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Hendlin, ibid., 5,25(1974)]. 
(13) Although ref 2b describes the TFA salts of 10a and 10b, no 

activity data are given. 
(14) J. A. Webber, U.S. Patent 3,597,421 (1972). 

In previous reports from our laboratory we have consid
ered the differential biological effects of certain benzodiox-
ane, chroman, and dihydrobenzofuran analogs of clofibrate 
(1) on inhibition of lipolysis and cholesterol biosynthesis in 
vitro,1,2 inhibition of lipoprotein lipase in vitro,3 hypolipi
demic activity in a Triton WR-1339 induced hyperlipidem-
ic rat model,45 and hepatic drug metabolism.6 In all cases 
the ethyl esters of the various analogs were employed for 
biological studies in rats since we were interested in assess
ing new compounds synthesized relative to 1 which is ad
ministered as an ethyl ester. For studies in vitro, we inves
tigated the corresponding free carboxylic acids since 1 and 
related ester analogs are known to undergo rapid hydroly
sis by serum esterases and the carboxylic acids are pre
sumed to be the active antilipidemic agents.7"10 

In this article we describe the synthesis and antilipidem
ic activity of 9-chloro-2,3-dihydro-5H-l,4-dioxepino[6,5-
6]benzofuran (3), a novel enol lactone, which possesses a 
conformationally constrained ethyl group and is considera
bly more resistant to serum esterase hydrolysis. Tricyclic 
enol lactone 3 may be visualized as a cyclic analog of dihy
drobenzofuran 2 where the 0-carbon of the ethyl function is 
covalently bonded to the benzofuran ring at position 3 
through an enol ether linkage. Dihydrobenzofuran 2, which 
only exhibits cholesterol lowering activity,4 in turn, repre
sents a molecular modification of 1, an analog which de
creases to normal concentrations both cholesterol and tri
glycerides in the hyperlipidemic rat model.4 The antilipi
demic activity of 3 and its hydrolysis product 4 are dis
cussed in light of their antilipolytic properties in vitro and 
compared to the biological activity of 1 and 2 and their cor
responding hydrolysis products. 
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f The authors gratefully acknowledge support of this work through NIH 
Grant No. HL-12740 from the National Heart and Lung Institute. 

' Abstracted in part from a dissertation by G.K.P. presented to the Grad
uate School of The Ohio State University, 1974. 

" Undergraduate research participant, summer, 1974. 

(15) G. V. Kaiser, R. D. G. Cooper, R. E. Koehler, C. F. Murphy, J. 
A. Webber, I. G. Wright, and E. M. Van Heyningen, J. Org 
Chem., 35, 2430 (1970). 
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Chemistry. The tetrahydropyranyl (THP) protected de
rivative of /?-bromoethanol (5), namely 7, was prepared in 
90% yield by condensation of 5 with dihydropyran (6) in 
the presence of a catalytic amount of p-TsOH and served 
as the source of the /3-hydroxyethyl side chain of 4. Starting 
ethyl-5-chloro-2-carbethoxy-3(2rY)-benzofuranone (9)11'12 

was prepared in 88% yield by Dieckmann condensation of 
ethyl 4-chloro-2-carbethoxyphenoxyacetate (8)13 with 
NaOEt in dry benzene.14 The yield reported here is greater 
than the one reported by Schroeder and coworkers12 owing 
to a longer reflux time. Reaction of anion 10 generated 
from 9 using NaH in dry diglyme with 7 for 5 hr at 150° af
forded 11 as part of an uncharacterized mixture of products 
(GLC, see the Experimental Section). Hydrolysis of the 
mixture containing 11 in refluxing 10% ethanolic KOH for 
1 hr, followed by cooling, acidification with 25% H2SO4, 
and THP protecting group removal under reflux for 10 
min, afforded 5-chloro-3-(2'-hydroxyethoxy)-2-benzofuran-
carboxylic acid (4) in 52% yield based on starting 9. Hy
droxy acid 4 was converted to the desired enol lactone 3 in 
90% yield by refluxing in benzene containing a catalytic 
amount of p-TsOH. 

