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Ethyl 5-(4-fluoro-a,a-dimethylbenzyl)-l,3-benzodioxole-2-carboxylate (11, RMI 14,676) was found to be a potent 
hypolipidemic agent, while ethyl "5-(l-phenyl-l-cyclopentyl)-l,3-benzodioxole-2-carboxylate (19, RMI 14,654), al
though less potent, was found to show only minimal hepatomegaly in young rats. The two compounds were selected 
from a series, of substituted l,3-benzodioxole-2-carboxylates and represent a novel type of cyclic analog of clofibrate 
with structural relationship also to treloxinate. Particular emphasis was given to attempt separation of hypolipidemic 
activity from hepatomegaly by minor structural modification. 

A number of investigations have been concerned with 
synthesizing and evaluating cyclic analogs of the hypolipi
demic agent clofibrate [ethyl 2-methyl-2-(4-chlorophenox-
y)propionate, I]. Thus, Witiak and coworkers1"4 synthe
sized ethyl 6-chlorochroman-2-carboxylates II and HI, 5-
chloro-2,3-dihydro-2-benzofurancarboxylate IV, and 1,4-
benzodioxane-2-carboxylate V. They found that II, IV, 
and V reduced serum cholesterol and triglycerides in Tri
ton-induced hyperlipemic rats.4 From our laboratories5 we 
reported evaluation of hypolipidemic activity in rats of 
compounds VI and VII of which 5-chloroindole-2-carboxyl-
ic acid VII was found to be twice as potent as I in lowering 
serum cholesterol. We now wish to report on a series of 
substituted l,3-benzodioxole-2-carboxylates VIII. These 
compounds, in addition to their structural relationship to 
clofibrate I, also share with l-methyl-4-piperidyl 2,2-
bis(p-chlorophenoxy)acetate (lifibrate, DC)6 and methyl 
2,10-dichloro-12H-dibenzo[d,g][l,3]dioxocin-6-carboxylate 
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(treloxinate, X)7 the property of containing an a,a-dioxy-
acetate moiety, which may be responsible for some of the 
advantages that these agents possess over clofibrate.8 

Clofibrate and treloxinate cause liver hypertrophy in 
young rats. This phenomenon has been studied extensive
ly with hepatotoxins, enzyme inducers and other chemi
cals in general, and with clofibrate and clofibrate analogs 
in particular.9-15 Goldberg9 advanced the hypothesis that 
in certain instances, liver enlargement should be consid
ered as an adaptive, functional response of the liver to an 
increased work load. On the other hand, it is well known 
that many agents cause liver hypertrophy without af
fecting serum lipids, while others lower serum cholesterol 
and triglycerides without causing hepatomegaly.15 It 
therefore seemed reasonable to hypothesize that hypolipi-
demia and hepatomegaly are two separate pharmacologi
cal responses to clofibrate-like agents and that it might be 
possible to separate these two properties by structural 
modification. Since l,3-benzodioxole-2-carboxylates 
showed good hypolipidemic properties, we set out to study 
this possibility. 

Chemistry. Preparation of the parent compound, ethyl 
l,3-benzodioxole-2-carboxylate,16"18 and its 5-chloro deriv
ative18 '19 has been reported in low yields. We now have 
developed a preparative method, analogous to that em
ployed for preparation of 12f/-dibenzo[d,g][l,3]-dioxocin-
6-carboxylate derivatives,7 shown in Scheme I. Yields of 
up to 71% of pure substituted l,3-benzodioxole-2-carbox-
ylates were obtained, as shown in Table I. Examples are 
given in the Experimental Section. 

