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ABSTRACT 

The antilipidemic properties of certain 
benzofuran-, 2,3-dihydrobenzofuran-, and 
3(2 H ) - b e n z o f u r a n o n e - 2 - c a r b o x y l a t e  
analogs of clofibrate in a hyperlipidemic 
rat model are described. The hyperlipi- 
demia was induced by intraperitoneal 
injection of Triton WR-1 339. The results 
were analyzed in light of structural modi- 
fications as well as the lipid solubility of 
substituted compounds as assessed by a 
consideration of calculated log P values. 
Compar i sons  are made between the 
activity of these compounds and the ac- 
tivity of related cyclic analogs previously 
reported. Among the various compounds 
t e s t e d ,  o n l y  the 5-C1 and phenyl- 
su bst  it  u t e d dihydrobenzofurans were 
selective against elevated serum choles- 
terol levels in this animal model. The data 
presented support the hypothesis that the 
cho l e s t e ro l  and triglyceride lowering 
activity of clofibrate related analogs in 
this animal model may be separated 
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FIG. l. Structures for cyclic analogs. I = ethyl 
5-chloroindole-2-carboxylate; II = ethyl benzofuran-2- 
carboxylate; I I I =  ethyl 5-chlorobenzofuran-2-car- 
boxylate; IV = ethyl 5-phenylbenzofuran-2-carboxy- 
late; V = ethyl 5-chloro-2,3-dihydrobenzofuran-2- 
carboxylate; VI = ethyl 2,3-dihydrobenzofuran-2- 
caxboxylate; VII = ethyl 5-phenyl-2,3-dihydrobenzo- 
furan-2-carboxylate; VIII = clofibrate; IX = ethyl 
a-(4-chlorophenoxy)propionate; X = ethyl 5-chloro- 
3(2H)-benzofuranone-2-carboxylate; XI = ethyl 5- 
phenyl- 3 (2H)-benzo furanone- 2-carbo xylate. 

through a consideration of log P, confor- 
mational, and electronic changes. The 
proposal is advanced that relatively minor 
s t r u c t u r a l  modification of clofibrate 
related analogs may lead to compounds 
which are not only selective in the Triton 
model but also to compounds which are 
likely to exert their effects by di f fer ing 
modes of action. 

INTRODUCTION 

Kariya and coworkers (1) have shown that 
ethyl 5-chloroindole-2-carboxylate (I) lowered 
plasma cholesterol levels without affecting 
plasma triglyceride levels in immature and 
mature Sprague-Dawley rats and in Wistar rats 
when it was mixed with their diets. We had 
previously observed that ethyl 5-chloro-2,3- 
dihydrobenzofuran carboxylate V selectively 
lowered elevated serum cholesterol levels with- 
out affecting serum triglyceride concentrations 
in Triton WR-1339 induced hyperlipidemic 
Sprague-Dawley rats, whereas the deschloro 
analog VI was inactive (2). Cyclic analog V is a 
conformationaUy constrained molecule related 
to ethyl a-(4-chlorophenoxy)propionate (IX), 
a desmethyl analog of clofibrate (VIII). The 
L(S) isomer of acyclic analog IX was observed 
to exhibit hypocholesterolemic activity in nor- 
mal Swiss Webster rats whereas the D(R) 
enantiomorph was inactive (3). 

To obtain leads for future drug design of 
selective hypolipidemic agents, we investigated 
the antilipidemic properties of certain 5-substi- 
tu t ed -benzofurans  (II-IV). The results are 
compared to those obtained for the 5-substitu- 
ted-2,3-dihydrobenzofurans (V-VII) and the 
3-keto analogs (X-XI) and are analyzed in light 
of the calculated log P values (4,5) for the cor- 
responding carboxylic acid hydrolysis products 
(Fig. 1). 

METHODS AND MATERIALS 

Chemical Methods 

Melting points were taken using a Thomas- 

384 



CPIB ANALOGS IN TRITON LIPEMIC RATS 385 

Hoover melting point  apparatus. Infrared (IR) 
spectra were recorded using a Perkin-Elmer 257 
grating spectrophotometer .  The nuclear mag- 
netic resonance (NMR) spectra were taken with 
a Varian-A-60A NMR spectrometer at 60 MHz 
using trimethylsilane as an internal reference. 
Chemical analyses were performed by Clark 
Microanalytic Laboratories, Urbana, IL. 