3(2//)-Benzofuranone 9 does not form a 2,4-dinitrophen-
ylhydrazone derivative under the mild conditions described 
by Pasto and Johnson;15 however, after refluxing for 4 hr in 
concentrated HC1 containing 2,4-DNPH the hydrazone 
formed in 40% yield. Keto derivatives are difficult to obtain 
since 9 exists in equilibrium with its aromatic enol form [ir 
(CHCI3) C = 0 stretching at 1670 and 1730 cm"1; OH 
stretching at 3350 cm - 1 ] . Therefore, we anticipated 10 to 
be predominantly resonance stabilized as the Tr-excessive 
heteroaromatic oxygen anion; O-alkylation by 7 was ex
pected to predominate. In fact, we were unable to isolate 
any C-alkylated product under a variety of reaction condi
tions. O-Alkylation was confirmed by the observation that 
enol lactone 3 failed to give a 2,4-dinitrophenylhydrazone 
derivative. Further, 3 showed only one C = 0 stretching 
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The synthesis and antilipidemic activity of 9-chloro-2,3-dihydro-5.ff-l,4-dioxepino[6,5-o]benzofuran (3), a novel enol 
lactone which is considerably more resistant to serum esterase hydrolysis than clofibrate (1), are discussed. Whereas 
both 3 and 1 reduced hypercholesterolemic and hypertriglyceridemic serum levels in the Triton WR-1339 induced 
hyperlipidemic Sprague-Dawley rat to normal, the hydrolysis product of 3, namely 5-chloro-3-(2'-hydroxyethoxy)-2-
benzofurancarboxylic acid (4), was found to be inactive. Further, 3 is comparable to the hydrolysis product of 1 when 
both were assessed for their ability to block norepinephrine (NE) induced lipolysis in vitro. 4 is inactive at compara
ble concentrations (5 X 10~4-10 - 3 M). The antilipidemic action of 3 and 1 may, in part, be due to their ability to 
block NE-induced lipolysis. 
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Table I. Hydrolysis of Clofibrate (1) and Enol Lactone 3 
by Rat Plasma in Vitro at 37° 

Time, 
min 

5 
10 
30 
60 

% hydrolysis 

Clofibrate (1) 

81.44 
89.99 
91.56 
91.20 

± 0.88° 
± 1.25 
± 1.31 
± 1.18 

± SD 

Enol lactone 3 

8.04 
12.41 
12.53 
11.70 

± 0.47 
± 1.36 
± 1.34 
± 0.91 

"Mean ± SD; for four determinations. 

band (1715 cm - 1 ) ; the C = 0 stretching band at 1670 c m - 1 

of 9 was absent. The mass spectrum for 3 is summarized in 
Table V; the following interpretation is consistent with the 
assigned structure. The molecular ion (M+) abundancy is 

-OH + 

CI 

5 6 

OCH,CO,Et 
_NaOEt 

PhH 

CO,Et 

CO,Et 
NaH 

»> 
diglyme 

C0,Et C0,Et 

10 

c^feo-Q 
1.KOH 

i 

2.H.SO, 

p-TsOH 
4 " 3 
* PhH 

high owing to the aromatic nature of the compound. Ions 
m/e 210 and 194 arise through loss of C2H4 and C2H4O, re
spectively, from the seven-membered ring of M+ . The m/e 
179 and 167 (base) peaks do not arise by simple bond cleav

age; loss of C2H3O2 and C3H3O2 from M + requires transfer 
of one H atom from the ethylenedioxy function to the re
spective benzofuran fragments. Loss of CHO from the base 
peak (m/e 167) affords ion m/e 138 which loses CO to give 
ion m/e 110.16 Loss of CI (observed to be present in all 
other fragments) from m/e 110 affords an ion of mass 75. 
Successive loss of two CO molecules from the base peak af
fords ions m/e 139 and 111.16 The ion at m/e 75 may also 
be derived from ion m/e 111 through loss of HC1. 

Pharmacology. The percent hydrolysis observed for clo
fibrate (1) and enol lactone 3 during incubation with rat 
plasma at 37° after 5, 10, 30, and 60 min is found in Table 
I. After 5 min 1 was >80% hydrolyzed. Enol lactone 3 was 
only 8% hydrolyzed after 5 min; after 60 min no greater 
than 13% conversion to hydroxy acid 4 was observed. 

