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:f'.lEl,Q OF INVENTION 

The present invention relates to novel indane 
and indene derivatives, pharmaceutical compos~tions 
containi~9 these compounds and.their· use as endoth~lin 
receptor antagonists. 

·lW;JiGBOUN'D 

·" Endothelin (ET) is a highly potent 
vasoconstrictor peptide synthesized and released by the 

25 vascular endothelium. Endothelin exists as three 
isoform.s, ET-1, ET-2 and ET-3. Of these, only ET-1 and 
ET-3 have been '.found to be expressed in mammalian 
systems. [Unless otherwise stated ~endothelin" shall 

. . 
mean any or all_ of the isoforms of endothelin]. 

30 Endothelin has profound effects on the cardiovascular 
system, and in particular, the coronary, renal and 
cerebral circulation. Elevated or abnormal- release of 
endothelin is associated with smooth muscle con~raction 
which is involved in the pathogenes~s Of caraicvaseular, .. 

·35 cerebrovascular, respiratory and renal pathophysiology. 
Elevated levels of endothelin have been reported in 
plasma from patients with essential hypertension, acute 
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myocardial infarction, subarachnoid hemorrha9e, 
atherosclerosis, and patients with uraemia undergoing 
dialysis. 

ln Ybl.o., endothelin ha~ pronounced effects on 
S blood pressure and cardiac cutput. An intravenous bolus 

injection of ET (0.1 to 3 nmol/kg) i~ rats causes a 
transient, dose-related depressor re·sponse C lasting O. 5 
to 2 minutes) followed by a Su.stained, dose-dependent 
rise in arterial blood pressure which can remain 

10 elevated for 2 to 3 hours following dosing. Doses above 
3 nmol/kg in a rat often prove fatai. 

Endothelin appears to produce a preferential 
effect in the renal vascular bed. I~ produces a marked, 
long-lasting decrease in renal blood flow, accompanied 

15 by a significant decrease in GFR, urine volUIQ.e, urinary 
sodium and potassium excretion. Endothelin produces a 
sustained antinatriuretic effect, despite siqnificant 
elevations in atrial natriuretic peptide. Endothelin 
also stimulates plasma renin activity. These findings 

20 suggest that ET is involved in the regulation of renal 
function and is involved in a variety of renal disorders 
including acute renal failure, cyclosporine 
nephrotoxicity and chronic renal failure. 

Studies have shown that in xilo2, the cerebral 
2S vasculature is highly sensitive to b~th the vasodilator 

and vasoconstrictor effects of endothelin. Therefore, 
ET may be an important mediator o~ c~rebral vasospasm, a 
frequent and often fatal consequence of subarachnoid 

hemorrhage. 
30 ET also e~hibits direct central nervo~s system 

effects such as severe apnea and ischemic lesions which 

suggests that ET may contribute to the development cf 
cerebral infarcts and neuronal death. 

Et has also been implicated in myocardial 

35 ische~ia (Nichols et al. ~t. J. Pharzn. 9~: 597-601, 1989 

and Clozel and Clozel, Ci~c. Bes., 65: 1193-1200, 1989) 

• 
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coronary vasospasm (Fukuda et al., Jiur .... ..Z.- :pha:z;m. 165: 
301-304, 1989 and Lilscher, Circ. 83: 701, 1991) heart 
failure, proliferation of vascular smooth muscle cells, 
(Takagi, Biowm & W..oppys. Bes coJNDun.; 168: 531•543, 

5 1990, Bobek et alL, Am· J. Physiol. 25B:40B-C41S, 1990) 
and atherosclerosis, CNakaki et Ql., 1£Qr;hem • ..&. Bipphys. 
Res. commun. 158: 880-881, 1989, and Lerman et al., lieli: 
E;.ng. J. of Med. 325: 997-1001, 1991-). Increased levels 
of endothelin have been shown aft_e:r; ·:coronary balloon 

10 angioplasty (Kadel e.t al., No. 2491 ·cir$;. 82: 621, 
1990). 

Further_ endothelin has been found to be a 
potent constrictor of isolated mammalian airway tissue 
including human bronchus (Uchida et al., Eur J. Qf 

15 Pha;cm. 154: 227-228 1988, LaGente, Cliu,. Egp. AllerlJ,¥ 
20i: 343-348, 1990; and Springall et :•l., Lancet, 337: 
697-701, 1991). 

Endothelin has been associated with the 
induction of haemorrhagic and necrotic damage in the 

20 gastric mucosa (Whittle et al,, Br. "'J. Pharm. 95; 1011-
1013, 1988); Raynaud's phenomenon, Cinniniello et al,, 
Lancet 337: 114:..115, 1991); Migraine· CEdmeads, Headache, 

: 

Feb. 1991 p 127); Sepsis (Weitzberg et al., Circ. Shock 
33: 222w227, 1991; Pittet et al., Ann. Sur9. 213: 262-

25 264, 1991), Cyclosporin-induced renal failure or · 
hypertension (~r. J, Phapnaggl., 180: 191-192, 1990, 
Eidney .Int,, 37: 1487-1491, 1990) and endotoxin shock and 
other endotoxin induced diseases (BiOchem, Bjophys. Bes. 
Cpmmnn., 161: 1220-1227 1 1989, Actg .Phys;i.Ql. SQand, 137: 

I 

30 317-318, 1989) • 
Thus, endoehelin receptor· anta9onists would 

offer a unique approach toward the pharmacotherapy or 
hypertension, renal failure, cerehr~~ascular disease, 
myocar~ial ischemia, angina, heart failure, asthma, 

' ' 35 atherosclerosis, Raynaud's phenomeno~, -ulcers, sep$is, 
migraine, glaucoma, endotqxin shockr:endotoxin induced 
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m~l tipl e organ failure or disseminate4 intravascular 

eoaqulation, cyclosporin-induced renal failure and as an 

adjunct in angioplasty and prevention of resteno~is. 

SllMMli,BY OF THE INVENTION 

This invention comp~ises indane and indene 

der~vatives represented by Formula (I) and 

pharmaceutical compositions containing these compounds, 

10 and their use as endothelin receptor antagonists which 

are useful in the treatment of a variety of 

cardiovascular and renal diseases including but not 

limited to: hypertension, acute and chronic renal 

failure, cyclosporine induced nephrotaxicity, stroke, 

15 cerebrovascular vasospasm, myocardial isehemia, angina, 

heart failure and atherosclerosis. 

This invention further constitutes a method 

for antagonizing endothelin rec~ptors. in an animal, 

including humans, which comprises administering to an 

20 animal in need thereof an effective amount.of a compound 

of Formula (I) • 

DETAl~EQ P~S,CRIE,TIQN OF...I.HE INVENTION 

25 The compounds of this inven~ion are 

30 

3S 

represented by structural Formula CI)s 

wherein: 

x 
\ 
"2 

I : 

P, 
(I) 
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.R1 • -X(CH2)nAr or -x<cH2>n.tte J..S o::-

Ri . 
(\~ 

--c:' (CHvrn (C) r>< • I 

R v Rs 

R2 is hydrogen, Ar or Cc); 

f 1 is -X(CH2>nRe; 
P2 is -X(CH2)nRe, er -XRgY~ 
RJ and Rs are independently hydrogen, R111 OH, 

C1-.9alkoxy, S (0) qRllr N (R6) 21 Br, F~. I, Cl, CF3, NHCOR6, 

-R11C02R7, -XR9-Y or -X(CH2>nRe wherein the methylene 
15 qroups of -XCCH2>nRa may be unsubstituted or substituted 

by one or more -(CH2>nAr groups; 

R4 is hydroqen, Rt11 OH, C1-5alkoxy, 
S(O)qR111N(R6)2, •X(R11), Br, F, 1,·c1 or NHCOR6 wherein 
the C1-salkoxy may be unsUbstituted or substituted_by 

20 OH, methoxy or halogen; 
R6 is independently hyd.ro9en or C1-4alkyl; 
R7 is indepenQently hydrogen, C1-6alkyl or 

Rs is hydrogen, R11r C02R7, P03H2, p (0) (OH)R7, 

25 CN, -C(O)N(R6)2, tetrazole or OR6; 

30 

3S 

Rg is,C1-10alkyl1 C2-1oalkenyl or phenyl all 
' of which may be unsubst.ituted or substituted by one or 

~ore OH, N(R5)2, COOH, halogen or XC1-salkyl; 

Rio is R3 or R4; 
R11 is c 1-aalkyl, C2-ealke~y1, C2-ealkynyl all 

of which may he unsubstituted or substituted by one or 
more OH, CH20H, N(R6>2 or halogen; 

x is (CH2>n, o, NR6 or S(O)q; 

~ is CH3 or X(CH2)nAr; 

·Ar is: 

ii 
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... /,,,,. ci.3 ~ 
........ 

. · I 
8'A R4 

~ or ol 
Rr: 

R4 . ;:> 

(a) (b) 

naphthyl, indolyl, pyridyl, thienyl, 

oxazolidinyl, ogazolyl, thiazolyl, isothiazolyl, 
pyrazolyl, triazolyl, tetrazolyl, "imidazolyl, 

or 

10 imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, 
thiadiazolyl, morpholinyl, piperidiny'l, piperazinyl, 

pyrrolyl, or pyrimidyl; all of which ~ay be 
unsubstituted or substituted by one or more RJ or R4 

15 
groups; . 

A is C=O, or [C{R6)2lm; 
B ·is -CH2- or -o-; 
Z1 and z2 are independently hydrogen, C1-

9alkyl, C2-ealkenyl, C2-salkynyl, OH, C1-salkoxy, 
S(O)qC1-aalkyl, N(R6)2, Br, E', I, Cl,: NHCOR61 

20 -x CCH2> nRe, phenyl, ben:ty.1 or C3-6cycloalkyl wherein the 
C1-aalkyl, C2-aalkenyl or C2-aalkynyi may be optionally 
substituted by COOH, OH, CO (CH2> nCH3,, CO CCH2> nCH2N CR6> 2, 

or haloqen; or Z1 and 22 together may be -O-A-0- on 

contiguous carbons; 
25 t3 is Z1 or XR9Y; 

q is zero, one or two; 

n is an int~ger from 0 to ~ix; 

rn is 1, 2 or 3: 

and the dotted line indicates the opt"ional presence of a 
30 double bond; or a pharmaceutically acceptable salt 

thereof; provided that 

35 

" R2 is not hydrogen when X is S(Olql 

when the optional double bond is present 

there is only one Rio and there is no P1; 

• the compound of Formula I is not (lRS)-1,3-

diphenylindene-2-tarboxylic acid; <cis,cis)-
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{lRS, 3SR)-1, 3-diphenylindane·2-earboxylic acid; 

(lRS)-3-(3-Methyl-l-phenyl•ClH)-ind-2-en-l-yl] 
propionic acid; or (lRS)-2[1,3-diphenyl-(lH)­

ind-2-en-2-yl]ethanoic acid.· 

5 Also included in the invention are 
phar~aceutically acceptable salt complexes. 

All alkyl, alkenyl, alkynyl and alkoxy groups 

may be straight or branched. The term nhalogen" is used 
to mean iodo, fluoro, chloro or Dromo. Alkyl groups may 

10 he substituted by one or more halogens: up to 
i 

perhalogenation. 
The compounds of the present. invention may 

contai.n one or more asymmetric carbon atoms and may 

exist in racemic and optically active £orm. All of 
15 these compounds and diastereoisomers are contemplated to 

be within the scope of the present invention. 
Pref erred compounds are those -wherein R1 is 

X(CH2>nAr, (Ar is (a) or (b)), dihydrobenzofuranyl, 
ben2odioxanyl, cyclohexyl, C1-4alkyl1 R2 is (a), (b) Ci-.. 

20 4 alky~, indolyl or hydrogen; R3 and Rs:are independently 
hydrogen, OH, C1-salkoxy, halogen, -0Cf-4alkyl phenyl, 

Ri1C02R7, C1-4alkyl, N(R6>2· NH(CO)CH3~ -X(CH2)nRe, -XR9 
pyridyl, phenyl or S(O)pC1-salkyl; R4 is hydrogen, OH, 
c 1 _5alkoxy, halogen, C1-4alkyl, NCR6l2r NH(CO)CH3 or 

25 s CO) pC1-salkyl; Z1, Z2 and Z3 are ind~pendently XRgY., 

benzyl, hydrogeq, OH, C1~5a1koxy, -N(R~>2, SCO)qC1. 

aalkyl, NHCOR6, 'x <CH2) nRe or halogen, ~r Z1 a.nd Z2 
together may be -o-A-0.on contiguous c•rbons; P1 ana P2 

are independently hydrogen, C02H or te~razole; Ar is 
30 (a), (b), phenyl, or pyridyl; Xis (C~2>n or oxygen. 

Mere preferred are compounds·wherein RJ is 

hyarogen or -X(CH2>nRe,. R11C02R7; R4 and Rs are 
independently hydroqen, OH, C1-5alkoxy, SC1-5alkyl, F, 
Br, c1-3alkyl or NH2; Z1 and Z3 are hydrogen and Z2 is 

35 hydrogen, OH, C1-5alkoxy, halogen, X(C!l2)nRe, NH2, 
benzyl, NH(CO)CH3, or Z1 and z2 togeth~r may be O-A-0. 



Most preferred are compo~nds wherein R1 is (b) 

and R2 is (a) o:r (b); A is CH2, B 1.s -o-; there is no 

optional double bond; R1 and XR2 are trans to P1; z2 is 

OH, C1-5alko~y, -OCH2CHCH2 or hydrogen, Z1 is hydrogen; 

5 RJ is hydrogen, x (CH2> qCOOH or CH=C·~co2H, R4 is 

hydrogen, substituted phenyl, or C1-2alkoxy; and R.5, RlQ 

and P2 are hydrogen. 

' 
Especially preferred are the following 

10 compounds: 

(lRS, 2SR, 3SR)-l-(4-Methoxyphenyl)~3-(3,4•methylene­

dioxyphenyl)indane-2~carboxylie acid; _ 
. . . 

(lRS, 2RS, 3SR)-5-Hydroxy-3-<4-methoxyphenyl)-l-(3,4-

15 methylenedioxyphenyl)indane-2-carb~xylic acid; 

(lRS, 2RS, 3SR)-5-Methoxy-3-(4-methoxyphenyl)-1-(3,4-

methylenedioxyphenyl)ind.ane-2-carboxylic acid; 

20 (lRS, 2SR, 3SR)-l,3-BisC3,4-methylenedioxyphenyl)-5-

5-hydroxyindane-2-carboxylic acid; 

(lRS,2SR,3RS)-3-(2-carboxymethoxy-4~methoxyphenyl)-l­

(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)-indane-2-

2S carboxylic acid 

30 

<lRS, 2SR, 3SR)-3-(2•Carboxymethoxy~4-methoxyphenyll-1-, . 

(2-methoxy-4, 5-methylenedioxyphenyU .. -s- (prop-1-yloxy> -

indane-2-carboxylic acid 

(lRS, 2SR, 3RS)-3-[2-(1-Carboxyeth-2-yloxy)-4-methoxy­

phenyl]-1-(3,4-methylenedioxypheny1)~5-(prop-l-yloxy)­

indane-2-carboxylic acid, his-dicyclbhexylamine salt; 

I ' 

. .~ 
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(lRS, 2SR, 3SR)-3-[2-[(E)-2-Carboxyethen-l-yl]-4-
methoxyphenyl}-1-(3,4-methylenedio~yphenyl)-5*(PrOp-l­
yloxy)indane-2-carboxylic acid; 

S (lRS, 2SR, 3SR)-J-[2-(2-Carboxyeth-l-yl)-4-methoxy~ 

phenyl]-1-(3,4-methylenedioxyphenyl)-5-<prop-l-yloxy)­
indane-2-carboxylic acid; 

(lRS,2SR,3RS)-3-[2-(3-Carboxyphenyl)-4-methoxyphenylJ-l-.. 
10 (3,4-methylenedioxyphenyl)·S-(prop-1-yloxy>indane-2-, . 

15 

20 

car.boxylic acid 

The present invention provides compo~nds of 
Formula (I) above 

~ 

'" P1 

~Ji. Pt (I) 

x 
\ 0 

~ 
" 

which can be prepared by a process which comprises: . 
25 a) reacting a compound of Formula (2) wherein 

x is c:1_5a1kyl 

0 

30 
CDzX. 

(2) 

35 with a substituted benza.lclehyde or aldehyde of Formula (3)·. 
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D-CHO (3) 

wherein D is Ar or (c) as defined in Formula I, in a 
suitable solvent such as benzene with a catalyst such as 

5 piperidinium acetate at reflux to provide a compound of 
Formula (4) . 

0 

10 (4) 

Cyclization of .compound (4) in the presence 
15 of a suitable Lewis acid such as titanium tetra­

choloride or aluminum chloride or a+ternatively when Z1 
is 3-0R (meta) (where R is C1-5alkyl, ·or benzyl), 

·, 

trifluoroacetic acid, provides an indanone of the 
Formula (5) • 

20 
0 

COzX (5) 

25 D 

Dehydrogenation with 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone in an appropriate solvent or 
alternatively bromination with pyridinium hydrobromide 

30 · perbromide in dichloromethane followed by treatment with 
1,5-diazabicyclo[4,3,0Jnon-5-ene provides indenones of 
Formula (6). 

35 
( 6) 
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_ ,, .. 
b) Alternatively, a compound of Formula 6 

wherein Z1, Z2 and Z3 are hydrogen and 

D = 

10 can be prepared by treatment of 2Mbromobenzoic acid with 

two equivalents of n-Dutyllithium in a solvent such as 

tetrahydro~uran under argon at -1e·: followed by the 

addition of an acid chloride of formula C7>: · 

15 

(7) 

20 

provides a compound of formula CB>:: 

25 

(8) 

30 

Treatment of compounds of type (8) with 

thionyl chloride at reflux gives an acid chloride which 

35 can be isolated by concentration u~der reduced pressure. 

This acid chloride can then be treat.ed with diethyl 
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10 

magnesium malonate in a solvent such as ether to qive a 
compound of formula (9): 

(9) 

I 

Reaction of a compound of. type (9) at reflux 
with 551; aqueous sodiu111 carbonate gives compounds of 

15 formula (10): 

20 

(10) 

25 
c) T•eatment of an indenone of formula (11) : . 

i 

30 
COzX. 

I (ll) 

wherein z1, z2, Z3 a~d R1 are as defined for formula I 

35 or a group convertable to them, with an o~ganomagnesium 
compound of Formula (12) wherein a2 is defined for 
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R2CCH2)nMgBr (12) 

Formula I or a group con~ertable to'. it, in a suitable 

solvent at 0°c provides compounds of formula (13); 

(13) 

Saponification of compounds of formula (13) using 
sodium hydroxide in aqueous methanol followed by 

15 reduction ~ith triethylsilane and b~ron trifluoride 

etherate in a suitable solvent such as dichloromethane 

at 0°C affords racemic compounds of formula {14)9 

20 
C02H · (14) 

25 Conjugate addition of nucleophiles to an ester de~ived 

from formula (l~) , followed by saponification affcr.ds 
compounds of formula (I) having an Rio other than 

hydrogen. Re-introdµction of a double bond into an 
ester derived from such acids followed by conjugate 

- . 
30 addition of another nucleophilic species and subsequent 

saponification affords compounds of formula Cl) in which 
neither Rio substituent is hydrogen.· 

Reduction of compounds of .,formula (13) with 

triethylsilane and boron trifuoride etherate in a 

35 suitable solvent such as dichloromethane at o•c fellowed 

by hydrogenation with hyqrogen qas ~der pressure at 
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10 

approximately 60 psi in the presenc~ of a suitable 

catalyst such as 10% palladium on charcoal affords 

compounds of formula (15) : 

(15) 

Alkylation or aeylation of the ester enolate 
derived from formula (15) affords c~mpounds wherein P1 

and P2 are as defined in formula (l)'.. 

15 Alternatively, hydrogenation of _compounds of 

formula (13) with hydrogen gas. unde~ 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 l-

20 5% acetic acid affords compounds of formula (15). 

25 

30 

Treatment of these compounds with a ~ase such as sodium 

hydroxide in a suitable solvent such as aqueous· ethanol 

provides· racemic compound's of formu°la (16) : 

z, 
(\ 

.-C~H 

~-;;. (16) 

wherein z1, z2 and Z3 are hydrogen; ~l = R2; ana n is o. 
Treatment. of compounds of formula (13) with 

triethylsilane and boron trifluoride etherate in a 

35 suitable solYent such as dichlorometbane at o•c followed· 

by reaction with samarium II iodide in a suitable 
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solvent such as tetrahydrofuran and" then saponification, 

provides compounds of formula (17) 

(17) 

. 
10 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 E~perimental seetiQn. 

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

or a pharmaceutically acceptable salt thereof for the 

treatment of humans and other mammals it is normally 
f ~rmulate~ in accordance with stand~rd pharmaceutical 

practice as a pharmaceutical composition. 