Scheme I 
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The substituted 1,2-benzenediols required were synthe
sized by known methods and are listed in Table II. The 
phenoxy-substituted 1,2-benzenediols 22-27 were prepared 
by Ullmann reaction, followed by ether cleavage as shown 
in Scheme II, by a procedure described by Mayer and co
workers.20 The phenylalkyl-, phenylcycloalkyl-, and in-
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danyl-substituted 1,2-benzenediols 28-40 were prepared by 
HfeSCU-catalyzed Friedel-Crafts reaction in refluxing tolu
ene (Scheme III) by the procedure described by Buu-Hoi 
and coworkers.21 Yields are given in Table II. Reaction of 
1,2-benzenediol with either 2-methyI-l-phenyl-l-propene 
(XI, X, R = H; R', R " = Me) or 2-methyl-3-phenyl-l-
propene (XII) gave a 1:1 mixture of the two possible addi
tion products 35 and 36 that cocrystallized, as described 
in the Experimental Section. 
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Biological Evaluation. Compounds 1-21 were evalu
ated for their effects on plasma lipids and liver and body 
weight changes after four consecutive daily administra
tions by admixture to the diet of young rats of the Wistar 
strain. The results, along with data for clofibrate, are list
ed in the last four columns of Table I. The direct clofi
brate analog 1 was inactive. The phenyl-substituted ana
log 2 was active but the effect did not increase with the 
dose; the corresponding clofibrate analogs, especially 
methyl 2-methyl-2-(4-phenylphenoxy)propionate (methyl 
clofenapate, XIII), are reported to be very potent.22 Of the 

R' 

0—C—COOR 

Me 

XIII, R, R' = Me; X = -C^-p-Cl 
XIV, R, R' = H; X = -OC6H4-p-Cl 
XV, R = H, R' = Me; X = -C(Me)2C6H5 

phenoxy-substituted analogs, only 3, 5, and 8 were active 
at high doses and the latter two severely affected body 
weight indicating probable toxicity. The clofibrate analog 
XIV (HCG 004) corresponding to 5 has been reported to 
be much more potent than clofibrate.23 

It is apparent from these results that the structural 

changes that lead to increased potency in the clofibrate 
series do not have this effect in the present series of 1,3-
benzodjoxole-2-carboxylates. An exception was compound 
9 that is analogous to 2-methyl-2-[(a-phenyl-p-cumenyl)-
oxyjpropionic acid (XV, Su-13,314 or ICI 53,072),1124 

another highly potent clofibrate analog. Since 9 was found 
to be very active, a number of structural analogs (10-21) 
were prepared. Three of these (9, 10, and 18), although 
very potent, showed signs of toxicity. Compound 11 (RMI 
14,676) emerged as the most potent compound of this se
ries. 

Of the compounds investigated, only three showed hy
polipidemic effects without causing liver hypertrophy; 
these were compounds 2, 12, and 19. These compounds, 
however, were less potent and failed to show increased hy
polipidemic effect at higher doses. The desired separation 
of hypolipidemia and hepatomegaly was therefore 
achieved only at the expense of efficacy. Compound 19 
(RMI 14,654) was selected from this group for extended 
biological evaluation. We concluded from the findings 
here reported that neither 11 nor 19 showed sufficiently 
convincing distinction over clofibrate to warrant clinical 
evaluation at this time. 

Experimental Section 

Melting points are corrected and were taken on a Thomas-Hoo
ver capillary melting point apparatus; boiling points are uncor
rected. Ir spectra were taken on a Perkin-Elmer 521 instrument. 
Uv spectra were taken on a Cary 17 instrument. Nmr spectra 
were taken on a Varian Model A-60 instrument (Me4Si as inter
nal standard). A Barber-Colman series 5000 gas chromatograph 
equipped with flame ionization detector was used for gc. Where 
analyses are indicated only by symbols of the elements, analyti
cal results obtained for these elements were within ±0.4%. 

