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ENDO]'HELIN RECEPTOR ANJ'AGONIS~ 

FJELD Of INVENTION 

' .. er: ... 

The present invention relates to novel indane and indenc derivatives, 
phann.accuti.cal compositions containing these compounds and their use as 
endothelin receptor anra.gonists. 

Endothelin <En is a highly potent vasoconstrictof peptide 
1 O synthesized and released by the vascular endothelium. Endothelin exists as three 

isoforms. ET-1, ET·2 and ET-3. IJ)nless otherwise stated "endothelin" shall mean 
any or all of the isoforms of cndothelin]. Endothelin has profound effects on the 
cardiovascular system, and in particular, the coronary, renal and cerebral 
circulation. Elevated or abnonnal release of endothelin is associated with smooth 

15 muscle contraction which is involved in the parhogcnesis of cardiovascular, 

ccrebrovascular, respiratory and renal pathophysiology. Elevated levels of 
endothelin have been rcponed in plasma frOm patienrs with essential hypencnsion. 
acute myocardial infarction. subarachnoid hemorrhage, atherosclerosis. and patients 
with uraemia undergoing dialysis. 

20 In .xi.¥n, cndothelin bas pronounced effects on blood pressure and 
cardiac output. An incr:avcnous bolus ~jeetion of ET (0.1 to 3 nmo~g) in rats 
causes a ttansient. dose-relatcd·dcprt1ssor response (lasting 0.5 to 2 minutes) 
followed ~Y a sustained. dos~-dcpcndent rise in aneria.l blood pressure which can 
remain elevated for 2 to 3 hours following dosing. Doses a.hove 3 nmol/kg in a rat 

25 often prove fatal. 

30 

Endothelin appears to produce a prcfci'Cntial effect in the renal 
vascular bed. lt produces a marked, long·lasting decrease in renal blood flow, 
accompanied by a significant decrease in OFR, urine volume, urinary sodium and 
potaSsium excretion. Endothclin produces a sustained antinauiuretic effect, despite 
significant elevations in atrial natriumic peptide. Endothelin also stimulates 
plasma rcnin activity. These findings suggl$t that ET is involved in the regulation 

I 
of renal function and is involved in a vuit;ty of renal disorders including acute 
renal failt=, cyclosporine naphrotoxicicy: radio contrast induced renal failure aD:d 
chronic renal failure. 

' . i ,. 
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.- Srudics have shown that in l!W2. the cerebral vascularure is highly 
sensitive to both the vasodilator and vasoconmictor effects of cndothelin. 
Thercf ore, ET may be an important mediator of cerebral va.sospasm. a frequent and 
often fatal consequence of subarachnoid hemorrhage. 

S ET also exhibits direct central nervous system effects such as severe 
·apnea and ischemic lesions which suggests that ET may contribmc to the 
development of cerebral infarcts and neuronal death. · 

ET has also been implicated in myocardial ischemia (Nichols .cul 
Br· I. Pbmn. 99: 597-601. 1989 and abzel and Oozcl, Qrc, Res .• 6S: 1193-1200, 

IO 1989) coronary vasospasm (Fukuda .cul., Eur I. Phann. 165: 301-304, 1989 8.nd 
Liischcr, ~ 83: 701. 1991) heart failure, proliferation of vascular smooth muscle 
cells. (Taka~ lUnchem &· Bjaphys. Res, Commun,; 168: S37-543t 1990. Bobek .et 

.al., Am- J. Physiol, 258:408·C415, 1990) and atherosclerosis. (Nakaki '1.AL,. 
J3iocbem. & Biophys. Res. Olmmuo. 158: 880-881, 1989, and Lerman~. &lY 

15 En1. 1. of MCJ:i. 325: 997-1001, 1991). Incmased levels of cndothelin have been . 
shown after coronary balloon angioplasty (Kadel~. No. 2491 ~ 82: 627, 
1990). 

Further. endothclin has been found to be a potent constrictor of 
isolated mammalian airway tissue including human bronchus (Uchida .cul.. Ew:L 

20 Qffhwn. 154: 227-228 1988, LaOcru:~. Qin, Exp. AIJew20: 343 .. 348. 1990; and 
Spnngall U.,. Lancet, 337: 697-701, 1.991). Endothelin may play a role in the 
pathogenesis of intentitial pulmonary fi~sis and associated pulmonary 
hypertension, Glard.c.ul.. Third lntemarlonal Conference on Endorhelin, 1993, p. 
34 and ARDS (Adult Respiratory Distress Syndrome), Sanai a al... Supra, p. 112. 

25 Endothclin has been associated-with the induction of hetnOirhagic 
. and necrotic damage in the gasuic mucosa (Whittle~. Br. I. Pbann. 95: 1011-

1013, 1988); Raynaud's phenomenon. Cinniniello m.JL, Lancet 337: 114-115, 
1991); Crohn's Disease and ulecrative colitis1 Munch ~. I,..ancct, Vol. 339, 
p. 381; Mi~ (Edmcads., .Headache, Feb. 1991 p 127); Sepsis (Wcitzberg ~. 

30 Ciac. Sbgck; 33: ~~~227, 1991; Pinet&AL, Ann. Surr. 213: 262-264, 1991), 
.i· 

Cyclosporin-indjitcd renal failure or hypertension ~t J. Pharmecol., 180: 191-
19; 1990, Kidpex Im, 37: 1487-1491, 1990) and endotoxin shock and other 
cniiotoxin induced diseases CBjgchem. BiOJ>bXJ. R=, Commun., 161: 1220-1227, 
19:89, Aet& Pcysipt. Sgnd.137: 317-318. 1989) and inflammatory skin diseases. 

Q 
35 COjnRes. 41:45,l ind484, 1993). · 

~ 
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Endothclin has also been implicat~ in preclampsia of pregnancy. 

Oark .cul, Am. J, Obstet. Oyn~oL March 1992, p. 962-968; Kamor sa..a.L.. li.. 
BQ.&...L...9fMed .. Nov 22, 1990, p. 1486-1487; Dekker~. EurJ. Ob. and Gm. 
iDd Rep. Bio. 40 (1991) 215-220; Schiff WU..., ,Am. J, Ostet. Qynecol. Feb 1992, p. 

5 624-628; diabetes mclliws, Takahashi .wll. Diahetolo~a (! 990) 33:306-310; and 

acute vascular rejecrion following kidney transplant, WatSChinger .cul.. 
IJ:ansplantation Vol. 52, No. 4, pp. 743·746. 

Endothelin stimulates both bone resorption and anabolism and may 

have a role in the coupling of bone remodeling. Tall'a.i ~ Endoginolo~, Vol. 

10 131,p.603-607. 
Endothelin lia.s beeD reponed to stimulate the tranSpOtt of sperm in 

the uterine cavity, C.asey .GLiJ.,,, J....CUn. J;ndo and Metabo!jsm, Vol. 7~, Nf:?. 1, p. 

223-225, ·therefore endothelin antagonists may be useful as male contraceptives. . 

Endothelin modulates the ovarian/menstrual cycle, Kenegsberg, L,.of Qin, Endo. 

IS and Met., Vol. 74, No. 1, p. 12, and may also play a role in the regulation of penile 

vascular tone in man. Lau .cul., AJia Pacific J. of Phann., 1991, 6;287-292 and 

Tejada.cul. J. Amer. Physjo. Soc. 1991, H1078-Hl085. Endothelin also tnediates 

a potent contraaion of human prostatic smooth muscle, Langenstroer '1.l\L. 
L JJroJa&Y, VoL 149, p. 495--499. 

20 Thus, endothelin receptor anta.gonim would offer a unique approach 

toward the phannacotherapy of hypertension. renal failure, ischemia induced renal 

failure, scpsis-endotoxin induced renal failure. prophylaxis and/or treamlef!.l of 

radio-contrast induced renal failure, acute and chronic cyclosporln induced J"Cnal 

fail!E, ccrebtovascular disease, myocardial iscbc?lla, angina., heart failure, asthma. 
25 atherosclerosis, Raynaud's phenomenon, ul(;=S, sepsis, migmine, glaucoma, 

cndotoxin shock. endoroxin induced multiple organ failure or disseminated 

intravascular coagulation, cyclosporin-induced renal failure and as an adjunct in 

angioplasty for prevention of restcnos~ diabetes, pn::clampsia of pregnancy, bone 

30 

35 

remodeling, kidney transplant, male contraeeptives., infcnility an~. priaprism and 

benign proswic hypenrophy . 

SUMMARY OF 11JE lNYENTI:QN 

· This invention comprise~ i~e and indene derivatives represented 

by Fc:nmula {I) and pharmaceutical composirl~ns containing these compounds, and 

their ·use as cndothelin receptor antagonists which arc useful in the treatment of a 

variety of cardiovascular and renal diseases including but not limited to: 
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hypertension, acute and chronic renal failure, cyclosporine induced nephrotoxidty, 
stroke, ccn:brovascular vasospasm, myocaniial ischemia, angina, heart failure, 

atherosclerosis, and as an adjunct in angioplasty for pn:vcntion of rcstenosis. 

This invention funher constitutes a method for antagonizing 
S endothelin rccepton in an animal, including humans. which comprises 

administering to an animal in need thereof an effective amount of a compound of 
Formula 0). 

10 

Formula (l): 

15 

wherein: 

20 

DEIAU,ED DESCRIPTION OF TiiE INVENTION 

The compounds of this invention arc represented by structutal 

x 
\ 

f\ 

R2 is hydroge11y Ar. C14alqrl, or (c); 

Pt is -XCCHvnRs; 
P2 is -X(CH2)nRs, or -X-R~Y; 

ro 

(c); 

25 .. R3 and Rs are independently hydrogen, Ri1· OH. 

Ct-salkoxy, S(O)qRl l• N(R6)2, Br. F, 1, C, CF3. ~COR6, Rt 1 C"2R7, 
-X-R9-Y, or -X(CH2)nR8 wherein each methylene group within 

·X(CH;z)0Rg may be unsubstituted or substituted by one or two -(CH2>nAr groups; 
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~is hydrogen, Ru. OH. C1.5alkoxy. S(O)qRt 1.N<R6>2. -X(R1 i>~ 

Br, F, I, Cl or NHCOR-6 wherein the C1 .. 5alkoxy may be unsubstituted or 

substituted by OH, methoxy or halogen; 

R6 is.independently hydrogen or C1.4alkyl; 

S R1 is independently hydrogen, C1 .. 1oalkY1. C2.1oalkenyl or 

Cz.galk:ynyl all of which may be unsubstituted or substituted by one or more OH. 

NCR6>2. C(hR12. halogen or XC1.salkyl or R7 is CCH2JnAr. 

Rs is hydrogen. Rn. CDlR7, CQiC(R11>2 O(CO)XR7. P03(R7)2. 

S{hNR7R11. NR1SCiR11,CONR7SQiR11. S03R7, SQiR7, P{O)(OR7)R7, CN, 

10 -C~CCH2)mC(O)N(R6)2, CCR11}2N(R7)z, C(O)N(R.(;)2, tctrazolc or O~; 

~is (CH2)n, divalent C1-1oaJ.kyl, divalent C2.1oaJkenyl or phenyl,' 

all of which may be unsubsdtuted or substituted by one or more OH, NCR6)2, 

COOH, halogen, or R9 may be }C=O or XC 1.5alkyl; 

Rio is R3 or R4; 

15 Ru is hydrogen, Ar, C1.galkyl, C2.galkcnyl, C2.salkynyl, all of 

which may be unsubstituted or substituted by one or more OH, CH20H, N{R6)z or 

halogen; 

Rt2 is hydrogen, C1-6alkyl, C2-6alkenyl orC2.7alkynyl; 

X is CCH:Vn• 0, NR6 or S(O)q; 

20 Y is CH3 or X(CH:z)0Ar; 

Aris; 

25 (a) (b) 

.:;.: 

naphthyl. indolyl, pyrldyl; thienyl, oxazoliclinyl, oxamlyl, thiazolylJ·~ 

isothiazolyl, pyrazolyl, ttiu.olyl, tctra.zolyl; imid~lyl, itnidazolidin~l· .? . 
thiazolidinyl, isoxazolyl. oxadiazolyl. thiadiazolyl, mmpholinyl. pipelidinyl, 

·' 

:' •. 
~ 
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piperazinyl, pyrrolyl, or pyrimidyl; all of which may be unsubstituted or 'substinued 

by one or mote R3 or R4, groups; 

A is C=O, or [C(R6)2Jm; 
B is -CH2- or -0~; 

5 Zt and Z2 are independently hydrogent C.1.ga.lkyl. Cz_galkenyl, C2_ 
salkynyl. OH. C1.galkoxy, S(O)qC1.galkyl, N(R6)2, Br, F, I, Cl. NHCOR.(j, 

-X·R9-Y, -XCCH:z>nRg, phenyl. benzyl or C3_6cyc:loallcyl wherein the C1.galkyl, 

C2.galkenyl or C2-salkynyl may be optionally substituted by COOH, OH. 

