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ENDOTHELIN RECEPTOR ANTAGONISTS 

FIELD OF INVENTION 

[0001] The present invention relates to novel indane and 
indene derivatives, pharmaceutical compositions containing 
these compounds and their use as endothelin receptor 
antagonists. 
[0002] Endothelin (ET) is a highly potent vasoconstrictor 
peptide synthesiZed and released by the vascular endothe 
lium. Endothelin exists as three isoforms, ET-1, ET-2 and 
ET-3. [Unless otherWise stated “endothelin” shall mean any 
or all of the isoforms of endothelin]. Endothelin has pro 
found 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 contraction Which is involved in the pathogenesis of 
cardiovascular, cerebrovascular, respiratory and renal patho 
physiology. Elevated levels of endothelin have been 
reported in plasma from patients With essential hyperten 
sion, acute myocardial infarction, subarachnoid hemor 
rhage, atherosclerosis, and patients With uraemia undergoing 
dialysis. 
[0003] In vivo, endothelin has pronounced effects on 
blood pressure and cardiac output. An intravenous bolus 
injection of ET (0.1 to 3 nmol/kg) in rats causes a transient, 
dose-related depressor response (lasting 0.5 to 2 minutes) 
folloWed by a sustained, dose-dependent rise in arterial 
blood pressure Which can remain elevated for 2 to 3 hours 
following dosing. Doses above 3 nmol/kg in a rat often 
prove fatal. 

[0004] Endothelin appears to produce a preferential effect 
in the renal vascular bed. It produces a marked, long-lasting 
decrease in renal blood ?oW, accompanied by a signi?cant 
decrease in GFR, urine volume, urinary sodium and potas 
sium excretion. Endothelin produces a sustained antinatri 
uretic effect, despite signi?cant elevations in atrial natri 
uretic peptide. Endothelin also stimulates plasma renin 
activity. These ?ndings 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, radio contrast induced renal failure and 
chronic renal failure. 

[0005] Studies have shoWn that in vivo, the cerebral 
vasculature is highly sensitive to both the vasodilator and 
vasoconstrictor effects of endothelin. Therefore, ET may be 
an important mediator of cerebral vasospasm, a frequent and 
often fatal consequence of subarachnoid hemorrhage. 

[0006] ET also exhibits direct central nervous system 
effects such as severe apnea and ischemic lesions Which 
suggests that ET may contribute to the development of 
cerebral infarcts and neuronal death. 

[0007] ET has also been implicated in myocardial ischer 
nia (Nichols etal. Br. J. Pharm. 99: 597-601, 1989 and 
CloZel and CloZel, Circ. Res., 65: 1193-1200, 1989) coro 
nary vasospasm (Fukuda et al., Eur. J. Pharm. 165: 301-304, 
1989 and Liiischer, Circ 83: 701, 1991) heart failure, pro 
liferation of vascular smooth muscle cells, (Takagi, Biochem 
& Biophvs. Res. Commun.,' 168: 537-543, 1990, Bobek et 
al., Am. J. Physiol, 258:408-C415, 1990) and atherosclero 
sis, (Nakaki et al., Biochem. & Biophys. Res. Commun. 158: 
880-881, 1989, and Lerman et al., New Eng. J. ofMea'. 325: 
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997-1001, 1991). Increased levels of endothelin have been 
shoWn after coronary balloon angioplasty (Kadel et al., No. 
2491 Circ. 82: 627, 1990). 

[0008] Further, endothelin has been found to be a potent 
constrictor of isolated mammalian airWay tissue including 
human bronchus (Uchida et al., Eur J. of Pharm. 154: 
227-228 1988, LaGente, Clin. Exp. Allergy 20: 343-348, 
1990; and Springall et al., Lancet, 337: 697-701, 1991). 
Endothelin may play a role in the pathogenesis of interstitial 
pulmonary ?brosis and associated pulmonary hypertension, 
Glard et al., Third International Conference on Endothelin, 
1993, p. 34 and ARDS (Adult Respiratory Distress Syn 
drome), Sanai et al., Supra, p. 112. 

[0009] Endothelin has been associated With the induction 
of hemorrhagic and necrotic damage in the gastric mucosa 
(Whittle et al., Br. J. Pharm. 95: 1011-1013, 1988); 
Raynaud’s phenomenon, Cinniniello et al., Lancet 337: 
114-115, 1991); Crohn’s Disease and ulcerative colitis, 
Munch et al., Lancet, Vol. 339, p. 381; Migraine (Edmeads, 
Headache, February 1991 p 127); Sepsis (WeitZberg et al., 
Circ. Shock 33: 222-227, 1991; Pittet et al.,Ann. Surg. 213: 
262-264, 1991), Cyclosporin-induced renal failure or hyper 
tension (Eur J. Pharmacol, 180: 191-192, 1990,Kidney Int, 
37: 1487-1491, 1990) and endotoxin shock and other endot 
oxin induced diseases (Biochem. Biophvs. Res. Commun., 
161: 1220-1227, 1989,Acta Physiol. Scand. 137: 317-318, 
1989) and in?ammatory skin diseases, (C lin Res. 41:451 and 
484, 1993) and macular degeneration. 

[0010] Endothelin has also been implicated in preclampsia 
of pregnancy. Clark et al., Am. J. Obstet. Gynecol, March 
1992, p. 962-968; Kamor et al., N. Eng. J. ofMea'., Novem 
ber 22, 1990, p. 1486-1487; Dekker et al., Eur J. Ob. and 
Gyn. and Rep. Bio. 40 (1991) 215-220; Schiff et al., Am. J. 
Obstet. Gynecol. February 1992, p. 624-628; diabetes mel 
litus, Takahashi et al., Diabetologia (1990) 33:306-310; and 
acute vascular rejection folloWing kidney transplant, 
Watschinger et al., Transplantation Vol. 52, No. 4, pp. 
743-746. 

[0011] Endothelin stimulates both bone resorption and 
anabolism and may have a role in the coupling of bone 
remodeling. Tatrai et al. Endocrinology, Vol. 131, p.603 
607. 

[0012] Endothelin has been reported to stimulate the trans 
port of sperm in the uterine cavity, Casey et al., J. C lin. Endo 
and Metabolism, Vol. 74, No. 1, p. 223-225, therefore 
endothelin antagonists may be useful as male contracep 
tives. Endothelin modulates the ovarian/menstrual cycle, 
Kenegsberg,J. ofClin. Ena'o. andMet, Vol. 74, No. 1, p. 12, 
and may also play a role in the regulation of penile vascular 
tone in man, Lau et al., Asia Paci?c J. of Pharm., 1991, 
6:287-292 and Tejada et al., J. Amer Physio. Soc. 1991, 
H1078-H1085. Endothelin also mediates a potent contrac 
tion of human prostatic smooth muscle, Langenstroer et al., 
J. Urology, Vol. 149, p. 495-499. 

[0013] Thus, endothelin receptor antagonists Would offer a 
unique approach toWard the pharmacotherapy of hyperten 
sion, renal failure, ischemia induced renal failure, sepsis 
endotoxin induced renal failure, prophylaxis and/or treat 
ment of radio-contrast induced renal failure, acute and 
chronic cyclosporin induced renal failure, cerebrovascular 
disease, myocardial ischemia, angina, congestive heart fail 
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ure, asthma, atherosclerosis, macular degeneration, 
Raynaud’s phenomenon, ulcers, sepsis, migraine, glaucoma, 
endotoXin shock, endotoXin induced multiple organ failure 
or disseminated intravascular coagulation, cyclosporin-in 
duced renal failure and as an adjunct in angioplasty for 
prevention or treatment of restenosis, diabetes, preclampsia 
of pregnancy, bone remodeling, kidney transplant, male 
contraceptives, infertility and priaprism and benign prostatic 
hypertrophy. 

SUMMARY OF THE INVENTION 

[0014] This invention comprises indane and indene 
derivatives represented by Formula (I) and pharmaceutical 
compositions containing these compounds, 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 nephrotoXicity, stroke, 
cerebrovascular vasospasm, myocardial ischemia, angina, 
heart failure, atherosclerosis, and as an adjunct in angio 
plasty for prevention of restenosis and benign prostatic 
hypertrophy. 

[0015] This invention further constitutes a method for 
antagoniZing endothelin receptors in an animal, including 
humans, Which comprises administering to an animal in 
need thereof an effective amount of a compound of Formula 

(1). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] The compounds of this invention are represented 
by structural Formula (I): 

(1) 
R1 R10 

[0017] Wherein: 

[0018] R1 is —X(CH2)nAr or —X(CH2)nR8 or 

[0019] R2 is hydrogen, Ar, C1_4alkyl or (c); 

[0020] P1 is —X(CH2)nR8; 

[0021] P2 is —X(CH2)nR8, or —X—R9—Y; 
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[0022] R3 and R5 are independently hydrogen, R11, OH, 
C1_8all(OXy, S(O)qR11, N(R6)2, Br, F, I, C1, C11,, NHCOR6, 
R13CO2R7, —X—R9—Y, or —X(CH2)nR8 Wherein each 
methylene group Within —X(CH2)nR8 may be unsubstituted 
or substituted by one or tWo —(CH2)nAr groups; 

[0023] R4 is hydrogen, R11, OH, C1_5alkoXy, S(O)qR11, 
N(R6)2, Br, F, I, Cl or NHCOR6 Wherein the C1_5alkoXy may 
be unsubstituted or substituted by OH, methoXy or halogen; 

[0024] R6 is independently hydrogen or C1_4alkyl; 

[0025] R7 is independently hydrogen, C1_1Oalkyl, 
C2_1Oalkenyl or C2_8alkynyl, all of Which may be unsubsti 
tuted or substituted by one or more OH, N(R6)2, CO2R12, 
halogen or XCl-Salkyl; or R7 is (CH2)nAr; 

[0027] R9 is a bond, C1_1Oalkylene, C1_1Oalkenylene, 
C1_1Oalkylidene, C1_1Oalkynylene, all of Which may be linear 
or branched, or phenylene, all of Which may be unsubsti 
tuted or substituted by one or more OH, N(R6)2, COOH or 
halogen; 

[0028] R10 is R3or R4; 

[0029] R11 is hydrogen, Ar, C1_8alkyl, C2_8alkenyl, 
C2_8alkynyl, all of Which may be unsubstituted or substituted 
by one or more OH, CHZOH, N(R6)2 or halogen; 

[0030] R12 is hydrogen, C1_6alkyl, 
C2_7alkynyl; 

[0031] R13 is divalent Ar, C1_1Oalkylene, C1_10alkylidene, 
C2_10alkenylene, C2_1Oalkynylene, all of Which may be 
unsubstituted or substituted by one or more OH, CHZOH, 
N(R6)2 or halogen; 

[0032] X is (CH2)n, O, NR6 or S(O)q; 

[0033] Y is CH3 or X(CH2)nAr; 

[0034] Ar is: 

C2_6alkenyl or 

(b) 

[0035] naphthyl, indolyl, pyridyl, thienyl, oXaZolidinyl, 
oXaZolyl, thiaZolyl, isothiaZolyl, pyraZolyl, triaZolyl, tetra 
Zolyl, imidaZolyl, imidaZolidinyl, thiaZolidinyl, isoXaZolyl, 
oXadiaZolyl, thiadiaZolyl, morpholinyl, piperidinyl, piper 
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aZinyl, pyrrolyl, or pyrimidyl; all of Which may be unsub 
stituted or substituted by one or more R3 or R4 groups; 

[0036] A is C=O, or (C(R6)2)m; 

[0037] B is —CH2- or—0—; 

[0038] Z1 and Z2 are independently hydrogen, C1_8alkyl, 
C2_8alkenyl, C2_8alkynyl, OH, C1_8alkoXy, S(O)qC1_8alkyl, 
N(R6)2, Br, F, I, Cl, NHCOR6, —X—R9—Y, —X(CH2)nR8, 
phenyl, benZyl or C3_6cycloalkyl Wherein the C1_8alkyl, 
C2_8alkenyl or C2_8alkynyl may be optionally substituted by 
COOH, OH, CO(CH2)nCH3, CO(CH2)nCH2N(R6)2, or halo 
gen; or Z1 and Z2 together may be —O—A—O— on 
contiguous carbons; 

[0039] Z3 is Z1 or —X—R9—Y; 

[0040] q is Zero, one or tWo; 

[0041] n is an integer from 0 to siX; 

[0042] m is 1, 2 or 3;and the dotted line indicates the 
optional presence of a double bond; or a pharmaceutically 
acceptable salt thereof; provided that 

[0043] R2 is not hydrogen When X is S(O)q; 

[0044] When the optional double bond is present there is 
only one R10 and there is no P1 and P2 is not NRGRQY; and 
if X—R2 is attached to the double bond, X is not NR6; and 
if R1 is attached directly to the double bond, R1 is not 
NR6AR; 
[0045] When R3, R5, Z1, Z2, or Z3 is X(CH2)nR8 and n is 
not 0, X is oxygen or NR6 When R8 is OR6 or COZH; 

[0046] When R8 is CO2C(R11)2O(CO)XR7, X is not S(O)q; 

[0047] the compound of Formula I is not (1RS)-1,3 
diphenylindene—2-carboxylic acid; (cis,cis)-(1RS,3SR)-1,3 
diphenylindane—2-carboxylic acid; (1RS)-3-[3-Methyl-1 
phenyl-(1H)-ind-2-en-1-yl] propionic acid; or (1RS)-2-[1,3 
diphenyl-(lH)-ind-2-en-2-yl]ethanoic acid; 1,3-diphenyl-1 
ethoXyindene—2-carboxylic acid; 1,2,3-triphenylindene; 1,3 
diphenylindene; 1-(2,3-dimethyl-2-buten-yl)-1,3-diphenyl 
indene; 1,3-diphenyl-2-methylindene; 1,3-diphenyl-2-meth 
ylindane; 1,3-diphenylindane; 5,6-dimethoXy-1,3 
dimethoXyindene; 1,3-bis(4,5-dimethoXy-2 
hydroXyphenyl)-5,6-dimethoXyindane; 1,3-bis(3,4 
dimethoXyphenyl)-5,6-dimethoXyindane; 1,3-diphenyl-2 
methoXyidene, 1,3-diphenyl-2-ethoXyindene, 5-?uoro-2 
methyl-indene-3-acetic acid, methyl 1,3-diphenylindene-2 
carboXylate, ethyl 1,3-diphenylindene-2-carboXylate, or 
2-cyano-1,3-diphenylindene. 
[0048] Also included in the invention are pharmaceuti 
cally acceptable salt complexes. Preferred are the ethylene 
diamine, sodium, potassium, calcium and ethanolarnine 
salts. 

[0049] The term alkylene is a divalent alkyl group in 
Which the bonds are on tWo different carbon atoms; alky 
lidene is a divalent alkyl group in Which the bonds are on the 
same carbon atom; alkenylene is a divalent alkene group in 
Which the bonds may be on any carbon atom; alkynylene is 
a divalent alkynyl group in Which the bonds may be on any 
carbon atom. 

[0050] All alkyl, alkenyl, alkynyl, alkoXy, alkylene, alky 
lidene, alkenylene and alkynylene groups may be straight or 
branched. The term “halogen” is used to mean iodo, ?uoro, 
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chloro or bromo. Alkyl groups may be substituted by one or 
more halogens up to perhalocenation. 

[0051] The compounds of the present invention may con 
tain one or more asymmetric carbon atoms and may eXist in 
racemic and optically active form. All of these compounds 
and diastereoisomers are contemplated to be Within the 
scope of the present invention. 

[0052] Preferred compounds are those Wherein R1 is 
X(CH2)nAr, (Ar is (a) or (b)), dihydrobenZofuranyl, benZo 
dioXanyl, cycloheXyl or C1_4alkyl; R2 is a moiety of formula 
(a) or (b), C1_4alkyl, indolyl or hydrogen; R3 and R5 are 
independently hydrogen, OH, C1_5alkoXy, halogen, —OC1_ 
4alkyl phenyl, R13CO2R7, C1_4alkyl, N(R6)2, NH(CO)CH3, 
—X(CH2)nR8, —X—R9—Y pyridyl, phenyl or S(O)pC1_ 
salkyl; R4 is hydrogen, OH, C1_5alkoXy, halogen, C1_4alkyl, 
N(R6)2, NH(CO)CH3 or S(O)pC1_5alkyl; Z1, Z2 and Z3 are 
independently XRQY, benZyl, hydrogen, OH, C1_5alkoXy, 
—N(R6)2, S(O)qC1_8alkyl, NHCOR6, X(CH2)nR8 or halo 
gen, or Z1 and Z2 together may be —O—A—O on contigu 
ous carbons; P1 and P2 are independently hydrogen, COZH, 
C(R6)2CO2H or tetraZole; Ar is a moiety of formula (a) or 
(b), phenyl, or pyridyl; X is (CH2)n or oXygen. 

