; e3et$>t!|v>6T>) 1 ARYL CARBOXYLIC ACI D AND TETRAZCOLE DERI VATI VES Thi s
invention relates to prostagl andin ceptor nodul at ors,
particularly I P receptor agonist s\mmwg]ﬁ&\ﬂﬂwuﬁ@ certain aryl cd6borgl0@3 acids
and aryl tetrazole derivatives, p | conpositions containing
them and nethods for their use as théMdPeuti c agents. Prostacyclin (PG 2)
is a nenber of the prostaglandin famly and is the endogenous agoni st
ligand for the IP receptor. PA2 exhibits nunerous physiol ogical and

phar macol ogi cal effects throughout the body and has prom nent actions on

t he cardi ovascul ar system especially bl ood vessels, various blood cells

i ncludi ng platel ets, kidneys, autonom c nerves, and conponents of the

i nfl ammat ory and i nmune systens. For exanple, in the cardi ovascul ar system
PA 2 produddYIp CHRBOXY &S AHTPaAYD FRTRAZOLE RERIVATANESI v i n hypot ensi on.
It al so acts on non-vascul ar snooth nuscles to cause bronchodil atati on,

muscl o, I addrshvertonEdrtecl Rhetehe sk P e R oA s al |
secretion ﬁr&ﬁﬁﬁiﬂ$ ?(%Ei’t%g%)tof Q?ﬁﬁ%té?'egﬁg%iﬁﬁgcgrﬂambpﬁrltc%r‘bbf}[fl?&%ia%BHO” of

pl at el et s "and cont to e antli ronbogeni ¢ properties of the

intact vasayl sstruedle.deThativee, pharshadduticahabmgositions contaiftGhg thamn, snggest s

that it can inhibit platelet deposition on thronbogenic surfaces such as

at her oscl éﬁ@th@sﬁpéég@é”.usﬁr@stf’hérw%@y?g@('ﬂﬁ- provokes diuresis, natriuresis,
kal iuresis, and causes secretion of renin fromthe renal cortex. Due to the
lability of P@2, a variety of chemcally unique anal been

devel oped, but these | ack receptor selectivity amm“mmm\‘M@ dly degraded

W ?1.10.99 16 June 2003 2 by biotransformatio , there is a

need for pRA@#rouneldfthellavaittsh highly sel ective | P *€¢&ptor agonists with
phar macoki netics suitable for Iongterm convenient (i.e., Q, BID, ..TlID)

oral dosing. The conpounds of the present_ invention an% conpositigns
cont ai ni ng t hePwostreyebs (6ils) is ecaemper of éhe Pepsirgiandin fam s drintheof
various di sorders with f sl . a . , 637 (Howes
et al.) re?rgiosgepéu%glgg %}qu\%ﬁgﬁofggt}%if%éﬁpg%? p\?ﬁ%’?@é&%lf%ﬁp%r%e di scl osed

as being usiefdiblogRial ahaadtdiehd dfdgaeaTriffecys girsapHetsthdb&ly Pag @ak No.
4,878, 942 ( Mot eglbwet ala{; refers to certain benzam de _derivatives which are

di scl osed provhimentgctionsopithalcandiovpsanar gysarh efpepinly itdepdeesselssy. U. S.
Patent Nos. 5,378, 716, 115,.536,,736 703,099, 5,935,985 (Hanmka et al . d
Eﬁr ggean Ii‘véefré?l‘fs ﬁ&o%léigllgégc ngl%p]f%?]@fg%thaf}é%se ﬁui?%o%ce’ggy%gt%’? c gci d) o

derivati Vefodﬁﬁ%r?éht@ro? tHb %&ﬂéﬁ%’m@gy hauiiAthnhiRe s9SRPALT FbF Bk bR, Yn #RET Vi ty
on bl ood platelet aggregation. U S. Patent No. 5,763,489 (Taniguchi et al.
) and PCT éardiovsisedlafmyistaras PG, Wodese2 pBefaundvasodidatediararesubtapgit hal ene

derivatives which are disclosed.as having | P receptor agoni st -activity

oGt Ut T or SKIBAH RGP APRIF RO DL £106 AEbY On PEBTERERIE Sraser PUsdEb s, o

cer ebr ovasgé{}%r ' : S ] éﬁﬁs kS nt
Application .bxégai?%l %@Etfldérll’ %glgg?gﬁggﬁﬁge %llr%‘l t ’?ﬁ?@ﬁ%ﬁ"@ﬁfs to certain
N- phenyl - ogastrbiatestipiesmogthaatisde adin chddétipn pit ideese ases the pid- pipstt osed as

No. DY 24 GSBD THLET AL BT A GHATER AW KL ER] DD F Ty O eaRe
2-(4-carb agééx%\éh@iloﬁydf)pqm%yan% EPG 8t the &r@cﬁﬂp&n%ggg’m% properties of
' the intact vascular wall. The use of stable analog mimics of PGI, also suggests
that it can inhibit platelet deposition on thrombogenic surfaces such as
atherosclerotic plaques. In the kidney, PGI, provokes diuresis, natriuresis,

kaliuresis, and causes secretion of renin from the renal cortex.

Due to the lability of PGI,, a variety of chemically unique analogs have
been developed, but these lack receptor selectivity and/or are rapidly degraded
Wb 21.10.99



derivatives which are disclosed as being useful for treating

at herosclerosis and as internediates for antibiotics with i3-1]actam
structure. PCT Published Application WO 99124397 (assigned t d6Buné 360%)
refers to certain benzocycl oheptene derivatives which are disclosed as
having | P receptor agonist activity useful for treating arterial
obstruction, cerebrovascul ar di sease, lepatic cirrhosis, arteriosclerosis,
i schem ¢ heart disease, restenosis after percutaneous translum nal coronary
angi opl asty, hypertension, and dermatosis. PCT Published Application WO
99/ 32435 (assigned to Fujisawa) refers to certain naphthal ene derivatives
whi ch ar ydbiselaesestnastitiay Cigrémtly eepé ¢4 aagedifsr patdnty iweyl- tobefated f or
treating arteriosclergsis, cerebrovascul ar. di sease, i.schem c heart disease,

der mat osilighlynselectives H?yemm agomishswithapliaraacqkineties srgablerforlong-

met ast asi s. Vava anm d The 985, 20,
37-42, ré‘?ﬁ?’s ) er%?? ’d@p\%ﬁ'gf ?‘Jngﬁgf@O%gg ?}Q)tel ?Pé%&vbhn(isrléfatr}l (Jae di scl osed
as being r#}r‘ggéﬂlglrﬁ@hh%ﬁoiﬂd‘%gﬁﬁ%i%né%ht’dlh‘m% M’érﬁfh(ﬂre@é this hee@heA arR0C.
Chem Co 1996, 8, 941-942 refers to certain solid phase pol yam ne

| i nker s whiefill far ¢hditsedtosedt dydreiusglisertent with féwerssideredtsicts. and
preparation of directed |libraries against trypanothione reductase. All
publications, patents, and patent applications cited herein, whether supra
or infra, are each hereby incorporated by reference in their entirety. 16
June 2003 4 This invention provides conmpounds of Fornmula I: O~ z ~p RRN

wherein: | R3 Ad mitent K. @86@ 6317'@fiﬁ%egeﬁap@ﬁéfewti@@@mgﬁﬂpmndﬂy each

occurrence al kyl, "aryl, “aralkyl’, heteroaryl, cycloal kyl, or hetérocyclyl:
R3 and R%eﬂe&o@dérwmﬂeemwdlmh hye dizschmell agdeimg euseﬁﬂrfgﬂtm@gémg al kyl ,
al koxy, am no, hal oge al oal kyl , hydroxyal kyl, nitro, aryl, aral kyI or
het er ocycllnﬂlam%t?ré’ 1ﬁ Bdently in each occurrence - COOR6 or tet r azol yl;
U.S. Patent No. 4,878,942 (Motegi et al.) refers to certain benzamide
derivatives which are disclosed as having herbicidal and plant growth

regulating activity.

U.S. Patent Nos. 5,378,716, 5,536,736, 5,703,099, 5,935,985 (Hamaka
et al.) and European Patent No. EP 558 062 B1 refer to certain phenoxyacetic
acid derivatives which are disclosed as having IP receptor inhibitory activity

on blood platelet aggregation.

U.S. Patent No. 5,763,489 (Taniguchi et al.) and PCT Published
Application WO 95/24393 refer to certain naphthalene derivatives which are
disclosed as having IP receptor agonist activity useful for treating arterial
obstruction, restenosis, arteriosclerosis, cerebrovascular disease or ischemic

heart disease.

British Patent Application No. GB 1,079,414 (assigned to Smith &
Nephew) refers to certain N-phenyl-o-carbamoylphenoxyacetic acid derivatives

which are disclosed as having analgesic and anti-inflammatory activity.

German Patent Application No. DT 24 32 560 (assigned to Boehringer

Mannheim) refers to certain 2-(4-carbaniloylalkyl)phenoxy alkanoic acid



R6 is independently in each occurrence hydrogen or alkyl; Ais

i ndependently in each occurrence al kyl ene or al kenyl ene; B is independently
in each occurrence -Q(CH2)mor -(CH2)a ; mis independently i@ gaER003
occurrence an integer from1l to 8 inclusive; n is independently in each
occurrence an integer fromO to 8 inclusive; or individual isomers, racemc
or non-racem c m xtures of isoners, or pharmaceutically acceptable salts or

sol vat es t hereof. 16 June 2003 5 This*“invention further relates to
pharmaceutical conpositions conprising a therapeutically effective anount
of at |east one conmpound of Formula I, or individual isoners, racemc or

non-racem ¢ Jm xtures, of isojrers, or pharmaceutjcally.acceptable salts or
ol vat e CRErEbIEs SiPia AT AT ot e BpmeCiRrtbioe Levd a6 PehedeFicEras P
preferred cnRedinEnbied € MRALTRESWi I RllaCATRIRIYLIRS are suitable for
adm nistration to a subject having a disease state that is alleviated by
treatnent with an I P receptor nodulator, particularly an |IP receptor
agoni st. Thi s iR(VERMuUbishgdiAphbcation \WC89424 3pFdassigeed i@ &ujisawpasiersdos

sui tabl e for, adm nistrati to.a.subject .compri.sin t her apep i cal

o f ect ve ERBHPEOOE R ERBrieCHd EINBS G -yl A VARG tealar

I somers, reast aciviyesetaclerteatihy hueaal bstirdbR! Serebforitaumedaseal | y
acceptabl e salts or ‘solvates thereof, in adm xture with at | east one
phar maceuthe@ali¢ girdiesis iagigrioseleresierischamis haardisease frastenesisraftalt es to

t hods of < L i ok ani . ! f ]
et hods Opaetr@ﬁ%H&% tfﬁﬂﬁfﬁfﬂ'ﬁéﬁ@g@'ﬁ%@@nﬁﬂﬁ‘9b F];n?bae't}t e%n,eﬁd ddhnif68s Of suc

t reat nent erapeutically e ast’ one conmpound of
Formul a |, or iRCT\RublihedsopplicatioraBENio0/394350assignedito Mijidawarefdrs

i soners, or pharnmaceuytjcally acceptable salts_or so|vates.thereof. In a

pr ef er r ed tesBE@RSFPhtheleagieriativesgbisharedissloseeas ﬂn%ﬁ?meptw om a
di sease st . aS J: A i . r | |Gk [ S,

br omat ur o DGRt i Feeft K CrBRUAREetRUer0RR, bl S EREIRT
mal es and jf&iEthiRshea€ Mede sEPAGn Ald)sis) @ fla mint@oeP doweldikise gah & féron,

i nproper platel et aggregation, or inproper neutrophil function. |In another
pr ef er r ed ighidtingeancenmeatamgsind of Fornula |, or individual isomers,
racem ¢ or non-racem c mxtures of isonmers, or pharmaceutically acceptable

aceptor agon LoRHRERS Pl s BB e nERERC CHBETHE Hashal’ o 4% kdbedn, |

conpri si nGoadiiaih difletRflchfbamatdieachatited Wit ard AN ctedi HOR5Rg Hadl
associated with 16 June 2003 6 inproper blood flow, a therapeutically

ef f ecti ve antinhelingsterns¢ eevityne conpound of Formula |, or individua

i somers, racem c or non-racem c m xtures of isonmers, or pharmaceutically
acceptabl e salt ate eleqf r e N subj
ect has a cardil(é)l\a/lg%%:gﬂél\r{’ %i ggé’@és\??'a?}é%ﬂaéﬁ%@%ﬁ é%glge’eggé)gieggg%%{%gg? an

i schem a diesRAf Solilgiase PolPamenalinltefLAbecIBARS @iscloded d¥iinPhebAiligd
enbodi ment the subject has a cardi ovascul ar di sease state which is

per i pher althgrsyathesis and prepacation of directeddihranien against éripagioshigneat i on,
critical Iigb i schem a, thronbotic di sease, atherosclerosis,

t hr omboandi® BF¥6bl i t erans (Buerger's di sease), Raynaud's syndrone,
Takayashu's di sease, migratory superficial vein thronbophlebitis, acute
arterial occl ysll publieationspatehtE randipseas @ppliestiend sited arbpviwlether
angi opl asty, stroke, or recurrent nyocardial infarction. In another

pr ef er r ed sapadirisfig, are each hevebidinforpenated dyirefarence dn ¢heirgntiretyrer s,
racem c or non-racem c m xtures of isoners, or pharnmaceutically acceptable
salts or solvates thereof, is an I P receptor nodulator, particularly an |IP
receptor agonist. The invention further relates to a use of an effective
anount of a conpound according to any one of Clains 1 to 15 in the

manuf acture of a medi canent for treatnent of a disease state associ ated
with the IP receptor. The invention further relates to a use of an

ef fective amount of a conpound according to any one of Clains 1 to 15 in

t he manufacture of a nedi canent for the treatnent of a disease state
associated wth inproper wound healing, tissue necrosis, premature uterine
contraction, gastric ulceration, sexual dysfunction in males and fenal es,
severe nenstrual pain, inproper imunoregulation, inproper platelet
aggregation, inproper neutrophil function, peripheral arterial occlusive
di sease (PAOD), intermttent claudication, critical linb ischem a,
thronboti c di sease, atherosclerosis, thronboangiitis obliterans (Buerger's
di sease), Raynaud's syndronme, Takayshu's di sease, mgratory superficial
vein thronphlebitis, acute arterial occlusion, coronary artery disease,
restenosis followi ng angi opl asty, stroke, recurrent nyocardial infarction,

) e . S - .



Unl ess otherwi se stated, the followng terns used in this Application,

i ncluding the specification and clains, have the definitions given bel ow

It nust be 16 June 2003 6a noted that, as used in the speciygigat bgss and

t he appended clains, the singular forns "a,"” "an" and "the" include plural
referents unless the context clearly dictates otherwi se. "Al kyl" neans the
nonoval ent branched or unbranched saturated hydrocarbon radical, consisting
solely of carbon and hydrogen atons, hayi ng fromone to twelve carbon at ons
i ncl usi ve, unless otherw se indicated. ékanples of al kyl radicals include,
but are not limted to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert- butyl, pentyl, n-hexyl, octyl, dodecyl, and the I|iKke. 16
June 2003 7 " o branched sat ur at ed

hydr ocar bon rggh ggﬁg @??ﬁgggg?é ﬁ&%0£g§ Ehgad hydr ogen at ons, havi ng
fromone to eight carbon at ons |nclu5|ve unl ess ot herwi se i ndi cat ed.
Exanpl es of al kylene radicals include, but are not limted to, nethylene,

et hyl ene, trinethyl ene, propylene, tetranethyl ene, pentanethylene,

et hyl ethyl ene, and the Iike. "Al kenyl ene” nmeans the divalent |inear or
branched unsaturated hydrocarbon yadical, comdsaining at |east one double
bond and having fromtwo to eight carbon ato i ncl usive, unl ess ot herw se
i ndi cated. The al kenyl ene ﬁﬁgﬁF reludes the cig_oOgstraps ((E) or (2))

i soneric groups or mxtures thereof genera the asymetric carbons.
Exanpl es of al kenyl ene radicals include, b not limted to ethenyl ene,
2- propenyl ene, 1-propenyl ene, 2butenyl, 2-pe yl ene, and the liKke.

"Al koxy" means the radical -OR wherein i s al ky}* as defined herein.
Exanpl es of al koxy radicals include, b are not limted to, methoxy,

et hoxy, isopropoxy, butoxy, sec-butoxy, isobutoxy, and the like. "Aral kyl"
means the,ﬁﬁgyﬁﬁy R R'- wherein R is an aryl radical as defined herein,
and R' is an al kyl radical as defined herein. Exanples of aral kyl radicals
i ncl ude, but are not limted to benzyl, phenylethyl, 3-phenyl propyl, and
the |ike. "AryB"anteBhare h@c}nmdamhdantlwunc&aphlaccumemataﬂkylhyldyloaamlﬂxgh

radi cal consisting of one or nore fused rings in which at |east one ring is

aromatic in nature, \wWhich ¢ e s tituted with hydroxy,
cyano, |ower alkyl, 59\’éqar§fll?30t}))ahfﬂr B’éy‘ﬁ% Jﬁgflogen, hal oal kyl ,

hydr oxyal kyl , nitro al koxycar bonyl , am no, al kyl am no, di al kyl am no,
anmi nocar bony! , RaRPRY hedeaeh ﬂ@;j&%@hﬂwl each%cﬁ:ﬁf‘b@r&@‘lﬂ@ro?é}ﬂ/élkyl
trifluoronmethyl, unless otherw se indicated. Exanples of "ary adi cal s
i nclude, but are not limted to enyl na ht hyl , bi phenyl , indanyl,
ant hr aqui nol yl , and alkexy,jaaaino, h@%) derj8yE hiydroxyalkyl, nitro, aryl,

aralkyl, or heterocyclyl;

R’ is independently in each occurrence -COOR?® or tetrazolyl;
R’ is independently in each occurrence hydrogen or alkyl;
A is independently in each occurrence alkylene or alkenylene;
B is independently in each occurrence -O(CH,)_- or -(CH,) -;
m is independently in each occurrence an integer from 1 to 8 inclusive;
n is independently in each occurrence an integer from 0 to 8 inclusive;

or individual isomers, racemic or non-racemic mixtures of isomers, or

pharmaceutically acceptable salts or solvates thereof.



"Cycl oal kyl " nmeans the nonoval ent saturated carbocyclic radical consisting
of one or nore rings, which can optionally be substituted wi th hydroxy,
cyano, al kyl, al koxy, thioal kyl, hal ogen, hal oal kyl, hydroxy&b Kyhe 2603 r o,
al koxycar bonyl , am no, al kyl am no, di al kyl am no, am nocar bonyl ,

car bonyl am no, am nosul fonyl, sul fonylam no, andlor trifluoronethyl, unless
ot herwi se indicated. Exanples of cycloal kyl radicals include, but are not
limted to, cyclopropyl, cyclobutyl, 3-%ethylcyclobutyl, cyclopentyl,

cycl ohexyl, cycloheptyl, and the like. "Heteroaryl" nmeans the nonoval ent
aromati c carbocyclic radical having one or nore rings incorporating one,
two, or three heteroatons within the ring (chosen fromnitrogen, oxygen, or
sul fur) whi ciTisninogtion&hitthebecktbsto phamdavédticdl wdnmpogiticyacmmptieivgy

al kyl, | ower al koxy, _.thioal kyl, halo, haloalkyl, _ hydroxyal kyl, nitro,

al koxycarbbisrepeaieady eéfpwV%lwntcﬂfa%rcﬁ%sérﬁwowﬁ%af erpula I, or

car bonyl am,no,...am nosul f on sulfonylanino §Pd/orfLrifl?oronethyl, unl ess

| .. .
ot her wi sénldhvdflgg gg.me&alr'ﬁ)ﬁ}élergcgf I}%)élfearcgénrlwmr a%ﬁ?%aq $59I0¢ %(9_5, but are not
limted tygharhiddatRially. ac@é]lﬁtk%ﬂé/balt@)& asivayds tHdron e AmixethRAtH at
benzofuryl, pyridiyl, indolyl, pyrrolyl, pyranyl, naphtyridinyl, and the
| i ke. " Hdeestomye byitiblesamsier hdn rropiefatredtensladinsné dtlmapharmpetéwticaddi cal |
consisting of gne or nore rijngs, ., ncorporating one, two, or three
het er oat GHETRASHISRR TS SHEAPIe D5 SATIBRERFHOB t0 guﬁ"ft@“r“)t,th%%ﬁ éléﬁa%fpt i onal I y
be substi it R Tl Q%Fi lrkoy, I , thioal kyl,
hal o, hal%gf{%%’{{l 1%%r oxy%?ibyl ﬁﬁ)é%lﬂ'tﬁf?{)lJc a %ﬁl}faﬂreﬁgé]@ﬁﬁ%%u%g&al kyl am no,
di al kyl amparticudailn amaibesveptorcagdxdsy | am no, am nosul fonyl, sul fonyl am no
and/or trifluoromethyl, unless otherw se indicated. Exanpl es of
het erocyclic rgdicals include, bu%1are ngt limted to, nvtgholinyl
pi perazi nyl, pleerinyeniien fpythesiretatay to PharmassetierlyiomRIsiueRs sHisRBltol i nyl |

and the lg ke " " . i G , . or
Todo. 18" St 680 E M ool a0k o (itRRBe BERMY L e L AuBRRk

subst i t utefthtilBagiondesthpbend of Foremda 0 omidydevidakd oinéris) Mscaaticdafndied

herei n. Exanpl es of hal oal kyl radicals include, but are not limted to,

1, 2- di f | ueaceprio pyixtutespfdserhbrs, op rhaymacentitsllp ageanthble salts or solvates
2,2,2-trifl uoroet hyl .. 2, 2=trichloroethyl, and the like. "Hydroxyal kyl"
means al Ktereet g AN Bith dgBSt fic PharmARTh sl R rebKAaTRNE o oups.
Exanpl es of hydroxyal kyl radicals include, but are not limted to,

hydr oxymet hyl Thid-iaveheisi €hitter rdtdigs toxyethofy bf tréabydhexyRipRiihg

2- hydroxybutyl , 3-hydroxybutyl, 4-hydroxybutyl, 2,3-di hydro_xyﬁrop |,

1( hydr oxyadministering yel acappedtyh nepddfgunk drentpantya thearapenticg V@féb’m’yl :
and 2- (hydr ox h - 3- hydr oxypr op and the like.."|lsoner" neans.

11 or ot eBBb Gh Ak 19ask onf g0 B R orRBlad Pr et B0l dRRFRYC i n ¢ ne
hat ure orof Réh-$EEIBNCHAIRurbOBelidthark, ssharRhedRiN]Y AcddpaRerangeyent of
their atonms 1 n space. Isonmers that differ in the arrangeirent of their atons
i n space soeatesrtiretedfs tlareepreferredgmb@lisradi thersmrhgedthatneedeofrsuchor i nages
of each ot her an o&tic l{r?/ %Stive %e terrteag rengntioners”, an

st er eoi sOTEREMERLFULEES 1 FAIGEC| {5eassgriabel WAL BT ORGTeV PR e d

" di ast er eQl AHPFssue tdorb Gk, 1?1% ure TR ﬁe%oﬁ%@i‘éﬂdg% e QREr&bs al

center. It has’two enantioneric forms of opposite chirality and may exi st
ei t her assexmal dysfurchizn enaalesoard fanaks, sevarg temstotiakbpait, inproper A

m xt ure cont ai ni ng equal ,anmounts of .individual enantioneric for % of

opposi t e ERMROresuladions improRer RlatYlRt asEresation: or CHREeReRReWPRLHor e t han

one chir er I i r i ndi Vi k K as a
it ure omarany dr okttt il heaRleh P LM Bbu A R FEFERET, B 2
chiral cepidvidusl psaeR, racemicaamseaeimitaniiarehaf Roheirszed by the
absolute configuration (Ror S) of that _chiral center. Absolute

conf i gur aPhampesuticalloa¢deptakle salfermsraolyates phereobfistanel B ueeaptenient s
attached %10 'glg% g;hi r&L ucigrtear.H}'he S bstituents attached to the chiral
center un é’g NS AT ohY & e r ARKEEECY ASYLEGr dance with the Sequence Rul e

of Cahn, Ingold and Prelog (Calmet czl., Angew. Chem Inter. Edit. 1966,
16 June 2003 TRisHinvaBbiondurtier feldtes ahtRettiodslof tredtgfitt OREHRisih@66, 78,
413; Cahn and Ingold J. Chem Soc. (London) 1951, 612; Cahn et al.,

Exper i ent #éminigbegring 2o agsubjedtiniferingfrom Edliscasegate agsociateyl witlceonet ri c

| somer” neans the diastereonmers that owe their existence to hindered
rotation about doubl e bonds. These configurations are differentiated in
their nanes by the prefixes cis- and trons-, or Z and E, which indicate
that the groups are on the sanme or opposite side of the double bond in the
nol ecul e according to the Cahn-1ngol d-Prel og rules.



"Atropic isonmer” nmeans the isomers owing their existence to restricted
rotati on caused by hindrance of rotation of |arge groups about a central
bond. "Leaving group” neans the group with the neani ng convensijopakbys
associated with it in synthetic organic chem stry, i.e., an atom or group
di spl aceabl e under al kyl ating conditionsg Exanples of a |eaving group
include, but are not limted to, halogen, alkane- or arylenesulfonyl oxy,
such as net hamgrepérfidogd Bowy, a therapeivally effedtveymonht afiwt idagl gne compound of
benzenesul f opyl o t osyl.gxy,. and thi enyl oxy, di hal ophosphjnoyl oxy,

opt i onal Iy SEEEYIE b aebiadisamers.iratsipit oy e jRoomiG MERRYES SHEONAS. 01 ke,
"Protective ghoHRceicallPAREREbIE RIS AR atdd Merbdie hﬁ'ﬁ?%f&ﬂecﬁ&ﬁ‘lﬂf&fﬁhb&[‘%! y
associated wth it 1n synthetic organic chemstry, i. e. , a group ich
sel ecti vel y bibpest baomeardioaascillae distase state, a hypértankiva diseaseatate, anpsohemiias uc h
that a chem gal reaction cap,be carried out selectjvely.at ot her

unpr ot ect i ng%S%%E lsFa\Fe o5 f@gp@éw%?tﬁ{epﬁg@&cgggreg?rrqcﬂﬁngb({dlwgﬁtaﬂijwbgeg y upon
the protecti Bg DERUBFastRlaPHiEdse ERROVAIKE isPeriPEraPARI] PERSIY dibdasé he

reactants. Acceptable protective groups for al coholic or phenolic hydroxyl
groups, whi cPARD).Hatermittsnieclausiiationsiritisal limb dschemisg thrembetiq dis¢aseles gr oups

Gt hers, - net cPBEpbR S ARpESDal s QGAR (BsrelP Sloenfh ebans g

l'i ke. Prot ecThkiash’ Hdiceuksé, 16l geht6ry REpdritiaLvei it ymbapllelitis, Ab@te attatidlar to
t hose described fox hydroxyl groups, preferably tent-butyl, benzyl, or

met hyl est er gcclusions coippary 2pigry diseaspapstenosistipieiving angignlesty: gtokerdf” is the
process by j G 1yl Ve ug, | . I i action
< compl of ed teiiieft IRERAAG EAER B dbuler BRBRL A aihbl, BE BhbbIR ET0. 70
t hei r convenFemada Qror irelivitinal dsonses s radentie bpuai-racBajpy ixewes oflisoageor s

protected hydroxyl or carboxyl groups jnclude potassjum or sodi ym
car bonat es, &Wﬁﬁﬂt‘ﬁy&wwtg@egﬂ“&ﬁ%hﬁfeﬁ « fu‘tsiaBEE ,recfP'i‘?EmoﬁuﬁE{rhanol ,
acetic acid, pirfibdlhEPBEREESoPSPotlist.Pal | adi um catal ysts, or boron

tribromde, and the |ike. "Optional" or "optionally" nmeans that the
subsequent |y descTheugeatiamfurther relatasiiors uagofameffechive ameant of atcompound and

oceurs and 1 RPEIRER 4 SR BERpRa30dS T e p R P R lafieh ™ ot

nmeans that tfreatiiencbfimdiscate ity afkiaksd Witle#RITP receptdrt hat the description
i ncl udes single, double, or triple bonds. "Inert organic saolvent” or "inert

sol vent" neans a $b¢ iveationfarther relatas to pase ohal effestixe amopmofasamppwif bei ng

described in i; t] it h,. hae [ :

ol uene. - acet a0 inb B LR 110 155 UE Pk E K AR CaRBRARD RS o1
met hyl ene chtreatindst afra diseakd siate astohmieel, with oiypropaerdadaiealing tisge rettosis, et hyl
acetate, acetone, nethyl ethyl|. ketone, nethanol, efhanol, propanol,

" sopr opanol  PRAEHeEAE PSR tst e ie eER e, Serhel bRBRPHdeL B AP

speci fi ed t ofehfafesC@ReFeAhdNstriiNG s iMBRper iSBEndrBgiltton] fASop&Platefet t he
present invention are inert solvents. "Pharnaceuti cal | y acceptabl e" neans

t hat whi ch i 2sgesation, imprones peutiophildupttionnparplierat arterind ppdudive digeaspat i s

generally s n- | . N8 . i ' y h i.Se

undesi r abl eag%‘cp ]?ﬁé?%%égtg?thcgwl | 81&,%?@10?012%%?& gﬁ%iaf tc%’?&@é Eecr(?l%\é:i%‘lrS?i as well as

human phaLmhtmk@a‘?siF,SmoﬁﬂﬁaﬁgiMémﬁd (Buenece Idtsailﬂde)% Ragnaudes é'ynﬂﬁﬁiieih a

carrier that_is useful in preparing phar.maceuti cal , conpositjon that is

general |y coﬂﬂ%ﬂm%gqua mwtwwepeflﬁ@i ¥eindomphiebitiseaciig@ddial i on, not

del et eri ous L i [ L . r WS

undesi rabl e, 6%%1&5 mFlr’] E‘?ﬁh&%‘g&?’aﬂﬁ%g} ?%%%?EIS gbl%vgigg ?ﬁé}lgm% %8”3“{%;(&% t
myocardial infarction, pulmonary hypertension, ocular hypertension, tinnitus

associated with hypertension, ischemia associated with an allograft transplantation,
renal failure, improper diuresis, improper natriuresis, or improper kaliuresis.
Unless otherwise stated, the following terms used in this Application,

including the specification and claims, have the definitions given below. It must be



acceptabl e for veterinary use or human pharnmaceutical use. "A

phar maceutically acceptable carrier” as used in the specification and
clainms includes both one and nore than one such carrier. "Phagnageptozal |y
acceptabl e salt"” of a conpound neans a salt that is pharnaceutically
accept abl e and that possesses the desirgd phar macol ogi cal activity of the
parent conpound. Such salts, for exanple, include: ( 1)acid addition salts,
formed with noted dfeatias vaed imisthe spebifreatidry atidothe kppendediclaiins, heckingularfornsci d,

sul furic aC|g,”Q|Lr i r|c acid, and the |ike, or formed with
organi ¢ aci ds®»sul¥h aﬂé a}fet“i“%‘g)‘gdﬁﬁ‘ Isfpnts Hnlesshe gontgecleralydiciates

cycl opent anepg@Riefi ¢ acid, glycolic acid, pyruvic acid, lactic acid

mal oni ¢ aci d, succlnic aC|d mal i ¢ aci d, mal ef i ¢ aci d, fumari c aci d,
tartaric aci d ci t'Alkyl"aneahs tﬂxmmm\calmbmnc]&d(o&mytbnobﬂﬁmamuydl) benzoi ¢ aci d,
ci nnam c aci mandel i |d net h i d, ethanesul fonjc acid,

1, 2- et hanedi gmr’f)?fﬁ on tadical, C%W&SS%E&%&%@ %Mgregwtamsbw QW foni ¢
aci d, 2-napt bad enesielcafion affthdinclusive, unless otherwise i Jldlcated Examtples of alkgd

4- nethylblcyclo [2.2.2] oct - 2-ene- 1-car boxyl i c aci | ucoheptonic a

4, 4' - met hyl eredixats-ipGudg; dubdarg ndt bmdedtocatelﬂq&wtlnsd, Ilmpld) isogropyilebytiyhr opi oni ¢

aC|d trimeth tic |ar | .ac ur sul furic

aci d, gIuconf%LQ%Faa}@ﬁﬁtgﬁfﬁﬁﬁt h93P §%¥ﬁﬂ§ Péﬁégmléﬁtlcylic aci d,
stearic acid, nuconic acid, and the i ke; (2)sa|ts formed when an acidic
proton present in the parent conpound either is replaced by a netal ion,
e.g., an alkali nmetal ion, an alkaline earth ion, or an alum numion; or
coordi nates with an organi c base. Acceptabl e organic bases include

et hanol am ne, di et hanol am ne, triethanol am ne, tronetham ne,

N- net hyl - gl ucam ne, and the |ike. Acceptabl e inorganic bases include

al um num hydr oxi de, cal ci um hydr oxi de, potassi um hydr oxi de, sodi um
carbonat e, sodi um hydroxi de, and the like. It should be understood that a
reference to a pharmaceutically acceptable salt includes the sol vent
addition forns or crystal forns thereof, particularly 16 June 2003 13
sol vates or pol ynorphs. Sol vates contain either stoichionetric or
nonst oi chi onetric amounts of a solvent, and are often forned during the
process of crystallization. Hydrates are forned when the solvent is water,
or al cohol ates are fornmed when the solvent is al cohol. Polynorphs include
the different crystal packing arrangenents of the sane el enenta
conposition of a conpound. Polynorphs usually have different X-ray
diffraction patterns, infrared spectra, nelting points, density, hardness,
crystal shape, optical and electrical properties, stability, and
solubility. Various factors such as the recrystallization solvent, rate of
crystallization, and storage tenperature may cause a single crystal formto
dom nate. "Subject"” neans mammal s and non-manmal s. Exanpl es of manmal s

i nclude, but are not limted to, any nmenber of the Manmalia class: humans,
non- human pri mates such as chi npanzees and ot her apes and nonkey speci es;
farm ani mal s such as cattle, horses, sheep, goats, sw ne; domestic aninmals
such as rabbits, dogs and cats; |aboratory aninmals including rodents, such
as rats, mce; and guinea pigs, and the |like. Exanples of non-nmammal s

i nclude, but are not limted to birds, and the |like. The term does not
denote a particular age or sex. "Treating" or "treatnent" of a disease
state includes: (1) preventing the disorder, i.e., causing the clinical
synptons of the disease state not to develop in a subject that may be
exposed to or predisposed to the disease state, but does not yet experience
or display synptons of the disease state, (2) inhibiting the disease state,
i.e., arresting the devel opnment of the disease state or its clinica
synptons, or (3) relieving the disease state, i.e., causing tenporary or
per manent regression of the disease state or its clinical synptons.

