkyl;
B is independently in each occurrence -(CHy)g-, -CH,0-, —CH;OCH;— or
-CH,NH-; o o

m,p,and q are each independently in each occurrence 1, 2 or 3;
25 nandr are each independently in each occurrence 0, 1, 2 or 3;

or an individual isomer, a racemic or non-racemic mixture of isomers, or a
pharmaceutically acceptable salt or solvate thereof;
with the proviso that 3-benzyloxy-2-(biphenyl-4-ylmethoxycarbonylamino)-propionic

acid is excluded.

MENDED SHEET




- 2-(5- phenyl - 1H i ndol - 2- yl met hoxycar bonyl am no) - pr opi oniéﬁq:gi d; 7_
2010259;

.(,_ -
( -03- I 'yl - 2- (5- phenyl - benzoxazol - 2- yl net hoxycar bony| &rSapiembeopd

~acid;”

~selected f

(R) - 3- phenyl - 2- (2- phenyl - benzoxazol - 5- yl met hoxycar bonyl am no) - pr opi oni ¢
acid; (R -90-

=3- phenyl 2- (5- phenyl - 2, 3 di hydr o- benzofuran 2-yl met hoxycar bonyl am no) | o
propi oni ¢ aci d2. TRy c@mpound of claim 1, wherein R* is -COOH.
(2-(4-fluoro-phenyl).-benzoxazol - 5-yl met hoxycar bonyl ani no]j

- 3- phenyl - pr opi3o®he comppund pR)laign 2, wherein R’ and R? are unsubstituted or substituted aryI

[ 2- ( 3- cyano- phenyl ) - benzoxazol-- 5- yt net hoxycar bonyl ani no] ‘

- 3- (4-f1 uor o- pHelht ;emppopql ohélaimadjavhetdin R is unsubstituted phenyl or phenyl

G (1 PSRRI SRR e oM BIIMEAR DL AfL ARk R BRI GER. o
. - 3-phenys - aﬂ«ymham;hgdmyhl(cees) atkexyc ongyeundndR’ nluasuhsﬂmted/\piweleneﬁz is '
oot e P e ifne SRS GRDGR SOy BBl M SrhuclB GBI A1 oROFBAY Wndifling of

nsrs

- (R)-2-(5- phenﬁs)hﬂd?khhlmbvdrbxﬁlt@tﬁawﬁmmmm no) - 3- phenyl -propi onic -
acid; (R)-2-(2-phenyl -benzof uran-5-yl net hoxycarbonyl am no) - 3- phenyl -
propi oni ¢ aci d;5. The compound of claim 4, wherein Alsasmgle bond or -(CHz),-. _
(R)-2-(5- phenyl benzof ur an- 3- yl met hoxycar bonyl ai ni no) - 3- phenyl - pr opi oni ¢
cacid; (R -2-'[6. $‘he (:dmi)buml of dhm&lwhebﬂnzhﬁqwmwadydmtﬂadﬁmﬁb@wlar ni noj

-3 pheni § &f 25 acid; :
((3 beh | am no- phenyl) 2- (5 phenyl - benzof ur an- 2- yl net hoxycar bony
1= ani no) - - (yplemiyb 4 gémedthoikR)arbdhylamino)-3-phenyl-propionic acid;

[5- (4= chl oror R k- RERARYLAs G hiES BYAR P BrABhRQkasPheny! - pr opi on

(R) 2- [ 5- ( 3-(3-barzenghifoyylpmienpbéinytai (Bphenyb tHilmythaxrerbpngliming)- Beapiamig| - pr
opionic acid (R-2- [ 5- (4- met hoxy- phenyl) - benzof ur an
- 2-yl met hoX€ar bonyl ani no | - 3- phenyl - propi oni ¢ acid;

(R -3-(4:fluor

(4-11 uo?‘r(') phen;./l'?p‘g Jn%f)ﬁlrl%%? ?Iy e)%?(éal?b(gr%?l'o O(CHzr)fb
Oy- 02- 2002 -EPH1)9Q%0M2)p15 Septerrber 2004

8. The compound of claim 7, wherein the compound is selected from the group

] - propi oni ¢ aci d;

consisting of
(R)-2-(4-phendxymethyl-benzyloxycarbo‘nylamino)-3-pheny1—propi0nic acid;

20 (R)-2-(4-phenethyloxy-benzyloxycarbonylamino)-3-phenyl-propionic acid;
2-[4-(2-fluoro-phenoxymethyl)-benzyloxycarbonylamino]-3-phenyl-propionic acid;
2-(3—ﬂuoro-4-phenoMethyl—benzyloxycarbonylamino)-'3-phenyl-propionic acid;
2-’[4-(3-ﬂuoro—pheno:cylnethyl)-benzyloxycarbonylamino]-3—phenyl—pr6pionic acid;
3-(3—bénzenesulfonylamino~phenyi)-2—(4—phenoxymemyl-benzyloxyc:irbonylamino)-

25 propionic acid; or '

2- (4—benzyloxybenzylcarbonylanﬁno)-3-pheny1—propionic acid.