Condensation of precursor 5-substituted- 
salicylaldehydes with diethylbromomalonate in 
the presence of anhydrous K2CO 3 according to 
the methods of Kurkudar and Rao (6) afforded 
the respective ethyl  5-substituted-benzofuran-2- 
carboxylates (II-IV) with ethyl benzofuran-2- 
carboxylate (II) bp 99-100 C (0.005 mm); lit 
(7) bp 275 C (720 mm); y i e ld=  65%. Ethyl  
5 - ch lo robenzo fu ran -2 -ca rboxy l a t e  (III) ex- 
hibited mp 64.5-65.5 C; lit (6) mp 65 C; 
yield = 70%. 

E t h y l  5- p he n y lb enzofuran-2-carboxylate 
( IV)  was prepared from 5-phenylsalicylal- 
dehyde (0.99 g, 0.005 mol), diethyl bromo- 
m a l o n a t e  (0 .96g,  0.004 mol), anhydrous 
K2CO a (1.25 g, 0.009 mol), and 2-butanone 
(20 ml). The mixture was refluxed for 10 hr, 
and the solvent was removed under reduced 
pressure. The residue was cooled, poured into 
H20  (100 ml), and extracted with ether. The 
ether layer was washed with cold 5% NaOH 
solution followed by H20 and dried over 
anhydrous Na2SO 4. The dried ether solution 
was filtered and concentrated under reduced 
pressure. The residue was recrystaliized from 
ethanol affording 0.95 g (73%) of white crystals 
(mp 109-110 C ; I R  [CHC13] 1730 cm-1;NMR 
[CDC13] 5 1.35 [t,  3H, CH3],  4.38 [q, 4H, 
CH2],  7.20-7.85 [m, 3H, aromatic + 1 vinylic 
H];  analysis calculated for C17H1403:  C, 
76.69; H, 5.26; found: C, 76.56; H, 5.44). 

Hydrolysis of esters II and III, which served 
as precursors for the respective 2,3-dihydro 
compounds ,  was carried out  according to 
Kurkudar and Rao (6), affording the respective 
free carboxylic acids. The constants for 5-chlo- 
robenzofuran-2-carboxylic acid are found in 
Ref. 3. Benzofuran-2-carboxylic acid exhibited 
mp 1 9 2 - 1 9 3  C; lit (8) mp 192-193 C; 
yield = 60%. 

5-Phenylbenzofuran-2-carboxylic acid was 
prepared from IV (1.3 g, 0.0084 tool) by re- 
fluxing for 4 hr in 50 ml of 10% alcoholic 
KOH. The solvent was removed under reduced 
pressure, and the residue was washed with 
ether. The basic solution was acidified with 
dilute HC1 and extracted with ether. The ether 
layer was extracted with dilute NaHCO3 solu- 
tion. The aqueous solution was reacidified with 
dilute HC1 and extracted with ether. The ether 
extract was dried over anhydrous Na 2SO4, fil- 

tered, and concentrated under reduced pres- 
sure. The residue was crystallized from ethanol 
affording 1.1 g (95%) of a white solid (mp 
220-221 C; IR [KBr] 1690 cm-1; NMR 
[DMSO-d6] , ~i 7.20-8.15 [m, 8H, aromatic + 1 
vinylic H], 12.35 [broad, 1H, carboxylic acid 
H] ;  analysis calculated for C15H1003:  C, 
75,62; H, 4.23; found: C, 75.73; H, 4.44). 

The  2 ,3 -  d i h y  dr  o benzofuran-2-carboxylic 
acids were obtained by reduction of the respec- 
tive carboxylic acids derived from the hydroly- 
sis of benzofurans II, III, and IV, through use 
of Na(Hg) according to the method described 
by Fredga (9). The physical properties for 
5 - c h 1 o r o - 2 ,3-  dilly dro benzofuran-2-c arbo xylic 
acid are found in Ref. 3. 2,3-Dihydrobenzo- 
furan-2-carboxylic acid exhibited mp 116.5-117 
C;l i t  (10) mp 116.5 C. 