"Di sease state" neans any di sease, condition, synptom or indication.



16 June 2003 14 "Therapeutically effective anount” neans the anount of a
conpound that, when adm nistered to a subject for treating a di sease state,
is sufficient to effect such treatnent for the disease state.gTRe 2003
"therapeutically effective amount”™ will vary dependi ng on the compound, the
di sease state being treated, the severity of the disease treated, the age
and rel ative health of the subject, th& route and form of adm nistration,

t he judgenent of the attendi ng nmedical practitioner, and other factors.
"Modul at or” neans a nol ecul e such as a conpound that interacts with a
target. The interactions include, but are not limted to, agonist,

ant agoni st, &hlkyldree”Imbans tise dbfal eretdliheareombravided sttiratedisydrocatbenul e
such as a conpound, a drug, an enzyme _actjvator or hor mone t hat enhances
the acti W@Vggfcoéﬁ’éﬁlﬁ’grsoxgb’ég&%b% apd hgdregen atems; hayingdrmaionet9ans a

nmol ecul e _sych a . , t nhi bi hor none,
that dint (ihcgg o) ag&gggﬁ@gs}vﬁéﬁ%g%séﬁﬂgﬁpg%g? F]l!tiaérm’rer&tgl tgfé!l;afm (%)? %t; ecept or

site. "PhgtyTesekadica® invld®s but @6 painsiRed ebf ethylehedstsdend) t he subj ect
that achieve the intended purpose of a therapy. In a preferred enbodi ment a

phar macoltrigiethiylesfet propylenesettamethsaens menshmetbylsnee ethileiwdenefanstich
treat men& or exanpl e, a pharmacol ogi cal effect would be one that results
inthe p B¢ fon, alleviation or reduction of a disease state associ ated
wi th inproper blood flow, inproper wound healing, tissue necrosis,

premat ure ut gfi,ne_cont,racti o astric.ulceration exual. dysf.unction in
mal es and ferfé'p%egl,ﬁ?m S0P ARY @?16 g)fvag%r\l/tgllnée%% ;mqhegiagrhs,atg}*é' N roper

neut r ophihlydtocerbonradical,ccontiiingng ait heasdevheodowshle hondestdrbavingl fnom tavmt her
preferre j | ogh cal : h t iyation of
the IPr g%%%ﬁég Eflﬁé'ﬁ 3&@‘8@_?@@@3&%’ t%%q%%e%tg%_gﬁﬁec{g@%? {i't qlthr? atamg usogrlt}el(&al}:ét havi ng
a di seaseadical includes tha &@sioy fraves d&nioni(4rigemenRicHEToRRS [op TRisBpRshereof

modul at OlgenbfhtRardy fHd Ayndetc CEASIHOERUAPIEY of alkéfylbheeaddds i s The

nam n nd .n rin f th n f th nven n ar I r
bglmowg %agcluﬁgf)‘te)ué a1ge got flmgte%otrgp gtlllleggrle%e,tZ-IIJrSc)plen\}/fferEel, -pr%p%nlyfen%,sb- ated

butenyl, 2-pentenylene, and the like.
“Alkoxy” means the radical -OR wherein R is alkyl as defined herein.
Examples of alkoxy radicals include, but are not limited to, methoxy, ethoxy,

isopropoxy, butoxy, sec-butoxy, isobutoxy, and the like.

“Aralkyl” means the radical R’'R”- wherein R’ is an aryl radical as defined
herein, and R” is an alkyl radical as defined herein. Examples of aralkyl
radicals include, but are not limited to benzyl, phenylethyl, 3-phenylpropyl,
and the like.

“Aryl” means the monovalent monocyclic aromatic hydrocarbon radical
consisting of one or more fused rings in which at least one ring is aromatic in
nature, which can optionally be substituted with hydroxy, cyano, lower alkyl,
lower alkoxy, thioalkyl, halogen, haloalkyl, hydroxyalkyl, nitro,
alkoxycarbonyl, amino, alkylamino, dialkylamino, aminocarbonyl,
carbonylamino, aminosulfonyl, sulfonylamino, and/or trifluoromethyl, unless
otherwise indicated. Examples of aryl radicals include, but are not limited to,

phenyl, naphthyl, biphenyl, indanyl, anthraquinolyl, and the like.



12 ~~--A2BRERRN/ t 34~ R4 1 5 1n general, the nomenclature used in
this application is based on AutoNom a Beilstein Institute conputerized
system for the generation of | UPAC systemati c nonmencl ature. HOWRES003
because a strict adherence to these recommendati ons would result in the
nanmes changi ng substantially when only a single aubstituent is changed,
conpounds have been naned in a 1o formghat maintains consistency of
nonencl ature for the basic structure of” the nolecule. For exanple, a
compound of Formula | wherein R and Ra are each phenyl, RO is nmethyl, R
I's hydrogen, R6 is -COOH, Ais nethylene, Bis O CH2)~, and mis 1, is

d (3- d“ ) . t d.
For exanpl ¢ SIERAERD BRI RO IEL Pk Sapitalid IUARIEARAQREE P S0 T r
and R  ar@nsaéih rieg@xnmoE?@ rirfgs; @B cdn |o§t1l@h@ll9rbé| ﬁft%futﬁtédsmt(}ﬁ‘la) n, and
nis 2, is nane Ei(}ﬂ( bnzyl pﬁenyl car banoyl oxy) propenyl ] phenyl } propi oni c

acid. 20 hydrexgzwmma 6aldﬂrmmgthlhellqy&rﬁnalygeiﬁ kalopbudsydrio lehkkydr esent
I nvention irro a:ljli;rt h in t]a,{e] Surmarlk f I he lam/( t i on, cert compounds of
For mul a 0L 3HKQYERFROPNinBFERG, alkY larapd, iengiog vy in each
occur r encg B fI8hARbY affi¥bsifonyl, sulfonylamlno, and/or trlﬂuoromethyl, unless
otherwise indicated. Examples of cycloalkyl radicals include, but are not
limited to, cyclopropyl, cyclobutyl, 3-ethylcyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and the like.

“Heteroaryl” means the monovalent aromatic carbocyclic radical having
one or more rings incorporating one, two, or three heteroatoms within the ring
(chosen from nitrogen, oxygen, or sulfur) which can optionally be substituted
with hydroxy, cyano, lower alkyl, lower alkoxy, thioalkyl, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, dialkylamino,
aminocarbonyl, carbonylamino, aminosulfonyl, sulfonylamino and/or
trifluoromethyl, unless otherwise indicated. Examples of heteroaryl radicals
include, but are not limited to, imidazolyl, oxazolyl, pyrazinyl, thiophenyl,
quinolyl, benzofuryl, pyridiyl, indolyl, pyrrolyl, pyranyl, naphtyridinyl, and the
like.

"Heterocyclyl" means the monovalent saturated carbocyclic radical,
consisting of one or more rings, incorporating one, two, or three heteroatoms
(chosen from nitrogen, oxygen or sulfur), which can optionally be substituted
with hydroxy, cyano, lower alkyl, lower alkoxy, thioalkyl, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, dialkylamino,
aminocarbonyl, carbonylamino, aminosulfonyl, sulfonylamino and/or
trifluoromethyl, unless otherwise indicated. Examples of heterocyclic radicals
include, but are not limited to, morpholinyl, piperazinyl, piperidinyl,

pyrrolidinyl, tetrahydropyranyl, thiomorpholinyl, and the like.

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



aral kyl, nore preferably phenyl or benzyl, nost preferably phenyl; R3 and
R are each independently in each occurrence preferably hydrogen, alkyl,
aryl, aral kyl, or hal ogen, nore preferably hydrogen, methyl, 163Ungl2008
propyl, isopropyl, butyl, phenyl, benzyl, bromo, or chloro, nost preferably
hydrogen or nethyl; R5 is independently in each occurrence preferably
-COORS; Rs is independently in each occurrence preferably hydrogen or

al kyl, nore preferably hydrogen; A is i‘hdependently in each occurrence
preferably al kyl ene or al kenyl ene; B is independently in each occurrence
preferably -Q(CH2)m; mis independently in each occurrence preferably an

integer 1 to ph,i,nclusjive. n is.ind ndently in_each currence preferably
an integer 0 %lgahﬁ'ilwﬂ}@.ah?ﬁ ?ssg%eh‘?féfgﬁ%ﬂ Sﬁlﬂfﬁﬁ%ﬁ'ﬁgﬁﬁr@%wg&%‘omounds
of For mil Gith QlSG hdde WAk deiCatoBATRL Bcffhed AIPANNABx ShpIQ! M AckHeyI N
particular the cis and tranhs |Isoners, or ISoners, racgmc or non-racemc
m xt ur es efdiedsirclade pbuphey neickuiitalndd, 1, 2difepirabrepralliZdivhlaobyasyds
thereof. 16 June_ 2003 17 Exenplary particularly preferred_conpounds

i ncl ude t IETReIoRRRIRY % 32pataR oG o did-ATichlcspe i enddhe Honer o,

racem c or non-racem c m xtures of
“Hydroxyalkyl” means alkyl as defined herein, substituted with one or

more hydroxy groups. Examples of hydroxyalkyl radicals include, but are not
limited to, hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl,
2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 1-
(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl, and
2-(hydroxymethyl)-3-hydroxypropyl, and the like.

"Isomer" means different compounds that have the same molecular formula,
but differ in the nature or the sequence of bonding of their atoms or in the
arrangement of their atoms in space. Isomers that differ in the arrangement
of their atoms in space are termed "stereoisomers". Stereoisomers that are
mirror images of each other and optically active are termed "enantiomers",
and stereoisomers that are not mirror images of one another are termed
"diastereoisomers".

“Chiral isomer" means a compound with one chiral center. It has two
enantiomeric forms of opposite chirality and may exist either as an individual
enantiomer or as a mixture of enantiomers. A mixture containing equal
amounts of individual enantiomeric forms of opposite chirality is termed a
"racemic mixture". Compounds with more than one chiral center may exist as
either an individual diastereomer or as a mixture of diastereomers, termed a
"diastereomeric mixture". When one chiral center is present, a stereoisomer
may be characterized by the absolute configuration (R or S) of that chiral
center. Absolute configuration refers to the arrangement in space of the
substituents attached to the chiral center. The substituents attached to the
chiral center under consideration are ranked in accordance with the Sequence

Rule of Cahn, Ingold and Prelog (Cahn et al., Angew. Chem. Inter. Edit. 1966,



I somers, or pharmaceutically acceptable salts or solvates thereof: O CH3 0

\' ~~\V ONO~ OH\ / {3-[di phenyl carbanoyl oxy) net hyl ] - 2- et hyl phenoxy}
acetic acidy OO\ ~~\ ONO~ ~ O™ 16 June 2003
[ 3- (3-di phenyl car bamoyl oxypr opyl ) phenyl] acetic acid; OO0 / \ OH N

ci s-[ 3-(3-di phenyl car banoyl oxypr openyl ) phenoxy] acetic acid; 16 June 2003
18 O/ | O~ ~ ~ OH N cis-3-[3-(3-di pheh§l car banoyl ogypr openyl ) phenyl ]
propionic acid; OOI ~/ ~~ OOCHN
ci s-[ 3-(4-di phenyl car banoyl ogybut - 1- enyl ) phenoxy] acetic acid; CH3 OO/ ~
O OH N ci s-[ 3-(3-di phenyl car banoyl oxypr openyl ) - 2- net hyl phenoRy] acetic
aci d; 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).

"Geometric Isomer" means the diastereomers that owe their existence to

i 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.

"Atropic isomer" means the isomers owing their existence to restricted rotation
caused by hindrance of rotation of large groups about a central bond.

"Leaving group" means the group with the meaning conventionally
associated with it in synthetic organic chemistry, i.e., an atom or group
displaceable under alkylating conditions. Examples of a leaving group include,
but are not limited to, halogen, alkane- or arylenesulfonyloxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzenesulfonyloxy,
tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted
benzyloxy, isopropyloxy, acyloxy, and the like.

“Protective group” or “protecting group” has the meaning conventionally
associated with it in synthetic organic chemistry, i.e., a 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.
Certain processes of this invention rely upon the protecting 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, haloalkyl carbonates,
benzyl ethers, alkylsilyl ethers, heterocyclyl ethers, and methyl or other alkyl
ethers, and the like. Protective or blocking groups for carboxyl groups are
similar to those described for hydroxyl groups, preferably tert-butyl, benzyl, or

methyl esters.



16 June 2003 19 0 O\ O/ OH\I ~/ N

cts-~3-[ 3- (benzyl phenyl car banoyl oxypr openyl ) phenoxy] acetic acid, OONOv
~ OH\ / trans-[3-(3-di phenyl car banoyl oxypr openyl ) phenoxy} acqs Juhed®iod; and
OCH3 O/ ~0O/ \ NOv ( OH\ [/

trans-[ 3- (3-di phenyl car banoyl oxypropen%III ) - 2- net hyl phenoxy} acetic acid. A
group of preferred conpounds of fornmuld 1 conprises those, wherein Ais

al kylene, Bis -QCH2)m, and mis an integer from1l to 5 inclusive.

Li kewi se preferred conpounds are those in which Ais alkylene, Bis

-(CHZ) n-, and-n i n_integer from0,t0.5 inclusive, .Preferred.conpounds of
formula | co ?P’é"i‘%&%é’é | pﬁ?’utie& ng }Ssthfl I?fé)ﬁfl?sefﬁ%%}ﬁcbga 5’%{%%??6~, -, and m
i's an inyeges if Fafdbded Bfter tHE LelSEN e reactB BN EL0CEH IR S fficEive
preferred conpounds are those, wherein A is al kenylene, B

groups may be preferred over others due to their convenience or relative ease

of removal. Deprotecting reagents protected hydroxyl or carboxyl groups

include potassium or sodium carbonates, lithium hydroxyide in alcoholic

solutions, zinc in methanol, acetic acid, trifluoroacetic acid, palladium

catalysts, or boron tribromide, and the like.

"Optional" or "optionally" means that the subsequently described event or
circumstance may but need not occur, and that the description includes
instances where the event or circumstance occurs and instances in which it
does not. For example, “optional bond” means that the bond may or may not

be present, and that the description includes single, double, or triple bonds.

“Inert organic solvent” or “inert solvent” means a solvent inert under the
conditions of the reaction being described in conjunction therewith, including
for example, benzene, toluene, acetonitrile, tetrahydrofuran,
N,N-dimethylformamide, chloroform, methylene chloride or dichloromethane,
dichloroethane, diethyl ether, ethyl acetate, acetone, methyl ethyl ketone,
methanol, ethanol, propanol, isopropanol, tert-butanol, dioxane, pyridine, and
the like. Unless specified to the contrary, the solvents used in the reactions of

the present invention are inert solvents.

"Pharmaceutically acceptable" means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic, and neither
biologically nor otherwise undesirable and includes that which is acceptable
for veterinary as well as human pharmaceutical use.

"Pharmaceutically acceptable carrier" means a carrier that is useful in
preparing a pharmaceutical composition that is generally compatible with the

other ingredients of the composition, not deleterious to the recipient, and

neither biologically nor otherwise undesirable, and includes a carrier that is



Is -(CH2)~-, and nis an integer fromO to 5 inclusive. Particularly
preferred conpounds are the foll ow ng:

[ 3-[ di phenyl car banmoyl oxy) et hyl ] - 2- net hyl phenoxy} acetic acifh June 2003

[ 3- (3-di phenyl car banmoyl oxypropyl ) phenyl] acetic acid; or an individual

| somer, a racemc or non-racemc m xture of isonmers, or a pharmaceutically
acceptable salt or solvate thereof. A flirther group of especially preferred
conmpounds of formula |I conprises the foll ow ng:

ci s-{3-[ 3-(benzyl phenyl car banoyl oxypr openyl ) phenoxy] acetic acid;

ci s-[ 3-(3-di phenyl car banoyl oxypr openyl ) phenoxy] acetic acid;

Ci s- [ 3- (4acdeptabiy faravdtanmalrpxagh wir-Hireay Iphpiraraeeyticacetse.c'Aci d;

ci s-[3-(3-di phenyl car banoyl oxypr openyl ) - 2- net hyl phengxy] . acetic aci d,
traps- [ 3-1(@@%%%@&%%&?{%&9@6% AP r}ﬁ?@ Spgeé{qaél%@@ cl&lms _
traps-| 3.'i§11§j RN HRT RARY AN RA FRE Wl i8E NY| phenoxy} ‘acetic acid; or
an indi vi'dGal  TsOoner, ca racem c or non-racem ¢ m xture of isoners, or a
pharmaceutically acceptable salt or solvate thereof. Al so particularly

preferred are'PRhagniate(18icdllphessptadldedioybx Yomponadrhemhenish]t thiagps oni c
acid or an individual isonmer, a racemc or non racemc_m xture of isoners,
or a pharpharesacesdicallyaceeptadie anddhat possassonthe desiredpharmagolggital 2003

activity of the parent compound. Such salts, for example, include:

(1)acid addition salts, formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like;
or formed with organic acids such as acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxy-ethanesulfonic acid, benzenesulfonic acid, 2-napthalenesulfonic
acid, 4-methylbicyclo-[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid,
4,4’ -methylenebis-(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic
acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic

acid, and the like;

(2)salts formed when an acidic 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 base. Acceptable
organic bases include ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methyl-glucamine, and the like. Acceptable inorganic bases
include aluminum hydroxide, calcium hydroxide, potassium hydroxide, sodium

carbonate, sodium hydroxide, and the like.

It should be understood that a reference to a pharmaceutically acceptable salt
includes the solvent addition forms or crystal forms thereof, particularly



21 Also preferred is a process for the manufacture of a conpound according
to formula I, which process conprises reacting a conpound of one of the
followng formula R3 Hp-alkylen / B-R5 R4 or R3 HOCHZ al kenylnuneBof® Ra
wi th a conpound according to formula 5 O R-R2N~-X 5 wherein Rl, R2, , ,
R5, R6, A, B, mand n have the significance given in Claim1l and X neans
hal ogen. The present invention al so i néBudes a phar maceuti cal conposition
conprising a therapeutically effective anount of at |east one conpound
according to formula I in adm xture with at |east one suitable carrier.

Al so object of the invention are pharmaceutical conposition as mentioned
bef ore, vitdyaties oatpolmasrphmeSelyatessmntam eishen stoichiomedtictoanion-f or

adm ni st rab{ dforhtrdc SHRIEEE 0P3\doRE R, Hhe 826 BfiehHoPrmicldurisg 8hé pYdRE @ DY
treatment with _an.lP receptor nodul ator 6 June 2003 22" A further object

of the i nFentaliratiempiixiatesara fosmed when the salyeat is sratar.orialeholaips

product i ogreoforfiediwhemthe s6ReRE ishkghanyPalRendrphihacidespberdiffesdntf ornul a 1.

Al so an obje resent i.nvention is,the und of fornula

t of.th f a.
| Tor t neTTBPERIBREIYE BIARBRTITHE A S5 BRE LPME IR, EPRSHFOR e 2conpounds. of
forml a |ecdmpourite Pobahompits wsuadlydhseaddfestat X-mspdiffractidnwatternspr oper

wound h.eailnifpaq“edtsﬁﬁtg% Pr?e%i?x | Sindy %ﬁ.&iﬂd&,%z# reisQecrggpilrs%%&Jie? ti&flsér{. c
ul ceration, Ssexu ysTuUnctPon [ n° males ’and 1 enal s, severe’ nenstrual pain,
i mpr oper élevininad pyoperntiesn stabibityoperd golabiditst Vaydewytactens, sush ashreoper

neut r ophi fec?%é'fﬁiliﬂ%ioﬁ%&l’e‘éﬁﬂ%ﬁgf &55tAlizhhen PASS %Eﬁfa?g"cﬁig&#e‘?&tdr% hi§ use

of a conpound 1 n accor anlc]§ W any one of ai ns or the
product i ofRUse eigetematal losmta deminatRy one of the conpounds of formula |
for the treatpent of a disease state associated with peripheral arterial
occl usi ve di séadieqtbamEns marunals aehpostmagieals. ohxamples efanammapls

i schem a, ..t hr otic diseas t heroscl ef osi t-hr . onboangi,iti s 0obliterans
(Buer ger e u Tk e Bl 13ea W00 BrbQZH Eonc A ARARATILL ions o1 §
super fi ci gbn-Heintart PERARRRNMRAI4d &indfenzRe@bhaldtRbr ApES HBHARonKSF ONary
artery disease, restenosis follow ng angiopl asty, stroke, recurrent

myocar di aspdcigsafarmn emimalds sectany cattbes ttorses, sheepcgedtay sWinse dosrestion,
tinnitus assocjated with hypertension, iischem a assocjate ith an

bl 1 ogr ar t ARRERS A AR TS Ghes andichks dDTPEp aRTaR s meradth da e,
nat ri uresisoh 98 rA{IPHARE ardBEhiHBShigs, Aihdk eMb HikeO BB oftl}R-1 jon are
corrpoundsé%cf ?%?é?rﬂug?a I ’\Azllnenkhmi;{{r16(3115‘1!;)11 ?’u%&dﬂzg%:cosdi ng tg thoe des%lr%;{lglglrgﬁo

pr ocessesinclude, but are not limited to birds, and the like. The term does not denote a

particular age or sex.
"Treating" or "treatment" of a disease state includes:

(1) preventing the disorder, i.e., causing the clinical symptoms of the disease
state not to develop in a subject that may be exposed to or predisposed to the
disease state, but does not yet experience or display symptoms of the disease

state,

(2) inhibiting the disease state, i.e., arresting the development of the disease

state or its clinical symptoms, or

(3) relieving the disease state, i.e., causing temporary or permanent

regression of the disease state or its clinical symptoms.

“Disease state” means any disease, condition, symptom, or indication.



The present invention also includes a nethod for treatnent of a disease
stated associated with the IP receptor, which nethod conprises

adm ni stering an effective anount of a conpound accordi ng to459Q(Adbao] -

16 June 2003 23 The invention also relates to a nethod for the treatnent of
a di sease state associated with inproper wound healing, tissue necrosis,
premature uterine contraction, gastric M ceration, sexual dysfunction in
mal es and feral es, severe nenstrual pain, inproper immunoregul ation,

i nproper platel et aggregation, inproper neutrophil function, peripheral
arterial occlusive diseaseségvmx», intermttent claudication, critical linb
i scheni a, t hr GhibenaipeuticeHaeffectivh amemite mears theameysindiai corepanid t er ans

B ' di Ray ' d T hu' di L.Qr.
Comer P76 Dd, SR pmpiharede d E0RelRr dEsare 3 tatade G882 3e sIHEEHC"Y
artery di $£afget HRH SBREhENT Rr! P 18 ARAULIR aThY "t18draPERtichRE WHeBile

myocardi al infarction, pulnonary hypertension, occul ar hypertension,
tinnitus assaoitital waryldepepdingos the coinpohad] thadseasatstatekieing an

al lograft transplantation, .renal failure, .inproper di sis, i.nproper

nat ri ur esteeates, § BEILY f Fhe fisgnse tigated, % a’&‘gﬁ%{%&v@}%%ﬁ?&%ri ng
an effective: 2 I t ) ject of
the. proseRiiiayaeete EndTBRETRRFRLGH AT, the fidBehibrt of AhP Rt Pihditk

adm ni st r atddiealt praatisiobjeeCind othyri factigsa t herapeutical ly effective anount
of at |east one compound of formula | in adm xture with at |east one

phar maceutically acceptable carrier, A further object of the present

& ]

i nvention is vlaar omeans & motcu fpeh 85 BcompRUR G that ingerasta watlbpect i n
need of such_ treatnen . t her apeut { cal | .ect | : f .east one
conpound ?rgfe%'r ﬁﬁheamlt%r cﬁ?élvsviuslgluglﬁ’ h%?glé‘%/nﬁ L Iéé%?%%@ﬁ %Ith\glrelFl Ocr)lﬁ&l’s t he
above net hgd,thehai€iar ddfimeslidreed. suffers froma di sease state associ ated
wi th inproper wound healing, tissue necrosis, premature uterine
contraction, gastric ulceration, sexual dysfunction in nales and females,
sever e menst r UAEORISE nepRp edpeleculmeiidy ag gl compand, fpiBige EnmRAYERet
aggregation,. or inproper neuir il function, .. 16 June 2003 2

Fort her nopeivafn S BBEGeRE thar Biese e S i on AR RS R et 1 e
conmpound irgceplot Biteecept or nodul ator, particularly an IP receptor agonist.
A further object of the invention is a method of treatnent conprising

adm ni stering to a subject suffering froma disease state associated with

i npr oper bl oodAntagenist” mesnge moleaileysushf asca companbdna dsfigasn leag¥meone
conpound of, formula I, particw arky,. wherein the_ inproper. bleod flowis a
Car di ovasCaRIrto) SEahetBones Thak dirninishes of mistParn i acken af B0SHR! ar

di sease stadlechle drafecPp@iraitearterial occlusive disease (PACD), intermttent
claudication, critical linb ischem a, thronmbotic di sease, atherosclerosis,
thronboangiitis obliterans (Buerger's disease), Raynaud' s syndrone,
Takayashu"Bhdr®@aslegidal gffatiirencemprisiésefibety produsudinbtihsgijett thatacut e
arteri al OCﬁI usit?lg,. gorcgﬁrﬁar% arter%/i i sease, resl%??nosi S flgjlci&ovm' r%glo

angi opl asfy oY edieJRECGS PRiReSe & TFERRY T2 RISV EY ITRPOAMEG obj ect of

t he i nvenphenmasologecad leffeet meansdthevneatehent dta sohjeotiindneed afistiéh r ecept or
modul at or .. .nart i cul i [ | esent
i nventi on’tll'esdr t {léﬁ abg\[}tgﬁg{?’ﬁgﬁigﬁ%ﬁg?%d? %@Eﬁgfg%seﬁﬂi?gbgggggf a%%gts\%h h

i mproper Bhepaeyensipn.allevigiier ceredyetion ebashisensarstateassoriadpdMith pul nonary

Ey per ': ensiRipropechllodt IR ani PP koudid hédlihd UbssueSteladis dpiink dture
ypertensi o
u

-

Srine contraction, gastric ulceration, sexual dysfunction in males and
females, alleviation of severe menstrual pain, or improper neutrophil function,
in a subject in need of such treatment. In a another preferred embodiment, a
pharmacological effect means that the activation of the IP receptors is
associated with therapeutic benefit in a subject having a disease state
treatable by the administration of an IP receptor modulator, in particular an
IP receptor agonist.



A further object of the present invention is the above nethod, wherein a

di sease state associated with i nproper blood flowis an ischem a di sease
state, particularly ischem a associated with an allograft triapea®00ation.
Al so a further object of the invention is the above nethod, wherein the

di sease state associated with inproper blood flowis a renal disease state,
particularly renal failure, inproper di ulBsi s, i nproper natriuresis, or

i mproper kaliuresis. 16 June 2003 25 Conpounds of this invention nay be
made by the nethods depicted in the illustrative synthetic reaction schenes
shown bel ow. The starting materials and reagents used in preparing these
conpounds are either available fromcomercial suppliers such as Aldrich
Chem cal Co., or are prepared by nmethods known to those skilled in the art

fol | owi ng proceghp eanifl Jrﬂﬁﬂmiberi&lgf&rtﬁa%&p%uﬁas %Ptlﬁis%ﬁgénﬁ&’f' aFé eser’ s
WIley & Sons” New York, 1991, Volunes 1-15;

Reagents for Organic Synthesis,
Rodd' s Chenilhiatyatefl bedovion Conpounds, El sevier Science Publishers , 1989,
Vol unes 1-5 and Suppl enentals; and Organic Reactions, WIley & Sons: New
York, 1991, Volunmes 1-40. The follQwi ng schenes are nerely illustrative of
sone net hods by which the conpoun of this imeention can be synthesized,
and various nodifications to thes s carl be made and wil| be
suggested to one skilled i nRIReN I eeryr 8RF t his di sclosure. The
starting materials and the internedi ates ofs reacti on schenmes may be
isolated and purified if desired using convggibemal techniques, including
but not limted to filtration, distillation, a&ryggallization,

chromat ography, and the like. Such materfals may be characterized using
conventional neans, including physical constants and spectral data. Unless
specified to the contrary, the reactions described herein take place at

at nospheii c pr # s of t; 0 about 150
C, nore Ereferﬁ%ﬁ%&Qggégﬁﬁgﬁgéﬁggﬁﬂ%%g @i{,ncgﬁgﬂr#ts)?tﬁ%%g?erabl y and
conveni ent | AuteNeng atBeitsbein(Imstitnts emvputerinedrsysteme forethy. gerzvation 26 C.

Schenes A B, and D describe.alternative t hods to ge ate the
conpounds oﬁ‘)?—gpnﬂf Sgelp.ag‘c nfé'llmamfﬁo ?02%3/@6 Eﬁ?fﬁuﬂe §c525'%5 aﬁi‘ﬁ'@é‘t‘,’? Bes a
nmet hod of pflRRe reedmmendaBioHB fdild Fesuly i the WAReBichaBgirty s'l<Ehitigly and R,

R2, R3, R, R5, Aand mare_as defined in the Summary of the |nvention.
when only a single substituent is changed, compounds have been named in a

.10 form that maintains consistency of nomenclature for the basic structure of the

molecule.

For example, a compound of Formula I wherein R' and R? are each
phenyl, R’ is methyl, R is hydrogen, R’ is -COOH, A is methylene, B is -
O(CH,) -, and m is 1, is named {3-[(diphenylcarbamoyloxy)methyl]-2-

15 methylphenoxy} acetic acid.

For example, a compound of Formula I wherein R' is phenyl, R? is benzyl,
R’ and R* are each hydrogen, R’ is -COOH, A is propenylene, B is —(CH,);, and
n is 2, is named 3-{3-[3-(benzylphenylcarbamoyloxy)propenyl)phenyl}propionic acid.

o

20



R3HOOC-A/ OH1 a RRR3OHC- A/ OH1 b Ra Step 1 a R3 HOCH2 A/ OH . 2a
R4 R5-(CH2)m X Step 2a 3 R5-(CH2)m X Step 1 b 3 R3 OHCG-A / O CH2)m RS 2b
R4 Step 2b R3 HOCH2- A/ O CH2)mMRS Ra 0 R~ RzN ~ X Step 3 OdRsurfd /o8 ~

OCH2 A/ QCH2)m R5 Ra | 16 June 2003 27 In general, the starting
conpound of forrmula la is comrercially available or is known to or can
readily be synthesized by those of ordinary skill in the art. For exanple,

synthesis of a conpound la wherein R3 & bromp and R is hydrogen is
described by Beijer, P.H , Rec.Trav. Chim Pays-Bas. 1929, 48, 1010, and
wherein R3 is chloro and R is hydrogen is described by Beuhler et al., J.
Amer. Chem Soc. 1946, 68, 574-577. A conpound of fornula la can al so be
prepared by #HeoRs she fararEml compaupdaef Hox presesdpnpention set forth in the

2- (2, 3-diet hoxyphen -4, 4-di met hyl - 4, 5- di,hydrooxazol.e with.an al kyl group
"1 the prUCeRaEYS! Y Byt PR s R SRR R RS

nmet hods id:0 one of ordinary skill in the art. Subsequent hydrolysis of
t he 4, 5-di hydrooxazol e group of conpound with a strong acid such as aqueous

sul furic acid under nodified of Meyers reaction condition, followed by
cl eavage of Riand Reatwsachgmolependentliyneaxly ognuoupnee phefarshlitaall er et her

cl eavi ng agent such as. baron _tribrom de or conceptrated acids such as
hydrobroﬁr%ﬁ‘é/@i I@PF%P@?%F%@VWWY AT PEPEFlo M pgpf%éeﬁim&i%ﬂauct conpound of
formula |a. Suitable solvents for the reaction include aprotic solvents

such e o shukuiaadeonene gl v cRsa R Bl Krbgsalen e

starting conpoun or mu I'S CcO rally avai

Al drich Ghieyl, aayl, @ealgh)or lalogen kmovdpiafeablg diydregeh,| etieyl sytittyhasi zed by
those of ordinary skill in the art.
propyl, isopropyl, butyl, phenyl, benzyl, bromo, or chloro, most preferably

hydrogen or methyl;
R’ is independently in each occurrence preferably —COOR?;

R’ is independently in each occurrence preferably hydrogen or alkyl, more

preferably hydrogen;
A is independently in each occurrence preferably alkylene or alkenylene;
B is independently in each occurrence preferably ~O(CH,)_-;

m is independently in each occurrence preferably an integer 1 to 5

inclusive.

n is independently in each occurrence preferably an integer 0 to 5

inclusive.

It is understood that the preferred compounds of Formula I also include
the isomers of compounds of Formula I, in particular the cis and trans isomers,
or isomers, racemic or non-racemic mixtures of isomers, or pharmaceutically

acceptable salts of solvates thereof.