9. The compound of claim 2, wherein R'is unsubsututed or substituted heteroaryl
and R? is unsubstituted or substituted aryl.

10. The compound of claim 9, wherein R? is unsubstituted phenylene or phenylene
30 substituted with one or more substituents selected from the group consisting of (C-Cs)-
alkyl, halo, hydroxyl, (C;-Cs)-alkoxy, or cyano.

11. The compound of claim 10, wherein A is a single bond or -(CHa)p-.

 AMENDED SHEET




3. : | .
( Rg- Qi?“@@o?l uor o- phenyl ) - 2- ( 5- phenyl - benzof ur an- 2- yI r net ho% Beptehtnry taodRBP18259

roplonlc acid, (R-2- [ 5- ‘

(4- et hyl - phenyl ) - benzof ur an- 2- yl net hoxyca; bonyl am no] -3-phenyl - propi onic

acid; 5 ,

(R)-2- (2 benzyl - benzof ur an- 5-yl met hoxycar bonyl ani no) - 3- phenyl - propi oni ¢

acid; ' (R)-2-(51b&hesiompound of claim 11, which compound is :

L, 3] d QXO' BRYL2: (E?Ha&fP&ﬁﬁetﬁflﬂeﬁ%ﬁ&ﬂﬂ%%ﬁﬁ?&%)%ﬂ&)yl% S heigPT opi oni ¢

aci d;

(R - 2 [5- (3- cyapowifacaul o B Ak 86 it A D VBRI YPRBHRL 3- Pheny! -pro

pionic acid; to

(R - 215~ (3- oy anp-aeauluRTREak 4 Ak bAThd HARE MRl Wl Sl ol v O

phenyl) propioni'c aci
[5-(3, 5-ai ftcumsungbényl ) - benzof ur an- 2-y| met hoxycar bonyl am no] - 3-phenyl -

522211 wor - LHMHRHE s losy BN LA o P iRl SRR PSRRI % opi oni
c 15 acid; 2HR¥-(2H-indol-4- ylmethoxy)-benzyloxycarbonylamlno]-3 phenyl-propionic acid;
P O B N R SO AR BRI PR B b s

enzof ur an- 22- [gd(¢He|1nHokqu:dymmyapbnnmﬁbxmﬂmnphmnaies-@heﬁgﬂ)—propmmc acid.
(R -2-[5-(2-chl oro-phenyl ) --benzof uran- 2-yl net hoxycar bonyl am no] - 3- (4- fuoro-

phenyl ) -1or opi onl% 'I%hmmdmp@ﬁjlé af (&inbZnwlefeift R3knd R” are unsubstituted or substituted -
d@oxol 5-yl enzof ur an- 2- yl met hoxycar bonyl ami no) - 3- (4-fluoro-
phenyl ) - proB A4 aC|d

3- hi . bo
ooy ok e AR LA At R >
di oxol - 4- y| sheteddtamahe goup wendisiogoditloiy iadizly], bedzqxaziyl, berpofminghi ¢ aci d;
(R ~3- (4 br QOpa ARSI, Bad bl B6 GuRBEAY. dr RERARIH LA In A UGRLDGE Y o2 bony
(Rj 3- (45chiubsttupdteny| ) - 2- (5- phenyl - benzofuran 2-yl met hoxycar bonyl am no) pr

opionic acid; (R-3- (3-fl uoro-phenyl) [ 5-
(4-fluoro-- phenw This samppund af daim 16, w! eremAlsasmg!ebond

18. The compound of claim 17, wherein the compound is selected from the group
consisting of |
(R)-2-(5-thiophen-3-yl-benzofuran- 2-yimethoxycarbony1ammo) -3-phenyl-propionic

20 acid;
(R)-2-[5~ (IH-mdol 4—yI)—benzofuran 2-ylmethoxycarbonylamino]-3-phenyl-propionic
( _ acid; T :
. (R)-3-(4-ﬂuoro~phenyl)-2-(5-pyridin-3—yl-_benZoﬁuan—Z-ylmethqucarbonylamino)-7

propionic acid; - ‘
25 (R)-2-[5-(1H-indol-5-yl)-benzofuran- 2-ylmeﬂ10xycarbonylam1no] -3-phenyl-propicnic

acid; or

(R)-2-[2-(1H-indol-4 -yl) -benzoxazol- 5-y1methoxycarbonylammo] -3- phenyl-propmmc

acid.

