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(CDCI,) 6 2.53 ( ~ , 6  H, SCHB), 2.68 (9, 6 H, SCHJ, 4.33 (8, 3 H, 
NCH3), 6.55 (br s, 2 H, CH=C), 7.73-8.33 (m, 3 H, arom H). Anal. 
(Ci4H2oINS4) C, H, N. 

The following procedure is representative of the formation of 
the S-alkyl derivatives (larger than methyl). 

l-Methyl-2-[2,2-bis(2-ethylthio)vinyl]pyridinium Iodide. 
To a stirred suspension of picolinium methiodide (3.5 g, 15 mmol) 
in toluene (100 mL) were added potassium tert-butoxide (2 g) 
and 10-15 drops of 95% EtOH. The mixture was stirred 20 min, 
and the clear supernatant liquid was decanted. This process was 
repeated five times with 50 mL of toluene, 0.5 g of potassium 
tert-butoxide, and 5-10 drops of 95% EtOH. To the combined 
toluene solutions was added CS2 (5 mL, 83 mmol), and the mixture 
was stirred for 30 min a t  room temperature. It was filtered, and 
the residue was taken up in DMF (20 mL). An excess of iodo- 
ethane (6 mL, 75 mmol) was added, and the mixture was stirred 
overnight at room temperature. The solvent was removed in vacuo 
a t  60-70 "C, and the residue was recrystallized (HzO), giving 4.2 
g (77%) of yellow needles: mp 143-145 "C; IR v 1620 (C=C), 
1165-1175 (CHzS), 800 (C=C); lH NMR (CDClJ 6 1.10-1.60 (m, 
6 H, C2H5), 2.77-3.43 (m, 4 H, C2H5), 4.50 (s, 3 H, NCH3), 6.67 
(s, 1 H, CH=C), 7.63-9.07 (m, 4 H, arom HI. Anal. (ClzHlsINS2) 
C, H, N. 

The following procedure is representative of the synthesis of 
compounds of type 6. 

l-Methyl-2-[2-(methylthio)-2-piperidinovinyl]pyridinium 
Iodide. 1-Methyl-2-[ 2,2-bis(2-methylthio)vinyl]pyridinium iodide 
(3.0 g, 9 mmol) and piperidine (1.53 g, 18 mmol) were added to 
20 mL of DMF, and the mixture was heated at 70 "C for 2 h and 
a t  50 "C for 4 days with stirring. After being cooled, the solution 
was added to 150 mL of ether and swirled, and the ethereal layer 
was decanted. Ethyl acetate (150 mL) was added to the residual 
syrup, and after it was chilled, yellow crystals separated and were 
filtered and recrystallized from 1:l EtOH/2-PrOH, giving 2.19 
g (66%): mp 143-144 "C; IR v 1630 (C=C), 1160-1170 (CH2S), 
780 (C=C); lH NMR (CDC13) 6 1.40-1.70 (m, 6 H, piperidine), 

5.2 (s, 1 H, CH=C), 7.2-8.6 (m, 4 H, arom H). Anal. (C14HZJN2S) 
C, H, N. 

The following procedure is representative of the synthesis of 
compounds of type 3. 
l-Methyl-2-[2-(methylthio)-2-[bis(methoxyethyl)amino]- 

vinyl]quinolinium Iodide. l-Methyl-2-[2,2-bis(methylthio)- 
vinyllquinolinium iodide14 (4.0 g, 10 mmol) and aminoacetaldehyde 
dimethyl acetal (1.05 g, 10 mmol) were added to 40 mL of MezSO. 
The solution was stirred at room temperature for 4 days and mixed 
with 300 mL of ether, and the ethereal layer was decanted. The 
solvent was evaporated and 50 mL of 2-PrOH was added to the 
residue. A solid was filtered and recrystallized (2-PrOH) to give 
2.48 g (58%) of yellow crystals: mp 142-143 "C; IR v 3200 (NH), 
1610 (C=C), 820 (C=C); 'H NMR (Me2SO-ds) 6 2.60 (8,  3 H, 
SCH3), 3.36 (d, 6 H, OCH3), 4.0 (8 ,  3 H, NCH,), 4.40 (s ,  2 H, 

2.40 (9, 3 H, SCH,), 3.20-3.60 (d, 4 H, CHZN), 4.0 (9, 3 H, NCHS), 

CH,N), 5.50 (s,  1 H, CH=C), 7.8-8.6 (m, arom H). Anal. 
( C I , H ~ ~ I N ~ O ~ S )  C, H, N. 