The antilipidemic activity of 1, enol lactone 3, and hy
droxy acid 4 was determined in normal and Triton WR-
1339 induced hyperlipidemic male Sprague-Dawley rats 
fed Purina Chow ad libitum. This animal model may be 
employed to predict antilipidemic activity in man.17 The 
hypocholesterolemic and hypotriglyceridemic results ob
tained are found in Tables II and III, respectively. At doses 
of 0.124 mmol/kg, clofibrate ( l)4 and enol lactone 3 signifi
cantly reduced plasma cholesterol and triglyceride levels 
relative to hyperlipidemic controls (comparison of groups 
HI and IV). Like clofibrate (1), enol lactone 3 also reduced 
plasma lipid in hyperlipidemic rats back to normal (no sig
nificant difference between groups I and IV) and had no ef
fect in normal lipidemic rats (comparison of groups I and 
II). At 0.5 the dose (0.062 mmol/kg of total screening dose) 
3 and 1 lowered only plasma triglyceride levels. Conversely, 
the hydroxy acid hydrolysis product 4 had no antilipidemic 
activity in this animal model. 

The antilipolytic actions of 1 and related analogs are well 
recognized12,18 and are proposed to be responsible in part 
for the hypotriglyceridemic effect of 1 in vivo. A compari
son of 3 and 4 as antagonists of norepinephrine (NE) in
duced glycerol release from isolated fat cells is presented in 
Table IV. From the results, it was evident that the enol lac
tone 3 possessed significant antilipolytic activity in the 
concentration range 0.5-5 X 10 - 4 M, whereas 4 was unable 
to modify the lipolytic response of NE (see experiment III 
in Table IV). Moreover, the acidic hydrolysis product of 1 
was observed to be comparable to 3 as antagonists of glyc
erol release in adipose tissue (Table IV). 

Discussion 

At doses of 0.124 and 0.062 mmol/kg, clofibrate (1) sig
nificantly reduced elevated serum triglyceride levels in the 
Triton hyperlipidemic model. At the lower dosage clofi
brate exhibited no significant effect on elevated cholesterol 
levels in hyperlipidemic rats but caused a small significant 

Table I I . Effect of Enol Lactone 3 and Hydroxy Acid 4 on Plasma Cholesterol Levels in Male Sprague-Dawley Rats 

Compd'1 Control group I 
Drug-treated 

control II 
Triton hyper
lipidemic III 

Drug-treated Triton 
hyperlipidemic IV 

1" 
1(0.5 dose) 
3 
3(0.5 dose) 
4 

60.6±7.2 
90.1 ±6.5" 
85.9±7.6* 
84.5±3.6a 

78.1 ±14.7" 

62.4±8.5 
81.3±10.8e 

85.6±10.5 
84.0±5.5 
84.5±16.1 

267 ±85.0 
113.8±8.2 
233.2 ±105.3 
122.4±8.9 
406.0±184.6 

59.3 ±12c 

112.9± 13.1 / 

95.0±16.1c 

112.6± 13.7/ 

334.4 ± 172.Qf 

"All animals were given a total screening dose of 0.124 mmol/kg of analog except for 3 (0.5 dose) and 1 (0.5 dose) which represents 0.062 
mmol/kg of total screening dose. 6Data taken from a previous publication (Newman et al.4). 'Statistically significant, p < 0.05; Triton hy
perlipidemic vs. drug-treated Triton hyperlipidemic (comparison of groups III and IV). dMean ± SD; ten rats per group. ''Statistically signi
ficant, p < 0.05; control vs. drug-treated control (comparison of groups I and II). 'Statistically significant, p < 0.05; drug-treated hyper
lipidemic vs. control (comparison of groups I and IV). 
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Table III. Effect of Enol Lactone 3 and Hydroxy Acid 4 on Plasma Triglyceride Levels in Male Sprague-Dawley Rats 

Drug-treated Triton Drug-treated Triton 
Compd" Control group I control II hyperlipidemic III hyperlipidemic IV 

l 6 20.9x6.2 30.5±8.2 774.0±329.0 27.6±15.0C 

1(0.5 dose) 34.6± 5.7s 34.7x6.8 100.8±26.4 44.0x13.9* 
3 24.719.6* 27.1±8.0 204.7±69.9 35.0±32.8C 