[0053] More preferred are compounds Wherein R3 is 
hydrogen, —X(CH2)nR8 or R13CO2R7; R4 and R5 are inde 
pendently hydrogen, OH, C1_5alkoXy, SC1_5alkyl, substi 
tuted phenyl, F, Br, C1_3alkyl or NH2; Z1 and Z3 are hydro 
gen and Z2 is hydrogen, OH, C1_5alkoXy, halogen, 
X(CH2)nR8, NH2, benZyl, NH(CO)CH3, or Z1 and Z2 
together may be O—A—O on contiguous carbons and R1, 
R2, P1, P2, Ar and X are as above for preferred compounds. 

[0054] Most preferred are compounds Wherein R1 is (b) 
and R2 is (a) or (b); A is CH2, B is —O—; there is no 
optional double bond; R1 and XR2 are trans to P1; Z2 is 
hydrogen, OH, C1_5alkoXy, or —OCH2CH=CH2, Z1 is 
hydrogen; R3 is XAr, hydrogen, X(CH2)nCOOH, 
X(CH2)nCONR7SO2R11, X[(CR6)2]nOR6 or 
CH=CHCO2H; R4 is hydrogen, substituted phenyl, pyridyl 
or pyrimidyl, or C1_2alkoXy; R5, R10 and P2 are hydrogen, 
and P1 is COZH or C(R6)2CO2H. 
[0055] Especially preferred are compounds Wherein R1 is 
(b) and R2 is (a); A is CH2, B is —O—; there is no optional 
double bond; R1 and XR2 are trans to P1; X is a bond; Z1 and 
Z3 are hydrogen; Z2 is hydrogen, OH or C1_5alkoXy; R3 is 
hydrogen, OAr (Where Ar is (a), (b), pyridyl or pyrimidyl 
and A is CH2 and B is —O— and Ar may be substituted by 
COZH), O(CH2)1_3CO2H, O(CH2)1_3CONHSO2R11, 
(CH2)0-4CO2H> (CH2)0-3CONH SO2R11> or O[(CR6)2]2-4 
OH; R4 is hydrogen, C1_2alkoXy, or phenyl, pyridyl or 
pyrimridyl all of Which may be substituted by R3 or 
C1_2alkoXy; R5, R10 and P2 are hydrogen; and P1 is COZH or 
CHZCOZH. 
[0056] Especially preferred compounds are the folloWing: 

[0057] (lRS,2SR,3RS)—3-(2-CarboXymethoXy-4-methoX 
yphenyl)-1-(3,4-methylenedioXyphenyl)—5-(prop-1-yloXy) 
indane-2-carboXylic acid; 
[0058] (+)(1S ,2R,3S)—3-(2-CarboXymethoXy-4-methoX 
yphenyl)-1-(3,4-methylenedioXyphenyl)—5-(prop-1-yloXy) 
indane-2-carboXylic acid; 
[0059] (+)(1S ,2R,3S)—3-(2-CarboXymethoXy-4-methoX 
yphenyl)-1-(3,4-methylenedioXyphenyl)—5-(prop-1-yloXy) 
indane-2-carboXylic acid disodium salt; 
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[0060] (1RS,2SR,3SR)-3-(2-CarboXymethoXy-4-methoX 
yphenyl)- 1-(2-methoXy-4,5 -methylenedioXyphenyl)-5 - 
(prop- 1-yloXy)-indane -2-carboXylic acid; 

[0061] (1RS,2SR,3RS)-3-[2-(2-CarboXyeth-1 -yloXy]-4 
methoXyphenyl]- 1 -(3,4-methylenedioXyphenyl)-5-(prop-1 - 
yloXy) -indane -2-carboXylic acid; 

[0062] (1RS,2SR,3SR)-3-[2-[(E)-2-CarboXyethen- 1 -yl] 
4-methoXyphenyl]-1 -(3,4-methylenedioXyphenyl)-5-(prop 
1 -yloXy)indane -2-carboXylic acid; 

[0063] (1RS,2SR,3SR)-3-[2-(2-CarboXyeth-1 -yl)-4-meth 
oXyphenyl]-1 -(3,4-methylenedioXyphenyl)-5-(prop-1 - 

yloXy) -indane -2-carboXylic acid; 

[0064] (1RS,2SR,3RS)-3-[2-(3-CarboXyphenyl)-4-meth 
oXyphenyl]-1-(3,4-methylenedioXyphenyl)-5-(prop-1 
yloXy)indane-2-carboXylic acid; 

[0065] (+)(1S,2R,3S)-3-[2-[(4-CarboXypyridin-3-yl)oXy] 
4-methoXyphenyl]-1 -(3,4-methylenedioXyphenyl)-5-(prop 
1 -yloXy)indane -2-carboXylate; 

[0066] (+)(1S,2R,3S)-3-[2-(2-Hydroxyeth-1 -yloXy)-4 
methoXyphenyl]- 1 -(3,4-methylenedioXyphenyl)-5-(prop-1 - 
yloXy)indane -2-carboXylate; 

methoXyphenyl]- 1 -(3,4-methylenedioXyphenyl)-5-(prop-1 - 

yloXy)indane -2-carboXylate; 

[0068] (+)(1S,2R,3S)-3-[2-(2-Hydroxyeth-1 -yloXy)-4 
methoXyphenyl]- 1 -(3,4-methylenedioXyphenyl)-5-(prop-1 - 
yloXy)indane -2-carboXylate hemiethylenediamine salt; 

[0069] (1RS,2SR,3RS)-3-(2-carboXymethoXy-4-methoX 
yphenyl)- 1-(3,4-methylenedioXyphenyl) -5 -(prop-1 -yloXy 
)indane-2-yl-acetic acid. 

[0070] (1RS,2SR,3RS)-3-[2-(2-HydroXyeth-1 -yloXy)-4 
methoXyphenyl]- 1 -(3,4-methylenedioXyphenyl)-5-(prop-1 - 
yloXy)indan-2-yl acetic acid 

[0071] The present invention provides compounds of For 
mula (I) above 

(1) 
R1 R10 

[0072] 
prises: 

Which can be prepared by a process Which com 

[0073] a) reacting a compound of Formula (2) Wherein X 
is C1_5alkyl 
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(2) 

/ cozx 

[0074] With a substituted benZaldehyde or aldehyde of 
Formula 

D-CHO (3) 

[0075] Wherein D is Ar or (c) as de?ned in Formula I, in 
a suitable solvent such as benZene With a catalyst such as 
piperidinium acetate at re?ux to provide a compound of 
Formula 

(4) 
o 

Z1 co X 

(X 2 Z — | | 

[0076] CycliZation of compound (4) in the presence of a 
suitable LeWis acid such as titanium tetracholoride or alu 
minum chloride or alternatively When Z1 is 3—OR 
(meta)(Where R is C1_5alkyl, or benZyl), tri?uoroacetic acid, 
provides an indanone of the Formula 

(5) 

[0077] Dehydrogenation With 2,3-dichloro-5,6-dicyano-1, 
4-benZoquinone in an appropriate solvent or alternatively 
bromination With pyridinium hydrobromide perbromide in 
dichloromethane folloWed by treatment With 1,5-diaZabicy 
clo[4,3,0]non-5-ene provides indenones of Formula 

(6) 

[0078] b) Alternatively, a compound of Formula 6 Wherein 
Z1, Z2 and Z3 are hydrogen and 
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[0079] can be prepared by treatment of 2-bromobenZoic 
acid With tWo equivalents of n-butyllithium in a solvent such 
as tetrahydrofuran under argon at —78° C. followed by the 
addition of an acid chloride of Formula (7): 

O 

R3 
C1 / / O\ 

I (CH2)m 
\ \ 0/ 

R4 

[0080] provides a compound of Formula (8): 

(7) 

(8) 
Ho2c 0 

[0081] Treatment of compounds of type (8) With thionyl 
chloride at re?ux gives an acid chloride Which can be 
isolated by concentration under reduced pressure. This acid 
chloride can then be treated With diethyl magnesium mal 
onate in a solvent such as ether to give a compound of 

Formula (9): 

(9) 
cozx 

xozc 0 

O 

4 

[0082] Reaction of a compound of type (9) at re?ux With 
5% aqueous sodium carbonate gives compounds of Formula 

(10): 
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(10) 

cozx 

[0083] c) Treatment of an indenone of Formula (11): 

(11) 
O 

Z1 
\ \ 

—[ cozx 
/ 23/ 

R1 

[0084] Wherein Z1, Z2, Z3 and R1 are as de?ned for 
formula I or a group convertable to them, With an organo 
magnesium compound of Formula (12) Wherein R2 is 
de?ned for 

R2(CH2)nMgBr (12) 
[0085] Formula I or a group convertable to it, in a suitable 
solvent provides compounds of Formula (13): 

(13) 

[0086] Saponi?cation of compounds of Formula (13) 
using sodium hydroxide in aqueous methanol folloWed by 
reduction With triethylsilane and boron tri?uoride etherate in 
a suitable solvent such as dichloromethane at 0° C. affords 
racemic compounds of Formula (14). 

(14) 
Z1 R1 

—f\ \ CO H 
l / 2 Z 

(CH2)11R2 
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[0087] Conjugate addition of nucleophiles to an ester 
derived from Formula (14), followed by saponi?cation 
affords compounds of Formula (I) having an R1O other than 
hydrogen. Re-introduction of a double bond into an ester 
derived from such acids folloWed by conjugate addition of 
another nucleophilic species and subsequent saponi?cation 
affords compounds of Formula (1) in Which neither R1O 
substituent is hydrogen. 

[0088] Reduction of compounds of Formula (13) With 
triethylsilane and boron tri?uoride etherate in a suitable 
solvent such as dichloromethane at 0° C. folloWed by 
hydrogenation With hydrogen gas under pressure at approxi 
mately 60 psi in the presence of a suitable catalyst such as 
10% palladium on charcoal affords compounds of Formula 

(15): 

(15) 
R1 

Z1 

Z _f\ \ 
2 / CO2X, 

Z3 
(CH2)11R2 

[0089] Alkylation or acylation of the ester enolate derived 
from Formula (15) affords compounds Wherein P1 and P2 are 
as de?ned in Formula 

[0090] Alternatively, hydrogenation of compounds of For 
mula (13) With hydrogen gas under pressure at approxi 
mately 60 psi in the presence of a suitable catalyst such as 
10% palladium on charcoal in a suitable solvent such as 

ethyl acetate or methanol containing 1-5% acetic acid 
affords compounds of Formula (15). Treatment of these 
compounds With a base such as sodium hydroxide in a 
suitable solvent such as aqueous ethanol provides racemic 
compounds of Formula (16): 

(1 6) 

[0091] Wherein Z1, Z2 and Z3 are hydrogen; R1=R2; and n 
is 0. Treatment of compounds of Formula (13) With trieth 
ylsilane and boron tri?uoride etherate in a suitable solvent 
such as dichloromethane at 0° C. folloWed by reaction With 
samarium II iodide in a suitable solvent such as tetrahydro 
furan and then saponi?cation, provides compounds of For 
mula (17) 
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(17) 
R1 

[0092] 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 
Experimental section. 

[0093] 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 formulated in 
accordance With standard pharmaceutical practice as a phar 
maceutical composition. 

[0094] Compounds of Formula (1) and their pharmaceu 
tically acceptable salts may be administered in a standard 
manner for the treatment of the indicated diseases, for 
example orally, parenterally, sub-lingually, transdermally, 
rectally, via inhalation or via buccal administration. 

[0095] Compounds of Formula (1) and their pharmaceu 
tically acceptable salts Which are active When given orally 
can be formulated as syrups, tablets, capsules and loZenges. 
Asyrup formulation Will generally consist of a suspension or 
solution of the compound or salt in a liquid carrier for 
example, ethanol, peanut oil, olive oil, glycerine or Water 
With a ?avouring or colouring agent. Where the composition 
is in the form of a tablet, any pharmaceutical carrier rou 
tinely used for preparing solid formulations may be used. 
Examples of such carriers include magnesium stearate, terra 
alba, talc, gelatin, agar, pectin, acacia, stearic acid, starch, 
lactose and sucrose. Where the composition is in the form of 
a capsule, any routine encapsulation is suitable, for example 
using the aforementioned carriers in a hard gelatin capsule 
shell. Where the composition is 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, silicates or oils and are 
incorporated in a soft gelatin capsule shell. 

[0096] Typical parenteral compositions consist of a solu 
tion or suspension of the compound or salt in a sterile 
aqueous or non-aqueous carrier optionally containing a 
parenterally acceptable oil, for example polyethylene glycol, 
polyvinylpyrrolidone, lecithin, arachis oil, or sesame oil. 

[0097] Typical compositions for inhalation are in the form 
of a solution, suspension or emulsion that may be adminis 
tered as a dry poWder or in the form of an aerosol using a 
conventional propellant such as dichlorodi?uoromethane or 
trichloro?uoromethane. 

[0098] A typical suppository formulation comprises a 
compound of Formula (1) or a pharmaceutically acceptable 
salt thereof Which is active When administered in this Way, 
With a binding and/or lubricating agent, for example poly 



US 2002/0002177 A1 

meric glycols, gelatins, cocoa-butter or other loW melting 
vegetable Waxes or fats or their synthetic analogues. 

[0099] Typical transdermal formulations comprise a con 
ventional aqueous or non-aqueous vehicle, for example a 
cream, ointment, lotion or paste or are in the form of a 
medicated plaster, patch or membrane. 

[0100] Preferably the composition is in unit dosage form, 
for example a tablet, capsule or metered aerosol dose, so that 
the patient may administer to themselves a single dose. 

[0101] Each dosage unit for oral administration contains 
suitably from 0.1 mg to 500 mg/Kg, and preferably from 1 
mg to 100 mg/Kg, and each dosage unit for parenteral 
administration contains suitably from 0.1 mg to 100 mg/Kg, 
of a compound of Formula (1) or a pharmaceutically accept 
able salt thereof calculated as the free acid. Each dosage unit 
for intranasal administration contains suitably 1-400 mg and 
preferably 10 to 200 mg per person. A topical formulation 
contains suitably 0.01 to 5.0% of a compound of Formula 

(I). 
[0102] The daily dosage regimen for oral administration is 
suitably about 0.01 mg/Kg to 40 mg/Kg, of a compound of 
Formula (I) or a pharmaceutically acceptable salt thereof 
calculated as the free acid. The daily dosage regimen for 
parenteral administration is suitably about 0.001 mg/Kg to 
40 mg/Kg, of a compound of the Formula (I) or a pharma 
ceutically acceptable salt thereof calculated as the free acid. 
The daily dosage regimen for intranasal administration and 
oral inhalation is suitably about 10 to about 500 mg/person. 
The active ingredient may be administered from 1 to 6 times 
a day, suf?cient to exhibit the desired activity. 

[0103] No unacceptable toxicological effects are expected 
When compounds of the invention are administered in accor 
dance With the present invention. 

[0104] The biological activity of the compounds of For 
mula (I) are demonstrated by the folloWing tests: 

[0105] I. Binding Assay 

[0106] A) Membrane Preparation (Rat cerebellum or kid 
ney cortex) 

[0107] Rat cerebellum or kidney cortex Were rapidly dis 
sected and froZen immediately in liquid nitrogen or used 
fresh. The tissues, 1-2 g for cerebellum or 3-5 g for kidney 
cortex, Were homogeniZed in 15 mls of buffer containing 20 
mM Tris HCl and 5 mM EDTA, pH 7.5 at 4° C. using a 
motor-driven homogeniZer. The homogenates Were ?ltered 
through cheesecloth and centrifuged at 20,000 xg for 10 
minutes at 4° C. The supernatant Was removed and centri 
fuged at 40,000 xg for 30 minutes at 4° C. The resulting 
pellet Was resuspended in a small volume of buffer contain 
ing 50 mM Tris, 10 mM MgCl2, pH 7.5; aliquotted With 
small vials and froZen in liquid nitrogen. The membranes 
Were diluted to give 1 and 5 micrograms of protein for each 
tube for cerebellum and kidney cortex in the binding assay. 