20 Compounds of Formula (I) and the"ir 

pharmaceutically acceptable salts may be ac:lministered in 

a standard manner for the treatment :of the indicated 

diseases, for example orally, parenterally, su.b­
lingually, transderm•lly,. rectally, .via inhalation or 

25 via buccal administration. 
Compounds of Formula (I) and their 

pharmaceutically acceptable salts which are active when 

given orally can be form~lated as sypups, table~s, 
capsules and lozenges. A syrup torinulation will 

30 generally consist of a suspension o~·; solution of the 

compound or salt in a liquid c:arrie~·: for example, 

ethanol, peanut oil, olive oil, gly~erine or water with 

a flavouring or colouring agent. Wli•re the composition 
i 

is in the form of a tablet, any pharinaceutical carrier . . 
35 routinely .used for preparing solid formulations may be 

I 

used. Examples of such carriers include magnesium 
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sr.earate, terra alba, talc:, gelatin~·: agar, pectin, 
acacia, stearic ac:id, starch, lacto~~ and. sucrose. 

·where the composition is in the fornt'of a capsule, any 
routine encapsulation is suitable, for example using the 

S aforementioned carriers in a hard gelatin capsule shell. 
Where the composition ·1s in the form.of a soft gelatin 
shell capsule any pharmaceutical carrier routinely used 
for preparing dispersions or suspensions may be 

-considered, for example aqueous gums, celluloses, . . 
10 silicates or oils and are incorporat~d in a soft gelatin 

capsule shell. 
Typical parenteral compositions consist of a 

solution or suspension of the compound or salt in a 
sterile aqueous or non-aqueous carrier optionally 

15 containinq a parenterally acceptable.oil, for example 
polyethylene glycol, polyvinylpyrrolidone, lecithin, 
arachis oil, or sesame oil. 

Typical compositions for inhalation. are in the 
form of a solution, suspension or ~tilsion that may be 

20 administered as a dry powder or in the f orin of an 
aerosol using a conventional prope11a;nt such .as 
dichlorodifluoromethane or trichloro~luoromethane. 

A typical suppository fo~~lation comprises a 
compound of Formula (1) or a pharmac,1!'.utically acceptable 

25 salt thereof which is active when administered in this 
way, with a binding and/or lubricating agent, tor . 
example polymeric glycols, gelatins, cocoa-butter or 
other low mel~inq vegetable waxes or :fats or their 
synt..hetic analogues. 

30 Typical transdermal formul•tions comprise a 
conventional aqueous or non-aqueous ~ehicle, for example 
a cream, ointment, lotion or paste o~ are in the form of 

., 

a medicated plaster, patch or membr~~·· 
Preferably the composition 'is in unit dosage .. 

3S form, for example a tablet, capsule .o.r metered aerosol 
dose, so that the patient may administer to themselves a 
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single dose. 
Each dosage unit for ora~ administration 

. I 

contains suitably from 0 • l mg to 50~0 mg /Kg, and 

preferably from 1 mg to 100 mg/Kg,·8.nd each dosage unit 

S for parente•al administration cont~ins suitably from 0.1 

mg to 100 mg, of a compound of Formula (I) or a 

pharmaceutically acceptable salt thereof calculated as 

the free acid. Each dosage unit for intranasal 
' 

administration contains suitably 1-~oo mg and prefer~ly 

10 10 to 200 mq per person. A topical formulation contains 
suitably 0.01 to l.0% of a ccmpoun~.of Formula (I). 

The daily dosage regimen: for oral 

administration is suitably about O~Ol mg/Kg to 40 mg/Kg, 
I:• 

of a compound of Formula (I) or a ~~armaceutically 

lS acceptable salt: thereof calculated., ~s the. free acid. 

The daily dosage regimen for pare~teral administration 
is suitably about 0.001 mg/Kg to 40 .. mg/Kg, of a compound 

of the Formula (I) or a pharmaceutically acceptable salt 
thereof calculated as the free acid: The daily dosa;e 

20 regimen for intranasal adminis~ration and· oral 

inhalation is suitably about 10 to ~out 500 mq/person. 

The active inqredient may be admini~tered from l to 6 

times a day, sufficient to exhibit ~he desired actiYity. 
No unacceptable toxicological effects are 

25 expected when compounds of the invention are 

administered in.accordance wi~h the present invention. . . 
The biological activity of the compounds of 

Formula (I) are demonstrated by the followinq tests: 

30 I. Bjodipg A,ssay 

A) Mem~rage !?reparation 
I 

Rat cere~ellum or kidney ~ortex were rapic:lly 

dissected and froz~n immediately in: liquid nitrogen or 
. : i 

used fresh. The tissues, 1-2 g for'. cerebellum or 3-5 g 
. I 

35 for kidney corcex, iwere homoqenized,in 15 mls of buffer 
containing 20mM Tris HCl and SmM E~TA, .PH 7 .s at 4°C 

i : 



- J~" -

using a motor-driven homogenizer. Tpe hc~ogenates were 

filtered through cheesecloth and centrifuged at 20,000 x 

g for 10 minutes at 4°c.· The super~atant was removed 

and centrifuged at 40,000 xg for 30 minutes at 4•c. T~e 

S resulting pellet was resuspended in'. a small volume of 
buffer containing 50 mM Tris, 10 mM. ~qCl2, pH 7.5; 

10 

aliquotted with small vials and fro~en in liquid 

nitrogen. The membranes were dilute~ to qive l and 5 mg 

of protein for each tube for cerebellum and kidney 

cortex in the binding assay. 
Freshly isolated rat mesenteric artery and 

collateral vascular bed were .washed in ice cold saline 

(on ice) and lymph nodes were re~oved from along the 

major vessel. Then, the tissue was.homogenized using a 

15 polytron in buffer containing 20 mM·Tris and SmM EDTA, 

pH 7.5 at 4°c in 15 ml volume fer ~6:gm of mesenteric 

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 
20 40,000 x; for 30 min. at 4ac. The r~sulting pellet was 

resuspended as explained above for cerebellum and kidney 

cortex. Approximately 10 mg of membrane pro~ein was 

used for each tube in binding experi~ents. 
B) [125I]ET-J .B.indin~ Rrgtp~gJ, 

25 [l25I]ET~l bindinq to membranes from rat. 
' . 

ce~ebellum <2-5,mq protein/assay t~~e) or kidney cortex 
' . 

(3-8 mq protein/assay tube) were mea~ured after 60 
minutes incubation at 30°C in 50 mM Tris H~l, 10 mM 
~gc12 , 0.05% BSA, pa 7.5 buffer in a itotal volume of 100 

30 ml • Membrane protein was added to tubes containing 

either ~uffer or indicated concentration of compounds. 
cl25I]ET-i (2200 Ci/nunol) was diluted in the same buffer 

containing BSA to give a final con~entration of 0.2-0.5 

nM ET-1- Total and nonspecific binding were measured in 

35 the absence and presence of 100 nM ~labelled ET-1. 

After the incubation, the reactions ~ere stopped with 
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3.0 ·ml cold buffer containing 50 mM Tris and 10 mM 
~gCl2, p~ 7.5. Membrane bou~d radioactivity was 

. . 
separated from free ligand by filtering th~ough Whatman 
GF/C filter paper and washing the filters 5 times with 3 

S ml of cold buffer using a Brandel cell harvester. 
Filter papers were counted in a gamma counter with an 
efficiency of 75%. IC5o's for the compounds of this 

invention ran;e from 0.1 nm to 50 J.Ull• . . 

. 
10 II. In Vitt.Q Vascular Smooth Muscle· Actiyit)' 

·Rat aorta are cleaned of connective tissue and 
adherent fat, and cut into ring segments approximately 3 
to 4 mm in length. vascular rinqs a+e suspended in 
organ hath chambers (10 ml) containing Krebs-bicarbonate 

15 solution of the following compositio~ Cmillimolar) : 
NaCl, 112.0; KCl, 4.7; KH2P04, 1.2; MgS04, 1.2; CaCl21 
2.5; NaHC03, 25.0; and dextrose, ll~O. Tissue bath 

solutions are maintained at 37°C and aerated 
continuously with 95% 02/ 5' C02. Resting tensions of 

20 aorta are maintained at 1 g and allq~ed to·equilibrate 
for 2 hrs., during which time the bathinq solution is 

' I . 

ehanqed every 15 to 20 min. Isometri.c tensions are 
recorded on Beckman R-611 dynographs with Grass FT03 

force-displacement transducer. Cumul;ati ve 
25 concentration•response curves to ET-1. or other 

contractile agoqists are constructed by the method of 
I 

step-wise addition of the a9onist. ET-1 concentrations 
are increased only after the previous concentration 
produces a steady-state contractile response. Only one 

30 concentration-response curve to ET-1 is generated in 
each tissue. ET receptor antagonists· are added to 
paired tissues 30 min prior to the initiation of the 
concentration-response to contractil.e· agonists. 

ET-1 induced vascular contractions are 
35 expressed as a percentage of the. response elicited by 60 

mM KCl for each individual tissue which is determined at 
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·the be9inninq of each experiment. Data are expressed as 
the mean :t S.E.M. Dissociation con·stants (Kb) of 

competitive antagonists were determ.'ined by the standard 

m~thod of Arunlakshana and Schild. The potency ranqe 

5 for compounds of this invention range from 0.1 nM to 50 
µ.m. 

10 

The followinq examples are illustrative and 
are not limiting of the eom.pounds of this invention. 

EXAMPLE 1 

URS, 2Bs, .JSBl -J .... {4-Methoxypheny~'l-3-phen~lindane-
2-carl)oxyl i c aeid 

a) Ethyl <lBS> r1-ayg~o~-1-c4-metl;iox:a>h~nyl>J-3-

IS phenylindene-2-.ca:r::boxylate. To dry ma9nesium turnings 

(0.88 g, 36 minol) under an argon atmosphere was added, 

portionwise, a solution of p•bromoanisole (4.5 ~l, 36 
mmol) in S\ THF/ Et20 137 ml>. The resulting p•metboxy-

phenyl magnesium bromide solution was added to a 

20 solution of ethyl l-oxo-3-phenylindene-2-·carboxylate 
cs.o 9, 18 nunol) in Et20 (300 ml) under an argon 

atmosphere at O'c. The resultinq mixture was allowed to 

warm to room temperature and was st~rred for 10 min. 

The mixture was partitioned between 3M HCl (100 ml) and 

25 EtOAc (200 ml>. The organic extract was washed 
successively wi;th H20, aqueous NaHC~3, H20 and saturated 
aqueous NaCl and·aried (Na2S04). The solvent was 

removed in vacuo to provide a yellow oil which was 
treated with Et20/ hexanes. The solid which formed was 

30 collected by filtration (3.47 g). The filtrate was 

concentrated under reduced pressure. and purified l:>y 

flash chromatography~ The material.~hich was isolated 
was treated with Et20/ hexanes, and ~he .additional solid 

which formed (l.76 9, 75% total yield} was collected by 
'. 

35 filtration to afford the title compound • 

. i 
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-J.1-
b) Ethyl <BSl-1-(~-J1ethox¥,Phenyl>-J-phenvl~udeng-2-

cartig;>£¥late. To a solution of ethyl (lRS) [l-hydroxy-l­

(4•methoxyphenyl) ]-3-phenylindene-2-carboxylate (4.65 9, 
12.0 mmol) in CH2Cl2 (40 ml) at 0°~·under an argon 

atmosphere was added triethylsila.ne· (2.34 ml, 14.6 

nunol), followed by boron trifluoride etherate (8.8 ml, 

71 mmol) . The reaction mixture was allowed to warm to . 
room temperature and stirred for 10 min, at which time 
was added slowly 3M HCl <SO ml) • The mixture was 

extracted with EtOAc (150 ml). The organic extract was 
washed successively with H20, aqueous NaHC03, H20 and 

s~turated aqueous NaCl and dried. The solvent was 

removed in vacuo, and the residue was purified by flash 

chromatography on silica qel, eluting with 10' EtOAc/ 

15 .hexanes to provide the title compound (4.2 q, 95%) as a 

mixture of Al and 42 double bond isomers. 

C) Ethyl (lRS, 2SB, 3SRl -1- <4-M.f:tho~henyll -3·­

phenylindape-2-carbpxylate. To a solution Of ethyl 

20 (RS)-l-(4-methoxyphenyl)-3-phenylindene-2•carboxylate 

(5.75 9, lS·mmol) in EtOAc (lSO ml) was added Sl 

palladium on activated carbon (600 m9). The resulting 
suspension was stirred under.an atmosphere of H2 for l 

d, then was filtered through a pad of Celite. The 

25 filtrate was concentrated under reduced pressure to 

afford the title compound, which was used without 
I 

further purification. 

d) ,JJRS.2RS,3SRl-1~f4-Methoxyphen¥lJ-3-phenylindane-2-

30 .c.atboxylic acia. To a solution of ethyl (1RS,2SR,3SR)-

1-<4~methoxyphenyl)-3-phenylindane-2-carboxylate, (5.5 

g, 14.8 mmol) in EtOH (70 ml) was adde~ SM NaOH (9 ml, 

45 mmol). The resulting mixture was stirred under an 
argon atmosphere for l d, at which time a20 (70 ml) was 

35 added. The mixture was concentrated under reduced 
pressure. The aqueous residue was extracted with Et20, 
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and the Et20 extracts were discarded. The aqueous phase 

was aeidif ied with 6M HCl and ext~acted several times 

with EtOAc. The combined EtOAc extracts were washed 
successively with H20 and saturated aqueous NaCl and 

' 
S d~ied. The solvent was removed in vacuo to provide an 

oily residue which crystallized upon standin;. The 

solid material was recrystallized from EtOAc/ hexanes to 
afford the title compound C4.25 q,. BJt); m.p. 164 -
l66·c. 

10 1li ~ CCOCl3) : 3 7.35 ~ 7.lB (m, 9H); 6.92 - 6.88 

Cm, 4H); 4. 68 Cd, lH, .J = 10 Hz); 4. 64 Cd, lH, . 

~ = 10 Hz); 3.81 ts, ~H); 3.34 (t, lH, J = 10 Hz). 

~: 345 [(M+H)*]. 
i.D&l. Cale. for C23H2003 : C, eo·.21; H, 5.85. 

15 Found C, B0.21; H 6.03. 

E>CAMPLE...2 
ftran1, tran3)-J,3-pit4-methoxyphenyl)~ 

~ndape-2-ca~hoxylic acid 

20 a) Ethyl 2-Ben2oyl-3-tQ:hyd;ox~p~en11>propeno~te. To a 

solution of 4-hydroxybenzaldehyde (31. 7 g,· 0 .26 mol) and 

ethyl benzoylacetate (45.5 rnl, _0.26·mol) in EtOH (45 ml) 

under an argon atmosphere was adde~ piperidine C2.6 ml, 

0.026 mol) and acetic acid (3 drcps). After stirring at 

25 room temperature overnight, the resulting solid mixture 

was treated with hot EtOH (700 ml), and then allowed to 
I 

cool. The crystals which formed were collected by 

filtration to afford the title compound (61.0 q, 79%). 

30 b) ~tbyl <2RS.3$Rl-3~<4-H~droxiphe~yl>-1-gxpindape-2-

-'"lJrboxy1;te. To a mixture of ethyl 2-benzoyl-3-(4-
hydroxyphenyl)propenoate co.so g, 1.7 mmol) in CH2Cl2 

(15 ml> at O~C under an argcn atmosphere was added 

titanium tetrachloride (0.93 ml, B.3 mmol). The 

35 resulting mixture ~as allowed to stir at room . 

temperature overnight. The reaction was slowly quenched 
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with 3M HCl, then partitioned between EtOAc (SO ml) and 

JM HCl. The aqueous phase was extracted with ZtOAc, and 

the combined organic extracts were washed successively 
with H20 and sat~rated aqueous NaCl, and dried (Na2S04) • 

S The solvent was removed in vacuo, and the solid.residue 
was recrystallized from EtOAc/ hexanes to afford the 

title compound (410 mg, 82%). 

C) Ethyl f2BS. 3SB) -3- L4-t-But~dimethylsilQXJphenyl l -1-

10 oxgindane-2-carhoxylpte. To a solution of ethyl 

C2RS,3SR)-3-(4-hyd.roxyphenyl)-1-oxoindane-2-carboxylate 
(3.0 q, 10.2 mmol) in DMF (10 ml) under an argon 

atmosphere were added imidazole (1.72 9, 25.3 mmol) and 

t-butyldimethylchloro-silane (l.82 g, 12.1 mmcl). The 

lS resulting mixtu4e was a~lowed to stir at room 

temperature for 3 a, then was poured into dilute aqueous 

HCl and extracted with EtOAc (2x). The combined orqanic 
extracts were washed successively with H20, aqueous 

NaHC03, 820 and saturated aqueous NaCl and d~ied. The 

20 sol vent was removed .in vacuo to provide the title 
compound (5.40 g) which was used wiehout further 

purification. 

d) lthyl 3--14-t-Bntyldimethyls.ilgxyphenyl>-1-pxoindene-

25 2-carbpg~late. To a solution of ethyl (2RS,3SR)-3~(4-t­

butyldimethylsiloxyphenyl)-1-oxoindane-2-carboxylate 
(130 mg, 0.32 mmol) in CH2Cl2 (3 ml) under an arqon 

atmosphere was added 2,3-dichloro-S,6-dicyano-1,4-

benzoquinone (80 mg, 0.3_5 mmol). The resulting mixture· 
30 was stirred for 2. S h. Aqueous NaHS03 and EtOAc were 

added, and the mixture was stirred for 5 min. The 

aqueous phase was separated and extracted with EtOAc, 

and the combined organic extracts were ~ashed 
successively with aqueous NaHC03, B20 and saturated 

. . 

35 aqueous NaCl and dried. The solvent was removed in 

vacuo, and the residue was purified by flash 



chromatography on silica gel to ·afford the title 
compound (110 mg, 85\) • 

e) Eth~l c1ss1-J-l~-t-ButJldjmeth¥lsilpx~phepy11-1-

S hydroxy=.J,-t4-methoxypheoyl)jnd,ene-z~carhpxylate. To dry 
magnesium turnings (119 mq, 4.9 mmo~) under an argon 
atmosphere was ad.ded, portionwise, a solution of p­
bromoanisole (0.61 ml, 4.9 mmol) i~'.9 : 1 Et20/ THF (10 

ml). The resulting p-rnethoxyphenyl.magnesium bromide 
10 solution was added to a solution"of'.ethyl 3-(4-t­

butyldimethylsiloxyphenyl)-1-oxoindene-2-carboxylate 
(l.00 g, 2.5 mmol) in Et20 (60 ml) u_nder an ar;on 

atmosphere at o•c. The resulting mixture was allowed to 
warm to room temperature and was stirred for S min. The 

lS mixture was partitioned between 3M· HCl and EtOAo. The 
organic extract was washed success!~ely with H20, 

aqueous NaHC03, H20 and saturated a~eous NaCl and 

dried. The solvent was removed in vacuo to provide the 
title compound (l.47 g) which was used without further 

20 puri_fication. 

f) J;i:t:,hyl CBS> -1- t4-t-s11t.¥l,aim,,..thy;l3ilpxypheny1 > -3- c4..; 

methoxypheeyl l ioaene-2-carbgxylate. " To a solution of 

ethyl (1RS)-3~(4-t-butyldimethylsiloxyphenyl)-l-hydroxy-

25 1-(4-methoxyphenyl)indene-2-carboxylate (2.5 mmol, 
prepared above),in CH2Cl2 (10 ml) at;o•c under an ~rgon 
atmosphere was added triethylsilane· 

0

!(0. 4'9 ml, 3. 0 mmol), 

followed by boron trifluoride ethera~e (1.8 ml, 14.6 
mmol).· The reaction mixture was allowed to warm to room 

30 temperature and stirred for 10 min, ~t which time was 
' 

added slowly 3M HCl. The mixture wa~ extracted with 
EtOAc. The or9anic extract was washea successively with 
H20, aqueous NaHC03, H20 and saturated aqueous NaCl and 

dried. The solvent was removed in vacuo, and the 
3S residue was purified by 'flash chromatography on silica 

gel, eluting with 15% Et20/ hexanes to provide the title 
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compound as a mi~ture of Al and ~2 double bond isomers 

(820 mg, 67% for two steps) • 

9) Eth~l ClR$.2SB.3SBl-l-(4-t:Sut~ld1methyl-

s ajlQX2Phepyll-3-C4-methQX:Glhenfllindane-2-carhQxylate. 

To a solution of ethyl (RS)-3-(4-t-butyldi~ethy1siloxy­

.Phenyl)-l-(4-methoxyphenyl)indene-2-carboxylate (mixture 

of Al and 42 double bond isomers) (750 mg, 1.5 nunol) in 
~ 

EtOH (25 ml) was added 5\ palla.dium .. on activated carbon 

10 (70 mg) . The resulting suspension was stirred under an 

atmosphere of H2 for 18 h, then w~s filtered through a 

15 

pad of Celite. The filtrate was concentrated under 

reduced pressure to afford the title compound (730 mg, 

97%), which was used without further purification. 

h) Eth)Fl 11R5. 2RSd 3SBl ~1- f4-Hydrgxy,phenyll -3- <A­

methoxypbeo~l jndane:.z~carboxylata. To a solution of 

ethyl (1RS,2SR,3SR)-l-(4-t-butyldimethylsiloxyphenyl)-3-

(4-rnethoxyphenyl)indane-2-carboxylate (723 mq, 1.4 mmol) 

20 in EtOH (20 ml) was added lM NaOH (1.6 ml, 1.6 mmol), 

and the resultinq mixture was stirred at room 

temperature for 30 min. The mixtur~ was then 

partitioned between 3M HCl and EtOA~. The aqueous phase 

was extracted with EtOAc, and the combined organic 
25 extracts were washed successively with H20 and sa~urated 

aqueous NaCl and dried. The solven~ was removed in 

vacuo to afford the title compound (554 mg, 100%). 

i) Ethyl tcis. c1sl-1.J-Di(4-methOXY.Pb&n¥l)ind9gf.:.2- · 

30 .c,arhoxylete •. To a solution of ethyi (1RS,2RS,3SR)-1-(4-

hydroxyphenyl)-3-<4-metho~yphenyl)i~aane-2-carboxylate 
(270 mg, 0.1 romol) in acetonitrile (5 ml) at 0°C was 

added 1,8-diazabicyclo[S.4.0]undec-7-ene (0.25 ml, l.7 

mmol), followed by methyl iodide (0.5 ml, B.D mmol). 