CO(CH2}nCH3, CO(CH:z)0CH2NCR.6h· ar halogen; or Z1 and Z2 together ~Y be 

10 -0-A·O- on contiguous carbons; 

Z3 is Z1 or-X-R9·Y; 
q is zero. one or two; 

n is an integer from 0 to six; 
mis 1, 2 or 3; 

15 and the dotted line indicates the optional presence of a double bond; or a 

pharmaceutically acceptable salt thereof; provided that 

R2 is not hydrogen when Xis S(O)q; 

when the optional double bond is present there.is only one Rio and 

there is no P1 and P2 is not ~9 Y; 

20 when the optional double bond is present and X·R2 is attaehed to the 
double bon~ Xis not~; 

when the optional double bond is present and R 1 is attachW. directly to 
the double.bond, R 1 is not~ 

wheri R3• R5, Z l • Z2, or Z3 is X(CH2>nR& and n is not 0, X is oxygen 
25 or NR6 when Rs is OR6 or COzH; 

when Rg is [CO(CR11)20(CO)XR7] CC>iCCR11)20(CO)XR7, Xis 
not S(O)q; 

the compound of.Formula I is not (lRS)-1,3-diphcnylindene-2· 

carboxylic acid; (cis,cis)-1,3-diphenylindane-2-carboxylic acid; (IRS)· 

30 3-i3-Mcthyl-1-phenyl-(IH)-ind·2--en-I-y1J propionic acid; or (1RS)-

2[1,3~phcnyl-(1H}-ind-2...cn-2-yl]ethanoic ~ 1,3-diphenyl·l­

ethoxyindene-2~,.ylic acid; 1.2,3-triph,ylindenc:: 1,3 

diphenylindene; 1-(2.3·dimcthfl-2·buten·y6-1,3.fiiphenylindene; l,3-

diphcnyl-2-methylindenc; 1.3~diphenyl-:Z-methylindane; 1,3-

35 diphepylindanc; 5,&-dimethoxy-1,3-dimetho~cnc; l.3-bis(4,5· 
. . ' 

dimcthoxy-2-hydroxyphenylr 5,6-dimethoxyindane; l ,3-bis(3,4-

dimethoxyphenyl)-5,6:dimethoxyindanc; l.3·diphcnyl-2-
.. 
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indcne-3-acctic acid; 

and funher provided that compoW1ds wherein: 

R 1 is ·X(CH2)nAr or -X(CH2)nRs or 

s 
R3 

-bCH,l . 
. R R 

" s (c); 

R2 is hydrogen, Aror (c): 

P1 is -X(CH2)nRs: 
10 P2 is -X(CH.z>nRs. or-XR9Y; 

R3 and R5 ~ independently hydrogen. R 11 • .OH, C1.galkoxy, 
S(O)qR11, N(R.6)2, Br. F, I. 0, CF3, NHCOR6, -XR9-Y or -X{CH2)nR8 wherein 
the methylene groups of 
-X(CH2>nR8 may be unsubstituted or substituted by one or more ·(CH2)nAr 

15 groups; 

R4 is hydrogen, Ru. OH, C1.salkoxy, S(O)qR1 l• N(R6)2. -X{R11).. 

Br, F, I, 0 or NHCOR.cs wherein the 

C 1-salkoxy may be unsubstituted or substituted by OH, rnethoxy or halogen; 
~is independently hydIOgen or Ct-4alkyl; . 

20 R7 is independently hydn:>gen. C1-6alkyl or (CH2)nAr; 

Rg is hydrogen. R 11 • C~H. P<>3H2. P(O)(OH)R 7 or tetraz0le; 

~is C1.10alkylt C2.1()8lkenyl orph~~yl all ()f which may be 

unsubstituted or substituted by one or more OH. NCR6)2. COOH, halogen or XC1. 
5alkyl; 

25 Rio is R3 or R.4; 
R 11 is c i .salkyi C2.galkenyl. Cz.galkynyl all of which may be 

unsubstituted ~substituted !JY' one ar more OH. CH20H, N(R6)2 or halogen; 
:X is CCHl)n.?t), NR6 or S(O)q; . 
. ¥ ~ CH3 w-'CH2X(CH2)nAr. .... 
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Aris: 

'(f 
~· 

-P=> R, 
~ 

. Rs R .. 

' 
Ca} (b) 

naphthyl, indolyl, pyridyl or ~icnyl, oxazolidinyl. oxaz.olyl. thiazolyl, 
isothiazolyl, pyruolyl, trlazoly4 teuuolyl, imidazolyl, imidazolidiny~ thiazolidinyl, 
isoxazoly~ oxadiazolyl, thiadiazolyl, morpholinyl, pipcridinyl. piperu:iny~ pym>lyl. 

10 or pyrimidyl; all of which may be unsubstituted or substitu~ by one or more R 3 or 
R4 groups; 

A is C=O, or [CCR.6)zJ~; 
B is -CH2- or -0-; 
Z1 and Z2 an: independently hydrogen, 

15 C1-salkyl. C2-salkenyi C2.galkynyl, OH, C1.gallcoxy. S(O)qC1.galkyl, NCR6h· 
Br, F. I. Cl, NHCO~. 

-X(CH:VnRs. phenyl. benzyl or C3.6C)'Cloalkyl wherein the C1.galkyl. C2-salkcnyl 
ot C2.galkynyl may be optionally substituted by COOR, OH. CO(CH2)nCH3, 
CO(CH:zlnCH2NCR6)2. or halogen; or Z1 and Z2 together may be -~A-Q... on 

20 contiguous carbons; 

25 

t' 
1-11plexes. 
, ... 

Z3 is Z1 or XRgY; 

q is 7.Crt>, one or two; 
n is an integer from 0 to six; 

mis 1, 2 or 3; arc excluded. 

Also include.d in the invention arc pharmaceutically acceptable Salt 

All alkyl, alkcnyl. alkynyl and alkoxy groups may be straight or 
branched. The term "halogen" is used to mean iodo, fluoro, chloro ~ bromo. 

~ 30 ~l groups may be substituted by one or more halogens up to perhalogenation. 
:~ The compounds of the present invention may contain one or more 
~ . 
~ctric carbon atoms and may exist in racemic and optically active form.. All 
of these compounds and diastereoisomers are conteinplatt.d to be within the sci>pe 
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of the present invention. 

Preferred compounds are those wherein R 1 is X(CH2JnAr• (Ar is (a) 

or (b)), dihydrobcnzofuranyl, benzodioxanyl. cyclohexyl. C1-4alkyl; R2 is (a), (b) 

C14al.kyl, indolyI or hydrogen; R3 and Rs are independently hydrogen, OH, 

5 C1.5alkoxy, halogen, -OC14alkyl phenyl. RuCC>iR1, C14alkyl, NCR6)2, 
NH(CO)CH3, -X(c;H2)nR8, -XR.9 pyridyl, phenyl or S(O)pC1-5alkyl; R4 is 

hyd_rogen, OH, C1.5alkoxy. halogen, C1.4alkyl, N(R6)2, NH(CO)CH3 or 

S(O)pC1.5alkyl;. Z1. Zz and Z3 are independently XR9Y, beneyl, hydrogen, OH. 

C1.5alkoxy, -NCR6h, S(O)qC1.galkyl, NHCOR6, X(CHl)nRs or halogen. or Z1 
10 and Z2 together may be -0.A-0 on contiguous carbons; Pi and P2 ere 

independently hydrogen, COzH or tea-azole; Ar is (a), (b). phenyl, or pyridyl; X is 

(CHz)n or oxygen. 
More preferred are compounds wherein RJ is hydrogen or­

X(CH2)nR8, RuCQiR7; Ri and Rs are independently hydrogen, OH. 

15 Ct-salkoxy. SC1.5alkyl, F, Br. C1.3alkyl or NH2; Z1 and Z3 are hydrogen and Z2 
is hydro~cn, OH, C1.5alkoxy, halogen. X(CH:VnRg, NH2. benzyl. NH(CO)CH3, 

or Z1 and Z2 together may be 0.A-0. 

Most p~fened are compounds wherein R 1 is {b) and R2 is (a) or 

(b); A is CH2. B is-Q..; there is no optional double bond; Ri and XR2 are trans to 

20 P1; Z2 is OH. C1.5alkoxy, ·OCH2CHCH2 or hydrogen, Z1 is hydrogen; R3 is 

XAr, hydrogen. XCCHl)qCOOH. X(CH2)qCONR7SO:zR11 or CH=CHC<JiH. ~ 
is hydrogen, substituted phenyl, or C1-2alkoxy; and R5, Rio and P2 are hydrogen.., 

2S 
Also included arc the following compounds: 

( +) ( l'S,2R.3S)-3-(2-Carboxymethoxy-4-methoxyphcnyl)-1-(3,4. 

methylenedioxyphcnyl)-S-{prop-1-ylox.y)indanc-2-carboxylic acid; 

(IRS, 2SR, 3f{S)..3-[2-[(4-Carboxypyridin-3-yl)oxy]-4- methoxyphenyl]-1-(3,4-
30 mcthylenedioxyphenyl)-5-(prop-l ·yloxy)indanc-2-carboxylic acid discdium salt; 

(+) (lS, 2R, ·3S}-3-[2-(2-Hydroxyeth-1-yloxy)-4-mcthoxyphenyl]-1-(3,4-

methylencdioxyphenyl)w5•(prop-l-yloxy)indane-2-carboxylic acid, 

dicy:clohexyiamine salt; 

. . . 
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(lS, 2R~ 3S)-3-[(2,2-dimcthylpropanoyloxymcthoxycarbonylmcthoxy)-4-methoxy­

phenyl]-l-(3,4-methylencdioxyphenyl)-5-(prop-l .. yloxy)indanc~2-carboxylic acid 

sodium salt. 

The PJ'CScnt invention provides compounds of Formula (I) above 

(1) 

which can be prepared by a process which comprises: 

a} reacting a compound ofFonnula (2) wherein Xis C1.5alkyl 

(2) 

with a substitu.ted ben73.ldehyde or aldehyde ofFonnula (3). 

o .. CHQ 
(3) . 

' •, 
~ 
,. 

·.• 
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wherein: D is Ar or (c) as defined iiFOITnula I, in a suitable solvent such ·as benzene 

with a catalyst such as pipcridinium acetate at reflux to provide a compound of 

Formula ( 4). 

(4) 

Cyclization of compound (4) in the presence of a suitable Lewis acid 

such as titanium tctracholoride or aluminum chloride or alternatively when Zt is 3-

10 OR (mcta)(wherc R is C1.5alkyl. or benzyl). trifluoroacctic acid, provides an 

indanonc of the Fonnula (5). 

15 

20 

.CS> 

Dehydrogenation with ~3.dichloro-S,6-dicyano-1 ,4-bcmoquinone 

in an appropriate solvent or alternatively bromination with pyridinium 

hydrobromide perbromidc in dichloromethane followed by treattnent with 1,5-

diaza.bicyclo[ 4,3.0]non-5-ene provides indenones of Formula (6). 

COt>C 
·1·~ 
'•· 

D 
( .. / 
r 

-~ ·.• 
.... 

"' 
(6) 
)~ 

~ 
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b) Alternatively, a compound of Formula 6 wherein Z l • Z2 and Z3 
an: hydrogen and 

~ 0 

D• ~ (CH2) 111. 

0 
R4 

5 can be prepared by trea~enr of 2-bromobenzoic acid ·with twq equivalents of n­
butyllithium in a solvent such as tetrahydrofuran under argon at~ 78°C follo'ft'.ed by 

the addition of an acid chloride of Formula (7): 

10 

15 

0 

(7) 

provides a compound of Formula (8): 

(8) 

Treatment of c0mpounds of type (8) with thionyl chloride at reflux 
giycs an acid clµoride which can be isolated by conccnrration under reduced 

, 
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10 

15 

13 

pressure: This acid chloride can then be treated with diethyl magnesium malonate 

in a solvent such as ether to give a compound of Formula (9): 

(9) 

Reaction of a compound of type (9) at reflux with 5% aqueous 

sodium carbOnate gives compounds of Formula (10): 

(' .,,. 

a 

c) Treatment of an indenone of Formula (ll): 

{10) 

(11) 
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14 

wherein Z 1 ~ Z2, Z3 and R l are as defined for formula I or a group convenablc to 

them. with an organomagncsium compound of Formula (12) wherein R2 is defined 

for 

(12) 

·. 