" 19.The compound of claim 2, wherein R! is unsubstituted or substituted aryl and R®
30  is unsubstituted or substituted heteroaryl.

20. The compound of claim 19, wherein R' is unsubstituted phenyl or phenyl
substituted with one or more substituents selected from (C,-Cg)-alkyl, halo, hydroxyl,
(Cl-Cs)-alkoxy, or cyano, and R? is independently in each occurrence selé;tgd from the
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I rret hox car bonyl am no] - prop| oni ¢ aci d;
(@@'03’ 2 | uor o- phenyl ) =2- ( 5- phenyl - benzofuran 2-Yyi rret hoX&Sapbmb,eramﬁE)O'kmSQI
opi oni'c 35 acid;
(R) -2-[5-(2,5-di f1 uor o- phenyl ) - benzof ur an- 2- yl met hoxycar bonyl ami noj .
- 3-phenyl - propioni.c acid; 09-02-2002 EP®X0259. 15 Sept enber 2004 - -94
(R)-2-[5-(3,4-difluoro- phenill ) - benzof ur an- 2-yl nmet hoxycar bonyl am no] ,
- 3- pheny| _ gronpgonsistinga€indolyl, indazolyl, benzoxazolyl, benzofuranyl, benzothiophenyl, - -
(R 215  Gpetifib it 05Oy, B BGBIMRA P o BRI AR5 SLBRRLA™ ol - 3- (4- f

uor o- pheny

ooy o ﬁhéﬁyf) dfplﬁ Ef‘él %%P@%%‘W?%%°§“&?”%@'%%‘?%@$ fEpRERg L1 oS (4¢
Srzgl uran 21, o2 AREXSREBAIRARINAOh, afere HiRagonPSAU BEARNE Bl d:

2- (5- - phenyl - benizot uran? oxybar ant i | oni.c
aci d; ors taonsisting of

2;;|( g- pgg-nypgsg gz%fgg{eg?? E’Qf!“ygqﬁ%g #adﬁ o2 %Jﬁaﬁgﬂi{xﬁtpéor%%%d%% r opi oni-c | '

ef fective a(t’ft)tmphafyl-zdﬁq;lmnythuneomohabyhdahmycmbxmﬂﬁnﬁ@prspxbnic@ci?l{t in -
dmi xt ey bl The
phar maceut | CAT-BTbe bR B R Yo R SR ARG RbIoR el b o

15 for - adm (R)s2-phédyba- (5cphanﬁumddiydh@%emﬁ&ram?sﬁﬁ&dlm@edrbom%mim@-s
alleviated by treatnent wth an |IP receptor nodul ator. 27. The
phar macabt i P"O@bcrﬁ:??fgl tion of Claim25, wherein the conpound is suitable
f@f adm ni (R)a2-{2M-flaore-pshebyl) dienhiabolgh-pintbiticngeabohyiimin)i3s phdnyl- pidpﬁmnat ed -
" by treat nentb%\nth an | P receptor antagonist. 20 28. A process for

prepari ng & ound as clainmed in daim1 which process conprises a)
reacting a ((Rr)m:-){m(ﬁicﬁawphgnﬂ)-@enmaiolﬁeﬂmﬁﬂmxyaﬂ)@kmﬁm -3-(@Ghidro- _phé]ryl)-l

Wi t h a conppor%g%ncl)gacgieneral for mJI a

15 (R)-3-phenyl-2-(2-phenyl- qumolm 6—ylmethoxycarbonylammo)—propmmc acid; or -
(R)-2-{2-(3,5-difluoro-phenyl)-benzoxazol-5-ylmethoxycarbonylamino]-3-phenyl-

propionic acid.
23. The compound of claim 21, wherein R? is benzofuranyl. .