2-Met hyl-1-[2,2-bis( methylthio)vinyl]isoquinolinium 
Iodide. To a suspension of 1,2-dimethylisoquinolinium iodide 
(2.5 g, 8.8 mmol) in 50 mL of toluene were added 1.0 g (8 mmol) 
of potassium tert-butoxide and 5-10 drops of 95% EtOH. The 
mixture was stirred for 20 min, and the clear supernatant liquid 
was decanted. To the residue were added toluene (35 mL), po- 
tassium tert-butoxide (0.5 g), and 95% EtOH (5-10 drops). The 
mixture was stirred for 20 min, and the supernatant liquid was 
decanted. The process was repeated, and to the combined toluene 
solutions was added CS2 (3 mL, 50 mmol). The solution was 
stirred at room temperature for 30 min, iodomethane (3 mL, 48 
mmol) was added, and the mixture was stirred overnight. Toluene 
was removed in a rotary evaporator at 50-60 "C, and the residue 
was recrystallized from water, giving 2.4 g (70%) of yellow needles: 
mp 204-205 "C; IR v 1630 (C=C), 1155 (CH2)S), 815 (C=C); lH 

3 H, NCH3), 7.03 (s, 1 H, CH=C), 7.80-9.10 (m, 6 H, arom H). 
Anal. (Cl4HlsINS2) C, H, N. 

Test for Radiation Protection. Compounds were adminis- 
tered to groups of 10 mice a t  each dose level 30 rnin prior to 
whole-body irradiation with lo00 rads with a B°Co source. Female 
C57 B16 mice, 18-20 g, were used. Compounds were generally 
injected intraperitoneally in water or 10-20 % aqueous ethanol; 
in some cases Klucel or a Tween was also required. Animals 
surviving beyond 30 days were considered protected. 

NMR (CDClJ 6 2.37 (s, 3 H, SCHB), 2.80 (s, 3 H, SCHS), 4.65 (s, 
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A series of quinolyl carbanilates wm prepared and tested as antilipolytic agents. These compounds inhibited production 
of glycerol from rat adipocytes and inhibited liberation of free fatty acids from triolein by canine cardiac triglyceride 
lipases. An extensive structureactivity relationship study indicated that 8-quinolyl4-methoxycarbanilate (1) contained 
features necessary for maximum potency in vitro. Substituting a benzofuranyl group for the quinolyl group of 1 
provided the most interesting compound on the basis of both potency and structural novelty. 7-Benzofuranyl 
4-methoxycarbanilate (44) has ICW's of 16 and 0.3 pM in the myocardial lipase and rat adipocyte assays, respectively. 
In vivo, compound 44 was orally active as an inhibitor (97% a t  25 mg/kg) of lipolysis in the rat. 

There is much evidence that free fatty acid (FFA) has 
a detrimental effect on the ischemic heart by disrupting 
electrical condudion, decreasing myocardial efficiency, and 

preventing the transfer of ADP and ATP, in and out, 
respectively, of the mitochondria. It has been shown that 
interventions which depress myocardial FFA accumulation 
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produce a reduction in myocardial oxygen consumption 
(MV02) in animals2 and man3 and provide a protective 
effect against ischemic i n j ~ r y . ~ ~ ~  

Our objective was to discover new compounds capable 
of inhibiting lipolysis associated with ischemic heart dis- 
ease. Screens used to uncover antilipolytic activity in- 
cluded the myocardial lipase assaf and the rat adipocyte 
assay.' Reported herein are our findings on quinolyl 
carbanilates, a series of compounds active as antilipolytic 
agents. 