35 The resulting mixture was allowed to warm to room 

temperature and was stirred overnig~t. The mixture was 



-- ---······ --------~-

-J.'1-

partitioned between EtOAc and dilut~ aqueous HCl. The 
organic extract was washed with saturated aqueous NaCl 
and.dried. The solvent was removed !n vacuo, and the 
residue was purified by flash· chro~tography to afford 

5 the title compound (40 mg, 32% based on recovered 
starting material) . 

10 

15 

j) <trans, ttens>-1.3-pit4-methQK~henyl>inaaoe-2-.. 
catl;lgxylic acid. To a solution of ethyl (cis, cis)-1,J-.. , 
di(4-methoxyphenyl)indane-2-carboxylate (35 mg, 0.09 

, I 
mmol) in EtOH (3 ml) was added lM ~aOH (0.25 ml, 0.25 
mmol), and 'the ~esulting mixture was· allowed to stir at 
room temperature overnight. Thin layer chromatographic 
analysis at this time indicated that the reaction was 
incomplete, so 5M NaOH (0.15 ml, 0.75 mmol) was added, 
and the mixture was allowed to stand at o·c for 5 days. 
Water was added, and the mixture was concentrated under 
reduced pressure. The aqueous residue was extracted 
with Et20 (2X}, and the Et20 extracts_were discarded. 

20 The aqueous phase was acidifie~ with 6M HCl and 
extracted several times with EtOAc. · The combined EtOAc 
extracts were washed successively wLth H20 and saturated 

25 

30 

aqueous NaCl and dried. The solvent was removed in 

vacuo to provide an oily residue which crystallized upon 
standing. The solid material was recrystallized from 
EeOAc/ hexanes to afford the title compound (19 mg, 

• 0 

59%); m.p. 192 ~ 193 c. 
lH J:Il:jR (ac:etone-d6>: 5 7.25 (d.d,·4H, J= 6.6 Hz, 2.l 

Hz); 7.21 - 7.18 (m, 2H); 6.92 (dd, 4H, 3 ~ 6.6 H~, 
I 

2.l Hz); 6.86 - 6.83 (m, 2H); 4.59, (d, 2H, J ... 10 Hz); 

3.79 (S, 6H); 3.26 (t, lR, ~"" 10 Hz). l:1S.: 392 
[(M+NH4)+]. 

Anal .. Cale. for C24H2204 C, 76.99; H, 5.92. 

Found c, 76.74; H 6.15. 
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EXAMPLE 3 .j 
.1lBS,ZSR,JSR.t~l-C4-Mf!thpx~enyll-3-(J,4-

methylenedioxyWl,enyll lndane-2-~arhoJUZlic acid 

5 a) 2-<3,4-Meth~lenwoxybenzoyl>ben;oic acid. To a 

solution of 2~bromobenzoic acid Cl2 g, 0.06 mol) in THF . . 
0 . 

(200 ml) at -100 c under an argon atmosphere·was added 

dropwise n-butyl lithium (50 ml of 2~5M solution in 
hexanes, 0.125 mol), maintaining the!temperature below -

10 9o0 c. Upon completion of the addition, the resulting 
solution was stirred at -lOO"c for l ·.h, at which time 
was added slowly a solution of piperonylic acid chloride 
(ll 9, 0.06 mol) in THF (50 ml), maintaining the 
temperature below -90*c. The result~ng mixture was 

15 allowed to warm to -ao•c and stirred.for l h, then was 
allowed to slowly warm to room temperature and left to 
stand for 48 h. The reaction mixture was concentrated· 
under reduced press.ure, and. the residue was partitioned ., 
between Et20 and lM HCl. The organic phase was 

20 extracted with 10% aqueous NaOH. ·The NaOH extract was 
' 

acidified with concentrated HCl, and the combined 
aqueous material was extracted wlth.~t20. The Et20 

extract was dried (MgS04) and c:oncent.rated under reduced 

pressure. The residue was purified by flash 
25 chromatography on silica gel, eluting with a solvent 

qradient of 10 7 30' EtOAc/ O.lt HOAc/hexanes to afford 
• 

the title _compound as an off-white solid (4.S g, 28%). 

h) piethyl 2 ... r2-<3.4-Methy1enegj.oxyhenzoyl.lbenzgyl-

30 malg~ate. A solution of 2-(3,4-methylenedioxybenzoyl)­
benzoic acid (4.0 9, 14.B mmol) in thionyl chloride (30 
ml> was heated at reflux for 2 h, then allowed to eool 
and was concentrated under reduced pressure. The 
residue was aissolved in Et20 (50 ml) and to this was 

35 ~dded a solution of diethyl maqnesium malonate [prepared 
by the method of Walker and Hauser, JACS, 68, 1386 
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(1946) using magnesium (0.B g, 33.3 mmol) and diethyl 
malonate (4.9 g, 30.6 mmol)J in Et20.: The resulting 

mixture was heated at reflux for 1 h," then allowed to 
cool and was poured into ice-cold lOt aqu~ous H2S04 (100 

S ml> . The aqueous phase was extracted with Et20, and the 

combined organic material was washed with saturated 
.aqueous NaCl and dried. The solvent was removed under 
reduced pressure to afford the title compound as an 
orange oil, which was used without further purification. 

10 

c) Ethyl 3-<l.4-MethyJenedigx~pbenfll-1-oxo~ndene-2-

cad>oxylate. A solution containing diethyl 2-[2-(3,4-
methylenedioxybenzoyl)benzoylmalonate (crude materi~l 
prepared above) in 5% aqueous Na2C03 ;(100 ml) was heated 

! 

15 at reflux for 10 min. The reaction itµ,xture was then 

allowed to cool, and the aqueous mate.rial was removed by 
decantation. The residue was placed.ln H20 (50 ml), and 

. : I 

the .mixture was heated at reflux, cooiled and concentrat• 
I 

ed under reduced pressure. T~e resid~e was 

20 recrystallized from hexanes to affor~ the title compound 
as a yellow solid cs.o g, 100• for t~o steps). 

d) Ethyl fJB,S>-l-H~droxy-J-<4-methaxy_phfmyl>-J-(J.4-

methylenediQX:iPbenyl>inaene-2-carbnxylate. A solution . .-
25 of 4-brcmoan;i.sole (0.89 g, 5.0 mntol) 'in 9 : 1 Et20( THF 

(10 ml) was add~d to magnesium turni~gs (0.105 ~, 5.0 
' 

mmol), and the resulting mixture was 'allowed to sti~ for 
• 

30 min •. The resultan~ 4-methoxyphen~l magnesium bromide 
was added dropwise to a solution of ethyl 3-(3,4• 

30 methylenedioxyphenyl)-1-ogoindene~2-carboxylate (0~17 g, 
I 

2.4 mmol) in 10 : l Et20/ THF (55 ml); at 0°C. The 

resulting mixture was stirred at ODC ,for 1 h and was 
then partitioned between EtOAc and l~ HCl. The aqueous 
phase was extracted with EtOAc, and the combined orwanic 

3S extracts were washed successively with 5% aqueous NaHC03 
and saturated aqueous NaCl and dried (MgS04). The 
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solvent was removed under reduced pressure, and the · 
j 

residue was purified by flash chromatography on silica 
' . 

gel, eluting with 10% EtOAc/ hexanes to afford the title 
compound as a yellow glassy solid (0.80 q, BO\) .• 

e) Ethyl CR$)-J-<4-Metbox¥'2heny.1>-3~i3·4-methyJene­

diQxyphenylljridene-2-oarboxylate. ~~ a solution of 
ethyl (lRS)-l-hydroxy-1-(4-~ethoxyph~nyl)-3•(3,4-
methylenedioxyphenyl)-indene-2-carboxylate (0680 g, l.9 

10 mmol) in CH2Cl2 (10 ml) at o•c under an argon atmosphere 

. 

was added triethylsilane (0.28 g, 2.~ nunolh followed by 

boron trifluoride etherate (l ml, 8,l mmol). The 
resulting solution was stirred at o•c for 10 min, and 
was then partitioned between EtOAc and 3M HCl. The 

15 organic extract was washed with saturated aqueous NaCl 
and dried (MqS04) • The solvent was removed in vacuo, 
and the residue was filtered throuqh a pad of silica 
gel, eluting with CH2Cl2. The title compound (mixture 
of Al and A2 double l:>ond isomers> .was obtained as a 

20 glassy, yellow solid CO. 72 g, 94i). : 

!) Eth~ltlBS.2RS ... JSBl-l-;-l4-Methgxyphenytl-3-C3,4-

methylenedip3¥,PhenylLJ,,ndane-2-cat'hQXylate. To a 
solution of ethyl (RS>-l-(4-methoxypbenyl)-3•(3,4-

25 methylenedioxyphenyl)-indene-2-carbo~ylate (0.72 9, 1.7 

mmol) in EtOH <30 ml) was added 10' ~alladium on 
activated carbon (1 g} . The resulti~9 suspension was 
stirred under an atmosphere of H2 fo~ 56 h and filtered. 
The filtrate was concentrated under ~educed pressure to 

. i 
. 30 afford the title compound as a yello~ solid (0. 70 9, 

95U., which wa.s used without furt.he~ lpurif'ic:a.tion • 
. ~ 

g) . ( lBS' 2 SB., lSB> -1- ( 4-MethOXl!Phenyl) -3- ( 3. 4-

methylenedioxl{Phenyl > ind~ne-2-carha1~lic ac1J;l. To a 

3S solution of ethyl ClRS,2RS,3SR)-1-(4-methoxyphenyl)-3-
(3,4-methylenedioxyphen,yl)indane-2-~arboxylate (0.10 q, 
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0. 2 nunol) in EtOH (5 ml) was added a·solution of sodium 
hydroxide (0.10 g, 2.5 mmol) in H20 (2 ml). The 

resulting mixture was stirred at room t~perature 
overnight. The mixture was acidified, and the solid 

5 which formed was collected by filtration and dried under 
reduced pressure to.afford the title ·compound as a tan 
solid (0.04 g, 86%). 
1H NMB (CDCl3) : 6 7. 25 (m, SH); 6 .• 90 (m, 4H); 6. 77 

Cd, 2H, J = 7 Hz); S.95 (m, 2H); 4.61 (d, 2H, J = 10 
10 Hz); 3.81 (s, 3H); 3.25 (t, 2H,· J·~ 10 Hz). HS. : 387 

( (M•H+J • 

Anal. Cale. for C24H2005·l/9 H20 : C, 73.79; H, S.22. 
Found c, 76.13; H 5.21. 

EXAMPLE 4 

15 nas.. ZSF., JSR> -1- t4-£luorophenyl > -3-,<3. 4-

methylenedioxlQlhenyl l indane-2-:.carb~xy.lic acid 

a) Ethyl l lBSl -1- lJ-.EluorQphenyl} -1-hydrgxy-3- <3. 4-

methyleneg1g~hen~ll 1naene-2-ca,lj2oxylate. To a 
20 solution of ethyl 3-(3,4-methylenedioxyphenyl)-l­

oxoindene-2-carboxylate (100 mq, 0.31 mmol) in THF (5 
ID . 

ml) under an argon atmosphere at 0 C ··~as added a 

solution of freshly prepared 4-f luorophenyl magnesium 
bromide (0.62 nunol). After stir~!ng .for 45 min, the 

25 mixture was partitioned between 3M HCl and EtOAc. The 
organic extract,was wasned successively with H20, 5t 
~queous NaHC03 and saturated aqueous NaCl. The solvent 

was removed in vacuo, and the residue was purified by 
flash chromatography, eluting with 15.\ EtOAc/ hexanes to 

30 afford the title compound (45 mg, 35t) • 

b) Ethyl cas)-l-<4-F.luorophenyll-3-C;3,4-mefbylene­

dig~henyll indene-2-CArhgxylate. To a solution of 

ethyl (lRS)-l-(4-fluorophenyl)-l-hydioxy-3-(3,4-

35 methylenedioxyphenyl) indene-2-carboxylate (45 mg, O .11 
mmol) in ca2c12 (3 ml> at o·c was add~d triethylsilane 



... 31-
(38 µl, 0.24 mmol), followed by boron trifluoride 

etherate (121 µ1, 0.98 mmol). The reaction mixture was 

allowed to warm to room temperature and stirred for 15 

min, at which time was added slowly 3M HCl. The mixture I:• 

S was extracted with EtOAc. The organic extract was 
washed successively with H20, 5% aqueous NaHC03 and 

saturated aqueous NaCl. The solvent; was removed in 

vacuo to provide the title compound· '.<40 rng, 90'1i) as a 

mixture of Al and 62 double bond isolners. 

10 i 
C) Ethyl ClBS, 2RS. 3SRl-1-C4-fluorophenyl>-3-C3,4-

methylenedioxypherJ.¥llindane-2-carboxylat,e.. To a 

solution of ethyl CRS)-1•(4-fluorophenyl)-3•(3,4· 
methylenedioxyphenyl)indene~2-carbo•ylate <40 mg, 0.10 

15 mmol) in EtOH (3 ml> was added 10.\ palladium on 

activated carbon (45 mg) . The resuiting suspension was 
stirred under an atmosphere of H2 overni;ht, then was 

filtered through a pad of Celite. The filtrate was 

concentrated under reduced pressure to afford the title 

20 compound C40 mg, 100%), which was used without further 
purification. 

d) (lRS. 2SR. _3SBl-1';"'(4-Flugrgpbf!D.XJ.l-3-(3.4-

methylenedioxyphenyllindane-2·carbgg¥11c acid. To a 

25 solution of ethyl (lRS, 2RS, 3SR>-l-(4-fluorophenyl>-3-

(3, 4-methylenedioxyphenyl) indane-2-c~~bokylate (60 mq, . 
. 0.15 mmol) in EtOH (0.5 ml) was adde~ 6M KOH (0.14 ml, 

0.84 mmol). The resulting mixture was allowed to stir 

at room temperature overnight, then was concentrated 

30 under reduced pressure. The residue.was partitioned 
bet~een H20 and Et20. The aqueous phase was acidified 

with 3M HCl and e~tracted several times with EtOAc. The 

comb~ned EtOAc extracts were washed ~uccessively with 
H2o and saturated aqueous NaCl and dried CM9S04). The 

' 

35 solvent was removed in vacuo to afford. an 011, which was 

crystallized from EtOAc/ hexanes. The title compound 



-j)..-
was obtained as an off-white crystalline solid (22 ~;, 
39%>; m.p. 146 - 149•c. 
1a NMR (COCl3) 3 7.23 (m, 4H); 6:96 (m, lH); 6.90 

(m, lH); 6.79 (s, 2H); 6.75 (s, lH); 5.96 (m, 2H); 

S 4. 62 (apparent br t, 2H, J =. 10 Hz); 3.25 (t, lH, J ... 

10 Hz). 

10 

HS. m/e (rel. int.) : 753 [(2M+l)+, 3]. 
Anal.. Calcd. for C23H11F04: c, 73.40; H, 4.55. 

Found: c, 73.19; H, 4.45. 
EXAMPLE 5 

ClBS, 2SB. 3SBJ-l-C3~ethgx¥J)henyll-l-<3,4-

metmzlened.ioxy_phenyllindane-2-cat'hoxylic oeid 

a) Ethyl <1R5l-1-UXd.fox~-1~<3-me,t~henyll-3-13.4-
15 methylenediQXyphenyllindene-2-c~rbgx.Jlate. To a 

solution of ethyl 3-(3,4-methylened.i~xyphenyl)-l­
oxoindene-2-carboxylate (100 m;, 0.31 mmol) in THF (2 
ml) under an argon atmosphere at o•c was added a 
solution of freshly prepared 3-methoxyphenyl magnesium 

20 .bromide (0.31 mmol). After stirring. for 15 min, 
additional 3-methoxyphenyl ma;nesium.bromiae (0.06 :mmol> 

'I 

was added. Stirring was continued for 45 min, at which 
time thin layer chromatographic analysis indicated that 
the reaction w~s incomplete. Additt~rial 3-methoxy-

25 phenyl magnesium bromide (0.12 mmol) ;was added. After 
stirring for 2 h more, -the mixture w~s partitioned 

' between 3M HCl and EtOAc. The organ~c extract was 
washed successively ~ith H20, S% aqu~ous "NaHC03, H20 and 
saturated aqueous NaCl. The solvent.was removed in 

' ' 

30 vacuo, and the residue was purified.by flash 
' . 

chromatography, eluting with 15\ EtOAc/ hexanes to 
I 

afford the title compound (150 mg, 100'>· 

b) ithyl- ClBS>-1-<3-MethQXiPhenyll-3•(J.4-methy1-

3S enedi oxy,poen¥1 > fruJene-2-cij~gxylate. · To a solution of 
ethyl (lRS)-l-hydroxy-1-<3-methoxyphenyl)-3-(3,4-



. ' 

• 3;-
methylenedioxyphenyl)-indene-2-carbo~ylate (150 mg, 0.35 
mmol) in CH2Cl2 was added triethylsilane (67 µl, 0.42 ,. 

mmol), followed by boron tri.fluoride. etherate (213 µ.l, 

1.73 mmol). The reaction mixture w~s allowed to stir 
S for 30 min, at which time was added slowly 5% aqueous 

' 
HCl. The mixture was extracted ~ith EtOAc. The organic 
extract was washed successively with:H20, 5% aqueous 
NaHC03, H20 and saturated aqueous NaCl and dried 
(MgS04) •. The solvent was removed in· vacuo, and the 

10 residue was purified by flash chromatography, eluting 
wit~ 10% EtOAc/ hexanes .to provide the title compound 
(45 mg, 31%) as a mixture of Al and 42 double bend 
isomers. 

15 c) Ethyl <BS 1 28$~8l~l-C3-Metho1J»henyll-3-<3.4-

methylenedig~benyllinda.De-2-cat.boXYlate. To a 

solution of ethyl (RS)-l-(3•methoxyphenyl)·3~(3,4-

methylenedioxyphenyl)indene-2-earboxylate (45 mg, 0.11 
mmol) in EtOH (3 ml) was added 10\ palladium on 

20 activated. carbon -(45 mg). '?he resulting suspension was 
shaken on a Parr hydrogenator at 50 psi H2 overnight, 

then was filtered through a pad of Celite. The filtrate 
was concentrated under reduced presstire to a.ff ord the .. 
tit.le compound (43 mg, 94%), which was used without 

25 further purification. 

d) ..(lRS, 2SB. JSBJ.-l- {3-Methgx"phenxl)-:J• (J. 4= 
methyl=~ediQX¥Phenyl>ina~nt=2-carbQx~lic acid. To a 
solution of ethyl (lRS, 2RS, 3SR)-1~(3-methoxyphenyl)-3-

30 (3, 4-methylenedioxyphenyl) indane-.2-c~rboxylate (43 mg, 

0.10 mmol) in EtOH Cl ml>· was added ~M KOH (0.10 mL, 
'· 

a.GO mmol). The resulting mixture was allo~ed to stir 
at room temperature overnight, then was partitioned. 
between H20 and Et20. The aqueous phase was acidified 

35 with 3M HCl and extractec:l several times with EtOAc. The 
. 1 

eombined EtOAc extracts were washed ~uccessively with 
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HzO and saturated aqueous NaCl and cl.tied (MgS04). The 

solvent was removed in vacuo to afford an oil, which was 
crystallized from Et20/ hexanes. The title compound was 

obtained as a solid; m.p. 131 - 133•c. 
5 1H NMR (CDCl3) : 8 7.21 (m, 3H); 6~97 - 6.73 (m, SH); 

5.95 (m, 2H); 4.61 (apparent br t, 2H, J ~ 9 Hz); 3.67 

(s, 3H); 3.30 (t, lH, J = 9 Hz). 

HS. m/e (:rel. int.) : 777 [ (2M+l} +,. $5]. 

An.al •. Calcd. for C24H2005: c, 74.21;~H, 5.19. 