24. The compound of claim 23, wherein the compound is selected from the group
20 consisting of | '
| (R)-2-(5-phenyl-benzofuran-2-ylmethoxycarbonylamino)-3-phenyl-propionic acid;
( {R)-2-(2-phenyl-benzofuran-5-ylmethoxycarbonylamino}-3-phenyl propionic acid;
o (R)-2-(5-phenyl-benzofuran-3-ylmethoxycarbonylamino)-3-phenyl-propionic acid;
{R)-2-[5- (4-ﬂuoro~phenyl)-benzoﬁlran 2-ylmethoxycarbonylamino]-3- phenyl—proplomc
25 acid; :
3-(3-benzcnesulfonYlamino-phenyI)—2_—(5-phenyl—beﬁzofhran&-ylmethoxycarbonﬂ#
amino)-propionic acid; ‘ .
(R)-2-[5- (4—chloro-phenyl)—benzofuran—z-ylmethoxycarbonylammo] 3—pheny1 propionic -
acid;
30 (R}-2-[5-(3-fluoro- phenyl) -benzofuran-2 ylmemoxycarbonylammo]-3-pheny1—prop10mc
acid; : -
(R)—?.—[5—(4-methoxy—phenyl)—benzofuran-2-ylmethoxyc'arbonylamino]-3—phenyl-
~ propionic acid; | | |
(R)—3—(4—ﬂuoro-phenyl)-2-['5~(4-ﬂuoro-phenyl)-benzoﬁ.lr‘an-2'—yimethoxycarbonyl-

35 aminol-propionic acid;
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| 08-02220¢2 provide a conmpound of the general fornula AVENDED SHEET EP010259?
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ON~~THI5vvhere|nR5|sC4aIkyI and R, R2, R3, R4, AL B, m, n,
and r are as defined in claim1l; or b) I’%’:\Ctl ng a corrpound having a
general formula IV W|th a corrpound of general- fornul a to prow de a

napor n° o R RARIGRRES SR b g 2 ﬁwwrﬁm%ﬂw) Teuc

defined inacidaim1; or c) reactl ng a corrpound having a general fornula NO2

VIowith a C(Wt’g'ﬂi- etthi- p%reg)lrl) LRI ran—2—ylmeth0xycarbonylammo] -3- phenyl—proplomc
acid; :

5 (R)-2-(2-bénzyl-benzofuran-S-ylmethoxycarbonylamino)-3aphen-yl-propionic acid;
(R)-2-(5-benzo[1,3]dioxol-5-yl-benzofuran-2-ylmethoxycarbonylamino)-3-phenyl-
propionic¢ acid; ' :

(R)-2-{5-(3-cyano- phenyl)-benzoﬁn'an -2~ ylmethoxycarbonylammo] 3-phenyl- proplomc
acid; 7
- 10 (R)-2-[5-(3-cyano-phenyl)- benzofuran-z ylmethoxycarbonylammo] 3- (4-ﬂuoro-phenyl)-
propionic acid;

O ~ (R)-2-[5-(3,5-difluoro- phenyl)-benzoﬁ.lranwz—ylmethoxycarbonylanuno] -3-phenyl-
propionic acid;
(R)-2-[5-(2-fluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino]-3-phenyl-propionic -

15 acid; ’ '

- (R)-2-[5-(2,3-difluoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino] -3-phenyl- -
propionic acid;
(R)-3-(4-fluoro-phenyl)-2-[5-(2-fluoro-phenyl)-benzofuran-2-
ylmethoxycarbonylammo] -propionic acid;

20 (R)-2-[5-(2- clﬂoro~phenyl) -benzofuran-2- ylmethoxycarbonylanuno] -3- (4—ﬂuoro-
phenyl)-propionic acid;
(R)-2-(5-benzof1,3]dioxol-5-yl-benzofuran-2-ylmethoxycarbonylamino)-3-(4-fluoro-

N phenyl)-propionic acid;

Q‘_{"'- (R)-3-(4-chloro-phenyl)-2-[5-(4- ﬂuoro-phenyi)-benzoﬁnan— -ylmethoxycarbonyl-

.25 amino}-propionic acid; :
(R)-2-(5-benzo[1,3]dloxol-4-yl-benzofuran-2-ylmethoxycarbonylamino)—3-pheny1~
propionic acid; |
(R)-3-(4-bromo-phenyl}-2-{5- (4-ﬂuoro~phenyl)—benzoﬁ1ran 2-ylmethoxycarb0nyl-

_amino]-propionic acid;

30 (R}-3-(4-chloro-phenyl)- 2-(5-pheny1~benzofuran-2-yhnethoxycarbonylammo) propionic .