Our interest in quinolyl carbanilates evolved from a 
chemical lead discovered in our selective screening pro- 
gram. The commercially available 8-quinolyl2,5-dimeth- 
oxycarbanilate (27)8 was found active as an inhibitor of 
myocardial lipase and rat adipocyte lipolysis in vitro (see 
Table I). Although quinolines substituted in the 8-pos- 
ition with carbanilates are known as fungicides: pesti- 
cides,1° amebicides,ll and badericides,12J3 we could not f'iid 
any reference to quinolyl carbanilates as antilipolytic 
agents. Furthermore, we could not find any references to 
5-, 6-, or 7-quinolyl carbanilates or other benzoheterocyclic 

~ ~~ 

(1) Current address: Wveth Laboratories. P.O. Box 8299. Phila- 
delphia, PA 19101. 
Mjos, 0. D. J. Clin. Invest. 1971,50, 1869. 
Simonson, S.; Kjekshus, J. K. Circulation 1978, 58, 484. 
Kjekshus, J. K.; Mjos, 0. D. J. Clin. Invest. 1973, 52, 1770. 
Maroko, P. R.; Libby, P.; Sobel, B. E.; Bloor, C. M.; Sibers, H. 
D.; Shell, W. E.; Covell, J. W.; Braunwald, E. Circulation 1972, 
45, 1160. 
Sutherland, C. A.; Whyzmuzis, C. Fed. Proc., Fed. Am. SOC. 
Exp. Biol. 1981, 40, 336. 
Rodbell, M. J. Biol. Chem. 1964, 239, 375. 
Purchased from Aldrich Chemical Company. 
Karsein, K. S.; Karabinos, J. V. U.S. Patent 3 946 016, 1976; 
Chem. Abstr. 85, 46428d. 
Cibia Ltd. French Patent 1484 002, 1967; Chem. Abstr. 68, 
105017t. 
Nuesslein, L.; Muftic, M. S. African Patent 6706898, 1968; 
Chem. Abstr. 70, 68194s. 
Aries, R. French Patent 1510067, 1966; Chem. Abstr. 70, 
68196~. 
Hamama, M.; Urabe, S. Japan Patent 6 918 294,1964; Chem. 
Abstr. 71, 101730. 
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carbanilates, such as benzoxazoyl or benzofuranyl carba- 
nilates. 

Chemistry. The 5- through 8-quinolyl carbanilates (I) 
(Scheme I) were prepared by reacting the appropriate 
hydroxyquinoline with various substituted phenyl iso- 
cyanates. The procedure that gave the best results in- 
volved mixing the two reactants in ethyl ether with a 
catalytic amount of triethylamine and stirring at room 
temperature for several days. 

As a variation, phenyl esters of 8-quinoline carbamic acid 
were prepared as shown in Scheme II. Treatment of 
8-aminoquinoline with phosgene gave intermediate A. The 
IR spectrum for A clearly shows a carbamoyl chloride 
carbonyl absorption at  1800 cm-l, and no isocyanate ab- 
sorption was observed. Reaction of A with 2- or 4-meth- 
oxyphenol a t  room temperature with 1 equiv of triethyl- 
amine produced carbamates 11 or 12, respectively. N-(4- 
Methoxyphenyl)-N'-(8-quinolyl)urea (13) was prepared by 
reacting 8-aminoquinoline with 4-methoxyphenyl iso- 
cyanate. 

Other variations included the synthesis of 8-quinolyl 
4-methoxyacetanilide (36), 8-quinolyl4-methoxyphenyl- 
acetate (42), and 8-quinolyl 4-methoxybenzoate (43). 
Reaction of 8-hydroxyquinoline with chloro-4-methoxy- 
acetanilide (prepared from chloroacetyl chloride and 4- 
methoxyaniline), 4-methoxyphenylacetyl chloride, or 4- 
methoxybenzoyl chloride gave compounds 36, 42, or 43, 
respectively. 