Methyl 5-Phenyl-l,3-benzodioxole-2-carboxylate (2). To a 
mixture of 100.0 g*(0.537 mol) of 4-phenyl-l,2-benzenediol, 298.0 g 
(2.160 mol) of K2C03, and 1.41 1. of rc-PrOH was added 69.5 g 
(0.537 mol) of C12CHC00H and the mixture was stirred at reflux 
temperature for 24 hr. An additional 69.5 g (0.537 mol) of 
CI2CHCOOH was added dropwise over 4 hr and stirring at reflux 
temperature was continued for a total of 4 days. rc-PrOH was 
boiled off while 1.5 1. of H20 was added gradually. The precipi
tate that resulted on cooling was collected, washed by suspension 
in 1 1. of 0.2 N KOH, and resuspended and heated in 1 1. of H20 
that contained sufficient 2 JV HC1 to obtain a pH of 2. The result
ing free acid was extracted with Et20-EtOH, the extract was 
washed (H2O) and dried (Na2S04), and the residue was recrys-
tallized from toluene to give 92.0 g (71%) of 5-phenyl-l,3-benzo-
dioxole-2-carboxylic acid, mp 162-163° dec. Anal. (C14H10O4) C, 
H. 

A portion of the acid was treated with MeOH and concentrated 
H2SO4 to give the methyl ester 2 (Table I): uv X max (MeOH) 
284 nm (e 7900), 259 (11,000); ir (KBr) 1780 cm"1; nmr (CDC13) S 
3.77 (s, 3), 6.31 (s, 1), 6.7-7.5 (m, 8). 

Methyl 4-Phenoxy-l,3-benzodioxole-2-carboxylate (4). To 
49.0 g (0.32 mol) of 2,3-dimethoxyphenol was added 22.3 g (0.32 
mol) of KOMe and 100 ml of MeOH. After the reaction had sub
sided, the solvent was evaporated and the residue was dried at 
140° and 0.5 mm overnight. The resulting solid was scraped out of 
the flask and 30 g of copper bronze ("Venus" brand) was added 
and mixed thoroughly in a mortar.' Then 39.3 g (0.25 mol) of 
BrCeHs was added; the mixture was ground into a paste, trans
ferred to a flask, and heated slowly to 190-200°. After 4 hr at that 
temperature, the mixture was allowed to cool, 2 A' KOH was 
added, the product was extracted into ether, the extract was 
washed (2 N KOH, saturated NaCl solution) and dried 
(Na2S04), and the solvent was evaporated. The residue was vac
uum distilled and 3-phenoxyveratrole, bp 128-138° (0.05 mm), 
18.8 g (0.082 mol), was collected. This material was treated with 
44.7 g (0.164 mol) of AlBr3 in 200 ml of refluxing C6H6 for 4 hr, 
the mixture was poured into concentrated HCl-ice (1:1), the 
CeHa layer was separated, washed with saturated NaCl solution, 
and dried (Na2S04), and 15.1 g (91%) of 23 was obtained. Recrys-
tallization from cyclohexane raised the melting point by 1° (Table 
II). 

A mixture of 14.0 g (69 mmol) of 23, 38.2 g (297 mmol) of 
K2CO3, and 8.9 g (69 mmol) of Cl2CHCOOH in 200 ml of rc-PrOH 
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T a b l e I . Effect of Benzodioxole-2-carboxylates on P l a s m a Lipids and Liver Weigh t in Wis t a r R a t s 

N o . 

1 

2 

3 
4 
5 
6 

7 
8 
9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
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5-C(Me) 2 C 6 H 4 -p-Me 
5-CH(Me)C 6 H 3 -o ,p-Me 2 

5-CH(Me)C 6 H 5 

5-CH(Bu)C 6 H 5 

5-CH( i -P r )C 6 H 5 

5-C(Me) 2 CH 2 C 6 H 5 

5-C(Et) 2 C 6 H 5 

o 

R 

H 

M e 

M e 
M e 
M e 
M e 

E t 
M e 
N a 

E t 

E t 

E t 
E t 
E t 
E t 
Et / 
Etf 
E t 
E t 

J^ JO z-^C> •^?V 
M p " or b p 
(mm), °C 

137-139 dec ' 

