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Abstract O The synthesis and preliminary biological testing for in vitro
cholesterol biosynthesis inhibitory activity of 2-indeneacetic acid, 2-
methyl-1,2-dihydro-2-naphthoic acid, and their 5- and 7-chloro deriva-
tives, respectively, are described. These compounds were prepared as
trans- and cis-analogs of the known antilipemic agent 3-methyl-4-phe-
nyl-3-butenoic acid. Although both series of compounds showed cho-
lesterol biosynthesis inhibitory properties, chloro substitution enchanced
potency only in the cis-system. These findings are discussed in terms of
a possible relationship between the cis-compounds and clofibrate-type
antilipemic agents.

Keyphrases O cis- and trans-3-Methyl-4-phenyl-3-butenoic acid an-
alogs—synthesized, evaluated for effect on cholesterol biosynthesis in
rat liver homogenates O 2-Indeneacetic acid and 5-chloro derivative—
synthesized, evaluated for effect on cholesterol biosynthesis in rat liver
homogenates 0 2-Naphthoic acids, substituted-—synthesized, evaluated
for effect on cholesterol biosynthesis in rat liver homogenates @ Cho-
lesterol biosynthesis—effect of 2-indeneacetic acid and substituted 2-
naphthoic acids and chloro derivatives, rat liver homogenates 0 Struc-
ture-activity relationships—effects of 2-indeneacetic acid and substi-
tuted 2-naphthoic acids and chloro derivatives on cholesterol biosynthesis
in rat liver homogenates

In continuing investigations (1) of the structure-activity
relationships for cholesterol biosynthesis inhibition by
compounds related to 3-methyl-4-phenyl-3-butenoic acid
{benzalbutyric acid) (I), the influence of the double bond
stereochemistry on biological activity was examined.
Compound I exists in the (E)-configuration (2), but it has
not been established that this configuration represents the
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optimal geometry for biological action.

In an initial attempt to obtain information relating to
this question, the synthesis of indeneacetic acids (Ila and
11b) and dihydronaphthoic acids (I1la and IIIb) as trans-
and cis-congeners of the parent system was undertaken.
Although these compounds also differ with respect to the
«-carbon substitution pattern, they were believed to be
useful as initial probes. This report describes their syn-
thesis and preliminary in vitro testing.

DISCUSSION

The synthesis of [Ia and IIb is outlined in Scheme I (also see Experi-
mental). Although the mixture of hydroxy acid X and lactone X1 could
be converted entirely into the lactone by prolonged stirring in dilute
sulfuric acid, for preparative runs it was more convenient to use the
mixture directly for the subsequent reaction.

Synthesis of the cis-analogs was accomplished according to the se-
quence outlined in Scheme IL

Interestingly, if the methanolysis of X VIII or the mixture of XVII and
X VIII was terminated after refluxing for only 4 hr and the product was
saponified, methoxy acid XX could be obtained from the reaction product
mixture. This finding is in agreement with the suggestion advanced
previously (3) that methanolyses of similar tricyclic lactones, including
XI, proceed vig an intermediate benzyl carbonium ion. This conclusion
was based largely on the fact that methanolysis of y-phenylbutyrolactone
afforded methyl 4-methoxy-4-phenylbutanoate instead of the anticipated
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8,v-unsaturated ester. This report (3) suggested that the methoxy com-
pound was produced because substitution by methoxide occurred in
preference to elimination, as in the tricyclic lactones. The results obtained
in the present case, however, imply that the y-methoxy esters either are
intermediates in the formation of the 8,y-unsaturated esters or, more
likely, are in equilibrium with the benzyl carbonium ion since none of the
methoxy acid was detected when the methanolysis was allowed to con-
tinue for 24 hr.

EXPERIMENTAL?

2-Indeneacetic Acid (I1a)—Compound Ile was prepared as de-
scribed previously (3), affording slightly yellow flakes from 20% aqueous
acetic acid, mp 122-123° {lit. (3) mp 124-125°].