In step la, a hydroxymethyl phenol 2a is prepared by reducing the
carboxylic acid group of conpound la to an al cohol group by conventi onal

nmet hods. Suitabl e reducing conditions include Iithiun1a|uninq@hnmg@%g§,
borane or borane derivatives in an aprotic organic solvent such as diethyl
et her, di oxane, tetrahydrofuran, and the |like. The conpound 2a can al so be
prepared by cl eaving the phthal oyl group of a 3-hydroxyphthalic anhydride
and subsequent reduction of the productl®“o a diol. Suitable anhydride

cl eaving and reducing conditions include |ithium alum num hydride, boranes
or borane 16 June 2003 28 conplexes in an aprotic organic solvent such as
tetrahydrofuran, diethyl ether, dioxane, glycol ethers, and the like. In
step 2a, Bxep@layypetigilansiselereed porprradesndndy the folbewbigenampenis

al kyl at i ngr I dyenidadr, ¥ ¥n 8iv@dRa 0k o R PP GabEmi@ohbh-racemiié altkeuakleyl ating
agent 3 of the fornmula R5-(CH?2)~-X wherein R5 is a protected carboxyl group
and X is WaM§gePRr Ig?;@%m%%ﬂ HAJIYAGSRBLARLE SAIES 108 SONRECS ERRIE0En proceeds in
the presence of a weak base such as potassium carhonate, cesium carbonate,

sodi um carbonate, and theske ufler W11 {Heson sypt hesis conditi ons.
Sui tabl e inert organic sg tsﬁﬂbf t he reaction ilhclude aprotic organic
sol vents such as acetone, & oxgne~d-et ot , the |ike. The

al kyl ating agents 3 are comrerdially avaliaﬂeaor can be synt hesi zed by one
of ordinary skill in the art. - Agernatively; in step | b, a fornyl phenoxy
carboxylic ester 2b is pr epary al kyl ati ng the hydroxy group of conpound
b with a suitable al kylating™gent 3 of the fornula RS-(CH2) m X as
described in step 2a above. Additionally, compound 2b can be synthesized by
met hods known to one in the art, such as by the oxidation of the primary

al cohol gfooldiphenylnarkasnerlopphetiylal-deethydphemry! agetiaiactbl e oxi di zi ng
agents such as dinethyl sulfoxide, acetic anhydride, oxalyl chloride, tosyl
chloride, and the like. For _examphe, synthesis of a coppound of fornula 2b
wherein Rg is nethyl, R'dr en, R5 is carboxylicjpacid tent-butyl
ester, and mis 1, is des hed Va gﬂg%ﬂEbT., J. Og. Chem
1984, 49, 788-793. AlternativelN, 1@ ste ydrexynetdy | phenoxy
carboxylic ester 4 can be prep
conpound 2b to an al cohol gro
reduci ng conditions inciude rg tion by lithiated hydrides such as |ithium
al um num hydri de, or borohydri dés such as sodi um borohydri de, or

hydr ogenati on using a platinumor palladiumcatalyst in a suitable protic
solvent. Additionally, a conpound of 16 June 2003 29 fornmula 4 wherein A
i s a branthedmhepyisasbgmayboximyoprel) phemdl egetie acidh ng conpound 2b with an
organonetal lic reagent such as Gignard reagent or an alkyllithiumreagent.
Sui tabl e solvents for the reaction include aprotic organic solvents such as
tetrahydrofuran, diethyl ether, and the like. In step|B, a conmpound of
Formula | can be prepared ; dsxkr skilled in the
art. For exanple, the conp be prepared by acyl ating
conmpound 4 with an acyl atig . la R R2ZNC(O) X, wherein X

i s hal ogen, particularly brono gr chtoro. The reaction proceeds in the
presence of a strong base such a\\lithiun1alkylanides, al kyl I'i thiuns, or
potassium bis(trinmethylsilyl)aimdg. Suitable inert organic solvents for the
reaction include aprotic organ 80l vents such as diethyl ether,
tetrahydrofuran, and the like. The acylating agents 5 are commercially

avail abl e, or are known to or can readily be synthesized by those of
ordinary gskirkl/ai j .conpound 5 with
varyi ng Ral'éa[ﬁa(?’lép%gﬁy %é}%%lglgglrogéﬁg@let%pé)}?}%hgﬁfkéceg%réréelgpondi ng am ne of
the formula RIRZNH with an acyl halide such as oxalyl chloride, phosgene or
phosgene equi val ents, and the |ike. The conpound of Fornmula | wherein R5 is
-COOR6 or tetrazolyl, is generally prepared as a protected group and then
deprotected by conventional nmethods to obtain the final product. For
exanpl e, the conpound of Formula | wherein R5 is -COOR6 is prepared as a
protected carboxyl group such an al kyl ester, followed by deprotection to
obtain the carboxylic acid. The reaction proceeds in the presence of a
strong base such as aqueous |ithium hydroxide, sodi um hydroxi de or

pot assi um hydroxide in a protic organic solvent such as nethanol, ethanol,
water, and m xtures thereof. The conpound of Fornula | wherein R5 is
tetrazolyl, can be prepared as a protected tetrazolyl such as the

triphenyl methyl (trityl) tetrazolyl, followed by deprotection. The conpound
2a can be treated with an al kyl ati ng agent of 16 June 2003

red by reduci e al dehyde group of
nmet hods. Suitabl e al dehyde




30 the fornmula N=C-(CH2) m X wherein X is hal ogen, particularly brono or
chloro. The reaction proceeds in the presence of a weak base such as
pot assi um car bonate, cesium carbonate, or sodi um carbonate, {gyue 20080tic
organi ¢ solvent such as acetone, dioxane, tetrahydrofuran,

N, N- di met hyl f ormam de, and the like. In a follow ng step, the cyano product
is reacted with an acylating agent 5 of ftjlge formula R RZNC(O) X, wherein X
i s hal ogen, particularly bromo or chloro, and then with a sodi um azi de

whi ch adds to the cyano group with subsequent cyclization to formthe
tetrazolyl group. The reaction proceeds in the presence of a catal yst such
as ammoni um chloride, in an aprotic organic solvent suck) as acetone,

di oxane, tetrahydrofuran, N, Ndinethylformam de, and thejll i ke.

Alternatively, trimethylsilyl r trigrethyl azi de~cap’he used to
i ntroduce the azide group vvi cj}\aly ) Iary prefitations of a

conpound of la are given in R eparaion 2. :
conmpound of Forrmula | utilizingt rddction conditions described in Schene
A are given in Exanples 1 to 5. 16 June 2003 31 Schene B Schene B

describes an alternative nethod reparing a conmpound of Formula I,
particularly a traps isoner of ound of Fornmula | wherein Ais
al kenylene, Bis -QCH2),~ , R, , R3, R, R5, and mare as defined in

the Sunmary of the Invention. R3 CHC, OH Step 1 1 b R4 R3 X/ OH

L S by S e ol 1 1T

0O

S acan

cis-[3-(4-diphenylcarbamoyloxybut-1-enyl)phenoxy] acetic acid;

Satan

cis-[3-(3-diphenylcarbamoyloxypropenyl)-2-methylphenoxy] acetic acid;



R-R2N~ X Step 4 5 ORa RRRRN ~OCH2 A/ | QCH2)mR5 traps - | R4 16
June 2003 32 The alternative starting conpounds, a hydroxybenzal dehyde | b
or a hal ogenated phenol |c wherein X is halogen, preferably by Cgm gbobodo
are comrercially avail able, for exanple from Al drich Chem cal npany, or
are known to or can readily be synthesized by those of ordinary skill "in
the art. In step 1, a traps-hydroxyphenylalkernyI carboxylic ester 6
wherein Ris (C -C9)alkyl and Aa is a 95 al kyl ene or al kenyl ene, can be
prepared by conditions known to one in he art. For exanple, compound 6 can
be prepared by reacting the aldehyde Ib with an

al kyl i dene-tri phenyl phosphorane or al kyli dene phosphonate that is generated
an situ by treatnent of a phosphonium salt or a phgsphonate such as an

al kyl phosphonoacetate with a strong base such I|t um hydride or sodi um
hydri de under Wttig or Fbrner reaction conditj Conpound 6 can al so be

prepared by treating t dehy¥ abl gl o [5.5.0]
undec- 7-ene (DBU) and I um hé
Bl anchette, MA. et al. >Tet

faction condi tions described by
, 1984, 25, 2183. Suitable

as acetonitrile, tetrah ofdran, and the like. In alternative step 1, a

t raps- hydr oxyphenyl al k carboxylic ester 6 wherein Ris (Cl-C4)al kyl

can al so be prepared b gacti ng the hal ogenated phenol |Ic with an acrylic

ester such as ethyl acrylate in the presence of phosphine Iigand such as

tri-(o-tolyl)phosphine in conbination with a palladiumsalt such as

pal | adi unt(LS-[C‘g [%ﬂmw@hmcam¢ﬁﬁxmm®ééﬁgpﬁﬁn®*ﬁé geebisastd of a base such

as triethylam ne under an inert atnosphere, for exa

coupling reaction condifiqns. Suitabl e sol vents for
aprotic solvents such ceto itrile, tetrahydrofur
step 2, a tr~zns-hydroxyphieny ﬁ.

sel ectively reducing the carpoxy
correspondi ng al cohol groups<§ .
i nclude |ithium borohydridg thiun1a|uninun1hydride, di i sobut yl al um num
16 June 2003 33 hydride (DMB&-H), borane or borane derivatives. The
preferred reducing condition is described by Trost, BBM et al., J. Og.
Chem 1980 4 3 d includes the us f a aIt cal led the ate conpl ex
Cormed { O DI BAT- St AP SARGH PR YBROBRY L DR BU RSO RSB y1 |1 ¢ i um

Sui t abl e aprotlc ol vents for the react on |nclude t et rahydr of uran, hexane,

| e under Heck-type
he reaction include
n, and the like. In
ared by

p of conp und 6 to the

dlnethoxy oxane, and i k In step 3, a
traps- hyd -th | al kyl e \Q?Hg?xyllc ester $ is prepared by
proceedi ng &S URSchigred™~T g, for exanple by alkylating the

conmpound 7 a SU|tabIe al kyl ati ng agent 3 of the

3y, X, wherein S a protected carboxyl group. In step 4, a
traps isomer conpound of Formula | is prepared by proceedi ng as
described in Schéne A, step 3, for exanple, by acylating conpound 8 with ah
acylating agent 5 of the formula RIR2ZNC( O X, wherein X i s hal ogen,

partlcul Qﬂﬁ#k & wherein A
i's aIkyI2%%M%§%@?aéﬁé%§%§ﬂ£%§&§%#ect v%?l ygrog natln ?ﬁgM%§?E0n car bon
doubl e bond of the product or any of the |nterned|ate conpounds synt hesi zed
prior to the final product, to obtain the correspondi ng saturated
conmpounds. SU|tabIe sel ective reducing conditions include catalytic
reduction suchgzeumRaheyef] ﬁrltﬁdeqomwrn%@flﬁwm 2 drasanpripeciisepyhbiesein A

pl ati num t. K a pal un1neta| or
its oxi deg%éﬁ*’]te?1 ieglso%ggﬁé ’?%n?d %‘E}és rljéalg g#l?llfogiél gg%‘%llﬁ%ﬂr organl c
solvents such as ethyl acetate, nethanol, and the like. Preferably,
conpounds 6, Iikewis@pssferse @aipoaids Medtingenatvellich ddhiylequinds of

Formula | wherein A is alkylene. ) )
-(CH,),-, and n is an integer from 0 to 5 inclusive.

hydr oxy group of
formul a R5- (u Z

Preferred compounds of formula I comprises those in which A is

alkenylene, B is -O(CH,)_-, and m is an integer from 1 to 5 inclusive.



Exenpl ary preparations of a traps isomer of a conmpound of Formula |
utilizing the reaction conditions described in Schenme B are given in
Exanpl es 6 and 7. Exenplary preparations of a conpound of Forgu I erein
Ais 16 June 2003 34 al kylene utilizing the reaction conditions described
in Schene B are given in Exanples 11 and 12. Schene C Schene C describes an
alternative nethod of preparing a conpound of Fornmula |, particularly a cis
i somer of a compound of Formula | wheR®in Ais alkenylene, Bis -4(CH)~; ,
R, R, R3, R, R5 and mare as defined in the Summary of the Invention.
16 June 2003 35 R3 R3 X OH Step 1 X O0(CH2)m RS/ / RS- (CHo)m X 3 1 c Ra
Ra 9 Step 2 HOCH2 Aa R3 O(CH2)rt,- R5.10 Ra 0 R R2N~ X Step 3 5
Furthermore preferred compounds are those, wherein A is alkenylene, B

is -(CH,),-, and n is an integer from 0 to 5 inclusive.
Particularly preferred compounds are the following:
[3-[diphenylcarbamoyloxy)methyl]-2-methylphenoxy} acetic acid;
[3-(3-diphenylcarbamoyloxypropyl)phenyl] acetic acid;

or an individual isomer, a racemic or non-racemic mixture of isomers, or

a pharmaceutically acceptable salt or solvate thereof.

A further group of especially preferred compounds of formula I comprises the

following:
cis-{3-[3-(benzylphenylcarbamoyloxypropenyl)phenoxy] acetic acid;
cis-[3-(8-diphenylcarbamoyloxypropenyl)phenoxy] acetic acid;
cis-[3-(4-diphenylcarbamoyloxybut-1-enyl)phenoxy] acetic acid;
cis-[3-(3-diphenylcarbamoyloxypropenyl)-2-methylphenoxy] acetic acid,;
trans-[3-(3-diphenylcarbamoyloxypropenyl)phenoxy} acetic acid; or

trans-[3-(3-diphenylcarbamoyloxypropenyl)-2-methylphenoxy} acetic

acid;

or an individual isomer, a racemic or non-racemic mixture of isomers, or

a pharmaceutically acceptable salt or solvate thereof.

Also particularly preferred are cis-{3-(8-diphenylcarbamoyloxy-
propenyl)phenyl] propionic acid or an individual isomer, a racemic or non-
racemic mixture of isomers, or a pharmaceutically acceptable salt or solvate

thereof.



R3/7 /7 1 O(CH2)m Rs HOCH2 Aa ~a RR RZN~ OCH2 ARs / QCH2)m R5 11 Ra

12 - Ol RRZN- X 5 Alternative Step 4 Step 4 R3O/ / | QCH2)mR5; R R2N

~ OCH2 Aa ~ Ra cis - | The starting hal ogenated phenol |c whegej,Ae%0b5

hal ogen, preferably brono or iodo, is conmmercially available, for exanple

from Al drich Chem cal Conpany, or is known to or can readily be synthesized

by those of ordinary skill in the artgy 16 June 2003 36 In step 1, a

hal ophenoxy carboxylic ester 9 is prepared by proceeding as described in

Schene A, step 2a, for exanple by al kylating the hydroxy group of conpound

Ic with a suitable alkylating agent 3 of the fornula R5-(CH2)~ X, wherein
is a prot Y I ﬁﬁﬁ%

phenoxy car oxy?|§|€f:i%gl;ét2¥e)1?é d %mcﬁgggqﬁn&e%ﬁg uﬁa gﬂ%ayg P enrém(%&bﬂlﬁﬁyl ene,

i s prepdo é@lrrhylar Eachlch@moeqmwﬁﬂpﬂsm tdncaimged ktympbuatlaxﬂmb ofehb as

pr opar gyl coh under acetyl ene coupling reaction conditions. The

reactloﬁb%@%Eﬁéﬁgnl WHat he presence of a organopal | adi um catal yst such as or

exanpl e as tetrakis(triphenyl phosphi ne)-pal |l adi un{0) or

bi s(tri phenyl phosphi ne)-pall adiun{l1) chkoride optionally in the presence

of a copper halide catalyst such as coppger(l) iodide. A suitable solvent

for the reaction includes pyProiakiiene, additionally serves as a

reagent. Alternatively, the reaction c oceed in the presence of

di i sopropyl am ne, optionally in the pre e of a copper halide catalyst,

in a suitable aprotic solvent such as tetrdfydroduran. In step 3, a

al kynyl phenoxy carboxylic ester 11 is prepared by proceeding as descri bed

in Schene A, step 3, for exanple by acylatipg conpound 10 with an acyl ating

agent 5 of the formula RIRZNC(O) X, wherein i s hal ogen, particularly brono

or chloro. In step 4, a qﬁécHsaﬂgwegﬁe-.co poungd _ofs Formula | is prepared

sel ectively convertlng the trfple bonhd o round 11 to a cis- double bond

under partial hydrogenation conditions. S apl e catal ysts for the

sel ective partial hydrogenation of al kynes 1 I

s-al kenes incl ude
di i sobutyl al um num hydri de (DI BAL) or hydrogen with a palladi um catal yst
such as Lindlar Catalyst. The reaction proceeds with the addition of

sel ectivity efifRRCEIIBpeGEdhcsdidingso fiHnndaiMe in a protic organic sol vent
such as net hanol .

wherein R1, R2, R3, R4, R5, R6, A, B, m and n have the significance

given in Claim 1 and X means halogen.

The present invention also includes a pharmaceutical composition
comprising a therapeutically effective amount of at least one compound
according to formula I in admixture with at least one suitable carrier. Also
object of the invention are pharmaceutical composition as mentioned before,
wherein at least one compound of formula I is suitable for administration to a
subject having a disease state that is alleviated by treatment with an IP

receptor modulator.



In alternative step 3, a cis-hydroxynethyl al kenyl phenoxy carboxylic ester
12 is prepared by selectively converting the triple bond of conpound 10

16 June 2003 37 to a cis- double bond under partial hydrogengs iigie 2003
conditions described in step 3 above. In alternative step 4, a cis isoner
of a compound of Formula |I is prepared by proceeding as described in Schene
A, step 4, for exanple by acylating conpound 12 with an acyl ating agent 5
of the fornula RIRZNC(O) X, wherein X i £2hal ogen, particularly brom or
chloro. Optionally, a conmpound of Formula |I wherein A is al kylene can be
prepared by sel ectively hydrogenating the carbon-carbon doubl e bond of the
product or any of the internmediate conpounds synthesized prior to the final
product, to obtfurtheriedjestof shedmdniion semprises the wge oh asconmpiurshofe

sel ective,redyci onditions include catalytic reduction su as Raney
o ckel | prTIANE R RFHEOR ChoBPdaR IS SRR AT 1 BhThe o ox! db,
and the | ikEpoRh&d Sfﬁ%Ph%IQQ! | adium nmetal or its oxide. Suitable solvents
for the reacPion I nclude 1 nert organic solvents such as ethyl acetate,

met hanol , and the |ike. Preferably, conmpounds 10, 11, or 12 are selectively
hydr ogenat ed Atsooirt abjectoffirumcdsent irkemtidnais| theheseedfra fompoahé pf ene.
Exenpl ary, preparations of . the cis i spnmer of a coppound of Fo la |
Gt 1] 21 nylPRElAdder fon PRt oTo AL ae T B PHPIAHBAATY Meoytifen in
Exanpl es 8, 180dds ofﬁo@gﬂﬁ?qlﬁp@ﬁ SR Po@lﬁscﬁiég’fesst?@e %s;o%'ié‘céhgk/ﬁhm hod
of preparing a conpound of Fornula Ta wherein Als alkenylene, i'S
- (CH2) ~- , irApfogdr, whthd Raalifd, tigne Redtosis3Prevohrire Dediree @amtaedtiorgd in the
Sunmary of the Invention. R3/ Z 1 d Ra Step 1 R3 (CH2)~_ R5 Ra 13 Step 2
HOCH2 Aa gastric ulceration, sexual dysfunction in males and females, severe menstrual

pain, improper immunoregulation, improper platelet aggregation, or improper

neutrophil function.

A further object of the present invention is the use of a compound in
accordance with any one of Claims 1 to 15 for the production of medicaments
comprising any one of the compounds of formula I for the treatment of a
disease state associated with peripheral arterial occlusive disease (PAOD),
intermittent claudication, critical limb ischemia, thrombotic disease,
atherosclerosis, thromboangiitis obliterans (Buerger’s disease), Raynaud’s
syndrome, Takayashu’s disease, migratory superficial vein thrombophlebitis,
acute arterial occlusion, coronary artery disease, restenosis following
angioplasty, stroke, recurrent myocardial infarction, pulmonary hypertension,
occular hypertension, tinnitus associated with hypertension, ischemia
associated with an allograft transplantation, renal failure, improper diuresis,

improper natriuresis, or improper kaliuresis.

Likewise objects of the invention are compounds of formula I when

manufactured according to the described processes.

The present invention also includes a method for treatment of a disease
stated associated with the IP receptor, which method comprises administering

an effective amount of a compound according to formula I.



\' / (CH2)n R5 14 Ra OlIl R-RzN~ X Step 3 5 R3 (CH2)~_ Rs / HOCH2 Aa 16 R
R~R2N ~OCH2-Aa ' (CH2)n- R5 / 15 Ra Step 4 Step 4 R3 (CH2)~ RS O R~-R2N~OCH2
Aa ROl R- RN~ X _5 Alternative cis- | a 16 June 2003 39gThpeSop

i somer of a conpound of Fornula la wherein Bis -(CH2)n is synthesized in a
manner simlar to that described in Schenme C, but utilizing different
starting conmpounds to obtain desired fi28al product. The starting conpound

| d wherein X is halogen, preferably bronmo or iodo, and Z is hal ogen,
preferably brono or iodo, or -CHO or -(CHz)oCOOH wherein n is as defined in
the Sunmary of the Invention, is commercially available, for exanple from
Al drich Chenm Tht ifeentaey alsorrel steknownmethakforatherteestirhyntoef sdivchesi zed by

those of ordinary skill in the art. ) )
state associated with improper wound healing, tissue necrosis, premature
uterine contraction, gastric ulceration, sexual dysfunction in males and
females, severe menstrual pain, improper immunoregulation, improper
platelet aggregation, improper neutrophil function, peripheral arterial
occlusive disease (PAOD), intermittent claudication, critical limb ischemia,
thrombotic disease, atherosclerosis, thromboangiitis obliterans (Buerger’s
disease), Raynaud’s syndrome, Takayashu’s disease, migratory superficial vein
thrombophlebitis, acute arterial occlusion, coronary artery disease, restenosis
following angioplasty, stroke, recurrent myocardial infarction, pulmonary
hypertension, occular hypertension, tinnitus associated with hypertension,
ischemia associated with an allograft transplantation, renal failure, improper
diuresis, improper natriuresis, or improper kaliuresis, which method
comprises administering an effective amount of a compound according to

formula I.

Also an object of the present invention is a pharmaceutical composition
suitable for administration to a subject comprising a therapeutically effective
amount of at least one compound of formula I in admixture with at least one

pharmaceutically acceptable carrier.

A further object of the present invention is a method of treatment comprising
administering to a subject in need of such treatment, a therapeutically

effective amount of at least one compound of formula I.

Likewise an object of the present invention is the above method, wherein the
subject suffers from a disease state associated with improper wound healing,
tissue necrosis, premature uterine contraction, gastric ulceration, sexual
dysfunction in males and females, severe menstrual pain, improper
immunoregulation, improper platelet aggregation, or improper neutrophil

function.



In step 1, a hal ophenyl carboxylic ester 13 wherein A8 is a bond, alkylene
or al kenyl ene, can be prepared by various nethods. For exanple, conpound 13
wherein n is 3 is prepared by coupling conpound I d wherein X fn§,% 08 €ach
hal ogen with a vinyl carboxylic ester such as nethyl-3-butenoate 1 n the
presence of a hydroborating agent suchogs 9-borabicycl o[ 3. 3. 1] nonane di ner
(9-BBN). The reaction proceeds in the presence of coupling catal ysts such
as pal l adium chl oride and tripotassi um phosphate in an aprotic solvent such
as dichl oronet hane, N, N-di net hyl f ormam de, tetrahydrofuran, and the |ike.

Tr ansest af.i.f1 ' : |4 car: [ r Aiseef fected
by treat ?é%]{th\%mﬁ%lhp%naq{a?%gﬁto?@%%c l"ggtlgﬁr%g?ﬁ%@%?‘%%gﬁg1 Q’g%gélg tglgse such as
n- but yl | icokipsundnidern 8P recsptbr aiothd pter partiddlerlyadn VR Irgcepgtbe agomzound 13
wherein n is 2 can al so be prepared by treating conpound 1d wherein X is
hal ogen and Z is -CHO with an al ky]idene-tri Phen | phosphor ane or al kyl i dene
phosphonat 8utther obiechehthainventipisisiamephod o1 pieds@edé cOMRIIIASsphoni um sal t

or a phosphonate._such a | kyd _.ph 0 it tyong base such
i om PR Re s P G BB Rt B P R R S e Ao L 01,

condi t i ongnprbBer bRsvd fléwda Fh&@meuticallp@fftctice st AintPsfostiehsi snsel ectivel y
hydr ogenated to obtain the correspondi ng saturated conpound. Suitable

sel ect i veomuhwidhef foomdila I pegticntaniyevberean yhe impzopen blopddlevhisie Raney

ni ckel, pall.adium.on carbon i ckel 6 June .2003 40 .boride, pj.ati num

Ter el or rdRyRPOUAT diEFart dt B Ea i nlads; HERFeiB AR LA LT ot BikisRe et hy)
acet at e, ; ] 3 r : | kynyl phenyl
car boxyl iégggeésqt{%g%J ri%ﬁ(%}%l tg?gegg%lié% C{JL{/SQ‘E)%%%E%% %%quagg?i?%%h?n Schenme C,
step 2, fdaudixatiphecthijichkbath isghemppdhmromb3tividideasn, atheroytlemdsisghol such as

propargyl al cohol . Alternatively, conpqund 14 whereipn nis O or 1 can be
directly thr éagﬁfflsﬁgéﬂéﬂ%b“ rgens f19645o RguAYd/ P PE1% X i s hal ogen

and Z is ]%'}12‘) N i i : X !' yﬁl if h al kynyl

al cohol sTja(c as’?Bpr opas}rgg%’ alécgﬁdor?sqﬁp%;g%lgéggﬁpgﬁé , pEi;irle%‘\fﬁ{saIa?%ltrenati ve
steps 3 adifleral acdosipaltstofhrg hstdry Aisdasef ratesme foltbwingraidivpRst® i s then
prepared by proceedi ng correspondingly as described in Schene C

Opt i onal |Sfroke, o rpeerrenbmyesesdiad intargierein A is alkylene and B is
-(CH2)n- can be prepared by sel ectively hydrogenating the carbon-carbon

doubl e gl ahy L RLEUHEIn Bl AN OlbELHLET Todlabe chomauAlaggY hhesi Zed

prior to nal” pro al h the correspondi ng
conpoundsiP fabebed Rodalset, particedadi ng TRRsebtaNegdrist.ude catal ytic
reducti on such as Raney nickel, palladiumon carbon, nickel boride,

platinumnpetal _or its oxide, and the like, gr ef er abI@% pal | adi um netal or
its oxi deMsgFubigntef $he peptentrigyentian istiae pBeVe Methe@ VAeFaindpg4iisease

sol vent s I ;ﬂ; . i r Y,
conpound§§%§?a%§F§%$Xf%ﬁgﬁe sg?%ﬁ?#@?ﬁghﬂygggg@%%ﬁ%ﬁﬁﬁ%dgﬁgéféﬁgghpounds of
For mul a |gartheal€lf pAlhfonalrk Hypaetensi@iTplallir Biyppafedisici) orainwiteaonpound of
Formula la uLiIizinglthe reaction conditions described in Schene D are

gi ven i n assamgted wikh bypestensiops June 2003 41 General Utility The compounds
of the present invention are |P receptor nmodulators, in particular IP
recent o AYARIRLSLARLsaRe BHERNIRIETRLATH BEL UG, AAARNSH ARbbly at the P
receptor. ese conpounds (and conpositions containing then) are expected
to be usedigbaddistiae apsRyLiRM WithaRtbriopeabledt ol igaradkeledniidisdhseasrs, i n
manmal s, especially humans, related directly or indirectly to blood flow

di sease skartuslanly ipehemioutspociated vathpouaitpgraft transplamiafienon are expected
to find utility in the treatnent of disease states associated with

artori o S SRVBEERGsBL AL Rl i e Wy EPherrll, AR R BRE

critical dthbtdabsoeheiddarithibgiiepbt BldHdSRas esa rehApdReakekttesparticularly
t hronboangiitis obliterans (Buerger's disease), Raynaud's syndrone,

Takayashurenadifaidars imargpex giuresispampreperi natsiuresis; onbepnpeds kaliurestut e
arterial occlusion, coronary artery disease, restenosis follow ng
angi opl asty, stroke, and recurrent myocardial infarction. The conpounds of
the present invention are also useful in the treatnent of hypertensive

di sease states including, but not limted to, general hypertension,

pul nonary hypertension, occul ar hypertension, and tinnitus associated with
hypertensi on. Additionally, the conpounds of the present invention are
useful in treating disease states associated wth ischem a including, but
not limted to, ischem a associated with allograft transplantation, such as
renal transplantation or other organ transplantations. The conpounds of the
present invention are also of use in the treatnment of renal disease states,

L, e v o r



16 June 2003 42 inproper wound healing, tissue necrosis, premature uterine
contractions, gastric ulcerations, sexual dysfunction in males and fenal es,
severe nenstrual pain, inproper imunoregulation, inproper phatughe003
aggregation, and inproper neutrophil function. As a result of the
alleviation of the blood flow di sease state, the underlying pain causally
related to this disease state nay al so2be | essened or elimnated. For
exanpl e, use of the conmpounds of the present invention may provide relief
of peripheral neuropathies associated with, e.g., diabetic neuropathy,
post-traumatic pain, post-surgical pain, pain associated wth chenotherapy,
etc. These amthmpheidd bfthapentdrttisss amyaienteichy tedmdthodeyapited i n
Goodman & G | man's, The Pharnacol ogi cal Basis of Therapeutics, ninth

edi tion, thedlasirative synthetioreactigogheainspihawpbelosnl- 616; Col eman, R A,
Phar macol ogi cal Reviews, 1994, 46:205-229; Harrison's Principals o f

I nternal Medigi he, f.ourteenth edition GawHll. New.,York, 199S

1395 1403, AL OBRIGE TRREEIALs S BRI S preparii e GompiTAs g
Joubert, dReHitiReH dvaliblfrent E&%ﬁer@ﬁ‘%’sﬁ@?lﬁersl@@& adA3dA¢8 CHaaidkNgolhe I P
receptor agonist affinity of conpounds of this invention can be determ ned
usi ng r adirgiregarpackidshy avdheds khovm touthase pkiled ot theabt foblosvingi ch expr ess
an endogenous, | P rec or,_or ,Chi nese nster Ovary,tells_expressing the
Feconbi naNOCRRTep ol BRLR R FeroTRBCTSA BB E ety FRTBets RGN o det ai |

i n Exanpl .- - i o] n Ri s

i nventi onérggtzu%gggé}%%ﬁhgﬁgggl%S%ngggﬁrél%n‘g%k;c@;gé ’ XI\/EO acgﬁrrg ’élt@lif‘%cglpi n an

assay ut iChanisgredt Oerbon Componndi BEkedterrBeiancoPabikRess 0198Y)iVikameklanst er
Ovary tells expressing the reconbinant rat |IP receptor. The latter assay is

descri bed-prandbPepplemsantals; apdLArganio ReartienpuWateyvds Sarfsi Dy Yorkt he | P

recept or ni conmoundsy ¢ be.identified in a camn del . of

peri pher aﬁa‘aﬁﬁj‘ﬁwggf&aig?%nﬁ?gl%ic nﬁ%ssa‘bee@r?r‘é@tl s?gaﬁgv(f %{”Ssoghe ani mal
nodel f ormbfHdds Byt Wwhith tHetethpalh@of 16 inPertese cARed JyhtABsigedlal@ | 1N
Exanpl e 25. Adm nistration and Pharmaceutical Conposition The invention

i ncl udes verphsr madHidativals todhpss sthiames capbe shade andonpbbeduggested topr esent

i nvention ingl.yding. . so s,.racem c.qr non-racem c mxtures of isoners, or
phar naceLﬂr’lecsj?%dé’géb?)taga‘@V%’E eH’FdEBItSh?@?c HWYf®of together with one or
nore pharnmaceutically acceptable carriers, and optionally other therapeutic

and/ or pr Oph?dl‘li’%éﬂa@tiing%ﬁtﬂﬁél%%nd ﬂmeﬂiﬁﬂ@frﬁhdia?t@@ ?fﬁ@%M§>nosfchbme%

i nvention w e admnistered in a therapeutically effective anount by any

of the acveptbedsolatietand padified ftdesiieduding cageen§onhlatechiquessi mi | ar
utilities. .t abl e dos.ag. n re 1 . dai | y,. preferably 1-1500 ny
dai l y, aﬁBCﬁ@?g%ﬁf‘é’fi‘ﬁ%&eé%sgggrﬁg""&a?l}%%ﬁ?%é%gﬁa? ﬁt@)[hﬁ%ﬁorr‘?unerous factors
such as té?ﬁ‘oﬁf‘a‘ﬁ@%&a@hy‘?%nﬁ%e%l&@@ﬁcﬁ thderial €Al Bbe ERErAQEriaeuERlat | ve
heal th of the subject, the potency of the conpound used, the routé and form

of adni nicenhvantional meensndichadingrphysieal denetanth anidespedttalidstaat i on i s
directed, and the preferences and experience of the nmedical practitioner

BRI S AU TRBCE TR L

know edg taﬁ?? j ' i j r4ed

t her apeuft%ll ca %/gi)zlfe? igéf‘{egé&%ﬁ%‘%%t& {(yfrﬁ Pﬁ%ﬁgi&é&g%%%%go%‘? atB ﬁ?g ?%vcgﬁf?%onutf or a
gi ven di sHHE%, moxktprhbiiera b2 Gird 4bbnt §éGenahout Aigpothdmdmosh pseferatdpt i on
wi |l be admnistered. as, pharpmaceuti cal fornul ati ons incl uding thooﬁ

sui t abl e 3RS COPANIERIIE BHAPAYL BRRIBAPT amPishb-teRRFTaFYTe, péct 2Ot LY.

topi cal, pul nonary, vaginal or parenteral (including intramuscular,

jntraarteral sdiuhl ACBAO, 2200 AATBY 31RRKA1i0b AUERANTY Aflgkfeshbat | on or

inaformsuitable for ’admnistration by 1nhalation or in ation. The
pr ef er r eccommponardsodf Batmuliask rati on is oral using a convenient daily dosage
regi men which can be adjusted according to the degree of affliction.