[0108] Freshly isolated rat mesenteric artery and collateral 
vascular bed Were Washed in ice cold saline (on ice) and 
lymph nodes Were removed from along the major vessel. 
Then, the tissue Was homogeniZed using a polytron in buffer 
containing 20 mM Tris and 5mM EDTA, pH 7.5 at 4° C. in 
15 ml volume for ~6 gm of mesenteric artery bed. The 
homogenate Was strained through cheesecloth and centri 
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fuged at 2,000 xg for 10 min. at 4° C. The supernatant Was 
removed and centrifuged at 40,000 xg for 30 min. at 4° C. 
The resulting pellet Was resuspended as explained above for 
cerebellum and kidney cortex. Approximately 10 micro 
grams of membrane protein Was used for each tube in 
binding experiments. 

[0109] B) CHO Cell Membrane Preparation 

[0110] CHO cells stably transfected With human ETA and 
ETB receptors Were groWn in 245 mm><245 mm tissue 
culture plates in Dulbecco’s modi?ed Eagle’s medium 
(DMEM) supplemented With 10% fetal bovine serum (FBS). 
The con?uent cells Were Washed With DPBS (Dulbecco’s 
phosphate buffered saline) containing protease inhibitor 
cockatil (5 mM EDTA, 0.5 mM PMSF, 5 ug/ml leupeptin, 
and 0.1 U/ml aprotinin) and scraped in the same buffer. After 
centrifugation at 800 xg, the cells Were lysed by freeZing in 
liquid nitrogen and thaWing on ice folloWed by homogeni 
Zation (30 times using glass dounce homogeniZer) in lysis 
buffer containing 20 mM Tris HCl, pH 7.5 and the protease 
inhibitor cocktail. After an initial centrifugation at 800 xg for 
10 min to remove unbroken cells and nuclei, the superna 
tants Were centrifuged at 40,000 xg for 15 min and the pellet 
Was resuspended in 50 mM Tris HCl, pH 7.5 and 10 mM 
MgCl2 and stored in small aliquots at —70° C. after freeZing 
in liquid N2. Protein Was determined using BCA method and 
bovine serum albumin as the standard. 

[0111] C) [125I]ET-1 Binding Protocol 

[0112] 125I]ET-1 binding to membranes from rat cerebel 
lum (2-5 mg protein/assay tube) or kidney cortex (3-8 
micrograms protein/assay tube) or CHO cell membranes 
(containing 4-6 and 1-2 micrograms of membrane protein 
for ETA and ETB receptors, respectively) Were measured 
after 60 minutes incubation at 30° C. in 50 mM Tris HCl, 10 
mM MgCl2, 0.05% BSA, pH 7.5 buffer in a total volume of 
100 microliters. Membrane p rotein Was added to tubes 
containing either buffer or indicated concentration of com 
pounds. [125I]ET-1 (2200 Ci/mmol) Was diluted in the same 
buffer containing BSA to give a ?nal concentration of 
0.2-0.5 nM ET-1. Total and nonspeci?c binding Were mea 
sured in the absence and presence of 100 nM unlabelled 
ET-1. After the incubation, the reactions Were stopped With 
3.0 ml cold buffer containing 50 mM Tris and 10 mM 
MgCl2, pH 7.5. Membrane bound radioactivity Was sepa 
rated from free ligand by ?ltering through Whatman GF/C 
?lter paper and Washing the ?lters 5 times With 3 ml of cold 
buffer using a Brandel cell harvester. Filter papers Were 
counted in a gamma counter With an ef?ciency of 75%. 
ICSO’s for the compounds of this invention range from 0.01 
nm to 50 uM. 

[0113] II. In Vitro Vascular Smooth Muscle Activity 

[0114] Rat aorta are cleaned of connective tissue and 
adherent fat, and cut into ring segments approximately 3 to 
4 mm in length. Vascular rings are suspended in organ bath 
chambers (10 ml) containing Krebs-bicarbonate solution of 
the folloWing composition (millimolar): NaCl, 112.0; KCl, 
4.7; KH2PO4, 1.2; MgSO4, 1.2; CaCl2, 2.5; NaHCO3, 25.0; 
and dextrose, 11.0. Tissue bath solutions are maintained at 
37° C. and aerated continuously With 95% O2/5% CO2. 
Resting tensions of aorta are maintained at 1 g and alloWed 
to equilibrate for 2 hrs., during Which time the bathing 
solution is changed every 15 to 20 min. Isometric tensions 
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are recorded on Beckman R-611 dynographs With Grass 
FT03 force-displacement transducer. Cumulative concentra 
tion-response curves to ET-1 or other contractile agonists are 
constructed by the method of step-Wise addition of the 
agonist. ET-1 concentrations are increased only after the 
previous concentration produces a steady-state contractile 
response. Only one 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 contractile agonists. 

[0115] ET-1 induced vascular contractions are expressed 
as a percentage of the response elicited by 60 mM KCl for 
each individual tissue Which is determined at the beginning 
of each experiment. Data are expressed as the mean :5. E. 
M. Dissociation constants (Kb) of competitive antagonists 
Were determined by the standard method of Arunlakshana 
and Schild. The potency range for compounds of this 
invention range from 0.01 nM to 50 uM. 

[0116] The folloWing examples are illustrative and are not 
limiting of the compounds of this invention. 

EXAMPLE 1 

(1RS,2RS,3SR)-1 -(4-Methoxyphenyl) -3 -phenylin 
dane-2-carboxylic acid 

[0117] a) Ethyl (1RS)[1-Hydroxy-1-(4-methoxyphenyl)] 
3-phenylindene-2-carboxylate. To dry magnesium turnings 
(0.88 g, 36 mmol) under an argon atmosphere Was added, 
portionWise, a solution of p-bromoanisole (4.5 ml, 36 mmol) 
in 5% THF/ Et2O (37 ml). The resulting p-methoxyphenyt 
magnesium bromide solution Was added to a solution of 
ethyl 1-oxo-3-phenylindene-2-carboxylate (5.0 g, 18 mmol) 
in Et2O (300 ml) under an argon atmosphere at 0° C. The 
resulting mixture Was alloWed to Warm to room temperature 
and Was stirred for 10 min. The mixture Was partitioned 
betWeen 3M HCl (100 ml) and EtOAc (200 ml). The organic 
extract Was Washed successively With H2O, aqueous 
NaHCO3, H20 and saturated aqueous NaCl and dried 
(Na2SO4). The solvent Was removed in vacuo to provide a 
yelloW oil Which Was treated With EtZO/ hexanes. The solid 
Which formed Was collected by ?ltration (3.47 g). The 
?ltrate Was concentrated under reduced pressure and puri?ed 
by ?ash chromatography. The material Which Was isolated 
Was treated With EtZO/ hexanes, and the additional solid 
Which formed (1.76 g, 75% total yield) Was collected by 
?ltration to afford the title compound. 

[0118] b) Ethyl (RS)-1-(4-Methoxyphenyl)-3-phenylin 
dene-2-carboxylate. To a solution of ethyl (lRS) [1-hy 
droxy-1-(4-methoxyphenyl)]-3-phenylindene-2-carboxylate 
(4.65 g, 12.0 mmol) in CH2Cl2 (40 ml) at 0° C. under an 
argon atmosphere Was added triethylsilane (2.34 ml, 14.6 
mmol), folloWed by boron tri?uoride 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 (50 ml). The mixture Was extracted With 
EtOAc (150 ml). The organic extract Was Washed succes 
sively With H2O, aqueous NaHCO3, H20 and saturated 
aqueous NaCl and dried. The solvent Was removed in vacuo, 
and the residue Was puri?ed by ?ash chromatography on 
silica gel, eluting With 10% EtOAc/ hexanes to provide the 
title compound (4.2 g, 95%) as a mixture of A1 and A2 
double bond isomers. 
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[0119] c) Ethyl (1RS,2SR,3SR)-1-(4-Methoxyphenyl)-3 
phenylindane-2-carboxylate. To a solution of ethyl (RS)-1 
(4-methoxyphenyl)-3-phenylindene-2-carboxylate (5.75 g, 
15 mmol) in EtOAc (150 ml) Was added 5% palladium on 
activated carbon (600 mg). The resulting suspension Was 
stirred under an atmosphere of H2 for 1 d, then Was ?ltered 
through a pad of Celite. The ?ltrate Was concentrated under 
reduced pressure to afford the title compound, Which Was 
used Without further puri?cation. 

[0120] d) (1RS,2RS,3SR)-1-(4-Methoxyphenyl)-3-phe 
nylindane-2-carboxylic acid. To a solution of ethyl (lRS 
,2SR,3SR)-1-(4-methoxyphenyl)-3-phenylindane-2-car 
boxylate, (5.5 g, 14.8 mmol) in EtOH (70 ml) Was added 5M 
NaOH (9 ml, 45 mmol). The resulting mixture Was stirred 
under an argon atmosphere for 1 d, at Which time H20 (70 
ml) Was added. The mixture Was concentrated under reduced 
pressure. The aqueous residue Was extracted With Et2O, and 
the Et2O extracts Were discarded. The aqueous phase Was 
acidi?ed With 6M HCl and extracted several times With 
EtOAc. The combined EtOAc extracts Were Washed succes 
sively With H20 and saturated 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 EtOAc/ hexanes to afford the title com 
pound (4.25 g, 83%); mp 164 -166° C. 1H NMR (CDCl3): 
6735-718 (m, 9H); 6.92-6.88 (m, 4H); 4.68 (d, 1H, J=10 
HZ); 4.64 (d, 1H, J=10 HZ); 3.81 (s, 3H); 3.34 (t, 1H, J=10 
HZ). MS: 345 [(M+H)+]. Anal. Calc. for C23H2OO3: C, 
80.21; H, 5.85. Found C, 80.21; H 6.03. 

EXAMPLE 2 

(trans, 
trans)-1 ,3 -Di(4-methoxyphenyl) -indane -2-carboxylic 

acid 

[0121] a) Ethyl 2-BenZoyl-3-(4-hydroxyphenyl)prope 
noate. To a solution of 4-hydroxybenZaldehyde (31.7 g, 0.26 
mol) and ethyl benZoylacetate (45.5 ml, 0.26 mol) in EtOH 
(45 ml) under an argon atmosphere Was added piperidine 
(2.6 ml, 0.026 mol) and acetic acid (3 drops). After stirring 
at room temperature overnight, the resulting solid mixture 
Was treated With hot EtOH (700 ml), and then alloWed to 
cool. The crystals Which formed Were collected by ?ltration 
to afford the title compound (61.0 g, 79%). 

[0122] b) Ethyl (2RS,3SR)-3-(4-Hydroxyphenyl)-1-ox 
oindane-2-carboxylate. To a mixture of ethyl 2-benZoyl-3 
(4-hydroxyphenyl)propenoate (0.50 g, 1.7 mmol) in CH2Cl2 
(15 ml) at 0° C. under an argon atmosphere Was added 
titanium tetrachloride (0.93 ml, 8.3 mmol). The resulting 
mixture Was alloWed to stir at room temperature overnight. 
The reaction Was sloWly quenched With 3M HCl, then 
partitioned betWeen EtOAc (50 ml) and 3M HCl. The 
aqueous phase Was extracted With EtOAc, and the combined 
organic extracts Were Washed successively With H20 and 
saturated aqueous NaCl, and dried (Na2SO4). The solvent 
Was removed in vacuo, and the solid residue Was recrystal 
liZed from EtOAc/hexanes to afford the title compound (410 
mg, 82%). 

[0123] c) Ethyl (2RS,3SR)-3-(4-t-Butyldimethylsilox 
yphenyl)-1-oxoindane-2-carboxylate. To a solution of ethyl 
(2RS,3SR)-3-(4-hydroxyphenyl)-1-oxoindane-2-carboxy 
late (3.0 g, 10.2 mmol) in DMF (10 ml) under an argon 
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atmosphere Were added imidaZole (1.72 g, 25.3 mmol) and 
t-butyldimethylchloro-silane (1.82 g, 12.1 mmol). The 
resulting mixture Was allowed to stir at room temperature for 
3 d, then Was poured into dilute aqueous HCl and extracted 
With EtOAc The combined organic extracts Were 
Washed successively With H2O aqueous NaHCO3, H20 and 
saturated aqueous NaCl and dried. The solvent Was removed 
in vacuo to provide the title compound (5.40 g) Which Was 
used Without further puri?cation. 

[0124] d) Ethyl 3-(4-t-Butyldimethylsiloxyphenyl)-1-ox 
oindene-2-carboxylate. To a solution of ethyl (2RS,3SR)-3 
(4-t-butyldimethylsiloxyphenyl)-1-oxoindane-2-carboxy 
late (130 mg, 0.32 mmol) in CH2Cl2 (3 ml) under an argon 
atmosphere Was added 2,3-dichloro-5,6-dicyano-1,4-benZo 
quinone (80 mg, 0.35 mmol). The resulting mixture Was 
stirred for 2.5 h. Aqueous NaHSO3 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 Washed successively With aqueous 
NaHCO3, H20 and saturated aqueous NaCl and dried. The 
solvent Was removed in vacuo, and the residue Was puri?ed 
by ?ash chromatography on silica gel to afford the title 
compound (110 mg, 85%). 

[0125] e) Ethyl (1RS)-3-(4-t-Butyldimethylsiloxyphenyl) 
1-hydroxy-1-(4-methoxyphenyl)indene-2-carboxylate. To 
dry magnesium turnings (119 mg, 4.9 mmol) under an argon 
atmosphere Was added, portionWise, a solution of p-bro 
moanisole (0.61 ml, 4.9 mmol) in 9: 1 EtZO/ THF (10 ml). 
The resulting p-methoxyphenyl magnesium bromide solu 
tion Was added to a solution of ethyl 3-(4-t-butyldimethyl 
siloxyphenyl)-1-oxoindene-2-carboxylate (1.00 g, 2.5 
mmol) in Et2O (60 ml) under an argon atmosphere at 0° C. 
The resulting mixture Was alloWed to Warm to room tem 
perature and Was stirred for 5 min. The mixture Was parti 
tioned betWeen 3M HCl and EtOAc. The organic extract Was 
Washed successively With H2O aqueous NaHCO3, H20 and 
saturated aqueous NaCl and dried. The solvent Was removed 
in vacuo to provide the title compound (1.47 g) Which Was 
used Without further puri?cation. 

[0126] f) Ethyl (RS)-1-hydroxy-(4-t-Butyldimethylsilox 
yphenyl)-3-(4-methoxyphenyl)indene-2-carboxylate. To a 
solution of ethyl (1RS)-3-(4-t-butyldimethylsiloxyphenyl) 
1-hydroxy-1-(4-methoxyphenyl)indene-2-carboxylate (2.5 
mmol, prepared above) in CH2Cl2 (10 ml) at 0° C. under an 
argon atmosphere Was added triethylsilane (0.48 ml, 3.0 
mmol), folloWed by boron tri?uoride etherate (1.8 ml, 14.6 
mmol). The reaction mixture Was alloWed to Warm to room 
temperature and stirred for 10 min, at Which time Was added 
sloWly 3M HCl. The mixture Was extracted With EtOAc. The 
organic extract Was Washed successively With H2O, aqueous 
NaHCO3, H20 and saturated aqueous NaCl and dried. The 
solvent Was removed in vacuo, and the residue Was puri?ed 
by ?ash chromatography on silica gel, eluting With 15% 
Et2O/hexanes to provide the title compound as a mixture of 
A1 and A2 double bond isomers (820 mg, 67% for tWo 
steps). 

[0127] g) Ethyl (1RS,2SR,3SR)-1-(4-t-Butyldimethyl-si 
loxyphenyl)-3-(4-methoxyphenyl)indane-2-carboxylate. To 
a solution of ethyl (RS)-3-(4-t-butyldimethylsiloxyphenyl) 
1-(4-methoxyphenyl)indane-2-carboxylate (mixture of A1 
and A2 double bond isomers) (750 mg, 1.5 mmol) in EtOH 
(25 ml) Was added 5% palladium on activated carbon (70 
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mg). The resulting suspension Was stirred under an atmo 
sphere of H2 for 18 h, then Was ?ltered through a pad of 
Celite. The ?ltrate Was concentrated under reduced pressure 
to afford the title compound (730 mg, 97%), Which Was used 
Without further puri?cation. 

[0128] h) Ethyl (1RS,2RS,3SR)-1-(4-Hydroxyphenyl)-3 
(4-methoxyphenyl)indane-2-carboxylate. To a solution of 
ethyl (1RS,2SR,3SR)-1-(4-t-butyldimethylsiloxyphenyl)-3 
(4-methoxyphenyl)indane-2-carboxylate (723 mg, 1.4 
mmol) in EtOH (20 ml) Was added 1M NaOH (1.6 ml, 1.6 
mmol), and the resulting mixture Was stirred at room tem 
perature for 30 min. The mixture Was then partitioned 
betWeen 3M HCl and EtOAc. The aqueous phase Was 
extracted With EtOAc, and the combined organic extracts 
Were Washed successively With H20 and saturated aqueous 
NaCl and dried. The solvent Was removed in vacuo to afford 

the title compound (554 mg, 100%). 