Anal.—Calc. for C;1HgO9: C, 75.84; H, 5.79. Found: C, 75.79; H,
5.70.

5-Chloro-1-indanone (VIIb)—Compound VIIb was prepared as
described previously (4) from m-chlorobenzaldehyde (5) and sublimed
at 80°, affording white crystals, mp 72-88°, apparently as a mixture of
keto and enol forms since the material appeared chromatographically
(TLC) and spectroscopically pure. Crystallization from ethyl acetate
afforded colorless crystals, mp 93-95° [lit. (4) mp 100°].

Anal.—Cale. for CoH,ClO: C, 64.88; H, 4.23; Cl, 21.28. Found: C, 64.66;

? Melting points were determined with a Thomas-Hoover apparatus and are
uncorrected. Elemental analyses were performed by Galbraith Laboratories,
Knozxville, Tenn., or by Baron Consulting Co., Orange, Conn. IR spectra were re-
corded on a Beckman Acculab 3 spectrophotometer. NMR spectra were obtained
with a Hitachi Perkin-Elmer model R-24 spectrometer, using tetramethylsilane
as the internal standard. In all cases, the spectra obtained were consistent with
proposed structures.

For biological evaluations, 14C-counting was performed with a Packard Tri-Carb
liquid scintillation spectrometer, model 3375. Where unspecified, organic solutions
were dried prior to evaporation of the solvent with either anhydrous sodium sulfate
o}rﬂan}(liydrous magnesium sulfate. Brine refers to a saturated solution of sodium
chioride

/@\/k NCCH CO,CH,

Xiila: X=H
XIIlb: X =Cl
NaCN

2 6 N NaOH

XIVa: X = H

XIVb: X =Cl

COH y,s0, NaBH,
XVa: X=H XVIa: X=H
XVh: X=Cl XVIb: X = Cl
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002H + o H.50,
X
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NaOH
CO.CH; G om COOH
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XIXa: X=H IIla: X = H
XIXb: X = Cl IIb: X = Cl
Scheme II

H, 4.32; C], 21.56.

5-Chloro-2-methoxycarbonyl-1-indanone (VIIIb)—According
to the method of House and Hudson (6), a solution of 8.0 g (48 mmoles)
of VIIb in 65 ml of sodium-dried benzene was added dropwise over 2 hr
to a mixture of 34 ml of dimethyl carbonate and 3 equivalents of sodium
hydride (6.91 g of a 50% dispersion in mineral oil) in 85 ml of benzene at
85°. Heating was continued for 2 hr after the complete addition. The
mixture was then cooled at 15° and acidified with 15 ml of acetic acid.

The resulting mixture was poured onto ice-hydrochloric acid, and the
organic phase was washed successively with saturated sodium bicarbonate
and brine and then dried. The solvent was removed in vacuo, affording
a dark-green oil. The oil was distilled with the aid of a heat lamp to pre-
vent crystallization in the distilling head. The distillate was recrystallized
from hot hexane after treatment with charcoal, affording 5.2 g (438%) of
VIIIb as white crystals, mp 83-84°.

Anal.—Cale. for C11HgClO3: C, 58.81; H, 4.04; Cl, 15.78. Found: C,
58.37; H, 4.09; Cl, 15.41.

5-Chloro-1-indanone-2-acetic Acid (IXb)-—A mixture of 6.0 g (26.7
mmoles) of VIIIb, 5.5 g (33 mmoles) of ethyl bromoacetate, and 3.8 g (37.6
mmoles) of triethylamine in 300 ml of sodium-dried ether was heated at
reflux for 24 hr. The solvent was removed in vacuo, and 375 ml of 6 N
H3S0,4 was added. The resulting mixture was heated at reflux overnight.
The reaction mixture was allowed to cool and was then extracted with
ether.