The conpounds of the invention, together with a conventional adjuvant,
carrier, or diluent, may be placed into the form of pharnaceutica
conpositions and unit dosages. The pharnaceuti cal COHpOSItIOﬁ%‘@ﬂgzgﬁgt
dosage forns may conprise of conventional ingredients in conventional
proportions, with or without additional active conpounds or principles, and
the unit dosage forns may contain any sigtable effective anount of the
active ingredient coomensurate with the intended daily dosage range to be
enpl oyed. The pharmaceutical conposition may be enpl oyed as solids, such as
tablets or filled capsules, sem solids, powders, sustained rel ease

formul ations, or |iquids such as sol ut ggRSmeSAISPENSi ons, emnmul si ons,

elixirs, or filled capsules for oral use; or rn the formof suppositories
for rectal or vaglnal adm nistration; or in the formof sterile injectable
sol utions forSgkeratiedascrilss.a Fwthod af poelsamngnaanomprglmhef Fowunsknd (1000)

mlligrans,of .active di en padl y, one hundred (,100)

m |1 gr an®hegeip ésﬁﬁkg&g (%% f{n31l g ﬁé ib draprees defiweddadhgi ngl v
sui tabl e gﬁﬁﬁﬁﬁg@?@ﬂb ordosage forms. The conpounds of the present

i nvention may ornu |n a wde variety of oral adm nistration dosage
forms. The pharnaceutlcal conpOS|t|ons and dosage forns may conprise the
conpounds of the invé&idtion or its pharnmaceutically acgeptable salt or a
crystal formthereof jas the active conponent. The pharjmaceutically

accept abl 1@ miAs ag-beHei t her solid or |QGIdA

obid _#OHmM preparations
i ncl ude powders, pills, capsules, 16 Jun @:3 45 cachets,
suppositories, and 8Qer si bl e granules. A solid carrueg can be one or nore

substances which may, al s act as diluents, flavoring ems, solubilizers,
| ubricants, suspending agents, binders, preservatives; tablet

di sintegrating agentg, or an encapsulating material. In powders, the
carrier is a finekRlagi vided solid which is a mi®CHp-x\Stéh 1bhe finely

di vided active conpogent. In tablets, the active éonp nent is mxed with
the carrier having the necessary binding capacity in sSuitable proportions
and conpacted in theFﬁhape and size desired. The powders and tablets
preferably containing fromone to about seventy perce of the active
conmpound. HSUHFabi ri eps are nmagnesi umc nat e, gnegy %ﬁarate
tal c, sugar, |acto3 pectin, dextrin, staral%'g8 ZTa f ragﬁg%n

nmet hyl cel | ul ose, carboxynethylcellulose a lo | ti ng wax, cocoa
butter, and the I|k term "preparation” is inten to include the
formul ati on of the iV conpound wi t h encapsul |nggmai%ﬁial as carrier
provi ding a capsule in whi ﬂﬁ@mactlve componept, with or without.
carriers, is surroundeddppaa Arrier, which is”if*R&sociation with it.
Simlarly, cachets and | ozenges are i ncl uded Tabl ets, powders, capsul es,
pills, cachets, and | ozenges can be agdsolid fornms suitable for oral

adm nistration. O her forns suitable for oral adm nistration include |liquid
f orm preparations incl udi nPeart 4 rEs)meRl xi rs, aqueous sol utions,
aqueous suspensions, or solid form rations which are intended to be
converted shortly before use to liq form preparations. Enul sions may be
prepared in solutions in aqueous propylem® glycol solutions or may contain
emul si fying agents such as lecithin, "sorbitan nonool eate, or acaci a.
Aqueous sol utions can be preparedgby i ssolving the active conponent in

wat er and addi ng suitable coloraag\ bRyeors, stabilizing and thickening
agents. Aqueous suspensions B8N be pr ared by di spersing the finely

di vi ded active conponent in water w tjh| viscous material, such as natural or
synt hetic guns, resins, methylcell ul osg, sodiun1carboxynethy|ce|Iquse, and
ot her well known suspending agents. Solid form preparations include

sol utions, suspensions, amd enul sionsgs and 16 June 2003 46 may contain,
in addition to the activg conponent, |[colorants, flavors, stabilizers,
buffers, artificial RN nat OCH}—%w Q(CHJj,spBer sants, thickeners,
solubilizing agents, and the |iKke. conmpounds of the present invention
may be formul ated for parenteral admrakstration (e.g., by injection, for
exanpl e bolus injection or continuous iﬁ?usion) and nmay be presented in
unit dose formin anpoul es, prefiIIeE syringes, small volume infusion or in
mul ti-dose containers with an added preservative. The conpositions nmay take
such forns as suspensions, solutions, or emulsions in oily or aqueous
vehi cl es, for exanple solutions in aqueous polyethylene glycol. Exanples of
oi ly or nonaqueous carriers, diluents, solvents or vehicles include

propyl ene glycol, polyethylene glycol, vegetable oils (e.g. , olive oil),
and i nj ectable organlc esters (e 9., ethyl oleate) and may contaln

I T . - S B 4 a = R 1 Y L




16 June 2003 48 the active ingredients may be provided in a formof a dry
powder, for exanple a powder m x of the conmpound in a suitable powler base
such as |actose, starch, starch derivatives such as hydroxyprgRyh&ebty!

cel lul ose and pol yvi nyl pyrrolidine (PVP). The powder carrier will forma
gel in the nasal cavity. The powder cogposition may be presented in unit
dose formfor exanple in capsules or cartridges of e.g. , gelatin or

bl i ster packs fromwhich the powder nay be adm ni stered by neans of an

i nhal er. When desired, formul ations can be prepared with enteric coatings
adapted for st al I iU ion.afithe active

i ngredient. 'Sllﬁeéegjlﬁgggrégél?? ?Iggéé)%)drlgg%‘rlg ?’gr?;(gmggle@ % ES}%O?E §C]|911;111yuni t dosage
forms. | mwiikiblé oF (8 khb@nbepaaatieadilybessihthesided biyrthosebf brdiaaes skill
containing appropriate quantities of the active conponent. The unit dosage
f or m can ibethg gric Fayexamulpasaithesis aflecorapraré lasnieren Ay islbsemetaand

v al s Brsnpbares - apSsihy BRNBEdSE oler TP St B AP M Gt

cachet, I ' g2, ' ROBEL BRIy sy Of
t hese | no{)oalcgﬁégggﬁ?%#eﬁnﬁ Ralﬁg@dsrgiatqggll{ gﬁp}?\}bgrr?gggat igcacﬁ,hgeadrqu er shaélrd@tt hei r

f or mul at iaddns/. Ameddskarnb8dc.i 194Be BBNHT443777The Sci ence and Practice of
Pharmacy 1995, edited by EE W Martin, Mack Publishing Conpany, 19th
edition, Eastgg, Penns i a. ., Represe

P

VARV tative pharmaceuti.cal fornul ations
cont ai ni ng a BIRRIPGrO L RET 48 660 4|5 R PERPATEE RIELRS fi5BlAGeR es 16
to 22 ) 49 EXAMPT~ W NG P rakl npl es
are gi verlléa o&gﬁgiggéf%gggﬁg ﬁngegth}%??%gﬁ%l?#’?-gu%?gﬂc%ga@pgd%g%é%and and
to practiwghtdiealliydpeotpinthepresenctlofy Ghignhadd rohgdes exoms oegdredditAsum

limting the scope of the 5 invention, but nmerely as being illustrative and
r epr esentzpegent byieneidods kopmpnie g of\prdippepakiat i%ﬂl%ﬁr@£%mH§nbf For mul a

la '~ | A Preparatian of- 3~4hwdr oxy-2-neth e i.C ACl A _sol uti on of
5% am no- PHORADeh O St Aol B B fuf Bith S At ng

sul fiui ¢ afdhtad Buddas MASuME heldl indaahedifid &f Meyarsiartiontowditen and t hen
cooled to a tenperature below 5 C. A solution of sodiumnitrite (21 g, 300

mol ) i n falloivedrist claavage obthendrineathemy gudde to erhysypxy gneummiitle amai nt ai ni ng

the int t t . bel 7 Af t ti i f bout 16, m t
e 0 Rl EREC AL LM G (ST S e o RREMEGER Aol T
chi 1 ed sglast 4oy for$88ie HbNE0repsbl 1240 BibkohBI¥BAL 11G08ATL) vas added

to the diazonium solution, and the cOnbi ned reacti on m xture was heat ed
sl owl y t cco@fp@indsof fodmeddi lam Byidablei sidventsFontile weectmnoimicjudalapbticThe

m gt uxe wag extracted with efhyl acetate, and the organi.c |ayer was dried
over sodi YRS C?ﬁ%t%%@aéﬁm Eﬂn?‘?}leg%g‘e?-ehﬁaiiggﬁ-lgi%t hyl benzoi c
acid as a yellow solid (44.4 g, ~ 100%. 1B. Preparation of

3- hydr oxy- 2- i §PpOR A ABRZRh £tiRE kémpound of formula 1b is commercially

available, for example from Aldrich Chemical Company, or is known to or can

—~

readily be synthesized by those of ordinary skill in the art.

In step 1a, a hydroxymethyl phenol 2a is prepared by reducing the
carboxylic acid group of compound la to an alcohol group by conventional
methods. Suitable reducing conditions include lithium aluminum hydride,
borane or borane derivatives in an aprotic organic solvent such as diethyl
ether, dioxane, tetrahydrofuran, and the like. The compound 2a can also be
prepared by cleaving the phthaloyl group of a 3-hydroxyphthalic anhydride
and subsequent reduction of the product to a diol. Suitable anhydride cleaving

and reducing conditions include lithium aluminum hydride, boranes or borane



16 June 2003 50 2-(2, 3-Di net hoxyphenyl) -4, 4-di net hyl - 4, 5- di hydr ooxazol e was
prepared by utilizing the nethod described by A |I. Myers et al. , J. Og.
Chem , 1978, 43, 1372-1379. I|sopropyl magnesi um chl oride (2. 8Uune gogs hyl
ether) (18.75 m, 37.5 nmol) was added dropwi se to a sol ution of

2- (2, 3-di net hoxyphenyl ) - 4, 4di net hyl - 4, 5- di hydr ooxazole (7.06 g, 30.0 mmol)
in freshly distilled tetrahydrofuran a#8room tenperature. The mixture was
stirred overnight, quenched with water, and diluted with diethyl ether. The
| ayers were separated, and the aqueous |ayer was washed twi ce with diethyl
et her. The conbined organic extracts were dried over anhydrous sodium

sul f at e, complexpsdaran apetiq erepacusolvent packeas tefmabydrafiran, dethyliesber,

chromat ogr aphy, el uti wi th xane/ et hyl acetate, gave

2|—(2-i s_olgﬁog%}? %gégieyr?@gg%%?h%?ﬁ&ﬁ?il?{ﬁ di rr;st hyl - 4,5-di hydrooxazole as a

cl ear oi : g, : : solution o

2- (2-1 sopr opyi[n 3téERAOX eomhethypHen®Ey rbéxPE By QoXa7 B g, 25
nol) in 35% s%l ufii?on o%‘)@gulfur?c }ggi d (ZBJ(; m_)xglas stirred at 9?@%%)% for 48
hours. Upyralkplitingytheshydmxygtoumdiydmpouad 42 #itlba ghitedde slkybitingdded. The
reaction m Xxtyr ext 3 it i ethyl;ether, anpd, the combi ned organic
extracts a\%@?{egé’gﬁﬁgi?réﬂu{ﬁaﬁﬁ?%ﬁﬂ\ eEﬁF%gn]aﬁ%p%fleﬁ E?do?ﬁr%?ﬁ $1°U%r bonat e
extracts e ; i di 4 1 | gt i } d dried
Co g ve SRE 1L REMeRG Raticilaply Brodld DYOKRES! ThifreBtlin prbcdeBii ¢B8,
(1.73 g, psésetidp.of A wehlkibiasa sath AW pooaaiuin ¢drbonatie cesiugh chrlnatet hane ( 15

m., 15 mmol) was added dropwi se to a solution of i .

2- i sopr o9l garhrnalBeand ithe dikednderdVeagreretmimesisgopditioans.r ring for 2
hours, the; : ] r d.to n . W r..and the
R o g AT R L R

di chl or ogathaR&ceddife, GosHNe det?bBRBFcTueXd f Btd shevHke, dMHeslkgVainARPNETsOUS
sodium sul fate and concentrated in uacuo. Purification of the residue by

si li ca gdl arfe commmenciohsteygilapleyor eanube syniliesized by oneeé opdipary skill in

di chl or ony t hape/ met hanol and 1% acetic acid, gave 3-hydroxy-2

i sopr opyl BAZ6ic acid as a white crystalline solid (1.32 g, 97.5%. 1C
Preparation of 3-hydroxy-2-phenyl benzoic acid 2M Agueous sodi um bi car bonat e

(10 n) was agdesinlagivalpuaness i1dhabridyiemexs carbhgiichangops iaci d et hyl
ester (2.06 ¢g', 7.7 mmoi), benzeneboronic acid (1.11 g), and

t et r aki s@Ereppteey phdatingdhpdiydadky gt@p ¢Oc@opeynd dbtwithensuit@sdenl) under

a nitroge t mosphere., T, 1 Xt ur.e igred,at 80 .C for hours, poured
Mo wat ST ARRRARE A Shihe RHIE Ty CE s denertegan op 29aibtias |
evapor at @Qidiﬁﬂﬁagy,%cﬁﬁﬁéxﬂ?& WS nCY SrRhesizen 'lﬁrdmeﬁll&ﬁé Rowh b one in the

hexane/ acet one ( 0 give a semsolid oil. "Recrystallization from

di et hyl etrheuchexslne thyaoridativet dfoke-15 mhaey ol dodvok greumto thetdrybsmeiding as
colorless.crystals .69 g,,34%..,. 3- net hoxy- 2- phenyl benzoi ¢. acj d et hyl
coter (0 BEHCER Y Suilabl A oG AR By A% e BB B a8 domBertie

ni trogen,,ilR@R; ?ﬁkgﬂrgcﬁlo]@@e GobPrehlofiQér an Tﬂg‘% E&Et RS BRIEdthgsd! | ute

aqueous hydrochl ori cid and extracted wt acetate. Purification by
silica gef aconopmtrohoffonynule |2t whereintRf ik enetbed AR bisdnedroged,) Riist h 0. 5%
acetic acid, gave 3-hydroxy-2phenyl benzoic, aci d as white solid (0.25 g,
589) . Ex&wgz%ﬁw{af-l@:m'é#&tgl eYter pRRth @a%bl&rﬂ?ﬁ%ﬁw tMers,eandy) acetic

aci d | A ReGRAT 8 L.PT0R) Gkl 681 Srd1ydBON4Tet hy! phenol

Alternatively, in step 2b, a hydroxymethylphenoxy carboxylic ester 4 can
be prepared by reducing the aldehyde group of compound 2b to an alcohol
group by conventional methods. Suitable aldehyde reducing conditions
include reduction by lithiated hydrides such as lithium aluminum hydride, or
borohydrides such as sodium borohydride, or hydrogenation using a platinum

or palladium catalyst in a suitable protic solvent. Additionally, a compound of



2- Chl or o- 3- hydr oxybenzoi ¢ acid was synt hesi zed utilizing the nmethod
described in Buehler et,al., J. Arer. Chem Soc. 1946, 68, 574-577. 16
June 2003 52 A solution of 2-chloro-3-hydroxybenzoic acid (2189uéks 2d¢g nmol )
in tetrahydrofuran was added dropwi se to a solution of borane (48 mml) in
tetrahydrofuran ( 150 nlL) at a tenperature of 0 C. The reaction m xture was
then warned to 60 C and allowed to stiggoverni ght. Upon cooling, the

m xture was quenched with water and made basic with 3M sodi um hydr oxi de.
The aqueous | ayer was separated, acidified with 3M hydrochloric acid, and
extracted with dichloronethane. The conbi ned organic extracts were dried
over sodiryim, g1 4 ¥1erantf AGRRCERIREE Gk VleHE %‘iHﬁp A L) %&bbt&?ﬁﬂeﬁﬂn%r om

et hanol / hexane gave 2-chl oro- 3-hydr oxynet hyl phenol™ as "a white crystalline
solid (1c6MpoundLBHith 4B orPampaetEllioneadertZuchl ar Grignardreagemt drydphenoxy)

i id _met hyl | b 3.42 g, 10. [) dded
ccel e SCLSRLIN Sster, ol eatbonals L0 42 g 10,5 ol s added (¢
t t . i ] by f 30
o oo LA s LSRRG Rl At 1o 0

was stirred overnight, filtered, and the filtrate was concentrated in

vc~cuo. Puri Thesép 8naebrigoveindesiKirendly Isddn b@ pgeparktdsha saroustrogihvaay
el uting wi th dichl oronet hane/ met hanol, gave

(2-chl Iolr dm@mhyltn ?xe/ﬁbﬂ}eyll ipt%xmy) Farexiamplei ﬂlmmpo?@@péFoamUAaMHne
i id (1.94 g, $4.1%. 1C. i
(27 ohi or GFPIERATSh B e LR R T BR ) R BB OR P eeanta obihe Trwsiat | on
of (2- Ch'f?R%é(@é}?{)?mPamﬂsoﬂmgéﬁ) ?%%ﬁd}gag? WholRs &Y th%%ﬁ.e The rtaddod: 8- 41

mmol ) in tetrahy uran was coo treated wth potassium

bi s(tri mpirbydeslslistltharprdeerickofla so¥ohy basaduah hewiiitm slldylaraidesy/8 C for
about an hour. A solution of diphenylcar barrﬁl chloride (2.92 g, 12.6 mmol)
in 16 Akkelibbpansson patagsipan Sisiirametglsdybamide o puitable dperttwganiesul ti ng
m xture ] t rm. room r i rred,.ounernight. The
mc oo bR R et bE BB RTIRERMY S Al Muhie BRI N ayers

were sepaefiaBfdrdiieangsed ke likye rr}y@&cﬁatihgcgg@até BiGe d6&§1ﬁe¥diéﬂ¥di et hyl
et her. .The conbi ned organic extracts were dried over sodium sulfate and

concent r &vailable, vacure krpyyn 19 emeamneatily he sypthasizedly shosecef grdindtyash
h t h lutipg with t 4.1 . . 1
Co oo S e ol Fo Fhimalr axpphainof e totabbindBFith werins B aped st er
as a whi tg¢ GhYisd prdgared 19/ trélafirg (R coﬂ%s?%ding amine of the formula
{2-Chl oro- 3-[ (di phenyl carbamoyl oxy) nmet hyl | phenoxy} acetic acid nethyl ester

(0. 64 g, R'RENihwiith aascy! hsbe edch asaxalyltchieridd, preisganelor (®sgene wat er (5
m.), and tetral%gﬁr o%@ln 2 m). An aqueous solution of |ithium hydroxide
(0.07 g, HUsH ' B € d and the mixture was allowed to stir
overnight. The m xture was concentrated in Uncuo, and the residue diluted

with water amtha\asihgsuii bPFerauY T waidein RTIE_BMORUST taygolynss aci di f i ed
with 3M hydrochloric acid formng a white precipitate which was filtered

and dri egenReally stepdriedads @ prétectadngtonpnmid gaere deprotected by conventional

heedl e, (aodinds o blaty ther TRl Mgt Bor GxBenoie, dgreombesndof Boppall 36 (s
2 , ©O. : = . Y T 0 ; 13C
Nl\/Il?_QD 64. 93&(‘%’%}‘“ é%}f) 2&@}3{% f% .eg%’e(d o) 51 4 f%&?eéﬂefa%b°i‘%?£9‘zl% g‘?‘?}g %@8&‘7 d),
127. 02 ( tster] Z8184ed By .deb3bteéfioh3b obt4in. e deiboxH33a6id. (The rd&diod’ (S),

170.26 (s). Analysis for CZZH18CINO5: Calcd.: C, 64.16;, H 4.41; N, 3.40.
Found: Cpredeezls:indhespregenge ofa sgonghaspisgch as aqueous lithium hydroxide,

{s-[(D phs%ﬁ}/lln%q{?ﬁ%gﬂeogry }?)crv%tsglwnll h%&?@éiﬁx iR rée&%%'c} orag%%tié Col3&hfsuch as
methanol, ethanol, water, and mixtures thereof.
The compound of Formula I wherein R’ is tetrazolyl, can be prepared as

a protected tetrazolyl such as the triphenylmethyl (trityl) tetrazolyl, followed
by deprotection. The compound 2a can be treated with an alkylating agent of



2A. Preparation of 3-hydroxynethyl -2-nmet hyl phenol 16 June 2003 54 A

sol ution of 3-hydroxy-2-nethyl benzoic acid (44.4 g, 285 mmol) (prepared as
described in Preparation | A) dissolved in dry tetrahydrofuramg K@@ 2ab3 was
added to 1M borane in tetrahydrofuran (800 nL) while stirring at a
tenperature of 0 C. The resulting sem solid mxture was heated in a mantle
to just short of reflux and heating was nai ntai ned for about 15 hours.

Met hanol (200 nL) was added to the reaction m xture. The resultant clear
sol uti on was evaporated zn vacuo and tggn evaporated with further portions
of methanol to give 3-hydroxynet hyl - 2- et hyl phenol (30.3 g, 99% . 2B.
Preparation of (3-hydroxynethyl-2-nmethyl phenoxy) acetic acid tent-butyl
ester Tent-butyl bronpacetate (75 g, 385 mmol) was added to a sol ution/

i 3- -2-meth | 6. 6.0, 33 | d finel
Eziﬁigzv%ﬁ?fza%@uﬂm%ﬁ@%fa%k(%%n X RS “qasr&s%@.ﬂrh”f'sﬁ#rﬁ{i?r@ mi

t t . .4 : £] _ te T
Con Ge aoTAS H4ttiaropr REEM int thi BHIR,0L of Bivhdaif B SREL LEBAUARAATY, o1 . The
of the regirBygatRy c8dilihe Balinadlr A RIdeemedYon Sl ih A6 a@mi@&?hﬁfw/ hexane,

gave (3hydroxyTnethyl -2- et hyl phenoxy) acetic acid tert- butiy ester as a
pal e yel |solwentl sqchoasiafga,toge,fﬁ/mxm, tetragrdaofuranoN,N-dimethylformamide,

R

318 mmol ), 4i i FomH ¥ o -50 C and
treated vﬁ C&%é??% \éggﬂ# gioffg%ér opyPngRm(g@%mm ef%‘?ﬁ‘%%%@é%ar ed from

di i sopr opydraivuleerly H2omio)oracidosh, 2ddnthent withi ¢ bediond 231enwhidhnadds to the

t et rahydrof uran (100, HL) After about 10 m _nut eﬁ at -50 C, a solution of
16 June XVG3OSTOHPIRE ﬁ“@&?%&?@q X6 BFIPHéO(f@G?é § tetyzgo Ui 4961 ved in

t et rahydrof ur. ) d.e T [ react . [ e:

stirred f%ra H‘éﬁﬂé’%& :ag_?glt r?‘?%‘feee%f %E%a?ﬁgnsruah OV\BI%'I{Q%H\;[VQ)}( %Hltogldrgggnm

t enper at U@ apyétic argaiic eolveht Sublpuk sicefbhe, dixanie) betraly&MARLIMINNI N vacuo,
poured into dilute hydrochloric acid, and extracted wth diethyl ether. The

organi c |diyesthyiformeamideoged the like, Alsernatinedy, trimathidsilyl entrbpethyltica gel
h t h | uti i th t / h 1.5 ~, 1; t i
Chr Dlar praADR tap Barhigrcke iR 108 Bt SRt s BAWEisac L ent - butyl

ester as a white solid ( 104.1 g, 73%.

{3- [ (Di phenyl cRx&apmyopaehaeisfiyhs oRa FBidhouRHeTY &réﬂ%x% hanIePat-Sfisout vl
ester (104.1 g ZS%I _band | ithium hydroxi déﬁ(llo._. g, 245 %m)l) wer e
di ssol vedExemplanypreperafionaota compound)of Feantidad utiBomgnithe, reantion

t et rahydr of ur an 00 .. The m xture becanme solid, b el i quefied upon
heat i ng aﬁonﬁéﬁ?]&ég? F’U‘gghe"?ﬁé ereealr"%drlﬁ%‘%}i‘?l’%%ﬁsfi? I%rred at room
tenperature for about 16 hours, and evaporated in Uc~cuo. The residue was
poured into dilute hydrochloric acid and extracted with dichl oronet hane.
Evaporati on of the solvent and recrystallization of the residue from
hexanel acet one gave {3-[(di phenyl car banoyl oxy) net hyl ] - 2- met hyl phenoxy}
acetic acid as off white granules (87.0 g, 95%; mp. 180.1-180.7 C.

Anal ysis for C-H2, NO5: Calcd.: C, 70.58; H, 5.41; N, 3.58. Found: C, 70.51,;
H, 5.37;



N, 3.76. EXAMPLE 3 3A. Proceeding as described in Exanple 2, but
substituting 3-hydroxy-2net hyl benzoic acid in Exanple 2A with other
conpounds of formula la and proceeding correspondingly, the fglj,auiopg3
conpounds of Formula | were prepared: {2, 6-dinethyl

3-[ (di phenyl car banoyl oxy) net hyl | phenox ﬁ acetlc acid; mp. 177.6-178.1 C
IHNWR 2.21 (s, 3H), 2.27 (s, 3H, 4.62 % 5. 30 (s 16 ,tune 2003 56
2H), 6.65 (d, J=8.4Hz, 1H), 6.93 (d, J=8. 4Ft 1FD, 7.22 (m 10FD. " 3C NWR
11.83(q), 19.25(q), 62.53(t), 65.67(t), 112.19(d), 126. 14(d), 126.90(d),
128.02(d), 128.07(d), 128.88(d), 131.96(s 134.02(s), 142.51(s),

153. 88(s), 154.79(s), 172.66(s). Anéﬁg@lg)_ﬂxor C29H23NCB+0, 1H2O  Cal cd: C,
70.78; H 5.74; N, 3.44. Found C, 70.52; H, 5.67; N, 3.52.

L8, 2- 180, 0 SCnBHE Y SRLIBIDY BRI ARRI P bhetizhe § BShbulE |
3.07. Fowrwmwla Ippafticulbrlyds B%nsNsorded df a compound of Formula I wherein A

{3- [(dlphen¥lcarbano on ) et hyl ] -2- pheny gpenoxy} acetic_acid; mnp.
181. 0- 181s slkenylens, CHoZa'3RE5R’, &l Bd andan ane assdefinedsinthe | ~T,

3.09. Fouynd 4; 5.15; N, 3.19.

{3- [(d.pﬁgﬂyFEﬁyéiﬁﬁ 1By 9?%%?hyl] 2- et hyl phenoxy} acetic acid; mp.
160.9-161.7 C 1H NWR 0.95 (t, J=7.4Hz, 3H), 2.57 (q, J=7.4, ZFD 4.69 (s,
2H) , 5 17 (s, 2H), 6.79 (dR3J=7.9Hz, 1FD, 6.81 (d, gs7.9Hz, 1H), 7.08 (t,
J=7.9, 1H), 7.30 (m _10H), [12.98, (bs, 1H). 13C NWR 13. 79 ) 18. 58(t),
64.60(t), 64.92(t), R 1.35(d), 126.2 7(d), 128.91(d),
130.80(s), 134.65(s), 142 s) 153. 74(s), 155. 4 170.19(5). Anal ysi s
for C24H23NO6: Calcd.: C, $4015. 72; "$3% 45 nd: C, 70.98; H,
5.71; N, 3.61. {3- [(dlphg_ylcﬁvb onxy)net ]- ZeprOEWIphenoxy} acetic
acid; mp. 51.0-54.0 C. 1H NMR 0. 8p8(t, J=F 4Hz, 3H), 1.41(sextet,

J=7.4Hz, 2H), 2.56(t, J=7.7Hz, 2H), 4.33(s,,2H), 5.17(s, 2H), 6.76(t,
J=8.8Hz, 2H), 7.02(t, J=8.0CHz, 1H), 7.29( 10FD 13C NVR:. 14. 44(q),
22.33(t), 27.58(t), 65.18(t)ROGE™SBALL) ~ 114.490d), 120.71(d), 126.12(d),
126.31(d), 127.12(d), 128.97(d), 129.779( 134.64(s), 142.34(s),

153.84(s), 156.43(s), 170.43(s). Analg5| r C25H25N05. 0. 55H20: Cal cd.: C,
69.83; H 6.12; N 3.39. Found: C, 69793; H, d§413; N, 3.26. 16 June 2003
57 {3- [(d|phenylcarbanvyloxy)nethyl] 2- | sopr opyl phenoxy} acetic acid
tertbutylamne salt (0.49 g, 58.4%; m %73 -182.2C. 1H NWR 8 (ppm 1.19
(s, 3 H, 1.21 (s, 9 H, 3.05 (septet, =6.8 Hz, 1 FD, 4.16 (s, 2 H),
5.12 (s, 2 H, 6.72 (d, J =7.6 Hz, 1 , 8,74 (d, J 8.4 Hz, 1 H, 6.98
(tr, 3 =7.9Hz, 1 H, 7.29 (m 10 H), (br S, SFD; 19C NVR b (ppm
20.50 (q), 27.41 (q), 28.06 m@@ﬂfﬁﬁﬁ 3 66 Bml(t), 67.89 (t), 113.09
(d), 121.59 (d), 126.02 (d), 126.34 23 (d), 129.00 (d), 133.49
(s), 134.37 (s), 142.39 (s), 153. 84 (z) .15 (s), 171.13 (s). Analysis
for C25H25NO6~CgH IN: Calcd.: C, 70.7 H 7.@&4 N, 5.69. Found: C, 70.75;
H 7.39; N 5.84. 3B. A solutlon of 3- hIdroxyphthallc anhydride (0.77 g,

4.7 mol) dissolved in tetrahydr®f ﬁ%&nx 85 3rl) was refluxed with
bor ane-t et rahydr of uran conpl ex j

R3
HOCH;— A2 = O(CH,),- R®

8

R4
0
R1R2N/u\ X l Step 4
5
R3

R'R2N B OCH;—A = O(CH,),- RS

trans - 1 R4



(20 nmL) for 18 hours. The resulting suspension was cool ed and deconposed
wi th excess nethanol (gas evolution), and the solvents were renoved under
vacuum The residue was evaporated with nmethanol to give 16 June 2003

(2, 3- bi shydroxymnet hyl ) phenol as a white solid (0.72 g, 98% . Subsequently
proceedi ng as described in Exanple 2, but substituting

3- hydr oxymnet hyl - 2- met hyl phenol in Examgg e 2B with

(2, 3- bi s- hydroxynet hyl ) phenol and proceedi ngly correspondi ngly in Exanpl e
2C, the follow ng conpound of Formula | was prepared:

{3- ((di phenyl - car banoyl oxy) met hyl ] - 2- hydr oxynet hyl phenoxy} acetic acid;

m p. 137. 2- 15helrnAbive)sshsid®EorhBotRdd BhydixgBenzaldebyd81b otla 5. 20; N,
3.44. Found: C, 67.81; H 5.24; N 3.57. 3C. Proceeding as described in
Exanpl e halagenatedhphenekinghereinshis kalosemprefenably Heoma oEiedmiaze 2C wi t h

N- phenyl - N- pyri di;p- 3- !ﬁ rb | _chloride .qp . cl. ohe - N- phenyl car banyl
chior 1 He ARFBeG AT CBF Faela sty aTpth GRSl Ygntaio fhaté o
Formul a lenWeirerodeal fekdily BbsyithRsize8Dydfhose of ordinary skill in the art, _
{2-met hyl - 3-[ (phenyl pyri di n- 3-yl car banoyl oxy) net hyl ] phenoxy} acetic acid;
m p. 180.1-180.7 C. Analysis for C22HZON2~5. 0. 35H20: Calcd.: C, 66.27; H,
5.23: N, 7. 03n stepuhda txonselsydroxypherylabsylenylacarboxylic ester 6 wherein R is

175 503 740 pCORI RS o Bpe A 5P BB ot B Wnpsty 1 55 (im
1H ., 1. 71ohMticdtdknokwiB e bR i ke akt. 1PoA Sxardple, cfmbsuhlé dd be %ﬁ@@ar@a 2H),
5.08 (s, 2H), 6.70 (m 2H), 7.06 (m 3H), 7:32 (m 3H: "3C NWR 11.04(q).
25. 28(t) by2®asBhg the alddBide)lb Fottest d)kylskeneriphersSphaiphorand or 23( d) ,

136. 45 syl Sfhasgls Sy sspriiat it fysiinl esiorios
exanpLE FPST RN e R pibeptiondss RRUTS palksl posionbatasdivich £
Pr epar at istrongf bgse-suehrithpieriopdri dacesodivac hgid ride hyrldee SWattigRaviH erred

pot assi um carbonate (5 g). was added to_a sol ution Qf 3-hydroxybenzal dehyde
(3.1 g, ZSackn Sonibions: PmBpRuhe cap e be rrerpredPyirsptingitsgol ved in

acetone (48:{tlye 11204 }‘I'],;Br-]&‘i"aééﬂi% cHf5 Y ﬁﬁ&&d%‘éﬁg?bﬂtgz(%f#gé{tggné“}{éﬁ%s- The

reaction m xture-was t poured I nto excess water,
di chl or onrideareactidrt cendifionaidederiBdieby &lahtleatte M| A o8 adi, [ Tevashedrsd i | | ed on

t he Kugelrohr (| 150 C). to give (3-fornyl phenox acetic acid nethyl
est er gs I(gtf@aq:,glﬁ% %50218?(.4_ yyaple g;(},%(qts for the gle%nat%% reaction include Y

inert aprotic solvents such as acetonitrile, tetrahydrofuran, and the like.