[0129] i) Ethyl (cis, cis)-1.3-Di(4-methoxyphenyl)indane 
2-carboxylate. To a solution of ethyl (1RS,2RS,3SR)-1-(4 
hydroxyphenyl)-3-(4-methoxyphenyl)indane-2-carboxylate 
(270 mg, 0.7 mmol) in acetonitrile (5 ml) at 0° C. Was added 
1,8-diaZabicyclo[5.4.0]undec-7-ene (0.25 ml, 1.7 mmol), 
folloWed by methyl iodide (0.5 ml, 8.0 mmol). The resulting 
mixture Was alloWed to Warm to room temperature and Was 
stirred overnight. The mixture Was partitioned betWeen 
EtOAc and dilute aqueous HCl. The organic extract Was 
Washed With saturated aqueous NaCl and dried. The solvent 
Was removed in vacuao, and the residue Was puri?ed by 
?ash chromatography to afford the title compound (40 mg, 
32% based on recovered starting material). 

[0130] (trans, trans)-1,3-Di(4-methoxyphenyl)indane-2 
carboxylic acid. To a solution of ethyl (cis, cis)-1,3-di(4 
methoxyphenyl)indane-2-carboxylate (35 mg, 0.09 mmol) 
in EtOH (3 ml) Was added 1M NaOH (0.25 ml, 0.25 mmol), 
and the resulting 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 0° C. for 5 days. Water Was added, 
and the mixture Was concentrated under reduced pressure. 
The aqueous residue Was extracted With Et2O (2x), and the 
Et2O extracts Were discarded. The aqueous phase Was acidi 
?ed With 6M HCl and extracted several times With EtOAc. 
The combined EtOAc extracts Were Washed successively 
With H20 and saturated 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 EtOAc/hexanes to afford the title com 
pound (19 mg, 59%); mp 192-193° C. 1H NMR (acetone 
d6): 67.21-7.18 (m, 2H); 6.92 (dd, 4H, J=6.6 HZ, 2.1 HZ); 
6.86-6.83 (m, 2H); 4.59 (d, 2H, J=10 HZ); 3.79 (s, 6H); 3.26 
(t, 1H, J=10 HZ). MS: 392 [(M+NH4)+]. Anal. Calc. for 
C24H22O4: C, 76.99; H, 5.92. Found C, 76.74; H 6.15. 

EXAMPLE 3 

(1RS ,2SR,3SR)-1-(4-Methoxyphenyl)-3-(3,4-meth 
ylenedioxyphenyl)indane-2-carboxylic acid 

[0131] a) 2-(3,4-MethylenedioxybenZoyl)benZoic acid. To 
a solution of 2-bromobenZoic acid (12 g, 0.06 mol) in THE 
(200 ml) at -100° C. under an argon atmosphere Was added 
dropWise n-butyl lithium (50 ml of 2.5M solution in hex 
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anes, 0.125 mol), maintaining the temperature below -90° C. 
Upon completion of the addition, the resulting solution Was 
stirred at -100° C. for 1 h, at Which time Was added slowly 
a solution of piperonylic acid chloride (11 g, 0.06 mol) in 
THF (50 ml), maintaining the temperature beloW -90° C. 
The resulting mixture Was alloWed to Warm to -80° C. and 
stirred for 1 h, then Was alloWed to sloWly Warm to room 
temperature and left to stand for 48 h. The reaction mixture 
Was concentrated under reduced pressure, and the residue 
Was partitioned betWeen Et2O and 1M HCl. The organic 
phase Was extracted With 10% aqueous NaOH. The NaOH 
extract Was acidi?ed With concentrated HCl, and the com 
bined aqueous material Was extracted With EtZO. The Et2O 
extract Was dried (MgSO4) and concentrated under reduced 
pressure. The residue Was puri?ed by ?ash chromatography 
on silica gel, eluting With a solvent gradient of 10-30% 
EtOAc/0.1% HOAc/hexanes to afford the title compound as 
an off-White solid (4.5 g, 28%). 

[0132] b) Diethyl 2-[2-(3,4-MethylenedioxybenZoyl)ben 
Zoyl-malonate. A solution of 2-(3,4-methylenedioxyben 
Zoyl)-benZoic acid (4.0 g, 14.8 mmol) in thionyl chloride (30 
ml) Was heated at re?ux for 2 h, then alloWed to cool and Was 
concentrated under reduced pressure. The residue Was dis 
solved in Et2O (50 ml) and to this Was added a solution of 
diethyl magnesium malonate [prepared by the method of 
Walker and Hauser, JACS, 68, 1386 (1946) using magne 
sium (0.8 g, 33.3 mmol) and diethyl malonate (4.9 g, 30.6 
mmol)] in Et2O. The resulting mixture Was heated at re?ux 
for 1 h, then alloWed to cool and Was poured into ice-cold 
10% aqueous HZSO4 (100 ml). The aqueous phase Was 
extracted With Et2O, 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 
puri?cation. 

[0133] c) Ethyl 3-(3,4-Methylenedioxyphenyl)-1-oxoin 
dene-2-carboxylate. Asolution containing diethyl 2-[2-(3,4 
methylenedioxybenZoyl)benZoylmalonate (crude material 
prepared above) in 5% aqueous Na2CO3 (100 ml) Was 
heated at re?ux for 10 min. The reaction mixture Was then 
alloWed to cool, and the aqueous material Was removed by 
decantation. The residue Was placed in H20 (50 ml), and the 
mixture Was heated at re?ux, cooled and concentrat-ed under 
reduced pressure. The residue Was recrystalliZed from hex 
anes to afford the title compound as a yelloW solid (5.0 g, 
100% for tWo steps). 

[0134] d) Ethyl (1RS)-1-Hydroxy-1-(4-methoxyphenyl) 
3-(3,4-methylenedioxyphenyl)indene-2-carboxylate. A solu 
tion of 4-bromoanisole (0.89 g, 5.0 mmol) in 9: 1 EtZO/ THF 
(10 ml) Was added to magnesium turnings (0.105 g, 5.0 
mmol), and the resulting mixture Was alloWed to stir for 30 
min. The resultant 4-methoxyphenyl magnesium bromide 
Was added dropWise to a solution of ethyl 3-(3,4-methyl 
enedioxyphenyl)-1-oxoindene-2-carboxylate (0.77 g, 2.4 
mmol) in 10 : 1 EtZO/ THF (55 ml) at 0° C. The resulting 
mixture Was stirred at 0° C. for 1 h and Was then partitioned 
betWeen EtOAc and 1M HCl. The aqueous phase Was 
extracted With EtOAc, and the combined organic extracts 
Were Washed successively With 5% aqueous NaHCO3 and 
saturated aqueous NaCl and dried (MgSO4). The solvent 
Was removed under reduced pressure, and the residue Was 
puri?ed by ?ash chromatography on silica gel, eluting With 
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10% EtOAc/ hexanes to afford the title compound as a 
yelloW glassy solid (0.80 g, 80%). 

[0135] e) Ethyl (RS)-1-(4-Methoxyphenyl)-3-(3,4-meth 
ylene-dioxyphenyl)indene-2-carboxylate. To a solution of 
ethyl (1RS)-1-hydroxy-1-(4-methoxyphenyl)-3-(3,4-meth 
ylenedioxyphenyl)-indene-2-carboxylate (0.80 g, 1.9 mmol) 
in CH2Cl2 (10 ml) at 0° C. under an argon atmosphere Was 
added triethylsilane (0.28 g, 2.4 mmol), folloWed by boron 
tri?uoride etherate (1 ml, 8.1 mmol). The resulting solution 
Was stirred at 0° C. for 10 min, and Was then partitioned 
betWeen EtOAc and 3M HCl. The organic extract Was 
Washed With saturated aqueous NaCl and dried (MgSO4). 
The solvent Was removed in vacua, and the residue Was 
?ltered through a pad of silica gel, eluting With CH2CH2. 
The title compound (mixture of A1 and A2 double bond 
isomers) Was obtained as a glassy, yelloW solid (0.72 g, 
94%). 
[0136] f) Ethyl (1RS,2RS,3SR)-1-(4-Methoxyphenyl)-3 
(3,4-methylenedioxyphenyl)indane-2-carboxylate. To a 
solution of ethyl (RS)-1-(4-methoxyphenyl)-3-(3,4-methyl 
enedioxyphenyl)-indene-2-carboxylate (0.72 g, 1.7 mmol) 
in EtOH (30 ml) Was added 10% palladium on activated 
carbon (1 g). The resulting suspension Was stirred under an 
atmosphere of H2 for 56 h and ?ltered. The ?ltrate Was 
concentrated under reduced pressure to afford the title 
compound as a yelloW solid (0.70 g, 95%), Which Was used 
Without further puri?cation. 

[0137] g) (1RS,2SR,3SR)-1-(4-Methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxylic acid. To a solu 
tion of ethyl (1RS,2RS,3SR)-1-(4-methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxylate (0.10 g, 0.2 
mmol) 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 temperature overnight. The 
mixture Was acidi?ed, and the solid Which formed Was 
collected by ?ltration and dried under reduced pressure to 
afford the title compound as a tan solid (0.04 g, 86%). 1H 
NMR (CDCl3): 67.25 (m, 5H); 6.90 (m, 4H); 6.77 (d, 2H, 
J=7 HZ); 5.95 (m, 2H); 4.61 (d, 2H, J=10 HZ); 3.81 (s, 3H); 
3.25 (t, 2H, J=10 HZ). MS: 387 [(M—H+]. Anal. Calc. for 
C24H2OO5'1/s H2O: C, 73.79; H, 5.22. Found C, 76.73; H 
5.21. 

EXAMPLE 4 

(1RS, 2SR, 3SR)-1-(4-Fluorophenyl)-3-(3,4-methyl 
enedioxyphenyl)indane-2-carboxylic acid 

[0138] a) Ethyl (1RS)-1-(4-Fluorophenyl)-1-hydroxy-3 
(3,4-methylenedioxyphenyl)indene-2-carboxylate. To a 
solution of ethyl 3-(3,4-methylenedioxyphenyl)-1-oxoin 
dene-2-carboxylate (100 mg, 0.31 mmol) in THF (5 ml) 
under an argon atmosphere at 0° C. Was added a solution of 
freshly prepared 4-?uorophenyl magnesium bromide (0.62 
mmol). After stirring for 45 min, the mixture Was partitioned 
betWeen 3M HCl and EtOAc. The organic extract Was 
Washed successively With H20, 5% aqueous NaHCO3 and 
saturated aqueous NaCl. The solvent Was removed in vacuo, 
and the residue Was puri?ed by ?ash chromatography, 
eluting With 15% EtOAc/ hexanes to afford the title com 
pound (45 mg, 35%). 
[0139] b) Ethyl (RS)-1-(4-Fluorophenyl)-3-(3,4-methyl 
ene-dioxyphenyl)indene-2-carboxylate. To a solution of 
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ethyl (1RS)-1-(4-?uorophenyl)-hydroxy-3-(3,4-methylene 
dioxyphenyl)indene-2-carboxylate (45 mg, 0.11 mmol) in 
CHZCl2 (3 ml) at 0° C. Was added triethylsilane (38 pl, 0.24 
mmol), followed by boron tri?uoride etherate (121 pl, 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 Was extracted With EtOAc. The 
organic extract Was Washed successively With H20, 5% 
aqueous NaHCO3 and saturated aqueous NaCl. The solvent 
Was removed in vacuo to provide the title compound (40 mg, 
90%) as a mixture of A1 and A2 double bond isomers. 

[0140] c) Ethyl (1RS, 2RS, 3SR)-1-(4-Fluorophenyl)-3 
(3,4-methylenedioxyphenyl)indane-2-carboxylate. To a 
solution of ethyl (RS)-1-(4-?uorophenyl)-3-(3,4-methylene 
dioxyphenyl)indene-2-carboxylate (40 mg, 0.10 mmol) in 
EtOH (3 ml) Was added 10% palladium on activated carbon 
(45 mg). The resulting suspension Was stirred under an 
atmosphere of H2 overnight, then Was ?ltered through a pad 
of Celite. The ?ltrate Was concentrated under reduced pres 
sure to afford the title compound (40 mg, 100%), Which Was 
used Without further puri?cation. 

[0141] d) (1RS, 2SR, 3SR)-1-(4-Fluorophenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxylic acid. To a solu 
tion of ethyl (1RS,2RS,3SR)-1-(4-?uorophenyl)-3-(3,4-me 
thylenedioxyphenyl)indane-2-carboxylate (60 mg, 0.15 
mmol) in EtOH (0.5 ml) Was added 6M KOH (0.14 ml, 0.84 
mmol). The resulting mixture Was alloWed to stir at room 
temperature overnight, then Was concentrated under reduced 
pressure. The residue Was partitioned betWeen H20 and 
EtZO. The aqueous phase Was acidi?ed With 3M HCl and 
extracted several times With EtOAc. The combined EtOAc 
extracts Were Washed successively With H20 and saturated 
aqueous NaCl and dried (MgSO4). The solvent Was removed 
in vacuo to afford an oil, Which Was crystalliZed from 
EtOAc/ hexanes. The title compound Was obtained as an 
off-White crystalline solid (22 mg, 39%); mp. 146-149° C. 
1H NMR (CDCl3): 67.23 (m, 4H); 6.96 (m, 1H); 6.90 (m, 
1H); 6.79 (s, 2H); 6.75 (s, 1H); 5.96 (m, 2H); 4.62 (apparent 
br t, 2H, J=10 HZ); 3.25 (t, 1H, J =10 HZ). MS m/e (rel. int.): 
753 [(2M+1)+, 3]. Anal. Calcd. for C23H17FO4: C, 73.40; H, 
4.55. Found: C, 73.19; H, 4.45. 

EXAMPLE 5 

(1RS, 2SR, 3SR)-1-(3-Methoxyphenyl)-3-(3,4-me 
thylenedioxyphenyl)indane-2-carboxylic acid 

[0142] a) Ethyl (1RS)-1-Hydroxy-1-(3-methoxyphenyl) 
3-(3,4-methylenedioxyphenyl)indene-2-carboxylate. To a 
solution of ethyl 3-(3,4-methylenedioxyphenyl)-1-oxoin 
dene-2-carboxylate (100 mg, 0.31 mmol) in THF (2 ml) 
under an argon atmosphere at 0° C. Was added a solution of 
freshly prepared 3-methoxyphenyl magnesium bromide 
(0.31 mmol). After stirring for 15 min, additional 3-meth 
oxyphenyl magnesium bromide (0.06 mmol) Was added. 
Stirring Was continued for 45 min, at Which time thin layer 
chromatographic analysis indicated that the reaction Was 
incomplete. Additional 3-methoxyphenyl magnesium bro 
mide (0.12 mmol) Was added. After stirring for 2 h more, the 
mixture Was partitioned betWeen 3M HCl and EtOAc. The 
organic extract Was Washed successively With H20, 5% 
aqueous NaHCO3, H20 and saturated aqueous NaCl. The 
solvent Was removed in vacuo, and the residue Was puri?ed 
by ?ash chromatography, eluting With 15% EtOAc/ hexanes 
to afford the tide compound (150 mg, 100%). 
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[0143] b) Ethyl (1RS )-1-(3-Methoxyphenyl)-3-(3,4-me 
thylenedioxyphenyl)indene-2-carboxylate. To a solution of 
ethyl (1RS)-1-hydroxy-1-(3-methoxyphenyl)-3-(3,4-meth 
ylenedioxyphenyl)-indene-2-carboxylate (150 mg, 0.35 
mmol) in CH2Cl2 Was added triethylsilane (67 pl, 0.42 
mmol), folloWed by boron tri?uoride etherate (213 pl, 1.73 
mmol). The reaction mixture Was alloWed to stir for 30 min, 
at Which time Was added sloWly 5% aqueous HCl. The 
mixture Was extracted With EtOAc. The organic extract Was 
Washed successively With H20, 5% aqueous NaHCO3, H20 
and saturated aqueous NaCl and dried (MgSO4). The solvent 
Was removed in vacuo, and the residue Was puri?ed by ?ash 
chromatography, eluting With 10% EtOAc/ hexanes to pro 
vide the title compound (45 mg, 31%) as a mixture of A1 and 
A2 double bond isomers. 