43-47* 

148-159 (0.02) 
77-79'' 
183-193 (0.05) 
157-164 (0.04) 

194-199 (0.09) 
162-165 (0.03) 
251-253 dec" 

199-203 (0.06) 

181-187 (0.30) 

189-195 (0.04) 
184-193 (0.02) 
183-187 (0.28) 
184-199 (0.35) 

178-186 (0.15) 

186-194 (0.22) 

204-208 (0.16) 

—COOR 

Yield," 
% 
19 

7 1 ' 

(76)' 
63 

(28) 
30 

34 
(63)' 
(81)' 

(83)' 

45 

56 
(98)' 
50 
59 

57" 

61 
(42) 

Formula 5 

C8H5C104 

Ci5Hi204 

CisHi205 
Ci5Hi2Os 
C15H11CIO5 
C16H1JF3O5 

CisHisOs 
C I6H1405» 
Cr ,H 1 5 Na0 4 

Ci9Hi9ClU4 

C19H19FO.1 

C2oH22C)4 
C2oH2204 

Ci8His04 

C2lH2404 

C2oH2204 

(_/2iri24(J4 

C2iH2204 

P l a sma lipids, 

Dose," 
m g / k g 

252 
170 
145 
137 
48 

257 
301 
108* 

62*'' 
37M 

255 
193* 
167* 

28* 
69*' ' 
40*.i 
57 
44 
24 
11 

6 
226 
226 
148 
108 

279 

180* 
368 
265 
191 
105 

rats '1 

% redn vs. 
control 

Choles
terol 

10" 
16* 
24* 
18* 
20* 
30* 

7" 
21* 
0m 

0» 

e« 
28* 
37* 
43* 
54* 
41* 
41* 
41* 
30* 
13" 

0 
19* 
21* 
30* 
18* 

28* 

23* 
27* 
23* 
17* 
25* 

Triglyc 
erides 

0 
3" 

11" 
22" 
37* 
54* 
59* 
73* 
50* 
75* 
70* 
66* 
69* 
72* 
91* 
93* 
81* 
71* 
52* 
31" 
14" 
23" 
56* 
77* 
72* 

74* 

81* 
59* 
55* 
48* 
27* 

Rel 
liver 

wt , d % 
in

crease 
- vs. 
control 

0 
0 

4 

42 
16 
76 
27 
28 
32 
21 
25 
32 
55 
54 
38 
38 
23 

7 
3 
6 

26 
51 
37 

30 

23 
15 
11 
7 
6 

20 

21 

Et 

Et 

211-216 (0.04) 

201-208 (0.25) 

49 

61 

C22H2404 

C19H18U4 

223 

262 

21" 

39* 

Clofibrate (I) 

62* 

78* 

25 

40 

29 9" 30 0 
74 18" 48* 2 

186 36* 66* 22 
411 41* 78* 50 

"Melt ing points are corrected and were t aken on a Hoover capillary mel t ing point appa ra tus . Boiling points are uncor
rected. 'Yields refer t o purified compound unless otherwise indicated by parentheses. CA11 compounds were analyzed for C, H, 
a n d CI when present . Analyt ical resul ts obta ined for these elements were wi th in ± 0 . 4 % of calculated values unless otherwise 
indicated. d Young male r a t s of the Wis t a r s t ra in obtained from Roya lhear t Labora to ry Animals , Inc. , New H a m p t o n , N . Y., 
of average initial weight of 170-190 g, t rea ted in groups of six animals for 4 days and compared to an un t r ea t ed control group. 
P l a sma cholesterol and tr iglycerides were determined by au toma ted procedures as described in t he Exper imen ta l Section. 
Liver wet weight was determined, calculated as g /100 g of final body weight, and compared wi th values from the control 
group. 'Da i ly dose adminis tered by admix tu re to food. Actua l dose calculated from food consumpt ion. /Reference 19 gives m p 
132-133° . "Statist ically nonsignificant a t p > 0.05. 'S ta t i s t ica l ly significant a t p < 0.05. 'Recrystal l ized from M e O H . 'Yield 
of acid. *Compound caused severe decrease of body weight gain. 'Bil irubin was determined in plasma of t rea ted animals . 
•"Hypercholesterolemia "Anal. Calcd: C, 67.12; H, 4.93. F o u n d : C, 67.73; H , 5.06. "Recrystallized from E t O H - H 2 0 . "A mix
tu re of ca. 1:1 of compounds 16 and 17. 