In alternative step 1, a trans-hydroxyphenylalkylenyl carboxylic ester 6
wherein R is (C,-C,)alkyl can also be prepared by reacting the halogenated
phenol 1c with an acrylic ester such as ethyl acrylate in the presence of
phosphine ligand such as tri-(o-tolyl)phosphine in combination with a
palladium salt such as palladium(II) acetate. The reaction proceeds in the
presence of a base such as triethylamine under an inert atmosphere, for
example under Heck-type coupling reaction conditions. Suitable solvents for

the reaction include aprotic solvents such as acetonitrile, tetrahydrofuran, and
the like.

In step 2, a trans-hydroxyphenylalkylenyl alcohol 7 is prepared by
selectively reducing the carboxylic ester group of compound 6 to the
corresponding alcohol group. Suitable carboxylic ester reducing conditions
include lithium borohydride, lithium aluminum hydride, diisobutylaluminum



4B. Preparation of (3-hydroxynethyl phenoxy) acetic acid nethyl ester A

sol ution of sodi um borohydride (1 g) dissolved in water (10 rrL) was rapidly
added to a solution of (3-formnyl phenoxy) acetic acid nethyl zt(bog?) g)
di ssolved in nethanol (50 nL). After about 10 m nutes, the resu | ear
16 June 2003 59 solution was acidified with excess 10% aqueous hydrochl oric
acid, poured into water, extracted w glg di chl oronet hane, and the sol vents
evapor at ed. Chronat ography over silica“gel, eluting with 5%

acet one/ di chl or onet hane, gave ( 3-hydroxynet hyl phenoxy) acetic acid nethyl
ester as a coI orless oil (2.51 g, 55% . 4C. Preparation of

d hyl.] ph
(3- hydr oS Ry PURBTEL BB o HhBREE Ao VG, EPeRhBrret refuing) and
d| phenyl onmdmn;ahsdlelsmb@tbbyﬂ’msm@ M ebabwd) @rgve(ﬁ'bemoﬂrﬁﬁﬂ,eéﬁ |]:83|8yand| ne (2
Theidased il udeof @gvdﬂ%%uaacaﬂe\a%cﬂz}o@e@%hed%}cﬁﬂq)ﬂm%t}?aﬁqa&@ under

mtrogen e m xXture was oured _jnto water extra

d|chIoroﬁ@ﬂﬂhﬂ@unaﬁﬂnEOBE@ﬁ&ﬁ%@sIPhFDﬂh@ﬁPPbnSBﬂabHéaP@§¥Uﬁ%V%V3§P#|ca ge
chr omat ogiapdhttionl inkiie tattdhRloAGahoRekdhd; il pleeh®tRahtne JHY¥Lane, and
{3[(diph§§¥h car banoyl oxy) net hyl ] phenoxy} acetic acid nethyl ester as a
col orles de (575 nmg, 73% . {3-[(biphenyl-carbanoyl oxy) net hyl ] phenoxy}
acetic acid nethyl ester was hydrol yzed by proceeding as described in
Exanpl e 2C to give {3-[(diphenyl-carbannyloxy)nethyl]phenoxy} acetic acid
as a white solid (353 ng, 65%; mp. 142.2-143.8 C, 'HNVR 4.63 (s, 2H),
5.11 (s, 2HIn ste3>23,(artramsbhydrosmn@hhylahm)lennlzomoeiﬁszarbwthﬁmyg i for

gzgglggo g&vocz&hﬁg as"c'ies@rIQZd iNScBerfit- J%F dpPa, Gor J}&nq lgnox S. gZet :\lc
aci d 5A. 2 %Pgt Yéf%gg?%fwf P@i’ﬂﬁﬁ%&ﬁ aﬁ%%@ IiaEng Aesrt Sout yl

ester d6thd formidQS-(@FH,)_-X, wherein R’ is a protected carboxyl group.

In step 4, a trans isomer of a compound of Formula I is prepared by
proceeding as described in Scheme A, step 3, for example, by acylating
compound 8 with an acylating agent 5 of the formula R'R*NC(0)X, wherein X
is halogen, particularly bromo or chloro.

Optionally, a compound of Formula I wherein A is alkylene can be
prepared by selectively hydrogenating the carbon-carbon double bond of the
product or any of the intermediate compounds synthesized prior to the final
product, to obtain the corresponding saturated compounds. Suitable selective
reducing conditions include catalytic reduction such as Raney nickel,
palladium on carbon, nickel boride, platinum metal or its oxide, and the like,
preferably palladium metal or its oxide. Suitable solvents for the reaction
include inert organic solvents such as ethyl acetate, methanol, and the like.
Preferably, compounds 6, 7, or 8 are selectively hydrogenated to obtain

compounds of Formula I wherein A is alkylene.

Exemplary preparations of a trans isomer of a compound of Formula I
utilizing the reaction conditions described in Scheme B are given in Examples

6 and 7. Exemplary preparations of a compound of Formula I wherein A is



( 3- Hydr oxynet hyl - 2- et hyl phenoxy) acetic acid tart-butyl ester mas prepared
by utilizing the nethod described by Mart, M and Tidwell, T., J. Og.

Chem 1984, 49, 788-793. Oxalyl chloride (0 46 L, b.25 nnDI) g@&u&§
dropwi se to a solution of 6 dl methyl sulfogide (0.88 nL, 12.6

di ssol ved in dichl oronethane (40 nL). The m xture was cooled to -78 C and
allowed to stir for 1 hour. A solution bf (3=~ydroxynethyl 2-nethyl phenozy)
acetic acid tart-butyl ester (1.26g, 5.00 m-ol) in dichlorornethane was
cannul ated into the reaction " mgtuxe3gnd allowed to stir at -78 C for an
additional hour. Triethylamne to (3.49 nL, 25 nmmol) was added. The
reaction mxture was allowed to warmto roomtenperature, poured into
water, and the |ayers were separated. The aqueous | ayer was extracted tw ce
wi t h di chhlkyberd tititieinglite waotibhednaitgaiy deseribeddh Schene Basbetvenr irh 2N
hydrochl oric acid and saturated sodi um bi carbonate, dried over anhydrous
sodi um suEkammlespdl addnkentrated in vacuo. 16 Purification by silica ge
chromat ography, eluting with hexaneJacetone, gave
(3-fornyl -2-nmet hyl phenoxy) acetic agig ;q;g-butyl ester as a slightly

yell ow crystalline solid (1.07 g, 86 B. Preparation of [3-(

1- hydr oxyet hyl ) - 2- net hyl phenoxy] acetic acid tert 20 butyl eater

(3-Fornyl - 2- ns&ﬁerhpr@di@ecyi)beaeert alteriitive mathdlibfprepatrierg 4 doRpoand 3£ 75 nmol )
was dissolved in_ freshly distil]ed tetrahydrofuran and cooled to 78 C.

Met hyl  nmafpesiimd ,cnﬂrércrlﬁeéxzcezwm_ner?o fascompannd oEorrautal whepsinsdtland t he

I of 2G
al T owed 1 SIS B OrO e & uie T B ednAgh ey s dheeill Sl nour o

t hen careguhhﬂagygpghpgnmmkﬁnmeter, and extracted with ethyl acetate. The
organi c extracts were dried over anhydrous sodium sul fate and concentrated
in acicuo. Purification by silica gel chromatography, eluting with
hexane/ acet one, gave



16 June 2003 61 [ 3-(1-hydroxyethyl)-2-nmethyl phenoxy) acetic acid tert-butyl
ester as a clear oil (594 ny, 59.5%. 5C. Preparation of
[ 3- (1-di phenyl car banmoyl oxy) et hyl ) - 2- met hyl phenoxy] acetic acig june 2003
[ 3- (1- Hydr oxyet hyl ) - 2- net hyl phenoxy) acetic acid tert-butyl ester (553 ny,
2.00 mmol ) and di phenyl carbanyl chloride (695 ng, 3.00 mmol) were dissol ved
in freshly distilled tetrahydrofuran (30 nL) and cooled to cooled to -78 C
Li t hi um di i sopropyl amide (1.20 m_, 2.4® mmol) was added dropwi se. The
m xture was allowed to warmto roomtenperature and stirred overnight,
guenched with diethyl ether, and the |layers were separated. The organic
| ayer was dried over anhydrous sodium sul fate and concentrated i n uacuo.
Purification by sffica gel chromatography, eluting withthexane/ acetone
(9:1), gave [R<(1idi plenyl - car bamoy| gxy) et hyl) - 2- mgt hyl heng&yi)aﬁﬁtic aci d
tertbutyl ester @' clear oil % . i
[ 3- (1- Di phenyl caxdaioyl oxy) - et hyl 7= @aehyl phenoxy] a c acid tent-butyl
ester (346 ng, Q.?S Fmol) was di ssol ¥ed i n net hanol (25 4 and water (10
m). An aqueous—golu ion of |ithiumhydroxide (69 ng, 2.65 mvl) was added
and the m xture was stirred at roomtenperature for 6 hpurs. The m xture
concentrated in vacuo, and the residue was diluted wth|$etzr and washed
with diethyl ether. The aqueous | ayer was acidified wity dilute
hydrochl oric acid and extracted with dichl oronet hane. The organi c extract
was dried over anhydrous sodium sul fate andCiepgraentratefsin uacuo to give
[ 3- (1di phenyl car banpyl oxy) et hyl ) - 2- net hyl - phenoxy[xqcet i c ag#@H?s cl ear
foam (293 ng, 96.4%; np. 57.0-69.0 C "H NWR 1.35 (d . ,¥MBH), 2.13
(s, 3H, 4.67 (s, 2H), 5.96 (g, J=6.5Hz, 1H), 6267 (d, .8Hz, 1H), 6.74
(d, j=8.2Hz, 1H), 7.08 (t, J=8.0Hz, 1H), 7.26 (m 6H), 7. %(m 4H), 12.99
(br s, 1H); "3C NWVR 9.56 (q), 20H¥ggﬁﬁ), 3.82 (t), F9.MB (d), 109.33 (d),
116.41 (d), 121.56 (s), 125.20 16 Jurie 2003 62 (d)b 125.28 (d), 125.99
(d), 127.87 (d), 140.33 (s), 141. (s), 154.46 (s), 16$ﬁ;6 (s). Analysis
for C22H18CLNOS. 0. 14CH2C12: Caled.: C, 69.47; H R'BAGZX N "$ 36. Found: C,
69.41; H 5.62; N, 3.78. LE 6 -
Tr aps-[ 3- (3- D phenyl car ba onxyproEenKLiphenoxy acetiﬁﬁacid 6A.
Preparation of traps-3-(3-hydroxyphBHNYa@GHasTcARsj d metthyl ester A
hosphonoacetate (9.94 nL, 6T _ng ,O(CH) i RIM
nmmol ) and 1, 8-di azabicyclo [5.4 ndec- 7- ene (DBU)
(15.92 nl, 106.5 N i QElantrile (80 nl) at roontk&gperature under a
nitrogen atnosphegre stirred at roomtenperature forq180Rfi nutes. 3
Hydr oxy- bepz@ah depyde 00 g, 40.9 mmol) was added, and the m xture was

stirred at roéh1tenpqut6?e for an additional 3 hours. iﬁ&&h_was added and

solution of trinethyl
chloride (2.60 g, 12.

t he agueous phase was extracted wthPdi ethyl ether. Thelconbi ned organic
fractions were washed with erpiglgt™xe, dried over magnmesi um sul fate, and
evaporated to dryness. Purjfication by flash chromatography, eluting with
hexane/ ethyl acetate, gavgwfxap <3< (3- hydroxyphenyl)acrpgd i c acid net hyl
ester as a white crystalline solid ~30 g, 86% . 6B. Prieparati on of
traps- 3- (3- hydr oxypr openyl ) phenol

y O(CH,),- R

0
RiReN A OCH;— A? Ré

cis-1

The starting halogenated phenol 1¢ wherein X is halogen, preferably
bromo or iodo, is commercially available, for example from Aldrich Chemical
Company, or is known to or can readily be synthesized by those of ordinary
skill in the art.



Li t hi um n-butyl di i sobutyl al um num hydri de was prepared in situ by addi ng
1.0M di i sobutylal um num hydride (DI BAL-H) in toluene (16.8 nL, 16.8 mmol)
to a solution of 2.5Mn-butyllithiumin hexane (6.73 L, 16. §suRd ogd -5 C
under an argon at nosphere. Tetrahydrofuran (70 nL) was added and the

m xture was cooled to -78 C. A solution of traps-3-(3-hydroxyphenyl)acrylic
16 June 2003 63 acid methyl ester (1.038, 5.61 mvl) in tetrahydrofuran (70
m.) was added to the dropwi se to the m xture over 15 m nutes, and the

conbi ned soution was allowed to reach -20 C and was stirred for 3 hours.
The m xture was cooled to -78 C and sodi um sul fate decahydrate (6 g) was
added, fol | owBustep ba balapbanasneatitonylenpsher deis(Preparrd by paoesAthes at ed

hydr ochl ogéderafelddntSeHelthe? A3 steb ®a, ThX bxd1@ pleby aXtylatihedhei Hyliroxy group of

di chl or onet hane, igd. he engECt wgst.was ed gltt% ter, bgg n@ :?ged sodi um
sul f ate, caq{ap%\brh%— LR aputphle ohudatingagept oAtithA ey itaRi (CHeleitt ogr aphy,
el uti ng wivhardiex®Rng/a ptdtytted catrladyl ggavie pur e

trans- 3- (3- hydr oxypr openyl ) phenol as a clear crystalline solid (0.58 g,

68% . 6C. Preparation of traps-[3-(3-hydroxypropenyl)phenoxy] acetic acid
tert butyl ester A solution of tent-butyl bronpacetate (0.60 ni, 4.03 nmol)

10 2OLEESI UIEBAT AL bltny 6T S S ot
room t errpgra h%/% E’8néﬂ%}]%g'ﬁ‘d¥%$’]to? Eﬁleg‘? : éé‘ghéi r§??¢?§&°W“§B&Wl

gour S. Thieanm}kmlalméfshfb?arsﬁdoﬁmltaﬂnbhfoﬂ Htm‘dat lecmﬁse_ £OER e i Iﬂgaie@tﬂ,/tibﬁ ol
r'yness. uri.1.l. cat n .l as cnr,omm ra , elutln W t exane et
Ceorere GofiibsiRL AR ahetibf pa S IR LR LR R B A b EAR TS Y

t ent - but ytatedysérsuab as arl smmplielas(tet8&Ts(triphesylpheEphipres pal ladiwm(®f or

t [ 3-{.37di : | ' ti f
LT ape 15 bR RPN DAL I HIEE S bn R E 1 th8 Bhlheics A |07 ©
1. 89 rmol yonnsT thaliderfpdalyst sush ps soppgr(lidadidgd y subaklessaluenioiorghe2. om

l'i t hi um didaetiphapyLAl¥sGrislidiap! whedd sddidiondllgfdei-asy &5 Ayrkhgasiene 16 June
2003 64 (.04 nkL

2. 08 » d_di ph I l.ari d .46 g, 1.98
mmol ) at SEnaielys @‘?F Eﬁm%gg?ha“taalrﬂlogr@lﬁg‘?cgﬂy Cegijﬁ?a%%%ﬁ? épfiﬁéé’%}ﬁ) g@éﬁ“feg reach
0-5 C andopfasnaldy it thepresance hf 8 copppehalide eatfadyst]l tn hemitablSaprotat ed
ammoni um ghlord g?c%t@c@&'ﬁﬂdx%@&rérpe product was extracted with

di chl oronet hane. The extractt was washed with water, brine, dried over
sodium sul fate, and concentrated to dryness. Purification by flash
chromat ography, eluting with hexane/ ethyl acetate (7:3), gave pure

trans-[ 3- ( 3- di phenyl car hanoyl.oxypr o | yphenoxy} .aceti c idtert:butyl
ester as a \/\h#r{)ﬁte@)r%/’sﬁﬁ ym%plg%%%g{ c%ggég)i  es5ey .lﬁPW%ﬁeamyuPﬁoﬁ%qlﬁﬁi de (
1.46 m, asdeésarnwdd inBsherdedd step 3, ®olegtinple by acylating compound 10 with
traps-|[ 3- (3-i b : et i ert-butyl
cstor (0. B8 G P e e PR AR R R N0 W he AR oL & Beleeh ) et
roomtean?%tﬂWIérléfrhféFnoaorn?}tlpﬁben at nosphere. The mixture was stirred at
roomtenperature for 3 hours. The sol vent was evaporated, water was added
foll owed by 2N hydrochloric acid to pH 1-2, and the product was extracted

with ethyl acetate. The extract was washed with water, brine, dried over
magnesi um sul Irastep arricisdsemear pha sompouddyof drmiiedriy prraparedagel entiviety

qcid a5 aCuReraRERiFile %éﬁéo%g??aﬁ*?éﬁééﬁ,%?%%'- o AT yhacRe acetc
EXAMVPLE 7hydrggenationzopndipens| EWBBWW@E’#E? faycthe selextiverpantihenoxy} acetic

acid hydrogenation of alkynes to cis-alkenes include diisobutylaluminum hydride
(DIBAL) or hydrogen with a palladium catalyst such as Lindlar Catalyst. The
reaction proceeds with the addition of selectivity enhancing agent such as
quinoline in a protic organic solvent such as methanol.

In alternative step 3, a cis-hydroxymethylalkenyl phenoxy carboxylic
ester 12 is prepared by selectively converting the triple bond of compound 10



7A. Preparation of traps-3-(3-hydroxy-2-nethyl phenyl)acrylic acid ethyl
ester Ethyl acrylate (1.16 ni, 10.7 mml), palladiumacetate (60.1 ng, 0.27
mol ), tri-o-tolyl phosphine (160 ng, 0.54 nmol) and triethyl g 40b362 nl)
were added to a solution of 3-brono-2-nethyl phenol ( 1 g, 5.35 mol) in
acetonitrile (2.5 nmL) under a nitrogen atnosphere. The m xture was heated
at 16 June 2003 66 82 C for 16 hours_and cool ed. 1N Hydrochloric acid was
added, and the m xture was extracted V\ﬁ?’?h et hyl acetate. The extract was
washed with water and brine, dried under sodium sulfate, and concentrated
to dryness. Purification by flash chromatography, eluting wth hegane% hyl

acetate, gave. 5.traps-3-(3-hydroxy-2-net hyl phenyl ryli,c aci d, ethyl ester
as a cl eaf dft- fio‘(‘%gmr?&(uﬁ .rG%T?%}la}é].yrég?% i %(H%Cﬁﬁorvls désctibed in step
traps-[ 3-8 8bavgphenyl car banmoyl oxypr openyl ) - 2net hyl phenoxp) acetic acid 1o
Proceedi ng as described in Exanple 6, but substituting
traps- 3- (3hydroxyphenyl )acrylic~ acid nethyl ester in Esaniple 6B with

t raps- 3- (3hydroxy- 2- et hyl phenyl )acrylic acid ethyl ester, and proceedi ng

for r eng”?gnng%I'téh‘dl@tN@%@p Glc,:ia cis isomer ofla %omp%%ncli o{l Formu;a Iis }t)repared q

raps- [ 3-( 3-di phenyl cai ~bajoyl.oxypr openyl ) 2- yl pheno cetiC acid was
prepar ed R%PEOGRATIE %ﬁ?%f{@éﬂn “hegap/g, Szfé) %Ffar Lx4mPIR bY BCRAEREEXAN, | PLE 8
G s- (3- ( cozhpiiaity L2 ariblaamyd giapngpgeyt 5 of the fdryl e BXNC (0K} whepenK 8A.
Preparatior}baﬁfg%g- brgrml- 2r ngt hlﬁ.lep?eg%_x) acetic acid tent-butyl ester 20
Tert - but y¥* PAFEFBIATYY BEOMmP o $hI8500 'Y and pot assi um car bonate (2. 01
g, 14.56 mmol) were added to a solution of 3-brono-2-nethyl phenol (1.29 g,
6.92 nmmol) in acetone (17 nmL), and the m xture was stirred at room

e o SR b e DRI IR RS FDep Tttt 53

filtered, an _ terwas evap n grv 3-brono-2 25
et hyl pheppire@69iselectivell heMtogorbYing@hk Rarbsh-taRnedotdilt Ponaidf the . 12

9, 100%. product or any of the intermediate compounds synthesized prior to the final
product, to obtain the corresponding saturated compounds. Suitable selective
reducing conditions include catalytic reduction such as Raney nickel,
palladium on carbon, nickel boride, platinum metal or its oxide, and the like,
preferably palladium metal or its oxide. Suitable solvents for the reaction
include inert organic solvents such as ethyl acetate, methanol, and the like.

Preferably, compounds 10, 11, or 12 are selectively hydrogenated to obtain

compounds of Formula I wherein A is alkylene.

Exemplary preparations of the cis isomer of a compound of Formula I
utilizing the reaction conditions described in Scheme C are given in

Examples 8 to 10.



16 June 2003 66 8B. Preparation of

[ 3- (3- hydr oxyprop- 1-ynyl ) - 2- net hyl phenoxy] acetic acid tent-butyl ester
Tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0.41 g, 0.35 mmol) 1@0GheP20umr gY!
al cohol (0.83 nL, 14.3 nmol) were added to a sol ution of

(3- brono- 2net hyl - phenoxy) acetic acid tent-butyl ester (2.13 g, 7.08 nmol)
in pyrrolidine (21 nL) under an argon nosphere at roomtenperature. The
m xture was heated at 75-80 C for 2.5 hours. Excess saturated anmmoni um
chloride was added and the m xture was extracted with diethyl ether. The
extract was washed wth brine, dried, gver sodium sul fate, and concentrated
to dryness. Purification by flash c%ﬁgﬁﬁﬁbéraphy, el uting with hexane/ et hyl
acetate, gave [3-(3-hydroxyprop-1-ynyl)-2-methyl phenoxy] acetic acid
tert-butyl es 41 (0 9 I

[ 3- (3-di pheny g%?@%n%@leg%%érso%‘? 15“9%’; ‘%I@?é?ﬁ‘%%ﬁfeeﬁ%@fé %gg?‘g’{‘:)uélgi Y

t ent - but y[Foeshugs 12 whdvkin Al athetiyleon®pyt-@iige, and R', R’, R’, R, R®, and n

t ol uene/ hept ane/ et hyl benzene (0.77 nL, 1.54 mmol) was added to a stirred
sol uti on ete p8deBnrgdndkysruepmary of thelngariydmphenoxy] acetic acid
tent-butyl ester (370 ng, 1.34 mol) in tetrahydrofuran (4 nL) at -78 C
under an argon atmmsphere. The m xture was stirred for 1gsmnutes and solid
di phenyl car banoyl chloride (310 ng, 1.34 mol) was added) The m xture was

allowed to rea and stirred famep16 hours. Saty (R} B
chl ori de was adde d the mxturewas—extrTacted with acetate. The
extract was washe th brine, dried over sodium sul f at nd concentrat ed

to dryness. Purif{%ftlmm by flash chromat ography, eIutinﬁsmFWh hexane/ et hyl
acetate, gave [3-( 16 June 2003 67 -

di phenyl car banoyl ozypr op- 1-ynyl ) - 2- met hyl phenoxy] aceticjacid tent-butyl
eater as a colorless oil (220 ng, 35% . 8D. Preparation éﬁwpz

ci s-[ 3-(3-di phenyl car banoyl oxypr openyl )-2 6 met hyl phenoxy] acetic acid
Quinoline (22 ~L) and a Lindlar catalyst}&égﬁug Jnere adq%d to a solution
of [ 3-(3-di phenyl car banoyl ogypr op- 1- ynyl ) - 2= rfet hyhenox acetic acid tert
butyl ester (215 ng, 0.46 mml) in nethanol (2 nlL) UM LM (CHQgen

at nosphere. The m xture was stirred for 35 minutes in a |l oon filled with
1o hydrogen. The m xture was filtered, and the D taken to
dryness. Purification by flash chramabtRgrapby, eluting wijh HRtexane% hyl
acetate (92.5:7.5), gave Step 3 —
ci s-[ 3- (3- Bi phenyl - car banoyl oxypr openyt~2- met hyl phenoxy] ,acetic acid
tent-butyl ester as a colorless oi}l-(1b0 ny, 69.4%9#Nﬂ1;d§kx31hydro$ide
nonohydrate (13 ng, 0.31 mmol) s added ~to a 5

0
RREN A~OCH,— A2 8
™

R3 N (CH,),- RS
_~ (CH,),- RS
HOCH;— A® R 15
16 o l Step 4
R RZ‘N’5lk X i

Altermnative

Step 4 R3
\ / (CH,),- RS
O

omn —Aa
RIR2N""~0OCH; A R

cis-Ta



16 i stirred solution of

ci s-[ 3-(3-di phenyl car banoyl oxypr openyl ) - 2- et hyl phenoxy] acetic acid

tent-butyl ester (144 ng, 0.30 nmml) in tetrahydrofuran (1. 41¢i)ne Foust hanol
-(0.31m.) and water (0.3 nL) at roomtenperature under nitrogen. The

m xture was stirred for 4 hours at roomtenperature, 1 N hydrochloric acid

was added to pH 1-2, followed by wated9 and extracted with ethyl acetate.

The 20 extract washed with brine, dried over sodiumsulfate, and

concentrated to dryness. Crystallization from dichl oronet hane/ hezanes gave

cis-[3-(3 di henylcarbanDyIogypropenyl) 2- met hyl phenoxy] acetic acid as a

white solid Theigispgomenof a campounddfflorgsilg le whrgein Bais3((Ad,)2083 68 EXAMPLE

Pr opar & BONPET 2P b GRBBER B LbleC A AASPHOLL SOEe Getch SHUEREbuL

br onacedigfefedt s'ltagﬁngkonil;%u@%s mboialﬂr@es%%tdaﬁﬁél%’?oﬁﬁf:ponat e (3.59, 2538

nmol ) were added to sol'ution of 3-bronophenol (2.09 g, 12.08 nmol) in
acetone (30 nlL), and the mi xture was stirred at roomtenperature for 5
hours under Bhestartigecomposphid evhethm }ﬁix&mﬂcgem;aréﬁem}dwe}ﬁpnm t he

filtrate. orated to d gi ve he cetic acid
ent - butipoeard 2 13 hialogen, m@gbelfbrow 813100, ot @B?%ﬁisg}fiﬁii on of

[ 3- (3-hy. = byt

ot aki of PEIKREE R &S MO IO Bty §f 5 By eBBop KMmER LY | spargy
al cohol 4JaiBblaifor 2Rathplefimin Aldrieh ﬂiﬂ&ﬁdlcthanﬁm\lnlﬁ bois kol erephenoxy)
acetic acid.tent-butyl er (3.3.9 49 mol n pyrrolidine (35 niL)
under antefdigrPes ﬂ’é?éi’ tthoé%ﬁf?@*rﬁéﬁéﬁlﬁlﬁ;% gh?earﬁl xture was heated at
75-80 C for 2.5 hours Excess saturated amoni um chl ori de was added and the

mxture was BB, ShaloblefelbbyAldSlior TheviKbiPal iv@DMRORBIIML D -

bri ne, drie concéntrated to dryness

by fl as homah]lﬂmnylmw aghe mbpardnbbywahohexmthbdﬁ hFIor agaetplie, cogepomnd
[ 3- (3- hydroxyprop-1-ynyl ) phengxy] acetic acid ten utyI ester _as a pale
yel | ow oi$ wiiereignn gs 38 prepayed Ly @&ipf epmpaund 1d wherein X and Z are

ci - [ 3- (S dHLIBR¥R ARE DN hPPENDEN 11 AER) Guff ﬁ@ﬂk&l-@%dﬂen‘%ﬁﬁe fn the

presence of a hydroborating agent such as 9-borabicyclo[3.3.1lnonane dimer
(9-BBN). The reaction proceeds in the presence of coupling catalysts such as
palladium chloride and tripotassium phosphate in an aprotic solvent such as
dichloromethane, N,N-dimethylformamide, tetrahydrofuran, and the like.
Transesterification of the resulting carboxylic ester product is effected by
treatment with an alcohol such as 2-methyl-2-propanol and a base such as

n-butyllithium under an inert atmosphere.

Alternatively, the compound 13 wherein n is 2 can also be prepared by
treating compound 1d wherein X is halogen and Z is ~-CHO with an
alkylidene-triphenylphosphorane or alkylidene phosphonate that is generated
in situ by the presence of a phosphonium salt or a phosphonate such as an
alkyl phosphonoacetate with a strong base such lithium hydride or sodium
hydride under Wittig or Horner reaction conditions. The resulting alkenyl
carboxylic ester product is selectively hydrogenated to obtain the
corresponding saturated compound. Suitable selective reducing conditions

include catalytic reduction such as Raney nickel, palladium on carbon, nickel



16 June 2003 69 fauinoline (54 ~.L) and a Lindlar catalyst (54 ng) were
added to a stirred solution of [3-(3-hydroxyprop-1-ynyl)phenoxy] acetic
acid tent-butyl ester (547 ng, 2.09 mmol) in nethanol (4.3 mnip pAEeHOR

ni trogen atnosphere. The m xture was stirred for 1 hour in a balloon filled
wi th hydrogen, filtered, and the filtrate was taken to dryness. The residue
was purified by flash chromatography, e€Quting wth hexane/ethyl acetate,

di ssolved in diethyl ether, and washed with 2 N hydrochloric acid (10 miL)
and 10% sodi um bi carbonate, dried over sodiumsulfate, and concentrated to
gi ve cis-[3-(3hydroxypropenyl)phenoxy] acetic acid tent-butyl ester as a
col or | ess betide( ARAinwm niétd] or A3, oxPiepardktlieclikefin an inert organic solvent

ci s-[ 3-(3-di phenyl car banoyl ox propenyl £phenoxy] acetic acid 2.0 MLithium
di i sopr op?llébnaéé‘f hyl %ce%qeum% apel, aadrtagyiof ur an/ hept ane/ - et hyl benzene
(0.9 m, 1.8 mol) was added to a stirred solution of

i s-[3-(3-hyd

T 56 mmoi) | n P ot Ay AR BT A5 heRgl Lo By SRSl T, o
The m xt ubg pracecaling hedeb@ibddimbeliéms Gintes Q| fodt ediaphisioWyctaelengy! chlori de
(361 ng, 1.56 mml) was added. The mixture was allowed to reach 0-5 C and

stirred f éemp@uﬁéd&m@aaru aHoey] ateebel alm'lt As @mfe‘gwbglcahebdAltamattw@y,

m xture wa r e, t.h et I cet ext ver sodi um
sul tat o, " SEEosRA PR rEisH b S Ut e B E) Rkt b et ogr aphy.
el uting Ws%aﬁth@(&ﬂﬁﬁ@iﬂﬁ/hd&ﬂ%@h?X(@ HelogdRed 7 is - -(CH,) COOH wherein n

ci s-[3-(3-di phenyl car banpyl oxypr openyl %enoxy] acetic acid tent- but yl

ester (433sfhyr loaearrtively, Witimahyalkpny el colnrl stagliraest ropaggyl atgohdl. 15 mmml )
was added to a stirred solution of cis-[3-(3-hydroxypropenyl)phenoxy]
acetic acid tent-buty] ester (421 ng, 1.04 mmol) .in tetrahydrofuran (4.9
nL), methanol {n saepﬁ_g} apdd, orig ajméamgstem %@aérl ercompaundef yom

t enper at UighrHeEef a Bothpoged o Farim@sa $£ id flesh ppadedbyioadedifgm t enperat ure.
1 N hydrochloric éﬂe% to 1 , followed by water. The m xture

c
was extra(?f’%rd’sﬁ?lf(ﬁng?%?ﬁ ‘extract washed with brine, dried
over sodium sul fate, and concentrat ed to 6 dryness. The resulting oil was

di ssolved in diethyl ether (3.6 nL) and tert butylam ne ( 94 ~L) was added.
e ol LN HARGTS, i SRS 8L R AD O e
ggghgn{gggcmﬂ PXYAH B@%P&ﬁéz@ﬁ%}p@ﬁctﬁféﬁ h§dBsgehat 3ROt HMear®8n &%k born P-
double bond of the product or any of the intermediate compounds synthesized
prior to the final product, to obtain the corresponding saturated compounds.
Suitable selective reducing conditions include catalytic reduction such as
Raney nickel, palladium on carbon, nickel boride, platinum metal or its oxide,
and the like, preferably palladium metal or its oxide. Suitable solvents for the
reaction include inert organic solvents such as ethyl acetate, methanol, and

the like. Preferably, compounds 14, 15, or 16 are selectively hydrogenated to

obtain compounds of Formula Ia wherein A is alkylene.

Exemplary preparations of a compound of Formula Ia utilizing the

reaction conditions described in Scheme D are given in Examples 13 to 15.



EXA1~PLE 10 10A. Proceeding as described in either Exanple 8 or Exanple 9,
but optionally replacing 3-brono-2-nethyl phenol in Exanple 8A or

3- bronophenol in Exanple 9A with other conpounds of fornula 3ig.Jufé 2003
replacing tent-butyl 16 bronvacetate with other conpounds of fornmula 3_, or
repl aci ng propargyl alcohol with other al kynyl al cohols, and proceedingly
correspondi ngly, the follow ng conpoungﬁ of Fornmula | were prepared:

ci s-[ 3-(4-di phenyl car banoyl oxybut - 1- enyt) phenoxy] acetic acid
tent-butylamne salt; mp. 112.6-112.8 C, 20
cas-[3-(6-diphenylcarbannylogypent 1- enyl ) phenoxy] acetic acid tert
butyl am ne salt; Analysis for C, 71.41; H, 7.19; N, 5.65.
Found: C, 71.02: H, 7.12; N, 5. 64  CBerdrify

Cont butyl gma]gé‘gg;gzeﬂagzk BoY e s S LENCRO - 855h B Fhthtors, in
cis-4-[3- %’rtgdlﬂgleﬂy}rgéerp@mé‘éxg YPI! @Be%’é&d%gﬁémyé $e1B45V | égorﬂgﬂ Qct1v1ty

tert-tfutylamne sa : :
~ . .~ atthe IHGedalpﬂt& ZDBé’se?dompounds (and compositions contalmng them) are

ci s-5- [ 3-(3-di phenyl c nmoy| oxypr openyl ) phenaoxyl ] pent anoi c ,agi

56. 3. 6a. 7eXReckhto b B¢ ipgh agar%%rrqrbéagl treadmard ol evarnty Céadé?eaéﬁ%mpl e 9,

but opti ofy¢ a¥m§1a[se %lsﬁgégﬁy:ﬁuqﬁgﬁ@, 181188 Me%%rb‘%] 1n'dﬁe'5_'ﬁ§rmlb(foo%Aﬂ%

3- br onopheno
dlsease states.