Formula l or a group convcrtable to it. in a suitable solvent provides compounds of 

Formula (13): 
; 

{13) 

Saponific::ation of compounds ofFonnula (13) using sodium hydroxide in 

15 aqueous methanol followed by reduction with triethylsila.ne and boron trifluoride 

etherate in a suitable solvent such as dichloromethane at 0°C afforos racemic 
J 

compounds of Formula (14) • 

20 {14) 

.. Conjugate addition of nucleophiles to an ester derived from Fomlula (14), followed 

by saponification affords compounds of Fonnula (I) having an RI o other than 

hydrogen. Re-introduction of a double bond imo an ester derived from such acids 

25 followed by conjugate addition of another nucleopnilic species and subsequent 

saponification affords compounds of Formula (1) in which neither R 10 substituent 

is hydrogen. · 

Reduction of compou~ds of Fonnula (13) with triethylsilane and 

boron aifluoridc cthcratc in a suitable solvent such as dichloromcthane at 0°C 

30 followed by hydrogenation with hydrogen gas under pressure at approximately 60 
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10 

15 

., 

psi in the presence of a suitable catalyst such as l 0% palladium on charcoal affords 

compounds of Formula (15): 

(15) 

Alkylarion or acylation of the ester enolate derived from Formula 
(l~) affords compounds wherein P1 and P2 arc as defined in Formula (l). 

Alternatively, hydrogenation of compounds of Formula (13) with 

hydrogen gas under pressure at approximately 60 psi in the presence of a suitable 

catalyst such as 10% palladium on charcoal in a suitable solvent such as ethyl 
acetate or methanol containing 1-5% acetic acid affords compounds of Formula 
(15). Treatment of these compounds with a base such as sodium hydroxide in a 

15 suitable solvent such as·aqueous ethanol provides racemic compounds of Formula 
(16): 

(16) 

20 wherein Z1, Z2 and Z3 are hydrogen; Rt= R2; and n is O. 

2S 

Treatment of compounds of Formula (13) with triethylsilanc and boron ttifluoride 
ethcrate in a suitable solvent such as dichloromethanc at 0°C followed by reaction 
with samanwn n iodide in a suitable solvent such as tetrahydrofuran and then . 
saponification. provides compounds of F~ula (17) 

(17) 

,.. _,.. 
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With appropriate manipulation and protection of any chemical 

functionalities, synthesis of the remaining compounds of the Formula (I) is 

accomplished by methods analogous to those above and to those described in the 

5 Experimental section. 

In order to use a compound of the Formula (I) or a pharmaceutically 

acceptable salt thereof for the tteatment of humans and other mammals it is 

nonnally fonnulated in accordance with standard ~harmaccutical practice as a 

pharmaceutical composition. 
10 Compounds of Formula {I) and their phannaceutically acceptable 

salts may be ~dministcred in a standard mannC'l' for the treatment of the indicated 
diseases, for example orally. parenten.lly, sub·lingually, ttansdcnnally. rectally, via 

inhalation or via buccal administration. 
Compounds o! Formula (I) and their pharmaceutically acceptable 

IS salts which are active when given orally can be fotmulated as syrups, tablets, 

capsules and lozenges. A syrup fonnulation will generally consist of a suspension 
or solution of the compound or salt in a liqwd earner for example. ethano4 ~ut 
oil. olive oil. glycerine or water with a flavouring or colouring agent. Where the 

composition is in the form of a tablet. any pharmaceutical carrier routinely used for 

20 preparing solid formulations may be used. Examples of such caniers include 

magnesium stcaratc. tern alba. talc, gelatin. agar. pectin, acacia. stearic acid, 

starch, lactose and sucrose. Where the composition is in the form of a capsule, any 

routine cnc.apsulation is suitable, for example using the aforementioned earners in a 

hard gelatin capsule shell. Where the composition is in the form of a soft gelatin 
25 shell capsule any pharmaceutical c:mier routinely used for preparing dispersions or 

suspensions may be considered, for example aqueous gums, celluloses. silicates or 

oils and are incorporated in a soft gelatin capsule shell. 

. . 30 

35 

Typical parenteral compositions consist of a solution or suspension 

of the compou~d ar salt in a sterile aqueous or non-aqueous carrier optionally 

containing a parcnrerally acceptable on. for example polyethylene glycol, ... 
~:: 

polyvinylpyrrolidone.,. lecithin. arachis oil;or sesame oil. r 
Typical compositions for inhalation are in the .fozjn of a solutj,on, 

suspension or emulsion that may be administered as a dJy powder or in the form of 

an aerosol usfug a conventional propellant such as dichlomdifluoromethanc: oi: 
;-,;. 

ttichlorofluoromcthane. · 
~ 
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:A typical suppository fonnularion comprises a compound of 

Formula {l) or a pharmaceutically acceptable salt. rhereof which is. active when 

administered in this way. with a binding and/or lubricating agem. for example 

polymeric glycols, gelatins, c0coa-butter or other low melting vegemble wu.es or 

5 fats ot their synthetic analogues. 

Typical transdermal formulations comprise a conventional aqueous 

or non-aqueous vehicle, for example a cream, ointment. lotion or paste or arc in the 

form of a medicated plaster, patch or membrane. . 

Prcfera.bly the composition is in unit dosage form. fof example a 

10 tablet. capsule or metered aerosol dose, so that the patient may administer to 

themselves a single dose. 
Each dosage Unit for oral administration contains suitably from 0.1 

mg to SOO mg/Kg. and preferably from 1mgto100 mg/Kg. and ea.ch dosage unit 

for parenteral adminiSttation contains suitably from 0.1mgto100 mg, of a 
. . 

15 compound of Fofl!lula a> or a pharmaceutically ac;ccptable salt thereof calculared 

20 

25 

30 

3S 

as the free acid. Each dosage unit for intranasal adminisirarion contains suitably 1-

400 mg and preferably 10 to 200 mg per person. A topical fonnulation contains 

suitably 0.01 t0 1.0% of a compound of Formula (I). 

The daily dosage regiinen for oral adnlinistration is suitably a~ut 

0.01 mg/Kg to~ mg/Kg. of a compound of Formula (I) or a pharmaceutically 

acceptable salt thereof calculated as th~ free acid. The daily dosage regimen for 

parenteral administration is suitably about 0.001 mg/Kg to 40.mg/Kg, of a 

· compo~d of the Formula (I) or a pharmaceutically acceptable salt thereof 

calculated as the free acid. The daily dosage regimen for intranasal administration 

and oral inhalation is suitably about .10 to about SOO mg/person. The active 

ingredient may be administered from 1 to 6 times a day, sufficient to exhibit the 

desired activity. 

No unacceptable toxicological effects are expected when compounds 

of the invention are administered in accordance with the present invention. · 

· The biological activity of the compounds of Formula (I) arc 
. ' f" . 

demonstrated by the following tests: r;; ,. 
; 

·,· 
I. 

I<' 

Bindinc .6ssax "· 
A) · · Memlzmne Pn;pption .. 

. Rat cerebellum or kidDcy carte~ were rapidly diss~ted and frozen 

immediately in liquid nitrogen or uSed fresh. "he tissues, 1-2 g for cerebellum or 

3-5 g for kidney cortex. were bomogenued in 15 mls of buffer containing 20mM 



18 

Tris HCl and 5mM EDTA, pH 7.5 at 4°C using a motor-driven homogenizer. The 

homogenates were filrcred through cheesecloth and centrifuged at 20.000 x g for 10 

minutes at 4°C. The supernatant was removed and centrifuged at 40,000 xg for 30 

minutes at 4°C. The resulting pellet was resuspended in a small volume of ~uffcr 

5 containing SO mM Tris, 10 rnM MgCI2, pH 7.5; aliquotted with sm.lll vials and 

frozen in liquid niuogcn. The membranes were diluted to give 1and5 mg of 

protein for each tube for cerebellum and·kidn~y cortex in the binding assay. 

Freshly isolated rat mcse~teric anery and collateral vascular bed 

were washed in ice cold saline (on ice} ahd lymph nodes were removed from along 

10 the major vessel. Then. the tissue was homogenized using a polytron in buffer 

containing 20 mM Tris and SmM EDT A, pH 7 .S at 4 °C in 15 ml volume for -6 gm 

of mcscnteric artery bed. The homogenate was strained through cheesecloth and 

centrifuged at 2,000 xg for 10 min. at 4°C. The supernatant was removed and 

centrifuged at 40.000 xg ~or 30 min. at 4"C. The resulting pellet was resuspended 

15 as explained above for cerebellum and kidney cortex .. Approximately 10 mg of 

membrane: protein was used for each tube ira binding CJtperiments. 

BJ [125111rr·t Bindinc Protocol 

[125I]ET-1 binding to membranes from rat cerebellum (2-5 mg 

protein/assay nibe) or kidney concx (3-8 mg protein/assay tube) were measured 

20 after 60 minutes incubation at 30°C in SO rnM Tris HCI, 10 mM MgC12, 0.05% 

BSA, pH 7.5 buffer in a total volume of 100 ml. Membrane protein \Vas added to 

tubes containing either buffer or indicated concentration of compounds. [12SIJET· 

1 (2200 Ci/mmol) was diluted in the same buff~ containing BSA to give a final 

concentration of0.2-0.5 nM ET·l. Total and nonspecific binding were ~ured in 

25 the absence and presence of l 00 nM unlabelled ET-1. After the incubation, the 

reactions were stopped with 3.0 ml cold buffer containing SO mM Tris arid 10 mM 

MgC2, pH 7.5. Membrane bound radioactivity was separated from flee ligand by 

filtering through Whatman GF/C filter paper and washing the filters S times with 3 
. . 

ml of cold buffer using a Brandel cell harvester. Filter papers were counted in a 

30 gamma counter with ·an efficiency of 75%. IC5o's for the compounds of this 
.j.•' 

invention range f1J.m 0.1 nm to SO mm. 
~·. 

... ·,r 

n. .: . lD..Yittu Yascular Smooth Muscle Acriyi~ 

"' · Ra~ aona are cleaned of connective tissue and adherent fat. and cut 
; . 

35 into ring segment( approximately 3 to 4 nun in length. Vascular rings are 
• '!' • 

suspended in orgafi bath chambers (l 0 ml) containing Krebs-bicarbonate solution of 

th~ following composition (millimolar): NaCl, 112~0; KCl. 4.7; KH2P04, 1.2; 
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MgS04;- 1.2; CaCl2. 2.5; NaHC031 25.0; and dexrrose, 11.0. Tissue bath solutions 

are maintained at 37°C and aerated continuously with 95% 02/ S% C02. Resting 

tensions of aorta are maintained at 1 g and allowed to equilibrate for 2 hrs •• during 

which time the bathing solution is changed every 15 to 20 min. Isometric tensions 

5 arc recorded on Beckman R-611 dynographs with Grass FT03 force-displacement 

transducer .. Cumulative concentration-response curves to E'f • l or other contractile 
agonists ate constructed by the method of step-wise addition of the agonist. ET-1 
concentrations are increased only after the previous concentration produces a 
steady-state bontractile response. Only one concentration·rcsponse curve to ET-1 is 

10 generated in each tissue. ET receptor antagonists arc added to paired tissues 30 min 

prior to the initiation of the concentration-response to contractile agonists. 
ET-1 induced vascular contraerions are expressed as a pacentage of 

the response elicited by 60 mM Ket for ~ch individual tissue which is determined 

at the beginning of each experiment. Data are expressed as the mean ± S .E.M. 
15 Dissociation constants (Kb) of competitive antagonists were dctcnnined by the 

standard method of Atunlakshana and Schild. The potency range for compounds of 
this invention range from 0.1 nM to 50 nun. 

20 

25 

The following examples are illusttative and are not limiting of the 
compounds of this invention. 