' acid;
(R)-3-(3-ﬂuoro-phenyl)-2—[5-(4—ﬁlioro—phenyl)-bcnzoﬁaran-Z-
'ylmefhoxycarbonylamino]-pro‘piozﬁc acid;
(R)-3-(3-ﬂuoro-phenyl)'-2-(5-phenyl-bénzoﬁJran-Z-yimethoxycarbonyIamino)-propionic
35 acid; l
' (R)-2-{5-(2,5-diftuoro-phenyl)-benzofuran-2-ylmethoxycarbonylamino}-3-phenyi-

propionic acid;




-8 er 2004 -96 to provide a conpound of the general formula (
' mrel n&% iIs C-4 alkyl, and R, R2), R3, R4, AL B, m msaﬂdmeazmc;%P010259'
definéd in claiml. 5 29. A corrpound according to any one of clains.l to 24
whenever prepared by a process as cl ai rre in daim28. or by an equival ent
met hod. 30. The use 'of one or nore corrpoun accordi ng to any one of clains

or ovent | on G %S e Phe B E b o S BRI 1 an 1

recept or arprapivmicicid;31 The invention as her ei nbef ore "descri bed.
(R)-2-[5-(2,5- dlﬂuoro-phenyl)-benzofuran-?. ylmethoxycarbonylammo] -3-(4- ﬂuoro-
phenyl)-propionic acid; '

s (R)-2-{5-(3, 4-diﬂuoro-phenyl)—benzofufanAZ-ylrnethoxycarbonyIamirio]-3-(4-ﬂuoro-'
phenyl)-propionic acid; | |
(R)-2-{5-(3,5-difluoro-phenyl)-benzofuran- 2-yhnethoxycarbonylam1no] -3-(4- ﬂuoro— '

L phcnyl) propionic acid; . ' ‘ '
: 2-(5-phenyl-benzoﬁ1ran -2-yimethoxycarbonylamino)-3- pyndm 4-yl-propionic acxd or

10 2-(5-phenyl-benzofuran- 2-ylmethoxycarbonylamino)-3-pyridin-3-yl-propionic acid.

'25. A pharmaceutical composition .comprising a ﬂierapeutica]}y effective amount of
one or more compounds of any of Claims 1 to 24 in admixture with one or more .

pharmaceutically acceptable carriers.

26. The pharmaceutical composition of Claim 25, wherein the compound is suitable -
15 for administration to a subject having a disease state which is alleviated by treatment with

an IP receptor modulator.

27. The pharmaceutical composition of Claim 25, wherein the compound is suitable
for administration to a subject having a disease state which is alleviated by treatment with

an IP receptor antagonist.

20 28. A process for preparing a compound as claimed in Claim 1 which process

comprises
( - a) reacting a compound having a general formula
A ,~(CH
] \Rz ( z)m\\OH
I

with a compound of general formula

, ;JH CH,); OR’.
o CN/ ( ! 2);N|/ ( Z)Y
B\Hs 0

95 - I

to provide a compound of the general formula
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- =9-
0 - .
g’ /A\HZ/(CHa)m\\O /”\-N /(CHZ),Y(CHZ),_\\H .
_ R o

B
\Ha

1

wherein R® is Ci4-alkyl; and R, R%, R%, R, A, B, m, n, and r are as defined in
claim 1; or ' '

" b) reacting a compound having a general formula

‘ | o
. | . A2~ (CH)a J\ 3
- RY" R O~ o~
v

#ith a compound of general formula

: (CH,) {CH)~_ _OR°
H.zN/ 2 INI/ 2 \ﬂ/
B\Ra 0.

\' ’ .
to provide a compound of the general formula

0O

( . Ht_/A\He/ (CH) O/lt ﬂ/ (CHz)aNl/ (CHz)l\R4

I

B
\Ra

10 ~ whereinR’is Cp4 alkyl, and RL R% R3, RY, A, B, m, n, and r are as defined in
claim I; or .

c) reacting a compound having a general formula

| o NO,
R’/A\Hz/ (GHz)m\\O/U\O :

Vi

with a compound of general formula
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o -96-
(CH)~ _~(CH,) OF°® |
_ HzN/ o, JY 2 Y N
- o i
' \'

to provide a compound of tﬁe general formula

H

0 .
‘R‘/A\Flz/ (CH?)MOJLN/ (CHE)'NI/' (CHz)t\Hﬁ

B
\Rs

I .

wherein R’ is G4 alkyl, and R', R?, R R, A,B,m,n,andr are as defined in claim 1.

5 29. A compound according to any one of claims 1 to 24 whenever prepared by a
process as claimed in Claim 28.or by an equivalent method.

30.The use of one or more compounds according to any one of claims 1 to 24 for the |
10 manufacture of medicaments for the treatment or prevention of a disease state, which is
“alleviated by treatment with an IP receptor antagonist. '
31.The invention as hereinbefore described.

ok