[0144] c) Ethyl (1RS, 2RS, 3SR)-1-(3-Methoxyphenyl) 
3-(3,4-methylenedioxyphenyl)indane-2-carboxylate. To a 
solution of ethyl (RS)-1-(3-methoxyphenyl)-3-(3,4-methyl 
enedioxyphenyl)indene-2-carboxylate (45 mg, 0.11 mmol) 
in EtOH (3 ml) Was added 10% palladium on activated 
carbon (45 mg). The resulting suspension Was shaken on a 
Parr hydrogenator at 50 psi H2 overnight, then Was ?ltered 
through a pad of Celite. The ?ltrate Was concentrated under 
reduced pressure to afford the title compound (43 mg, 94%), 
Which Was used Without further puri?cation. 

[0145] d) (1RS,2SR,3SR)-1-(3-Methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxylic acid. To a solu 
tion of ethyl (1RS, 2RS, 3SR) -1-(3-methoxyphenyl)-3-(3, 
4-methylenedioxyphenyl)indane-2-carboxylate (43 mg, 
0.10 mmol) in EtOH (1 ml) Was added 6M KOH (0.10 ml, 
0.60 mmol). The resulting mixture Was alloWed to stir at 
room temperature overnight, then Was partitioned betWeen 
H20 and Et2O. The aqueous phase Was acidi?ed With 3M 
HCl and extracted several times With EtOAc. The combined 
EtOAc extracts Were Washed successively With H20 and 
saturated aqueous NaCl and dried (MgSO4). The solvent 
Was removed in vacuo to afford an oil, Which Was crystal 
liZed from EtZO/ hexanes. The title compound Was obtained 
as a solid; mp. 131-133° C. 1H NMR (CDCl3): 67.21 (m, 
3H); 6.97-6.73 (m, 8H); 5.95 (m, 2H); 4.61 (apparent br t, 
2H, J=9 HZ); 3.67 (s, 3H); 3.30 (t, 1H, J=9 HZ). MS m/e (rel. 
int.) : 777 [(2M+1)+, 65]. Anal. Calcd. for C24H2OO5: C, 
74.21; H, 5.19. Found: C, 74.71; H, 5.47. 

EXAMPLE 6 

(1RS, 3RS)-1,3-Di-(3,4-methylenedioxyphenyl) 
indane-2-carboxylic acid 

[0146] a) Ethyl (1RS)-1,3-di-(3,4-methylenedioxyphe 
nyl)-1-hydroxyindene-2-carboxylate. To dry magnesium 
turnings (0.25 g, 10 mmol) under an argon atmosphere Was 
added a solution of 4-bromo-1,2-methylenedioxybenZene 
(2.1 g, 10 mmol) in 1: 10 THF/ Et2O (22 ml). The resulting 
solution Was alloWed to stir at room temperature 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-methylenedioxyphe 
nyl)-1-oxoindene-2-carboxylate (0.50 g, 2 mmol) in 1: 4 
THF/ Et2O (25 ml) under an argon atmosphere at 0° C. The 
resulting mixture Was stirred at 0° C. for 15 min, at Which 
time 1M HCl (50 ml) Was added. The phases Were separated 
and the aqueous phase Was extracted With Et2O. The com 
bined organic extracts Were Washed With saturated aqueous 
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NaCl and dried (MgSO4). The solvent Was removed in 
vacua, and the residue Was puri?ed by ?ash chromatogra 
phy, eluting With 10% EtOAc/ hexanes to afford the title 
compound as a yellow solid (0.29 g, 42%). 

[0147] b) Ethyl (RS)-1,3-Di-(3,4-methylenedioxyphenyl 
)indene-2-carboxylate. To a solution of ethyl (1RS)-1,3-di 
(3,4-methylenedioxyphenyl)-1-hydroxyindene-2-carboxy 
late (0.29 g, 0.65 mmol) in CH2Cl2 (3 ml) at 0° C. under an 
argon atmosphere Was added triethylsilane (91 mg, 0.78 
mmol), folloWed by boron tri?uoride etherate (0.3 ml, 2.4 
mmol). The reaction mixture Was stirred for 10 min, at 
Which time Was added ice-cold 1M HCl, and the mixture 
Was extracted With EtOAc. The organic extract Was Washed 
With saturated aqueous NaCl and dried (MgSO4). The sol 
vent Was removed in vacuo, and the residue Was placed on 
a small pad of silica gel, eluting With CH2Cl2 to provide the 
title compound (257 mg, 92%). 

[0148] c) Ethyl (1RS, 3RS)-1,3-Di-(3,4-methylenedioxy 
phenyl)indane-2-carboxylate. Ethyl (RS)-1,3-di-(3,4-Meth 
ylenedioxyphenyl)indene-2-carboxylate (163 mg, 0.38 
mmol) Was placed in MeOH (0.05 ml), and to this Was added 
SmI2 (10 ml of 0M solution in THE, 1.0 mmol). The 
resulting mixture Was stirred under an argon atmosphere 
overnight, at Which time thin layer chromatographic analysis 
indicated that the reaction Was incomplete. Additional SmI2 
(5 ml of 0.1M solution in THE, 0.5 mmol) Was added, and 
stirring Was continued for 2 h. The reaction mixture Was 
partitioned betWeen Et2O and 5% aqueous Na2S2O3. The 
organic extract Was Washed With saturated aqueous NaCl 
and dried (MgSO4). The solvent Was removed under reduced 
pressure, and the residue Was puri?ed by ?ash chromatog 
raphy, eluting With 10% EtOAc/ hexanes to afford the title 
compound as a colorless, glassy solid (120 mg, 75%). 

[0149] d) (1RS, 3RS)-1,3-Di-(3,4-methylenedioxyphe 
nyl)indane-2-carboxylic acid. To a solution of ethyl (1RS, 
3RS)-1,3-di-(3,4-methylenedioxyphenyl)indane-2-carboxy 
late (75 mg, 0.17 mmol) in EtOH (20 ml) Was added NaOH 
(0.10 g, 2.5 mmol). The resulting mixture Was alloWed to stir 
at room temperature for 3 d, at Which time thin layer 
chromatographic analysis indicated that the reaction Was 
incomplete. The mixture Was then heated at re?ux for 36 h, 
alloWed to cool and Was concentrated under reduced pres 
sure. To the residue Was added concentrated HCl, and the 
solid Which formed Was collected by ?ltration and dried. The 
solid Was triturated With boiling hexanes to afford the title 
compound as a White solid (50 mg, 73%); mp. 182-185° C. 
1H NMR (CDCl3) : 67.25 (m, 2H); 7.15 (m, 1H); 7.00 (m, 
1H); 6.76 (s, 2H); 6.68 (m, 2H); 6.50 (dd, 1H, J=8, 1 HZ); 
6.40 (d, 1H, J=2 HZ); 5.94 (s, 2H); 5.90 (d, 1H, J=1 HZ); 5.87 
(d, 1H, J=1 HZ); 4.84 (d, 1H, J=10 HZ); 4.78 (d, 1H, J=10 
HZ); 3.63 (dd, 1H, J=10 HZ, 9 HZ). MS: 402 (M)". Anal. 
Calcd. for C24H18O6'1/5 H2O: C, 71.00; H, 4.52. Found: C, 
71.13; H, 4.46. 

EXAMPLE 7 

(trans, trans)-1,3-Di-(3,4-methylenedioxyphenyl)in 
dane-2-carboxylic acid 

[0150] a) Ethyl (cis, cis)-1,3-Di-(3,4-methylenedioxyphe 
nyl)indane-2-carboxylate. To a solution of ethyl (RS)-1,3 
di-(3,4-methylenedioxyphenyl)indene-2-carboxylate (93 
mg, 0.22 mmol) in EtOH (2 ml) Was added 10% palladium 
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on activated carbon (0.10 g). The resulting suspension Was 
shaken on a Parr hydrogenator at 55 psi H2 for 2 d, then Was 
?ltered through a pad of Celite. The ?ltrate Was concentrated 
under reduced pressure to afford the title compound (45 mg, 
48%) as a glassy, yelloW solid, Which Was used Without 
further puri?cation. 

[0151] b) (trans, trans)-1,3-Di-(3,4-methylenedioxyphe 
nyl)indane-2-carboxylic acid. To a solution of ethyl (cis, 
cis)-1,3-di-(3,4-methylenedioxyphenyl)indane-2-carboxy 
late (45 mg, 0.1 mmol) in 2: 1 EtOH/ H20 (15 ml) Was added 
sodium hydroxide (50 mg, 1.2 mmol). The resulting solution 
Was alloWed to stir at room temperature overnight, then Was 
concentrated under reduced pressure. The residue Was 
treated With concentrated HCl, and the solid Which formed 
Was collected by ?ltration and dried. The solid Was recrys 
talliZed from EtZO/ hexanes to afford the title compound as 
a light tan solid (12 mg, 30%); mp. 188-191° C. 

EXAMPLE 8 

(1RS, 2RS, 3SR)-1-(3,4-Methylenedioxyphenyl)-3 
phenylindane-2-carboxylic acid 

[0152] a) Ethyl (1RS)-1-Hydroxy-1-(3,4-methylenediox 
yphenyl)-3-phenylindene-2-carboxylate. To a solution of 
ethyl 1-oxo-3-phenylindene-2-carboxylate (1.0 g, 3.6 mmol) 
in THF (35 ml) under an argon atmosphere at 0° C. Was 
added a solution of freshly prepared 3,4-methylenediox 
yphenyl magnesium bromide (5.4 mmol). After stirring for 
30 min, the mixture Was partitioned betWeen 3M HCl and 
EtOAc. The organic extract Was Washed successively With 
H20, 5% aqueous NaHCO3 and saturated aqueous NaCl and 
dried (MgSO4). The solvent Was removed in vacuo, and the 
residue Was puri?ed by ?ash chromatography, eluting With 
10% EtOAc/ hexanes to afford the title compound (1.03 g, 
72%). 
[0153] b) Ethyl (RS)-1-(3,4-Methylenedioxyphenyl)-3 
phenylindene-2-carboxylate. To a solution of ethyl (1RS) 
1-hydroxy-1-(3,4-methylenedioxyphenyl)-3-phenylindene 
2-carboxylate (1.03 g, 2.58 mmol) in CH2Cl2 (40 mL) Was 
added triethylsilane (0.49 ml, 3.07 mmol), folloWed by 
boron tri?uoride etherate (1.55 ml, 12.6 mmol). The reaction 
mixture Was alloWed to stir for 15 min, at Which time Was 
added sloWly 3M HCl. The mixture Was extracted With 
EtOAc. The organic extract Was Washed successively With 
H20, 5% aqueous NaHCO3 and saturated aqueous NaCl. 
The solvent Was removed in vacuo to provide the title 
compound (1.00 g, 100%) as a mixture of A1 and A2 double 
bond isomers. 

[0154] c) Ethyl (1RS, 2SR, 3SR)-1-(3,4-Methylenediox 
yphenyl)-3-phenylindane-2-carboxylate. To a solution of 
ethyl (RS)-1-(3,4-methylenedioxyphenyl)-3-phenylindene 
2-carboxylate (1.00 g, 2.60 mmol) in EtOH (25 ml) Was 
added 10% palladium on activated carbon (30 mg). The 
resulting suspension Was stirred under an atmosphere of H2 
overnight. Thin layer chromatographic analysis indicated 
that the reaction Was incomplete, so additional 10% palla 
dium on activated carbon (30 mg) Was added, and the 
mixture Was shaken on a Parr hydrogenator at 30 psi H2 for 
2 d. At this time, thin layer chromatographic analysis again 
indicated that the reaction Was incomplete. The reaction 
mixture Was ?ltered through a pad of Celite, and 10% 
palladium on activated carbon (250 mg) Was added. The 
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reaction mixture Was shaken on a Parr hydrogenator at 60 psi 
H2 overnight. Filtration and repetition of the latter hydro 
genation conditions led to complete consumption of starting 
material. The reaction mixture Was ?ltered through a pad of 
Celite, and the ?ltrate Was concentrated under reduced 
pressure to afford the title compound (650 mg, 65%), Which 
Was used Without further puri?cation. 

[0155] d) (1RS, 2RS, 3SR)-1-(3,4-Methylenedioxyphe 
nyl)-3-phenylindane-2-carboxylic acid. To a solution of 
ethyl (1RS, 2SR, 3SR)-1-(3,4-methylenedioxyphenyl)-3 
phenylindane-2-carboxylate (650 mg, 1.68 mmol) in EtOH 
containing a feW drops of THF Was added 6M KOH (1.68 
ml, 10.1 mmol). The resulting mixture Was alloWed to stir at 
room temperature overnight, then Was concentrated under 
reduced pressure. The residue Was partitioned betWeen H20 
and Et2O. The aqueous phase Was acidi?ed With 3M HCl 
and extracted several times With EtOAc. The combined 
EtOAc extracts Were Washed successively With H20 and 
saturated aqueous NaCl and dried (MgSO4). The solvent 
Was removed in vacuo to afford an oil, Which Was crystal 
liZed from EtOAc/ hexanes. The title compound Was 
obtained as a solid (305 mg, 51%); mp. 186-187° C. Anal. 
Calcd. for C23H18O4: C, 77.08; H, 5.06. Found: C, 76.60; H, 
5.08. 

EXAMPLE 9 

(1RS, 2SR, 3SR)-1-(4-Methoxyphenyl)-3-(3,4-me 
thylenedioxyphenyl)-2-(tetraZol-5-yl)indane 

[0156] a) (1RS, 2SR, 3SR)-1-(4-Methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxamide. A mixture of 
(1RS, 2SR, 3SR)-1-(4-methoxyphenyl)-3-(3,4-methylene 
dioxyphenyl)indane-2-carboxylic acid (250 mg, 0.64 mmol) 
in SOCl2 (2.5 ml) Was alloWed to stir overnight under an 
argon atmosphere. The reaction mixture Was concentrated 
under reduced pressure, and the residue Was dissolved in 
benZene (5 ml). To the resulting mixture under an argon 
atmosphere Was added concentrated NH4OH (5 ml). The 
solid Which formed Was collected by ?ltration, Washed With 
H20 and dried in vacuo to afford the title compound (185 
mg, 75%). 

[0157] b) (1RS, 2SR, 3SR)-1-(4-Methoxyphenyl)-3-(3,4 
methyl-enedioxyphenyl)indane-2-carbonitrile. To ice-cold 
DMF (1 ml) under an argon atmosphere Was added oxalyl 
chloride (68ml, 0.78mmol). After stirring for 5 min at 0° C., 
a solution of (1RS, 2SR, 3SR)-1-(4-methoxyphenyl)-3-(3, 
4-methylenedioxyphenyl)indane-2-carboxamide (150 mg, 
0.39 mmol) in DMF (2 ml) Was added, and stirring Was 
continued for an additional 10 min at 0° C. The reaction 
mixture Was partitioned betWeen EtOAc and 3M HCl. The 
aqueous phase Was extracted With EtOAc, and the combined 
organic extracts Were Washed successively With H2O, aque 
ous NaHCO3, H20 and saturated aqueous NaCl and dried. 
The solvent Was removed in vacuo to afford the title com 

pound as a White solid (135 mg, 94%) Which Was used 
Without further puri?cation. 