EXAMPLE l 

'+l Cl S,2R,3Sl-3-C2-C@rboxymCihQxy-4-methQX)l?henyJl-J .• (3,4-

me[bylenedjoxyphenyD-S-(l>rop=l-yloxyljndaa~-2-car00xylic acid 

a) 3-CProp-1-yloxylacettwhenone. To a sluny of NaH ( 13.84 g. 0.58 mot} in dry 

DMF (50 mL) at 0°C, was added a solution of 3-hydroxyacctophcnonc (50 g, 0.37 

mol). After stining for 30 min. 1-iodopropane (70 mL, 0.72 mol) was added and 

the tnixturc stirred overnight at room temperature. The mixture was diluted with 

dry DMF (50 mL) and funher NaH (2.77 gt 0.12 mol) added followed by 1-. : 

iodopropane (23 mL, 0.24 mol). After 1 h. ~C indicated that the reaction was 

complete and the product was cautiously quenched with 6M HQ and extraeted with 

EtOAc. The EtOAc extraet was washed su~ssively with H20, 10% aqu~us . 

NaOH and then brine. After drying (MgS04), filtration and evaporation gave the 

title compound (65 g, 98%) as a light yellow oil which was used without further 

purlflcation. Anal. calc. for Cu H14~: C, 74.13; H, 7.89. Found:· C, 73.85; 
H, 7.86. 

. . 
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b) Mer.ltyl 3-CPro.p-l-yJoxy)benzoylacetatc. To a suspension of NaH (12 g, o:s 
wol) in dry dimethyl carbonate (50 ml..) was added slowly a solution of 3-(Prop-1-

yloxy}acetophenone (65 g. 0.37 mol) in dry dimethyl calbonare (100 ml.). During 

the addition the exothermicity of the reaction caused ~flu1'ing. Following the 
5 addition the mixrurc was stirred mechanically overnight and was then quenched 

cautiously with 3M HCl and extracted with EtOAc. The EtOAc extract was 

washed successively with H20, 5% aqueous NaHC03, H20 and brine. After 
drying (MgS04), filtration and evaporation gave a yellow oil (82 g, quantitative) 

which was used without further purification. 

10 
c) Methyl 3-f3.4-me1hylc:ne4ioxyphema>-2-f3-fmw:l-yloW,­

benmyllpmpenQate.To a solution of methyl 3·(prop-l-ylo,.y)henzoylacetate (10 g. 

4.2 mmol) in benzene (SO ml.) was added 3.4 .. methylenedioxybenzaldchydc (6.36 

g, 4.2 mrnol) followed by piperidine (0.42 mL, 0.42 mmol) and glacial acetic acid 
IS (8 drops approx.). The mixture was refluxed for 2 h. and the volatiles removed in 

vacuo to give methyl 

3-(3.4-methylenedioxyphenyl)-2-[3-{prop-l-ylOxy)-bcnwyl]propenoatc (7.4 g, 

48%) as an off white solid after tritmation with methanol (m.·p. 122·123oC). ·Anal. 
Cale. for C21 H2006: C, 68.47; H, 5.47. Found: C, 68.81; ~ S.49. 

20 

d) Methyl c 1 RS.2SR>- l-C3.4-MetbylcnedioxmenyJl-S-(pmp-1-yJoxy):3..qxa­

indane-2-carJmylate. Methyl 3-{3.4-mcthylcncdioxyphcnyl)-2-[3·(prop-1-yloxy)­
benzoyl]propenoate (7 .4 g, 2.0 mmol) was dissolved in trifluoroacetic acid (50 

mL) at OOC and the mixture stirred at room temperature for 20 min. The 
25 uifluoroacctic acid was removed in vacuo to give the dtle compound (6.4 g, 87 %) 

as a white solid after uituration with warm isopropanor m. p. l 06-1 osoe. Anil· 
Cale. for C21 H2o06: C, 68.47; H. 5.47. Found: C, 68.12; H. 5.41. 

c) Methyl 3-(3.~MethylenedjoxyphCI):d)-6=CPD,1P- l-yloxyl-J 12gO:iru1e!'e-2-

30 9arbozylatc, Methyl (1 RS, 2SR)-1-(3,4-methylcnedioxyphcnyl)-5-(prop-l -yloxyf· 

3--oxo-indane-2-carboltylatc (26.2 g, 71 mmol) was dissolved in toluene (250 mL) 

and DDQ (dichlorodicyano-quinonc) (16.5 g. 71 mmol) was added. The mixtw"e 
\ 

was heated at 800C for 2 h. then cooled, filtered and the solvent removed in vacuo. 
The product was purified by flash column chromatography on silica gel (cluant: 

35 EtOAc/hexane, 20:80) to give the title compo~d as an orange solid (11.3 g, 44 %); 
0 • I • 

m.p. 125·126 C. AniJ.. Cale. for C21 Ht806: C, 68.85: H. 4.95. Found: C, 

68.45; H. 4.97. 
:· 

''· ... 
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f) Methyl 0 RS)-1-Hydrox~J-C4-methoxy-2-merhsu~ymethoxmhenyll-3·C3..4-

mctbylenediOxyphcn;rll-6=Cprop=l-yloxy)jndene-2=ear00xyJatc. To dry magnesium 

turnings (1.7 g, 69 uunol) under an argon atmosphere was added portionwisc. a 

5 solution of 1-bromo-4-methoxy-2-methoxymethoxybenz~ne ( 16.8 g. 68 mmol) in 
5% THF/ethcr (120 mL). The resulting 4-methoxy.2.methoxymethox:yphcnyl 

magnesium bromide was added to a solution of methyl 3·(3,4-
inethylcnedioxyphenyl)-6-(prop-1-yloxy} 1-oxo-ind~ne-2-carboxylate (18.S g, S 1 

mmol) in 1liF (400 mL} ~ndcr an argon atmosphere at 0°C. The resulting mixture 

1 O was allowed to wann to room temperature and was stimd for 10 min. The niix.ture 
was partitioned between 3M HCl and EtOAc . The organic extraet was washed 

successively with H20. aqueous NaHC03, H20 and saturated aqueous NaCl and 
dri= (Na2S04). The solvent was removed under reduced pressure, and me residue 
purified by flash chromatography on silica gel (eluant: EtOAc/hcxane. 10-20%) to 

15 afford the title compound as a yellow oil (24.5 g. 91 %). An.al. catc. for 

C3()H300g: C, 67.41; · H. S.66; •. Found: .C, 67.21; H. 5.66. 

SEPARATION 

20 Separation of(+) and(·) methyl (1RS}-l-Hydroxy·l-(4-mcthoxy·2· 

methoxymethoxyphenyl)-3-(3,4-mcthy,lenedioJtyphenyl)-6-(:prop-l-yloxy)indene·2-
carboxylate was done on a column of cellulose tris(3,.5-d.imcthylphenyl carbamate) 
coaled o~ silica gel (Daicel Chiralcel OD); retention rime for(+) 8.8 min. [cx.]2Sn= 
+87.5° (c = 024, CH30H). Retention tlme for(-} 14.S min. [a]250: +85.9o (c;;:: 

25 0.21, CH30H) 

HPLC data: column Chiral.eel OD (DAICEL) 21.2 mm internal diameter, 250 mm 

length: solvent Ethanol:Hcxane 60:40; flow rate 10 mUmin.: injection: 1 g of 

racemate; detection UV = 405 nm 

: . 
30 ~ C+lMeshyl OS.2S.3S>-l-(4-MetbQxy-2·rnethOJymcrboxYPhenyll-J.g.+ 

111ethylenedi9xyph@yl)-51prop-l ·ylgxy)indane· 2:;earboxyl are. A paZT vessel was;:.~·' 
r 

charged with(+) methyl (lRS)-1-Hydroxy·l·(~mcthoxy-2· . ; 

methoxymethoxyphenyl)-.3-(3.4-methylcnedioxyphenyl)-6-(prop-l-yl&xy)indene-·2· 

carboxylate (1 g, 1.8 mmol) dissolved in a small volume of EtOAc ·(25 mL) and 
'Ii< 

35 10% palladium on activated carbon (93 mg). ·The resulting solution was stirred ;, 
.. 

under an aanosphere of hydrogen for 120 hours and flll=d.. The filtrate was . 1 

concentrated under reduced press~ and the product purified by coliimn 
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chromarography on silica gel (cluant: EtOAc/hcxane, 5-10%) to give the title 

compound as a white foam <.0.80 g, 83%). [tt]25r)= -+-105.4° (c = 0.13, CH30'.f'I). 

Anal. Cale. for C3off320g: C, 69.22; H, 6.20. Found: C. 68.95: H. 6.11. 

5 h) (i;)Metbyl (J S,ZS.3S}..3·(2-Hydrox~-metboxvohenyll-1-<3£; 

merhylencdjox)llhcmyD-5-{prop-J ·yloxy)indane-2;earbox~late, To a solution of 

methyl (1S.2S,3S)-3·{4-Methoxy-2-tnethoxymethoxyphenyl)-1-(3,4-

methylenedioxyphenyl)-5-(prop--l-yloxy)indane·2~arboxylatc (0.7 g,. l.3 IIJ!IlOl) in 

methanol (10 mL) concentratCd HCl (0.1 mL) was added and it was then hdated to 

l 0 reflux for 2 h. The solvent was then eliminated under vacuum and the residue was 

purified by column chromatography on silica gel (eluant: EtOAc/hexanc, lQ..20%) 
to give the d.tlc compound as a colorless glass (0.SO g, 78%). [aJ25n= +I 16.00 (c = 

15 

0.18. CH30H) . .Anal. Cale. for C2sH28°'7-l/2 H20: C. 69.27: H, 6.02. 

Found! C, 69.S9; H. 5.99. 

i} !±l Mcth,yl (l S.25 .3S)-3-<2·Carbos:thoxymethoxy-4-mcmoxnhen:dl-l-(3,4-

methylenedioxypbenyll-5-(prop-1 ·yloxyljndane-2=Cilrboxylate. A solution of 

methyl (1S,2S..3S)-3-(2-hydroxy-4-mcthoxyphenyl)-1-(3.4-

methylencdioxyphenyl)-S-(prop-l-yloxy)indane-2-carboxyJate (0.1g,0.2 mmol) in 

20 dry DMF {2 mL) was added to NaH (6 mg, 0.24 mmol) in a small volume of dzy 

~MF at OOC. The mixture was stirred ~1 OOC for 15 min. and ethyl bromoa.cctatc 

was then added (42 mg. 0.25 mmol). The resulting mixtUre was stim:d ai OOC for 

1 b. The reaction was then quenched with dilute HO and extracted with EtOAc. 

The EtOAc extract was washed with water thert brine, dried (MgS04), tiltered and 

25 evaporated. The product was purified by column chromam~phy on silica gel 

{eluant: EtOAc/hexane, 10-l.S%) to give the title compound as a glassy solid 

(82 mg. 68%).[a]2So= +116.00 (c =0.45. CH30H). Anal. Cale. for C32 H34~: 
C. 68.32; H, 6.09. Found: C, 67.98: H. 6.09 . 

. 30 j) (+) (1S.2R3S}3-C2.CarbQmnethogy-4-metboxxghenyll·l-C3..4-

methylenediaxyphenyll-5·(pmp-l-yjoxyliod1ne-2:c~ylic: acid. To a solution of 

methyl ( IS.2S,3S)-3-{2--carlx>ethoxymcthoxy4-metho>;:yphenyl)-l ·(3,~ 
!#' ,,. 

mcthylenedioxyphenyl)-5-(prop-l ·yloxy}indane~2-carboxylatc (20 mg, 0.04 mmol) 

in dioxane-(1 mL) was added 3M NaOl}. solution (0.3 mL, 1 mmol}. The icaction 

. 35 mixture was heated to reflux for 4 h and after cooling tHe solvent was eliminated in . ,. 
vacuo dissolved in water and acidified with 3N HQ. Ttte res~lting precipitate was 

collected by filtration and dried to give a white solid (15 mg, 81 %); m.p. 99-102"C 
. , 
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(a]~o="'+38.I0 (~.= 0.22, cH30H). Anal. Cale. for C29H28 09: C. 66.92; H, 

5.42. Found C, 67.37.; H. 5.32~ 

:WCAMPLEJA 
hcp.aration of 1-Bmmo:4-metboxy·2-metboxyrnW>oxybenzene: 

a) 1-Bromo-2·byc1roxy-4-merhoxyhenzene. 3-Bromo-2-hydrox:y-6-
methoxybenzoic acid [T. de Paulis et. al. ,1. Med. Chein., (1985), 28, 1263.1269] 

. . • •• 0 . 