10 Found.; C, 74.71; H, S.41. 
,EXAMPLE 6 

(lBS. 3BS)-1,3-Jl,i-{3.4-metb¥~ediox)!PhePyll-

1Ddane~2-cat'hgxylic .i.~id 

15 a) E,thyl CJ B5 > -l. 3-<U- (j. Q~methylenediaxyphenvll -1• 

~drox~indene-~-carbgxylate. To dry .:magnesium turnings 

(0.25 9, 10 mmol) under an argon atmosphere was added a 

solution of 4~bromo-1,2-methylenedioxyben~ene (2.1 g, 10 
mmol) in 1 : 10 THF/ Et20 (22 ml). The resulting 

20 solution was allowed to stir at :room 'tempe·rature for 2 

h. During this time, additional THF (4 ml) was added~ 

The resulting 3,4-methylenedioxyphenylmagnesium bromide 

was added to a_solution of ethyl 3-(3,4-methylenedioxy­

phenyl)-1-oxoindene-2-carboMylate (0.50 g, 2 mmol) in 
25 l ; 4 THF/ Et20 (25 ml) under an argon atmosphere at 

0°C. The resulting mixture was stii:-•ed at o•c for 15 

min, at which time lM HCl (SO ml) was added. The phases 
we~e separated and the aqueous phase'was extracted with 
Et20. The coml:>ined organic extracts we~e washed with 

30 saturated aqueous NaCl and dried (M9~~4). The solvent 

was removed in vacuo, and the residue was purified by _ 
flash chromatography, eluting with 10' Etoac/ hexanes to 

afford the title compound as a yellow solid (0.29 ;, 
·' 

42%) • 
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b) Eth:3U, (RSl-l.....l:-Di-CJ.4-methylen.siQ.IJmhenyl)indene-

2-~arboxylate. To a solution of et~yl ClRS)-1,3-di­
(3,4-methylenedioxyphenyl)-l-hydroxyindene-2-carboxylate 

5 (0.29 9, 0.65 nunol) in CH2Cl2 (3 ml): at 0°C under an 

argon atmosphere was added triethyl~ilane (91 mg; 0.78 
mmol), followed by boron trifluorid~ etherate (0.3 ml, 

2.4 nunol). The reaction mixture w~s stirred fer 10 min, 
at which time was added ice-cold lM:Hcl, and the.mixture 

10 was extracted with EtOAc. The orqariic extract was 
•' 

15 

washed with saturated aqueous NaCl ·and dried (M9S04)~ 

The solvent was removed in vacuo~ atld the residue was 
placed on a small pad of silica ge1;· eluting with C:H2Cl2 

to provide the title compound (257 mg, 92%). 

C) Ethfl JlRS. 3RSl-1d3-pi-C3,4•metbylenedigxy­

phenyll indDce-2-carhoxylate. Ethyl (RS)-l,3-di-(3,4-, 
Methylenedioxyphenyl)indene-2-carhoxylate {163 mg, 0.38 
mmol) was placed in MeOH (0. 05 ml), .and to this was 

20 added SmI2 (10 ml of O.lM solution in THF, l.O mmol). 

The resulting mixture was stirred under an argon 
atmosphere overnighe, at which time·thin layer 

chromatographic analysis indicated that the reaction was 
~ . . 

incomplete. Additional SmI2 (Sml of. 0. lM solution in 

25 THF, O. 5 mmol) was added, and stirri.ng was continued. f.or 
2 h. The reaction mixture was part~tiorted between Et20 

I 

and 5% aqueous Na2S203. The organic.extract was washed 
with saturated aqueo~s NaCl and dried (M9S04) • The 

solvent was removed under reduced pressure, and the 
30 residue was purified by flash chrom~tography, eluting 

with 10% EtOAc/ hexanes to afford th• title compound as 
a colorless~ glassy solid (120 mg, 15%). 

d) (lRS. 3BSl-l...J-D.i-(3,~~tb~lenedioxlQ2henyllicdane-

35 2-CA•boxylic ac1a. To a solution of ethyl (lRS, 3RS)­
l, 3-di-<3, 4-rnethylenedioxyphenyl) indane-2-carboxylate 



(75 mg, 0617 mmol) in EtOH (20 ml) was added NaOH (0,10 
9, 265 mmol). The resulting mixture. was allowed to stir 
at room temperature for 3 d, at whic:h time thin layer 
chromatographic analysis indicated that the reaction was 

S incomplete. The mixture was then heated at reflux for 
36 h, allowed to cool and was concentrated under re¢uced 
pressure6 To the residue was added concentrated HCl, 
and the solid which formed wa5 collected by filtration 
and dried. The solid was triturated·with boiling 

10 
. . i . 

hexanes to afford the title compound:as a white solid 
(50 mg, 73%); m.p. 182 - 185°C. 

1H NHS (COCl3) 8 7.25 (m, ·2a1; 7.15 (m, lH); 7.00 
(Zn, lH); 6.76 (s, 2H); 6668 (m, 2H); 6.50 (dd, lH, 
J' • B·, 1 Hz); 6.40 (d., lH, J=2 Hz); 5.94 Cs, 2H); 

15 56 90 (d, lH, J = 1 Hz); 5.87 (d, lH, J = l Hz); 4.84 
(d, lH, J = 10 Hz); 4.78 (d, lH, J *' 10 Hz:) : 3.63 (dd, 

lH, J = 10 Hz, 9 Hz). 
~ ; 402 CM)+. 

Anal. Calcd. for C24H1e06•l/S H20: C, 71600; H, 4.52. 
20 Found; c, 71.1:3; H, 4.46. 

UAMPIJ.i ] 
<trans. trans>-1.3-Di-<J.4-methylene~ioxyphenyllindana-

2-carj)oxylic ac~d' 

25 a) Ethyl (Ci§. cis)-l.3-Di-(3,4-methylenediQX'!U>he~yll­

indane-2-catbQXYlQte. To a solution.of ethyl (RS)-1,3-, 
di-C3,4-methylenedioxyphenyl)indene-~-carboxylate (93 
mg, 0622 mmol) in EtOH (2 ml> was ad~e~ 10' palladium on .. 
activated carbon (0.10 9). The resulting suspension was 

30 shaken on a Parr hydrogenator at 55 psi H2 for 2 d, then 

was filtered through a pad of Celite.- The filtrate was 
concentrated under reduced pressure to afford the title 
compound (45 mg, 48%) as a glassy, y~llow solid, which 
was u~ed without further purification. 



5 
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indane-2-carbnxyJjc acjd. To a solution of ethyl (cis, 

cis)-l, 3-di-(3, 4-methylenedioxyphenyl)indane-2-
carboxylate (45 mg, 0. l nuncl) in 2 :'. l EtOH/ H20 (15 ml) 

was added sodium hydroxide (50. mq, ~,.2 mmol) • The 

resulting solution was allowed to s~.ir at room 

temperature overnight, then was concentrated under 

reduced pressure. The residue was .treated with 

concentrated HCl, and the solid whicp formed was 

10 collected by filtration and dried. ~he solid was 
recrystallized from Et20/ hexanes to afford the title 

compound as a liqht tan solid (12 mg, 30%); m.p. 188 -

i 91 "c. 
EXAMJ?LE B 

IS tlRS~ 2BS. 3SRl-l·(J,A-~etb¥lenedigxyphenyl>-3-

~henylindane-~a,.rbQxyiic acid" 

a) Ethyl flBS)-1-Hydroxy-l-<3.4-methylenedigx~hen~lJ-

3~gbenvlindene-2-carboxyla.t,e. To a ~olution of ethyl 1-

20 oxo-3-phenylindene-2-carboxylate <1.9 g, 3.6 mmol) in 

THF (35 ml) under an argon atmosphere at O'C was added a 

solution of freshly prepared 3,.4-methylenedioxyphenyl 

magnesium brom~de (5.4 mmol). After stirring for 30 

25 

30 

35 

min, t~e mix~ure was. partitioned bet~een 3M HCl and 

EtOAc. The or9anic extract was washed successively with 

H~O, 5% aqueous NaHC03 and saturated ·:aqueous NaCl and 

dried (M9S04) . The solvent was rem~yed in vacuo, and 

the residue was purified by flash chromatography, 
I 

eluting with 10% EtOAc/ hexanes to afford the title 

compound {1.03 g, 72%). 
I 

• I 

.! 

b) Ethyl (BSl-1-(3.~-.Methylenedipx;t:phe,nyl>-3-phenfl-. : 
indeoe-2-carooxylate. To a solution .. of ethyl ClRS)-l-

hydroxy-l-(3,4-methylenedioxypheny1)~3-phenylinaene-2-

carboxylate (1.03 q, 2.58 mmol) in ~2Cl2 (40 ml.) was 

added triethylsilane (0.49 ml, 3.07 mmol), followed cy 

' 
I / 



boron trifluoride etherate (1. 55 ml,; _12. 6 mmol) • The 

reaction mixture was allowed. to stil:'. .. :for 15 min, at 

which time was added siowly 3M HCl ... iThe mixture was 
; 

extracted with EtOAc. The organic extract was washed 

5 successively with H20, 5% aqueous NaH¢03 and saturated 

aqueous NaCl. The solvent was remov;ed in vacuo to 

provide the title compound (1. 00 9, i.:oot) as a mixture 

of .Al and 62 double hond isomers. 

10 c) Ethyl r1as. 2SR· 3SB1-1-c3.4-MethylenediQxvphenylJ-

3-pbenylindane~2-carhg~y1ate. To a solution of ethyl 

(P..S) -l- (3, 4-methylenedioxyphenyl) ~3-p.henylindene-2-

carboxylate (1.00 9, 2.60 mmol) in EtOH (25 ml) was 

added 10% palladium on activated carbon C30 mg) . The 

15 resulting suspension was stirred unde• an atmosphere of 

H2 overnight. Thin layer chromatographic analysis 

indicated that the reaction was incomplete, so 

additional 10% palladium on activated carbon (30 mg) was 

added, and the mixture was shaken on. a Parr hydrogenator 

20 at 30 psi H2 for 2 d. At this time, thin layer 

chromatographic analysis again indicafed that the 

reaction was incomplete. The reaction mixture was 

filtered throu~h a pad of Celite, ana.10% palladium on 

activated carbon (250 mg) was added. ·The reaction 

2S mixture was shaken on a Parr hydro9enator at 60 _psi. H2 

overnight. Filtration and repetition of the latter 
I 

hydrogenation conditions led to comp~'te consumption of 

starting material. The reaction mixture was filtered 

through a pad of Celite, and the filt~ate was 

30 concentrated under reduced pressure to afford the title 

compound (650 mg, 65\), which was used without further 

purification. 

d) JJBS, 2RS, JSR>-l-<3.4-Methylened.:iox:aa>hepyll-3-

35 phep~Jjndane-2-carboxyliC acid. To a; solution Of ethyl 

(lRS, 2SR, 3SR)-l~(3,4-methylenedioxyphenyl)-3-



• 

phenylindane-2-carboxylate (650 m9, 1.68 nunol) in EtOH 

containing a few drops of THF was added 6M KOH (1.68 ml, 

10.l mmol). The resultin9 mixture was allowed to stir 

at room temperature overnight, then was concentrated 

· 5 under reduced pressure. The residue was partitioned 
between H20 and Et20. The aqueous p~ase was acidified· 

with 3M HCl and extracted·several times with EtOAc. The 

combined EtOAc extracts were washed. successively with 
H20 and saturated aqueous NaCl and dried CM9S04) • The 

10 solvent was removed in vaauo to afford an oil, which was 

crystallized from EtOAc/ hexanes. The title compound 

was obtained as a solid (305 mq, Sli);; m.p. 186 - 187°C. 

Anal. Calcd. for C23H1ao4: c, ·77. OBi ·.a, S. 06. 
. I ' 

Found: C, 76.60; H, 5.08. 
15 EXMfpLfd 9 

(lRS. 25R. 3SBl-1-f4-Methgxyphen~l)-J-C3.4-

met~J enedipxyphen:yl),-.2- <tet;i:1319l-S-yl) indan2 

a) (lB,,S. 2SB . .3SBl -1- U-MethoxypheOJ:ll-3- CJ.,.~-

20 methylenedioxlG)tieJ'l¥lJ indaoe-2•carbgxamide. · A mixture of 

(lRS, 2SR, 3SR) -1- ( 4-methaxyphenyl).-3- (3, 4-met.hylene­

dioxyphenyl) indane-2-carboxylic acicl ·· (250 mg, O ~ 64 mmol) 

in soc12 (2.5 ml) was allowed to stir', overnight under an 

argon atmosphere. The reaction mixture was concentrated 

25 under reduced pressure, and the resi~ue was dissolved in 

benzene (5 mll • To the resulting mixture under an argon 
atmosphere was added concentrated NH40H (5 ml) . . The 

solid which formed "Wa$ collected by filtration, washed 
with H2o and dried in vacuo to afford; the title compound 

30 (185 m9, 75%). 

b) .llBS, 2SR. 3SBl-l-t4-MgthQxyphen~l>-3-C3,j-meth¥J­

enedioxyphenyl.l indane-2-carQg,nitri le. To ice-cold. ·oMF 

(l ml) under an argon atmosphere was adcled oxalyl 

35 chloride (68µ1, 0.78mmol). After sti~ring for 5 min at 

ODC, a solution of (lRS, 2SR, 3SR)-1-(4-methoxyphenyl)-
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3-(3,4-methylenedioxyphenylJindane-2-carboxamide (150 

mg,. 0.39. mmol) in DMF C2 ml) was added, ancl stirring was 
continued for an additional 10 min at o·c. The reaction 

mixture was partitioned between EtOA~ and 3M HCl. The 

S aqueous phase was extracted with EtoAc, and the combined 
orqanic extracts were washed success~vely with H20, 
aqueous NaHC03, H20 and satura~ed aqueous NaCl and 

dried. The solvent was removed in .vacuo to afford the 
title compound as a white solid <13!~m9, 94%) which was 

10 used without further purification. 

C) '1BS,_2sa. 3SR) -l- U-Me.tb$2~ben¥,1>-J:..(3, 4-
' methylenedipxyphenyll:2-<tetrazo1-s-y1>indane. To THF 

(2.5 ml) at -7e•c under an argon at~~sphere was added 
15 aluminum chloride ( 90 mg, O. 67 mmol.) • After slowly 

warming to room tempe~ature, sodium azide (130 mg, 2.2 
I 

' mmol) was added, and the resulting m;xture was heated at 
70°C for 5 m~n, then cooled to room temperature. To the 
reaction mixture was added a soluticn cf (lRS, 2SR, 

20 3SR>-l-(4-methoxyphenyl)-3-(3,4-methylenedioxyphenyl>-
indane-2-carbonitrile (125 mg, 0.34 t_iimol) in THF (2.5 
ml) • After heating at 1o·c overniqh~, thin layer 
chromatograph!~ analysis of the reaction mixture 
indicated the presence of starting ~te~ial, so 

25 additional Al (N;3) 3 was prepared as above (1. 34 mmol) in 

THF. To this was added the reaction mixture, and 
heating at 1o•c'was resumed for an additional Sh. The 
mixture was partitioned between EtOA~ and 3M HCl. The 
aqueous phase was extracted with EtOAc, and the combined 

30 organic extracts were washed successively with H20 and 
I•: 

saturated aqueous NaCl and dried. The solvent was 
removed in vacuo, and the residue was crystallized from 

EtOAc/ hexanes to afford the title 6~mpound (78 mg, 
56%) . A portion of this mater~al was further purified 

35 by MPLC (LiChroprep RP-18, MeOH/H20=~0/40) and then 

recrystallized; m.p. 155 - l57°C (EtOAc/ hexanes). 
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la NMB (CDCl3) a 7.28 - 7.15 (m, ,4H); 7.03 - 6.95 

(m, 2H); 6.87 - 6.84 (m, 2H); 6.74 (S, 3H); 5.94 

(d, lH, J ~ 1,2 H~); 5.92 (d, lH, J ~ 1.2 Hz); 4,79 

(d, lH, J= 11 •. 6 Hz); 4.73 (d, 1H,:
0

J= 11.6 Hz); 3.79 

S (S, 3H); 3. 65 (t, lH, J = 11. 6 HZ) •. HS (m/e) : 413.2 

[ (M+H) +] • 

10· 

EXAMPLE 10 
(lRS. 2SR. 3RSl-l- (2-MetbQ~mJlen~ll -3- t:L ~~ 

methy.lenedioxy,pheoyllindane-2-sa~oxylic acid 

a) Ethyl <1BSl-l-H~droxy~l-,2-methwt~pheny1)~3-<3.4-

methyleo~aiclU!Rh~o.yll1ndene::2-cat:hox¥late. To dry 

magnesium turnings (81 mg, 3.4 nunol) under an argon 

atmosphere was added a solution of 2-bromoanisole (0.64 

15 g, 3.4 mmol) in 5 : l THF/ Et20 (3 ml). A portion o.f 

the resulting 2-methoxyphenyl magnesium bromide solution 

{0.45 ml, 0.51 rnmol) was added dropwise to a solution of 

ethyl 3-(3,4-methylenedioxyphenyl)-1-oxoindene-2-

carboxylate (100 mg, 0.34 mmol) in THF (6 ml) under an 
20 argon atmosphere at Oac. After stir*ing for 15 m~n, the 

mixture was partitioned between 3M H~l and EtOAc, The 
organic extract was washed successiv~ly with H20, 5% 

aqueous NaHC03, H20 and saturated aqueous Na.Cl. The 

solvent was removed in vacuo, and th~ residue was 

25 purified by flash chromatoqraphy, eluting with 15\ 

EtOAc/ hexanes to afford the title compound. ClOO mg, 

68%) • 

b) EtW!;l (RSl-J ... C2-.Methox~p_henyl>-3·~a{3.,. S-methylepe-

30 dipx)!pbenyl> iodene-2-carbpx~.ate. ~9 a solution of 
I 

ethyl (1RS)-l ... hydroxyr-1-(2-methoxyph~nyl)-3-C3,4-

rnethylenedioxyphenyl)indene~2~carboxylate (100 mg, 0.23 
mmoll in CH2Cl2 <5 ml) was added tr!ethylsilane (32 mg, 

0.28 mmol), followed by boron triflupride etherate (0.13 

35 ml, i.os ·mmol). The reaction mixture was allowed to 

warm to room temperature and stirred for 10 min, at 
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which time was ~dded slowly JM HCl. ; The mi.xture was 
e~tracted with EtOAc. The organic e~tract was washed 
successively with H20, 5% aqueous NaHC03, H20 and 
saturated aqueous NaCl and dried (Mg~04). The solvent 

5 was removed in vacuo to provide the title compound (91 
mg, 96%) as a mixture of Al and A2 double bond isomers. 

C) Eth!£l ClRS. 2BS, JB.$)-1-(2-MethQXl'!J)hema>.-3-CJ.4-
metpylenedJ oxyphepyl, indane-.2-·c::arhgxylate ~ To a 

10 solution of ethyl (RS)-l-(2-methoxyphenyl)-3-(3,4~ 
methylenedioxyphenyl)indene-2-carboxylate C90 mg, 0.22 
m.mol) in EtOH (10 ml) was added 10%.~alladium on 
activated carbon (90 mg). The resulting suspension was 
shaken on a Parr hydrogenator at 60 psi H2 overnight, 

15 then was filtered through a pad of Celite .. The filtrate 
was concentrated under reduced pres~ure to afford the 
title oompound (90 mg, 100\), which was used without 
further purification. 

20 d) ClBS. 2SR. 3BS>-1-f2~Meth0xypbenyl>-3•<3,4-
methylenedioxypbenyllindane-2-carboxylic acid. To a 
solution of ethyl · ClRS, 2RS, 3RS) -1-·(2-methokyphenyl) -3-
(3, 4-methylene~ioxyphenyl) indane-2-carboxylate (90 mg, 
0.22 mmol) in EtOH (2 ml> containing a few drops of THF 

25 was added 6M KOH (0.22 ~l, 1.32 mmol). The resulting 
mixture was allowed to stir at room temperature 
overnight, then was concentrated under reauced pressure. 
The residue was parti.ticined between lbO and Et20. The 
aqueous phase was acidified with 3M HCl and extracted 

! 

30 with EtOAc. The EtOAc extract was washed successively 
with H20 and saturated aqueous NaCl ~nd dried (M9S04) • 
The solvent was ~emcved in vacuo to afford the title ' . 
compound (40 mg, 49%). · . ·, 
lH NMR. (COCl3) : 8 7. 37 - 6. 73. (m, l~H); 5. 93 (m, 2H); 

35 5.03 (d, lH, J = 10 Hz); 4.67 (d, lH, J.~ 10 Hz); 3.70 
( s , 3H) ; 3 • 3 8 ( t , lH, .J = l 0 Hz ) • 
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EXAMPLE .ll 

ClBS. 2SR~ 3SRl-5-Hydrpxy-3-<4-metbg.yR!lenyll-l-C3,4-
methyenedipxyphen¥U indape-2-carh02£Y~ ~ c acid I sodium 

salt 

a) 3-Benzylg~yAcetpphenone. To a mixture of sodium 
hydride (4.5 g of 80% mineral oil di~persion, 0.15 mol), 
• ! 

which had been washed free of mineral oil, in DMF (25 
ml) was added, dropwise with cooling; a solution of 3-

10 hydroxyacetophenone c20.s-g, o.1s' moij in DMF <25 ml). 
- ' 

Upon completion of the addition, the mixture was allowed 
to stir at room temperature for 15 min, at which time 
was adaed benzyl bromide <25.6 ;. 0.15 mol). The 
resulting mixture was allowed to stir at room 

i 

15 temperature overnight, then was partitioned between 
EtOAc and 3M HCl • The aqueous phase.: was extracted. with 
Et.OAc, and the combined org_anic extracts were washed 
successively with lM NaOH, H20 and saturated aqueous 
NaCl and dried. The solvent was removed 1n vacuo to 

20 afford the title compound (33 g, 97\), which was us·ed 
without further purification. 

b) ~ethyl 2-<~-BenzylQxylhepzoylacetate. To a mixture 
of sodium hydride (28.3 q of BO~ min~ral oil dispersion, 

25 0.94 mol), which had been washed free of mineral oil, in 
dimethyl carbonate (100 ml) under an:ar9on atmosphere . 
was added, over 30 min, a solution ot 3-ben2yloxy-
aaetophenone (92.3 g, 0.41 mol) in dimethyl carbonate 
(150 ml) •. Upon completion of the addition, the mixture 

30 was heated at reflux for 30 min, the~ was· cooled in an 
ice bath and quenched by the slow addition of 3M HCl. 
The mixture was partitioned between ZtOAc and 3M HCl, 
and the aqueous phase was extracted with EtOAc. The 
combined organic extracts were washed successively with 

35 H20, aqueous NaHC03, H2d and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo to afford the 



title compound (112.5 g, 97%). 

c) Methyl 2-<3-Benzyloxyhenzoyt)-3-<3.4-matb.ifeneoipxy~ 
phepyllpropenpate. A mixture contai~ing methyl 2-(3-

·J : 

· 5 benzyloxylbenzoylacetate (7'5.0 g, 0.26 moll, piperonal 
(43.6 ;, 0.29 mol), acetic acid (3.6 ml) and piperidine 
(1.2 ml) in benzene (70 ml) was heated at reflux, with 
azeotropic removal of H20. After ~eatin; at reflux for 
4 h, the reaction mixture was concentrated tn vacuo, and 

10 the residue was crystallized from EtOH to afford the 
title compound C93.5 9, 85,); m.p. ll6 - i1s•c. 