The ether solution was extracted several times with saturated sodium
bicarbonate solution, and the combined bicarbonate extracts were
acidified with dilute sulfuric acid. The precipitate was isolated and dried
in a heated vacuum desiccator, affording 4.6 g (77%) of crude IXb as a

OCH,

CO.H
Cl CH,
XX
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colorless solid, mp 158-161°. Recrystallization from ethyl acetate afforded
an analytical sample, mp 162-163°,

~ Anal.—Calc. for C;;HgClOg: C, 58.81; H, 4.04; Cl, 15.78. Found: C,
58.40; H, 4.22; Cl, 15.94.

5-Chloro-1-hydroxy-2-indaneacetic Acid Lactone (XIb)—To a
solution of IXb (2.5 g, 11.1 mmoles) in 90 ml of 2 N NaOH was added 0.41
g (11.1 mmoles) of sodium borohydride. The solution was allowed to stir
at room temperature for 24 hr and was then acidified with 4 N HSO,.

The resulting mixture was extracted with ether, the organic phase was
dried, and the solvent was removed in vacuo, affording 2.19 g of white
solid as a mixture of Xb and XIb. The mixture was then stirred in 200
ml of 4 N HySO, for 3 days, and the solid was filtered and dried in vacuo,
affording 2.04 g (89%) of XIb, mp 111-114°. Recrystallization from
heptane-ethy! acetate afforded an analytical sample, mp 119.5-121°.

Anal.—Calc. for C1;HgClO4: C, 63.32; H, 4.35; Cl, 16.99. Found: C,
63.06; H, 4.45; Cl, 17.00.

5-Chloro-2-indeneacetic Acid (I1b)—A solution of XIb (1.62 g, 7.77
mmoles) in 50 ml of methanol containing 1 ml of concentrated sulfuric
acid was heated at reflux for 18 hr. The cooled solution was diluted with
100 ml of ether and washed with 100 ml of distilled water. The aqueous
layer was extracted with 100 ml of ether, and the combined organic layers
were washed successively with 100 ml of saturated sodium bicarbonate
and brine.

The resulting solution was dried, and the solvent was removed in vacuo,
affording a yellow-orange oil. The oil was dissolved in 100 ml of acetic
acid-concentrated hydrochloric acid (4:1) and heated on a steam bath
for 2 hr. The cooled reaction mixture was poured onto 300 g of ice. The
precipitate was isolated and dried, affording 1.16 g (72%) of crude prod-
uct, mp 129-132°. Recrystallization from heptane-ethyl acetate afforded
pure IIb, mp 134.5-136°.

Anal.—Calc. for C;;HoClOg: C, 63.32; H, 4.35; Cl, 16.99. Found: C,
63.47; H, 4.28; Cl, 16.85.

2-Benzyl-2-methylsuccinic Acid (XVa)—Compound XVa was
prepared as described by Foucaud (7), affording a white powder, mp
140-142° [lit. (7) mp 144°].

Anal.—Calc. for C;sH1404: C, 64.85; H, 6.35. Found: C, 65.24; H,
6.43.

2-Methyl-4-0x0-1,2,3,4-tetrahydro-2-naphthoic Acid (XVIa)—A
mixture of 5.8 g (26.1 mmoles) of diacid XVa and 50 ml of concentrated
sulfuric acid was stirred at 45-50° for 4 hr. The cooled mixture was poured
onto ice (300 g) and extracted with ether (3 X 100 ml). The combined
ether extracts were washed with brine and dried, and the solvent was
evaporated. Recrystallization of the solid residue from ethy] acetate af-
forded 4.1 g (78%) of XVla as white crystals, mp 163-166°. A further
recrystallization afforded an analytical sample, mp 172.5-174.5°.

Anal.—Cale. for C;3H,504: C, 70.57; H, 5.92. Found: C, 70.56; H,
6.08.

2-Methyl-1,2-dihydro-2-naphthoic Acid (ITIa)—To a solution of
XVIa (20.4 g, 0.1 mole) in 300 ml of 2 N NaOH was added 3.8 g (0.1 mole)
of sodium borohydride, and the solution was allowed to stir at room
temperature. After 24 hr, the solution was acidified by dropwise addition
of 4 N H;S0, and was then extracted with ether. The ether extract was
washed with brine and dried, and the solvent was removed in vacuo, af-
fording 19.5 g of a mixture of XVIIa and XVIIla in an undetermined
ratio. Without further purification, the mixture was dissolved in 500 ml
of methanol, and 5 ml of concentrated sulfuric acid was added.