In particular, the compounds of this invention are expected to find utility
in the treatment of disease states associated with cardiovascular disease
states, including, but not limited to, peripheral arterial occlusive diseases
(PAOD) such as intermittent claudication, critical limb ischemia, thrombotic
diseases, atherosclerosis, thromboangiitis obliterans (Buerger’s disease),
Raynaud’s syndrome, Takayashu’s disease, migratory superficial vein
thrombophlebitis, Iacute arterial occlusion, coronary artery disease, restenosis

following angioplasty, stroke, and recurrent myocardial infarction.

The compounds of the present invention are also useful in the treatment
of hypertensive disease states including, but not limited to, general
hypertension, pulmonary hypertension, occular hypertension, and tinnitus

associated with hypertension.

Additionally, the compounds of the present invention are useful in
treating disease states associated with ischemia including, but not limited to,
ischemia associated with allograft transplantation, such as renal
transplantation or other organ transplantations. The compounds of the
present invention are also of use in the treatment of renal disease states,
including, but not limited to, renal failure, improper diuresis, improper

natriuresis, and improper kaliuresis.

The compounds of the present invention may be use to treat other

disease states associated with disease states including, but not limited to,



Ezanple 9A with ot her conpounds of forrmula ~c_, and repl acing

di phenyl car banyl chloride with other conpounds of fornula 6 , and
proceedi ngly correspondi ngly, the foll owi ng conmpounds of Fortaiunel2088r e
prepared: |10 cis-{3-[3-(methyl phenyl car banoyl oxypr openyl ) phenogy] acetic
acid tert butylamne salt; mp. 152.3-154.2 C, and

cis-{3-[3- (benzylphenylcarbanDyIoxyproé%nyl)phenoxy] acetic acid tert
butylam ne salt; mp. 107.0-108.5 C. xs EXAMPLE 11

[3-(3-Di phenylcarbannyloxypropyl)phenyl] acetic acid 11A. Preparation of
3- (3- hydroxyphenyl) propionic acid nmethyl ester 10% Pal | adi um_on car bon
(0. 319) wmp@@aeavqwdah%mﬁutmu@meprm pse{r@mwrltﬁ@mémmaﬁewm acid

o oty it e abiont s TR AIRERRARERARR R ARSIk okl g RTRI PO
The mi xt ug ﬁnw@ﬁpwﬂmah@ﬁhgbmﬁananﬁﬁlob@pplaépeisagrg@eémo& digurs. The

catalyst was filtered, and the filtrate was concentrated to dryness. Crude
3-(3- hydrmgylpﬂﬁenwe)ltmpbpliﬁmcmoam d methyl ester (3.16 g) was directly used
in the next step. 16 June 2003 72 11B. Preparation of 3-(3- hydroxypropyl)

henol 1.0M Lith h d t f n., 35.07
mln? was addI %grrgguistoq?&ﬁfa%l Jg?{%“ﬁ\?a@fﬂé@@ﬁ%’n S%g%epﬁ%l%%’nq aci d net hyl
ester (3.d8d&Hyihg p?amh)sauy réﬁ&é@wm@f&ﬁ@a@e(ségté%)ayaélscobé 1&3seR8@br an

argon atnosphere.” The m xture was stirred at roomtenperature for 6 hours,
and sodi uwrhimindtate Kecxiaymplas esq diSthga)cmmsoladheqf tba Ariesemti mtvenemnfmay owed by

cooling to O- se add t.ion of . about

concent ral?ré’éflcfﬁy‘ﬁ‘?llfglﬂ?@ref‘]@i’ﬁg%{\fdn Y OpH }Qe’é assm: ]L#’ sdlég?ttl%lct ed with
et hyl ac d over
maghes | um SUrPATS B tEAhRaRh pARE PRE Gt af‘*%?‘???. TP e I o

chr omat ogelephgtheshpy,iatg. wi t h hexane/ ethyl acetate, gave

3- (3- hydroxypropyl) phenol as a clear oil (2.34 g, 88%) 11C. Prepar ati on

of [3-(3-hydr ropyl ),phenox cetic acid tert-butyl ester. Tert-buty
b ormacert at o TaR ARy ol e At AR ek B hed b braPan iy Gogimay s
mol ) werg @ﬁgﬁﬁléfﬂ“ﬁe BRL IO, {caﬁB(aiizsflngﬁ’é% ELRY niRBEBAltide- 34 9, 15.4

mml ) in acetone. The m xture s stir omténperature ’or about 20
hours, fiMcEred-HaldNehweYevit, 1996, Ghapﬁart&&tﬁ@d 616;Colarms, RRAL fi cation by

AR L R I N T S T S

(3.65 g, Jgﬁcﬁcme, fourteenth edition, McGraw-Hill, New York, 1998, 1398-1403;
Handbook of Phase 1/1I Clinical Drug Trials, O’Grady, J. and Joubert, P.H.
editors, CRC Press, New York, 1997, 249-278.

Testing
The IP receptor agonist affinity of compounds of this invention can be

determined using radioligand displacement from human platelet membranes
which express an endogenous IP receptor or Chinese Hamster Ovary cells
expressing the recombinant rat IP receptor. The latter assay is described in

more detail in Example 23.

The IP receptor agonist potency of compounds of this invention can be

determined by measuring cyclic AMP accumulation in an assay utilizing either



11D. Preparation of [3-(3-diphenyl carbanoyl oxypropyl ) phenyl] acetic acid A
solution of 2.0MLithiumdiisopropylamde (7.57 nm., 15.1 mml) and a

sol uti on of di phenyl carbanyl chloride (3.35 g, 14.5 mvl) di 38QLN&dod
tetrahydrofuran ( 100 nmL) was added to a solution of 3-(3-hydroxypropyl)
16 June 2003 73 phenoxy] acetic acid tent-butyl ester in tetrahydrofuran
(40 nm). The m xture was allowed to reach 0-5 C and naintained at this
tenperature for 16 hours. Saturated a ni um chl ori de was added and the

m xture was extracted with dichloronethane. The organic |ayer was dried
over brine, dried over sodiumsulfate, and concentrated to dryness:
Purificatjon by silica gg].chr tography, eluting w.th acetone/ hexane
(7:3), ga%m[a@-relstedﬁbwn&ws%&x&gﬁ%@ﬂ%ﬂmeﬁmaé& Fecombigant
tent-butyl,y Ieerceﬁ‘%raT}ﬂ?!lﬁﬁﬂﬁ' Qbéag‘ & BRcAbed WinoreRAgAYR Ex Ml 4Si s Of
the ester and recrystallization gave

(3- (3-di phenyl car banoyl oxypr opyl ) phenyl] acetic acid as a white crystalline
solid (0.47 dgrh&pUgative gffich8p of tHSHP Geceptiidgmlikt d@dnPoonéedimbeas descri bed
in Exanple 11, hut repl.aci ng, traps-3-(3hydroxyphenyl)acrylic acid mnethyl
ester in iBeamdied RECARING 18 @réro?wﬁl@@@ﬁ V%ﬁcﬁ%ﬁﬁﬁgagea,fﬁw%%i@édi ng
correspongi PaTcIelc) g : Pr red:

(3 (2 0 prengrablithodns QM PR O] Bor BeehRllh Paulieabiot 80167 5

[ 3- (4- di pheseyibedrihanosd detublinyBxpheiyd. acetic acid, mp. 117.8-119.6 C

[ 3- (5-di phenyl car banoyl oxypentyl ) phenyl] acetic acid, mp. 128.1-128.7 C,

[ 3- (6- di phenyl car banoyl oxyhexyl ) phenyl] acetic acid, mp. 99.8-101.7 C

[ 3- (3-di phenyl car banmoyl oxypropyl ) - 2- met hyl phenyl] acetic acid, mp.
128.7-129.2 C, and (3-(3-diphenyl car banmoyl oxypropyl ) - 2- et hyl phenyl ]
pentanoi ¢ aci d, mp. &grfinfleRbnh and¥Bnalitee2fed JdmbSan LE 13

ci s-3-[3-(3-di phenyl carbamayl oxypropenyl ) phenyl ] propi oni c~ aci d

Ha

The invention includes a pharmaceutical composition comprising a
compound of the present invention including isomers, racemic or non-racemic
mixtures of isomers, or pharmaceutically acceptable salts or solvates thereof
together with one or more pharmaceutically acceptable carriers, and optionally

other therapeutic and/or prophylactic ingredients.

In general, the compounds of this invention will be administered in a
therapeutically effective amount by any of the accepted modes of
administration for agents that serve similar utilities. Suitable dosage ranges
are 1-2500 mg daily, preferably 1-1500 mg daily, and most preferably 1-500
mg daily, depending upon numerous factors such as the severity of the disease
to be treated, the age and relative health of the subject, the potency of the
compound used, the route and form of 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 disclosure of this application, to ascertain a
therapeutically effective amount of the compounds of this invention for a given

disease.



13A. Preparation of 3-(3-bronophenyl) acrylic acid tent-butyl ester A
solution of tent-butyldiethyl phosphonoacetate (2.86 nL, 12.2 mmol), 6
lithiumchloride (0.52 g, 12.2 nmol) and 1, 8-di azabi cycl o[ 5. 46QLu&des3 7- ene
(DBU) (1.57 mL, 10.54 mmol) in acetonitrile (25 nmL) at room tenperature
under a nitxogen atnosphere was stirred at roomtenperature for 30 m nutes.
3- Brono- benzal dehyde (0.95 niL, 10.5 mual4) was added, and the m xture was
stirred at roomtenperature for an additional 3 hours. Water was added and
to the aqueous phase was extracted with diethyl ether. The conbi ned organic
fractions were washed with water, brine, dried over nagnesium sul fate, and

evapor at ed t oldggness, caripoind=sf s hydntimhwilhberentigistphyd ael uting with
hexane/ ethyl acetate, gave 3-(3-bronmophenyl) acrylic acid tent-butyl ester
as a cl ealpharma(:gutzqa gformmtwn%lr@hshn@rtbp%ﬁ alﬂt@)we(fpr graldinpludisgheny! )

b teh Pl ati 032 |
e o Bogetl At futgin? hat ol Whicol, BISSabS k% & 0 o 12754
g, 7.90 W@sekénﬂeaamﬁ&laaﬁig ﬁﬁrmSwmrt RitfadvteFiaf, uﬁaﬁtlﬁécamumtams

tenperature under a nitrogen 20 atnnsphere The m xture was hydrogenated
under a bahddobrayeasussr admiristratipowersin afemiwitable fenediminidradormhs t he

filtrat t.rat t d f t flash ch t hy,
el ut no. wiERe RERE HorAy T asidh aTbe PeSireresl mahBRh A BB BRI aci @'
tent - but yh;s68 8lcoRverieft @ﬁﬂ ‘a'okaéelre?ggnﬁn whBh: ca@ﬁbéggausPé&Hé’Jo%Hir%ntoOf

, 3-[ 3-(3-hydroxyprop- 1-ynyl ) phenyl ] propionic acid tert-butyl ester ester
the degree of-affliction. 16 June 2003 75

The compounds of the invention, together with a conventional adjuvant,
carrier, or diluent, may be placed into the form of pharmaceutical compositions
and unit dosages. The pharmaceutical compositions and unit dosage forms
may comprise of conventional ingredients in conventional proportions, with or
without additional active compounds or principles, and the unit dosage forms
may contain any suitable effective amount of the active ingredient
commensurate with the intended daily dosage range to be employed. The
pharmaceutical composition may be employed as solids, such as tablets or
filled capsules, semisolids, powders, sustained release formulations, or liquids
such as solutions, suspensions, emulsions, elixirs, or filled capsules for oral
use; or in the form of suppositories for rectal or vaginal administration; or in
the form of sterile injectable solutions for parenteral use. Formulations
containing one thousand (1000) milligrams of active ingredient or, more
broadly, one hundred (100) milligrams to five hundred (500) milligrams, per

tablet, are accordingly suitable representative unit dosage forms.

The compounds of the present invention may be formulated in a wide
variety of oral administration dosage forms. The pharmaceutical compositions
and dosage forms may comprise the compounds of the invention or its
pharmaceutically acceptable salt or a crystal form thereof as the active
component. The pharmaceutically acceptable carriers can be either solid or

liquid. Solid form preparations include powders, tablets, pills, capsules,



Tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0.41 g, 0.14 mml), cuprous
lodide (0.5 g, 0.26 mmol ), and pxopargyl al cohol (0.29 m., 4.91 mmol) were
added to a solution of 3-(3-bronophenyl) propionic acid tent-{gli)He RpGer
(2.13 g, 7.08 mmol) in pyrrolidine ($ nL) under an argon atnosphere at room
S tenperature. The m xture was heated at 75-80 C for 5 hours. After cooling
to roomtenperature, saturated anmonium chloride was added and the m xture
was extracted with diethyl ether. The extract was washed with brine, dxied
over magnesi um sul fate, and concentraté8 to dryness. Purification by flash
chromat ography, eluting with hexane% hyl acetate (86:15), gave 3-[3-(3 1o
hydr oxypr op- 1-ynyl ) phenyl J propionic acid tent-butyl ester as a fellow oil
(0.21 g, 33%. 13D. Preparation of 3-; . ,

[ 3- ( 3- di phethets HUPPeBEPTERS:ATsheisprysiblergrianutesoph salid cagrigr ¢an begweddi ng as

d i bed_i n Exampl e 8, .hut | aci L 3 [3; hydr oxypr.op-1 ;.11
cosct | Do o ARASSg S valth pLPARG b ol SUNLAEE R i,
[ 3- (3hydr mpHEaRs lsoapehiBeaydnt s Phiwlesd) Eﬁre@@ﬂv@tﬁv@&t telplétydisBstegFatimnd
proceedi ng correspondingly in Exanple 8D, gave | o
ci s- 3- [ 3- ageltshenghcachpsiatingypataréaly | Inppesvddrs, Brogdimigrcsaciivelys a cl ear
i1 (0.14 ,9,.,20 759 ,Crystall.ization,fromdi,ethyl, ether with
ent - but y AiRFD sGRY arrapl 38 b dte PR SR Rl BchbiteBaf vy ombesieatiy 13
propi oni CtA0kek $BE bRVl ¥bARbAGH SR thiked ithlhe @K ier RaRingd Be 8ededafly C.
EXAMPLE 1~ 2s 14A. Proceeding as described in Exanple 13 but replacing
3- br onobebizalidg kgdecity it s@ithblenmpipertydrac ahd compiadted epthecshapeparop aizgy | 16

i th | k |. al cohol , d d
June 2003 76 2 AR M 1. 20 ELer2 YY) Soohin S BR L5

seventy percent of the active compound. Suitable carriers are magnesium
carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch,
gelatin, tragacanth, methylcellulose, sodium 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 can 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 in aqueous propylene glycol solutions or may contain emulsifying
agents such as lecithin, sorbitan monooleate, or acacia. Aqueous solutions can
be prepared by dissolving the active component in water and adding suitable
colorants, flavors, stabilizing and thickening agents. Aqueous suspensions can
be prepared by dispersing the finely divided active component in water with
viscous material, such as natural or synthetic gums, resins, methylcellulose,
sodium carboxymethylcellulose, and other well known suspending agents.

Solid form preparations include solutions, suspensions, and emulsions, and



foll owi ng conpound of Formula |la was prepared:

ci s-[ 3-(4-di phenyl car banoyl oxybut - 1- enyl ) phenyl ] acetic acid
tert-butylamne salt; mp. 151.2-153.1 C. 14B. Proceedi ng as 1dgsaérbes i n
Exanpl e 13, but replacing 1, 3di bronobenzene with 3-iodobenzoic acid in
Exanpl e 13A, optionally replacing propargyl alcohol wth other alkynyl

al cohol s, and proceedi ng corresponding%%, the foll owi ng conpounds of
Forrmula la were prepared: cis-[3-(3-diphenyl carbanmoyl oxypropenyl ) phenyl ]
benzoic acid, mp. 137.5-137.8 C, cis-3-(4-dipheny'l carbanoyl oxybut-1-enyl)
benzoic acid tert-butylam ne salt mp. 172.8-176.8 C and

ci s- 3- (3-di.phenyl.car ba on pen ben20| r yl am ne salt;
o153, (oI EELERIRURUPRAPEIN e A b ket hapLyLam o

repl aci n%tébﬁfz@f@ttﬁﬂ@b d&&yﬁ&amﬁ@ natiF0 ENRRENEra Calshera@itsl, thi @Rindes,Ng
propar gyl al cohol h anot her al kynyl al cohol, hydrogenatlng t he

car bon- c&mbdmhduubagmﬂs ahé thelikespondi ng sat ur at ed bond, and proceedi ng
correspondi ngly, the follow ng conpound of Formula la was prepared:

(5.0 e oo LA BLETY Rt B il o e o ¢
[3-(4-Di pﬁ‘aﬁ@ﬁ'téﬁ!l Qﬁ%ﬁi&%@é&P@QYQHHﬁi&Ymh P#teWa'I&plé%oqjuslﬁﬁect%r?Qﬁr ation of

Cci s-4-[3-(3-bronmophenyl) butyric acCid neth ester

[ 9- Bor ablcwmim{o&ssnﬂ.qswmaamd mamabe} p(ds@nﬁedrm, uﬁlteibsmfoh)l 1(193=IBBbuldsnme) was s
added to ﬂflutlon of 3 but enoate (0O Y%W !

t et rahydr@I1 ﬁﬂ'lflﬁesi SFFE*) %’1? UG Sﬁf%@ﬁﬁ%?sem t he

m xture ¥§cﬁie)%lt ls@ﬂtaéﬁ’e 4TR 95 oHt ns erﬂ'ﬁ'@é/ﬁé QtﬁdTPerﬂf's éﬁzgusrﬂf‘)usmns

pal | adi u ori dic 30 g,
1, 3di br onmbetizaener(@nyléions mﬁdﬂﬁé’r aqméc)usavﬁldes,af‘ss |emangﬂe)sqllmaioels(1pov\der ed,
10 1.5 g, 6.94 naTD}IiNere ad e% The m re was treated at 50 C
over ni ghtaqueous polyethylene glycol. Examples o 01 y Or nonaqueous carriers,
diluents, solvents or vehicles include propylene glycol, polyethylene glycol,
vegetable oils (e.g., olive 0il), and injectable organic esters (e.g., ethyl oleate),
and may contain formulatory agents such as preserving, wetting, emulsifying
or suspending, stabilizing and/or dispersing agents. Alternatively, the active
ingredient may be in powder form, obtained by aseptic isolation of sterile solid
or by lyophilisation from solution for constitution before use with a suitable

vehicle, e.g., sterile, pyrogen-free water.

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, 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 carrier.



Water was added and the m xture extracted with diethyl ether. The extract
was washed with water, brine, and dried over sodiumsulfate, and
concentrated to dryness. Purification by flash chronatographyg glhdtdogg W th
hexane/ ethyl acetate) gave 4-(3-bronophenyl) butyric acid nethyl ester as
a 1s clear oil (0.26 ng, 16% . |bB. Preparation of 4-(3-bronophenyl)
butyric acid tent-butyl ester N-Butyllthium (4.43 nl, 11.07 mmol) was
added to a solution 2-methyl 2-propanol (1.0 nL, 10. b3 nmmol) in
tetrahydrofuran (21 nL) at -10 C under 20 an argon atnosphere, and the

m xture was stirred for 10 m nutes. A solution of 4-(3-bronophenyl) butyric

acid nethyl ephetombodfdsof Q}g?ré@ﬁ“n@éhﬁcﬁ{ FBRYEE RirdtABtdPfcd nL) was added
dropwi se at -10 C, and the mxture allowed to feach roomtenperature and

stirred fadmibistation aSatppas waiesmrb how melbingrwabe, sveeh asia enixbme ¢ftfettyr oduct

extracted wi,th ethyl acetate. 2s.The extract dried over sodi.um sul fate
and conceRfAHEERT Soqry"r?ég%.%“ﬁﬂril?'%é&%#egfqﬁi%a%Y%ﬁﬁpBﬁ?%ﬁ, el uting

wi th hexa SN L RO : A3z phenyl )
butyric agilabj eﬁe%%ﬁ? %r?eteogts lgr’ %grs a ygﬁl’ %&/ Sgﬁfﬁ‘%%@ ® n%%*c'/:&l é?lgl:ég%%n of

Ci s- 4- [ 3- fidxtlinehieniibn pohasidtoxpnrepeny sjzedanylds, bllbweddosoalchddRboceedi ng
as described_in Exanple 8, but replacing [3-(3-hydroxyprop

1-ynyl)- ZSQ}E‘illfbyl phenogy] acetic acid tent-butyl eater in Exanple 8C with

4- ( 3- bronophenyl) butyric acid tent-butyl ester, and proceeding

correspondi ng lS+ =(3-di - Eﬁ?’@ I lophenyl] 1o
butyric acid g‘)sieggﬁbgg?i’ﬁgio?ﬂ%egpﬁ%egtt %%%&%' y ta%lﬁ?%lﬂagﬁf?%o‘)ﬁ% |£elt hyl

et her w t hdirghistrdiidry | Redsaeiegavempons, creams, gels, pastes, foams or sprays

~Ci s-4-[ 3- (3-di phenyl -car barm}yll oxypropenyl ) phenyl] butyric acid

t ent - but yFemaHeingdn; adgion te she a¢tige ngredispipmch CAETIELS @8 AFAKPOWSHDf ox or al

Adm ni straf | i S0, wt Jwt . Acti ve
i ngr edi en?%%.ggbﬁ?g% gg%@%%ls%%\}agnesi um st ear at e0. 6% The ingredients are m xed
and di spensed into capsul es containing 100 ng each; one capsul e woul d

appr oxi mat e aThetcampdandy ofltké@gegsent invention may be formulated for nasal
administration. The solutions or suspensions are applied directly to the nasal
cavity by conventional means, for example with a dropper, pipette or spray.
The formulations may be provided in a single or multidose form. In the latter
case of a dropper or pipette this may be achieved by the patient administering
an appropriate, predetermined volume of the solution or suspension. In the
case of a spray this may be achieved for example by means of a metering

atomizing spray pump.

The compounds of the present invention may be formulated for aerosol
administration, particularly to the respiratory tract and including intranasal
administration. The compound will generally have a small particle size for
example of the order of 5 microns or less. Such a particle size may be obtained
by means known in the art, for example by micronization. The active
ingredient is provided in a pressurized pack with a suitable propellant such as
a chlorofluorocarbon (CFC) for example dichlorodifluoromethane,
trichlorofluoromethane, or dichlorotetrafluoroethane, 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. Alternatively



16 June 2003 79 EXAMPLE 17 Conposition for Oral Adm nistration Ingredient
% wt./w.Active ingredient20. 0%vagnesi um st ear at e0. 5%r osscar nel | ose

sodi un. 0%.act ose76. 59%°VP (pol yvi nyl pyrrolidi ne)l1. 0% The i ngqredi,@ndgoxr e
conbi ned and granul ated using a sol vent such as nethanol. The fornul ation
Is then dried and fornmed into tablets (containing about 20 ng of active
conpound) with an appropriate tabl et g hi ne. EXAMPLE 18 Conposition for
Oral Administration |Ingredi ent Anount Actrve conpoundl. 0 gFunmaric aci d0.5
gSodi um chl oride2.0 g 16 June 2003 80 'I Methyl paraben0.15 gPropyl

par aben0. 05 gG anul at ed sugar ~25.5 gSorbitol (70% sol ution)12.85 gVeegum K

(Vanderbi f. FBidclinfbr IRVt e prvifeiipa Tt a 383 Povadld Ridbldd:

waterqg.s. ' _ e 1'ngr sTare mxed 1d Torma suSpension for
oral adm pipyiddat ek of ERANMBERoLAdRAr £BhieaBle foavdar ideasmchldd)latngeedi ent %
w./wt.Active ingredient0.25 gSodi um Chl oride® to nmake isotonicWater for
i nj ecti onstagglpostatciTherivnativeesidyaehydraxypsoptiiswshybepliviose gadti on of the
water for pé)l%?&}li)%blidine (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 packs from which

the powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings
adapted for sustained or controlled release administration of the active

ingredient.

The pharmaceutical preparations are preferably in unit dosage forms. In
such form, the preparation is subdivided into unit doses containing
appropriate quantities of the active component. The unit dosage form can be a
packaged preparation, the package containing discrete quantities of
preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or
lozenge itself, or it can be the appropriate number of any of these in packaged

form.

Other suitable pharmaceutical carriers and their formulations are
described in Remington: The Science and Practice of Pharmacy 1995, edited by
E. W. Martin, Mack Publishing Company, 19th edition, Easton, Pennsylvania.
Representative pharmaceutical formulations containing a compound of the

present invention are described in Examples 16 to 22



A sufficient quantity of sodiumchloride is then added with stirring to.
make 16 June 2003 81 the solution isotonic. The solution is made up to
wei ght with the remainder of the water for injection, filteréduna280gh a
0.2 mcron nenbrane filter and packaged under sterile conditions. EXAVPLE
20 Suppository Fornul ation Ingredient% wt./wt.Active

I ngredi ent 1. 0% ol yet hyl ene gl ycol 100074 .4%4°0l yet hyl ene gl ycol 400024. 5%
The ingredients are nelted together and m xed on a steam bath, and poured
into nolds containing 2.5 g total weight. EXAMPLE 21 Topi cal Formul ation

I ngredi ent sG ansActi ve conpoundO. 2- 2Span 602Tween 602M neral oil5 16 June
2003 82 Petrol at umlOMet hyl par abenO. ITERAMRBLERBSar aben ' 0. 05BHA (but yl at ed
hydr oxy ani sol e)0.01Waterq.s. 100 All of the ingredients, except water, are
o e A e ol S pirragations nd dhabllds afb SHieh &' STibISHES ¥ ©

skilled in the art to more clearly understand and to practice the present
invention. They should not be considered as limiting the scope of the

5 invention, but merely as being illustrative and representative thereof.

REPARAT 1

Preparation of Compounds of Formula la
1A Preparation of 3-hydroxy-2-methylbenzoic acid

10 A solution of 3-amino-2-methylbenzoic acid (43.1 g, 285 mmol), water
(700 mL), and sulfuric acid (65 mL) was briefly heated to give a clear solution
and then cooled to a temperature below 5 °C. A solution of sodium nitrite (21
g, 300 mmol) in a minimal amount of water was added in portions while
maintaining the internal temperature below 7 °C. After stirring for about 30

16 minutes in an ice bath, urea (7 g) was added to discharge the excess nitrile. A
chilled solution of 98% sulfuric acid (240 mL) in water (1000 mL) was added to
the diazonium solution, and the combined reaction mixture was heated slowly
to 90 °C. Solid sodium hydroxide (410 mg) was slowly added. The mixture
was extracted with ethyl acetate, and the organic layer was dried over sodium

20 sulfate and evaporated to give 3-hydroxy-2-methylbenzoic acid as a yellow
solid (44.4 g, ~100%).

1B. Preparation of 8-hydroxy-2-isopropylbenzoic acid



Wi th vigorous stirring to emulsify the ingredients, and water then added
g.s. about 100 g. EXAMPLE 22 Nasal Spray Fornul ati ons Several agueous
suspensi ons containing from0.025-0.5 percent active conpounds ause pooSpar ed
as nasal spray fornulations. The fornmul ations optionally contain inactive
i ngredients such as mcrocrystalline cellulose, sodium

car boxynet hyl cel | ul ose, dextrose, and §he |ike. Hydrochloric acid may be
added to adjust pH The nasal spray formulations nmay be delivered via a
nasal spray netered punp typically delivering 50-100 microliters of

formul ati on per actuation. A typical dosing schedule is 2-4 sprays every
4-12 hours. 2-@53-DimeethofgplashExAMPiiEnedylR, RdieptrooxBiokelinag prepayedThe | P

receptor affinity of compounds of this jnvention S term ned ing a

F adi ol i ganEutinemehemREhorl desrrired R Ang ViRrersed o hE e LMt
expressin tllnggfi&tmr econbi nant I P receptor. This assay is a nodification of
wel | - est abl’i'shed procedures using [3H] iloprost as the radioligand. Chinese

Hanster Ovary cells expressing the rat reconbinant | P receptor were

mai nt ai ned i Asbjarpyfmiznesiding chiortdel(@WN ehaliethyliebtieers éi8MHany 250 ~g/ m
geneticin nder . 5% car.hon di oxjde at 37 C. e cells re harvested over

i ce usi ng%gmlebmaas ﬁdgﬁfgésmweﬁefar %Boggﬂir{@,%-égpeﬁﬁﬁﬂﬁga%@n - free,
4C) and c i.fuged WRs, \: nd the pell et
stored at‘ﬁ%m&g?‘ﬂﬂg&gg?&e{‘é’%&f@é %hgolv\}e@gﬁgr%o roo%g%}gl elrgggﬁge and t hen

di | ut ed itetidigydesfayntifoem {e2fpeidilrd. STHEmixburdvaagtiesdsdionerhigitt, de, pH

7.4) to the agprop_ri ate concentration and briefly homgeni zed. The pell et
suspensi otrangsed yeithywateneand dilatecdhyith dieshylgthal nilhg lakersoteneer , t est

our . ri reedd e iPeaBi BRI eP 1 B Mol MARR i DM LA RIGS Bt

radi oact i aonihind@lopgahiaskttEdtd Wdrk died @i inhydadhOBodiaunkhligte, kA each test
conmpound, the concentration_produci ng 50% i nhi bition of binding (ICSO and

Hi Il sl oprongentratedimieed. uBhrifichtien duisikice gelidash ehromatogeaphyyedatinghe

i nhi bitiaon. di.ssoci at.i constant (K. of eaech test conpound det er m ned
accor di ngtih BenelithelaERat, Ehye ZatR sPREa R e Ay RS A B o unas
of the i nygmiihparovxagoleVva 4lalegd odNg.Jeosirsh. 49)be active in this assay with a
pKi range from about 4.8 to about 7. 2.

A solution of é-(2-isopropyl-3-methoxypheny1)-4,4-dimethyl-4,5-
dihydrooxazole (6.18 g, 25 mmol) in 35% solution of sulfuric acid (40 mL) was
stirred at reflux for 48 hours. Upon cooling, solid sodium hydroxide (18.15 g)
was slowly added. The reaction mixture was extracted with diethyl ether, and
the combined organic extracts were extracted with sodium bicarbonate
solution. The bicarbonate extracts were then acidified with 3N hydrochloric
acid, filtered and dried to give 2-isopropyl-3-methoxybenzoic acid as a white
crystalline solid (1.73 g, 35.7%).

A solution of 1M boron tribromide in dichloromethane (15 mL, 15 mmol)
was added dropwise to a solution of 2-isopropyl-3-methoxybenzoic acid in
dichloromethane. After stirring for 2 hours, the reaction mixture was cooled to
0 °C, quenched with water, and the layers were separated. The aqueous layer
was extracted with dichloromethane. The combined organic extracts were
dried over anhydrous sodium sulfate and concentrated in vacuo. Purification

of the residue by silica gel flash chromatography, eluting with



16 June 2003 84 EXAMPLE 24 | P Receptor Agonist Activity Assay The IP
recept or agoni st potency of conpounds of this invention was determ ned by
nmeasuring the agonist-medi ated cyclic AMP accurul ation i n an1&darsey/2003
utilizing Chinese Hanster Ovary cells expressing the rat reconbinant |P
receptor. Cyclic AWP levels were determned using a commercially avail able
Adenyl ate Cycl ase cAMP Fl ashpl ate Assay (New Engl and Nucl ear). Chinese
Hanster Ovary cells expressing the rat sieconbinant | P receptor were

mai ntained in Hams Mxture with 10% fetal bovine serumand 250 ~g/ m
geneticin under 5% carbon dioxide (95% 02) at 37 C. Cells were harvested at
approxi mately 90% confl uency usi ng Dul becco's Phosphat e-Buffered saline
cont ai ni ngichidtdoh&haneAnethsashadddve acetic 46id)gagvaBchydrouginded i n Wash
Buffer. A sanple was aliquoted for protein determnm nation. The cel

suspensi oASARESPYIbAREeIE agktane Winde sy siadingdjolisk B4 & 948940 E+3 cel | s/ 50
~. 1 inthe "Stinulation and Detection Buffer" fromthe assay kit. The test
conmpounds or vehicle were incubated with 50 ~1 cells (110-140 E+3 cells)
for 5 mnutes at roomtenperature. After the incubation, 100 ~1

| ysis/tracer solution was added to the wells and the radioactivity counted
on a Packad Peppartitiondfc3-bpleadss-Sphehylbeazoemmddunt er after overni ght

i ncubation. The anmount of radioactive cAVMP bound to the antibody is
inversely proportional to the concentration of added non-radi oactive CAMP.
The pECSo val 28k Agsieaus ﬁ@i%b&aﬁb%egﬁe r@%}wﬁaﬁ@%désépr?sfu%&ﬁw&r%f agoni st

| . A .4 i i d t
be acti ve 2 U 39 BARDBHAMR. ALid s BYERI 08 1P nEVB) BeffeAtBE:dUnd (O
i ntracel | weRl (ICAMR), andltetdalde(tFiphdn §ipHo¥pivitielp ba Ganm(0¢ (0430€)) ifi @bluene

Intermttent audication The putative efficacy of the |P receptor agonist
conpounds <%%ﬁgb>eum%%% PftTegen AROHATRC LRSIBIX e peas %ﬂwﬁémtﬁ&ﬁ o

di sease. The_all evi atjon S to f y Lntenm I ication may be
Got or o ned By SrReb RS Rler SR el WATHIBAS G, MY G R0TRY

i nduced aciiLevtipddatddyandrthe residueReal Ehoneneyrashdl) ebutipgivitikat i on of the

met hod described in Bohm E. et acl., Arch.Phacrmacol. 1990, 341, Suppl.
R61. Bri eftlexanpfaceioned3slitggise & sewiisalisgoil e Reemistalligatiooniram dietlgd and

occl usi on of |1 _arterjol W th .su fi ne Sephade t he dogs,were

ral ned 1 6res TR tayed o bbb afl 3BT aplet A SIS anc
speed) forrpaals @D pes4%). measured based on tinme to clinical synptoms
(l'inping or failure to continue treadm || exercise). 'Five to ten days
after the surgical preparation, exercise tolerance was agai n neasured unti
it reache@-meghfmg%&xensmzpma@&et@lﬁt%ra@aé?v gyandmpyrehgepoi nt  of
exercise t ' : | j cati | L Qo o such as
i g, Aoy afthEs (& B ofthS U A0u Ao hAUOLER chBR KRSkl FFR0 5,

normal and ssiidi Thé nyelfaaisHoudb® snidl dithidel A0 c6aS HiRR6cHIBHiclrci] hhA®S per week
prior and/or after treadm || exercise. The response of post-surgery day is

conpar ed testrdstepwithsethyd agetddy. Fairdirasiopdyy sidica gebshromatogtapher ence

bet ween the t.reat.nent gro and the cgnt.r roup is tes sing a

Do sanmpl & pPESHTE BexBhelPapt (b1T.G8R D3 BB Bald ehFR SRS of chis
i nventi on gheiBRsedid 448d adivhgetdoli| (g,rgp%tggzg@)jm |1 conpared to control
animals during a specified tine interval follow ng surgical intervention.