I 

d) Methyl OBS· 25Bl -s.:.-.aaozylou-1- <3. 4-methylenedioxy­
phen¥l l -J;Q¥Qin.dane-2-carhoxylate. To trifluoroacetio 

15 acid (150 ml) at 0°C under an ar9on atmosphere was added 
methyl 2-(3-benzyloxybenzoyl)-3-C3,4~methylene­
dioxyphenyl>propensate (80.0 g, 0.19 .mol). The mixture 

l 
was allowed to warm to room temperat~re and stirred for 
30 min, at which time the mixture wa~ concentrated under 

20 reduced pressure. The residue was dissolved in EtOAc 
and washed $uccessively with aqueous :NaHC03, H20 and 

25 

saturated aqueous NaCl and dried. T~e solvent was 
removed in vacuo, and the oily residue was crystallized - ' 
from EtOAc/ hexanes to afford the title compound (51.3 

0 9, 64\); m.p. 148 - 150 c. 

I ' 

e> Methyl 5-Benzylgx~-l-<3 1 4-methylened,i.gxyphenyll-3-
pxpingeng-2-caiboxylate. To a solut~on of methyl S­
hen~yloxy-l-(3, 4-methylenedioxypheny~)-3-oxoindane•2• 

30 carboxylate (27.3 9, 65.6 mmol) in b~n~ene C90 ml), 
cooled in an ice-H20 bath, was added·· 2, 3-dic:hloro-s, 6-
dicyano-1, 4-benzoquinone (15.4 g, 67.B mmol). The 

0 resulting mixture was stirred at 0 C·for 1 h, allowed to 
warm to room temperature for l.5 h,_' ~d. finally warmed 

35 to 40°C for 1 h. The solid which formed was removed by 
filtration and washed with benzene. The combined 
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filtrate and washings were poured into EtOAc (200 ml) 
and w~shed successively with aqueous Na2co3 (3x), H20 
(3x), 3M HCl, H20 (3x) and saturated: aqueous NaCl and 
dried. The solvent was removed 1n vacuo, and the 

S residue was crystalli2ed from EtOAc/ hexanes to afford 
the title compound (16.4 g, 60U as a red crystalline 
solid;· rn.p. 140 - 141°C. 

f) Methyl C3BS>-..;-aen+¥1oxy-3-h¥clroiy-3·<4·methgxy-
: 

10 phenyll-l-CJ,4-meth,ylenedigxyphenyllindene-2-
·carhgxy l at.e. 
To dry magnesium turnings (0.96 g, 40 mmol) under an 
argon atmosphere was added a solution of 4-bromoanisole 
(7.48 9, 40 mmol) in 9 : l Et20/THF (50 ml). The 

15 resulting 4-methoxyPhenyl magnesium· ~romide solution was 
added portionwise to a solution of methyl 5-benzyloxy-1-
(3, 4-methylenedioxyphenyl) -3•oxoindene-2-carboxylate 
(8.29 g, 20 mmol) in THF (250 ml) under an argon 
atmosphere. Upon completion of the ~ddition, the 

20 rnixture was quenched by the addition .of 3M HCl and 
extracted with EtOAc. The organic e~traot was washed. 
successively with H20, aqueous NaHCQ3.·, H20 and saturated 
aqueous NaCl. The solvent was removed in vacuo to 
afford the title compound (ll.58 q, 100\), which was 

25 used without further purification. 

. -
g) Methyl ~BS>-5-Benzylgxy-3-<4-methOXl!~hepyll-l-<3.4-

methyleoediQx¥1)henyll iodene-2-carbpxJlate. To a 
solution of methyl (3RS)-5-benzyloxy•3•hyaroxy-3-(4-

30 methoxyphenyl)-1-(3,4-methylenedioxyphenyl)indene-2-
carboxylate (crude materia~ prepared above) in CH2Cl2 
(75 ml) under an argon atmosphere at :o•c was added 
triethylsilane (3.9 ml, 23.6 mmol), followed by boron 
trifluoride etherate (14.7 ml, 120 mmol). The reaction 

35 mixture was stirred for 10 min at o·c, at wh~ch time the 
mixture was partitioned between 3M HCl and EtOAc. The 

• 
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organic egtract was washed successiv~ly with H20, 
aqueous NaHC03, HzO and saturated a~eous NaCl and 

.. 
dried. The solvent was removed in ~acuo, and the 
residue was purified by flash chroma~oqraphy, eluting 

5 with a solvent gradient of 25 - 45% Et20/ hexanes. The 

title compound (8.41 g, 83% for ~we ~teps) was isolated 
as a mixture of Al and A2 double bond isomers. 

h} Methyl rlBS, ZRS. 3SBl-5-ij¥drggy-3-<4-metbQxy-

10 phenyl> -1- C3, 4-meth.Vl enediQX!G>hen'yl) indane-2-

Qarbpxyl.a.te. To a degassed solution' of methyl (RS)-

5-benzylo.xy-3- (4-methoxyphenyl) -2- (3~ 4•methylene­

dioxyphenyl> indene-2-carboxylate C6.60 g, 13.0 mmol) in 
EtOAc (25 ml) and EtOH (175 ml) was ~dded 5% palladium 

15 on activated carbon (0.6 g). The resulting suspension 
was shaken on a Parr hydro9enator at.60 psi H2 for 20 h, 

at which time NMR analysis of the reaction mixture 
indicated that the reaction was incomplete. The 
catalyst was removed by filtration throuqh a pad of 

20 Celite, and fresh 5% palladium on activated carbon (0.6 
g) was added.. The mixture was shaken on a Parr 
hydro9enator at. 60 psi H2 for an additional 48 h. The 

catalyst was r~moved by filtration through a pad of 
Celite, and the filtrate was concenttated under reduced 

25 pressure. The residue was crystallized from EtOAc( 
hexanes to afford the title compound (4.83 g, 89%); ~.p. 
is7 - 1sa"'c. 

·! 
i) (lRS. 2SB. 3SB>-5-Hydrgxy-3-<4-m,thoxXPheny11-1-

30 c3,4-methylenedipx~phenyllindane-2~s¥;:boxylic a~id. 

spdiym salt. 'l'o a s·olution of methyl (lRS, 2RS, 3SR)-S­
.1 

hydroxy-3-(4-methoxyphenyl)-1-(3,4-methylenedioxy• 
phenyl) indane-2-carboxylate (150 mg,·: 0.36 nunol) in EtOH 
(4 ml) was added 10' NaOH (4 ml), and the resulting 

. I 

35 mixture was allowed to stir under an~argon atmosphere 
overnight. Water (5 ml) was added, .and the mixture was 
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10 

ts 

20 

concentrated under reduced pressure.": The concentrate 
was extracted with Et20, and the aqu~ous phase was 

acidified and.extracted with.EtOAc. ~The EtOAc extract 
was washed successively with H20 and. saturated aqueous 

f ~ 

NaCl and dried. The solvent was removed in vacuo. The 

sodium salt was prepared, and a po~~on of this (100 mg) 
was purified by reverse-phase chroma~ography to afford 
the title compound (73 mg, 48%) • T.r~turation of this 
material with EtOAc provided a whit.e ·crystalline solid; 

0 m.p. 198 c (dee> . 
1a.NMR CMeOM-d4) : S '7 .20 (dd, 2H, . il - 6. 8 Hz, 2. 0 Hz); 

6.85 (dd, 2H, J = 6.8 Hz, 2.0 Hz>; ~.so - 6.64 <m, SH); 
6.25 (S, lH); S.88 - 5.87 (m, 2H); ·: 4.47 (cl, lH, J:::: 10 

Hz); ~.43 (d, lH, J=lOHz); 3.76'(s, 3H); 3.03 (t, 

lH, J ""' 10 Hz) . .MS. (m/e) : 427 [ (M+H) +1. 
EXAMPLE 12 

ClRS. 2SB. 3BS\ -3- <2-;Carhoxymethogy-4-methQXl!l)hen~l> -1-

<3, 4-meth~lenedipx¥l)he~lJ-5- lprgp-1-ylgxy> -indane-2-

ca:chg;syl;i.G ;u;;id 

a) 3-!Prop-1-yloxylacetophengne. To a slurry of NaH 

(13.84 9,. 0.58 mol} in dry DMF (50 ml) at 0°C, was added 
a solution or ~-hydroxyacetophenone (50 g, 0.37 mol). 
After stirring for 30 min. 1-iodopropane (10 ml, 0.72 

25 mol) was added and the mixture stirred overnight at room 
temperature. The mixture was diluted with dry OMF (50 
ml) and further

0

NaH (2.77 9, 0.12 mol) added.followed by 

1-iodopropane C23 ml, 0.24 mol). After 1 h. TLC 

indicated that the reaction was compiete and tne product 
30 was cautiously quenched with 6M HCl and extracted with 

EtOAc. The EtOAc extract was washed successively with; 
H20, 10% aqueous NaOH and then Drine~ After drying 
<MgS04), filtration and ~vaporation ~ave the title 

compound (65 g, 98%) as a yellow oil which was used 

35 without further purification. 
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b) ~ethyl J-<Prap-1-ylox¥ll2enzaylaQetate. To·a 

suspension of NaH (12 g, 0.5 mol) in\ dry dimethyl 

carbonate (50 ml) was added slowly a~solution of 3-

(Prop-l-yloxy)acetophenone (65 g, 0.37 mol) in dry 

5 dimethyl carbonate (100 ml). During ~e addition the 

exothermicity of the reaction caused· refluxing. Follow-
. ' 

inq the addition the mixture was sti~red mechanically 

overnight and was then quenched cau~iously with 3M HCl 

and extracted with EtOAc. The EtOAc:extract was washed 
10 successively with; H2ot 5% aqueous NaHC03, H20 and 

brine. After drying <M9S04), filtra~ion and evaporation 

gave a yellow oil (82 g, quantitativ~) which was used 

without further purification. 

lS C) Methyl- ClRS. 2SR) -1- <3. 4-Methylenedigg_nlhenyll -s-
. . 

<prop-l-ylgxy>-3-px0-jnaane:.2-car})oxylate. To a 
.. 

solution of methyl-3-(Prop-1-yloxy)b~nzoylacetate (10 g, 

4.2 mmol) in benzene (50 ml) was aa~~d 3,4-methylene 

dioxybenz.aldehyde ( 6. 3 6 9, 4. 2 mmol > .; fol.lowed by 

20 piperidine (0.42 ml, 0.42 mmol) and glacial acetic acid . 
(8 drops approx.}. The mixture was r~fluxed for 2 hr. 

and the volatiles removed !n vacuo to give methyl (Z)-3-
. ' 

(3,~-methylene~ioxyphenyl)-2-£3-(prop-l-yloxy)-

henzoyl]p~openoate as a yellow oil. {This residue was 
' . 

25 dissolved in trifluoroacetic acid (50 ml) and the 

mixture stirred at room temperature for 20 min •• The 

trifluoroacetic'acid was removed in vacuo to qive the 

title compound as a d~rk oily residue (16 9) which was 

used in the next step without purification. 
30 lH NMR (CDCl3) 3 inter alia 7.85 (lH, s); 7.56-7.30 

(3H, m); 7.08-7.15 (lH, m); 6.95 (1H, dd, J=S, 2Hz); 

G. 78 .. 

d.) Methyl-3-C3.4-Methyleoedigx~henyl>-6':"fProp-l-ylpxy>-

35 1-oio-jpdene-2-carboxylate. Methyl (lRS, 2SR)-1-(3,4-

methylenedioxyphenyl)-5-(prop-l-yloxy)-3-oxo-indane-2-
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ca•boxylate (16 g, crude from previqus experiment) was 

dissolved in dioxan (150 ml) and DDQ (22 9, 0.097 mol) 

added. The mixture was refluxed for 2 h. then cooled, 

filtered and the solvent removed in vacuo. The product 

S was purified by flash column chromatography on silica 

gel (eluant: EtOAc/hexane, 20:80) t~ give the title 

compound as an orange solid (5.2 g, ~lt over two steps); 

rn.p. 125-126 11 C. 

. . 
10 e)· Methyl-c1as1-1-ra-Beozylcxy-4-methoxXPhenyll-1-

h.Ydrpxl!-3- Cl,J-metb~lenedl gx~eny11.:..6-.Cprgp-1-

yioXY> indene-2-carboxylate+ To dry magnesium turnings 
I 

(0.15 g, 6.25 mg. atoms) under an argon atmosphere was 

added portionwise, a solution of 2~b~nzyloxy-4-methoxy-

1S bromobenzene (for preparation see below) (l.80 g, 6.15 

mrnol) in 5\ THF/ether (i ml). The resulting 2-

benzyloxy-4-methoxyphenyl magnesium ~romide was added to 

a solution o.f methyl ... 3- (3, 4-m.ethylen~dioxyphenyl) -6-

(prop-1-yloxy) -1-oko-indene-2-carboxylate (l.S g, 

20 4.lmmol) in Et20 (65 ml) under an arqon atmosphere at 

o•c. The resulting mixture was allow~d to warin to room 

temperature and was stirred for 10 min. The mixture was 

partitioned betyeen 3M HCl (30 ml) and EtOAc (75 ml). 
' 

The organic extract was wa~hed succe•sively with; H20, 

25 aqueous NaHC03, H20 and sat~rated aqueous NaCl and dried 

(Na2S04). The solvent was removed under reduced 

30 

pressure, and the residue purified by flash 

chromatoqraphy on silica gel (eluant~ EtOAc/hexane, 

30:70) to afford the title compound as a pale-yellow 

( 1 • 4 g, 5 9'Cs ) • ; ... 

oil 

f) Methyl• <RS> -3- <2-Be~lpgy-4-methdxy.-pbenyl}·-1- CJ. 4-

methylepedioX¥Phenyl> -5- tprop-l-ylox¥) indene-2-catboxy­

late. To a solution of (1.35 g, 2.33 mmol) in CH2c12 

35 (20 ml) at 0°C under an argon atmosphere was added 

triethylsilane (0.47 ml, 2.94 mmol), followed PY bo•on 
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trifluoride etherate Cl.4 tnl, 11.4 tninol). The resulting 
solution was stirred at 0°c for 10 m~n, ·and was then 
partitioned between lM HCl ann EtOAc'. The organic 

' extract was washed successively wit~! H20, 5% aqueous 
5 Na.HC03, H20 and brine. After drying. ;(Na2S04) the solvent 

10 

' was removed .in vacuo, and the produ~ purified by column 
chromatography on silica gel (eluant: EtOAc/hexane, 
25:75). The title compound (as a s1nqle undefined double 
bond isomer) was obtained as yellow oil (0.65 g, 50%) • . 
g) Methyl-(]R$.2BS.~RS>-3-C2-Hydroxy~4-methoxyphez:>.Yll-1-
J3~4-methylened1o~yphenyll-S~<pro,p•l~ylpxy> indane-2-
carhoxylgte. Methyl-(RS>-3-(2-benzyloxy-4-methoxy­
phenyl)-l-(3,4-methylenedioxyphenyl)~S-(prop-l-yloxy)-

15 indene-2-carboxylate <0.64 9, l.13 aunol) was dissolved 
in a small volume of EtOAc and EtOH .<25 ml) added. 
followed by 10' palladium on activat~d carbon (0.2 9). 
The resulting solution was stirred under an atmosphere 
of hydrogen for 10 days and filtered. The filtrate was 

· 20 concentrated under reduced pressure and th• product 
purified by column chromatography on. silica gel (eluant1 
EtOAc/hexane, 30:70) to give the title compound as a 

' 0 colorless soliq (0.21 ;, 39%); m.p. 155•156 c. 

25 h) Methyl-<1RS.2S$,3BSl-3-(2-Cmrbgethpxymethpxy-!­

methoXyphenyl> -1- n;· 4-metny1enedioxi£,henyu-s- <prop-1-
• 

¥lgxy)indane~2-ca;bpxylaten A solut~an of methyl-
. 1 

(lRS,2RS,3RS)~3-(2-hyaroxy-4-methox~henyl)·l-(3,4-

methylenedioxyphenyl)-5-(prop-l-yloxyJindane~2-carboxy-
30 late (0.05 9, 0.11 mmol) in dry DME' Cl ml) was ad.d.ed. to 

NaH (4 mg, 0.17 mmol) in a small volUme of dry DMF. The 
mixture was stirred at room temperatµre for 10 min. and 
ethyl bromoaeetate was added (0.016 ~' 0.14 mmol). 
After 20 min., the reaction was quenChed with 3M HCl and 

I 

35 extracted witn StOAc. The EtOAc extract was vashed with 
water then brine, dried (MgS04), fit~red and evaporated. 
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The product was purified by column chromatography on 
silica gel (eluant; EtOAc/hexane, 30;70) to give tbe 
title compound·as pale yellow oil (0~05g, 85%). 

i 

5 i). tlRS.2SR.3BS>~3-r2-Carboxymetboxy~4-mathoxYJlhenyI>-l-
c:'3. 4-metbyl_ened.iri1~enyl > -5- C;prop~l ~flQ;gy\ indane-Z­

ca,rhpxy.l1h acid. To a solution of methyl-(1RS,2RS,3RS)-
3-(2-carboethoxymethoxy-4-methoxyphenyl}-l-(3,4-
methylenedioxyphenyl)-5-(prop-1-yloxy)indane-2-

10 carboxylate (0.05 g, 0.089 mmol) in ttOH (l ml} (warming 
neccessary) was added 6M NaOH C0.089~ml, 0.53 mmoll •. 
After stirring overnight the product!was partitioned 
between EtOAc and 3M HCl. The organic extract was washed 
with a20 and then brine, aried (MqS04), filtered and 

15 evaporated to give a colorless oil. The product was 
crystallized from Et20/hexane to give the title compound 

! 0 as an off-white solid (0. 03 g, 65t): ·m.p. 195-198 C. 
lH NMR [ (CD3)2CO] 3 7.17 (lH, d, J:ir.9 .. tHz); 6.8-6.71 (SH, 

m); 6.55-6.47 (3H, ml; 5.94 (2H, S) ;: 4.97 (lH, br .. cl); 

20 4.73 (lH, d., J=l6.5Hz); 4.63 (lli, d, ,J ... 16.SHz); 4.52 
(lH, d, J=7Hz); 3.80-3.76 (2H, m); 3~76 (3H, s); 3.48-
3.35 (lH, .br. m); 1.65 (2H, .sextet, ·J•7.4Hz); 0.92 C3H, 
t, J=7.4H2) .MS.: 538 [(M+NH4)+]. 

~ 

Anal.. Cale. for C29H2e 09: c, 66.92; ·H, 5.42. 
25 Found C, 67.37; H, 5.32. 

l!iXAMfUi 12'1 
I 

Preparation ot 2-Benzyloxypl-hromo•4•methoxyhenzene. 

a) l-Sromo-2-hyQtoxy-~-methoxyhenzeDe, 3-Bromo-2-
30 hydroxy-6-methoxybenzoic acid [T. de,Paulis et. al. ,.J.... 