5- P h e nyl-2,3-dihy drobenzo furan-2-carboxy- 
lic acid was prepared from 5-phenylbenzofuran- 
2-carboxylic acid (5.0 g, 0.021 mol) in 10% 
aqueous NaOH solution (90 ml). The sodium 
salt separated. Sodium amalgam, prepared from 
Na (1.5 g, 0.065 g at) and Hg (50 g, 0.25 g at), 
was added with stirring during 1 hr to the 
NaOH mixture. After the addition, the mixture 
was stirred for 24 hr and allowed to stand at 
room temperature for an addit ional 24 hr. The 
Hg was separated, and the solution was neutra- 
lized with dilute HC1 and extracted with ether. 
The ether solution was washed with dilute 
NaHCO 3 solution, and the aqueous layer was 
separated and reacidified with dilute HC1 and 
extracted with ether. The ether solution was 
dried over anhydrous Na2SO4, filtered, and 
co nc e n t r a t e d  under reduced pressure. The 
residual solid was recrystaltized from ethanol, 
affording 4.8 g (95%) of white crystals (mp 
186-187 C; NMR [DMSO-d6], 6 2.90-3.80 Ira, 
2H, CH2],  4.90-5.40 [dd, 1H, methine] ,  
6 . 0 - 6 . 5  [b road ,  1H, carboxylic acid H],  
6.72-7.90 [m, 8H, aromat ic] ;  analysis calcu- 
lated for C 1 SIll  203:  C, 74.92; H, 5.04; found: 
C, 74.89; H, 5.30). 

Fisher esterification of  the above carboxylic 
acids resulted in the synthesis of the respective 
desired esters V, VI, and VII. Hence, ethyl 
2 , 3 - d i h y d r o b e n z o f u r a n - 2 - c a r b o x y l a t e  (VI) 
exhibiting bp 78-78.5 C (0.002 mm) (lit [11] 
bp 273 C [atmospheric pressure] ) was prepared 
in 92% yield. 

E t h y l  5- ch lo  r o-2,3-dihydrobenzofuran-2- 
carboxylate (V) was prepared from the corres- 
ponding carboxylic acid (9.9 g, 0.05 mol) in 
absolute ethanol (250 ml), toluene (100 ml), 
and concentrated H 2SO4 (4 ml). The mixture 
was heated at reflux for 7 hr; H20  was removed 
through use of a Dean-Stark trap. The reaction 
mixture was concentrated, and the residue was 
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dissolved in ether. The ether solution was 
washed with saturated NaHCO 3 solution and 
H 20.  The aqueous port ion was extracted with 
ether, and the combined organic layers were 
dried over anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure. Distilla- 
tion of the residual high boiling liquid afforded 
10.2 g (90%) of an oil (V) (bp 90-91 C [0.05 
ram] ; analysis calculated for C11H11C103: C, 
58.40; H, 4.91; C1, 15.63; found: C, 58.31; H, 
4.72; C1, 15.54). 

By a similar procedure, ethyl 5-phenyl-2,3- 
d ihydrobenzofuran-2-ca rboxy la te  (VII) was 
prepared from the corresponding acid (2.5 g, 
0.01 mol) by refluxing in a mixture of ethanol 
(60 ml), dry benzene (20 ml), and concentrated 
H2SO 4 (2 ml), affording 2.65 g (95%) of color- 
less liquid (VII) (bp 180-181 C [0.35 mm];  
NMR [ C D C 1 3 ]  , 6 1.16 [t, 3H, CH3], 
3.18-3.48 [m, 2H, benzylic CH2],  4.12 [q, 2H, 
ester CH2] , 5.05 [dd, 1H, methine] ,  6.70-7.55 
[m, 8H, aromat ic] ;  analysis calculated for 
C17H1603:  C, 76.10; H, 6.01; found: C, 
76.46; H, 6.09). 