(5 g, 0.02 mol) was heated in quinoline (200 niL) at 160 Cfor l h. On cooling. the 

product ·was partitioned be1Ween EtiO and 3M Ha. The organic extract was 
washed with water and brine then dried (MgS04), filtered and evaporated to give 

the title compound which was recrystallized from 5% ethyl acetate/hexane (4 g. 

97%); m.p. 40-420C. &1J}.. Cale. f0r C7H7 Br02: C, 41.41; H, 3.48. 
. . . 

Found C, ~41.39; H, 3.37. 

b) l:Bromo+methoxy-2 .. methoxYmetho~.wnzene. To a suspension o~NaH (2.S 
g, 0.06 mo~~ in dry DMF (100 mL) at OOC was added solution of l-bromo-2- · 

h~xy-+methoxybcnzenc ci6.6 g, 0.05 mol}. After stining ~ OOC for 30 min. · · 

bromomethyl methyl ether fl .8 g, 0.06 mmol) were dropwisc added. The mixture 

20 was ~aimed to room tctnpcramre over 20 min. and then stimd for 2 h, it was then 
qu=ched caudously by the addition of cold dil~tc HO and extracted with EtOAc. 
The EtOAc extract was ~ashed successively with; H20, 5% aqueous· NaHC03. 
HzO and finally brine. After dxying (MgS94) filtration and evaporation gave 
liquid. The product was purified by distillation- (8SOC. 0.2 mm Hg) to give the rl.tlc 

25 compound as a colorless pil (13.7 g, 97%). 

30 

35 

1 H NMR (CD03) o 7 .40 (<it 1 H, J = 8.9 Hz), 6. 75 ·ed. i H, J = 2.8 Hz), 6.46 (dd, 

1 H, J = 8.9, 2.8 Hz), S.23 (s, 2 H), 3. n (s, 3 H), 3.52 (s, 3 H). 

J;XAMPLE2 

. (JRS. ·2sR. 3RS):3-U·<2-Hmxyetb-l-yloU}+methQJC}!Pbenyl]-l-(3.4-

... methylenedioxyp\ienyll-5-Cprop-1-ylou»nd&nt-2-catboxyljc acid~ . 
f , : dicyciohexylamiDc salt 

~ . . .... ·.· 
0 m.p. 182-,184 c. . 

AIW,. cale. for C41Hs3~0g( c 71.59·; H, 7.77; 
N, 2.M .. Found: C. 71.~7; H, 7 .66; N, 2.4i. 

·. _ ... 

. -~ .. ..:·· 

··: .-."· . 
. · ~ - . . . 
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}::XAMPLE 2A 

( +) Cl S. 2R. 35)-3-[2-C2-fudroxyeth-1-yloxyl-4·methoxy_phenxl.1· 1 ·C3 .4-

metbylenedioxn>hcnyD-5-Cprop-l-yloxy)jndane-2-cartx>xylic acid 

5 a)<+> Metbyl:(JS. 2R. 3S)-3 .. .[2-C2-r-Butyldimethyhiloxyeth·l-yloxy)-4-

methoxypheny11·1 .. (3.4-metlJylenedigxyphenyD-5-C.mop-1 -:;yloxyljndane-2-

carlx>xylate .. A solution of methyl·( 1 S,2S,3S)-3-(2-hydroxy-4-methoxyphcnyl)- l­

(3,4-metbylenedioxypheny1)·5-(prop-1-yloxy)ind~e-2..catboxylate (3 g, 6 mmol) 
in dry DMF (30 mL) was added to NaH (230·mg, 7 mmol. 80%) in a small volume 

10 of dry DMF at OOC. The mixttu'C was stirred at OOC for 15 min. and 2-t­
butyldimcthylsiloxyethylbromide was then added; dropwise (1.65 gt 8 mmol). The 

resulting mixture was stirred at OOC for 3 h. The reaction was then quenched "Nith 

dilute HO and extraeted with EtOAc. The EtOAc extract was washed with water 

then brine. dried (MgS04); filtered and evaporated. The product was purified by 

· 15 . col~ chromatography on silica gel (cluant: EtOAc/hexane. 5-10%) to give the 
title cornp0und as a colorless oil (520 mg, 18% base.d on recovery of epimerizcd . ' 

swting material). 

b) Mctbyl-C+l OS, 2R. 3Sl~3-f2·f2-Hydmxyeth-J-yloxyl-4-methox~henyll-1-

20 !J.4-mcth.yleocdioxvnJ>.enyD-5-Cptq\1.:l-yloxyljndane-2-grboX.Ylatc. To a solution 
of(+) methyl..(15, 2R, 3S)-3-(2-(2-r-butyldirnethylsiloxyeth-1-yloxy}4-

mcthoxyphenyl]-1-(3t4-methylencclioxyphenyl}-5-(prop-1-yloxy)indanc-2· 

cuboxylatc (0.520 g, 0.74mmol)in1HF (10 ml.) at RT, a 1 M solution of tetra-n­

butylammoniu.m fluoride (2.5 mL) in 1BF was added. The ruction mixture was 

25 sriII'ed at RT for 1 h. After concentration in vacuo. the residue was partitioned 

between ether/ethyl acetate and water. The organic layer was washed with brine, 

dried (MgS04) and concentrated. The residue was purified by flash column 
chromatography on silica gel (cluant:. 20-30% ethyl acemte/hexane) to give the title 

compound as a colorless foam (0.35 g. 82%). 
30 

,. 
·.• 

cl C±l Cl S. 2R, 3Sl-3-I2-(2-Hydmxyetb-1-yloxyl-4-metho2'YJ1benyJJ-J -<3.4"­

merhylenediomhenyD-5-(pmp:l -yloxylin9wie-2-grb9xylic acid 

To a solution of methyl·(1S.2R,3S)-3-[2-{2-hydroxyeth-1-yloxy)-4-
methoqphenyl)-l-(3 ,4-methylenedioxyphenyl)-5-(prop-l-yloxy)indane-2-

carboxylate (0,35 g. 0.67 mmol) in methario~ 112 (15 mL) was added a 0.S M 
~ UOH solution (5 mL). The reaction·mixrure was stirred at RT overnight. The 

solvent was eliminated in vac.uo the product dissolved in water and acidified with 
,,. 
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3N HCI.-The resulting precipitate was collected by filtrarion and dried to give a 

white solid (0.31mg,91 %); m.p. 94-98°C.[a]230 :: +73.16° (c = 0.19, Cij30H) 

Anil.. Cale. for C29H290gNa. l l/8 H10: C, 63.47; H. 5.74. Found: C. 63.39; 

H. 5.66. 

EXAMPLE 3 

(lRS. 2SR. 3RS)-3-f2·CC4·Carboxypyridin-3-yl)Qxyl-4· 

methQXXPhenyll-l-C3.4-metby1e"djoxypbenyD-5-Cprop- l-yloxy)indane-2-

grboxyljc acid disodium salt: 

ill Mccthyl LJ&S. ;?SR. 3RS>-3-[2-£<4-E.grrnyJpyridin-3-yDoxyl-4-methax~henyll­

J -C3.4·metbylenedioxypbenyl)-5-Cprop-1-y1Qxylindane-2 .. ,arb9xylat<( 

To a. solution of Methyl (lRS, 2SR, 3RS)-3-(2-hydroxy-4-methox.YPhenyl)-l-(3.4-

1S methylencdioxyphenyl)-5-(pmp-l-yloxy)indane-2-carboxylate (300 mg, 0.63 

mmol) in DMF (4 mL) was added K2C03 (109 mg, 0.79 mmol) and 3-fluoro-4-

formylpyridinc (150 mg, 1.2 mm.ol). The reaction mixture was heated to reflu.x 

under argon for 2 h. After cooling to room temperature it was partitioned between 

3N HCl and ethyl acetate. The ethyl acetate extract was washed with water, 

20 aqueous NaHC03 and brine and dried (MgS04). The solven: was removed in 

vacuo and the residue purified by flash column chromatographf. (sill~ gel, gradient 

elution from 10% to 20% ethyl acetate/hexanes) to afford the title compound (128 

mg, 42%). 

25 b) Methyl CIRS. 2SR. 3RS>·3-C2-CC4-eartJoxypYTidjn-3.·ylloxyl-4-

methoxyphenvJJ-J-(3 .4-~thyl~nqiioxyphenyll-5-(pmp-1 ·y1oxy)indane-2-

c;arboxyla~ 

To a solution of Methyl (lRS, 2SR. 3R:Sl-~-I2·[(4-formylpyridin-3-yl)oxy]-4-

30 mcthoxyphcnyl]-1-(3.4-methylenedioxyphenyl)-5-(prop- l ·yloxy)indane-2-

carboxylate (128 mg. 0.24 mmol) in t-BuOH (10 mL) was added a solution of 

Nacl~ (~ mg, 0.28 nunol) and NH2S03H (40 mg. 0.42 mmol) in water (6mL). 

The reaction mixmre was stincd at room tempera~ for 2 h and partitioned 

between water and erhyl acetate. The ethyl acetate extract was washed with water 

35 and brine and dried (MgS04). The solvent was removed in vacuo the residue was 

purified by flash column chromatography (silica gel, 25% ethyl acemtc/hexancs 

containing 5% of acetic acid) to afford the title compound (90 mg. 69%). 
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cl ORS: 2SR. 3RSl-3:f2-r<+CarboX)31yrldin-3-ylldXyl-4-methoxyphe~l]-l-<3.4-
lllethylenedjoxYJ1henyll-S-(prgp-J-yloxylindane-2-carb9xylic acid djsodjum sa}t 

To a solution of Methyl (lRS, 2SR. 3RS)-3-[2 .. [(4-Carboxypyridin-3-yl)oxy}4 
5 methoxyphenyl]-1-(3.4-mcthylenedioxyphenyl)-5-(prop-1-yloxy)indane-2· 

carboxylate (90, 0.15 mmol) in isopropanol (2 mL) was added lM aqueous NaOH 
(0.3 ml., 0.3 mmol). The resulting mixture was heated to reflux for 12 h1 then 
concentrated under reduced pressure. The residue was partitioned between dilute 
HQ and ethyl acetate. The ethyl acetate e"tract was washed with water and dried 

10 (MgS04). The solvent was removed in vacuo and the residue was puri~cd by flash 
column chromatography (silica gel, 30% ethyl acetate/hcxanes containing 5% of 
acetic acid) m afford the title com.pound (65 mg, 74%); m.p. 220-222ac (dee.) 

(disodium salt). 

15 EXAMPL)S4 
2.2-Thmetbylpm.pau2yloxymctbyl Cl RS,2SR.3RS>-3-(2..camoxyrgethoxy-4. 
methomhenyll· l ·OA-methylenc;dioxyph;n!])-S-(prop-J-yloxy)jndane-2-

carboxylate sodjum ,:;alt 

20 a) 2.2-DjmetbylRTOl>MPYloxymetbyl Cl RS,2SRJRS)-3-<2·hydroi5y4 
methoxmhcnyD-l-C3.4.methylenedi.2xyphenyll-S;=(prop-1-yloxy)jndane-2-
cartmyJare 

(IRS t2SR.3RS)-3-(2+hydroxy-4-methoxyphcnyl)+ 1-(3.4-
mcthylened.ioxyphenyl)-5-(prop-.1-yloxy)indane·2-carboxylic acid potassium 

25 salt (125 mgt 0.54 mmol) (obtairicd by treatment of the corresponding acid with 
KHC03 (54 mg, 0.54 mmol)) was dissolved in DMF (3 ml) and 
pivaloyloxymethyl iodide (0.54 mmol) (prepared from pivaloyloxymethyl 
chloride (73 mg, 0.54 mmol) and excess sodium iodide in acetone) added. The 

30 

. 35 

reaction mixture was stirred overnight and then partitioned between dil. HCl and : ' 

ethyl acetate. The organic layer was washed with water and brine then dried 
(MgS04 anhyd.) filter=i and evaporated. The prOduct was purified by column 
chromamgraphy to provide the title compound (120 mg. 77%) as a colorless oil. 

b) U-Djmetbylpmpanoyloxymethyl OBS, 2SR, 3RSl-l-!2- 'Ii: 

carbobenT.Yloxymexboxx+mctbox}!Phenyll-1-(3.+methylenedjOXXPbenyl}.5· 
(pIQl2-l -yloxyljndane-2·carb9xylate.· . 