Med. Chem., (1985), 28, 1263-1269)(5~9, 0.02 mol) was 
heated in quinoline (200 ml). at l60°C for 1 h. On 

J 
cooling, the product was partitioned.'between Et20 and 3M 

HCl. The organic extract was w~shed with water and brine • I 

35 then dried (MqS04), filtered and evaporated to give the 

title compound as a light-brown oil (4 g, 97'> • This 
' 
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material was used without further purification. 
la NMR (CDCl3,) & ., • 32 (1~, c:i, J=-9Hz>.·, 6. 60 (lH, d, 

J=l.5Hz), 6.43 (lH, dd, J=9,l.5Hz).: 

S b) 2-Benzylaxy-1-hrpmo-4-meth0x¥herizene. To a 
suspension of Na.H (l.01 g, 0.042 mol;) in dry DMF (ml) at 

0 . ' O c was added solution of l-bromo-2-pydroxy-4-. . 
methoxybentene (7 9, 0.035 mol). A~ter stirring at room 

I 

temperature for 30 ·min. the solution·. was cooled. to 0°C 
10 and henzyl bromide · (-6. 24 ml, o. 05'2 ininol) added. The 

! 

mixture was warmed to room temperature over 20 minw and 
then quenched cautiously by the addi~ion of 3M HCl and 
extracted with EtOAc. The EtOAc exeract was washed 
successively with; H20, 5% aqueous N~HCOJ,, H20 and 

15 finally· brine. After drying <MgS04) .·filtration and 

evaporation qave a dark colored oil.iThe product was 
purified by fla~h column chromatoqraphy (eluant; 
EtOAc/hexane, 20:80) to qive the tit~e compound as a 
colorless oil (7.5 g, 73'>· 

20 la NMR (COCl3) 8 7. 50-7. 25 (6H, m); 6. 51 (·lH, d, 
•' 
1 

J=1.5Hz); 6.39 (lH, d, J=9Hz); S.09 (2H, S); 3.12 (3H, 
s) • 

fiXAMfT.E l 3 

URS. 2SR, ;3RSl-3- [2- (3-Hydrpxyptpp-~-y,lgxyl-4-metbpxy-

25 phepylJ-l-(J,4-metbvl.enedipxyphenyl>~5-'prop-J-ylo1yl­
indane-2•carhoxylic acid. diC::.V~lQheX¥lamine salt 

' 

Methyl (lRS, 2RS, 3RS)-3-(2-Hydroxy-4-methoxy­
phenyl)-1-(3,4-me~hylenedioxyphenyl)T5-(prop-l-yloxy)-

30 ind.ane-2-c::arboxylate (0 .14g, 0. 29mmo~) in dry DMF (1 ml) 
was added to NaH (9mg, 0.38mmol) 'in ~ small voluma of 
dry DMF. The mixture was stirred at -~ient temperature 
for 20 min. then 3-bromopropan-1-ol (37µ1, 0.4lmmol) was 
added. After stirring for lh. the product was 

35 partitioned between .3M aqueous HCl a~d ethyl acetate. 
The organie layer was washed with water then brine, then 



dried (MgS04 anhyd.) filtered and e~aporated to give an 

oil. T~e product was purified hy co~umn chromatography 
.to provide methyl (lRS, 2SR, 3RS)-j~[2-(3-Hydroxyprop-1-

' 
yloxy)-4-methoxyphenyl]-l-(3,4-methylenedi?xypbenyl)-5-

5 (prop-l-yloxy)indane-2-carboxylate '(o.ig, 65%) (lff-NMR 
indicated some epimerization had occu~red at C-2). This 
material was used without further p~rification. Methyl 
(lRS, 2SR, JRS)-3-[2-(3-Hydroxyprop~l-yloxy)-4-methoxy­

phenyl] -1- (3, 4•methylenedioxyphenyl) 1-.5- Cprop-1-yloxy) "."" 
10 indane-2-carboxylate (0.049, 0.07Smmol) was dissolved in 

methanol (2ml) and aqueous potassiu~ hydroxide added 
(2M, 0.22ml, 0.44mmol). The mixture .was stirred under 
reflux overnight then cooled, diluted with water, 
acidified with 3M aqueous hydrochloric acid and 

15 extracted. with ethyl acetate. The or.qanic extract was 
washed with· water and brine, dried 1MqS04 annydrous), 

20 

filtered and evaporated to give an oil. The product was 
purified by chromatoqraphy on silica_-gel (eluant: ethyl 
acetate/hexane/3\ acetic acid> to gi~e 12mq cf free acid 
whieh was converted to its dicyclohe~ylamine salt. 

I 

m.p. 
EXAMPLE 14 ·l · 

'! 

ClRS. 2SB. 3BSl-3- [2• Cl-Ca't.J:2nxyeth-2~~lgx~)-;.4~methQxy-

phenylJ-l- <3"~~metbyl=nedioxyphenyll~S-Cprop-1-ylpxyl• 
2S iodane-2-carhgxylic acid, bis-rlicvslbhexylamine salt 

30 

35 

., 

(lRS; 
1

2SR, 3RS) -3- [2· <:3-Hyd.roxyprop-l-ylcxy) -
4-methoxyphenyl]-l- (3, 4·-methylenedioxyphenyl)-S- (prop-l­
yloxy) indane-2-carboxylic acid (0.07g, 0.13mmol) was 
dissolved in dry dichloromethane (0.~ml> and Dess-Martin 
periodinane (0.07g, 0.17mmol) added ~n dry dichloro-

·' methane Clml). After 2h. the product~was partitioned 
between ether and saturated aqueous ~odium carbonate 
solution containing sodium thiosulfate. The ether . . . 
extract was washed with water then brine, dr1ed (M9S04 

'· 
anhydrous), filtered and evaporated to qive an oil which 



----······---

. .. ~ 

-5'1· 
was used without purification. The d~ude product was 

dissolved in t-butanol (Sml) and to this was added a 

solution of sodium chlorite (18mg, 0._.2nunol> and sulfamio 

acid (2lmg, 0.22tnmoll in water (l.5ml). After lh. 

5 stirring at aml:Jient temperature the product was 

extracted into ethyl acetate. The or~anic layer was 
washed with water then ~rine then dried (M9S04 anhyd.) 

filtered and evaporated to give an pil. The product was 

purified by column chromatography on•silica-gel (eluant: 
10 ethyl ac:etate/hexane/3% acetie acldl ., to qive 12m9 of 

free acid whic:h was converted to its ·:bis-dic:yc:lohexyl­

am.ine salt. 

1S 

20 

m.p. 160 - 162·c. 

HS. (exact mass) 
_(.d "" "f'-1.1 mDa for 

·M+· : 534.1879 (free di-acid) 
C30H3009) 

By the methods given above, the following 

compounds were made: 'E.~5 1 ~ -

ClRS> -l-,{4-Metboxyphenyll ·3-i:>he:a¥J 1 ndene-2-carlmg¥lir; ar;id 

m.p. 191 - l93°C. 
Anal. Calcd. fer C23H1SOJ: C, 80.68; H, 5.30. 

Found: C, 80.54; H, 5.33. 

EXAMPLE 16 
2S Ctrons. txaos1-1.3-Pipbsnyliodane-2-carboxyljc ~cia 

m.p. 164 - l65°C. 
HS. (m/e) : 332 ((M+NH4)+]. 

EXAMi'LE 17 
30 <lRS. ZBS,· 3SBl -1- (4-Hyd.rgxy:phenyll -3-phenylj nctane-2-

liS. (m/e) 331 [(M+H)+]. 

i I 



-.55-

EXAMpLE la 
·: 

ClBS. 2RS,, JSR> -1- i 4-Cad:t.cxypheQyl .' -3-phenylinda.ne-2-

.Cf.lrhoxyli c acid . 
. : 

5 .t:I.S. <mle> : 359 r (M+H> +1 ·• 

,EXAMPLE 1,2 

ClRS, 2Rs. 3SB)~l-<3-Methgx'!l1)hegi1>-J~phenxlipd1ne-2-

carhoxylic ar;id 

10 MS. Cm/e) 362 [(M+NH4J+]. 

EXAMPLE 20 

flBs. 2Bs. 3SR>-1-<4-Ethylphenyl>~~-~heoylindaa~-a-
--- 4t&o& 

carhoxyJjc ac;UI' 

· 15 m .. p. 163 .. 164 •c. 
·.l:1S. (m/ e) : 3 60 [ (M+NH4 ). + l . 
,Anal. Calcd. for C24H2202: C, 84.18; H, 6.48. 
Found: c, 84.2(; H, 6.73. 

EXAMJ?LE Zl 
20 ClBS, 3RSl-1 1 J-piphenylindane-;,2-carbox~ljc a~id 

25 

m.p. 210-211 °c. 
EXAMPI·E 22 

JlRS. 2RS, JSBl-1-<4-But-g-ylogl!Phenyll-3-(4-

methCXYPhenyl)indane-2-ca[hQxyliC acid 

ltt NMR (CDCl3) : 8 7.26 - 7.17· (m, 6H}; 6.93 - 6.87 

(m, 6H); 4.62 (d, 2H, J ... 10.l HZ) 1 3.96 (t, 2H, J;;;; 
: 

6.5 Hz); 3.81 (S, 3H>; ·3.29 (t, lH, J • 10.1 H2); 

30 l.80 - l.73 (m, 2H); 1.54 - 1.45 (m~ 2H); 0.98 (t, 3H, 
J • 7~3 Hz). 



EXZ\MELE 23 

ClBS. 2RS. 3SBl-1-C4-Acetami~enyll-3-(4-

methoxyphenyllindane-2-carbOxfliQ acid . . 

S m.p. 231 - 232 °c. 
HS. (m/e, rel. int.) 803 [C2M+l)+, 100]. 

A.tlill. Caled. for C2sH23N04·1/2 H20: C, 73.12; H, s·.85; 

N, 3.41. Found: c, 72.921 H, 5.61; -N, 3.24. 

EXAMPLE 24 

10 ClRS. 2RS. 3SR\-l:J4~Aminophen~)-3-<4•methgx~phenyl>-

indane-2-carbpxyljc acid, dicyclohexylamine salt 

m.p. 187 ~ 190°C. 

HS (rn/e, rel. int.): 1076.2 [(2M+l)+, 25]. 

15 EXAMPLE 2 5 

!lliS· 25B. 3SRl-l-C4-Hydrpxla)h9nyll~3-C3.4-

meth¥lenedi.oxyphe~l.Li.ndWle-2-c~xbQXylic acid 

m.p. 94 - 96
111
C. 

20 l:1S. (m/e) : " 392.4 [ (M+NH4)+l,_. 

25 

30. 

EX:l\fm?J.E 2 6 

CJ.B~ .2RS, 3SRl -l-J.3. 4-nimethox¥ohenyll-3- (4-

methox¥J,'.)henyll indaoe-2-carhOxylic acid 
I ' 

fl 
m.p. 126 - 128 c. 
HS. (rn/e, rel. int.) 807 [(2M+l)+,, 35]1 403 [(M-H)-, 

100]. 
AD.al. Calcd. for C2sH240s: C, 74.24;,H, 5.98. Found: c, 
74.10; H, 5.99. 

EiXAMPLE 27 

J.lBS,, 2RS. J~R> -1- <3. 4-MethylenecHogyphenyll -3- u­

methylthipphE:n:tl) indane-2-cnrnn1¥1] c ;u:td 

MS. (exact mass) : ·(M·)+ == 404.1074 CL\""' +0.8 mDa for 

35 C24H2004S) • 



EKAMPLE 28 

ClBS, 285, 3SR)-S-MetbQK¥-3-<4-methox¥PhenylJ.~l-C3.4;­

methylenedioxypbeJU!lJJndane-?-carbogylic asid 

S m.p. 129-131 °c. 

10 

liS. (m/e) : 441.2 [ (M+Na) +] • 

EXAMPLE 29 

<JBS. 2SB, 3SB}-l,3-Bisi3.4-methylenediOX¥Pheny11-s­

hydrpxyjndoce-2-carhoxylic ~cid· 

HS. (m/e) : 436.2 [(M+NH4)+]. 

EXAMpLE 30 
(lRS. 2SB. 3SR).;:J- <2-CarbgxymethQx.v-4-methnK¥Phenyl > -

'· 

l•C2-methpxy-4.5-meth¥lenedioxyphenyi>-5-lprpp•l•ylgxy>-

15 indane-2-ca:rRQxyl ic:: acid 

Methyl (lRS, 2RS, 3SR)-S•Hyaroxy-3-(2-methoxy­

methoxy-4-methoxyphenyl)-l-(2-methoxy-4,S-methylene­

dioxyphenylJ indane-2-carboxylic ac:id·, was prepared in 23'11 

20 overall yield from methyl 2~(3-benzyloxy)benzoylacetate . . 
~ccording to the method of example 11. The 5-hydroxyl ,, 

moiety was then propy lated accordin~; ·to the method given 

in example 12 ~nd this crude materiai treated according 

to the method of example 10 to remov~ the methoxymethyl 

25 group in 55% yield. The title compound was then 

o~tained following the procedure ~iven for example 12 in 

42% yield. 
m.p. 1ee - 19o•c • 
Anal. ·Cale. for C30H30010: C, 65.45; H, 5.49. 

30 Found.: C, 65. 38; H, 5.49. 

35 

EXAMPLE 31 

{lRS. ZSB. 3RSl-3-(2-Methgxymethpxyl~4-methoxxghenyll-1-

.L3,4-m.ethylened~oxypbenyll-5-(orgp-1Ly10xy>indane-2-. 

m.p. 161 - 163°c. ! ~ 



ClBS, 2$R. 3RS>-3-(2-Hfd;Qxy-4-methQX)1Phenyl>~l-tl~J­

methylened,ioxipheg~>-5-fpxop-l-ylg.i~lindane-2.::;-. 
carboxyl 1c acid ;'. 

5 l 

10 

15 

(exact mass) ~· ! 462.1678 (A = ~0~4 mOa for C27H2607) 

EXAMPLE 33 
(lBS, ?SR .. JSRl-3~(2-CarlJQ2'J""ethoxy-4-methgx~hgnyll-l­

[ <2-p;x:op-l-·¥-1Qxy> -4, 5-methylenedioxmhep;Ul-5- <prop-1-

¥1.oxy> i cdane-2-carhpx¥l1c acid 

Anal. Cale. for c32H3401o·O.S H2oi' c, 65.41; H, 

6.00 .. Found: C, 65.27; H, 5 .. 99; 

m.p. 196 - 197°C. 

iXAHPLE 34 
(lBS. 2SR. 3RSl-1-t2-Carboxymethnx¥-4.S-methylene• 
dioxyphenyl>-3-(4-methoxyphenyl>-5-(~~gp-l-yloxy>indane-

2-ca~hpxylic acid 

20 HS. (DCI NH3) m/e : 538.2 (M+NH3)+, 520.2 (M+H)+ 

25 

30 

(exact mass) M+. : 520.1733 (A = 0,0 rnDa for C29H2909) 
.. 
1 

ClBS. 2SB. 3RSl-l-C3.4-Methylenedjpxjphenyll-3-tC2-prnp-. . 
l-yl 0xy>pheoylJ-5-<prgp-l-ylox¥linda~~=2-carhox¥1ic acid 

m.p. 179 - leo·c. 
1:m. (DCI CH4) ro/e : 

(exact mass) ~· : 
C29H3006) 

503. 2 (M+C2H5) + 1: 474 .1 (M+M) + 
I 

474.2034 <A= +o.a mna for 
•. 

EXAMJ?I.E l.Q 
JUlS, ass. 3BSl-3-i2,-HydrQxll'.Phenyl1-i-<3,4-methylene-

. ' 
dipxyphen~-.S-<prop-l-~losy>indane-2-carbQXylic a~id 

m.p. g; - ge•c. 
3S HS (exact mass) M+ • : 

c26H2406) 

432.1568 <4 ~ +o.s moa fer 
! 



s 

•. 

...5'1. 

EiXAMfI.E :n 
c1ss, 25B, 3RSl·3-c2-carhoxymethg&¥;Phenyll-1-'3,4; 
methylenedigxyphe~¥ll-5-<prgp-J-ylQJ$lindqne-2:. 

carhmsylj c a~id 

m.p. 169-11o"c. 
An.al.. Cale. for C2aH2 6oe·0.25 H20:~ c, 67.94; ·H, 

5.40. Found: c, 67.75; H, S.37 •. 
EX).MpLE 38 

10 <lBS. 2SB. ,JBS> -3- c:Z-Benzyloxy-4-inetbPXYJ;>henyl l -J- <3. 4-

methylened,iox¥J2henyl},-5 .. tprgp-1-ylgxyl $ ndi£ne-2-
c;;arhoRyliC acj.d 

Wi (exact mass) M+• ·: 552.2149 .(.6.. = -0.1 :mDa for 
· 15 C34H3207) 

20 

: i 

(JBS. 2SR. 3RS>-3-£2-{2-Hydrg.xyeth~l~yloxy>·4-
methgR~henyll-l• CJ.4-methyl~nediQ~l£Phenyll-S-<pra,p-l­

ylg~lindane-2-cargg~ylic 1cid. die!clphexylam1ne Salt 

m.p. l82-184°C. 
Anal· Cale. for C41H53NOa: C, 71.59; 

N, 2.04. Found: c, 71.~7; H, 7~66; 

EXAMPLE 4,0. 

H, 7.77; 

N, 2.42. 

2S t1RS.2SB. ~RSl -J-.t2-Ethoxy-4-ptethoxxpbeny11-1- C3, 4-. 

30 

35 

methylenegipx~hepyl>·5-Cprap-l-ylpxy>1ndane-2-, 
carboxylic acid 

~ 

Ana.l,. Cale. for C29H3007: c:, 71.0~; H, 6.16; 
: 

Found: C, 70.711 H, 6.01. 
;;&&NE~ 41• 

I 

!.JBS. 2SB, 3RS>-3-C4-Methoxy-2-<pzop~l-ylpgy>J-l-CJ,4-

_Hethylenedioxyphen.yll-~-lprpp-l-ylpxylindape-2-

carbpxylic ac1d 

. ' 
' 



--.----

Found~ c, 71.43; H, 6. 31. 

EXAMPLE 42 
.ClRS. 2$B. JRSl-3- £4-Methoxy-2-,tpr=-2-ylmc¥lphen¥11-l• 
C3. 4-Methylenediogyphenyll-5- (prop-l:-yloxyl inde,ne 2-

5 carhgxylig acid ! 

EXAMPLE 43 
ClRS. 2SR. 3RSl-3-f4-Methgxy-2-f2-me;hylpro,p-l-yloxy>-

10 phetl)!l.J -1- <3. 4-Methyl enediox~hcwl!ll ~S- (prap-1- · 

ylcx¥>indane-2-c1:d2g~ylic acid 

E2W2liE ~I , .: 
15 (1BS6 2SB, JB$l-J-C4-Methgxy-2-l3-methylhµt-1-yJ.gxyl-

phenyll-l-C3.4-methylenediox¥Phenyll-5-(prop-l-ylgxyl­
indane-2-~arQoxylic acis:J.....gieylgpexy~am.iJle...&&lt 

m.p. l50-155aC. 

20 EX!J:tPI.Ej 45 
llBS. 2SR, 3RS>-3-C4-Methoxy-2-(3-p:i:J:idylmethoxyl­
phepyl l-l-C3.4-matbylenediox¥Phenyl}-5-lprop-lwxlo~J-

ipdane~2-carhg~ylic acid, 

N, 2.51; Found: c, 71.02; H, .s·.s3; 
EUMPl.i 86 

H, 2 • .30. 

ClRS. 2SB, 3BS>-3•[4-Methoxy-2-<4-py:cidylmethpxy>­
phenyJJ-1-C3.4-methylenediox.y,phenyl)-S•fprgp-l-ylgxyJ-

30 J.r&dane-2-c;arhpxyli c acid I 

AD.al.· Cale. for 

N, 2.51; Found! 

C33H31N07·0.SH20: ~' 71.02; H, S.7B; 

C, 70.89; H, 5.591 H, 2.37. 

. ! 



-vt-
EXAMPLE 47 

(lBS. 2SB. 3RSl -3- [4-Methoxy-·2- C2-Ryf',idylmgthpg~')­

~=pxl.J..-l-13,A-methylenedjoxyphenyl )~5-(prop 1-yloxy>-

S m.p. 153-lSSaC. 

10 .. 

. . EXAMPLE 4 e 
{lBS. 2SB. 3BS1-J- CZ- (ltept-1-ylnxyl-4-IQ&t,hoxiPhenyll--1-

CJ,_ 4-mnhilenediox¥l)henyll -5- Cprap-1-~lgxy> indane-2"'.' 

~artig)tylic acid 

m.p. 70-73'c. 

E){AMPI.E 49 

<JBS. 2SR, 3RS>-3-r4~Methoxy-2-<5-tetirazolylmethgZU">­

phenyll-l- t3.4-meth~enedio.xyphen¥l)~S-<prap-l-ylgxy>-

15 jndane-2-carbgxyliL,_,A'i~ 

m.p. 102 .. 1os•c. 
:;~ !Hl 

ClRS. 2SL,l&S>-3- <2-Cyanomethoxy-4-mei::.hog;rphenyll -1- (3. 4-

20 methylepediQxy_phenyll-5-Cprop-l-ylgx~lindane-2-

Ca;chg;x~J~c 11s:::id 

m.p. 199-201 ·c. 
~t,E 51 

25 C1RS.2SR.3SSl-3-t2-carhoxamidam_etho~x-4-methoxyphenyll-

l-C3~~-methylenedioxx:pheny1>-5-<prpp~1-ylgxyl ipdope-2-
I 

carboxylic acid . ~ 

Anal. Cale. for C29H29NOs•O.SC4HeO:. c, 67.02; 

30 H, 5.99; N, 2.52; Found: C, 67.i6; H, 5.96; 

35 

H, 2.56. 
~AMPLE 52 

ClBS. 2SR. 3 SRl-5-Acetamidgil.3-his~3.4-methylene­
dioxyphenylJ indane-2-carb~lic acjd; 

m/e 4 6 0 [ ( M+ H) +] • 



EXAHPLE53 

<lRS, 2SR. 3SRl-5-Aminp-l.J-h1s<3.4-~ethylenediox1-

RhB"Yll-1ndane-2-ca;j::>oxflate, dicyclQheXflamine salt. 