was stirred at reflux temperature for 24 hr, an additional 8.9 g (69 
mmol) of Cl2CHCOOH was added, and stirring at reflux temper
ature was continued for a total of 4 days. PrOH was removed by 
distillation while H2O was added and the mixture was allowed to 
cool. The resulting precipitate of K salt was collected and dried 
at 60° overnight: 20.5 g; mp 138-142° dec; ir (KBr) 1630 cm"1 . The 
salt was treated with 10.9 g of Mel in 200 ml of dry DMF for 16 hr 
at room temperature, the mixture was poured into H 2 0 , and the 
product was extracted into Et20. The extract was washed (H20) 
and dried (Na2S04> and the residue after evaporation of solvent 
was recrystallized twice from MeOH to give 11.9 g (63%) of 4 
(Table I): uv (95% EtOH) 275 nm (e 2500), 269 (2590); ir (KBr) 
1770 cm-1 ; nmr (CDCI3) 6 3.82 (s, 3), 6.36 (s, 1), 6.5-7.5 (m, 8). 

Methyl 5-(4-Chlorophenoxy)-l,3-benzodioxole-2-carboxylate 

(5). A solution of 90.0 g (0.70 mol) of p-chlorophenol and 49.0 g 
(0.70 mol) of KOMe in MeOH was evaporated to dryness and the 
residue was dried at 120-140° at 0.5 mm overnight. The residue 
was scraped out of the flask and was mixed with 20.0 g of copper 
bronze ("Venus" brand) and 102.2 g (0.47 mol) of 4-bromovera-
trole in a mortar. The resulting paste was transferred to a flask 
and was heated to 170-185° for 3 hr. The mixture was allowed to 
cool, 2 N KOH was added, and the product was extracted into 
E t 2 0 . The extract was washed (2 N KOH, saturated NaCl solu
tion) and dried (Na2S04) and the residue after evaporation of 
solvent was distilled to give 72.4 g (58%) of 4-(4-chlorophenoxy)-
veratrole: bp 166-175° (0.05 mm); nmr (CDCI3) S 3.80 (s, 3), 3.83 
(s,3), 6.4-7.3 (m, 7). 

To this material (0.273 mol) in 500 ml of C6H6 was added a so-



724 Journal of Medicinal Chemistry, 1974, Vol. 17, No. 7 Grisar, et al. 

T a b l e I I . Subs t i tu ted 1,2-Benzenediols 

40 

.OH 

N o . 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 

39 

Z 

4-OC6H5 

3-OC6H5 

4-OC6H4-p-Cl 
4-OC 6H 4-m-CF 3 

4-OCsHj-p-Et 
4-OC6H4-o-Me 
4-C(Me) 2 C 6 H 5 

4-C(Me)2C6H4-p-
4-C(Me)2C6H4-p-
4-C(Me)2C6H4-p-
4-CH(Me)C6H3-< 
4 - C H ( M e ) C 6 H 5 

4 - C H ( B u ) C 6 H 5 

•CI 
-F 
•Me 
) ,p-Me2 

4-CH( i -Pr )C 6 H 5 1 
4 - C ( M e ) 2 C H 2 C 6 H j 
4-C(Et ) 2 C 6 H 5 

V C s H i 

O 
^ 

M p " or bp 
(mm), °C 

100-104d 

68-70 
114-116 
75-77 
185-187 (0.02)-' 
95-97 
99-100 
117 .5 -118 
59-62 
79-83 dec" 
(Oil)-' 
77-78* 
99-101 