2.2-Dimethylpropanoyloxymethyl (1RS.2SR,3RS)-3-(2-hydroxy-
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4-methoxyphenyl}l~(3,4-methylenedioxyphenyl)·5-(prop-1-yloxy)indane-2-

car.boxylate (280 mg, 0.5 mmol) in dry DMF (3 ml) was added to NaH (18 mg, 

0.6 mmol) in a small volume of dry DMF. The mixture was stirred at RT for 20 

min. then benzyl bromoa.cetate (137 mg, 0.6 mmol) was added. After stirring 

5 for 1.S h the product was partitioned between 3M aqueous HCI and ethy1 

acetate. The organic layer was washed wirh water then brine, dried (MgS04 

anhyd.) filtered and evaporated to give an oil. The product was purified by 

column chromatography to provide the title compound (240 mg, 66%) as a 

colorless oil. 
10 c) 2.2-Dimetbylpropanoyloxymetbyl ORS.2SR.3RS)-3-C2-

carbox;ymexboxy-4-metboxyphc:ny))-1-C3.4-methyJenedjoxvobenyllT5-(pmp·l· 

yloxylindane-2-carbQxylic acid. 

2.2-Dimethylpropanoyloxymethyl ( 1RS.2SR.3RS)-3-(2-

carbobenzylo:itymethoxy-4-methoxyphcnyl)· l-(3,4z.merhylcncdioxyphenyl)·5-

15 (prop-l·yloxy)indane-2-carboxylate (240 mg, 0.3 mmol) was dissolved in a 2:1 
mixture of ethyl acer.ate and ethanol (3 ml) and then SO mg of 10%Pd/C was 

added. The mixture was stirred at room temperature under an H:z atmosphere for 
3 h. The catalyst was then ftltereci the solvent concentrated in vacuo and the 

resultant oil purified by flash column chromatography. The title compound was 

20 obtained (180 mg. 86%) as a colorless oil. 
MS. (exact mass) {M+Na)'i"·: .647.2335 (sodium sall) 

(D = ·2.3. mDa for C33H3g011Na) 
mp I 90-l 9SoC (dee, sodium salt) 

25 EXAMPLES 

30 

35 

c 1 S. 2R. 3S>· 3-[2-fC)rbo-Cl RS>-1 ·<2-metlioxy-2-riletbylpropionyloxyleth- I­

ylox.ymetboxyl+methomheny1-l-C3,4-metblene4jo:x;~henyl)-5-prmtl­

yloxyljndane-2.cartmylie acid sodjum Ult 

a) AUyl OS. 2R. 3Sl·3-C4-mmh0gy-2-mcthoxymethox~henyll-l-C3,4-
methylenedioxypbenyll-5-Cpf0l>-l·Yloxy)jndane-2·c:a~te. 

(lS, lR, 3S)-3-(4-tnethoxy-2:.incthoxym~ihoxyphenyl}-l-(3.4-
. ~ ~ 

methylenedioxyphenyl)·5-(prop-l·yloxy)mdane-2-carboxylic acid (4.8 g, 9.5 
mmol) was dissolved in dry acetonitrll~ (3Q ml) and DBU. (1.7 ml, 11.4 lllmol) 

was ~dcd followed by allyl bromide (3.4 g, ~8. mmol). ~fter sti?ring for 0.5 h. 

the product was partiti~ned between' 3M aqueous HCl ~dcthyl a~te. The 

organic layer was washed with water and brine, then dried (MgS04 anhyd.) 
; 
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'filtered and evaporated to give an oil. The product was purified by column 
chromatography to provide the title compound as a pale yellow oil (5.7 g, 

quantitative). 

5 b) Allyl Cl S. 2R. 3Sl·~-C2-hycjtpxy-4-metboxypbenyl.). l -C3.4-

m;tbIJcneQiox;xphenyU-5 .. (mmi· I-yloxyljndane-2;;am;,xylate. 

Allyl (!St 2R, 3S)-3·{4-mcthoxy-2·mcthoxymethoxyphenyl)-l· 
(3,4-mcthylenedioxyphcnyl)-5-(prop- l ·yloxy)indane:-2..carboxylate ( 1.7 g. 
3.11 mmol) was dissolved in allyl alcohol (20 ml) ~d then 15 drops of cone. 

10 HO was added. The resulting solution was stirred at 6SOC for 2 h. After 

removing the solvent the residue was partitioned between winer and ethyl 
acetate. The organic layers w~ washed with water, 5% aqueous NaHC03 and 
brine; then dried {MgS04 anhyd.), filtered and evaporated to give an oil. The 

produa was purified by column chromatography to provide the title compound 
15 as a pale yellow oil (1.26 g, 81 %). 

c) Al)yl us. 2R. 3S)-3-C2-~bo:I-rm .. butoxyroethoxy-4: 

~thOXYPhcnyJl-1-{1.4-methyJenedioxy,pheD.YJl-5-(pmsz- l-Yloxy)jndane-2-
carpoxylate. 

20 Allyl (IS, 2R, 3S}-3-(2-Hydroxy-4-mcthoxyphcnyl)-1·(3,4-

mcthylenedioxyphcnyl}-5-(prop-1-yloxy)indane-2-carboxylate (1.0 g, 2 mmol) 
in dry DMF ( 4 ml) was added to NaH (57 mg, 2.4 mmol) in a small volume of 
dry O:MF. The mixture was stirred at RT for 20 min .• then ren~butyl 
bromoacetate (974 mg, 5 mmol) was added. After stining for 0.5 h . ., the 

25 product was partition~ between 3M aqueous HCl and ethyl acetate. The 
organic layer was washed with· water, brine and dried (MgS04 anhyd.), filtered 
and evaporated to give an oil. The product Was purified by column 
chroma.t0graphy to provide _the title compound (1.1 g, 93%) as a pale yellow 
oil. 

30 

35 

··i"" 
d) Allyl Cl S. 2R. 3Sl-3-C2~tt>oxymethoxy;.4-methox_whenyD- l-C3,4.. 

metbyleoedjox:XPh,uyl)-5·<orO:P-1 -xJpU)indanC-2-carboulate. !... • 
ADyl (IS, 2R, 3S)-3-(2~tcrt-butoxymethoxy-4-

methoxYPhenyl)l.l-(3,4-mcthyl~nedioxyphcnY.1}5-(prop-1-yloxy)indanc·2-
~ 

carboxylate (765 mg. 1.24 ~l) was dissol~ in TFA ($.ml) containing a 
few ckops of anisolc. The reacdon mixture Wll stimd at RT for 20 min. The 
solvent w~ eliminated, the residu~ was diluted with ·ethyl acetate, washed with. 
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water, brine and dried (MgS0.4 anhyd.), filtered and evaporated. The product 

was purified by column chromatography to provide the title compound (575 mg, 

83%) as a colorless oil. 

S e} Allyl OS. 2R. 3Sl-3-f2-[Carbo:ORSl-l·C2~ethoxy-2-

metbylpropjonv!oxy)cth-1-yloxymethoxy].4-methoxl'l>henyl- l-C3 .4-

methl~nedjoxyphenyll-5-prop= 1-yloxylindane· 2-carboxvlfo acid sodjgm salt 

Allyl (lS,· 2R. 3S)-3-(2-carboxymethoxy-4-methoxyphenyl)-1-

(3.4-methylenedioxypherlyl)-S·(prop-l .. yloxy)indane·2-carboxy late (287 mg. · 

10 0.5 mmol) was dissolved in D:MF (5 ml) and Cs2C03 (333 mg, l mmol) added 

followed by (lS)-1-bromoethyl 2-methoxy-2-methylpropionate (225 mg, 1 

mmol). The reaction mixture. was stirred at RT overnight.. then pm-Qtioncd 

between water and ethyl acetate. washed with dil. HCl and brine, dried (MgS04 

anhyd.), filtered and evaporated to give an oil. The product was purified by 

lS column chromatography to provide the title compound (260 mg. 74 %) as a 

colorless oil. 

f) (lS. 2R. 3Sl-3-C2-[Carf?o..Cl RSl-l-C2-meihoxy~2. 

metbylpro,piony!oxyleth· l-yloxyrnethoxyl-4-merhox)l)benyll-1-(3.4-

20 mcthylenediPX"a>henyll-S-pmp-1-yloxyljndane.Z·carboXVlic acjd sgdium salt 

Allyl (1S,2R..3S)-3-[2·Car00..(l RS)-1-(2-methoxy.2-

meth~propionyloxyeth· l-yloxymethoxy]-4-mcthoxYPhenyl]-1-(3.~ 

methylenedioxyphenyl)-5-(prop-1-y10xy)indane-2~arboxylare (260 mg, 

0.37 mmol) was dissolved in CH202 (2 ml) and 

25 tetralds(triphenylphosphine)palladiuxn(O) (36 mg, 0.037 mmol) added followed 

by tri-n-butyltin hydride (0.11 ml, 0.4 mol). The reaction mixture was stirred at 

RT for 3 h men quenched with 3N HCl and stirred for 20 min. The organic layer 

was diluted with ethyl acetate washed with water then brine. dried (MgS04 

anhyd.), filtered and evaporated tO give an oil. The product was purified by 

30 col~ chromatography to provide the title compound (210 mg, 85 %) as a 
.. ~· 

cotof less oil. 
T. h45. (exact mass) (M+Na)+. : 687.2415 (spdium salt) 

(D ~ ...0.3. mDa for C3@i4o012Na) 

' ., 
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By the methods given above, the following compounds were made. 

ORS. 2SR. 3RSl-3-£2-[C3·Carb9xypyridin-2-yll9xy]-4-methox~hcnyJJ-l:(J..4-

~rbylenedjoxypbenyD-5-(pr6p-1-yloxy)jndane-2-carlx>xylic acid. 

S m.p. 152·155°C 

!IRS. 2SR. 3RSl-3-f2-[CarboCN.N-djerhy1carbamoyllmethoxy]rnetboxy-4-

metbo~nyI)-l-(3 A-met.IJ.:rlcnedioxyphenyD· 5-(pro.p- l-yloxy)jndane-2-

grboxylic acid. 

10 m.p. 181-182°C; 

Trans. Irans-1.3-Bisc+rnerhoxyphtlll'l)hJdane-2:earboxarnic:!c. 

m.p. 223·225°C; 

15 ClRS.2SR.3SRl-3-r+Methoxy-2-[2~Cmethylpho~hinyD eth- l-yJJphenyJ]- l-(3.4-

methylenedjoxy:phenyll-5-Cpmp- l-):Joxylindane-2-carb<>xylic acid dtsodium salt; 

(exact mass) M++Na: 619.1462 (A= -1.2 mDa forC3QH310gPNa3) 

EKAMPJ.f;S 6-30 

20 Indan-5-yl Cl RS.2SR.3RS).:3 .. (2:earboxyroetboxy""4-mctboxwbenyl) .. J .(3,4-

mctt>ylenedjpx..v.pbenyll-5-{pro,p:l ·yloxy)jndane·2·carbpxylaxe sodium salt. 

m.p. 1s1-1s3oc dee. 

3. 5-Dimcthoxypbenyl Cl RS .2SR.3RSl-3-C2-carboxyrnethoxy+ 
25 methoxy:pbenyl)-J .. (3 .4·metbylen~io>\Yl'ilenyD-5-Cprop:; J .y\oxyljndane-2-

c@rlmylare sodjum salt 

m.p. t 85· 1890C dee. 

( 1 RS)-1- C2-Metboxy-2:11Whylpmpjonyloxyleth-1-y_I (1 RS.2SR.3RSl-3-C2-

30 C3J'boxymelhoxY-4-metboxy,pbenyll-1-.0.4-merhylenedioxy;pb=W)-~-'=P:l-

)'Jgxx}indane-2-carlxn;ylate sodium salt 

m.p. 178·18loC dee. 
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HnN-Dimerhykai:bamoyJmeth)!l Cl R S.2SR .3RSl-3-C2-cartxns:mJi:.thoxy-4;, 
methoxyphenylJ-1-(3 .4-metbyJene4jox;,:phenyll~ 5-<prop-1 ·vlw}indane-2· 
£ifboxylatc sodium sa]t 

m.p. 170-1740C dee. 