Dogs trained on a treadm || exhibited a dramatic decrease in running tinme
following fenoral artery ablation surgery. Typically dogs require 21-28
days follow ng surgery to regain normal running

EXAMPLE 1
{2-Chloro-3-[(diphenylcarbamoyloxy)methyllphenoxy} acetic acid
1A. Preparation of 2-chloro-3-hydroxymethylphenol

2-Chloro-3-hydroxybenzoic acid was synthesized utilizing the method
described in Buehler et al., J. Amer. Chem. Soc. 1946, 68, 574-577.



16 June 2003 86 tine on the treadm ||; however, dogs treated with conpounds
of the invention regained normal running tinmes within 5-10 days after
treatment. While the present invention has been described w t&Jugd 206ce to
t he specific enbodinments thereof, it should be understood by those skilled
in the art that various changes may be made and equi val ents may be
substituted w thout departing frontthe5grue spirit and scope of the

i nvention. In addition, nmany nodificati“6ns may be nmade to adapt a
particular situation, material, conposition of matter, process, process
step or steps, to the objective spirit and scope of the present I nvenrtion.

Al h d d - f th | ai
appended ner ebgortian o6 ZieiomoERy Rt deRials Al U 78 Endp PP Rer oi n: O R-
RN ~ O M&?a}%cﬁ‘oﬁréﬂgwas%ddeﬂ cﬁ@ﬁ@?se' toRh Q@0 of%fo?aﬁé‘@fB hﬁﬁ@ll?"fﬂde”t ly in

each occurrence al kyl, aryl, aral heteroaryl, cycloal kyl,
het er ocyctqtlrahﬁﬁ‘oﬁlmmm&ﬁ)rmléa(bta ‘uemtm:rehtdltmmﬂ Q/°G nThackacien mlahw;l@ wgslr ogen,

ra iy - B edmed i T iC Bl el arepey, alet sedinh hes 2 cooRs or
Lot 220l by ol BHERBAAERLIY L BrmBk nRRRUS SR RITNEY QUER Oy Bl A 1

|ndependent y in ea occurrence ne or al kenylene; B is 1ndependently
i n each oftheragemeoas 1« ssaparatédi2)cpdifiechwish i3M éydnadriotiy acid, @adh
occurrence an inte from1l to 8 inclusive, n is inde endently i.n_each
occurr encéxg'ﬁc‘i%lt‘éggrdltchm@ef]éa%e i hBp Gempaned organic extracts werd dried

over sodium sulfate and concentrated in vacuo. Recrystallization from
ethanol/hexane gave 2-chloro-3-hydroxymethylphenol as a white crystalline
solid (1.63 g, 64.8%).

1B. Preparation of (2-chloro-3-hydroxymethylphenoxy) acetic acid methyl

ester

Cesium carbonate (3.42 g, 10.5 mmol) was added to a solution of 2-chloro-
3-hydroxymethylphenol (1.59 g, 10 mmol) in acetone at room temperature, and
the reaction mixture allowed to stir for 30 minutes. Methyl bromoacetate
(1.68 g, 11 mmol) was then added. The mixture was stirred overnight, filtered,
and the filtrate was concentrated in vacuo. Purification of the residue by silica
gel flash chromatography, eluting with dichloromethane/methanol, gave
(2-chloro-3-hydroxymethylphenoxy) acetic acid methyl ester as a white
crystalline solid (1.94 g, 84.1%).

1C. Preparation of {2-chloro-3-[(diphenylcarbamoyloxy)methyllphenoxy}

acetic acid

A solution of (2-chloro-3-hydroxymethylphenoxy)acetic acid methyl ester (1.94
g, 8.41 mmol) in tetrahydrofuran was cooled to —78 °C, treated with potassium
bis(trimethylsilyl)amide (10.1 mmol), and allowed to stir at ~78 °C for about
an hour. A solution of diphenylcarbamyl chloride (2.92 g, 12.6 mmol) in



16 June 2003 88 or an individual isonmer, a racem c or non-racemc mxture
of isoners, or a pharmaceutically acceptable salt or solvate thereof. 2. A
conmpound according to Claim1l, wherein R and R2 are each i ndgpgapdeniosy
aryl or aralkyl. 3. A conpound according to Claim1l1 or 2, whereln and R2
are each i ndependently phenyl or benzyl. 4. A conpound according to any one
of daim1 to 3, wherein R3 and R4 areddach independently hydrogen, alkyl,
aryl, aral kyl, or hal ogen. 5. A conpound according to any one of Clains 1
to 4, wherein R3 and Rq are each independently hydrogen, nethyl, ethyl,

n- propyl , isoprop%(l , butyl, phenyl, benzyl, brono, or chloro. 6. A conpound
accor di ngtetrahygdrpiunas was aldedrdrapwisesan sesulnggimixterores atlowrdconpound

according to any one of Claim1l to,6,. rein. ins. hydrpogen. 8. A conpound
accor di g B edRmEerer SR b SrbbRsieBt B OSRERG s 1 € “QGRym
. and m i gy&fEheAtwRRMWAte®dilufed withnibiy/] teherd ani@eqaypRgraccording to
Claim8 ich is: [3-[diphenyl carbanoyl oxy)methyl]-2-nethyl phenoxy} acetic
aci d; [ 3-4cpadatsdeihe agbeomsylayey prasmpgityasttied yiviceavers widcdwthyl ether.

The combined organic extracts were dried over sodium sulfate and

concentrated in vacuo. Purification of the residue by silica gel flash

chromatography, eluting with hexane/acetone (4:1), gave {2-chloro-3-

((diphenyl-carbamoyloxy)methyl]phenoxy} acetic acid methyl ester as a white

crystalline solid (1.72g, 48.0%).

{2-Chloro-3-[(diphenylcarbamoyloxy)methyl]phenoxy} acetic acid methyl
ester (0.64 g, 1.5 mmol) was dissolved in a mixture of methanol (20 mL), water
(5 mL), and tetrahydrofuran (2 mL). An aqueous solution of lithium hydroxide
(0.07 g, 1.65 mmol) was added and the mixture was allowed to stir overnight.
The mixture was concentrated in vacuo, and the residue diluted with water
and washed with diethyl ether. The aqueous layer was acidified with 3M
hydrochloric acid forming a white precipitate which was filtered and dried.
Recrystallization from methanol gave {2-chloro-3-
[(diphenylcarbamoyloxy)methyllphenoxy} acetic acid as white needles (0.47 g,
76.5%); m.p. 182.2-182.9 °C; '"H NMR 4.66 (s, 2 H), 5.30 (s, 2 H), 6.83 (dt, J =
7.5 Hz, 2 H), 7.11 (t, J = 8.0 Hz), 7.28 (m, 10 H); °C NMR 64.98 (t), 66.02 (t),
112.96 (d), 121.62 (d), 126.27 (d), 126.93 (d), 127.02 (d), 128.94 (d), 135.79 (s),
142.34 (s), 153.68 (s), 154.27 (s), 170.26 (s). Analysis for C,,H,,CINO,: Calcd.:
C, 64.16; H, 4.41; N, 3.40. Found: C, 64.30; H, 4.39; N, 3.56.

EXAMPLE 2
{3-[(Diphenylcarbamoyloxy)methyll-2-methylphenoxy} acetic acid

2A. Preparation of 3-hydroxymethyl-2-methylphenol



or an individual isomer, a racemc or non-racemc mxture of isomers, or a
phar maceutical ly acceptable salt or solvate thereof. 16 June 2003 89 10.
A conpound according to any one of Clains 1 to 7, wherein A igagbﬁyb , B
is -(CHa)n ; and nis an integer fromO to b inclusive. 11. A conpoun
according to any one of Clains 1 to 7, wherein Ais alkenylene, Bis
-QCHz)m, and mis an integer from1l pd 5 inclusive. 6 12. A conpound
according to Claim11l which is:

ci s-(3-[ 3-(benzyl phenyl car banmoyl oxypr openyl ) phenoxy] acetic acid; _
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solution was evaporated in vacuo and then evaporated with further portions of

methanol to give 3-hydroxymethyl-2-methylphenol (30.3 g, 99%).

2B. Preparation of (3-hydroxymethyl-2-methylphenoxy) acetic acid tert-butyl

ester

Tert-butyl bromoacetate (75 g, 385 mmol) was added to a solution/
suspension of 3-hydroxymethyl-2-methylphenol (46.6 g, 337 mmol) and finely
powdered potassium carbonate (60 g) in acetone (500 mL). The mixture was
heated at reflux for about 40 hours or until the reaction was complete. The
solids were filtered, and the liquid residue was evaporated. Purification of the
residue by silica gel chromatography, eluting with acetone/hexane, gave (3-
hydroxymethyl-2-methylphenoxy) acetic acid tert-butyl ester as a pale yellow
oil (80.1 g, 96%).

2C. Preparation of {3-[(diphenylcarbamoyloxy)methyl]-2-methylphenoxy}

acetic acid

A solution of (3-hydroxymethyl-2-methylphenoxy) acetic acid tert-butyl
ester (80.1 g, 318 mmol) dissolved in tetrahydrofuran (400 mL) was cooled to
-50 °C and treated with lithium diisopropylamide (325 mmol) freshly prepared
from diisopropylamine (49 mL) and 2.5M n-butyllithium (130 mL) in
tetrahydrofuran (100 mL). After about 10 minutes at -50 °C, a solution of
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diphenylcarbamyl chloride (80.8 g, 350 mmol) dissolved in tetrahydrofuran
(100 mL) was added. The entire reaction mixture was stirred for an additional
30 minutes and then allowed to warm to room temperature over a period of

3 hours. The solution was evaporated in vacuo, poured into dilute
hydrochloric acid, and extracted with diethyl ether. The organic layer was
dried over brine, evaporated, and purified by silica gel chromatography,
eluting with acetone/hexane (1:5 — 1:3), to give {3-[(diphenylcarbamoyloxy)-
methyl]-2-methylphenoxy} acetic acid tert-butyl ester as a white solid (104.1 g,
73%).

{3-[(Diphenylcarbamoyloxy)methyl]-2-methylphenoxy} acetic acid tert-
butyl ester (104.1 g, 233 mmol) and lithium hydroxide (10.3 g, 245 mmol) were
dissolved in a mixture of water (100 mL), methanol (300 mL), and
tetrahydrofuran (300 mL). The mixture became solid, but reliquefied upon
heating at reflux temperature. The clear solution was stirred at room
temperature for about 16 hours, and evaporated in vacuo. The residue was
poured into dilute hydrochloric acid and extracted with dichloromethane.
Evaporation of the solvent and recrystallization of the residue from
hexane/acetone gave {3-[(diphenylcarbamoyloxy)methyl]-2-methylphenoxy}
acetic acid as off-white granules (87.0 g, 95%); m.p. 180.1-180.7 °C. Analysis
for C,,H,NO,: Caled.: C, 70.58; H, 5.41; N, 3.58. Found: C, 70.51; H, 5.37;

N, 3.76.

EXAMPLE 3

3A. Proceeding as described in Example 2, but substituting 3-hydroxy-2-
methylbenzoic acid in Example 2A with other compounds of formula 1a and
proceeding correspondingly, the following compounds of Formula I were

prepared:

{2,6-dimethyl 3-[(diphenylcarbamoyloxy)methyl]lphenoxy} acetic acid;
m.p. 177.6-178.1 °C. '"HNMR 2.21 (s, 3H), 2.27 (s, 3H, 4.62 (s, 2H), 5.30 (s,
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2H), 6.65 (d, J=8.4Hz, 1H), 6.93 (d, J=8.4Hz, 1H), 7.22 (m, 10H). “C NMR
11.83(q), 19.25(q), 62.53(t), 65.67(t), 112.19(d), 126.14(d), 126.90(d), 128.02(d),
128.07(d), 128.88(d), 131.96(s), 134.02(s), 142.51(s), 153.88(s), 154.79(s),
172.66(s). Analysis for C, H,,NO,+0.1H,0: Calcd: C, 70.78; H, 5.74; N, 3.44.
Found C, 70.52; H, 5.67; N, 3.52.

{2-bromo-3-[(diphenylcarbamoyloxy)methyllphenoxy} acetic acid,;
m.p. 188.2-189.0 °C. Analysis for C, H,,BrNO,: Calcd.: C, 57.91; H, 3.98;
N, 3.07. Found: C, 57.91; H, 3.98; N, 3.13.

{3-[(diphenylcarbamoyloxy)methyl]-2-phenylphenoxy} acetic acid;
m.p. 181.0-181.5 °C. Analysis for C,,H, NO,: Calcd.: C, 74.16; H, 5.11;
N, 3.09. Found: C, 73.84; H, 5.15; N, 3.19.

{3-l(diphenylcarbamoyloxy)methyl]-2-ethylphenoxy} acetic acid,;
m.p. 160.9-161.7 °C. '"HNMR 0.95 (t, J=7.4Hz, 3H), 2.57 (q, J=7.4, 2H), 4.69
(s, 2H), 5.17 (s, 2H), 6.79 (d, J=7.9Hz, 1H), 6.81 (d, J=7.9Hz, 1H), 7.08 (t,
J=7.9, 1H), 7.30 (m, 10H), 12.98 (bs, 1H). “C NMR 13.79(q), 18.58(t), 64.60(t),
64.92(t), 111.27(d), 121.35(d), 126.28(d), 127.07(d), 128.91(d), 130.80(s),
134.65(s), 142.26(s), 153.74(s), 155.45(s), 170.19(s). Analysis for C, H, NO,:
Caled.: C, 71.10; H, 5.72; N, 3.45. Found: C, 70.98; H, 5.71; N, 3.61.

{3-[(diphenylcarbamoyloxy)methyl]-2-propylphenoxy} acetic acid;
m.p. 51.0-54.0 °C. 'H NMR: 0.858(t, J=7.4Hz, 3H), 1.41(sextet, J=7.4Hz, 2H),
2.56(t, J=7.7Hz, 2H), 4.33(s, 2H), 5.17(s, 2H), 6.76(t, J=8.8Hz, 2H), 7.02(t,
J=8.0Hz, 1H), 7.29(m, 10H). “C NMR: 14.44(q), 22.33(t), 27.58(t), 65.18(t),
66.50(t), 111.49(d), 120.71(d), 126.12(d), 126.31(d), 127.12(d), 128.97(d),
129.29(s), 134.64(s), 142.34(s), 153.84(s), 156.43(s), 170.43(s). Analysis for
C,H,NO,.0.55H,0: Calcd.: C, 69.83; H, 6.12; N, 3.39. Found: C, 69.93;
H, 6.13; N, 3.26.
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50.13(s), 66.32 (t), 67.89 (t), 113.09 (d), 121.59 (d), 126.02 (d), 126.34 (d),
127.23 (d), 129.00 (d), 133.49 (s), 134.37 (s), 142.39 (s), 153.84 (s), 158.15 (s),
171.13 (s). Analysis for C,,H, NO..C,H  N: Caled.: C, 70.71; H, 7.37; N, 5.69.

Found: C, 70.75; H, 7.39; N, 5.84.

3B. A solution of 3-hydroxyphthalic anhydride (0.77 g, 4.7 mmol) dissolved in
tetrahydrofuran (15 mL) was refluxed with borane-tetrahydrofuran complex
(20 mL) for 18 hours. The resulting suspension was cooled and decomposed
with excess methanol (gas evolution), and the solvents were removed under
vacuum. The residue was evaporated with methanol to give (2,3-bis-
hydroxymethyl)phenol as a white solid (0.72 g, 98%). Subsequently proceeding
as described in Example 2, but substituting 3-hydroxymethyl-2-methylphenol
in Example 2B with (2,3-bis-hydroxymethyl)phenol and proceedingly
correspondingly in Example 2C, the following compound of Formula I was

prepared:

{3-[(diphenyl-carbamoyloxy)methyl]-2-hydroxymethylphenoxy} acetic
acid; m.p. 137.2-137.9 °C. Analysis for C,,H, NO,: Caled.: C, 67.81; H, 5.20;
N, 3.44. Found: C, 67.81; H, 5.24; N, 3.57.

3C. Proceeding as described in Example 2, but substituting diphenylcarbamyl
chloride in Example 2C with N-phenyl-N-pyridin-3-ylcarbamyl chloride or
N-cyclohexyl-N-phenylcarbamyl chloride and proceedingly correspondingly,

the following compounds of Formula I were prepared:
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{3-[(1-Diphenylcarbamoyloxy)ethyl]-2-methylphenoxy} acetic acid

BA. Preparation of (3-formyl-2-methylphenoxy) acetic acid tert-butyl ester
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10% " & ()-! 10%8.Hydroxymbthyll2-methylphbloxy) acetic acid tert-butyl ester was

prepared by utilizing the method described by Marx, M. and Tidwell, T., /.
Org. Chem, 1984, 49, 788-793.

Ozxalyl chloride (0.46 mL, 5.256 mmol) was added dropwise to a solution of
5 dimethyl sulfoxide (0.88 mL, 12.50 mmol) dissolved in dichloromethane
(40 mL). The mixture was cooled to -78 °C and allowed to stir for 1 hour. A
solution of (3'-hydroxymethﬁ-%methylphenoxy) acetic acid tei't-buty;l ester
(1.26g, 5.00 mmol) in dichloromethane was cannulated into the reaction )
mixture and allowed to stir at -78 °C for an additional hour. Triethylamine
10 (8.49 mL, 256 mmol) was added. The reaction mixture was allowed to warm to
room temperature, poured into water, and the layers were separated. The
aqueous layer was extracted twice with dichloromethane. The combined
organic extracts were washed with 2N hydrochloric acid and saturated sodium
bicarbonate, dried over anhydrous sodium sulfate, and concentrated in vacuo.
15 Purification by silica gel chromatography, eluting with hexane/acetone, gave
(3-formyl-2-methylphenoxy) acetic acid tert-butyl ester as a slightly yellow
crystalline solid (1.07 g, 85.9%).

5B. Preparation of [3-(1-hydroxyethyl)-2-methylphenoxy] acetic acid tert-
20 butyl ester

(3-Formyl-2-methylphenoxy) acetic acid tert-butyl ester (0.94 g,
3.75 mmol) was dissolved in freshly distilled tetrahydrofuran and cooled to —
78 °C. Methyl magnesium chloride (2.62 mL, 7.88 mmol) was added dropwise
and the mixture was allowed to stir at -78 °C for two hours. The mixture was
25 allowed to warm to room temperature, stirred for an additional six hours, then
carefully quenched with water, and extracted with ethyl acetate. The organic
extracts were dried over anhydrous sodium sulfate and concentrated in vacuo.

Purification by silica gel chromatography, eluting with hexane/acetone, gave
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[3-(1-hydroxyethyl)-2-methylphenoxy) acetic acid tert-butyl ester as a clear oil
(594 mg, 59.5%).

5C. Preparation of [3-(1-diphenylcarbamoyloxy)ethyl)-2-methylphenoxy]

acetic acid

[3-(1-Hydroxyethyl)-2-methylphenoxy) acetic acid tert-butyl ester (553 mg,
2.00 mmol) and diphenylcarbamyl chloride (695 mg, 3.00 mmol) were dissolved
in freshly distilled tetrahydrofuran (30 mL) and cooled to cooled to —-78 °C.
Lithium diisopropyl amide (1.20 mL, 2.40 mmol) was added dropwise. The
mixture was allowed to warm to room temperature and stirred overnight,
quenched with diethyl ether, and the layers were separated. The organic layer

- was dried over anhydrous sodium sulfate and concentrated in vacuo.
Purification by silica gel chromatography, eluting with hexane/acetone (9:1),
gave [3-(1-diphenyl-carbamoyloxy)ethyl)-2-methylphenoxy] acetic acid tert-
butyl ester as a clear oil (411 mg, 44.5%).

[3-(1-Diphenylcarbamoyloxy)-ethyl)-2-methylphenoxy] acetic acid tert-butyl
ester (346 mg, 0.75 mmol) was dissolved in methanol (25 mL) and water (10
mL). An aqueous solution of lithium hydroxide (69 mg, 1.65 mmol) was added
and the mixture was stirred at room temperature for 6 hours. The mixture
concentrated in vacuo, and the residue was diluted with water and washed
with diethyl ether. The aqueous layer was acidified with dilute hydrochloric
acid and extracted with dichloromethane. The organic extract was dried over
anhydrous sodium sulfate and concentrated in vacuo to give [3-(1-
diphenylcarbamoyloxy)ethyl)-2-methyl-phenoxy] acetic acid as a clear foam
(293 mg, 96.4%); mp. 57.0-69.0 °C; 'H NMR 1.35 (d, J=6.5Hz, 3H), 2.13 (s, 3H),
4.67 (s, 2H), 5.96 (q, J=6.5Hz, 1H), 6.67 (d, J=7.8Hz, 1H), 6.74 (d, j=8.2Hz, 1H),
7.08 (t, J=8.0Hz, 1H), 7.26 (m, 6H), 7.39 (m, 4H), 12.99 (br s, 1H); “C NMR
9.56 (q), 20.44 (q), 63.82 (t), 69.83 (d), 109.33 (d), 116.41 (d), 121.56 (s), 125.20
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(s). Analysis for C,,H CINO,.0.14CH,CL,;: Caled.: C, 69.47; H, 5.62; N, 3.36.

Found: C, 69.41; H, 5.62; N, 3.78.

EXAMPLE 6
Trans-[3-(3-Diphenylcarbamoyloxypropenyl)phenoxy} acetic acid
6A. Preparation of trans-3-(3-hydroxyphenyl)acrylic acid methyl ester

A solution of trimethyl phosphonoacetate (9.94 mL, 61.4 mmol), lithium
chloride (2.60 g, 12.2 mmol) and 1,8-diazabicyclo[5.4.0lundec-7-ene (DBU)
(15.92 mL, 106.5 mmol) in acetonitrile (80 mL) at room temperature under a
nitrogen atmosphere was stirred at room temperature for 30 minutes. 3-
Hydroxy-benzaldei'lyde (5.00 g, 40.9 mmol) was added, and the mixture was
stirred at room temperature for an additional 3 hours. Water was added and
the aqueous phase was extracted with diethyl ether. The combined organic
fractions were washed with water, brine, dried over magnesium sulfate, and
evaporated to dryness. Purification by flash chromatography, eluting with
hexane/ ethyl acetate, gave trans-3-(3-hydroxyphenyl)acrylic acid methy! ester
as a white crystalline solid (6.30 g, 86%).

6B. Preparation of trans-3-(3-hydroxypropenyl)phenol

Lithium n-butyldiisobutylaluminum hydride was prepared in situ by adding
1.0M diisobutylaluminum hydride (DIBAL-H) in toluene (16.8 ml, 16.8 mmol)
to a solution of 2.5M n-butyllithium in hexane (6.73 mL, 16.8 mmol) at -5 °C
under an argon atmosphere. Tetrahydrofuran (70 mL) was added and the

mixture was cooled to —78 °C. A solution of trans-3-(3-hydroxyphenylacrylic
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acid methyl ester (1.0 g, 5.61 mmol) in tetrahydrofuran (70 mL) was added to
the dropwise to the mixture over 15 minutes, and the combined soution was
allowed to reach —20 °C and was stirred for 3 hours. The mixture was cooled
to —~78 °C and sodium sulfate decahydrate (6 g) was added, followed by
saturated ammonium chloride (150 mL) and concentrated hydrochloric acid to
pH 2-3. The mixture was extracted with dichloromethane, and the extract was
washed with water, brine, dried sodium sulfate, and concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ ethyl acetate, gave
pure trans-3-(3-hydroxypropenyl)phenol as a clear crystalline solid (0.58 g,
68%).

6C. Preparation of trans-[3-(3-hydroxypropenyl)phenoxy] acetic acid tert-
butyl ester

A solution of tert-butyl bromoacetate (0.60 ml., 4.03 mmol) and potassium
carbonate (1.12 g, 8.06 mmol) was added to a solution of trans-3-(3-hydroxy-
propenyl)phenol (0.58 g, 3.84 mmol) in acetone (15 mL) at room temperature
under a nitrogen atmosphere and stirred for about 20 hours. The mixture was
filtered, and the filtrate was concentrated to dryness. Purification by flash
chromatography, eluting with hexane/ ethyl acetate, gave pure trans-[3-(3-
hydroxypropenyl)phenoxy] acetic acid fert-butyl ester as a clear oil (0.987 g,
97%).

6D. Preparation of trans-[3-(3-diphenylcarbamoyloxypropenyl)phenoxy] acetic

acid

A solution of trans-[3-(3-hydroxypropenyl)phenoxy] acetic acid tert-butyl ester
(0.50 g, 1.89 mmol) in tetrahydrofuran (15 mL) was added to a solution of
2.0M lithium diisopropylamide in heptane/tetrahydrofuran/ethylbenzene
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(1.04 mL, 2.08 mmol), and diphenylcarbamyl chloride (0.46 g, 1.98 mmol) at -

78 °C under an argon atmosphere. The mixture was allowed to reach 0-5 °C

and was maintained at this temperature for 16 hours. Saturated ammonium

chloride was added and the product was extracted with dichloromethane. The

extract was washed with water, brine, dried over sodium sulfate, and

concentrated to dryness. Purification by flash chromatography, eluting with

hexane/ ethyl acetate (7:3), gave pure trans-[3-(3-diphenyl-

carbamoyloxypropenyl)phenoxy} acetic acid tert-butyl ester as a white

crystalline solid (0.56 g, 65%).

1.0M Lithium hydroxide (1.46 mL, 1.46 mmol) was added to a solution of
trans-{3-(3-diphenylcarbamoyloxypropenyl)phenoxy} acetic acid tert-butyl ester
(0.56 g, 1.22 mmol) in methanol (2 mL), tetrahydrofuran (2 mlL) at room
temperature under a nitrogen atmosphere. The mixture was stirred at room
temperature for 3 hours. The solvent was evaporated, water was added
followed by 2N hydrochloric acid to pH 1-2, and the product was extracted
with ethyl acetate. The extract was washed with water, brine, dried over
magnesium sulfate, and concentrated to dryness. Recrystallization in diethyl
ether gave trans-[3-(3-diphenylcarbamoyloxypropenyl)phenoxy} acetic acid as
a white crystalline solid (0.38 g, 78%), m.p. 112.4-113.7 °C.

EXAMPLE 7
Trans-[3-(3-Diphenylcarbamoyloxypropenyl)-2-methylphenoxy} acetic acid
7A. Preparation of trans-3-(3-hydroxy-2-methylphenyl)acrylic acid ethyl ester

Ethyl acrylate (1.16 mL, 10.7 mmol), palladium acetate (60.1 mg,
0.27 mmol), tri-o-tolylphosphine (160 mg, 0.54 mmol) and triethylamine (1.62
mL) were added to a solution of 3-bromo-2-methyl phenol (1 g, 5.35 mmol) in

acetonitrile (2.5 mL) under a nitrogen atmosphere. The mixture was heated at
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i 5 trans-3-(3-hydroxy-2-methylphenyl)acrylic acid ethyl ester as a clear oil
(480 mg, 43.5%).

7B. Preparation of trans-[3-(8-diphenylcarbamoyloxypropenyl)-2-
methylphenoxy] acetic acid

10 Proceeding as described in Example 6, but substituting ¢trans-3-(8-
hydrexyphenyl)acrylic acid methyl ester in Example 6B with ¢rans-3-(3-
hydroxy-2-methylphenyl)acrylic acid ethyl ester, and proceeding
correspondingly in Example 6C, trans-[3-(3-diphenylcarbamoyloxypropenyl)-
2-methylphenoxy} acetic acid was prepared as a white solid (141 mg, 89%);

15 m.p. 118.0-118.6 °C.

EXAMPLE 8
Cis-[3-(3-Diphenylcarbamoyloxypropenyl)-2-methylphenoxy] acetic acid
8A. Preparation of (3-bromo-2-methylphenoxy) acetic acid Zert-butyl ester

20 Tert-butyl bromoacsetate (1.08 mL, 7.27 mmol) and potassium carbonate
(2.01 g, 14.55 mmol) were added to a solution of 3-bromo-2-methylphenol (1.29
g, 6.92 mmol) in acetone (17 mL), and the mixture was stirred at room
temperature for 5 hours under a nitrogen atmosphere. The mixture was
filtered, and the filtrate was evaporated to dryness to give (3-bromo-2-

25 methylphenoxy) acetic acid ter¢t-butyl ester as a pale yellow oil (2.12 g, 100%).
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8B. Preparation of [3-(3-hydroxyprop-1-ynyl)-2-methylphenoxy] acetic acid

tert-butyl ester

Tetrakis(triphenylphosphine)palladium(0) (0.41 g, 0.35 mmol) and
propargyl aleohol (0.83 mL, 14.3 mmol) were added to a solution of (3-bromo-2-
methyl-phenoxy) acetic acid tert-butyl ester (2.13 g, 7.08 mmol) in pyrrolidine
(21 mL) under an argon atmosphere at room temperature. The mixture was
heated at 75-80 °C for 2.5 hours. Excess saturated ammonium chloride was
added and the mixture was extracted with diethyl ether. The extract was
washed with brine, dried over sodium sulfate, and concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ethyl acetate, gave
[3-(3-hydroxyprop-1-ynyl)-2-methylphenoxy] acetic acid tert-butyl ester as an
0il (0.38 g, 19.5%).

8C. Preparation of [3-(3-diphenylcarbamoyloxyprop-1-ynyl)-2-methylphenoxy]

acetic acid tert-butyl ester

2.0 M Lithium diisopropylamide in toluene/heptane/ethylbenzene (0.77
mL, 1.54 mmol) was added to a stirred solution of [3-(3-hydroxyprop-1-ynyl)-
2-methylphenoxy] acetic acid tert-butyl ester (370 mg, 1.34 mmol) in
tetrahydrofuran (4 mL) at —78 °C under an argon atmosphere. The mixture
was stirred for 10 minutes and solid diphenylcarbamoyl chloride (310 mg, 1.34
mmol) was added. The mixture was allowed to reach 0-5 °C and stirred for 16
hours. Saturated ammonium chloride was added and the mixture was
extracted with ethyl acetate. The extract was washed with brine, dried over
sodium sulfate, and concentrated to dryness. Purification by flash

chromatography, eluting with hexane/ethyl acetate, gave [3-(3-
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8D. Preparation of cis-[3-(8-diphenylcarbamoyloxypropenyl)-2-
5 methylphenoxy] acetic acid

Quinoline (22 pL) and a Lindlar catalyst (22 mg) were added to a solution
of [3-(3-diphenylcarbamoyloxyprop-1-ynyl)-2-methylphenoxy] acetic acid tert-
butyl ester (215 mg, 0.46 mmol) in methanol (2 mL) under a nitrogen
atmosphere. The mixture was stirred for 35 minutes in a balloon filled with

10 hydrogen. The mixture was filtered, and the filtrate was taken to dryness.
Purification by flash chromatography, eluting with hexane/ethyl acetate
(92.5:7.5), gave cis-[3-(3-diphenyl-carbamoyloxypropenyl)-2-methylphenoxy]
acetic acid tert-butyl ester as a colorless oil (150 mg, 69.4%).

" Lithium hydroxide monohydrate (18 mg, 0.31 mmol) was added foa
16 | stirred solution of cis-[3-(3-diphenylcarbamoyloxypropenyl)-2-methylphenoxy] acetic acid
tert-butyl ester (144 mg, 0.30 mmol) in tetrahydrofuran (1.4 mL), methanol . . -
(0.31mL) and water (0.3 mL) at room temperature under nitrogen. The
mixture was stirred for 4 hours at room temperature, 1 N hydrochloric acid
was added to pH 1-2, followed by water, and extracted with ethyl acetate. The
20 extract washed with brine, dried over sodium sulfate, and concentrated to
dryness. Crystallization from dichloromethane/hexanes gave cis-[3-(3-
diphenylcarbamoyloxypropenyl)-2-methylphenoxy] acetic acid as a white solid
(141 mg, 89%), m.p. 133.4-135.5 °C.
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Cis-[3-(3-Diphenylcarbamoyloxypropenyl)phenoxy] acetic acid
9A. Preparation of (3-bromophenoxy) acetic acid tert-butyl ester

Tert-butyl bromoacetate (1.88 mL, 12.69 mmol) and potassium carbonate
(3.5 g, 25.38 mmol) were added to a solution of 3-bromophenol (2.09 g,

12.08 mmol) in acetone (30 mL), and the mixture was stirred at room
temperature for 5 hours under a nitrogen atmosphere. The mixture was
filtered, and the filtrate was evaporated to dryness to give (3-bromophenoxy)
acetic acid tert-butyl ester as a colorless oil (3.53 g, 100%).