3(0.5 dose) 19.916.2" 21.3±4.8 100.2± 13.7 34.3±10.1c-e 

4 42.2±13.0" 29.7±9.4 547.5 ±261.5 473.3 ± 279.4" 

"All animals were given a total screening dose of 0.124 mmol/kg of analog except for 3 (0.5 dose) and 1 (0.5 dose) which represents 0.062 
mmol/kg of total screening dose. "Data taken from a previous publication (Newman et al.4). 'Statistically significant, p < 0.05; Triton hy
perlipidemic vs. drug-treated Triton hyperlipidemic (comparisons of groups III and IV). rfMean ± SD; ten rats per group. 'Statistically sig
nificant, p < 0.05; drug-treated hyperlipidemic vs. control (comparisons of groups I and IV). 

Table IV. Effect of Enol Lactone 3 and Hydroxy Acid 4 
on the Release of Glycerol from Isolated Fat Cells in 
Response to Norepinephrine (NE. 2 x 10~6 M) in Vitro 

Glycerol release 

X 

fimol/0.2 inhibi-
Expt Compd Concn. M ml/hr" ± SEM tion 

NE alone 
Plus 3 

NE alone 
Plus 3 

NE alone 
Plus 3 

Plus 4 

NE alone 
Plus CPIB" 
Plus 3 

lO-3 

5x10-3 

5x10"' 
10-3 

5xl0" 4 

lO"3 

5x10"' 
10-3 

10-3 
ID"3 

0.44±0.07 
0.16±0.0l" 
O.igiO.Ol6 '" 
0.33±0.01 
0.23±0.02" 
0.13±0.016 

0.20±0.02 
0.16x0.00" 
O.lOiO.Ol4 

0.22±0.01 
0.21±0.01 
0.46 ±0.02 
0.15±0.03" 
0.18±0.056 

0 
64 
57 

0 
30 
61 

0 
20 
50 
NC" 
NC" 

0 
67 
61 

"Each value represents the mean ± SEM of N = 2-4. 'Significant 
difference from the NE control (p < 0.05). 'Compound did not 
completely dissolve at this concentration. dThe changes were not 
significantly different (p > 0.05) when compared to control values. 
''CPIB = 2-(4-chlorophenoxy)isobutyric acid, the acidic hydrolysis 
product of 1. 

hypocholesterolemic effect in normal rats. These results 
are consistent with the observation that clofibrate is most 
effective against elevated serum triglyceride levels in hu
mans. Since enol lactone 3' exhibits biological properties 
similar to those observed for 1 in the Triton-induced hy
perlipidemic rat and in its ability to block NE-induced li-
polysis in vitro,1,2 we anticipate 3 would exert antilipidemic 
actions similar to 1 in man. From our preliminary results, 
however, it seems most likely that enol lactone 3 is active as 
the unhydrolyzed lactone whereas clofibrate first under
goes hydrolysis to the free carboxylic acid which is pre
sumed to be the active antilipidemic agent.10 

Although it might be anticipated that neutral enol lac
tone 3 should have a different mode of action than the 
acidic hydrolysis product of 1, our initial studies in vivo 
and in vitro suggest that the modes of action of these two 
compounds may, in fact, be similar. Previous attempts, 
using a limited series of clofibrate related analogs to corre
late the serum triglyceride lowering effects of various esters 
with the antilipolytic activity in vitro of the corresponding 
hydrolysis products, were unsuccessful.4 However, the ex
cellent correlation between data obtained in vivo and in 

vitro for 3 and 4 lends support to the hypothesis that clofi
brate related analogs do indeed exhibit an antilipolytic ac
tion in vivo. A precise linear correlation between data ob
tained in vivo and in vitro is not to be expected since there 
is considerable variability in the Triton model and the in 
vivo results are probably complicated by differential ab
sorption distribution and metabolism of the various ana
logs. 