The synthesis of benzofuranyl and the benzoxazoyl 
carbanilates was carried out as shown in Scheme 111. 
Reaction of 2-vanillin with ethyl chloroacetate followed by 
base-induced cyclization and hydrolysis gave 7-methoxy- 
benzofuran-2-carboxylic acid; copper-catalyzed decarbox- 
ylation and demethylation with pyridine hydrochloride 
then provided 7-hydroxybenzofuran (B). 4-Hydroxy- 
benzoxazole (C) was prepared by treating %amino- 
resorcinol with triethyl orthoformate. The benzo- 
heterocyclic alcohols B and C were reacted with 4-meth- 
oxyphenyl isocyanate to give carbanilates 44 and 45, re- 
spectively. 
Biological Results and Discussion 

A broad group of quinolyl carbanilates and their varia- 
tions were synthesized and tested as antilipolytic agents, 
and the results are summarized in Table I. The most 
potent inhibitors of lipolysis have the carbanilate group 
bonded to the 8-position of quinoline. This can be seen 
by comparing the compounds in group 1-4 and by com- 
paring the compounds in group 5-8. Reversing the car- 
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bamate function lowers potency (compare 1 with 11). 
Substituents on the phenyl portion of the carbanilate that 
have an electron-donating effect increase the potency of 
the parent molecule (compare 1 and 20 with 29), whereas 
the opposite is true for substituents that have an elec- 
tron-withdrawing effect (compare compounds 14 and 24 
with 29). Compounds with para-substituted electron-do- 
nating groups are more potent than the corresponding 
ortho-substituted compounds (see pairs 1,5 and 20,22). 

In contrast, substitution on the quinoline has little effect 
on antilipolytic activity of the quinolyl carbanilates (e.g., 
see series 29, 30, 33, and 35, and compare 1 with 31 and 
28 with 32). 

Insertion of a methylene between oxygen and carbonyl 
of the carbanilate produces an inactive compound (36), 
whereas insertion of a methylene or ethylene between 
nitrogen and phenyl gives active compounds (e.g., 37, 39, 
and 40); however, they are less potent than compound 1. 
Addition of a CH3CH group lowers potency, and the 
chirality of the CH8CH group has little effect on inhibiting 
lipolysis in that enantiomers 40 and 41 are equipotent. 
Substituting CH2 for NH of Y and eliminating NH of Y 
lower potency. 

Many of the quinolyl carbanilates shown in Table I 
exhibit activity in the myocardial lipase assay and the rat 
adipocyte assay. The most potent quinolyl carbanilates 
are compounds 1,26, and 31. From the structure-activity 
relationship it appears that an electron-donating group in 
the para position of the carbanilate is important for the 
expression of potent antilipolytic activity. Since ortho 
substituents are less active than the corresponding para 
substituents, a steric interaction may be implicated. Also 
important is the quinoline nitrogen vicinal to the carba- 
nilate function. 

To determine whether any other benzoheterocyclics 
substituted with 4-methoxycarbanilate vicinal to a het- 
eroatom would have potent antilipolytic activity, com- 
pounds 44 and 45 were synthesized. Although the benz- 
oxazoyl carbanilate 45 only shows modest activity (lipase 
and adipocyte ICM's are 79 and 2.4 wM, respectively), the 
benzofuranyl carbanilate 44 is equipotent (lipase and 
adipocyte ICW's are 16 and 0.3 pM, respectively) with 
quinolyl carbanilate 1. Since 44 is structurally more novel 
than 1, it was decided that 44 should be examined in vivo. 
The in vivo assay used was essentially the one reported 
to profile Acipimox.14 Oral administration of compound 
44 to rats inhibited lipolysis by 97% at 25 mg/kg. The 
complete antilipolytic profile of 44 will be reported else- 
where. 

Acipimox has good antilipolytic activity15 and is being 
developed as a blood lipid lowering agent for the treatment 
of atherosclerosis.16 It is included in Table I along with 
nicotinic acid for comparison purposes. Compound 44 is 
100-fold and 40-fold more potent than Acipimox and 
nicotinic acid, respectively, in the in vitro adipocyte lipo- 
lysis assay. Note, however, that Acipimox does not work 
by the inhibition of lipase since it does not block lipolysis 
promoted by either cyclic AMP or dibutyryl cyclic AMP.15 

A series of quinolyl carbanilates were examined for their 
ability to inhibit the production of glycerol from rat adi- 

(14) Lovisolo, P. P.; Briatico-Vangosa, G.; Orsini, G.; Ronchi, R.; 
Angelucci, R. Pharmacol. Res. Commun. 1981, 13, 163. 