9B. Preparation of [3-(3-hydroxyprop-1-ynyl)phenoxy] acetic acid tert-butyl

ester

Tetrakis(triphenylphosphine)palladium(0) (0.66 g, 0.57 mmol) and
propargyl alcohol (1.34 ml,, 22.97 mmol) were added to a solution of (3-
bromophenoxy) acetic acid tert-butyl ester (3.3 g, 11.49 mmol) in pyrrolidine
(35 mL) under an argon atmosphere at room temperature. The mixture was
heated at 75-80 °C for 2.5 hours. Excess saturated ammonium chloride was
added and the mixture was extracted with diethyl ether. The extract was
washed with brine, dried over sodium sulfate, and concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ethyl acetate, gave
[3-(3-hydroxyprop-1-ynyl)phenoxy] acetic acid tert-butyl ester as a pale yellow
oil (1.93 g, 64%).

9C. Preparation of cis-[3-(3-hydroxypropenyl)phenoxy] acetic acid tert-butyl

ester
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| <*10%R' ( )Quinblithek 84 (W) dndd A%Rd{gr-datalyst (54 mg) were added to a stirred

solution of [3-(8-hydroxyprop-1-ynyl)phenoxy] acetic acid tert-butyl ester (547
mg, 2.09 mmol) in methanol (4.3 mL) under a nitrogen atmosphere. The
mixture was stirred for 1 hour in a balloon filled with hydrogen, filtered, and
the filtrate was taken to dryness. The residue was purified by flash
chromatography, eluting with hexane/ethyl acetate, dissolved in diethyl ether,
and washed with 2 N hydrochloric acid (10 mL) and 10% sodium bicarbonate,
dried over sodium sulfate, and concentrated to give cis-[3-(3-
hydroxypropenyl)phenoxy] acetic acid terf-butyl ester as a colorless oil (420
mg, 76%).

9D. Preparation of cis-[3-(8-diphenylcarbamoyloxypropenyl)phenoxy] acetic

acid

2.0 M Lithium diisopropylamide in a solution of
tetrahydrofuran/heptane/-ethylbenzene (0.9 mL, 1.8 mmol) was added to a
stirred solution of cis-[3-(3-hydroxypropenyl)phenoxy] acetic acid terz-butyl
ester (421 mg, 1.56 mmol) in tetrahydrofuran (4.5 mL) at -78 °C under an
argon atmosphere. The mixture was stirred for 10 minutes and solid
diphenylcarbamoyl chloride (361 mg, 1.56 mmol) was added. The mixture was
allowed to reach 0-5 °C and stirred for 16 hours. Saturated ammonium
chloride was added, and the mixture was extracted with ethyl acetate. The
extract was dried over sodium sulfate, and concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ethyl acetate (9:1),
gave cis-[3-(3-diphenylcarbamoyloxypropenyl)phenoxy] acetic acid terz-butyl
ester (433 mg, 60.4%).

Lithium hydroxide monohydrate (48.2 mg, 1.15 mmol) was added to a
stirred solution of cis-[3-(3-hydroxypropenyl)phenoxyl acetic acid tert-butyl
ester (421 mg, 1.04 mmol) in tetrahydrofuran (4.9 mL), methanol (1.3 mL) and
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ed!s. 10! lgfo]lf%%géld(l)ﬁ PatdEThe hﬁxétg‘%“gévﬁg extracted with ethyl acetate, and the
extract washed with brine, dried over sodium sulfate, and concentrated to
5 dryness. The resulting oil was dissolved in diethyl ether (3.5 mL) and tert-
butylamine (94 uL) was added. The resulting suspension was filtered and the
solid washed with diethyl ether to obtain the teri-butylamine salt of cis-[3-(3-
diphenylcarbamoyloxypropenyl)phenoxy] acetic acid (360 mg, 82.5%),
m.p. 132.5-135 °C.

10

EXAMPLE 10

10A. Proceeding as described in either Example 8 or Example 9, but optionally
replacing 3-bromo-2-methylphenol in Example 8A or 3-bromophenol in
Example 9A with other compounds of formula 1¢, or replacing terz-butyl

15 bromoacetate with other compounds of formula 3, or replacing propargyl
alcohol with other alkynyl alcohols, and proceedingly correspondingly, the

following compounds of Formula I were prepared:

cis-[3-(4-diphenylcarbamoyloxybut-1-enyl)phenoxy] acetic acid tert-butylamine
salt; m.p. 112.5-112.8 °C,

20 cis-[3-(5-diphenylcarbamoyloxypent-1-enyl)phenoxyl acetic acid tert-
butylamine salt; Analysis for C,H,NO,: Caled.: C, 71.41; H, 7.19; N, 5.55.
Found: C, 71.02; H, 7.12; N, 5.54,

cis-[3-(6-diphenylcarbamoyloxyhex-1-enyl)phenoxy] acetic acid tert-butylamine
salt; m.p. 87.0-88.5 °C,

e

25 ° cis-4-[3-(3-diphenylcarbamoyloxypropenyl)phenoxyl] butyric acid tert-bétylamine
salt; m.p. 102-106 °C,and. .. ... ., . ..._ . ... ... . .
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m.p. 56.3-56.7 °C.

10B. Proceeding as described in either Exampie 8 or Example 9, but optionally
5 replacing 3-bromo-2-methylphenol in Example 8A or 3-bromophenol in
Example 9A with other compounds of formula 1c, and replacing
diphenylcarbamyl chloride with other compounds of formula 5, and
proceedingly correspondingly, the following compounds of Formula I were

prepared:

10 cis-{3-[3-(methylphenylcarbamoyloxypropenyl)phenoxyl] acetic acid tert-
butylamine salt; m.p. 152.3-154.2 °C; and

cis-{3-[3-(benzylphenylcarbamoyloxypropenyl)phenoxy] acetic acid tert-
butylamine salt; m.p. 107.0-108.5 °C.

15 EXAMPLE 11

[3-(3-Diphenylcarbamoyloxypropyl)phenyl] acetic acid
- 11A. Preparation of 3-(3-hydroxyphenyl) propionic acid methyl ester

10% Palladium on carbon (0.31g) was added to a solution of trans-
3-(8-hydroxyphenyl)acrylic acid methyl ester (31.0 g, 17.4 mmol) (prepared as

20 described in Example 6A) in ethyl acetate (30 mL) at room temperature under
a nitrogen atmosphere. The mixture was hydrogenated under a balloon
pressure for 4 hours. The catalyst was filtered, and the filtrate was
concentrated to dryness. Crude 3-(3-hydroxyphenyl) propionic acid methyl
ester (3.16 g) was directly used in the next step.
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11B. Preparation of 3-(3-hydroxypropyl) phenol

1.0M Lithium aluminum hydride in tetrahydrofuran (35.07 mL,
35.07 mmol) was added to a solution of 3-(3-hydroxyphenyl) propionic acid
methyl ester (3.16 g, 17.5 mmol) in tetrahydrofuran (30 mL) at 0-5 °C under
an argon atmosphere. The mixture was stirred at room temperature for 6
hours, and sodium sulfate decahydrate (15 g) was added to the mixture,
followed by cooling to 0-5 °C, and a dropwise addition of water (about 10 mL)
and concentrated hydrochloric acid to pH 2-3. The mixture was extracted with
ethyl acetate, and the extract was washed with water, brine, dried over
magnesium sulfate, and concentrated to dryness. Purification by flash
chromatography, eluting with hexane/ ethyl acetate, gave 3-(3-hydroxypropyl)
phenol as a clear oil (2.34 g, 88%).

11C. Preparation of [3-(3-hydroxypropyl)phenoxy] acetic acid tert-butyl ester

Tert-butyl bromoacetate (2.39 mL, 16.2 mmol) and potassium carbonate
(4.47 g, 32.3 mmol) were added to a solution of 3-(3-hydroxypropyl) phenol
(2.34 g, 15.4 mmol) in acetone. The mixture was stirred at room temperature
for about 20 hours, filtered, and the extract concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ethyl acetate, gave
3-(3-hydroxypropyl)-phenoxy] acetic acid tert-butyl ester as a clear oil (3.65 g,
89%).

11D. Preparation of {3-(3-diphenylcarbamoyloxypropyl)phenyl] acetic acid

A solution of 2.0M Lithium diisopropylamide (7.57 mL, 15.1 mmol) and a
solution of diphenylcarbamyl chloride (3.35 g, 14.5 mmol) dissolved in
tetrahydrofuran (100 mL) was added to a solution of 3-(3-hydroxypropyl)-
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Saturated ammonium chloride was added and the mixture was extracted with
dichloromethane. The organic layer was dried over brine, dried over sodium
sulfate, and concentrated to dryness: Purification by silica gel
chromatography, eluting with acetone/hexane (7:3), gave
[3-(38-diphenylcarbamoyloxy-propyl)phenyl] acetic acid tert-butyl ester as a
yellow oil (3.88 g, 61%). Subsequent hydrolysis of the ester and
recrystallization gave [3-(3-diphenylcarbamoyloxypropyl)phenyl] acetic acid as
a white crystalline solid (0.47 g, 54%), m.p. 133.7-134.6 °C.

EXAMPLE 12

Proceeding as described in Example 11, but replacing trans-3-(3-
hydroxyphenyl)acrylic acid methyl ester in Example 11A with other
compounds of formula 6, and proceeding correspondingly the following

compounds of Formula I were prepared:
[3-(2-diphenylcarbamoyloxyethyl)phenyl] acetic acid, m.p. 123.0-123.3 °C;
[3-(4-diphenylcarbamoyloxybutyl)phenyl] acetic acid, m.p. 117.8-119.6 °C;

[3-(5-diphenylcarbamoyloxypentyl)phenyl] acetic acid,
m.p. 128.1-128.7 °C;

[3-(6-diphenylcarbamoyloxyhexyl)phenyl] acetic acid, m.p. 99.8-101.7 °C;

[3-(8-diphenylcarbamoyloxypropyl)-2-methylphenyl] acetic acid,
m.p. 128.7-129.2 °C; and

[3-(3-diphenylcarbamoyloxypropyl)-2-methylphenyl] pentanoic acid,
m.p. 81.5-81.9°C;
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EXAMPLE 13
cis-3-[3-(3-diphenylcarbamoyloxypropenyl)phenyl] propionic acid
13A. Preparation of 3-(3-brdhaophenyl) acrylic acid tert-butyl ester

A solution of tert-butyldiethyl phosphonoacetate (2.86 mL, 12.2 mmol),

5 lithium chloride (0.52 g, 12.2 mmol) and 1,8-diazabicyclo[5.4.0]lundec-7-ene
(DBU) (1.57 mL, 10.64 mmol) in acetonitrile (25 ml) at room temperature
under a nitrogen atmosphere was stirred at room temperature for 30 minutes.
3-Bromo-benzaldehyde (0.95 mL, 10.5 mmol) was added, and the mixture was
stirred at room temperature for an additional 3 hours. Water was added and

10 the aqueous phase was extracted with diethyl ether. The combined organic
fractions were washed with water, brine, dried over magnesium sulfate, and
evaporated to dryness. Purification by flash chromatography, eluting with
hexane/ ethyl acetate, gave 3-(3-bromophenyl) acrylic acid tert-butyl ester as a
clear oil (2.24 g, 97%).

16
13B. Preparation of 3-(3-bromophenyl) propionic acid tert-butyl ester

Platinum(IV) oxide (0.002 g, 0.032 mmol) was added to a solution of
3-(8-bromophenyl)acrylic acid tert-butyl ester (2.24 g, 7.90 mmol) in methanol
(7 mL) and tetrahydrofuran (1 mL) at room temperature under a nitrogen

20 atmosphere. The mixture was hydrogenated under a balloon pressure for 10
hours. The mixture was filtered and the filtrate was concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ethyl acetate, gave
3-(3-bromophenyl) propionic acid tert-butyl ester as a clear oil (1.32 g, 58%).

26 13C. Preparation of 3-[3-(3-hydroxyprop-1-ynyl)phenyl] propionic acid zerz-butyl ester

ester e . : N e



10! Ns! 109& ()- !6 109 ()- G Ds10% () - Ysl
C1109& () - 109& () -# 10%& () - ZK\\ VAMAAAALT @ 10! #s10% ()- 10] 10]
10] @s' 1094 & ()-@s! 109%&' ()-! @@ s! 10%0C& () -s! 109 ()- ~<adébiba2P03d
101 1 Y1 109%& () -y 109%& ()-F 109&' ()-!10%& ()-!N “110%&' ()-S
109& () - f bcdcdd#el edEj @ 10! ! YS5y 10%&' ()- 2! 10%&' ()-f/ 109%& () - -
10%&' ()-, 10% ()- & !10%& ()-M eeeeeeeeBfHC 10! &M 10%<& ()- 9 10%& ()-f
10%<8& ()-$s, 10%& ()- 10 10 10610%&' () - Ef zf f hhhOi dELC 10! ! #10%<&' () -
1 109%<& () - F910%& ()-!10%& ()-!10% & ()- 10%& () - 0i ni k\ kkk@ Al Bl dE: /
Tetrakis(triphenylphosphine)palladium(0) (0.41 g, 0.14 mmol), cuprous
iodide (0.5 g, 0.256 mmol), and propargyl alcohol (0.29 mL, 4.91 mmol) were
added to a solution of 3-(3-bromophenyl) propionic acid tert-butyl ester (2.13 g,
7.08 mmol) in pyrrolidine (8 mL) under an argon atmosphere at room
5 temperature. The mixture was heated at 75-80 °C for 5 hours. After cooling to
room temperature, saturated ammonium chloride was added and the mixture
was extracted with diethyl ether. The extract was washed with brine, dried
over magnesium sulfate, and concentrated to dryness. Purification by flash
chromatography, eluting with hexane/ethyl acetate (85:15), gave 3-[3-(3-
10 hydroxyprop-1-ynyl)phenyl] propionic acid tert-butyl ester as a yellow oil (0.21

g, 33%).

13D. Preparation of 3-[3-(3-diphenylcarbamoyloxypropenyl)phenyl] propionic

acid

15 Proceeding as described in Example 8, but replacing | 3-[3-(3-hydroxyprop-1-
ynyl)-2-methylphenoxyl acetic acid tert-butyl ester in Example 8C with [3-(3-
hydroxyprop-1-ynyl)phenyl) propionic acid tert-butyl ester, and proceeding
correspondingly in Example 8D, gave \. cis-3-[3-(3-
diphenylcarbamoyloxypropenyl)-phen‘yll propionic acid as a clear oil (0.14 g,

20 76%) Crystallization from diethyl ether with zert-butylamine gave
cis-3-[3-(3-diphenylcarbamoyloxypropenyl)phenyl] propionic acid tert-
butylamine salt (670 mg, 76%), m.p. 131.8-132.4 °C.

E LE 1

256 14A. Proceeding as described in Example 13, but replacing
3-bromobenzaldehyde with 3-bromophenylacetic acid, replacing propargyl
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alcohol with another alkynyl alcohol, and proceeding correspondingly, the

following compound of Formula Ia was prepared:

cis-[3-(4-diphenylcarbamoyloxybut-1-enyl)phenyl] acetic acid tert-butylamine
salt; m.p. 151.2-153.1 °C.

14B. Proceeding as described in Example 13, but replacing 1,3-
dibromobenzene with 3-iodobenzoic acid in Example 13A, optionally replacing
propargyl alcohol with other alkynyl alcohols, and proceeding correspondingly,

the following compounds of Formula Ia were prepared:

cis-[3~(3-diphenylcarbamoyloxypropenyl)phenyl] benzoic acid,
m.p. 137.5-137.8 °C;

cis-3-(4-diphen'ylcarbamoyloxybut—1-eny1) benzoic acid tert-butylamine
salt, m.p. 172.8-176.8 °C; and

cis-3-(3-diphenylcarbamoyloxypropenyl) benzoic acid tert-butylamine
salt; m.p. 180.5-184.0 °C.

14C. Proceeding as described in Example 13, but replacing
3-bromobenzaldehyde with 3-bromophenylacetic acid, replacing propargyl
alcohol with another alkynyl alcohol, hydrogenating the carbon-carbon double
to the corresponding saturated bond, and proceeding correspondingly, the

following compound of Formula la was prepared:

[3-(3-diphenylcarbamoyloxybutyl)phenyl] acetic acid tert-butylamine salt;
m.p. 112.3-113.1 °C.
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E B 15
[3-(4-Diphenylcarbamoyloxypropenyl)phenyl] butyric acid
15A. Preparation of cis-4-[3-(3-bromophenyl) butyric acid methyl ester

[9-Borabicyclo[3.3.1lnonane dimer] (13.4 mL, 6.68 mmol) (9-BBN dimer) was
5 added to a solution of methyl-3-butenocate (0.71 mL, 6.68 mmol) in
tetrahydrofuran (2.7 mL) at 0-5 °C under an argon atmosphere, and the
mixture was stirred for 4 hours. N,N-Dimethylformamide (27 mL),
palladium(II) chloride, dichloromethane (130 g, 0.16 mmol), 1,3-
dibromobenzene (0.77 mL, 61.37 mmol) and potassium phosphate (powdered,
10 1.5 g, 6.94 mmol) were added. The mixture was treated at 50 °C overnight.
Water was added and the mixture extracted with diethyl ether. The extract
was washed with water, brine, and dried over sodium sulfate, and
concentrated to dryness. Purification by flash chromatography, eluting with
hexane/ ethyl acetate) gave 4-(3-bromophenyl) butyric acid methyl ester as a
16 clear oil (0.26 mg, 16%).

15B. Preparation of 4-(8-bromophenyl) butyric acid tert-butyl ester

N-Butyllithium (4.43 mL, 11.07 mmol) was added to a solution 2-methyl-
2-propanol (1.0 mL, 10.53 mmol) in tetrahydrofuran (21 mL) at -10 °C under
20 an argon atmosphere, and the mixture was stirred for 10 minutes. A solution
of 4-(3-bromophenyl) butyric acid methyl ester (1.35 g, 5.27 mmol) in
tetrahydrofuran (5.3 mL) was added dropwise at -10 °C, and the mixture
allowed to reach room temperature and stirred for 16 hours. Saturated
ammonium chloride was added and the product extracted with ethyl acetate.
26 The extract was dried over sodium sulfate and concentrated to dryness.
Purification by flash chromatography, eluting with hexane/ ethyl acetate
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(98:2), gave 4-(3-bromophenyl) butyric acid tert-butyl ester as a yellow oil
(74%).

15C. Preparation of cis-4-[3-(3-diphenylcarbamoyloxypropenyl)phenyl] butyric .
6 acid

Proceeding as described in Example 8, but replacing [3-(3-hydroxyprop-
1-ynyl)-2-methylphenoxy] acetic acid tert-butyl ester in Example 8C with
4~(3-bromophenyl) butyric acid tert-butyl ester, and proceeding
correspondingly, gave cis-4-[3-(3-diphenylcarbamoyloxypropenyl)phenyl]

10 b:1tync acid as a clear 0il (0.14 g, 756%) Crystallization from diethyl ether
with tert-butylamine gave cis-4-[3-(3-diphenyl-carbamoyloxypropenyl)pheny!]
butyric acid tert-butylamine salt m.p. 112.4-115.3 °C.

EXAMPLE 16

15 Composition for Oral Administration

Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.6%
Magnesium stearate 0.5%

The ingredients are mixed and dispensed into capsules containing 100 mg

each; one capsule would approximate a total daily dosage.
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Composition for Oral Administration

Ingredient % wt./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP (polyvinylpyrrolidine) 1.0%

The ingredients are combined and granulated using a solvent such as
methanol. The formulation is then dried and formed into tablets (containing

about 20 mg of active compound) with an appropriate tablet machine.

EXAMPLE 18

Composition for Oral Administration

Ingredient Amount
Active compound 10g
Fumaric acid 0.5g

Sodium chloride 20g




10! "109& ()-9nL0% & ()- ' 10% & () -

10% & ()-S 10% & ()-#L-10% & () -

16 June 2003

~ @/ 10HF:"10%4& ()- FF99

aB7/ 10 10tl: @0% & ()-8!10% & ()- %' 10% & ()-$10% & ()-!-10% & () -
"100& ()- 2N s3" 10%4& () - 310%4& () - 3s! 10%4& () -

Y' 109%48 () - 10%4& () - &$- 10%4&' ()- 10t 10t 20r

10948 ()- !4 "109%H& ()- K4 "109KyK& ()-3 .3"10%H& () - &3#" 10%4& () -

A-mN/ 1 109% & () - s! 10% & ()-! 10% & () -
10H- #j dEM\V 1 10% 3" 10% & () -

800% & ()

-2 910% & () -f#10% & () -

I\/IlO%&'()-'lO%&'() &10%&'() 10%&'() 10%&'() jO ~dEmN/ ! 10% - "1 10% & () -
100 & ()-)!
10\ 9@ 0% & Me@l Pa0skeR ()- @- 1098 () - 31 10% & ©-15gy100 & ()-f/S
10% & () -

Propyl paraben 0.05¢g

Granulated sugar 255¢

Sorbitol (70% solution) 12.85g

Veegum K (Vanderbilt Co.) 10g

Flavoring 0.035 ml

Colorings 0.5 mg

Distilled water q.s. to 100 ml

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

EXAMPLE 19

Parenteral Formulation (IV)

Ingredient

% wt./wt.

Active ingredient

025g

Sodium Chloride

Qs 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
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EXAMPLE 20
Suppository Formulation
Ingredient % wt./wt.
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%

The ingredieﬁts are melted together and mixed on a steam bath, and

poured into molds containing 2.5 g total weight.

EXAMPLE 21
Topical Formulation
Ingredients Grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oil 5
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Methyl paraben 0.15

Propyl paraben 0.05

BHA (butylated hydroxy anisole) 0.01

Water q.s. 100

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.

EXAMPLE 22

Nasal Spray Formulations

Several aqueous suspensions containing from 0.025-0.5 percent active
compound are prepared as nasal spray formulations. The formulations
optionally contain inactive ingredients such as microcrystalline cellulose,
sodium carboxymethylcellulose, dextrose, and the like. Hydrochloric acid may
be added to adjust pH. The nasal spray formulations may be delivered via a
nasal spray metered pump typically delivering 50-100 microliters of
formulation per actuation. A typical dosing schedule is 2-4 sprays every 4-12

hours.
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IO e ptor Bmding Abay

The IP receptor affinity of compounds of this invention was determined

using a radioligand displacement assay utilizing Chinese Hamster Ovary cells
expressing the rat recombinant IP receptor. This assay is a modification of

well-established procedures using [°H] iloprost as the radioligand.

Chinese Hamster Ovary cells expressing the rat recombinant IP receptor
were maintained in Hams F-12 media with 10% fetal bovine serum and 250
ug/ml geneticin, under 5% carbon dioxide at 37 °C. The cells were harvested
over ice using 2 mM EDTA in phosphate buffered saline (calcium/magnesium
free, 4°C) and centrifuged at 500 x g. Cell number was determined and the
pellet stored at -70°C.

The pellets were thawed at room temperature and then diluted in the
assay buffer (20 mM Tris-HCL, 5 mM magnesium chloride, pH 7.4) to the
appropriate concentration and briefly homogenized. The pellet suspension
was lastly added to assay tubes containing the buffer, test compound, and
radioligand. The assay tubes were incubated at 25 °C for 1 hour, rinsed three
times with ice cold assay buffer, and the bound radioactivity determined using

liquid scintillation counting.

For each test compound, the concentration producing 50% inhibition of
binding (IC,,) and Hill slope was determined using iterative curve fitting
techniques. The inhibition dissociation constant (Ki) of each test compound

was determined according to the method of Cheng and Prusoff (1973).

A number of compounds of the invention were evaluated and found to be

active in this assay with a pKi range from about 4.8 to about 7.2.
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IP Receptor Agonist Activity Assay

The IP receptor agonist potency of compounds of this invention was
determined by measuring the agonist-mediated cyclic AMP accumulation in an
assay utilizing Chinese Hamster Ovary cells expressing the rat recombinant
IP receptor. Cyclic AMP levels were determined using a commercially
available Adenylate Cyclase cAMP Flashplate Assay (New England Nuclear).

Chinese Hamster Ovary cells expressing the rat recombinant IP receptor
were maintained in Ham’s Mixture with 10% fetal bovine serum and 250 pg/ml
geneticin under 5% carbon dioxide (95% O,) at 37 °C. Cells were harvested at
approximately 90% confluency using Dulbecco’s Phosphate-Buffered saline
containing 2mM EDTA, and washed once at 1000xg and resuspended in Wash
Buffer. A sample was aliquoted for protein determination. The cell
suspension was centrifuged at 1000xg and adjusted to 110-140 E+3 cells/50 pl

in the “Stimulation and Detection Buffer” from the assay kit.

The test compounds or vehicle were incubated with 50 pl cells (110-140
E+3 cells) for 5 minutes at room temperature. After the incubation, 100 ul
lysis/tracer solution was added to the wells and the radioactivity counted on a
Packard Topcount microplate scintillation counter after overnight incubation.
The amount of radioactive cAMP bound to the antibody is inversely
proportional to the concentration of added non-radioactive cAMP. The pEC,,

values were then determined and compared against standard agonist values.

A number of compounds of the invention were evaluated and found to be

active in this assay with a pEC, > 4.82 for stimulation of intracellular cAMP.
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identified in a canine model of peripheral vascular disease. The alleviation of
symptoms of intermittent claudication may be determined by measuring the
exercise capacity in dogs with surgically induced acute hind limb arterial
insufficiency using a modification of the method described in Bohm, E. et al.,
Arch.Pharmacol. 1990, 341, Suppl. R61.

Briefly, prior to surgery involving femoral ligation/ablation and occlusion
of small arterioles with superfine Sephadex, the dogs were trained to exercise
on a treadmill and the exercise capacity (rate and speed) for each dog was

- measured based on time to clinical symptoms (limping or failure to continue
treadmill exercise). 'Five to ten days after the surgical preparation, exercise
tolerance was again measured until it reached presurgical baseline exercise
capacity. The end point of exercise testing was the observation of claudication
clinical signs such as limping, or failure to continue treadmill exercise. Blood
flow to the normal and surgically manipulated hind limb was measured 1-3

times per week prior and/or after treadmill exercise.

The response of post-surgery day is compared to the pre-surgery day
using a paired t test. The difference between the treatment group and the

control group is tested using a two-sample t test at each testing day.

In this model, the compounds of this invention increased the running
time on a treadmill compared to control animals during a specified time
interval following surgical intervention. Dogs trained on a treadmill exhibited
a dramatic decrease in running time following femoral artery ablation surgery.

Typically dogs require 21-28 days following surgery to regain normal running
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While the present invention has been described with reference to the
specific embodiments thereof, it should be understood by those skilled in the
art that various changes may be made and equivalents may be substituted
without departing from the true spirit and scope of the invention. In addition,
many modifications may be made to adapt a 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.
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1. A compound of Formula I:
i i
R'R2N O0—A B —RS
R4
I
”
wherein:

R' and R? are each independently in each occurrence alkyl, aryl, aralkyl,
heteroaryl, cycloalkyl, or heterocyclyl;
R’ and R* are each independently in each occurrence hydrogen, alkyl,

alkoxy, amino, halogen, haloalkyl, hydroxyalkyl, nitro, aryl, aralkyl, or
heterocyeclyl;

R’ is independently in each occurrence -COOR’ or tetrazolyl;

R’ is independently in each occurrence hydrogen or alkyl;

A is independently in each occurrence alkylene or alkenylene;

B is independently in each occurrence -O(CH,),- or -(CH,) -;

m is independently in each occurrence an integer from 1 to 8 inclusive;

n is independently in each occurrence an integer from 0 to 8 inclusive;
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or an individual isomer, a racemic or non-racemic mixture of isomers, or

a pharmaceutically acceptable salt or solvate thereof.

2. A compound according to Claim 1, wherein R' and R’ are each

independently aryl or aralkyl.

3. A compound according to Claim 1 or 2, wherein R’ and R® are each

independently phenyl or benzyl.

4. A compound according to any one of Claim 1 to 3, wherein R’ and R* are

each independently hydrogen, alkyl, aryl, aralkyl, or halogen.

5. A compound according to any one of Claims 1 to 4, wherein R’ and R’
are each independently hydrogen, methyl, ethyl, n-propyl, isopropyl,
butyl, phenyl, benzyl, bromo, or chloro.

6. A compound accordingrto any one of Claims 1 to 5, wherein R’ is
-COOR’.

7. A compound according to any one of Claim 1 to 6, wherein R°®is
hydrogen.

8. A compound according to any one of Claims 1 to 7, wherein A is

alkylene, B is -O(CH,)_-, and m is an integer from 1 to 5 inclusive.
9. The compound according to Claim 8 which is:

[3-[diphenylcarbamoyloxy)methyl]-2-methylphenoxy} acetic acid;

[3-(3-diphenylcarbamoyloxypropyl)phenyl] acetic acid;

or an individual isomer, a racemic or non-racemic mixture of isomers, or

a pharmaceutically acceptable salt or solvate thereof.
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cis-[3-(3-diphenylcarbamoyloxypropenyl)-2-methylphenoxy] acetic acid;
10 trans-[3-(3-diphenylcarbamoyloxypropenyl)phenoxy} acetic acid; or
trans-[3-(3-diphenylcarbamoyloxypropenyl)-2-methylphenoxy} acetic
acid;
or an individual isomer, a racemic or non-racemic mixture of isomers, or

a pharmaceutically acceptable salt or solvate thereof.

15 13. A compound according to any one of Claims 1 to 7, wherein A is

alkenylene, B is -(CH,) -, and n is an integer from 0 to b inclusive.

14. A compound according to Claim 13 which is cis-3-[3-(3-
diphenylcarbamoyloxy-propenyl)phenyl] propionic acid or an individual
isomer, a racemic or non-racemic mixture of isomers, or a

20 pharmaceutically acceptable salt or solvate thereof.

15. A compound according to any one of Claims 1 to 11, or an individual
isomer, a racemic or non-racemic isomers, mixture of or a

pharmaceutically acceptable salt or solvate thereof selected from :






16.

16 June 2003

91

" Ql

A process for the manufacture of a compound according to any one of
Claims 1 to 15, which process comprises reacting a compound of one of

the following formula

R3
HO—alkylen B —RS



17.

18.

19.

20.

16 June 2003

92

RS
HOCH;— alkenylen B-—RS

R4
with a compound according to formula 5

o)

R1R2N /”\ X

5

wherein R', R*, R’, R*, R®, R®, B, m and n have the significance given in

Claim 1 and X means halogen.

A pharmaceutical composition comprising a therapeutically effective
amount of at least one compound according to any one of Claims 1 to 15

in admixture with at least one suitable carrier.

The pharmaceutical composition of Claim 17, wherein at least one
compound of any one of Claims 1 to 15 is suitable for administration to a
subject having a disease state that is alleviated by treatment with an IP

receptor modulator.

The use of a compound in accordance with any one of Claims 1 to 15 for

the production of medicaments comprising any one of the compounds of
Claims 1 to 15.

The use of a compound in accordance with any one of Claims 1 to 15 for
the production of medicaments comprising any one of the compounds of
Claims 1 to 15 for the treatment of a disease state associated with
improper wound healing, tissue necrosis, premature uterine contraction,

gastric ulceration, sexual dysfunction in males and females, severe
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menstrual pain, improper immunoregulation, improper platelet aggregation, or

improper neutrophil function.

The use of a compound in accordance with any one of Claims 1 to 15 for the
production of medicaments comprising any one of the compounds of Claims 1
to 15 for the treatment of a disease state associated with peripheral arterial
occlusive disease (PAOD), intermittent claudication, critical limb ischemia,
thrombotic disease, atherosclerosis, thromboangiitis obliterans (Buerger’s
disease), Raynaud’s syndrome, Takayashu’s disease, migratory superficial vein
thrombophlebitis, acute arterial occlusion, coronary artery disease, restenosis
following angioplasty, stroke, recurrent myocardial infarction, pulmonary
hypertension, ocular hypertension, tinnitus associated with hypertension,
ischemia associated with an allograft transplantation, renal failure, improper
diuresis, improper natriuresis, or improper kaliuresis.

Compounds in accordance with any one of Claims 1 to 15 when manufactured
according to a process of claim 16.

Use of an effective amount of a compound according to any one of Claims 1 to
15 in the manufacture of a medicament for treatment of a disease state
associated with the IP receptor.

Use of an effective amount of a compound aceording to any one of Claims 1 to
15, in the manufacture of a medicament for the treatment of a disease state
associated with improper wound healing, tissue necrosis, premature uterine
contraction, gastric ulceration, sexual dysfunction in males and females, severe
menstrual pain, improper immunoregulation, improper platelet aggregation,
improper neutrophil function, peripheral arterial occlusive disease (PAOD),
intermittent claudication, critical limb ischemia, thrombotic disease,
atherosclerosis, thromboangiitis obliterans (Buerger’s disease), Raynaud’s
syndrome, Takayashu’s disease, migratory superficial vein thromphlebitis,
acute arterial occlusion, coronary artery disease, restenosis following
angioplasty, stroke, recurrent myocardial infarction, pulmonary hypertension,
ocular hypertension, tinnitus associated with hypertension, ischemia associated
with an allograft transplantation, renal failure, improper diuresis, improper

natriuresis, or improper kaliuresis.