Assessment of data1 '2,4,5 obtained in our laboratories uti
lizing other clofibrate (1) related analogs also suggests that 
inhibition of lipolysis may be an important component of 
the antilipidemic action of these analogs. In this regard we 
have recently observed that ethyl 6-chlorochromanone-2-
carboxylate is inactive in vivo;5 previous studies showed 
that the free acid of this analog was unable to block NE-
induced lipolysis in vitro at the 5 X 10~3 M concentration.2 

In addition to the satisfactory correlation between in vivo 
and in vitro data for clofibrate,14 ethyl chroman-2-carbox-
ylate, which exhibited no serum cholesterol reducing activi
ty at an equivalent dose, did reduce elevated serum triglyc
eride levels approximately 50%;4 its free acid inhibited NE-
induced lipolysis (42%) in vitro at the 5 X 10 - 3 M concen
tration.2 Insertion of CI into the 6 position of the latter an
alog enhanced both the in vivo and in vitro biological activ
ity; i.e., at equivalent doses the ester reduced elevated 
serum triglyceride levels nearly to those found in controls 
(approximately 90% reduction)4 and the corresponding 
acid inhibited NE-induced lipolysis in vitro by 78%.2 Fur
ther, ethyl l,4-benzodioxane-2-carboxylate, at equivalent 
doses, reduced elevated serum triglyceride levels to those 
found in control rats4 and blocked NE-induced lipolysis in 
vitro by 38% at the 5 X 10~3 M concentration.1 However, 
two additional compounds, ethyl 2-(4-chlorophenoxy)pro-
pionate and its cyclic analog ethyl 5-chloro-2,3-dihydro-
benzofuran-2-carboxylate, were unable to significantly re
duce elevated serum triglyceride levels in the Triton 
model,4 although they inhibited NE-induced lipolysis 
about 50% at 5 X 10~3 M. Since clofibrate related analogs 
likely exert their antilipidemic effect by more than one 
mechanism, further work is necessary before firm conclu
sions can be drawn. 

Experimental Section 

Elemental analyses were performed by Clark Microanalytical 
Laboratory, Urbana, 111. Infrared spectra were recorded on a Per-
kin-Elmer Model 257 grating spectrophotometer. Nuclear magnet
ic resonance spectra were recorded on a Varian A-60A spectropho
tometer. Mass spectra were recorded utilizing the Du Pont 491 
mass spectrometer. All melting points were taken with a calibrated 
Thomas-Hoover capillary melting point apparatus. 

A. Synthetic Methods. 2-Bromo-l-(2'-tetrahydropyranyl-
hydroxy)ethane (7). Dihydropyran (6, 9.3 g, 0.11 mol) was added 
to 2-bromoethanol (5, 12.5 g, 0.1 mol) in the presence of the cata
lytic amount of p-TsOH at 0°. The reaction mixture was warmed 
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to room temperature and stirred for 1 hr. Distillation of the mix
ture afforded 18.8 g (90%) of a colorless liquid: bp 67-68° (0.70 
mm); NMR (neat) & 1.3-1.9 (6 H, m, 3 tetrahydropyran methylene 
groups remote to the ring oxygen), 3.38-4.22 (6 H, m, 2 methylene 
groups of the alkyl chain and one methylene adjacent to the te
trahydropyran ring), and 4.56-4.72 (1 H, m, methine proton). 
Anal. (C7H1302Br) C, H, Br. 

Ethyl-5-chloro-2-carbethoxy-3(2H)-benzofuranone (9). 
Ethyl 4-chloro-2-carbethoxyphenoxyacetate12 (8, 8.58 g, 0.03 mol), 
dissolved in dry benzene (40 ml), was added dropwise with stirring 
to NaOEt (2.1 g, 0.03 mol) in 40 ml of dry benzene.14 Stirring was 
continued under reflux for 16 hr. After cooling to room tempera
ture, the reaction mixture was poured with stirring into H2O (200 
ml) and made alkaline to litmus with dilute NaOH solution. The 
aqueous layer was made acidic with dilute HC1 and extracted with 
Et20. The organic layer was dried (Na2S04) and filtered and the 
solvent removed under reduced pressure. The resulting solid was 
recrystallized from EtOH affording 6.4 g (88%) of white crystals: 
mp 128-129° (lit.12 mp 126-127°); NMR (CDCI3) & 1.28-1.58 (3 H, 
t, CH3), 4.25-4.68 (2 H, q, CH2), 7.10-7.74 [4 H, m, aromatic (3) 
and methine (1)]. 