(15) Fucella, L. M.; Goldangia, G.; Lovisolo, P.; Maggi, E.; Musatti, 
L.; Mandelli, V.; Sirtori, C. R. Clin. Pharmacol. Ther. 1980,28, 
790. 

(16) Sirtori, C. R.; Gianfranceschi, G.; Sirtori, M.; Bernini, F.; 
Descovich, G.; Montaguti, U.; Fucella, L. M.; Musatti, L. Ath- 
erosclerosis 1981, 38, 267. 
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pocytes and to inhibit the liberation of FFA from canine 
cardiac t i s s~e .~ ' J~  We have determined structural features 
for the quinolyl carbanilates that optimize inhibitory po- 
tency. This information was used to design the structurally 
novel 7-benzofuranyl4-methoxycarbanilate (44).19 Com- 
pound 44 is an orally active antilipolytic agent that has 
potential in the treatment of ischemic heart disease. 

Experimental Section 
Melting points were determined on a Thomas-Hoover apparatus 

and are uncorrected. Spectra were recorded for all compounds 
and were consistent with assigned structures. NMR spectra were 
recorded on a Varian EM-390 spectrometer. IR spectra were 
recorded on a Perkin-Elmer Model 298 spectrophotometer. All 
compounds, unless otherwise indicated, had elemental analyses 
within 0.4% of theoretical values. 

Typical Procedure for Scheme I. 8-Quinolyl 4-Meth- 
oxycarbanilate (1). To a suspension of &hydroxyquinoline (1.45 
g, 10.0 mmol) and 4-methoxyphenyl isocyanate (1.49 g, 10.0 mmol) 
in ethyl ether (100 mL) was added triethylamine (4 drops). The 
reaction was stirred for 2 days at room temperature. The resulting 
precipitate was filtered and crystallized from ethyl ether/acetone 
to  give 1.9 g (65% yield) of product, mp 129-130 "C. In a like 
manner as above using 5-,  6-, 7- ,  or 8-hydroxyquinoline and the 
appropriately substituted phenyl isocyanate the following com- 
pounds were prepared 2-8,10, 14,15,19,23,25,26,31, and 37-41 
(see Table I for percent yield and melting point). 

Typical Procedure for Scheme 11. 8-Quinolinecarbamoyl 
Chloride (A). A solution of 8-aminoquinoline (2.0 g, 13.9 mmol) 
in methylene chloride (10 mL) was added dropwise to  a 0 "C 
solution of 2.2 M phosgene in methylene chloride (7 mL, 15.4 
mmol). The resulting precipitate was filtered and dried, giving 
3.1 g (92% yield) of product. The dark solid thus obtained was 
unstable, and in practice it was immediately used in the next 
reaction. 
4-Methoxyphenyl8-Quinolylcarbamate (1 1). A suspension 

of intermediate A (5.7 g, 23.4 mmol) in dry THF (100 mL) was 
treated with triethylamine (7 mL, 50 mmol). 4-Methoxyphenol 
(3.5 g, 23.4 mmol) was then added, and the reaction was stirred 
overnight at room temperature. The solvent was removed in 
vacuo. The residue was dissolved in chloroform/l.O N sodium 
hydroxide and washed with 1.0 N sodium hydroxide (2X) and 
water; the organic phase was dried (MgS04) and concentrated , to a solid. The solid was dissolved in a 1:l mixture of ethyl acetate 
and acetone, treated with charcoal, and filtered through celite 
and silica gel. A crystalline solid formed, which was filtered and 
dried to  give 3.5 g (43% yield) of product, mp 128-129 "C. In 
a like manner, using intermediate A and 2-methoxyphenol, com- 
pound 12 was prepared, mp 133-136 "C. 
N-(4-Methoxyphenyl)-N'-(8-quinolyl)urea (13). A solution 

of 8-aminoquinoline (5.2 g, 36.1 mmol) and 2-methoxyphenyl 
isocyanate (5.4 g, 36.1 mmol) in ethyl ether (200 mL) was stirred 
at room temperature overnight. A precipitate formed, which was 
filtered and dried, giving a solid. The solid was crystallized from 
ethyl ether/acetone to give 4.7 g (42% yield) of product, mp 
159-163 "C. 