Starting salicylaldehyde and 5-chlorosalicyl- 
a ldehyde  were purchased commercially. 5- 
Pheny l s a l i cy l a ldehyde  was prepared under 
Reimer-Tiemann Conditions (12,13) according 
to the following method, p-Phenylphenol (22 g, 
0.13 mol) was dissolved in 95% ethanol; a solu- 
tion of NaOH (40 g, 1 mol) in H20  (80 ml) was 
rapidly added. The solution was heated to 
75-80 C, at which point  chloroform (20 ml) 
was added dropwise. The addit ion was at such a 
r a t e  that gentle refluxing was maintained 
(added during 1 hr). After  formation of a dark- 
red color (generally 5-15 min), further heating 
was unnecessary. Stirring was continued for 3 
hr after all the chloroform was added. After  
cooling, the ehtanol and excess chloroform 
were removed under reduced pressure, and the 
resulting residue was cooled, poured into cold 
H20,  acidified with dropwise addit ion of HC1, 
and extracted with ether. The ether solution 
was concentrated under reduced pressure, and 
the residue was poured into 2 vol of saturated 
NaHSO 3 solution and shaken vigorously (on a 
shaker) for 45 min. The semisolid (paste) bisul- 
rite addit ion compound was allowed to stand 
for 1 hr, filtered in the dark, and washed with 
small portions of ethanol and ether (to remove 
the phenol). The bisulfite addit ion compound 
was decomposed with dilute H2SO 4 by warm- 
ing on a water-bath for 30 rain. The cooled 
m i x t u r e  was extracted with ether, dried 
(Na2SO4) , filtered, and the solvent removed 
under reduced pressure. The residue was treated 
with activated charcoal and recrystallized from 
ethanol: H2 0,  affording 12.4 g (48%) of yellow 

crystals (mp 98-99 C; lit [14] mp 102 C; analy- 
sis calculated for C13H1002 : C, 78.77; H, 
5.09; found: C, 78.49; H, 5.02). 

The 3-keto analogs (X,XI) were prepared as 
follows: Ethyl 5-chloro-3(2H)-benzofuranone- 
2-carboxylate (X) was prepared from ethyl 
4-chloro-2-carbethoxyphenoxyacetate (8.58 g, 
0.03 mol), which in turn was prepared accord- 
ing to the method of Armarego (15). The phen- 
oxyacetate  was dissolved in 40 ml of dry ben- 
zene (16), and the solution was added dropwise 
with stirring to sodium ethoxide (2.1 g, 0.03 
mol) in dry benzene (40 ml). Stirring was con- 
tinued under reflux for 16 hr. After  cooling to 
room temperature,  the reaction mixture was 
poured, with stirring, into H20  (200 ml) and 
made alkaline to litmus with dilute NaOH solu- 
tion. The aqueous layer was made acidic with 
dilute HC1 and extracted with ether. The 
o r g a n i c  l a y e r  was dried over anhydrous 
Na2SO4, filtered, and the solvent removed 
under reduced pressure. The resulting solid was 
recrystallized from ethanol, affording 6.4 g 
(88%) of white crystals (X) (mp 128-129 C; lit 
[ 1 7 ]  mp  126-127 C; NMR [CDC13] 
1.28-1.58 [t, 3H, CH3], 4.25-4.68 [q, 2H, 
CH2] , 7.10-7.74 [m, 3H, aromatic and 1 H 
methine] ). 

Similarly,  ethyl 5-phenyl-3(2H)-benzofur- 
anone-2-carboxylate (XI) was prepared from 
3.28 g (0.01 mol) of ethyl 4-phenyl-2-carbeth- 
oxyphenoxyaceta te  according to the method of 
Schroeder et al. (17) by dissolving the phenoxy- 
acetate in dry benzene (50 ml) followed by 
dropwise addition of the solution to sodium 
ethoxide (0.23 g, 0.01 g at of  Na in 15 ml of 
dry ethanol). After refluxing for 10 hr, the 
benzofuranone XI was isolated according to 
methods described for the isolation of X. 
Recrystallization of XI from ethanol afforded 
1.8 g (68%) of crystals (mp 129.5-130.5 C; 
NMR [CDC13] ,6  1.42 [t, 3H, CH3] ,4 .48  [q, 
2H, CH2], 7.05-8.10 [m, 8H, aromatic and 1H 
methine] ; analysis calculated for C 17H1404: 
C, 72.34; H, 4.96; found: C, 72.22; H, 5.15). 