5-Chloro-3-(2'-hydroxyethoxy)-2-benzofurancarboxylic 
Acid (4). NaH emulsion (1.1 g of 57% NaH in mineral oil, 0.022 
mol of NaH), purchased from Ventron Chemical Co., was washed 
with n-hexane and transferred with dry diglyme into a three-
necked flask fitted with a N2 inlet, condenser, and a dropping fun
nel. To this solution was added dropwise ethyl-5-chloro-2-carbeth-
oxy-3(2W)-benzofuranone (9, 4.1 g, 0.02 mol) dissolved in diglyme. 
The mixture was heated with stirring to 75° and 2-bromo-l-(2'-
tetrahydropyranylhydroxy)ethane (7, 6.32 g, 0.03 mol) was added 
dropwise. The mixture was heated at 150° for 6 hr. The solution 
was cooled to room temperature, the solvent removed under re
duced pressure, and the residue poured into H2O (100 ml) and ex
tracted with EtaO. The organic layer was dried (Na2S04) and fil
tered and the solvent removed under reduced pressure. GLC 
showed three unresolved peaks which could not be separated by 
column chromatography. Therefore, the mixture was treated with 
10% ethanolic KOH and refluxed for 1 hr. After cooling, the mix
ture was acidified with 25% H2SO4 and refluxed for 10 min. The 
solution was cooled to room temperature, extracted with Et20, 
dried (Na2S04), and filtered, and the solvent was removed under 
reduced pressure. The residue was recrystallized from Et20, af
fording 2.66 g (51.9%) of crystals; mp 192-193°; NMR (acetone-d6) 
& 3.87 (2 H, t, CH2CH2OH), 4.55 (2 H, t, -OCH2CH2OH), 6.20 (2 
H, broad, acidic, hydroxyl), 7.50-7.95 (3 H, m, aromatic); principal 
ir bands at i<maxNujul 3260, 1680 cm - 1 ; uv Xmax [isooctane-ethanol 
(95:5)] 280 ma U 196). Anal. (C11H9O5CI) C, H, CI. 

9-Chloro-2,3-dihydro-5H-l,4-dioxepino[6,5-i]benzofuran-
5-one (3). 5-Chloro-3-(2'-hydroxyethoxy)-2-benzofurancarboxylic 
acid (4, 2.57 g, 0.1 mol) was dissolved in dry benzene (200 ml), p -
TsOH (200 mg) was added and the solution was refluxed for 1.5 hr 
under N2 using a Dean-Stark apparatus to remove H 2 0 . The solu
tion was cooled to room temperature and the solvent was removed 
under reduced pressure. The residue was dissolved in Et20 and 
washed with saturated NaHCC>3 solution followed by H 2 0 . The 
ether solution was dried (Na2S04), filtered, and concentrated 
under reduced pressure affording 2.1 g (90%) of crystals: mp 201-
202°; NMR (DMSO-d6) 6 4.50-4.90 (4 H, m, lactone methylenes), 
7.40-7.95 (3 H, m, aromatic); principal ir band at *WxNujo1 1715 
cm - 1 ; mass spectrum (70 eV) see Table V; uv Xmax [isooctane-eth
anol (95:5)] 229 mM U 54,154). Anal. (CUH704C1) C, H, CI. 

B. Biological Methods. 1. Antilipidemic Activity. Com
pounds 3 and 4 were tested in a hyperlipidemic rat model17 in 
which the hyperlipidemia was induced by ip injection of Triton 
WR-1339 (oxyethylated tert- octylphenolformaldehyde polymer, 
Ruger Chemical Co., Philadelphia, Pa.). Male albino rats (Spr-
ague-Dawley) were housed in groups of five and were fed Purina 
Laboratory Chow and water ad libitum for a 2-week stabilizing pe
riod. After this period, the rats were redistributed by weight into 
four experimental groups of ten rats each (housed in groups of 
five). At random two experimental groups (II and IV) were fasted 
for 24 hr and then injected ip with 225 mg of Triton/kg dissolved 
in 0.15 M NaCl to give a concentration of 62.5 mg/ml. The two 
control groups (I and III) of comparable weight were also fasted 
and received only the vehicle (0.25% aqueous methyl cellulose), 
whereas the remaining groups (II and IV) received test compounds 
in vehicle. Compounds were dispersed in the vehicle to obtain a 
concentration of 8.33 X 10 - 3 mmol/ml, providing a total screening 
dose of 0.124 mmol/kg for 270 ± 10 g rats in 4 ml. Each rat re
ceived two 2-ml doses by gastric intubation, the first immediately 