8-[ (4-Met hoxyphenyl)carbamoyl]quinoline-5-sulfonic 
Acid, Triethylamine Salt (34). A solution of 8-hydroxy- 
quinoline-5-sulfonic acid, triethylamine salt (1.9 g, 5.5 mmol) in 
DMF (25 mL) was treated with 4-methoxyphenyl isocyanate (0.82 
g, 5.5 mmol) and the mixture was stirred overnight at room 
temperature. The mixture was triturated with ethyl ether (3X), 
and a solid formed that was filtered, washed with ethyl ether, and 
dried to give 2.3 g (92% yield) of product, mp 138-141 "C. 

8-Quinolyl 4-Methoxyacetanilide (36). A mixture of a- 
chloro-4-methoxyacetanilide (5.0 g, 25.1 mmol) (prepared by 
treating Cmethoxyaniline with chloroacetyl chloride in THF with 
triethylamine), 8-hydroxyquinoline (3.6 g, 25.1 mmol), cesium 

Musser et al. 

(17) Musser, J. H.; Sutherland, C. A. U.S. Patent 4530931, 1985. 
(18) Musser, J. H.; Sutherland, C. A. U. S. Patent 4 547 509,1985. 
(19) Musser, J. H.; Sutherland, C. A. U.S. Patent 4579865, 1986. 
(20) Amin, D.; Whyzmuzis, C.; Sutherland, C. A. Fed. Proc., Fed. 

Am. SOC. Exp.  Biol. 1981,40,437. 

carbonate (16.2 g), cesium iodide (20 mg), and acetone (200 mL) 
was refluxed overnight. The reaction was filtered, and the solvent 
was removed in vacuo. The remaining oil was dissolved in 
methylene chloride, washed with 1.0 N sodium hydroxide and 
water, dried (MgSO,), and concentrated. The remaining oil was 
crystallized from methylene chloride to give 2.5 g (32% yield) of 
product, mp 125-128 "C. 
8-Quinolyl4-Methoxyphenylacetate (42). To a solution of 

8-hydroxyquinoline (3.9 g, 26.2 mmol) and triethylamine (2.6 g, 
26.2 mmol) in dry THF (300 mL) was added 4-methoxyphenyl- 
acetyl chloride. The solution was stirred for 2 days a t  room 
temperature. The reaction was filtered, and the solvent was 
removed in vacuo. The remaining solid was crystallized in ethyl 
ether to give 3.5 g (44% yield) of product, mp 82-84 "C. In a like 
manner, using 4-methoxybenzoyl chloride, compound 43 was 
prepared, mp 164-167 "C. 

Procedures for Scheme 111. 7-Methoxybenzofuran-2- 
carboxylic Acid. A mixture of 2-vanillin (42 g, 276 mmol), ethyl 
chloroacetate (45 g, 367 mmol), potassium carbonate (75 g), and 
DMF (500 mL) was heated at 80 "C for 4 h. The reaction was 
poured into ice and extracted with methylene chloride. The 
aqueous layer was separated and acidified with concentrated 
hydrochloric acid. A precipitate formed, which was filtered and 
dried, giving 27 g (51% yield) of solid, mp >200 "C. 

7-Methoxybenzofuran (B). To a solution of 7-methoxy- 
benzofuran-2-carboxylic acid (2.6 g, 13.5 mmol) in quinoline (10 
mL) was added finely ground copper metal (50 mg). The reaction 
was slowly heated until the evolution of gas was noted. After 
termination of gas evolution, the mixture was cooled and diluted 
with methylene chloride. The solution was washed with 5% 
aqueous hydrochloric acid (6X), dried (MgSO,), and concentrated 
to  give 1.8 g (90% yield) of oil. 