Intermediate ethyl 4-phenyl-2-carbethoxy- 
phenoxyacetate  was prepared according to the 
general method of  Armarego (15) in which 
ethyl 5-phenylsalicylate (6.05 g, 0.03 mol), 
ethyl bromoacetate (4.6 g, 0.03 mol), and 
anhydrous K2CO 3 (13.8 g, 0.1 mol) were re- 
fluxed in 30 ml of dry acetone (16) for 20 hr. 
After  cooling, the inorganic salt was separated 
by filtration, and the organic solvent was 
removed under reduced pressure. The residual 
oil was extracted (ether) and the ether layer 
was washed with cold dilute NaOH solution and 
H20. The organic layer was dried over anhy- 
drous Na2S04,  and the solvent was removed 
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under reduced pressure. The resulting oil solidi- 
fied on cooling and was recrystallized from 
ethanol,  affording 5.6 g (68%) crystalline 
phenoxyacetate (mp 53-54 C; NMR [CDC13], 
6 1.08-1.50 [m, 6H, 2CH3], 4.02-4.58 [m, 4H, 

9 
2 es te r  C H 2 ] ,  4.70 Is, 2H, 0-CH~-C-], 
6.80-8.t0 [m, 8H, aromatic];  analysis calcu- 
lated for C~ 9H2005 : C, 69.51; H, 6.09; found: 
C, 69.69; H, 6.21). 

Biological Methods 

C o m p o u n d s  were tested in the Triton 
WR-1339-induced hyperlipidemic rat model 
(18) utilizing procedures virtually identical to 
those previously reported (2) for the evaluation 
of related analogs in our laboratories except 
that ten rather than six animals were employed 
in each group (Tables I and II). Compounds 
were dispersed in vehicle (0.25% aqueous 
methyl cellulose) to obtain a concentration of 
8.33 x 10 -3 mmol/ml. A total screening dose of 
0.124 mmol/kg was administered to 270 + 10 g 
rats. Plasma triglyceride was determined by the 
method of Eggstein (19); plasma cholesterol 
was measured by the method of Holub and 
Galli (20). Significant differences in plasma 
cho le s t e ro l  and triglyceride concentrations 
between drug-treated and control groups were 
determined by Student's t tests on logarithms 
of individual data to allow the pooling of vari- 
ances. 

RESULTS 

The effects of benzofurans II, III, and IV, 
2,3-dihydrobenzofuran VII, and the 3-keto 
analogs X and XI on serum cholesterol (Table I) 
and triglyceride (Table II) concentrations were 
tested in normal and Triton WR-1339-induced 
(18) hyperlipidemic male Sprague-Dawley rats 
init ially fed Purina Chow for a 4-5 day 
stabilizing period. As previously described (2), 
all rats, including controls, were fasted during 
analog evaluations. All compounds were evalu- 
ated at the same dosage (see Methods) which is 
equivalent to the dosage (0.124 mmol/kg) at 
which we previously evaluated clofibrate (2). 
To determine the effectiveness of these com- 
pounds in lowering cholesterol and triglyceride 
levels in hyperlipidemic animals, groups III 
(Triton hyperlipidemic) and IV (drug-treated 
Triton hyperlipidemic) were compared. Fur- 
ther, to determine whether the analog could 
lower hyperlipidemic serum levels of choles- 
terol and triglycerides to those found in normal 
animals, groups I (control) and IV were com- 
pared. Groups I and II (drug-treated control) 
were contrasted for significant differences to 
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determine whether these compounds exhibited 
h y p o l i p i d e m i c  activity in normal (fasted) 
Sprague-Dawley rats under the conditions of 
this protocol (2). 