[0158] c) (1RS, 2SR, 3SR)-1-(4-Methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)-2-(tetraZol-5-yl)indane. To THE 
(2.5 ml) at —78° C. under an argon atmosphere Was added 
aluminum chloride (90 mg, 0.67 mmol). After sloWly Warm 
ing to room temperature, sodium aZide (130 mg, 2.2 mmol) 
Was added, and the resulting mixture Was heated at 70° C. 
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for 5 min, then cooled to room temperature. To the reaction 
mixture Was added a solution of (1RS, 2SR, 3SR)-1-(4 
methoxyphenyl)-3-(3,4-methylenedioxyphenyl)indane-2 
carbonitrile (125 mg, 0.34 mmol) in THE (2.5 ml). After 
heating at 70° C. overnight, thin layer chromatographic 
analysis of the reaction mixture indicated the presence of 
starting material, so additional Al(N3)3 Was prepared as 
above (1.34 mmol) in THF. To this Was added the reaction 
mixture, and heating at 70° C. Was resumed for an additional 
5 h. The mixture Was partitioned betWeen EtOAc and 3M 
HCl. The aqueous phase Was extracted With EtOAc, and the 
combined organic extracts Were Washed successively With 
H20 and saturated aqueous NaCl and dried. The solvent Was 
removed in vacua, and the residue Was crystalliZed from 
EtOAc/ hexanes to afford the title compound (78 mg, 56%). 
A portion of this material Was further puri?ed by MPLC 
(LiChroprep RP-18, MeOH/H2O=60/40) and then recrystal 
liZed; m.p. 155-157° C. (EtOAc/ hexanes). 1H NMR 
(CDCl3): 67.28-7.15 (m, 4H); 7.03 - 6.95 (m, 2H); 6.87-6.84 
(m, 2H); 6.74 (s, 3H); 5.94 (d, 1H, J=1.2 HZ); 5.92 (d, 1H, 
J=1.2 HZ); 4.79 (d, 1H, J=11.6 HZ); 4.73 (d, 1H, J=11.6 HZ); 
3.79 (S, 3H); 3.65 (t, 1H, J=11.6 HZ). MS (m/e) : 413.2 
[(M+H>+1 

EXAMPLE 10 

(1RS, 2SR, 3RS)-1-(2-Methoxyphenyl)-3-(3,4-me 
thylenedioxyphenyl)indane-2-carboxylic acid 

[0159] a) Ethyl (1RS)-1-Hydroxy-1-(2-methoxyphenyl) 
3—(3,4-methylenedioxyphenyl)indene—2-carboxylate. To dry 
magnesium turnings (81 mg, 3,4 mmol) under an argon 
atmosphere Was added a solution of 2-bromoanisole (0.64 g, 
3,4 mmol) in 5 :1 THF/ Et2O (3 ml). A portion of the 
resulting 2-methoxyphenyl magnesium bromide solution 
(0.45 ml, 0.51 mmol) Was added dropWise to a solution of 
ethyl 3-(3,4-methylenedioxyphenyl)-1-oxoindene-2-car 
boxylate (100 mg, 0.34 mmol) in THF (6 ml) under an argon 
atmosphere at 0° C. After stirring for 15 min, the mixture 
Was partitioned betWeen 3M HCl and EtOAc. The organic 
extract Was Washed successively With H20, 5% aqueous 
NaHCO3, H20 and saturated aqueous NaCl. The solvent 
Was removed in vacuo, and the residue Was puri?ed by ?ash 
chromatography, eluting With 15% EtOAc/ hexanes to afford 
the title compound. (100 mg, 68%). 

[0160] b) Ethyl (RS)-1-(2-Methoxyphenyl)-3-(3,4-meth 
ylene-dioxyphenyl)indene-2-carboxylate. To a solution of 
ethyl (1RS)-1-hydroxy-1-(2-methoxyphenyl)-3-(3,4-meth 
ylenedioxyphenyl)indene-2-carboxylate (100 mg, 0.23 
mmol) in CH2Cl2 (5 ml) Was added triethylsilane (32 mg, 
0.28 mmol), folloWed by boron tri?uoride etherate (0.13 ml, 
1.05 mmol). The reaction mixture Was alloWed to Warm to 
room temperature and stirred for 10 min, at Which time Was 
added sloWly 3M HCl. The mixture Was extracted With 
EtOAc. The organic extract Was Washed successively With 
H20, 5% aqueous NaHCO3, H20 and saturated aqueous 
NaCl and dried (MgSO4). The solvent Was removed in 
vacuo to provide the title compound (91 mg, 96%) as a 
mixture of A1 and A2 double bond isomers. 

[0161] c) Ethyl (1RS, 2RS, 3RS)-1-(2-Methoxyphenyl) 
3-(3,4-methylenedioxyphenyl)indane-2-carboxylate. To a 
solution of ethyl (RS)-1-(2-methoxyphenyl)-3-(3,4-methyl 
enedioxyphenyl)indene-2-carboxylate (90 mg, 0.22 mmol) 
in EtOH (10 ml) Was added 10% palladium on activated 
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carbon (90 mg). The resulting suspension Was shaken on a 
Parr hydrogenator at 60 psi H2 overnight, then Was ?ltered 
through a pad of Celite. The ?ltrate Was concentrated under 
reduced pressure to afford the title compound (90 mg, 
100%), Which Was used Without further puri?cation. 

[0162] d) (1RS, 2SR, 3RS)-1-(2-Methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxylic acid. To a solu 
tion of ethyl (1RS, 2RS, 3RS)-1-(2-methoxyphenyl)-3-(3,4 
methylenedioxyphenyl)indane-2-carboxylate (90 mg, 0.22 
mmol) in EtOH (2 ml) containing a feW drops of THF Was 
added 6M KOH (0.22 ml, 1.32 mmol). The resulting mixture 
Was alloWed to stir at room temperature overnight, then Was 
concentrated under reduced pressure. The residue Was par 
titioned betWeen H20 and EtZO. The aqueous phase Was 
acidi?ed With 3M HCl and extracted With EtOAc. The 
EtOAc extract Was Washed successively With H20 and 
saturated aqueous NaCl and dried (MgSO4). The solvent 
Was removed in vacuo to afford the title compound (40 mg, 
49%). 1H NMR (CDCl3): 67.37-6.73 (m, 1H); 5.93 (m, 2H); 
5.03 (d, 1H, J=10 HZ); 4.67 (d, 1H, J=10 HZ); 3.70 (s, 3H); 
3.38 (t, 1H, J=10 HZ). 

EXAMPLE 11 

(1RS, 2SR, 3SR)-5-Hydroxy-3-(4-methoxyphenyl) 
1-(3,4-methylenedioxyphenyl)indane-2-carboxylic 

acid, sodium salt 

[0163] a) 3-BenZyloxyacetophenone. To a mixture of 
sodium hydride (4.5 g of 80% mineral oil dispersion, 0.15 
mol), Which had been Washed free of mineral oil, in DMF 
(25 ml) Was added, dropWise With cooling, a solution of 
3-hydroxyacetophenone (20.5 g, 0.15 mol) 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 
added benZyl bromide (25.6 g, 0.15 mol). The resulting 
mixture Was alloWed to stir at room temperature overnight, 
then Was partitioned betWeen EtOAc and 3M HCl. The 
aqueous phase Was extracted With EtOAc, and the combined 
organic extracts Were Washed successively With 1M NaOH, 
H20 and saturated aqueous NaCl and dried. The solvent Was 
removed in vacuo to afford the title compound (33 g, 97%), 
Which Was used Without further puri?cation. 

[0164] b) Methyl 2-(3-BenZyloxy)benZoylacetate. To a 
mixture of sodium hydride (28.3 g of 80% mineral oil 
dispersion, 0.94 mol), Which had been Washed free of 
mineral oil, in dimethyl carbonate (100 ml) under an argon 
atmosphere Was added, over 30 min, a solution of 3-benZy 
loxyacetophenone (92.3 g, 0.41 mol) in dimethyl carbonate 
(150 ml). Upon completion of the addition, the mixture Was 
heated at re?ux for 30 min, then Was cooled in an ice bath 
and quenched by the sloW addition of 3M HCl. The mixture 
Was partitioned betWeen EtOAc and 3M HCl, and the 
aqueous phase Was extracted With EtOAc. The combined 
organic extracts Were Washed successively With H2O, aque 
ous NaHCO3, H20 and saturated aqueous NaCl and dried. 
The solvent Was removed in vacuo to afford the title com 

pound (112.5 g, 97%). 

[0165] c) Methyl 2-(3-BenZyloxybenZoyl)-3-(3,4-methyl 
enedioxy-phenyl)propenoate. A mixture containing methyl 
2-(3-benZyloxy)benZoylacetate (75.0 g, 0.26 mol), piperonal 
(43.6 g, 0.29 mol), acetic acid (3.6 ml) and piperidine (1.2 
ml) in benZene (70 ml) Was heated at re?ux, With aZeotropic 
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removal of H20. After heating at re?ux for 4 h, the reaction 
mixture Was concentrated in vacua, and the residue Was 
crystalliZed from EtOH to afford the title compound (93.5 g, 
85%); mp. 116-118° C. 

[0166] d) Methyl (1RS, 2SR)-5-BenZyloxy-1-(3,4-meth 
ylenedioxy-phenyl)-3-oxoindane-2-carboxylate. To tri?uo 
roacetic acid (150 ml) at 0° C. under an argon atmosphere 
Was added methyl 2-(3-benZyloxybenZoyl)-3-(3,4-methyl 
ene-dioxyphenyl)propenoate (80.0 g, 0.19 mol). The mix 
ture Was alloWed to Warm to room temperature and stirred 
for 30 min, at Which time the mixture Was concentrated 
under reduced pressure. The residue Was dissolved in EtOAc 
and Washed successively With aqueous NaHCO3, H20 and 
saturated aqueous NaCl and dried. The solvent Was removed 
in vacuo, and the oily residue Was crystalliZed from EtOAc/ 
hexanes to afford the title compound (51.3 g, 64%); mp. 
148-150° C. 

[0167] e) Methyl 5-BenZyloxy-1-(3,4-methylenediox 
yphenyl)-3-oxoindene-2-carboxylate. To a solution of 
methyl 5-benZyloxy-1-(3,4-methylenedioxyphenyl)-3-ox 
oindane-2-carboxylate (27.3 g, 65.6 mmol) in benZene (90 
ml), cooled in an ice-H2O bath, Was added 2,3-dichloro-5, 
6-dicyano-1,4-benZoquinone (15.4 g, 67.8 mmol). The 
resulting mixture Was stirred at 0° C. for 1 h, alloWed to 
Warm to room temperature for 1.5 h, and ?nally Warmed to 
40° C. for 1 h. The solid Which formed Was removed by 
?ltration and Washed With benZene. The combined ?ltrate 
and Washings Were poured into EtOAc (200 ml) and Washed 
successively With aqueous NaZCO3 (3x), H2O (3x), 3M HCl, 
H2O (3x) and saturated aqueous NaCl and dried. The solvent 
Was removed in vacua, and the residue Was crystalliZed from 
EtOAc/ hexanes to afford the title compound (16.4 g, 60%) 
as a red crystalline solid; mp. 140-141° C. 

[0168] f) Methyl (3RS)-5-BenZyloxy-3-hydroxy-3-(4 
methoxy-phenyl)-1-(3,4-methylenedioxyphenyl)indene-2 
carboxylate. To dry magnesium turnings (0.96 g, 40 mmol) 
under an argon atmosphere Was added a solution of 4-bro 

moanisole (7.48 g, 40 mmol) in 9: 1 EtZO/THF (50 ml). The 
resulting 4-methoxyphenyl magnesium bromide 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 atmo 
sphere. Upon completion of the addition, the mixture Was 
quenched by the addition of 3M HCl and extracted With 
EtOAc. The organic extract Was Washed successively With 
H2O, aqueous NaHCO3, H20 and saturated aqueous NaCl. 
The solvent Was removed in vacuo to afford the title com 

pound (11.58 g, 100%), Which Was used Without further 
puri?cation. 

[0169] g) Methyl (RS)-5-BenZyloxy-3-(4-methoxyphe 
nyl)-1-(3,4-methylenedioxyphenyl)indene-2-carboxylate. 
To a solution of methyl (3RS)-5-benZyloxy-3-hydroxy-3-(4 
methoxyphenyl)-1-(3,4-methylenedioxyphenyl)indene 
2-carboxylate (crude material prepared above) in CH2Cl2 
(75 ml) under an argon atmosphere at 0° C. Was added 
triethylsilane (3.9 ml, 23.6 mmol), folloWed by boron trif 
luoride etherate (14.7 ml, 120 mmol). The reaction mixture 
Was stirred for 10 min at 0° C., at Which time the mixture 
Was partitioned betWeen 3M HCl and EtOAc. The organic 
extract Was Washed successively With H2O, aqueous 
NaHCO3, H20 and saturated aqueous NaCl and dried. The 
solvent Was removed in vacuo, and the residue Was puri?ed 
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by ?ash chromatography, eluting With a solvent gradient of 
25-45% EtZO/ hexanes. The title compound (8.41 g, 83% for 
tWo steps) Was isolated as a mixture of A1 and A2 double 
bond isomers. 

[0170] h) Methyl (1RS, 2RS, 3SR)-5-Hydroxy-3-(4-meth 
oxyphenyl)-1-(3,4-methylenedioxyphenyl)indane-2-car 
boxylate. To a degassed solution of methyl (RS)-5-benZy 
loxy-3-(4-methoxyphenyl)-2-(3,4-methylene 
dioxyphenyl)indene-2-carboxylate (6.60 g, 13.0 mmol) in 
EtOAc (25 ml) and EtOH (175 ml) Was added 5% palladium 
on activated carbon (0.6 g). The resulting suspension Was 
shaken on a Parr hydrogenator 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 
?ltration through a pad of Celite, and fresh 5% palladium on 
activated carbon (0.6 g) Was added. The mixture Was shaken 
on a Parr hydrogenator at 60 psi H2 for an additional 48 h. 
The catalyst Was removed by ?ltration through a pad of 
Celite, and the ?ltrate Was concentrated under reduced 
pressure. The residue Was crystalliZed from EtOAc/ hexanes 
to afford the title compound (4.83 g, 89%); mp. 187-188° C. 

[0171] i) (1RS, 2SR, 3SR)-5-Hydroxy-3-(4-methoxyphe 
nyl)-1-(3,4-methylenedioxyphenyl)indane-2-carboxylic 
acid, sodium salt. To a solution of methyl (1 RS, 2RS, 3S 
R)-5-hydroxy-3-(4-methoxyphenyl)-1-(3,4-methylene 
dioxy-phenyl)indane-2-carboxylate (150 mg, 0.36 mmol) in 
EtOH (4 ml) Was added 10% NaOH (4 ml), and the resulting 
mixture Was alloWed to stir under an argon atmosphere 
overnight. Water (5 ml) Was added, and the mixture Was 
concentrated under reduced pressure. The concentrate Was 
extracted With EtZO, and the aqueous phase Was acidi?ed 
and extracted With EtOAc. The EtOAc extract Was Washed 
successively With H20 and saturated aqueous NaCl and 
dried. The solvent Was removed in vacuo. The sodium salt 
Was prepared, and a portion of this (100 mg) Was puri?ed by 
reverse-phase chromatography to afford the title compound 
(73 mg, 48%). Trituration of this material With EtOAc 
provided a White crystalline solid; mp. 1980 C. (dec). 1H 
NMR (MeOH-d4): 67.20 (dd, 2H, J=6.8 HZ, 2.0 HZ); 6.85 
(dd, 2H, J=6.8 HZ, 2.0 HZ); 6.80-6.64 (m, 5H); 6.25 (s, 1H); 
5.88-5.87 (m, 2H); 4.47 (d, 1H, J=10 HZ); 4.43 (d, 1H, J=10 
HZ); 3.76 (s, 3H); 3.03 (t, 1H, J=10 HZ). MS (m/e): 427 
[(M+H>+1 

EXAMPLE 12 

+(1S, 2R, 3S)-3-(2-Carboxymethoxy-4-methox 
yphenyl)-1-(3,4-methylenedioxyphenyl)-5-(prop-1 

yloxy)-indane-2-carboxylic acid 

[0172] a) 3-(Prop-1-yloxy)acetophenone. To a slurry of 
NaH (13.84 g, 0.58 mol) in dry DMF (50 mL) at 0° C., Was 
added a solution of 3-hydroxyacetophenone (50 g, 0.37 
mol). After stirring for 30 min. 1-iodopropane (70 mL, 0.72 
mol) Was added and the mixture stirred overnight at room 
temperature. The mixture Was diluted With dry DMF (50 
mL) and further NaH (2.77 g, 0.12 mol) added folloWed by 
1-iodopropane (23 mL, 0.24 mol). After 1 h. TLC indicated 
that the reaction Was complete and the product Was cau 
tiously quenched With 6M HCl and extracted With EtOAc. 
The EtOAc extract Was Washed successively With H20, 10% 
aqueous NaOH and then brine. After drying (MgSO4), 
?ltration and evaporation gave the title compound (65 g, 
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98%) as a light yelloW oil Which Was used Without further 
puri?cation. Anal. Calc. for C11H14O2: C, 74.13; H, 7.89. 
Found: C, 73.85; H, 7.86. 

[0173] b) Methyl 3-(Prop-1-yloxy)benZoylacetate. To a 
suspension of NaH (12 g, 0.5 mol) in dry dimethyl carbonate 
(50 mL) Was added sloWly a solution of 3-(Prop-1-yloxy 
)acetophenone (65 g, 0.37 mol) in dry dimethyl carbonate 
(100 mL). During the addition the exothermicity of the 
reaction caused re?uxing. FolloWing the addition the mix 
ture Was stirred mechanically overnight and Was then 
quenched cautiously With 3M HCl and extracted With 
EtOAc. The EtOAc extract Was Washed successively With 
H20, 5% aqueous NaHCO3, H20 and brine. After drying 
(MgSO4), ?ltration and evaporation gave a yelloW oil (82 g, 
quantitative) Which Was used Without further puri?cation. 
Anal. Calc. for C13 H1604: C, 66.09; H, 6.83. Found: C, 
67.25; H, 6.92. 