A mixture of 7-methyloxy- 
benzofuran (1.8 g, 12.2 mmol) and pyridine hydrochloride (4.6 
g, 40.0 mmol) was heated a t  200 "C for 2.5 h. The reaction was 
cooled and diluted with methylene chloride. The solution was 
washed with 5% aqueous hydrochloric acid (6X), dried (MgSO,), 
and concentrated to  give 0.8 g (50% yield) of oil. 

4-Hydroxybenzoxazole. A mixture of 2-aminoresorcinol(2.1 
g, 17.1 mmol), triethyl orthoformate (3.7 g, 25 mmol), and sulfuric 
acid (4 drops) was heated at 130 "C for 0.5 h. After cooling, a 
solid formed which was crystallized from ethyl acetate to give 1.4 
g (62% yield) of product. 
7-Benzofuranyl4-Methyloxycarbanilate (44). To a solution 

of 7-hydroxybenzofuran (0.7 g, 5.2 mmol) in ethyl ether (25 mL) 
and triethylamine (2 drops) was added 4-methoxyphenyl iso- 
cyanate (0.8 g, 5.2 mmol). The reaction was stirred a t  room 
temperature for 3 days. The resulting precipitate was filtered 
and dried to give 0.8 g (54% yield) of product, mp 157-159 "C. 
In the same manner as above, using 4-hydroxybenzoxazole, 4- 
benzoxazoyl4-methoxycarbanilate (45) was prepared, mp 161-162 
"C. 

Compounds 9, 16-18, 20-22, 24, 27-30, 32, 33, and 35 are 
commercially available.6 

Myocardial Lipase Assay: All compounds were dissolved 
in MezSO (final concentration 3.0%) and tested in duplicate at 
a concentration of 100 hM. Canine cardiac lipases were obtained 
by extracting washed heart membranes with buffer plus heparin 
and a small amount of Triton X-100 detergent. Because these 
enzymes are only active a t  an oil-water interface, the enzyme 
reaction is run in an oil-water emulsion that contains triolein 
substrate, Tris buffer (50 mM, pH 6.8), and a small amount of 
bovine serum albumin (0.5%) added to stabilize the emulsion. 
A small amount of tritiated triolein was added to the unlabeled 
triolein substrate. Tritium-labeled oleic acid released by the 
lipases was extracted into hexane, separated from unreacted 
triolein, and counted in a scintillation counter. Inhibitory agents 
reduce the amount of radioactivity appearing in the free fatty 
acid fraction isolated in the extraction procedure. 

Rat Adipocyte Assay.' Abdominal fat pads were removed 
from male rats weighing 200-250 g and placed in Krebs-bi- 
carbonate buffer gassed with 955  Oz/COz. The fat pads were 
digested with collagenase for 1 h a t  37 "C, washed twice with 
Krebs-bicarbonate buffer, and distributed among a set of 20-mL 
plastic counting vials. Two such vials received only buffer and 
cells (4 mL) but no agonists or antagonists. The remaining vials 

7-Hydroxybenzofuran (C). 
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received epinephrine (3 pM) plus the phosphodiesterase inhibitor 
methylisobutylxanthine (10 pM). Test compounds were dissolved 
in Me2S0 or water to  a Concentration of 20 mM, and 40 pL was 
added to  the buffer plus cells in the counting vials. The final 
compound concentration for routine screening was 200 pM (final 
concentration of Me2S0 = 1%). 

The cells were incubated for 1 h at 37 ‘C under a 955  02/C02 
atmosphere. The incubation was stopped by placing the vials 
in crushed ice. The cells and the medium were transferred to test 
tubes and centrifuged, and the cell layer was removed by aspi- 
ration. The aqueous phase was assayed for glycerol using the 
enzyme glycerol dehydrogenase. 