Whereas the dihydrobenzofuran analog VI 
was previously observed to be inactive in hyper- 
lipidemic and normal rats (2), benzofuran II, 
unsubstituted at the 5 position, exhibited mar- 
g ina l  cholesterol and triglyceride lowering 
properties in hyperlipidemic animals. Insertion 
of a 5-C1 substituent afforded III, which is 
active, but could not  return elevated cholesterol 
or triglyceride levels to normal. Further, the 
apparent selective activity (cholesterol lower- 
i ng )  of  t he  structuraUy related dihydro- 
benzofuran V (2) was lost upon introduction of 
unsaturation into the heterocyclic ring (com- 
pound III). Introduction of the 5-phenyl substi- 
tuent into the benzofuran series (compound 
IV) did not markedly affect the activity of the 
benzofuran as a triglyceride lowering agent and 
rendered the molecule virtually inactive against 
elevated cholesterol levels. The selective activity 
observed for the 5-phenyl-2,3-dihydrogenzo- 
furan derivative VII is of particular interest 
because of its selective cholesterol lowering 
activity. This analog returned elevated serum 
cholesterol levels to those found in normal 
animals but did not affect elevated serum tri- 
glyceride levels. 

When, however, the carbonyl function was 
inserted into position 3 of either V or VII, the 
respective benzofuranones X and X! exhibited 
no selective activity for lowering elevated serum 
cholesterol levels. In fact, the 3-keto analogs X 
and XI exhibited greater ability to lower 
elevated serum triglyceride levels. 

DISCUSSI ON 

Since both the 5-phenyl- and 5-chloro-2,3- 
d ihydrobenzofu rans  exhibited selective ac- 
tivity against experimentaUy induced hyper- 
cholesterolemic levels, it seems to us that this 
heterocyclic ring system should be further 
investigated in an effort to develop compounds 
efficacious in the treatment of Type II hyper- 
lipoproteinemia (21-26). Although additional 
evidence of selective activity obtained through 
use of other animal models (27) as well as 
through investigation of their action on choles- 
terolgenesis enzymes (28) is desirable, these 
preliminary data are of interest since clofibrate 
is mainly effective in the treatment of patients 
having hyperlipoproteinemia Types III, IV, and 
V (21-26). Further, it seems, at least in the 
Triton model, that the dual action of clofibrate 
(2) is subject to conformational control since 
the two constrained 5-substituted dihydroben- 
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TABLE III 

Calculated log P (Octanol-Water Partition Coefficients) 
Values for the Free Acid 

Hydrolysis Products of the Tested Parent Esters 
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Calculated log P = 1.51 
Free acid of the + n values (experimentally 

parent ester indicated Values of substituents determined log P values) a 

V 5-C1 = 0.6 b 2.11 
VI --- 1.51 
VIII --  
II Insertion of C=C = -0.48 c 1.03 
III Insertion of C=C = -0.48 c 

5-C1 = 0.6 b 1.63 
IV Insertion of C=C = -0.48 c 

5-C6H 5 = 1.96 d 2.99 
VII 5-C6H 5 = 1.96 d 3.47 
X 3-Keto oxygen =-1.21 e 

5-C1 = 0.6 b 0.90 
XI 3-Keto oxygen =-1.21 e 

5-C6H 5 = 1.96 d 2.26 

(2.11) a 

(2.57) a 

aTaken from Ref. 33; experimentally determined at pH two units below the pKa. 
bTr value taken from Lewis, N.J., D.R. Feller, G.K. Poochikian, and D.T. Witiak, J. Med. Chem. 17:41 (1974). 
CEstimated from the lr substituent constant for substitution on benzene; CH2-CH=CH 2 (1.10), CH 3 (0.56), 

CH3CH2(1.02); taken from Ref. 5; i.e., 1.10-0.56 = 0.54 for CH=CH2; since CH2CH 3 = 1.02, the CH2CH 2 to 
CH=CH transformation = -0.48. However, since CH=CH has been experimentally determined to be 0.82 (Ref 5), 
this value for the CH2CH 2 to CH=CH transformation likely is between -0.48 and -0.20. 

dTr value taken from Ref. 5. 
eEstimated from the n substitutent constant for substitution on benzene; CH 3 (0.56), Ref. 4 or 5; CHO 

(-0.65), Ref. 5;i .e. ,-0.65-0.56=-1.21. 

zofurans are mainly effective against elevated 
choles terol  levels. 