[0174] c) Methyl 3-(3,4-methylenedioxyphenyl)-2-[3 
(prop-1-yloxy)-benZoyl]propenoate. To a solution of 
methyl-3-(Prop-1-yloxy)benZoylacetate (10 g, 4.2 mmol) in 
benZene (50 mL) Was added 3,4-methylenedioxybenZalde 
hyde (6.36 g, 4.2 mmol) folloWed by piperidine (0.42 mL, 
0.42 mmol) and glacial acetic acid (8 drops approx.). The 
mixture Was re?uxed for 2 h. and the volatiles removed in 
vacuo to give methyl (Z)-3-(3,4-methylenedioxyphenyl)-2 
[3-(prop-1-yloxy)-benZoyl]propenoate (7.4 g, 48%) as an off 
White solid after trituration With methanol p. 122-123° 
C). Anal. Calc. for C21H2OO6: C, 68.47; H, 5.47. Found: C, 
68.81; H, 5.49. 

[0175] d) Methyl-(1RS, 2SR)-1-(3,4-Methylenedioxyphe 
nyl)-5-(prop-1-yloxy)-3-oxo-indane-2-carboxylate. Methyl 
3-(3,4-methylenedioxyphenyl)-2-[3-(prop-1-yloxy)-ben 
Zoyl]propenoate (7.4 g, 2.0 mmol) Was dissolved in tri?uo 
roacetic acid (50 mL) at 0° C. and the mixture stirred at room 
temperature for 20 min. The tri?uoroacetic acid Was 
removed in vacuo to give the title compound (6.4 g, 87%) as 
a White solid after trituration With Warm isopropanol m. p. 
106-108° C. Anal. Calc. for C21H20O6: C, 68.47; H, 5.47. 
Found: C, 68.12; H, 5.41. 

[0176] e) Methyl-3-(3,4-Methylenedioxyphenyl)-6-(prop 
1-yloxy)-1-oxo-indene-2-carboxylate. Methyl (1RS, 2SR) 
1-(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)-3-oxo-in 
dane-2-carboxylate (26.2 g, 71 mmol) Was dissolved in 
toluene (250 mL) and DDQ (dichlorodicyano-quinone) 
(16.5 g, 71 mmol) Was added. The mixture Was heated at 80° 
C. for 2 h. then cooled, ?ltered and the solvent removed in 
vacua. The product Was puri?ed by ?ash column chroma 
tography on silica gel (eluant: EtOAc/hexane, 20:80) to give 
the title compound as an orange solid (11.3 g, 44%); mp. 
125-126° C. Anal. Calc. for C21H18O6: C, 68.85; H, 4.95. 
Found: C, 68.45; H, 4.97. 

[0177] f) Methyl-(1RS)-1-hydroxy-(4-methoxy-2-meth 
oxymethoxyphenyl)-1-3-(3,4-methylenedioxyphenyl)-6 
(prop-1-yloxy)indene-2-carboxylate. To dry magnesium 
turnings (1.7 g, 69 mmol) under an argon atmosphere Was 
added portionWise, a solution of 4-methoxy-2-meth 
oxymethoxybromobenZene (16.8 g, 68 mmol) in 5% THF/ 
ether (120 mL). The resulting 4-methoxy-2-meth 
oxymethoxyphenyl magnesium bromide Was added to a 
solution of methyl-3-(3,4-methylenedioxyphenyl)-6-(prop 
1-yloxy)-1-oxo-indene-2-carboxylate (18.5 g, 51 mmol) in 
THF (400 mL) under an argon atmosphere at 0° C. The 
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resulting mixture Was allowed to Warm to room temperature 
and Was stirred for 10 min. The mixture Was partitioned 
betWeen 3M HCl and EtOAc . The organic extract Was 

Washed successively With H2O, aqueous NaHCO3, H20 and 
saturated aqueous NaCl and dried (Na2SO4). The solvent 
Was removed under reduced pressure, and the residue puri 
?ed by ?ash chromatography on silica gel (eluant: EtOAc/ 
hexane, 10-20%) to afford the title compound as a yelloW oil 
(24.5 g, 91%). Anal. Calc. for C3OH3OO9: C, 67.41; H, 5.66;. 
Found: C, 67.21; H, 5.66. 

[0178] Serparation 
[0179] Separation of (+) and (—) methyl (1RS)-1-Hy 
droxy-1-(4-methoxy-2-methoxymethoxyphenyl)-3-(3,4 
methylenedioxyphenyl)-6-(prop-1-yloxy)indene-2-carboxy 
late Was done on a column of cellulose tris(3,5 
dimethylphenyl carbamate) coated on silica gel (Daicel 
Chiralcel OD); retention time for (+) 8.8 min. [ot]25D=+ 
87.5°(c=0.24, CH3OH). Retention time for (—) 14.5 min. 
[ot]25D+85.9°(c=0.21, CH3OH) HPLC data: column Chiral 
cel OD (DAICEL) 21.2 mm internal diameter, 250 mm 
length; solvent Ethanol:Hexane 60:40; How rate 10 
mL/min.; injection: 1 g of racemate; detection UV=405 nm 

[0180] g) (+)Methyl-(1S,2S,3S)-3-(4-methoxy-2-meth 
oxymethoxyphenyl)-1-(3,4-methylenedioxyphenyl)-5 
(prop-1-yloxy)indane-2-carboxylate. A parr vessel Was 
charged With (+) methyl (1RS)-1-hydroxy-3-(4-methoxy-2 
methoxymethoxy-phenyl)-(3,4-methylenedioxyphenyl)-6 
(prop-1-yloxy)indene-2-carboxylate (1 g, 1.8 mmol) dis 
solved in a small volume of EtOAc (25 mL) and 10% 
palladium on activated carbon (93 mg). The resulting solu 
tion Was stirred under an atmosphere of hydrogen for 120 
hours and ?ltered. The ?ltrate Was concentrated under 
reduced pressure and the product puri?ed by column chro 
matography on silica gel (eluant: EtOAc/hexane, 5-10%) to 
give the 12(g) as a White foam (0.80 g, 83%). [ot]25D=+ 
105.4°(c=0.13, CH3OH). Anal. Calc. for C3OH32O8: C, 
69.22; H, 6.20. Found: C, 68.95; H, 6.11. 

[0181] h) (+)Methyl-(1S,2S,3S )-3-(2-Hydroxy-4-meth 
oxyphenyl)-1-(3,4-methylenedioxyphenyl)-5-(prop-1 
yloxy)indane-2-carboxylate. To a solution of methyl-(1S ,2S 
,3S)-3-(2-methoxymethyl-4-methoxyphenyl)-1-(3,4-meth 
ylenedioxyphenyl)-5-(prop-1-yloxy)indane-2-carboxylate 
(0.7 g, 1.3 mmol) in methanol (10 mL) concentrated HCl 
(0.1 mL) Was added and it Was then heated to re?ux for 2 h. 
The solvent Was then eliminated under vacuum and the 
residue Was puri?ed by column chromatography on silica 
gel (eluant: EtOAc/hexane, 10-20%) to give the 12(h) as a 
colorless glass (0.50 g, 78%). [ot]25D=+116.0°(c=0.18, 
CH3OH). Anal. Calc. for C28H28O7'V2 H2O: C, 69.27; H, 
6.02. Found: C, 69.59; H, 5.99. 

[0182] i) (+)Methyl-(1S,2S,3S)-3-(2-Carboet 
hoxymethoxy-4-methoxyphenyl)-1-(3,4-methylenediox 
yphenyl)-5-(prop-1-yloxy)indane-2-carboxylate. A solution 
of methyl-(1S,2S ,3S)-3-(2-hydroxy-4-methoxyphenyl)-1 
(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)indane-2-car 
boxylate (0.1 g, 0.2 mmol) in dry DMF (2 mL) Was added 
to NaH (6 mg, 0.24 mmol) in a small volume of dry DMF 
at OOC. The mixture Was stirred at 0° C. for 15 min. and 
ethyl bromoacetate Was then added (42 mg, 0.25 mmol). The 
resulting mixture Was stirred at 0° C. for 1 h. The reaction 
Was then quenched With dilute HCl and extracted With 
EtOAc. The EtOAc extract Was Washed With Water then 
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brine, dried (MgSO4), ?ltered and evaporated. The product 
Was puri?ed by column chromatography on silica gel (elu 
ant: EtOAc/hexane, 10-15%) to give the 12(i) as a glassy 
solid (82 mg, 68%).[ot]25D=+116.0°(c=0.45, CH3OH). Anal. 
Calc. for C32H34O9: C, 68.32; H, 6.09. Found: C, 67.98; H, 
6.09. 

[0183] (+) (1S,2R,3S)-3-(2-Carboxymethoxy-4-meth 
oxyphenyl)-1-(3,4-methylenedioxyphenyl)-5-(prop-1 
yloxy)indane-2-carboxylic acid. To a solution of methyl 
(1S,2S ,3S)-3-(2-Carboethoxymethoxy-4-methoxyphenyl) 
1-(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)indane-2 
carboxylate (20 mg, 0.04 mmol) in dioxane (1 mL) Was 
added 3 M NaOH solution (0.3 mL, 1 mmol). The reaction 
mixture Was heated to re?ux for 4 h and after cooling the 
solvent Was eliminated in vacuo dissolved in Water and 
acidi?ed With 3N HCl. The resulting precipitate Was col 
lected by ?ltration and dried to give a White solid (15 mg, 
81%); mp. 99-102 [(X]25D=+38.1°(C=0.22, CH3OH). Anal. 
Calc. for C29H28O9: C, 66.92; H, 5.42. Found C, 67.37; H, 
5.32. 

EXAMPLE 12A 

Preparation of 
1 -Bromo -4-methoxy-2-methoxymethoxybenZene. 

[0184] a) 1-Bromo-2-hydroxy-4-methoxybenZene. 
3-Bromo-2-hydroxy-6-methoxybenZoic acid [T. de Paulis 
et. al. J. Med. Chem, (1985), 28, 1263-1269](5 g, 0.02 mol) 
Was heated in quinoline (200 mL) at 160° C. for 1 h. On 
cooling, the product Was partitioned betWeen Et2O and 3M 
HCl. The organic extract Was Washed With Water and brine 
then dried (MgSO4), ?ltered and evaporated to give the title 
compound Which Was recrystalliZed from 5% ethyl acetate/ 
hexane (4 g, 97%); mp. 40-42° C. Anal. Calc. for 
C7H7BrO2: C, 41.41; H, 3,48. Found C, 41.39; H, 3.37. 

[0185] b) 1-Bromo-4-methoxy-2-methoxymethoxyben 
Zene. To a suspension of NaH (2.5 g, 0.06 mol) in dry DMF 
(100 mL) at 0° C. Was added solution of 1-bromo-2 
hydroxy-4-methoxybenZene (10.6 g, 0.05 mol). After stir 
ring at 0° C. for 30 min. bromomethyl methyl ether (7.8 g, 
0.06 mmol) Were dropWise added. The mixture Was Warmed 
to room temperature over 20 min. and then stirred for 2 h, 
it Was then quenched cautiously by the addition of cold 
dilute HCl and extracted With EtOAc. The EtOAc extract 
Was Washed successively With; H20, 5% aqueous NaHCO3, 
H20 and ?nally brine. After drying (MgSO4) ?ltration and 
evaporation gave liquid. The product Was puri?ed by dis 
tillation (85° C., 0.2 mm Hg) to give the title compound as 
a colorless oil (13.7 g, 97%). 1H NMR (CDCl3) 67.40 (d, 
1H, J=8.9 HZ), 6.75 (d, 1H, J=2.8 HZ), 6.46 (dd, 1H, J=8.9, 
2.8 HZ), 5.23 (s, 2H), 3.77 (s, 3H), 3.52 (s, 3H). 

EXAMPLE 13 

(1RS, 2SR, 3RS)-3-[2-(3-Hydroxyprop-1-yloxy)-4 
methoxy-phenyl -1-(3,4-methylenedioxyphenyl)-5 
(prop-1-yloxy)-indane-2-carboxylic acid. dicyclo 

hexylamine salt 

[0186] Methyl (1RS,2RS,3RS)-3-(2-Hydroxy-4-methoxy 
phenyl)-1-(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy) 
indane-2-carboxylate (0.14 g, 0.29 mmol) in dry DMF (1 
ml) Was added to NaH (9 mg, 0.38 mmol) in a small volume 
of dry DMF. The mixture Was stirred at ambient temperature 
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for 20 min. then 3-brornopropan-1-ol (37 pl, 0.41 rnrnol) Was 
added. After stirring for 1 h. the product Was partitioned 
betWeen 3M aqueous HCl and ethyl acetate. The organic 
layer Was Washed With Water then brine, then dried (MgSO4 
anhyd.) ?ltered and evaporated to give an oil. The product 
Was puri?ed by column chromatography to provide rnethyl 
(1RS,2RS,3RS)-3-[2-(3-Hydroxyprop-1-yloxy)-4-rnethox 
yphenyl]-1-(3,4-rnethylenedioxyphenyl)-5-(prop-1-yloxy 
)indane-2-carboxylate (0.g, 65%)(1H-NMR indicated some 
epirneriZation had occurred at C-2). This material Was used 
Without further puri?cation. Methyl (1RS, 2RS, 3RS)-3 
[2-(3-Hydroxyprop-1 -yloxy)-4-rnethoxyphenyl]-1-(3,4 
rnethylenedioxyphenyl)-5-(prop-1-yloxy)-indane-2-car 
boxylate (0.04 g, 0.075 rnrnol) Was dissolved in methanol (2 
ml) and aqueous potassium hydroxide added (2M, 0.22 ml, 
0.44 rnrnol). The mixture Was stirred under re?ux overnight 
then cooled, diluted With Water, acidi?ed With 3M aqueous 
hydrochloric acid and extracted With ethyl acetate. The 
organic extract Was Washed With Water and brine, dried 
(MgSO4 anhydrous), ?ltered and evaporated to give an oil. 
The product Was puri?ed by chromatography on silica-gel 
(eluant: ethyl acetate/hexane/3% acetic acid) to give 12 mg 
of free acid Which Was converted to its dicyclohexylarnine 
salt. rn.p. 110-112° C. 

EXAMPLE 14 

(1RS, 2SR, 3RS)-3-[2-(1-Carboxyeth-2-yloxy)-4 
rnethoxy-phenyl]-1-(3,4-rnethylenedioxyphenyl)-5 
(prop-1-yloxy)-indane-2-carboxylic acid, bis-dicy 

clohexylarnine salt 

[0187] (1RS, 2SR, 3RS)-3-[2-(3-Hydroxyprop-1-yloxy) 
4-rnethoxyphenyl]-1-(3,4-rnethylenedioxyphenyl)-5-(prop 
1-yloxy)indane-2-carboxylic acid (0.07 g, 0.13rnrnol) Was 
dissolved in dry dichlorornethane (0.5 ml) and Dess-Martin 
periodinane (0.07 g, 0.17 rnrnol) added in dry dichlo 
rornethane (1 ml). After 2 h. the product Was partitioned 
betWeen ether and saturated aqueous sodium carbonate 
solution containing sodium thiosulfate. The ether extract 
Was Washed With Water then brine, dried (MgSO4 anhy 
drous), ?ltered and evaporated to give an oil Which Was used 
Without puri?cation. The crude product Was dissolved in 
t-butanol (5 ml) and to this Was added a solution of sodium 
chlorite (18 mg, 0.2 rnrnol) and sulfarnic acid (21 mg, 0.22 
rnrnol) in Water (1.5 ml). After 1 h. stirring at ambient 
temperature the product Was extracted into ethyl acetate. The 
organic layer Was Washed With Water then brine then dried 
(MgSO4 anhyd.) ?ltered and evaporated to give an oil. The 
product Was puri?ed by column chromatography on silica 
gel (eluant: ethyl acetate/hexane/3% acetic acid) to give 12 
mg of free acid Which Was converted to its bis-dicyclohexy 
larnine salt. rn.p. 160-162° C. MS (exact mass) M": 
534.1879 (free di-acid) (A=+1.1 rnDa for C3OH3OO9) 
[0188] By the methods given above, the folloWing corn 
pounds were made: 

EXAMPLE 15 

(1RS)-1-(4-Methoxyphenyl)-3-phenylindene-2-car 
boxylic acid 

[0189] mp. 191-1930 c. 