S ~ m/e : 418 [ (M+H) +J • 

10 

E:XAMPI&, 54 

ClRS.2SR,JBS>-J-t2-<3-carbgxyphcnxlJ~4-methoxyphec¥ll-l­
(J,~-metb.¥lenedigx~henl!:lJ•~-cpr0p-l-ylogyJindane-,.,2-

carhQXylic acid 

a) ~by,L_J-ltri-!hut-1-yllstannyl>heDzoate 

Ethyl 3-bromobenzoate C2. 0 9, 8. 7 mmo.l), hexa.butyl­
distannane (5.51 ml, 10.9 mmol), tetrakis(triphenyl-

15 phosphine)palladium(O) (O.OB 9, 0.07 mmol) and palladium 
(II) acetate (0.19 g, o.es mmol) were mixed in dry 
toluene (25 ml) and refluxed for 72 h under argon. The 
solvent was removed in vacuo and the residue purified by 
column chromato~raphy on silica gel (eluant:hexane). 

, 20 The title compound was obtained as a colorless oil (1.1 
g, 30%). 

b) Methyl CJB~,2SR.JBS\-3-f2-(3-carbgmetbo¥.¥phenyl>-4~ 

metboxXPhenylJ-1-<3.4-me.t,J:l.¥lepedigxyphenyll-5-(prgp-1-. 
25 yl gxy> indana-2-cilPoXYlate 

' Methyl (lRS,2SR,3RS)-3-C4-methoxy·2~trifluoromethane• 

sulfonyloxyphenyl> •1- ,(3,·4-methylenedi·oxyphenyl)-5- (prop­
l-yloxy) indane-2-carboxylate (0.118 9, 0.19 mmol), 

30 lithium chloride (0.058 g, 1.37 mmol), tetrakis(tri­
phenylphosphine> palladium (0) (0. 018 g', O. 016 mmol) and 
ethyl 3-[tri-(butyl-1-yl)stannyl]benzoate (0.253 g, o.se 
1t1ntol) were mixed in drY. dimethylformamide (5 ml) and 
refluxed for 24 h. The product was f~ltered through 

35 celite and the celite washed with ethyl acetate. The 
I 

combined filtrate was evaporated in vacuo and was shown 



------- -- --

' 
to be a mixture of two components by'TLC. Purification 
by ·column chromatography on silica-gel gave a less polar 
fraction: methyl (1RS,2SR,3SR)-3-[2-(but-1-yl)-4-
methoxyphenyl)-1-(3,4-methylenedioxyphenyl}-5~(prop-l-

.5 yloxy) indane-2-carboxylate (0. 038 g) which was obtained 
I 

10 

as a colorless oil. The title compo~d was the more 
polar component (0.08g) which while.contaminated with 
tin residues (lH•NMR) was used wi~h~ut further 
purification. 

c) ClBS.2SR. 3BS)-J-C2- c3-carhOXxtJheriyJ l-4-methoxy­

phenyl]-l- <3, 4-methylenedi nxllt>henyl>-5- cprgp-1-~10xyJ­

indane-2-carbp~ylic acid 

15 Methyl ClRS,2SR,3RS)-3-[2-(3-Carbome~hoxyph~nyl)-4-
methoxyphenyl]-l-C3,4-methylenedioxyphenyl)-5-(prop-l­
yloxy)indane-2-carboxylate (0.089, crude) was dissolved 
in propan-2-ol Cl ml) and aqueous sodium hydroxide (lM, 
1 ml ,1 mmol) added. The mixture was refluxed for 12 

20 hr. then cooled, diluted with water, acidified with 3M­
aqueous hydrochloric acid and extracted with ethyl . . 

acetate (3x). ·The combined organic extract was purified 
by column chro~atography on silical-~el Celuant.: 30% 
EtOAc/hexa.ne/Sif;AcOH) to give the title compound as a 

2S colorless solid (20 mg) 

ClR5.2$R,3SBl-3~f2-<But•l-¥ll-4-metbgxyphenyll-l-C3 1 4-. . 
30 metbylenedigx~henyll-5-fprgp-1-y1ox1Jindace-2-

carhQxylic acidr gic~u;;lQb~xvUndxui:1 salt 

Methyl (lRS,2SR,3SR)-3-[2-CBut-1-yl)-4-methoxyphenyl)-l­
(3,4-methylenedioxyphenyl}-5-(prop-1-yloxy)indane-2-

35 carboxylate (0.038g, 0.074 mmol) was ·dissolved in 
propan-2•ol (1 ml} and aqueous sodium hydroxide (lM, 



, ..... 

0.75 ml,0.75 mmmol) added. The mixture was refluxed for 
12 hr. then cooled, diluted with water, acidified with 
3M-aqueous hydrochloric acid and extracted with ethyl 

ac:etate C3x) • The combined orqanic.~;,extract was purified 

5 by column chromatography on silica-gel (eluant r 30% 

EtOAc/hexane then 30% EtOAc/hexane/S~cOH). Conversion 
of the product to its dicyclohexyla~ine salt gave the 
title compound. 
m.p. l i~-182"C. 

10 Anal. Cale. for C41Hs3N09: c, 71.59; H, 7. 77; · 

N, 2.04. Found: C, 71.67; H, 7.66; ~, 2.42. 
EXAMf LE 56 

J1Bs.2ss.3SRl-3-t4~Methqxy-2-phen:v,lp~enyl>-l-C3.4-
methylenediqx¥Pbeoy1>-5-fprop-l-ylo~r)in¢ane-2-

15 camoxyl ic: acj,d 

20 

a) Methyl ClRS.2B5.JSR>-3-(4·Hethpxy-2-phenylphepyl>,:-1-

c3.s-methylenedjoxyphepyJ>-S-fprgp-l-yloay>indane-2-
" ~arhgxylate 

To a slurry of anhydrous LiCl (46 mg, l.l mmol) and 

tetrakis(triphenylphosphine)palladium(O) (24 m;, 0."02 
mmol) in dry d~oxane (3 mL) was adde~ a solution of 
Methyl (lRS,2RS,3RS)-3-(4":'Methoxy-2-trifluoro-

2S methanesulfonyloxyphenyl>.-1- (3, 4-.methylenedioxyphenyl) -
5-(p~op-1-yloxy)indane-2-carboxylate .(95 mg, 0.16·mmol) 
and triCbut-1-yi)stannyibenzene (319 mg, 0.87 mmol) in 
dioxane (1 m.L). The mixture was refluxed under Argon for 
17 h, cooled to room temperature, diluted with ethyl 

30 acetate (5 ml) and the resulting so~~tion washed 

sequen~ially with brine and water. The organic layer was 
dried (MgS04 anhydrous), filtered through a short pad of 

silica gel and concentrated in vacua t·o yield an oil. 
The product was purified by flash column chromatography 

35 (Silica gel, qra~ient elution from hexanes to 10 % ethyl 

acetate/hexanes) to axford the title compound as a white 



solid. (92 mg, 86%) • 

b) (lBS.2SR.3SR\-37tJ.-Mej;hoxy-2-~eD~PheD¥1l~l-(3.4-

metQylenedigxYJ)henyll-5- <pt<)l1-l-~1Qxy) jnd1ne-2• 
5 car'.Qpxylic acid 

To a solution of Methyl (1RS,2RS,3SR)•3-(4-Methoxy-2-
phenylphen.yl) -1 ... (3, 4-methylenedioxyphenyl) -5· (prop-l­
yloxy) indane-2-carboxylate CBO mg, 0.12 mmol) in dioxane 

10 (2 mL) was added. lM aqueous NaOH · < O. 3 mL, 0 • 3 111mol) • The 
resulting mixture was heated to reflux for 48 h, then 
concentrated under reduced pressu~e~ The residue was 
partitioned between dilute aqueous HCl and ethyl 
acetate. The ethyl acetate extract was washed with water 

15 and dried (MgS04 anhydrous) . The solvent was removed in 
vacuo and the residue purified by flash column 
chromatography (silica gel, 20% ethyl acetate/hexane 
containing 5% of acetic acid>. to afford the title . 

· compound (36 mg, 46'). 
20 m.p. 19.9 .- 2oo"c. 

lH NM$ (COCl3) 8 7.18-i.09 (m, 6H); 6.85 (dd, lH, J 

• 8.6, 2.1 H.z); 6 .. ?l-6.65 (m, 6H),6.36 (:b s, lH), . 5.85 
(s. 2H), 4.59 (d, lH, J == 10.2 Hz); . 4.31 (d, lH, J = 

25 10. 2 Hz); 3 ~ 75 (t, 2H, J = 7. 3 Hz),; 3. 73 (S, 3H); 
3.14 (dd, lH, J • 10.2, 10.2 Hz); l.68 (sextet, 2H, J = 
7.3 Hz); 0.93 (i, 3M, J = 7.3 HzJ. ; 
KS. m/e : 540 . CM+NH4) +. 
Anal. Cale. for C33H3006 • 3/4 H20:. C, 73.93; 

30 H, S. 90. Found: C, 74.12, H, 5.80. 
EXAM?tz 52 

ClBS. 2SB. 3$R) -'3- £2- [ CEJ-2-CaU>oxyetbe:n-l-¥1}-4-
methOX¥i)hQDYl]-l- <J- 4-methyJeneQiQXyphenyll-5-Jprop•J­
ylgx¥},indane-2-ca:chgxyli c ac;i,g 



s 
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a) Metb;yJ URS,. 2SR, 3SBl -3- f 2- T CE>'-2-carbometho:zrn­

etben-l-yl l~4-methgx~henyll-1-C314-methylene-· 

dipxla)hen2J) -5- (prop-1-yl oxyl indane-:2-carhoxyJ ate. 

1,3-bis(diphenylpbosphino)propane (0.066 
tris(dibenzylideneacetone)dipallad.ium(O) 
and bis (triphenylphosphine)palladium:(II) 

rmnol),. 

(24 mg, 0.026) 

choride (18 m.g, 
0.026 mrnol), were dissolved in a 4:~ mixture of 
triethylamine/acetonitrile CS mL> under argon. After 10 

10 min at room temperature, a solution ~f methyl (lRS, 2SR, 
3RS)-3-(4-methoxy-2-trifluoromethanesulfonyloxyphenyl)­
l-(J,4-methylenedioxyphenyl)-5-(prop~l-yloxy>indane-2-

carboxylate (160 mg, 0.26 nunol) and methyl acrylate (679 
m9, 7.89 mmol) was added in the above solvent mixture (3 

15 mL). The .react.ion mixture was heated t.P reflux under · 
argon for 20 h, cooled to room temperature and a small 
aliquot analyzed by la NMR, which showed no reaction had 
taken place. Palladium(II) acetate (6 mg, 0.025 mmol) 
and methyl acrylate (679 mg, 7.89 mmol) in dry DMF (5 

20 mt) were then added. The reaction mixture was heated to 
reflux overnight. On cooling the solution was filtered 
through a short column of silica qel·and concentrated to 
yield an oil. T~e crude product was purified by flash 
column chroma-tography ( silica gel, 'gradient elution: 

25 10 % to 20\ ethyl acetate/hexanes) tq afford the title 
' 

compound as ~tan solid. (87 mg, 62'l· 
la NMB (COCl3) : & 8.17 (d, lH, J = 15.7 Hz); 7.44 

(d, lH, J = 8.7 Hz), 7.11-7.07 (m, 2~); 6.90-6.70 Cm, 
30 6H), 6.42 (d, lH, J = 15.7 Hz); 5.94 Cb s, 2H), 5.04 

(d, lH, Jc 7.5 Hz); 4.75 (d, lH, j = 7.6 Hz); 3.89 
(t, 2H, J ... 6. 7 H.z); 3.85 (s, 3H) 1 ·13.as (dd, lH,. J = 

' 
7.5, 7.4 Hz); 3.83 (s,3H); 2.96 (s,3H), 1.79 (sextet, 

2H; J = 6.7 Hz); l.03 Ct, 3H, J = 6.~ Hz). 

' I 
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b) tlRS. 2SR. 3SR>-3-C2-C<E>-2-Carhoxyethen-1-yll-4-

!DJlthpxl!l?henyll-l-C3,4-methylenedigx¥Ppen¥1l-5-lprop-1-
: 

ylgxylindane-2-carbpxylic acjd. 
. i 

S To a solution of methyl ClRS, 2SR, 3S~)-3-[2-[(EJ·2-
carbomethoxyethen-l-yl]-4•methoxyphenylJ-l-(3,4-
methylenedioxyphenyl>-S·(proppl-yloxy)indane-2• 
carboxylate (80 mg, 0.15 mmol) in di~xane (2 ml) was 
added l N NaOH (0.5 ml, 0.5 mmol). T~e resulting 

10 mixture was heated to reflux for ·3 h, i then cooled and 
concentrated under reduced pressure. The residue was 
partitioned between dilute aqueous HCl and ethyl 
acetate. The ethyl acetate extract wa~ washed with water 
and d~ied (M9S04 anhydrous). The solvent was removed in 

15 vacuo and the title compound. was obtained as a white 
solid (73 mg, 96') • 

15 NMB CCDCl3) ~ 6 8.32 (d, lH, J • 15.6 Hz); 7.24-

6.SS Cm, 9H); 6.29 Cd, lH, J ~ 15.6 Hz); 5.94 (b s, 
20 2H), S.18 (d, lM, J = 9.9 Hz.); 4.69 · (d, lH, J = 9.9 

Hz); 3.85 Cs, 3H); 3.84 (t, 2H, J ~ 6~9 Hz); 2.94 (dd, 
lH, J • 9.9, 9.9 Hz); 1.79 (sextet, 2H, J • 6.9 Hz); 
1.00 (t, 3H, J • 6.9 Hz). 

HS m/e: 517 [(M+H)+l. 
2S Anal. Cale. for C30H2eOe : c., 69.761: H, 5.46. 

Found: C, 69.73, H, 5.26. 
EAAMpI:fi :lf) 

(lBS, 2SR. 3SR>-3-f2-(2-~irbQXyeth-l-Jll-4-methpxy­
:ghenv11-1- CJ. 4-methylenediQxXPhenyll -S- f.prap-1-ylgxy> -

·' 30 ~ndane-2=carbpxylic acid. 

To a solution of (lRS, 2SR, 3 SR)-3-[2:-[(E)-2-carboxy­
ethen-1-ylJ-4•rnethoxyphenylJ·l-(3,4-methylenedioxy­
phenyl)-5-(prop-1-yloxy>indane-2-carbo~ylic acid (43 mg, 

35 o.os mmol) in ethanol (5 mL) was added' 10% palladium on 
activated carbon (40 mg> • The resulting suspension was 
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stirred overnight unaer an atmosphere of hydroqen then 
filtered through a pad of celite. The filtrate was 
concentrated under reduced pressure to.afford the title 
compound (35 mg; 82%) as a white solid. 

s la mm (CDCl3) : a 6.99 (d, lH, J =. 8.6 Hz); 6.78-6.66 

10 

15 

(m, 7H); 6.23 (b s, lH); 5.88 .. 5.87 (m, 2 H); 4.88 (d, .. 
1H, J = 9.7 Hz); 4.54 (d, lH, J = 9.7 Hz); 3.72 (s, 
3H); 3.70 (t, 2H, J = 7 Hz); 2.98-2.90 (m, lH); 
2.68-2.51 (m, 2H); 1.65 (sextet, 2H, J = 7.0 Hz); 0.89 
(t, 3H, J = i.O Hz). 

HS. <exact mass) w · : 518.1930 (4 ~ +l.l mDa for 
I 

C27H2607) 

By the methods qiven above ~n Examples 54 to 
58, the following compounds were _made·.~ • 

. ·' 
EXAMPLE 59 

flBS,2SR.3RS)~3-<2-Ca;cbgx:nnetb¥lthig-4-methpxyphenyll-l­

C3. 4-meth¥lenedigxyphenyll-5-<prop-l-¥1Qxy) 1ndane-2-
,c:arhoxyliQ acid 

20 m.p. 242-246°C (dee) • 

2S 

EXAMPLE 60 

(lRS, 2SR~ 3SR>-3-(4-Methoxy-2-<prpp-~-en•l-yl>phenyll­

l-<3.4-methylen,diox!a)henyl>-5-<prop~l-yloxyljndane-2-

coti)oxylic acid 
0 m. p. 126-127 c. 

(e~~ct mass) M+ • 496.2021 (~ = +2.1 mDa ~or C30H3006) 

BXAMJ?LE 61 

(lBS. 2SB, 3SBl-3-[Q-Methoxy-2-fprgp-l•yl>phenyll•l­

(3. t-methvlenedi~henfll-5-Cprop-1-ylox1>indane-2-
30 £ia;d)pxyl ic acjd 

0 
m.p. 15.5-156 C. 
Anal.. Cale. for C30H3206 : C, 73.75; H, 6.60. 

Found: C~ 73.45, H, 6.43. 



EXJoo?Ll!j 62 

ClB5. 2SR. 3RSJ-3-r2-Carhoxy-4-methpx):Pheny11-1-c3,4-
met,hxlenedjox¥.Phefll'll-5-!p~op-1-ylox¥} indane-2-
cerboxylic acia. 

S AD.al.. Caic. for C29H260a : c, 68.56; H, 5.34. 

Found: c, 68.61, H, 5.58, 
UAMf LE 63 

<lBS. 2SB, 3 SR>-3-[2~£2-Bydroxyetnyl>-4-methoXXPhenylJ­
l·(J,4-meth~lenedioxyphenvll-5-<~rop-1-yloxy, ,ndane-2-

10 ca~hoxylic ae~ 

(exact mass) ~· 490.1994 (A = +0.3 mDa for C29H3007) 

EAAMPLE 6~ 

ClRS4 2SB,m 3 SR>-3-<2·Carhoxymethyl-4-methoxyphenyl>-1-
15 C3, 4-.methylened iox~henyl> -s- Cprop-1"-ylgx:i} jndane-2-

(exact mass} ~· : 504.1788 (~ = -0.4 mDa for C29H2eOe> 
EX!i'MPI,E 65 

20 (lRS. 2SR. JSR>:3-f2-C3-Hfdro~rgp-1-iXll-d-m1thoxY­
Pbenyll-l~C3,4-met~enediQJUtPhcpyll-5-(prop-l-¥loxy>­
i~gane-2-carboiylic acid 

-
l:1S. (exact mass) M+. : 504.2143 (4 -·+o.s mDa ~or 

2S C30H3207) 

30 

EX!MPLE fjp 
tlRS. 2SR. 3 ssi'-s- (4-Carhgxy;phenyl)-i. 3-hi& <3. 4-

methylenedioxy,pt~) 1-indane-2-carhgxyJ ic acid... 

II m.p. 230-231 C. 
EXAMPLE 67 

.tlBS 1 2SR. 3SRl-5- (4-ij=n:zylg~~pyll.":l, 3-hi5 (3, 4-

metbylenedipxyR)J.en~l l jndane-2-carhog¥lic acid. 

3.S m.p. l05-106"C. .. .. 
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E.X!MPLE 68 

ClRS. 2SR. 3SB>-5-CC4-HydrQx2,Phenyll~l.3-hisC3~J­

methylened·io;u,~phenyl) iodanc-2-carhotitl ic acid, 

S l:1S. m/e : 512 [(M+NH4)+]. 

IS 

EXAMPI1! 6 9 
<t;ans. trans:,l.3.S-tri9C3.4-metbylftOedioXJl)hen¥l)­

indane-2-carhoxy11c acid. 

Found: c, 69.81, H, 4 ._46. 

EXAMfLEi 20 
C1B$.3RSJ-J-<2-Hydro~y-4-methgxyphenyll-l-C3.4-
methyl•nediQxypheny,l>-5-<p~p-1-y1o:ie1>indane. 

a) llRS, 3BS>-3- r <2-Methoxymet,hggyl-4-methQX¥Phen~lJ] ·l­

J3. 4-methylenedj oxyphenyl> -5- fprop·1-ylpxyl indane. 

A solution of <lRS, 2SR, 3RS)-3-C2-(methoxymethoxy)-4-
20 methoxyphenylJ-l-C3,4-methylenedioxyphenyl,-5-(prop-l-

yloxy)indane-2-carboxylic acid (0.2g, 0.39mmol) in 
dichloromethane (4ml) and pyridine (28pl, l.6 mmol) was 

cooled to 0 °C under argon. To this solution was added . . 
thionyl chloride (60 µl, 0.8 mmol). The mixture was 

25 allowed to warm to ambient temperature over 20 min. and 
. 1 

the volatiles removed in vacuo. The .residue was 
redissolved in toluene and evaporated in vacuo (twice) • 
The residue was dissolved in dichloromethane (4ml) and 
triethylamine (250pl) added. To this solution at room 

30 temperature under argon was added 2•mercaptopyridine-N­
oxide (120 mg, o. Bmmol) dissolved in _'.dic:hloromethane 
(lml) . After stirring for 20 ~in at room termperature 
t-butylthiol (450µ1, 4mmol) was added and the mixture 

irradiated for 20 min (150 watt. "spotlight) • _The 

3S volatiles were.removed in vacuo and ~he·product 
partitioned between ethyl acetate and 3-M-aq. HCl. The 
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organic extract was washed with water-, sat. aq. NaHC03 

solution and finally brine. After dtying (M9S04 

anhydrous), t.he prod.u·ct was filtered ·and evaporated. 