Since pheny l  and  p h e n o x y  analogs of  clofi- 
bra te  are generally good to  very p o t e n t  hypo-  
l i p i d e m i c  agents (29-31) and inser t ion  o f  
pheny l  groups  increases lipid solubil i ty,  it  
seemed to  us to  be of  in teres t  to  cons ider  the  
biological results  ob ta ined  wi th  the  phenyl ,  C1, 
and H analogs in te rms of  the  calculated log P 
values (Table l i d  for  the co r respond ing  free 
carboxyl ic  acids, hydrolys is  p roduc ts .  The log P 
values for the  carboxyl ic  acids, ra ther  t han  the  
esters, were de te rmined  and  used for  correla- 
t ion purposes  since Thorp  (32) had p roposed  
tha t  the  free acid is the  active f o r m  o f  clofi- 
brate,  and we have shown tha t  several c lof ibrate  
analogs undergo  rapid hydrolys is  by  serum 
esterase prepara t ions  (33). Calculated values 
were es t imated  by adding the  subs t i tuen t  con- 
s tants  (70 to  the  exper imenta l ly  de t e rmined  
(33)  log P values for  the unsubs t i t u t ed  free acid 
hydrolys is  p roduc t  of  e thy l  2 ,3 -d ihydrobenzo-  
furan-2-carboxyla te  (VI). 

When a t t em p t s  are made  to  corre la te  log P 
values wi th  biological activity,  it is i m p o r t a n t  to  
recognize tha t  changes in s t ruc ture  may,  in fact ,  
result  in biological mechan ism changes. Such 
changes in mechan i sm of  act ion may or may  
no t  be a func t ion  of log P; steric and e lec t ronic  

proper t ies  of  the  func t iona l  group as well as the  
molecule  as a whole  may markedly  affect  bind-  
ing to  various enzyme  systems.  For  example ,  
we have previously observed that  cer tain 6-sub- 
s t i tu ted  ch romans  have relatively good activity 
in the Tr i ton- induced  hyper l ip idemic  rat  mode l  
(34). The calculated log P values fo r  the sub- 
s t i tu ted  ch romans  are ~> log P for  clof ibrate ,  
which  has also been  shown  to  be very active in 
this assay (2,18). In the  ch roman  series, analogs 
wi th  large log P values (i.e., log P for  the  
6-cyclohexyl  c o m p o u n d  = 4.41) have selective 
act ivi ty against e levated tr iglyceride levels (34). 
However ,  e thyl  6 -ch lo roch romone  has a calcu- 
lated log P = 0.81, a value m u c h  lower  than  the  
one  observed for c lof ibrate ,  and, in the  Tr i ton  
model ,  this  c h r o m o n e  was f o u n d  to  be more  
active t han  c lof ibrate  (34) against b o t h  elevated 
choles terol  and t r iglyceride levels. I t  was sug- 
gested tha t  this apparen t  lack of  cor re la t ion  of  
log P wi th  ant i l ip idemic act ivi ty is a ref lec t ion 
of  changes in mechan i sm of  act ion which,  in 
fact,  may be a func t ion  of  the  marked  differ-  
ences in the e lec t ronic  charac ter  o f  c h r o m o n e s  
and ch romans  (34). Indeed ,  unpub l i shed  results  
r ecen t ly  ob ta ined  in our  laborator ies  show tha t  
the  6 -ch lo ro -chromone  is inactive in normal  
Sprague-Dawley rats, whereas c lof ibra te  and the  
6-phenyl-  and 6 -cyc lohexyl -chromans  lower  cho-  
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les terol  levels and  b lock  HMG-CoA reduc tase  
u p o n  chron ic  drug admin i s t r a t i on .  