.e.tJloxycarboxymethyl CJRS.2SR.3RSl-3-C2=earl>oxymethoxy-4-
methox)l!benyD-1-C3.4-metliylenedioxyphenyD-5-Cprop-1-yloxy)indane-2-
,Wboxylare sodium salt 
Mi (exact mass) (M+Na)+. : 645.19S9 (sodium salt) 

10 (D ""-1.1 mOa f'or C33H34012Na) 

15 

Benzoyloxymetbyl Cl RS,2SR.~RS)-3-C2=tarlmyrnethoxy-4-methoUPhenyl)-J­
(3 .4-methyJene<iiox~henyll-5-(prcm-l-ylQXy)iOdane·2-CatboxY1Bte sodium sa]t 

MS. rn/e : 672 (M+N14)+ 

Cycloh~xyloxycarl:zoxymetbyl C 1 RS ,2SR.JRS)-3-<2·carboxymcthoxy-4-
methoxy,phenyll- l-C3.4·m,thylenedioxyphenyD-S-(prop- l-yloxYlindane-2-
carb9xylate so<fium salt 

MS. (exact mass) (M+Na)+. : 699.2453 (sodium salt) 
20 (D = -3.S. mDa for C37114o012Na) 

ErhvJ < l RS.2SR,JRSl-3-C2-carlmymctboxv-4-met:hox)l2benyll-1-C3.4-
rnethylcn.ediox:mhcnyD-5-Cpmp-l-yloxyljndanc·2-cafbcnsylate sodium salt 

MS (exact mass) M+. : 548.2040 (~ acid) 
25 (D = +0.6. mDa for C31H32~) 

C 1 S.2R .3S>-3-[2-[Catbo-C2' .6'-dimetbylphenoxvlmethoxyl-4-methoxXPbenyll· 1-
C3 .+methvlenedjoxyphenvD-5-(pmp· l-)11oxyliridane·2-carb9xylic acid Sodjµm 
JAlI 

30 MS (~xact mas~) (M+Na)+. : 647 .2264 (sodium salt) 

D = -0.7. mDa for C37H36~Na) 

o s ,2R .3S)-3-f2-<CawyclazntvloxymcthoxyH:methoxyphenyU- l ·C3.!: 
.mcthylcnedjoxyphenyll-S·Cpq-l ·yloxylindane-2-carboxylic acjd sodjum salt 

. 35 MS. (exact mass) (M+Na)+. ; 611.2282 (sodium salt) 
(D = -2.S. mDa for C34H35D9Na) 

"' ;._, 
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( l S .lR ~?Sl-3-[2-fCarbQCindan-S-yl~thoxyJ+mctboxnihenyJJ- l-C3 .4• 

methyleoedioxypheoyl>-S-(prap-1 ·Ytoay)indane·i-carbox~ic acid so<fium salt 
MS. (exact mass) (M+Na)+. : 659.2281 (sodium salt) 

(0 ;;:;. -2.4. mDa for C3gH36<l9Na) 

ClS,2R.3S)-3-f2-Carb9Ceth-l-yloxy>methgxy]-4-merhQX}l!hcny11-:1·<3.4-
metbykncdiox~henyD-S-(pfQ$>=1-yloxy)jndane-2-carOOUHc acjd sodjum salt 

MS. (exact mass) (M+2Na-H)+.: 593.1769 (sodium salr) 

(D = -0.6 DlDa for C31H31C9Na2) 

Cl RS.2SR.3RSl-3-C2-Carbgethoxymetboxy-4-metbox~henyll-1-(3.+ 

merb,r]enediox):Pheoyl)-5-{prOJi!· J ·vloxylindane-2-carboxylic acid 
m.p. 148-1490C. 

15 · ORS. 2SR. 3RSl-2-Triflu0romethylsu·1ronamidom.exhyl-3-<2·ca:rboXymethoxy­
!::methox)l?henyD-1-{3.4-methylencdiQX~henyl}-5·Cprop-J-yloxyljndanc 

m.p. 184-1860C 

lndim-5-yl Cl S.2R.3S)-3·C2-ca,tbgoymetboxy-4-methomheoyD-1-C3.+. 
20 methylenerljox)llbenyJl-S-Cproo-l-ylox;ylindane~2-carboxyl ate sodium ult 

Cyclopcatrl o S.2&.3Sl-3-<2.·s:arboxvmetbax.Y+methox>3'hCJ1.Y})-l .. c3.4-
methylenediox)l)ben)'.lh5-(pmp;:l -yloxyljndane-2=camoxylate 5odjum salt 

25 Erho4ycarboxymethyl Cl S.ZR.3Sl-3·C2-arbgxymethoxy-4~methoxXPheny1):1-

(3,4-methylene<iittmhcnyll-S-(pmp-l-yJoxvlindane-2-carboxylatc sodium salt. 

30 

Cl RSl- J-0-MeJhylethOQc;artmy)eth- l-yl Cl RS.2SR.3RSl-3·<2-

carbo2',YJDethoxy+methoX):Pbenyl)-1-(3.4-rnethylenediQx~henyll-S-<mip-1-

yloxy)jndanc-2-carbogylate sodjum sa]J. 

m.p. 151-15SOC. 

r. 

Ethyl C 1 S .2R.3S)-3-C'.2-carboxymethqxy+mrJbgx)l1heiiyD- l-C3.4. .,. 

rm;thylcne4io~y,phen~D-5-CpJl>ll-l-yloxyljndane·2-s;arpax_vlate sodiu~ salt 
~ 
~ 
'! 
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Cl S.2R.JSl-3A[2-CarbometJ]pxymethoxy-4-methoxyphenyll-J-C3,4-

metbylcnf<djoxYQhenyJl-5-Coro.p- l ·yloxylj ndan.e-2-carb9xylic acjd $odium salt 

0 S 2R,3Sl-3-[2-CCarbpbenzoyloxymetboxymethoxy]-4-mcrhoxXPhenyll-1-

5 (3.4-merbylenf::dioxwhenyJl-5-(pro.p-l -yloxy)indane-2-ca.rboxylk acid sod.ium 

.s.al1 

flS.2R.3Sl-3-[2·<Car00etboxycarboxyloxymethQxymetboxyl-~ 

methoxy,phenyll-l-C3.4-methylen00ioxyphenyll-5-(pro_p-l-y1oxyljndane-2-

10 carboxyli' acid sodium salt 

ll,S.2R.3S1-3-C2-<CirboacetQJYtnetboxymetboxyl-4-methoxyphcnyll:J·(3.4-

methylcnedjoxn>henyD-5-Cprgp-J ·yloxy)indane-2-carboxy!ic acjd sodium salt 

IS Cl S,2R.3S)-3-C2-[CarbQpbthalidylmethoxyl+meihoxnihcny11- l ·C3.4-

methylenc;djoxyphenyD-S-(pmp-1-yloxy)j odaOe-Z:carboxylic acid sodium salt 

Cl S.2R.3S)-3-[2-Carbo-<2-metboxy-2-metbylwopionyloxvmstthoxyrnetboxv]-4-

. methoxXPhenxlJ-1-<3.4-methylenecijoxYJlbcnyD-5-{pfOll· J -yloxY.)indaoe-2-

20 ~ub9xylic acid sodium salt 

EXAMpt.E31 

ClS.2&.3Sl-3-f2-Carb();C2.2:dimexhylpmpanQyloxymethoxymethoxyJ-4-

25 metboxyphc:myll-1-(3 .4-methylenedjox;tphenvD-5-CpI9ll-l:.ylox;yljndape-2· 

cartm,vlic acid sodium salt 

To a solution of ( 1S.2~3S)·3-[2-Carbo~ymethoxy..4.methoxyphcnyl]· l-(3,4-

methylcnedioxyphenyl)-S·(prop-1-yloxy)indane-2-carboxylic acid monopotasSium 

30 salt { 170 mg, 0.3 mmol) (obtained bY tteatmcnt of the conesponding diacid (156 

mg. 0.3 IIllnol) with 1 equiv: ~fKHC03 po mg. 0.3 mmol)) in DMF (4 mL) 

pivaloyloxymethyl iodide (74 mg, 0.3 ~l) was added. The reaction mixture was 

stirred at RT for 0.5 h ~d a'iore pivaloyloxymethyl iodide was then added (20 mg. 

0.08 mmol) and then stirre4.for an addi~onal.9.5 h. The reaction mixrurc was 

35 partitioned between dilute aqueous HCl ~ethyl acetate. The ethyl acetate exnact 

was ~ashed with water and brine and dri~ cMgS04 anhydrous). The solvent was 

removed in vacuo and the residue was purified by flash column chromatography 
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(silica gt1, Ethyl Acctatelh~anc/HOAc 30/65/S) to obtain the desired compound as 
a white foam (140 mg, 73 %) as the free acid which was converied to its scxilum 

salt. m.p. 128 - 133°C. 
MS (exact mass) M++Na: 679.2116 {sodium salt) 

(D .::: + 1.2 mDa for C35H37011 Na2) 

EXAMPLE32 

Pormulations for pharmaceutical use "incorporating compounds of 
i . 

the present invention can· be prepared in various forms and with numerous 

10 ~clpicnts. Examples of such formulations are given ~low. 

15 

20 

25 

InbaJant Foxmulation '? 

A compound ofFonnula. I. (1 mg to 100 mg) is aerosolized from a 

metered dose inhaler to deliver the desired. amount of drug per use. 

J)blcqaoilf4iems 

1. Active ing:n:dicnt 
(Cpd of Form. I) 

2. Com Starch 

3. Alginic acid 

4. Sodium Alginate 

5. Mgstearate 

Per Tablet 

40mg 

20mg 

20mg 

20mg 

1.3 mg 

2.3mg 

30 Pmcedure tor rablets~ 
.'· • • .. v. 
."-:,' 
; 

·step 1 Blcn.d ingredients No. 1. No. 2. No. 3 and 
·" . 

,,.. · No. 4 in a suitable mixer/blender. 
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Step 2 Add sufficicm water portion-wise to the blend 

from Step l with careful mixing afrer each 

addition. Such additions of water and mixing 

until the mass is of a consistency to permit 

5 its conversion to wet granules. 

Step 3 The wet mass is convened to granules by 

passing it through an oscillating granulator 
. . 

. using a. No. 8 mesh (2.38 mm) screen. 

Step 4
1 

The wet granules are then dried in an oven at 

10 140°F (60°C) until dry. 

Step 5 The dry granules are lubricated wirh 

ingredient No. 5. 

Step 6 The lubricated granules are compressed on a 

suitable tablet press. 
15 Parenteral Founulation 

A pharmaceutical composition for parenteral administration is 
prepared by dissolving an appropriati: amount of a compound of formula I in 

polyeihylene glycol with heating. This solution is then diluted with water for 

injections Ph Eur. (to 100 ml). The solution is then stcrilcd by filtration through .a 

20 0.22 micron membrane filter and sealed in sterile containers. . 
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wherein: 
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A compound of Fonnula (I); 

R2 is hydrogen, Ar. C1-4alkyl or (c); 
Pt is -X(CH2.)nRs; 
P2 is ·X(CH2.)0Rg, or -X·R9-Y; 

(c) 

THI[; SHEET HAS BEEN 
REPLACED 

I lllllll llllll lllll lllll ll llll 
* C L M S * 

(I) 

20 R3 and R5 are independently hydrogen. R 11 • OH. 
C1.galkoxy, ~(O)qRu. NCR6)2; Br, f, I. 0, CF3. NHCOR6, R11CQiR7. 
-X-R9-Y, or -X(CH2)nRs· wherein eac;h methylene group within 
-X(CH2)nRs may be unsubstituted or substituted by one or two -<CH:VnAr groups; 

~is hydrogen, Ru, OH. Ct-salkoxy, S(O)qR11.NCR(;)2, -X(R11). 
25 Br, F, I, Cl or NHCOR6 wherein the C1.5alkoxy may be unsubstituted or . . 

substinited by OH. methoxy or halogen; 
R6 is independently_ hydrogen or C14alkyl; 
R1 is independently hydrogen, C1.10aikyl, C2-1oaJkenyl or C2.s 

alkynyl. all of which may be unsubstituted ot substituted by one or more OH. 

"· .. 
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NCR(;)2; CO:zR12, halogen or XC1_5alkyl; or;R7 is (CH2)nAr. 

Rg is hydrogen, R11. C02R7, CD2,C(R.11)20(CO)XR.7, P03(R7)2, 

S02NR7R11· CONR7S02R11. S03R7, S02R7, P(O)(OR7)R7, CN. C{O)N(R6)2. 

-CQi(CHz)mC~O)N(R6)2, C(R 11)2N(R7)2. tetrazole or OR6; 

5 R9 is (CH2)n, divalent C1-1oaJ.kYl, divalent C2~10alkenyl or phenyl. 

all of which may be unsubsrltuterl or substituted by one or more OH, NCR6h· 

COOH, halogen. or may be )C=O or XC1 .5alkyl; 

Rio is R3 or R.4~ 
R 11 is hydrogen, Ar, Ct~salkyl, C2.galkenyl. C2.gallcynyl, all of 

10 which may be unsubstituted or substituted by one or more OH, CHzOH, NCR6h or 

halogen; 

15 

Rt2 is hydrogen, C1-6allcyl, C2~6alkenyl orC2.7alkynyl; 

X is (CH2>n• 0, NR6 or S(O)q; 

Y is CH3 or X{CH:z)nAr. 