Purification by column chromatography gave the title 

5 compound ( 0. 075 9, 41%) . 
la NMR (CDCl3) : 8 7.13 (d, lH, J ~ 8.5 Hz); 6.83 (d, 

lH, J = 8.3 Hz), 6.79-6.69 (m, SH), 6.S4 (dd, lH, J • 

8.5, 2.5 Hz), 6.51 (hr s, lH), 5.92. (br, s, 2H) 5.18 (d, 

lH, J ~ 6.7 Hz, ), 5.15 (d, lH, J = 6.7 H2), 4.66 (dd, J 

10 = 10.5, 7.6 Hz, lH, J 11111 6 .. 7 Hz), 4.22 (dd, lH, J m: 

10.5, 7.4 H:t), J.Bl (m; 2H), 3.80 Cs, 3H), 3.43 (.s, 3H), 

2. 90-2. 83 (m, lH), 2. 06-1. 98 (m, lH), l. 73 (sextet, lH, 

J = 7.1 Hz), 0.92 Ct, 3M, J ~ 7.1 Hz>~ 

15 b) ClRS. 3BS> -3- <2-Hydrgxy-4-methoxmhenYll-J- <3, 4-

methyleneaio.xy,phenyl> -5- <prop-l-ylnxy> indane 
·; 

To a solution of (1RS,3RS)•3-[(2•methoxymethcxy}-4-

methoxyphenyl)]-1-(3,4-methylenedioxyphenyl)-5-(prop*l-

20 yloxy)indane (0.075 g, 0.16 mmol) in ~ethanol (5 ml) was 

added 4-5 drops of 6M-HC1 and the mixture refluxed for 

1.5 h under argon. The solvent was removed in vacuo and 

the product pa~titioned between EtOAc and water. The 

organic ex.tract was washed with water then sat. aq. 
25 NaHC03 so.lution and finally brine.. After drying ·CM9S04 

30 

35 

anhydrous) filtration and evaporation gave the title . 
compound (0.064 g, 94%). 

lHNMR (COCl3): 3 7.11 (Ci, lH, J=8 .. 4Hz), 6.87 (d, 

lH, J = 7.8 Hz), 6.77-6.74 (4 H, m), 6.61 (br s, lH), 

6 ~ 50 (dd,· lH, J ... B. 4, 2. 5 H~), 6. 42 (d, lH, J = 2. S 

Hz)r 5.94 (d, lH J = 1.2 Hz), S.93 (d, lH, J = 1.2 Hz), 

4.74 (S, lH), 4.43 (dd, lH, J = 10.4,."7.6 Hz), 4.20 (dd, 

lH, J = 10.7, 7.3 Hz), 3.~2 (t, 2H, J,= 6.7 H~), 3.79 

(s, 3H), 2.8.9-2.82 (m, lH), 2.15-2.08. (m, lH), 1.77-1.71 
: 

(sextet, 2H, J = 1.2 Hz), 0.99 (t, 3Hi J = 2.5 Hz). 
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m <exact mass) M+ Found.: 418.1782· (A = -0.2 moa for 
C26H260S) • 

EXAMPJ'..E 71 

ClRS.2BSl-3-C2-Cq:z;l;wxym,ethgxr-4-methgXltQhenyl)-J-<3,4-
s methtlenedipxyphenyl> -5- <Dro.12-1-y10U,) indane 

To a slurry of sodium hydride (5 mg, :0.21 mmol) :Ln 

dimethylformamide (0.5 ml> was added ·c1RS,3RS)-3-C2-
hydroxy-4-methoxyphenyl)-l-(3,4-methylenedioxyphenyl)-5-

10 (prop-l-yloxy)indane(0.058 g, 0.14 mmol) at ice-hath 
temperature under argon. After stirring for 15 min, 

. ethyl bromoacetate (50 µl, 0.2 mmol)· was added and the 
solution stirred for l h at room temperature. The 
product was partitioned between ethyl: acetate and 3M aq 

15 HCl. The organic extract was washed with water, sat. 
aq. NaHC03 solution and finally brine~ After dryinq 
(MgS04 anhydrous) filtration and evap~ration followed by 
chromatography gave ClRS,3RS)-3-{2-carboethoxymethoxy-4-
methoxyphenyl)-l-(3,4-methylenedioxyp~enyl)-5-(prop-1-

20 yloxy) indane (0. 041 g). The product was dissolved in 
hot ethanol (10 ml) and 1 ~ aq. NaOH added (1 ml) . The 
mixture was refluxed for 1 h then coo-led, acid.ified with 

I 

SM-aqueous HCl ~nd extracted with ethyl acetate. After 
evaporation the residue was crystalli.zeci from ethyl 

25 acetate/hexane to give the title compound (0. 035 g,, 

93%) -

m.p. 177-178 °c: 

lH NMB (CDCl3) : S 7.18 (d, lH, J == Q.5 Hz), 6.87 (d, 

30 lH, J = 8.4 Hz), 6.68-6.71 (4 H, m), ~.56 (dd, lH, J =. 
B.4, 2.3 Hz}, 6.53 (hr. s, lH), 6.41 ~d, lH, J = 2.3 
Hz), 5.91 (br. s, 2H) 1 4.68-4.60 (m,.'3H}, 4·.61 _(dd, lH, 

J = 10.7, 7.2 Hz), 3.83-3.80 (m, 2H)~· 3~Bl (s, 38), 2.86 
(dt, lH, J.., 12.4, 7.2 HZ), 2.10 ... 1.98. (m, lH), 1.73 

35 (sextet, 2H, J ~ 7.2 Hz), 0.98 (t1 38, J m 7.4 Hz). 
MS (exact mass) M+ = 476.1829 <A= +o.6 mDa for ·c2aH2a07). 
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fiUMPLES 72-84 

The following.compounds were prepared by the 

procedures given above. 

'(lRS, 2SR, 3SR)-l-(4-Methoxypheny~)-3-(3,4,5-

trimethoxyphenyl)indane-2-carboxylic acid; 

(lRS, 2SR, 3SR)·l~(4-EthOXYJ;>henyl)-3-C3-4-

methylenedioxyphenyl)indane-2-carboxylic acid; 

·(lRS, 2SR, 3SR) -5-Carboxy-1, 3-bis (3, 4-methyl-

enedioxyphenyl)indane-2-carboxylic ac~d; 

(lRS, 2SR, JSR)-3-(4-Methoxyphenyl)-l-(3,4-
15 methylene~ioxyphenyl)-5-(prop-2-enylo~y)in~ane-2-

carboxylic acid; 

(lRS, 2SR, 3RS)-3•(2,4-Dimethoxyphenyl)-5-
hydroxy-l-(3,4-methylenedioxyphenyl)•1ndane-2-carboxylie 

20 acid; 

25 

ClRS, 2SR, 3SR)-3•[5-(2,3-Dihyd.ro)­

benzfuranylJ-5-~ydroxy-1-(3,4-methylenedioxyphenyl)­

indane-2-carboxylic acid; 

(lRS, .2sa, 3RS)-5-Hydroxy-3-,C3, 4-methylene­

dioxyphenyl)-l- (2, 4, 6-trimethoxyphenyl> indane-2-

carDoxylic acid; 

r 
30 (lRS, 2SR, 3SR)-l-(5-(2,3-0ihydro)-

oenzfuranyl}-l-(4-methoxyphenyl)indane-2-carboxylic 

acid; 

(lRS, 2SR, 3RS)-1•[3,4-(l,2-Ethylenedioxy)-

35 phenyl]-3•(4-methoxyphenyl)indane-2-carboxylic acid; 
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ClRS, 2SR, 35R)-5-Hydroxy-3-C3,4-methylene• 

dioxyphenyl)-1-(4-methoxyphenyl)indane-2-carboxylic 

acid; 

(lRS, 2SR, 3RS) -5-Hydroxy·3·- (4-methoxyphenyl) -

l-C2-methoxy-4,5-methylenedioxyphenyl)indane-2-

ca.rhoxylie acid; 

(lRS, 2SR, JSR) -1- (3, 4-Methylenedioxyphenyl).-

10 3- (4-met.hoxyphenyl) -s- (propyl-1-yioxy_> ind.ane-2-

carboxylic acid; 

(lRS, 2SR, 3RS}•5•Methoxy·3~(4•methoxyphenyl>-

1-(2-rnethoxy-4,S-methyleneaioxyphenyl)inaane-2-

lS carboxylic: acid. 

EXAMeLE BS 

Formulations for pharmaceutical use 

incorporating compounds of the present invention can be 

20 prepared in various forms and with numerous excipients. 

Examples of such formulations are qiven below. 

Inhalant Eprmul_at1pn 

A·compound of formula I, (1 m9 to 100 mg) is 

25 aerosolized from a metered dose inhal"~:r t.o deliver the 

desired amount of drug per use. 

TabletsLing:redienj;J; · . 

30 1. Active ingredient 
(Cpd of Form. I) 

2. Corn Starch 

35 3. Alginic ac:id 

4. Sodium alginate 

s. Mg stearate 
40 

Per Tablet 

40 mg 

20 mg 

20 mg 

20 mg 

JI 3 mQ 
2.3 mg 



Step l 

S Step 2 

10 Step 3 

Step 4 

15 Step S 

Step 6 

_7s.-

Blend ingredients ~o~ l, No. 2, Ne. 3 and 
No. 4 in a suitable mixer/blender. 
Add sufficient water porti~n-wise to the blend 
from Step l with careful mixing after eaeh . 
addition. Such additions ~f water and mixing 

·until the mass is of a consistency to permit 
. ' 

its convericn to wet granules. 
The wet mass is converted to granules by 
passing it through an osc:il'latin9 9ranulator 
using a No. 8 mesh (2.38 ~) screen. 
The wet granules are then ~ried in an oven at 
140°F <60•c) until dry. 
The d.ry granules are lubricated with 
ingredient No. 5. 
The lubricated granules are compressed on a 
suitable tablet press. 

20 Parenteral Fpmµlat;j.oo 

A pharmaceutical composition for parenteral 
administration is prepared by dissolving an appropriate 
amount of a compound of formula I in polyethylene glycol 
with heat~ng. This solution is then diluted with water 

25 for injections Ph Eur. (to 100 ml). The solution is 
then steriled. by filtration through a 0.22 micron 
membrane filter 'and sealed in sterile containers. 
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1. A compound of formula 

R, 

P1 

Pz 

R2 is hydrogen, Ar or (c); 
P1 is -X(CH2>nRe; 

P2 is -X(CH2)nRa, or -XRgY; 

THIS SHEET HAS BEEN 
REPLACED 

(I) 
tt1imiiilili1nr 

(I) 

(C) ; 

RJ and Rs are independently hydrogen, R11, OH, 
25 C1-aalkoxy, S(O)qR111 N(R6)2, Br, F, "I, Cl, CF3, N~COR6, 

-XRg-Y or -X(CH2>nRs wherein the methylene groups of 
-X(CH2lnRa may be unsUbstituted or substituted by one or 
more -(CH2>nAr qroups; 

R4 is hydrogen, R11, OH, C1-5alkcxy, S(O)qR11 1 

30 N(R6>21 •X(~11>, Br, F, I, Cl or NHCORs wherein the 
c1-salkoxy may be unsubstituted or substituted by OH, 

methoxy or halogen; 
Re is independently hydrogen or C1-4alkyl1 
R1 is independently hydroq~n, C1-5alkyl or 
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Rs is hydrogen, Rilr C02H, P03H2, P(O) (OH)R7 

or tetraz.ole; 
Rg is C1-lOalkyl1 C2~1oalkenyl or phenyl all 

of which may be unsubstituted or substituted by one or 
5 more OH, N(R6)2, COOH, halogen or XC1-5alkyl; 

10 

15 

20 

Rio is RJ or R4; 
Ri1 is C1-aalkyl, C2-ealkeny1, C2-aalkynyl all 

of which may be unsubstituted or substituted by one or 
more oa, CH2oH, NCR6>2 or halogen;. 

X is (CH2)n, 0, NR6 or S(O)q; 
y is CH3 or -CH2X(CH2)n1U"; 

Ar is: 

(a) 

naphthyl, indolyl, pyridyl or thienyl, 

oxazolidinyl, oxazolyl, thiazolyl, isothiazolyl, 
pyrazolyl, triazolyl, tetrazolyl, imida%Olyl, 

imidazolidinyl~ thiazolidinyl, isoxazolyl, oxadiazolyl, 
25 thiadiazolyl, morpholinyl, piperidinyl, pipera_%iny:L, 

pyrrolyl, or pyrimidyl; all of which ·may be 
unsubstituted or substituted by one or more ~3 or R4 

30 

groups; 
A is C=O, or [C(R6)2lm; 

B is -CH2- or -0-; 

Z1 and Z2 are independently hydrogen, 

c 1-ealkyl, C2-ealkenyl, C2-ealkynyl, _OH, C1-ealkoxy, 

S(O)qC1-salkyl, N(R5>2r Br, F, I, Cl, NHCOR6, 

-X(CH2>nRs, phenyl, benzyl or CJ-6CY~loalkyl wherein the 

35 c 1-aalkyl, C2-aalkenyl or C2-aalkyny~ may be optionally 

subsl:ituted by COOH, OH, CO{CH2)nCH3,, CO(CH2)nCH2N<Rs>2, 
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or halogen; or Z1 and z2 together may he -o-A-0- on 
contiguous carbons; 

Z3 is Z1 or XRgY; 

q is zero, one or two; 
11111111111111 11111 1111111 1111 
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n is an integer from 0 to six; 
m is l, 2 or 3; 

arid the dotted line indicates the optional presence of a 
double bond; or a pharmaceutically a~ceptable salt 
thereof; provided that 

• R2 is not hydrogen when X·is .S(O)ql 

• when the optional double bond 1s present 
there is only one Rio and there is no P11 
the compound of Formula. I is not (lRS)-1,3-
diphenylindene-2-carboxylic.acid; (cis,cis)­
(1RS, 3SR)-l, 3-diphenylindane-2-carboxylic acid; 
(lRS)-3-[3-Methyl-l-phenyl-(lHJ•ind-2-en-l-yl) 
propionic acid; or (lRS)-2[1,3-diphenyl-ClH)­
ind-2-en-2-yl)ethanoic acid. 

20 2. A compound of claim l wherein R1 is 
X(CH2>nAr, dihydrobenzofuranyl, henzodioxanyl, 
cyclohexyl, or C1-4alkyl; R2 is a moiety of formula (a) 
or (b), C1-4alk..yl, indo.lyl or hydrogen; .RJ and Rs are 
independently hydro~en, OH, C1-5alkoxy, halogen, 

2S -OC1-4alkyl phenyl, R11C02R7, C1-4alkyl, N(R6)2, 
NH(CO)CH3, -XCqi2)nRB1 -XRg, pyridyl,, phenyl or 
S(O)pCi-salkyl; R4 is hydrogen, OH, C1-salkoxy, halogen, 
C1-4alkyl, N(R6)2, NH(CO)CH3 or $(O)pC1-5alkyl1 Z11 Z2 
and Z3 are independently XRgY, benzyl·, hydrogen, OH, 

30 C1-5alkoxy, -N(R6)2, S(O)qC1-aalkyl, ~HCOR6, X(CH2)nRB 
or halogen, or Z1 and Z2 together may be -O-A-0 on 
contiguous carbons; Pi and P2 are independently 

I 

hydrogen, C02H or tetra2ole; Ar is a .moiety cf formula 
<a>, or (b), phenyl, or pyridyl and.Xis (CH2>n or 

3S oxygen. 
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3. A compound of claim 2 wherein RJ is 

hydrogen, -XCCH2>nRe or R11C02R7; R4 and Rs are 
independently hydrogen, OH, C1-salko~y, SC1-5alkyl, F, 
Br, C1-3alkyl or NH2; Z1 and Z3 are Jiydrogen and Z2 is 

5 hydrogen, OH, C1-salkoxy, halogen, X(CH2)nR9, NH2, 
benzyl or NH(CO)CH3, or Z1 and Z2 together may be O-A-0 
on contiguous carbons. 

4. A compound of claim 3 wherein R1 is a 
10 moiety of formula (b) and R2 is a· moiety of formula (a) 

or Cb); A is CH2, Bis -o-; ·there is .no optional double 
bond; R1 and XR2 are trans to P1; Z2 is OH, C1-5alkoxy, 
-OCH2CHCH2 or.hydrogen, z1 is hydr-ogen; R3 is hydrogen, 
X<CH2)qC02H or CH•CHC02H, R4 is hydrogen, substituted 

15 phenyl, or C1-2alkoxy; and R5, R10 and P2 are hydrogen. 

5. A compound of claim l selected from the 
group consisting of: 

20 <lRS, 2SR, 3SR)-l-(4~Methoxyphenyl>-3-(3,4•methyiene~ 
dioxyphenyl)indane-2-carboxylic acid; 

25 

(lRS, 2RS, 3SR>.-5-Hydroxy·3- (4-methoxyphenyl) -1- (3, 4-
methylenedioxyphenyl) indane-2~carboxylic acid; 

ClRS, 2RS, 3SR)-5-Methoxy-3•(4-metho~yphenyl)-l-(3,4-

methylenedioxyphenyl)indane-2•carboxylic acid; 

(lRS, 2SR, 3SR)-l,3-Bis(3,4-methylenedioxyphenyl)-5-
30 5-hydroxyindane-2-carboxylic acid; 

35 

(lRS,. 2SR, 3RS)-3-C2-Carboxyinethoxy-•-methoxyphenyl)-l­
(3,4-methylenedioxyphenyl)-5-(prop-l•yloxy)-indane-2-
carboxylic acid; 

·-

'''"'~IHI~ ll~l lll[l U If II 
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<1Rs, 2sR, JRs> -J- <2-carhoxymethoxy-4-methoxypheny1> -1-
(3, 4-methylenedioxyphenyl) -5- (prop-1-yloxy} _-indane-2-

c:ar.boxylic acid; 

S (lRS, 2SR, 3SR>-3-C2-CarboxY2:11ethoxy-4-methoxyphenyl)-l­

(2-methoxy-4,5-methylenedioxyphenyl)-5-(prop-l-yloxy>­

indane-2-carhoxylic acid; 

(lRS, 2SR, 3RS>-3-[2-Cl-Carboxyeth~2-yloxy)·4-methoxy-

10 phenyl]-l-~3,4-methylenedioxyphenyl)~5-(prop-l-yloxy)­

indane-2-carboxylic acid, bis-dicyclohexylamine salt; 

(lRS, 2SR, 3SR)-3-[2-{CE)-2-Carboxyethen-1-yl]-4-

methoxyphenyl]-1-(3,4-methylenedioxyphenyl)•S-Cprop-l-

15 yioxy)indane-2-carboxylic acid; 

20. 

ClRS, 2SR, 3SR)-3-· [2• (2-Carboxyeth-1-yl) -4-methoxy­

phenyl]-l- (3, 4-methylenedioxyphenyl) ·5~ (prop-l-yloxy> -
indane-2-carboxylic acid; 

ClRS,2SR,3RS)-3-[2-(3-Carboxyphenyl)-4-methoxyphenyl]-1-

(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)indane-2-

earboxylic acid, 

25 6. A pharmaceutical composition comprising a 

compound accordipg to any one of claims l to 5, and a 

pharmae~utically acceptable carrier. 

7. A compound according to any one of claims 

30 1 to 5 for use as an active therapeutic substance. 

B. A compound according to any one of claims 

1 to 5 for use in antagonizing endothelin receptors. 
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9. A compound according to any one of claims 
l to 5 for. use in treating hypertension, renal failure 
or cerebrovascular disease. 

· lO .. Use of a compound according to any one of 
claims 1 to 5 in the manufacture of a medicament to use 
in the treatment of hypertension, renal failure or 
ce~ebrovascular disease. 

' 
ll. A method of antagonizing endothelin 

receptors which comprises administering to a subject in 
need thereof, an effective amount to antagonize 

' . 
endothelin receptors of a compound accordin~ to any one 
of claims 1 to 5 • 

12. A process for the preparation of ~ 
compound of formula (I) of claim 1 or a pharmaceutically 
acceptable salt thereof, which process comprises 
reac~ing a compound of formula (II) 

COz)t (II) 

wherein z1 , Z2, 1Z3 anci Ri are as described in claim l or 

a group convertable thereto, and X is alkyl, with an· 
organomagnesium compound of formula (III) 

(III) 

wherein R2 is as described in claim 1 or a group 

35 convertable thereto, in a suitable solvent 

to provide a eo~pound of formula (IV) 
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(IV) 

which is reduced and thereafter, when.desired or 
necessary undergoes, 

10 a) insertion of Rio (when other than hydroqen) 

through c:onjuqate additon; and/or 
b) alkylation or acylation to give compounds 

wherein P1 and P2'are othe~ than C02H; and/or 
c> conversion R1, R2, Z1, Z2 and Z3; 

15 to afford a compound of formula (I). 

REPLACED 