I t  would  appear  t h a t  re lat ively m i n o r  struc- 
tu ra l  mod i f i c a t i on  in the  d i h y d r o b e n z o f u r a n  
series also a f fords  c o m p o u n d s  exh ib i t i ng  anti-  
l ip idemic  ac t iv i ty  by  di f fer ing modes  of  ac t ion ,  
and  f u r t h e r  work  will be necessary  to  sub- 
s t a n t i a t e  th is  hypo thes i s .  None the less ,  th is  
p roposa l  seems l ikely for  the  fo l lowing  reasons:  
( a )  T h e  d i h y d r o b e n z o f u r a n s  (V and  VII)  
exh ib i t  selective ac t iv i ty  for  r educ ing  e levated  
choles te ro l  levels in  the  T r i t on - i nduced  hyper -  
l ip idemic  ra t  model .  In se r t ion  of  Ph (VII )  af- 
fords  an ana log  wi th  a h igher  log P value  and  
increased  selective act iv i ty  w h e n  c o m p a r e d  to  
the  C1 ana log  V. R e p l a c e m e n t  of  C1 b y  H (i.e., 
VI)  lowers  the  log P value be low t he  one  ob- 
served for  c lo f ib ra te  and  renders  the  c o m p o u n d  
inact ive  (2).  (b)  On the  o the r  hand ,  i n se r t i on  of  
a C=C in to  the  he t e rocyc l i c  r ing of  the  dihy- 
d r o b e n z o f u r a n s  yields a s econd  series of  com- 
p o u n d s  (II, III, and  IV) wi th  loss o f  select ive 
ac t iv i ty  for  e levated cho les te ro l  levels. In fact ,  
t he  5 -pheny l -benzo f u r an  IV exh ib i t s  select ive 
act iv i ty  for  e levated se rum t r ig lycer ide  levels 
and,  for  this  act ivi ty ,  i t  appears  t h a t  b o t h  the  
C1 and  p h e n y l  analogs ( I I I  and  VII)  wh ich  have 
the  larger log P values exh ib i t  grea ter  p o t e n c y  
t h a n  the  u n s u b s t i t u t e d  c o m p o u n d  II (Tab le  II). 
(c) In se r t ion  of  a c a r b o n y l  f u n c t i o n  at  pos i t i on  
3 also a f fords  c o m p o u n d s  (X and  XI)  which  no  
longer  exh ib i t  selective act ivi ty  against  choles- 
terol .  In th is  case, the  ch loro  ana log  (X), having  
the  lowest  log P value, seems to  be mos t  effec- 
t ive against  e levated t r iglycer ide levels. Since 
3-keto  a n a l o ~  exist  in equ i l i b r ium wi th  the i r  
enol  fo rms  (35) ,  these  c o m p o u n d s  are expec t ed  
to  have marked ly  d i f fe rent  e lec t ron ic  p rope r t i e s  
t h a n  the  c o r r e s p o n d i n g  d i h y d r o b e n z o f u r a n s .  
Eno l  f o r m a t i o n  is in par t  s tabi l ized owing  to  
the  genera t ion  of  a n-excessive h e t e r o a r o m a t i c  
r ing sys tem no t  un l ike  the  h e t e r o  r ing f o u n d  in 
t he  benzofurans .  The  C1 and  p h e n y l  subs t i tu -  
ted  b e n z o f u r a n s  ( I I I  and  IV)  exh i b i t  anti-  
l ip idemic  ac t iv i ty  r a the r  more  s imilar  to  those  
observed  for  the  respect ive  3-keto  analogs  (X 
and  XI)  t h a n  for  those  observed  for  the  corres- 
p o n d i n g  d i h y d r o b e n z o f u r a n s  V and  VII.  

In conc lus ion ,  relat ive to  the  T r i t o n  model ,  
t he  data  p re sen ted  in th is  pape r  s u p p o r t  t he  
hypo thes i s  t h a t  the  cho les t e ro l  and  t r ig lycer ide  
lower ing  act iv i ty  of  c lof ibra te  re la ted  analogs 
may  be separa ted  t h r o u g h  a c o n s i d e r a t i o n  of  
log P, c o n f o r m a t i o n a l ,  and  e l ec t ron ic  param- 
eters.  A m o n g  the  var ious  analogs inves t iga ted  in 
ou r  l abora tor ies  (2 ,33 ,34) ,  o n l y  the  d ihyd ro -  
b e n z o f u r a n s  (V and  VII)  e x h i b i t e d  select ive ac- 
t iv i ty  against  e levated  s e rum cho les t e ro l  levels. 
This  select ive ac t iv i ty  is l ikely to be a re f l ec t ion  

of  c o n f o r m a t i o n a l  r es t r i c t ion  of  r o t a t i o n  r a t h e r  
t h a n  a change in log P since o t h e r  derivat ives 
having  log P values e i the r  h igher  or  lower  t h a n  
those  ca lcula ted  for  V and  VII  lose select ivi ty.  
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