The resulting solution was heated at reflux for 30 hr, cooled to room
temperature, and concentrated in vacuo to about 60% of the original
volume. The concentrate was then partitioned between 250 ml each of
ether and distilled water. The aqueous phase was removed and extracted
with 3 X 150 m] of ether, and the combined organic layers were washed
with brine and dried. Evaporation of the solvent afforded 20 g of crude
XIXa as a yellow-orange liquid. Although the procedure was not per-
formed routinely, the hydroxy acid XVIIa could be isolated from the
crude mixture by crystallization from ethyl acetate as colorless crystals,
mp 181-183°.

Anal.—Calc. for C19H 405 C, 69.88; H, 6.84. Found: C, 69.75; H,
6.86.

Lactone XVIIla was obtained by evaporating the filtrate, redissolving
in ether, and washing with saturated sodium bicarbonate solution. The
remaining ether solution was dried, and the solvent was evaporated.
Recrystallization of the residue from hexane afforded pure XVIlla, mp
86.5-87.5°.

Anal.—Calc. for CsH1202: C, 76.57; H, 6.43. Found: C, 76.37; H,
6.35.

Crude XIXa was dissolved in 450 ml of methanol, and 16.5 g (0.25
mole) of 85% potassium hydroxide was added. The solution was refluxed
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for 12 hr, cooled, concentrated in vacuo to about 100 ml, and diluted with
200 m! of distilled water. The resulting aqueous solution was washed with
3 X 100 ml of ether and acidified with 4 N HoSO,. The resulting mixture
was extracted with 3 X 100 ml of ether, and the combined ether extracts
were washed with brine and dried. The solvent was then removed in
vacuo, affording 16.8 g (89% overall from XVla) of crude I1la as a slightly
yellow solid, mp 89-92°. Recrystallization from hexane afforded pure
I1la, mp 93-94.5°.

Anal.—Calc. for CyoH1909: C, 76.57; H, 6.43. Found: C, 76.72; H,
6.51.

4-Methoxy-2-methyl-1,2,3,4-tetrahydro-2-naphthoic  Acid
(XX)—A solution of 5.0 g of XVIIla in 50 ml of methanol was refluxed
for 4 hr and worked up as described above to give 5.1 g of a cloudy liquid.
Distillation (105-115°/0.6 mm) afforded 4.7 g of an impure oil. A 3.0-g
portion of this material was refluxed for 2.5 hr in a mixture of 15 ml of
methanol and 15 ml of 2 N NaOH. Workup gave 2.7 g of a viscous oil,
which was dissolved in hot hexane. The solution was allowed to stand at
room temperature overnight, and 0.5 g of a white solid, mp 142-145°, was
isolated. A further recrystallization from hexane afforded pure XX, mp
145-147°.

Anal.—Calc. for C;3H1g03: C, 70.89; H, 7.32. Found: C, 70.71; H,
7.48.

Methyl 2-Cyano-4-(3’-chlorophenyl)-3-methyl-2-butenoate
(XIVb)—A mixture of 26.0 g (0.154 mole) of m-chlorophenylacetone (8),
19.1 g (0.193 mole, 1.25 equivalents) of methyl cyanoacetate, 0.5 ml of
piperidine, and 0.5 m! of acetic acid in 100 ml of sodium-dried benzene
was refluxed for 18 hr; water was collected in a Dean-Stark trap. The
reaction mixture was allowed to cool to room temperature; it was then
diluted with 200 ml of ether and washed successively with 100-ml portions
of distilled water, saturated sodium bicarbonate, brine, 3 N HCI, and
brine.