Aris: 

'QR, ~ 

-P:> 
Rs R, 

(a) (b) 

naphthyl. indolyl, pyridyl, thienyl, oxa.zolidinyl, oxaz.olyl,. thiazolyl. 

20 i.so.duazolyl, pyrazolyl, triazolyl, teuuolyl, imidazolyl, imidamlidinyl, 

thiuolidinyl, isoxazolyl, oxadiazolyl. thiadiazoly4 morpholinyl. piperidiny~ 

piperuinyl, pyrrolyl, or pyrimidyl; all of which may .be unsubstituted or substituted 

by one or more R 3 or R4 groups; 

25 

30 

A is C=O, or [CCR6)2Jm; 

Bis -cH2· or-0-; 

.Z1 and Z2 are independently hydrogen, C1.galkyl, C2.galkenyl, 

C2_galkynyl. OH, C1.galkoxy. S(O)qC1.salkyl, N(R(])l, Br. F, ~. 07 NHCO~. • 

X-R9-Y, /' 
I 

·X(CH2)nRg, phenyl, benzyl or C3_(jCyCloalkyl wherein the Ct~alkyl, ·.· 

ci.galkcnyl or C2.galkynyl may be optionally substituted by COOH. OH, 
. . ~ 
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CO(CH.2'nCI:l3,;CO(CH2)nCH2N~6)2. or halogen; o~ Z1 and Z2 together may be 
-0-A·O- on con·aguous carbons; 

Z3 is Z1 or -X-R9-Y; 
q is Uro, one or two; 

5 n is an integer from 0 to six; 

mis 1, 2 or 3;and the dotted line indicates the optional presence of a 
double bond; or a phannaceutically acceptable salt thereof; provided that 

Rz is not hydrogen when ~ is S(O)q; : 

when ~c optional double bond is present there is only ond R 1 o and 
10 · there is no Pt and P2 is not NR(;R9Y; 

when the optional do~ble bond is i=scnt in Fonnula (I) and X~R2 is 

anached to the double bond, Xis not NR6; 
when the optional double bond is present and R 1 is attached directly to 

the double bond. R 1 is not NRQAR; 
15 when R,3. Rs. ZtT Z2, or Z3 is X(CH2JnR8 and n is not OT Xis oxygen 

o~ ~when Rg is OR6 or C(hH; 
wh~ Rg is C02.C<Rt 1)20CCO)XR7, Xis not S(O)q;. 
the compound of Fonnula J is not (lRS)-1,3-diphenylindene-2-
carboxylk acid; ( cis.cis)-(IRS,3SR)-l ,3-diphcnylindane-2--carboxylic 

· 2.0 acid: (lRS)-3-(3-Mcthyl-l-phcnyl-(lH)·ind-2-en-l-yl] propionic acid; 

or (IRS)-2[1,3-diphenyl-(lH)-ind-2-cn-2-yl]ethanoic aciq; l,3-
dlphenyl-1-ethoxyindene-2~x:ylic ~ 1.2.3.-uiphenylindcnc; 1.3 
diphenylindcne; l-{2,3-dimethyl·2-buten·Yl)-l.3-diphenylindcnc; 1;3· 
dipbenyl-2-methylindene; t.~-diph~yl-2-methylindanc; 1,3-

25 diphcnylindane; 5.6-dimethoxy-l.3-dimethoxyindcnc; l,3-bis(4,5-
dimethoxy-2-hydtoxyphcny~}-5.6-dimcthaxyindane; l,3·bis(3,4-
dimcthoxyphcnyl)-5,~cthoxyindane~ l,3-diphenyl~2-

methoxyidene,_l,3-diphenyl-2-ethoxyindene •. ot S.tluoro-2-methyl­
indene.:3-acetic acid; 

. 30 and further providt.4 that compounds wherein: 

· Rt is -X(CH:zlnAr or.-X(CfJ2>nRt~r .... 
. r , 
·.· 

(c); 
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R1 is hydrogen. Ar or (c); 

P1 is ·.X(CHi)~Rg; -

P2 is ·XCCH2)nRg. or ,;XR9Y; 

I 111\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* c L M S * 
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REPLACED 

R3 and Rs are independently hydrogen. R1 l• OH, C1.galkoxy, 
5 S(O)qR11. NCR6>2• Br, F. I. Cl, CF3. NHCOR6• -XR9-Yor -X{CH2>nR8 wherein 

rhe methylene groups of 

-X(CH2}nR8 may be unsubstituted or substituted by one or inore ·(CH2)0Ar 

groups; 

~is hydrogen. ~lh OH, C1.s~oxy, S(O)qR11. ~~(R6)2, -X(R11). 

10 Br. F, I, a or NHCOR6 wherein the 
C1.5alkoxy may be un$1lbstituted or substinued by OH, methoxy or halogen; 

R6 is 'independently hydrogen orC14alkyl; 

R1 is independently hy~gcn, Ct-6alky1 or (CHz>nM. 
Rg is hydrogen. R 11 • C02H. P03H2. P(O)(OH)R 7 or ter:tazole; 

15 R9 ls C1~10alkyl• C2.1@1kenyl oiphenyl all of which may be 
Ul'lSUbstituted or substimted by one or m~.OH, N(R6)2. COOH. halogen or XC1. 

5alkyl; 

Rio is R3or1l4; 
R 11 is C 1-salkyl, C2.galkenyl, C2.galkynyl all of which may be 

20 unsubstituted or substituted by one or mon: OH, 9izOH. N CR6)2 or halogen; 

Xis (CH2)n, 0, NR6 or S{O)q; 

Y is CH3 or -CH2X(CH2)nAr. 
Aris: 

=~ 

. R ~ 

~R, ·i=rB:A .Q 

25 Rs R"' 

(a) (b) 

.. -

f~ 
. naphdiyt. indolyJ

1 
pyrldyl or thienyl, oxUolidinyl, oxuolyl. thiazolyl. 

~yl, pyra:w1j1~ ttiazolyL re~lyl. inlidazolyl. imidamlidinyl, thia?olidinyl._ 

30 · i.Soxazolyl,. oxadiamlyl. thiadiez.olyl, morpbolinyl piperldinyl, pi-perazinyL pyrmlyl. .. 

. ... 
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or pyrimidyl; all of which may be unsubstituted or substituted by one or more R 3 or 
R4gmups; . 

A is C=O, or [CCR6h.Jm; 
B is -CH2- or -0-; 

5 · Zt and Z2 are independently hydrogen, 

C1.galkyl, C2-salkenyl, C2.galkynyl, OH, C1-salkoxy, S(O)qC1.galkyl, NCR6)2. 
Br, F, I, Cl, NHCOR6, 
-XCCH:VnRg, pqcnyl. bcnzyl or C3.6cycloalkyl wherein the C1.galkyl. C2.galkenyl 
or Cz.gaikynyt may be optionally substirutcd by COOH. OH, CO(CH2)nCH3, 

10 CO(CH2)~CH2N(Ro)2, or halogen; or.Z1 and Z2 together may be-O-A-0- on 
contiguous carbons; 

Z3 is Z1 or XR9Y; 
q is zero, one or two; 

n is an integer from 0 to six; 
15 mis 1, 2 or 3; arc excluded. 

2. A compound of Claim l wherein Rt is X(CH2)0Ar, 

dihydrobenzofuranyl, bcnt.odioxanyl, cyclohcxyl or C1-4alkyl; R2 is a moiety of 
fonnula. (a) or (b), C14alkyl, indolyl or hydrogen; RJ and Rs am independently 

20 hydrogen .. OH. C1.5alk.oxy, halog~ -OC14~l phenyl, R11CQiR7, C14al.kyl. '. 
NCR6)z, NH(CO)CH3, -X(CH2)nRs. -X-R9-Y. pyridyl. phenyl or S(O)qC1-salkyl; 
R4, is hydrogen. OH. C1.5alkoxy, halogen, C1-4alJcyl, N(R.6)2. NH(CO)CH3 or 
S{O)qC1.5alkyl; Z1. Z2 and Z3 are independently X-Rg·Y, bcnzyl, hydrogen, OH. 
C1.5alkoxy. ·N<R6)2. S(O)qC1.galkyl, NHCOR6• X(CH2JnR8 or halogen, or Z1 

25 and Z2 mgcthcr may be -0-A4 0 on contiguous carbons; Pr and P2 are 

30 
.:c·' 1.;, .... ·'. , ., 

·independently hydrogen, CQiH or res:ra.zolc; Ar is a moiety of formula (a). or (b). 

phenyl, at pyridyl and X is (CH2)n or oxygen. 

3. A compound of Claim 2 wherein R3 is hy~gen. ·XCCH2)0Rg or 
Rt 1CQiR7; R4 and Rs arc indepe~dcntly hydrogen. OH, C1.5alkoxy, SC1.5alkyl~ 
substituted phenyl, F, Br. C1_3alk:yl or NHz; Zt and Z3 arc hydrogen and Z2 is 
hydrOgcn, OH. C1.5alkoxyt halogen. X(CH2.lnRs, NH2. bcnzyl or NH(CO)CH3, · 
or Zt and Z2 together inay be 0-A-O on contiguous carbons • 

. 4. A compound of Claim 3 whc~ R 1 is a moiety of formwa (b) and 
R2 is a moiety of formula (a) or (b); A is Cli2t B is -0..i there is no optional double 
bond; Rt and XR.2 are trans to P1; Z:2 is: OH, C1.5~oxy. -OCH20ICH3 or 

i 
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hydrogen, Z1 is hydrogen; R3 is hydrogen, XAr, X(CH2)qC02H. 

X(CH2.)qCONR7S02Rn. or CH=CHCOzH, R4 ~s hydrogen, substituted phenyl, 

or C1-2alkoxy; and R5, R 10 and P2 are hydrogen. 

5. A compound selected from the group consisting of: 

( + )(1 RS, 2SR, 3SR)-3-(2-CarboJtymethoxy·4-methoxyphenyl)-l-(3,4-

methylenedioxyphcnyl)·S-(prop-l-yloxyy)indane-2-carboxylic acid; a.nd 

10 (+)(lRS, 2RS. 3SR)-3[2 (2-Hydroxyeth-l·yloxy)-4-methoxyphenyl]·l-(3·,4-

15 

methylenedioxyphenyl).5-{pmp-l·yloxy )indane· 2-carboxylic acid; 

(IRS. 2RS, 3SR)·3-[2-[(4-Carboxypyridin~3yl)oxy]-4-methoxyphenyl]·l­

(3,4-methylenedioxyphenyl)-5-{prop-I-yloxy)inda.ne-2-carboxylic acid disodium. 

6. A pharmaceutical composition comprising a compound of Clainl 1 or 

Oaim 5 and a pharmaceutically acceptable canier. 

7. A method of antagonizing endothelin receptors which comprise$ 

20 administering to a subject in need thereof.· an effective amount 10 antagonize 

endothelin :receptors 'of a compound of Claim 1 or Claim 5. 

8. A method of treating hypcnension, renal failure or cerebrovascular · 

disease which comprises administering to a subject in n.eed thereof, an effective 

25 amount of a compound of Claim l or Oaim 5. 

9. A process for the preparation. of a compound of fonnula (I) of Claim 
1 or Qaitn 5 a pharmaceutically acceptable salt thereof, which process comprises 

. .' 

reacting a compound of formula (Il) 

30 

co~ 

(Il) 
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whe~in Z l • Zz, Z3 and R 1 are as described in cl.aim 1 or a group convenable 
thereto, and X is alkyl, with an 'organomagncsium _compound of formula {III) 

(lll) 

wher=in R2 is as described in claim 1 or a group convenablc th.mto, in a suitable 
sol vent to provide a compound of formula ·(IV) 

(IV) 

which is reduced and thereafter. when desiicd or necessary undergoes. 
a) insenion of R 10 (w~en other than hydrogen) through conjugate additon; 

and/or 
15 b) alkyla.tion or acylation to give compounds wherein P1 and P2 arc other 

than C~H; and/or 
c) conversion R 1, Rz. Z1, Z2 and Z3; 

to afford a compound of formula (1). 

.. 

~· ,,, 

I .,. 

• '. 