76-77 d e c 

90-92 

88-94'" 

77-80 d e c ' ' 

Uri 
Yield,' ' 

% 
64 

(91) 
(99) 
(68) 
(37) 
(48) 
62 

(47) 
77 
33 
32 

(58) 
45 

49 

(54; 

(25) 

(24) 

Fo rmu la 

Ci2Hio03 

CI 2HKJ0.3 

C H O C I O . , 

C I 3HSF30; t 

CuJiuO,f 
C] 3Hi 20 3 

C1 5H1 602 

C,5H I 5C102 

C, 5 H 1 5 F0 2 

CieHisO^ 
CieHjsO^ 
C14H„Oo 
C„H 2 0O 2 

C, 6H„0. . 

C,-H2(102 

C1 7H1 S02 

C i sH2o02 

Analyses' ' 

C, H 
C, H 
CI 
C, H 

C, H 
C, H 
C, H , CI 
C, H 

C, H 
C, H 

C, H 

C, H 

Recrys tn 
solvent 

CfiHe 
CRHI:? 

CeHfi— Cli-H-i ; 
C6H12 

C6H12 

C(iHi2 

C6Hi2 

(Distilled) 
C 6H,, 

CnHi2 

E t 2 0 - C 6 H I 2 

E t 2 0 - C 6 H 1 2 

E t 2 0 - C „ H I 2 

E t 2 0 - C 6 H , 2 

E t 2 0 - C G H , 2 

111-113 dec (39) C1SH1402 C, H E t » 0 - C 6 H , 

"~~rSee footnotes a~c to Tab le I . ^Reference 20 gives m p 104-106°; see also D . E . Janssen, J . Van Allan, and C. V. Wilson, 
J. Org. Chem., 20 , 1326 (1955). "Anal. Calcd: C, 60.90; H , 3.37; CI, 15.06. F o u n d : C, 61.11; H , 3.87; CI, 14.83. 'Crude produc t 
was used for conversion to corresponding benzodioxole-2-carboxylate, listed in Table I. ''W. L. Bencze, Belgian P a t e n t 627,224 
(1963) [Chem. Abstr., 60, 15780 (1964)] gives m p 84-85° . ^Reference 21 gives m p 75°. ; 1 : 1 mix ture of 35 and 36; see Experi
men ta l Section. 'R . P . Perk ins and F . Bryner , U. S. P a t e n t 2,262,249 (1941) [Chem. Abstr., 36, 1708 (1942) ] give m p 99° 

lution of 146 g (0.546 mol) of AlBr3 in 500 ml of C6H6 and the re
sulting mixture was stirred at reflux temperature for 5 hr. The 
mixture was allowed to cool and 1 1. of 6 N HC1 was added drop-
wise. The CeH6 phase was separated, washed with saturated 
NaCl solution, and dried over Na2S04 to give after evaporation of 
solvent 68.2 g (99%) of 24. A sample was recrystallized from 
C6H6-cyclohexane (Table II). 

A mixture of 63.2 g (0.267 mol) of 24, 148.0 g (1.07 mol) of 
K2C03 , and 34.4 g (0.267 mol) of Cl2CHCOOH in 1 1. of rc-PrOH 
was stirred at reflux temperature for 4 days. After 24 hr an addi
tional 34.4 g (0.267 mol) of Cl2CHCOOH was added dropwise. 
PrOH was boiled off and 1 1. of H 2 0 was added. The resulting 
precipitate was collected, dried, and converted to the Me ester 5, 
as described in the preceding example. Compounds 3, 6, 7, and 8 
were similarly prepared via 22,25, 26, and 27. 