The resulting solution was dried, and the solvent was removed in vacuo.
Distillation of the residue afforded 32.6 g (85%) of XIVb as a slightly
yellow liquid, bp 138-148°/0.3 mm. This liquid was shown to be ap-
proximately a 1:1 mixture of (E)- and (Z)-isomers by NMR analysis, with
the methyl groups appearing as sharp singlets at 5 2.14 and 2.25 ppm, the
methoxyl protons appearing at 6 3.80 and 3.83 ppm, the methylene pro-
tons appearing at 6 3.83 (shoulder on methoxyl resonance) and 4.13 ppm,
and the aromatic protons appearing as a multiplet centered at & 7.18 ppm.
No attempts were made to purify the material further or to separate the
isomers.

2-(3'-Chlorobenzyl)-2-methylsuccinic Acid (XVb)—A solution
of 5.0 g (0.020 mole) of XIVb in 50 ml of absolute ethanol was warmed
to about 60° and 3.4 ml of 50% aqueous potassium cyanide was added.
The mixture was heated at reflux for 18 hr, and 50 ml of 6 N NaOH was
added. The ethanol was removed by distillation, and the resulting mixture
was refluxed an additional 12 hr. The cooled reaction mixture was poured
into ice—sulfuric acid (300 g, 30 ml) and extracted with ether.

The organic solution was then washed with brine and dried. The sol-
vent was then removed in vacuo, leaving a viscous oil which crystallized
from benzene-heptane, affording 4.6 g (89%) of crude XVb, mp 138-143°.
Recrystallization from benzene afforded white crystals, mp 144-146°.

Anal.—Cale. for C19H;3Cl04 C, 56.15; H, 5.10; Cl, 13.81. Found: C,
55.80; H, 4.90; C), 14.14.

7-Chloro-2-methyl-4-0x0-1,2,3,4-tetrahydro-2-naphthoic Acid
(XV1b)— A solution of 5.80 g (22.6 mmoles) of XVb in 60 ml of concen-
trated sulfuric acid was stirred at 50° for 3 hr. The resulting solution was
poured onto ice (300 g); the precipitate was filtered and dried, affording
4.6 g (85%) of crude product, mp 158-162°. Recrystallization from ethyl
acetate afforded pure XVIb as colorless crystals, mp 163-165°.

Anal.—Calc. for C12H;,Cl103: C, 60.39; H, 4.65; Cl, 14.86. Found: C,
60.29; H, 4.58; Cl, 15.04.

7-Chloro-4-hydroxy-2-methyl-1,2,3,4-tetrahydro-2-naphthoic
Acid Lactone (XVIII b)—To a solution of 1.07 g (4.5 mmoles) of XVIb
in 50 ml of 2 N NaOH was added 0.17 g (4.5 mmoles) of sodium borohy-
dride. After 24 hr, the solution was acidified and extracted with ether (3
X 50 ml). The combined organic layers were washed with brine and dried,
and the solvent was removed in vacuo. The resulting solid was stirred
for 4 days in 4 N HoSQ, at room temperature, filtered, and dried, af-
fording 0.93 g (93%) of the crude lactone, mp 102-105°. Recrystallization
from ethyl acetate afforded pure XVIb, mp 105-106°.

Anal.—Calec. for C12H1:1Cl0s: C, 64.73; H, 4.98. Found: C, 64.43; H,
4.63.

7-Chloro-2-methyl-1,2-dihydro-2-naphthoic Acid (II1b)—A so-
lution of 2.0 g (9.0 mmoles) of XVIIIb in 50 ml of methanol containing
1 ml of concentrated sulfuric acid was heated at reflux for 18 hr. The
cooled solution was diluted with 100 ml of ether and washed with 100 ml



Table I—Effect of Compounds on Incorporation of 2-'4C-Acetate
into Neutral Sterols by Rat Liver Homogenate Preparations

Concentration, Percent
Compound mM Incorporation®
I 10 6.7 £ 0.51¢
1 40.9 + 0.95
0.5 54.4 + 2.00
0.1 72.7 £ 9.90
la 10 8.1+1.85
5 189 + 1.65
1 64.1 +£ 2.03
0.5 75.0 £ 2.08
IIb 10 1.8 £ 0.57
5 7.8 + 4.06
1 60.3 + 1.01
0.5 85.9 + 1.34
Ila 10 20.8 + 2.62
5 54.3 £ 2.11
1 95.9 + 6.72
0.5 106.9 £ 3.72
IIIb 10 0.7 +£0.17
5 6.2 + 3.35
1 57.7+6.91
0.5 66.8 + 2.91