[0190] Anal Calcd. for C23H18O3: C, 80.68; H, 5.30. 

[0191] Found: C, 80.54; H, 5.33. 
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EXAMPLE 16 

(Trans, Trans)-1,3-Diphenylindane-2-carboxylic 
acid 

[0192] mp. 164- 165° C. 

[0193] MS (rn/e): 332 [(M+NH4)+]. 

EXAMPLE 17 

(1RS, 2RS, 3SR)-1-(4-Hydroxyphenyl)-3-phenylin 
dane-2-carboxylic acid 

[0194] MS (rn/e): 331 [(M+H)+]. 

EXAMPLE 18 

(1RS, 2RS, 3SR)-1-(4-Carboxyphenyl)-3-phenylin 
dane-2-carboxylic acid 

[0195] MS (rn/e): 359 [(M+H)+]. 

EXAMPLE 19 

(1RS, 2RS, 3SR)-1-(3-Methoxyphenyl)-3-phenylin 
dane-2-carboxylic acid 

[0196] MS (61/6). 362 [(M+NH4)+]. 

EXAMPLE 20 

(1RS, 2RS, 
3SR)-1-(4-Ethylphenyl)-3-phenylindane-2-carboxylic 

acid 

mp. 163 - 164° C. 

MS (rn/e): 360 [(M+NH4)+]. 

Anal. Calcd. for C24H22O2: C, 84.18; H, 6.48. 

Found: C, 84.24; H, 6.73. 

[0197] 
[0198] 
[0199] 
[0200] 

EXAMPLE 21 

(1RS, 3RS)-1,3-Diphenylindane-2-carboxylic acid 

[0201] rn.p. 220-222° C (dec).(disodiurn salt). 

EXAMPLE 22 

(1RS, 2RS, 3SR)-1-(4-But-4-yloxyphenyl)-3-(4 
rnethoxyphenyl)indane-2-carboxylic acid 

[0202] 1H NMR (CDC13) ; 07.26-7.17(II1, 6H); 6.93-6.87 
(rn, 6H); 4.62 (d, 2H, J=10.1 HZ); 3.96 (1, 2H, J=6.5 HZ); 
3.81 (s, 3H); 3.29 (1, 1H, J=10.1 HZ); 1.80-1.73 (rn, 2H); 
1.54 - 1.45 (In, 2H); 0.98 (1, 3H, J=7.3 HZ). 

EXAMPLE 23 

(1RS, 2RS, 3SR)-1-(4-Acetarnidophenyl)-3-(4 
rnethoxyphenyl)indane-2-carboxylic acid 

rn.p. 231-232° C. 

[0204] MS (rn/e, rel. int.) : 803-[(2M+1)+, 100]. 

[0205] Anal. CalCd. for C25H23NO4-1/2 H2O: c, 73.12; H, 
5.85; N, 3,41. Found: c, 72.92; H, 5.61; N, 3.24. 

[0203] 
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EXAMPLE 24 

(1RS, 2RS, 3SR)-1-(4-Aminophenyl)-3-(4-methox 
yphenyl)indane-2-carboxylic acid, dicyclohexy 

lamine salt 

[0206] m.p. 187-190° C. 

[0207] MS (m/e, rel. int.): 1076.2 [(2M+1)+, 25]. 

EXAMPLE 25 

(1RS, 2SR, 3SR)-1-(4-Hydroxyphenyl)-3-(3,4-me 
thylenedioxyphenyl)indane-2-carboxylic acid 

[0208] m.p. 94-96° C. 

[0209] MS (m/e) : 392.4 [(M+NH4)+]. 

EXAMPLE 26 

(1RS, 2RS, 3SR)-1-(3,4-Dimethoxyphenyl)-3-(4 
methoxyphenyl)indane-2-carboxylic acid 

[0210] mp. 126-128°C. 

[0211] MS (m/e, rel. int.) : 807 [(2M+1)+, 35 ]; 403 
[(M-H)‘, 100]. 
[0212] Anal. Calcd. for C25H24O5: C, 74.24; H, 5.98. 
Found: C, 74.10; H, 5.99. 

EXAMPLE 27 

(1RS, 2RS, 3SR)-1-(3,4-Methylenedioxyphenyl)-3 
(4-methylthioxyphenyl)indane-2-carboxylic acid 

[0213] MS (exact mass): (M)+=404.1074 (A=+0.8 mDa 
for C24H2OO4S). 

EXAMPLE 28 

(1RS, 2SR, 3SR)-5-Methoxy-3-(4-methoxyphenyl) 
1-(3,4-methylenedioxyphenyl)indane-2-carboxylic 

acid 

[0214] mp. 129-131° c. 

[0215] MS (m/e): 441.2 [(M+Na)+]. 

EXAMPLE 29 

(1RS, 2SR, 3SR)-1,3-Bis(3,4-methylenedioxyphe 
nyl)-5-hydroxyindane-2-carboxylic acid 

[0216] MS (m/e): 436.2 [(M+NH4)+]. 

EXAMPLE 30 

(1RS, 2SR, 3SR)-3-(2-Carboxymethoxy-4-methox 
yphenyl)-1 -(2-methoxy-4,5-methylenedioxyphenyl) 

5 -(prop- 1 -yloxy) -indane -2-carboxylic acid 

[0217] Methyl (1RS, 2RS, 3SR)-5-Hydroxy-3-(4-meth 
oxy-2-methoxymethoxyphenyl)-1-(2-methoxy-4,5-methyl 
enedioxyphenyl)indane-2-carboxylic acid Was prepared in 
23% overall yield from methyl 2-(3-benZyloxy)benZoylac 
etate according to the method of example 11. The 5-hy 
droxyl moiety Was then propylated according to the method 
given in example 12 and this crude material treated accord 
ing to the method of example 70 to remove the methoxym 
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ethyl group in 55% yield. The title compound Was then 
obtained folloWing the procedure given for example 12 in 
42% yield. m.p. 188-190° C. Anal. Calc. for C3OH3OO1O: C, 
65.45; H, 5.49. Found: C, 65.38; H, 5.49. 

EXAMPLE 31 

(1RS, 2SR, 3RS)-3-(4-methoxy-2-methoxymethox 
yphenyl)1-(3,4-methylenedioxyphenyl)-5-(prop-1 

yloxy)indane-2-carboxylic acid 
mp. 161- 163° C. 

EXAMPLE 32 

[0218] 

(1RS, 2SR, 3RS)-3-(2-Hydroxy-4-methoxyphenyl) 
1-(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)in 

dane-2-carboxylic acid 

[0219] (exact mass) M": 462.1678 (A=0.4 mDa for 

EXAMPLE 33 

(1RS, 2SR, 3SR)-3-(2-Carboxymethoxy-4-methox 
yphenyl)-1-2-(prop-1-yloxy)-4,5-methylenediox 

yphenyl]-5-(prop-1-yloxy)indane-2-carboxylic acid 

[0220] Anal. Calc. for C32H34O1O~05 H2O: C, 65.41; H, 
6.00. Found: C, 65.27; 

[0221] H, 5.99, mp. 196-197° c. 

EXAMPLE 34 

(1RS, 2SR, 3RS)-1-(2-Carboxymethoxy-4,5-methyl 
ene-dioxyphenyl)-3-(4-methoxyphenyl)-5-(prop-1 

yloxy)indane-2-carboxylic acid 

[0222] MS (DCI NH3) m/e: 538.2 (M+NH3)+, 520.2 
(M+H)+(exact mass) M": 520.1733 (A=0.0 mDa for 
C29H28O9) 

EXAMPLE 35 

(1RS, 2SR, 3RS)-1-(3,4-Methylenedioxyphenyl)-3 
[2-(prop-1-yloxy)phenyl-5-(prop-1-yloxy)indane-2 

carboxylic acid 

[0223] mp. 179-1s0° c. 

[0224] MS (DCI CH4) m/e: 503.2 (M+C2H5)+, 474.1 
(M+H)+(exact mass) M": 474.2034 (A=+0.8 mDa for 
C29H3OO6) 

EXAMPLE 36 

(1RS, 2SR, 3RS)-3-(2-Hydroxyphenyl)-1-(3,4-me 
thylenedioxyphenyl)-5-(prop-1-yloxy)indane-2-car 

boxylic acid 

[0225] mp. 97-98° c. 

[0226] MS (exact mass) M": 432.1568 (A=+0.5 mDa for 
C26H24O6) 

EXAMPLE 37 

(1 RS, 2SR, 3RS)-3-(2-Carboxymethoxyphenyl)-1 
(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)in 

dane-2-carboxylic acid 
[0227] mp. 169-170° c. 

[0228] Anal. Calc. for C28H26O8~025 H2O: C, 67.94; H, 
5.40. Found: C, 67.75; H, 5.37. 
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EXAMPLE 38 

(1RS, 2SR, 3RS) -3-(2-BenZyloxy-4-methoxyphe 
nyl)-1 -(3,4-methylenedioxyphenyl) -5 -(prop- 1 -yloxy 

)indane-2-carboxylic acid 

[0229] MS (exact mass) M": 552.2149 (A=—0.1 mDa for 
C34H32O7) 

EXAMPLE 39 

(1RS, 2SR, 3RS)-3-[2-(2-Hydroxyeth-1-yloxy)-4 
methoxyphenyl]-1-(3,4-methylenedioxyphenyl)-5 
(prop-1-yloxy)indane-2-carboxylic acid. dicyclo 

hexylamine salt 

[0230] m.p. 1s2-1s4° c. 

[0231] Anal. Calc. for C41H53NO8: C, 71.59; H, 7.77; N, 
2.04. Found: c, 71.67; H, 7.66; N, 2.42. 

EXAMPLE 39A 

(+) (15, 2R, 3S)-3-[2-(2-Hydroxyeth-1-yloxy)-4 
methoxyphenyl]-1-(3,4-methylenedioxyphenyl)-5 

propoxyindane-2-carboxylic acid 

[0232] 

[0233] A mixture of benZyl bromide (103 g, 0.60 moles) 
and tetrathylammonium iodide (3.1 g, 0.012 moles) under 
argon Was heated to 145° C. Ethylene carbonate (84.5 g, 
0.96 moles) Was added over 0.75 hr., and the reaction 
mixture stirred at 145-160° C. for 24 hrs. The mixture Was 
cooled, diluted With 250 ml of deioniZed Water and extracted 
With 2><200 ml of methylene chloride. The organic extracts 
Were Washed With brine, dried over MgSO4, and concen 
trated in vacuo. Distillation gave 90 g (70%) of product as 
a light yelloW liquid (b.p. 80-85° C., 0.5mm). 

a) BenZyloxyethylbromide 

[0234] b) 1—Bromo-2-(2-benZyloxyeth-1-yloxy)-4-meth 
oxybenZene 

[0235] A mixture of 1-bromo-2-hydroxy-4-methoxy ben 
Zene (68.3 g, 0.336 moles), anhydrous potassium carbonate 
(51.2 g 0.37 moles) and 0.5L of N,N-dimethylformamide 
Was heated to 65° C. BenZyloxyethylbromide (76.0 g, 0.353 
moles) Was added dropWise over 0.5 hr. After stirring for 1.5 
hr. at 65° C., the reaction mixture Was cooled and ?ltered. 
The ?ltrate Was diluted With 1L of deioniZed Water, and 
extracted With 3><0.5L ethyl acetate. The organic extracts 
Were Washed With brine, dried over MgSO4, and concen 
trated in vacuo. Distillation gave 93 g (83%) of product as 
a yelloW liquid (b.p. 170-175° C., 0.5 

[0236] c) Methyl(1SR)-1 -hydroxy-3 -[2-benZyloxyeth-1 - 
yloxy) -4-methoxyphenyl]-1 -(3,4methylene dioxyphenyl) -5 - 
propoxyindene -2-carboxylate 

[0237] A solution of 1-bromo-2-(2-benZyloxyeth-1 
yloxy)-4-methoxybenZene (161 g, 0.478 moles) and 1.6L of 
tetrahydrofuran @—70° C. under argon Was treated With 
n-butyl lithium (190 mL, 2.5 m, 0.478 moles), folloWed by 
magnesium bromide etherate (132 g, 0.512 moles). After 
stirring for 0.5 hr., a solution of methyl-3-(3,4-methylene 
dioxyphenyl)-5-propoxy-1-oxo-indene-2-carboxylate (1 17 
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g, 0.32 moles) in 1L of tetrahydrofuran Was added over 0.5 
hr. The reaction mixture Was stirred for 1 hr. at —70° C., and 
quenched by addition of aqueous ammonium chloride. The 
mixture Was extracted With 3><1L of methyl t-butylether. The 
organic extracts Were Washed With brine, dried over MgSO4, 
and concentrated in vacuo to give 240 g of crude product. 
Chromatography on 1.5 Kg silica gel using a hexane: 
methylene chloride: ethyl acetate gradient gave 175 g (88%) 
of light orange oil. 

[0238] d) Methyl (15R, 25R, 3SR)-3-[2-(2-hydroxyeth-1 
yloxy)-4-methoxyphenyl-1-(3,4-methylenedioxyphenyl)-5 
propoxyindane-2-carboxylate 

[0239] A mixture of methyl (1SR)-1-hydroxy-3-[2-(2 
benZyloxyeth-1-yloxy)-4-methoxyphenyl]-1-(3,4-methyl 
enedioxy phenyl)-5-propoxyindene-2-carboxylate (88 g, 
0.141 moles) 10% palladium on carbon (21 g), 0.65L of 
absolute ethanol and 0.65L of ethylacetate Was hydroge 
nated at 50 psi, 550 C. for 48 hrs. The catalyst Was ?ltered 
off, and the ?ltrate concentrated in vacuo to give an amor 
phous glass. CrystalliZation from 350 mL of absolute etha 
nol gave 59.5 g (81%) of White solid; mp. 165-168° C. 

[0240] Chiral Resolution 

[0241] Separation of (+) and (—) methyl (15R, 25R, 35R) 
3-[2-(2-hydroxyeth-1-yloxy)4-methoxyphenyl]-1-(3,4-me 
thylenedioxyphenyl)-5-propoxyindane-2-carboxylate Was 
accomplished using an amylose tris (3,5-dimethylphenyl 
carbamate) coated on silica gel (Daicel Chiralpak The 
mobile phase consisted of 50:40:10 hexane: isopropanol: 
chloroform. The retention times of the enantiomers Were 4.7 
min (+isomer), and 9.2 min (—isomer), using a 4.6><250 mm 
column at 1.0 ml/min. 

[0242] e) (+) (15, 2R, 3S)-3-[2-(2-Hydroxyeth-1-yloxy) 
4-methoxyphenyl]-1-(3,4-methylenedioxyphenyl)-5-pro 
poxyindane-2-carboxylic acid 

[0243] To a solution of (+) methyl (15, 2S, 3S)-3-[2-(2 
hydroxyeth-1-yloxy)-4-methoxyphenyl]-1-(3,4-methylene 
dioxyphenyl)-5-propoxyindane-2-carboxylate (69.3 g, 
0.133 moles) in 1.4L of methanol and 0.14L of deioniZed 
Water Was added 50% aqueous sodium hydroxide (0.059L, 
0.74 moles). The reaction mixture Was re?uxed for 16 hrs. 
After concentrating the mixture in vacuo, the slurry Was 
diluted With 1L of deioniZed Water, and acidi?ed to pH 2 
With 3 N HCl. The mixture Was extracted With 3><500 mL of 
methyl-t-butyl ether. The organic extracts Were combined, 
Washed With brine, dried of MgSO4, and concentrated in 
vacuo. The resulting oil Was crystalliZed from 400 mL of 
isopropanol to give 40.7 g (60%) of White solid; mp. 
119°-122° C.; [ot]D24° C.=+60.4°(C=0.5, CH3OH). 

[0244] Formation of the hemiethylenediamine salt gave a 
White crystalline solid; mp. 177-179° C.; [ot]D24° 
c.+70.0°(c=0.5, CH3OH). 

EXAMPLE 40 

(1RS,2SR,3RS) -3 -(2-Ethoxy-4-methoxyphenyl)-1 - 
(3,4-methylenedioxyphenyl] -5 -(prop-1 -yloxy)in 

dane-2-carboxylic acid 

[0245] Anal. Calc. for C29H3OO7: C, 71.01; H, 6.16; 
Found: C, 70.71; H, 6.01. 




