Sodium 5-(a,a-Dimethylbenzyl)-l,3-benzodioxole-2-carbox-
ylate (9). To a refluxing mixture of 220.2"g (2 mol) of 1,2-benzene-
diol in toluene containing 20 ml of concentrated H2SO4 was 
added dropwise over 70 min a solution of 118.2 g (1 mol) of a-
methylstyrene in 125 ml of toluene. The mixture was refluxed for 
1 hr. The mixture was allowed to cool, washed with H2O, dried 
(Na2S04>, and evaporated to dryness. The residue was recrystal
lized from cyclohexane and gave 150.4 g (66%) of 28, mp 96-99°. A 
sample was recrystallized to give the material listed in Table II. 

A mixture of 130.0 g (0.57 mol) of 28, 316.0 g (2.28 mol) of 
K2CO3, and 73.5 g (0.57 mol) of Cl2CHCOOH in 2.2 1. of PrOH 
was stirred at reflux temperature for 6 days. Additional 73.5-g 
portions of Cl2CHCOOH were added after 24 and 48 hr, respec
tively. PrOH was boiled off while an equal volume of H2O was 
added and the mixture was allowed to cool. The resulting precipi
tate was collected, washed with 0.2 N KOH, and converted to the 
acid with HC1. The acid was extracted with CH2Cl2-Me2CO 
(3:1); the extract was dried (Na2SO.j) and evaporated to dryness 
to give 142.0 g (81%) of oil. Since the acid could not be induced to 
crystallize, a sample was converted to the Na salt (Table I): uv 
(H20) 285 nm (t 4240); ir (KBr) 1630, 1650 cm"1 ; nmr (DMSO-
d6) d 1.61 (s, 6), 5.97 (s, 1), 6.5-7.3 (m, 8). 

Ethyl 5-(4-Fluoro-a,a-dimethylbenzyl)-l,3-benzodioxole-2-
carboxylate (11). A mixture of 91.9 g (0.373 mol) of 4-(4-fluoro-
a,a-dimethylbenzyl)-l,2-benzenediol (30) (prepared from p-flu-
oro-a-methylstyrene as described for 28), 257.0 g (1.86 mol) of 
K2CO3, and 47.8 g (0.373 mol) of Cl2CHCOOH in 2.5 1. of i-PrOH 
was stirred at reflux temperature for 5 days. After 24 and 48 hr, 
respectively, an additional 47.8 g (0.373 mol) of Cl2CHCOOH was 
added dropwise to the mixture. i-PrOH was boiled off while an 
equal volume of H2O was added. An oil formed that was sepa
rated by decantation, acidified with dilute HC1, and extracted 
into Et20. The extract was dried (NazSCi) and the solvent was 
evaporated to give 102.9 g of oil. It was dissolved in absolute 
EtOH and treated with gaseous HC1, and the solution was re-
fluxed overnight. The solvent was evaporated and the residue was 
distilled. The fraction of bp 181-191° (0.30 mm) was collected: 
56.3 g (45%) of 11 (Table I); uv (95% EtOH) 286 nm (e 4000); ir 
(KBr) 1760 cm"1 ; nmr (CDCI3) 6 1.25 (t, 3, J = 7 Hz), 1.60 (s, 6), 
4.26 (q, 2, J = 7 Hz), 6.25 (s, 1), 6.7-7.4 (m, 7). Compounds 10 
and 12-18 were similarly prepared via 29 and 31-37. 

Ethyl 5-(l-Phenyl-l-cyclopentyl)-l,3-benzodioxole-2-carbox-
ylate (19). A mixture of 32.7 g (0.129 mol) of 4-(l-phenyl-l-cyclo-
pentyl)-l,2-benzenediol (38) (prepared from 1-phenyl-l-cyclopen-
tene as described for 28), 88.5 g (0.64 mol) of K 2 C0 3 , and 16.6 g 
(0.129 mol) of CI2CHCOOH in 1 1. of dry i-PrOH was stirred at 
reflux temperature for 5 days. Additional 16.6-g portions of 
Cl2CHCOOH were added after 24 and 48 hr, respectively. The 
product was isolated and converted to the Et ester as described 
for 11 to give 19 (Table I): uv (95% EtOH) 286 nm (« 4230); ir 
(KBr) 1760 cm" 1 ; nmr (CDCI3) 6 1.18 (t, 3, J = 7 Hz), 1.66 (m, 
4), 2.21 (m, 4), 4.21 (q, 2, J = 7 Hz), 6.20 (s, 1), 6.6-7.3 (m, 8). 
Compounds 20 and 21 were similarly prepared from 39 and 40 
that were synthesized from 1-phenyl-l-cyclohexene and indene. 
respectively, as described for 28. 