Table V. Relat ive Intensi t ies . F ragmen t s , a n d Empi r i ca l 
Formulas for the Major Ions in the Mass S p e c t r u m of 
Enol Lac tone 3 

Peak 
m/e 

238 
240 
210 
212 
194 
196 
179 
167 
169 
138 
140 
110 
112 
75 

Rel 
intensity 

82.2 
29.3 

3.1 
1.7 

13.2 
4.7 

10.6 
100.0 
33.8 
38.1 
13.4 
20.4 

7.6 
23.5 

Fragment 

M* 

M*- C2H40 

M + - C2H40 

M*-C 2H 30 2 

M--C 3 H 3 0 2 

167 - CHO 

1 3 8 - CO 

110- CI 

Empirical 
formula 

CuH7C104 

C9H3C104 

C9H3CIO3 

C9H4C102 

C8H4C102 

C7H3C10 

CgH3Cl 

C6H3 

after the Triton injection and the second 20 hr later. Fasting was 
continued during the post-Triton period. 

At 43 hr after Triton administration the rats were anesthetized 
with ethyl ether; blood was drawn from the abdominal aorta and 
plasma was obtained after centrifugation at 500g for 10 min. Plas
ma triglyceride was determined by the method of Eggstein19 and 
plasma cholesterol was analyzed by the method of Holub and 
Galli.20 Significant differences in the plasma cholesterol and tri
glyceride concentrations between drug-treated Triton hyperlipi
demic IV and control I as well as between drug-treated IV and hy
perlipidemic control III groups were determined by Student's t 
tests on logarithms of individual data to allow pooling of variances. 

2. Inhibition of Lipolysis in Vitro. The method employed for 
the isolation, preparation, and incubation of fat cells with the vari
ous compounds is similar to that described by Rodbell.21 

Nonfasted, albino, male Harlan Sprague-Dawley rats (180-250 
g) were used. Epididymal fat pads were collected (three to six ani
mals per experiment) and incubated for 1 hr in a 3% albumin buff
er solution containing crude collagenase (Worthington). Fat cells 
were removed and washed several times with Krebs-Ringer bicar
bonate (KRB) buffer (pH 7.4). For each test, a 0.2-ml suspension 
of isolated fat cells was added to a 2.3-ml solution of KRB buffer 
(pH 7.4) containing 3% bovine albumin fraction V (Nutritional 
Biochemicals). Compounds tested for inhibitory activity were dis
solved in DMSO and a 0.1-ml aliquot was added to the appropriate 
flask to obtain the desired concentration. In the inhibition studies, 
all flasks were preincubated for 15 min before addition of NE (2 X 
10 - 6 M) in a 0.1-ml volume. Incubations were carried out under air 
for 1 hr at 37°. After 1 hr, the reactions were terminated by addi
tion of 2.5 ml of 10% CCI3COOH. Duplicate 1.0-ml aliquots of the 
supernatant were removed and glycerol was assayed by oxidation 
to CH 2 0 2 2 followed by colorimetric analysis.23 

Rates of glycerol released (expressed as ^moles of glycerol/0.2-
ml suspension of fat cells/hour of incubation) were calculated by 
subtracting the production of glycerol in the absence of agonist 
from the amount released in the presence of NE and/or com
pounds. A maximal release of glycerol was obtained with 2 X 10~5 

M NE; 2 X 10~6 M NE was used to examine the inhibitory activity 
of the compounds since this concentration gave a lipolytic re
sponse equal to about 80% of the maximal glycerol release rate. 
Data were analyzed for significance by the Student's t test; p 
values < 0.05 were considered to represent significant differences 
between mean values. 