¢ Relative to incorporation in controls being defined as 100%. ® Data taken from
Ref. 1. < Standard error of mean of three experiments,

of distilled water. The aqueous layer was extracted with 100 ml of ether,
and the combined organic layers were washed with 100-ml portions of
saturated sodium bicarbonate and brine and dried. The solvent was
evaporated in vacuo.

The resulting oil was dissolved in 50 ml of methanol and 1.2 g of po-
tassium hydroxide. The solution was allowed to reflux overnight and
acidified with 100 ml of 2 N HzSO,. The mixture was then extracted with
2 X 100 ml of ether. The combined extracts were washed with brine and
dried. The solvent was then removed in vacuo, affording 1.74 g (87%) of
crude product, mp 132-135°. Recrystallization from heptane gave pure
1114, mp 138-140°.

Anal.—Cale. for C1oH;1Cl04: C, 64.73; H, 4.98; Cl, 15.92. Found: C,
64.52; H, 5.30; Cl, 16.20.

RESULTS

Compounds Ila, I1b, IIla, and I1Ib were examined for their ability to
inhibit the incorporation of 2-14C-acetate into nonsaponifiable sterols
by rat liver homogenates using the method described previously (1)
(Table I).

In the unsubstituted compounds, the trans-analog Ila is considerably
more potent than the cis-Illa, as was anticipated. However, the effect
of para-substitution in the two systems is quite different. Incorporation
of the chloro group in the trans-system, on the other hand, produced a
marked increase in potency.

The variable response observed for the two systems cannot be ac-
counted for on the basis of available information since several alternative
explanations are possible. From among those possible, however, certain
rationalizations readily lend themselves to further examination by ex-
tension of the series of compounds employed in this study.

On the basis of earlier studies with acyclic analogs of I (1), it was an-

ticipated that chloro substitution para to the point of attachment of the
double bond would enhance potency, especially in the trans-system,
which is structurally more closely related to the acyclic analogs. However,
this effect was demonstrated only for compounds in which the carbon
alpha to the carboxyl group is tetrasubstituted. Previously, it was sug-
gested that the apparent reduction in potency resulting from p-chloro
substitution in 1 (9) might be due to contamination of material with the
less active 8,y-unsaturated isomer. In view of the results reported herein,
such an explanation is less attractive. These observations would, however,
be consistent with the suggestion that the mode of action depends on the
substitution pattern at the a-carbon atom. The synthesis of additional
analogs that should help clarify the situation is currently in progress.

The difference in the effect of substitution in the two systems also al-
lows an interesting interpretation on the basis of geometrical properties.
One original goal of this research program was to obtain information that
could be used in relation to the speculation that I and 2-(4'-chlorophe-
noxy)-2-methylpropanoic acid (XXI), the active metabolite of clofibrate,
might be affecting cholesterol biosynthesis by similar mechanisms. Ex-
amination of Dreiding models of I1a, 115, I1la, I1Ib, and XX reveals that
only the cis-compounds can adopt conformations in which the distance
between the center of the aromatic ring and the carboxyl group is similar
to that possible for XXI. The interatomic distances between the centroid
of the aromatic ring and the carboxyl carbon as measured using Dreiding
models fall in the possible ranges of 3.5-4.9 A for XXI, 4.2-5.3 A for Illa
and II1b, and 5.8 A for Ila and IIb. Furthermore, it is known that removal
of the chloro substituent in XXI and its analogs lowers their potency as
inhibitors of cholesterol biosynthesis (10, 11). It seems possible, therefore,
that Illa and IIIb may be interacting with the same receptor site(s) as
XXI. The additional analogs currently being prepared should provide
additional information for assessing these and other possible explana-
tions.
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