4-(a,a-Dimethylphenethyl)-l,2-benzenediol-4-(a-Isopropyl-
benzyl)-l,2-benzenediol Mixture (35 and 36). To a refluxing 
mixture of 93.3 g (0.847 mol) of 1,2-benzenediol in 100 ml of tolu
ene containing 10 ml of concentrated H2SO4 was added dropwise 
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over 60 min 50.0 g (0.424 mol) of 2-methyl-l-phenyl-l-propene in 
115 ml of toluene. The mixture was refluxed for 1 hr, allowed to 
cool, and poured into 800 ml of H2O. The organic phase was sepa
rated, washed with H20 (3 X 300 ml), dried (Na2S04), and evap
orated to dryness. From the residue of 96.1 g crystallized 74.6 g, 
mp 67-73°, on trituration with hexane. Two recrystalhzations 
from Et20-C6Hi2 gave 53.9 g (56%) of material, mp 73-75° dec. A 
sample was recrystallized to give the material listed in Table II. 
The identity of the mixture was determined from the nmr 
(D3CCOCD3) of 35 [5 0.81 (d, 3, J = 6 Hz), 0.88 (d, 3, J = 6 Hz), 
2.03 (m, 1), 3.31 (d, 1,«/ = 11 Hz), 6.7-7.5 (m, 10)] and 36 [S 1.23 
(s, 6), 2.83 (s, 2), 6.7-7.5 (m, 10)]. Glc on a 2% Apiezon L on 80-
100 mesh Chromosorb W/HP column at 200° showed two peaks of 
approximately equal height. Similarly, the mixture of 16 and 17 
that was obtained from 35 and 36 showed two peaks of approxi
mately equal height on glc (same column, 220°) and the nmr was 
consistent with the two assigned structures, present in approxi
mately equal amounts. 

Reaction of 2-methyl-3-phenyl-l-propene (XII) withl,2-benzene-
diol in refluxing toluene in the presence of H2SO4 gave the same 
1:1 mixture of 35 and 36 in 62% yield: the identity was estab
lished by mixture melting point (no depression) and comparison 
of ir and nmr spectra. 

Biological Methods. Young male rats of the Wistar strain, ob
tained from Royalhart Laboratory Animals, Inc., New Hampton, 
N. Y., of average initial weight of 170-190 g were used in these 
tests. The compounds to be tested were mixed thoroughly with 
Purina Lab Chow (Ralston Purina Co., St. Louis, Mo.), and the 
diet was fed ad libitum to groups of six animals for 4 days. An 
untreated control group was included in each experiment. Food 
consumption and body weights were routinely recorded and these 
data were used to calculate the average daily dose of the test 
compounds. At the end of the treatment period, the rats were 
bled by cardiac puncture. Plasma cholesterol25 and triglyceride26 

levels were determined by automated procedures. Livers were 
rapidly excised, blotted, and weighed at the end of the treatment 
period and the weight was calculated as g/100 g of final body 
weight. 

Values for plasma cholesterol and triglyceride concentration 
and liver weight in the treated animals were compared with the 
values obtained for untreated control rats run simultaneously. 
Significance of the difference between the values was calculated 
by Student's t test. The data are expressed as per cent reduction 
from control levels for plasma lipids and as per cent increase for 
liver weights. Plasma cholesterol and triglyceride concentrations 
for typical control groups were 58 and 66 mg/100 ml, respectively, 
by this method. 
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