3. Hydrolysis of Enol Lactone 3 and Clofibrate (1) by Rat 
Plasma in Vitro. The hydrolysis of 1 and 3 by rat plasma in vitro 
at 37° was determined according to a modification of the method 
of Barrett and Thorp.24 Blood was collected from the abdominal 
aorta of anesthetized Sprague-Dawley rats (180-200 g) in Vacu-
tainer tubes containing a small amount of EDTA. The blood was 
immediately centrifuged for 15 min in an IEC centrifuge and the 
supernatant plasma was separated and pooled. Compound 1 was 
dissolved in MeOH while compound 3 was dissolved in DMSO to 
make 0.05 M stock solutions. 

One-tenth milliliter of the 0.05 M solution of 1 and 3 was added 
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to 8 ml of rat plasma and the mixture was incubated at 37° on a 
Dubnoff metabolic shaker. Samples (1.0 ml) were removed at 0, 5, 
10, 30, and 60 min and assayed for the presence of ester 1 or lac
tone 3. 

The 1.0-ml sample was placed in a 10-ml glass-stoppered centri
fuge tube. HC1 (0.5 ml, 3 N) and 5.0 ml of an isooctane-absolute 
EtOH mixture (95:5, v/v) were added to the tube. The tube was 
stoppered, shaken by hand, and allowed to stand. After the layers 
separated the uv absorption of the extract was determined against 
a blank treated similarly to that of the sample but not containing 
the compounds (1 or 3). An aliquot of this isooctane-EtOH extract 
was then treated with an equal volume of 2% NaHCO.s solution to 
remove the free acid. The amount of free acid was determined by 
observing the reduction in the uv absorption of the organic phase 
at 226 m,u (t 11,600) for 1 and 229 mji (< 54,154) for 3. Similar ex
periments with 3, carried out in the absence of enzyme, showed no 
chemical hydrolysis took place at the times indicated. Further, hy
drolysis product 4 under similar conditions was shown not to un
dergo lactonization under identical incubation conditions and dur
ing the same intervals of time. 

Note Added in Proof. After submission of this manuscript we 
learned that the title compound had also been prepared in 81% 
yield from a 4-substituted 3,6-dichlorocoumarin.25 
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d i m e t h y l - 2 ' - h y d r o x y - 2 - t e t r a h y d r o f u r f u r y l - 6 , 7 - b e n z o m o r -
p h a n 1 comprises four racemic dias tereoisomers and the 
corresponding eight optically active forms. All these 12 
subs tances which may be subdiv ided into compounds l a of 
t he a series and compounds l b of t he fi series have been 
p repa red . 

Syntheses were achieved by alkylat ion of 5,9-dimethyl-
2 ' -hydroxy-6 ,7-benzomorphans (2) wi th te t rahydrofurfuryl 
b romides (3). As shown in T a b l e I t he type of react ion 
produc t ( s ) ob ta ined depends on the s tereoisomeric forms of 
2 and 3 used in the synthesis . Sat isfactory separa t ions of 
dias tereoisomeric mix tures resul t ing from appl icat ion of 
m e t h o d s B, C, and D could be achieved by fractional crys
tal l izat ion guided by th in- layer chromatography . Racemic 
compounds 1 were also p repa red by mixing equal pa r t s of 
t h e corresponding an t ipodes and crystal l ization of the mix
tu res (me thod E) . F u r t h e r syn the t ic routes are descr ibed in 
t he p a t e n t l i t e ra tu re . 3 

T h e absolu te s te reochemis t ry of t he compounds 1 ob
ta ined by me thod A follows unequivocal ly from the well-
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The eight optically active stereoisomers and the corresponding four racemic forms of 5,9-dimethyl-2'-hydroxy-2-te-
trahydrofurfuryl-6,7-benzomorphan (1) have been prepared. Depending on their configurations these compounds are 
potent analgesics or inactive substances in mice. The analgesics attain potencies up to about a hundred times that of 
morphine but they do not show morphine-like side effects in mice nor do they suppress abstinence in withdrawn 
morphine-dependent monkeys. Their therapeutic ratios are favorable and, in the case of la-1 and la-2, exceptionally 
good. Configuration-activity relationships are discussed. R configuration of the AT-tetrahydrofurfuryl group is a 
major prerequisite for high analgesic potency. 