The glycerol dehydrogenase assay for glycerol depends on the 
enzyme-catalyzed conversion of glycerol to  glyceraldehyde and 
NAD to  NADH. The assay can detect as little as 5-10 nmol of 
glycerol. The aqueous phase, following removal of the cells, usually 
contained about 50-80 nmol of glycero1/300 WL of assayed samples 
if no inhibitory activity was present. Samples from the control 
tubes (no agonist) usually contained 0-5 nmol of glycero1/300 GL 
of sample. 

Registry No. 1, 20842-55-1; 2, 100926-71-4; 3, 100926-72-5; 
4, 100926-73-6; 5, 20842-55-1; 6, 100926-71-4; 7, 100926-72-5; 8, 
100926-76-9; 9, 59741-09-2; 10, 100926-77-0; 11, 99541-10-3; 12, 
99541-11-4; 13, 104531-64-8; 14, 59741-07-0; 15,100926-78-1; 16, 
14628-09-2; 17, 14628-08-1; 18, 14628-13-8; 19, 100926-79-2; 20, 

99541-00-1; 21, 99541-01-2; 22, 14577-73-2; 23, 100926-80-5; 24, 
14628-11-6; 25, 100926-81-6; 26, 59741-06-9; 27, 99541-02-3; 28, 
99541-03-4; 29, 6329-08-4; 30, 14577-80-1; 31, 20843-96-3; 32, 
99541-04-5; 33, 99541-05-6; 34, 99541-14-7; 35, 83685-83-0; 36, 
99541-15-8; 37, 99541-06-7; 38, 99541-07-8; 39, 100926-82-7; 40, 
99541-08-9; 41, 99541-09-0; 42, 104531-65-9; 43, 28507-33-7; 44, 
94242-00-9; 45, 94242-03-2; 4-MeOC6H4NC0, 5416-93-3; 2- 
MeOC6H4NC0, 700-87-8; 3-MeOC6H4NC0, 18908-07-1; 4- 
EtOCOCeH4NC0, 30806-83-8; %ClC,H,NCO, 3320-83-0; 2- 
CH,C6H,NCO, 614-68-6; 2-FSCCeHdNC0, 2285-12-3; 4- 

59-0; (S)-PhCH(CH,)NCO, 14649-03-7; (R)-PhCH(CH,)NCO, 
MeOC6H4CH2NC0, 56651-60-6; 4-MeOC6H4(CH2)2NC0, 52634- 

33375-06-3; 4-MeOC6H40H, 150-76-5; 2-MeOC6H40H, 90-05-1; 
4-C1CH2CONHC6H40Me, 22303-36-2; 4-MeOC6H4NH2, 104-94-9; 
C1CH2COC1, 79-04-9; 4-MeOC6H4CH2COC1, 4693-91-8; 4- 
MeOC6H4COC1, 100-07-2; 8-hydroxyquinoline, 148-24-3; 7- 
hydroxyquinoline, 580-20-1; 6-hydroxyquinoline, 580-16-5; 5- 
hydroxyquinoline, 578-67-6; 2,4-dimethoxyphenylisocyanate, 
33904-03-9; 8-hydroxy-2-methylquinoline, 826-81-3; &amino- 
quinoline, 578-66-5; phosgene, 75-44-5; 8-quinoline carbamoyl 
chloride, 99541-17-0; 8-hydroxyquinoline-5-sulfonic acid tri- 
ethylamine salt, 104531-67-1; 2-vanillin, 148-53-8; ethyl chloro- 
acetate, 105-39-5; 7-methoxybenzofuran-2-carboxylic acid, 4790- 
79-8; 7-methoxybenzofuran, 7168-85-6; 7-hydroxybenzofuran, 
4790-81-2; 2-aminoresorcinol, 3163-15-3; triethylorthoformate, 
122-51-0; 4-hydroxybenzoxazole, 89590-22-7. 

(52)-7-( 2,2-Dimet hyl-4-phenyl- 1,3-dioxan-cis -5-yl) heptenoic Acid: A Specific 
Thromboxane A2 Receptor Antagonist 

Andrew G. Brewster,* Peter W. R. Caulkett, and Reg Jessup 
ICI Pharmaceuticals Division, Alderley Park, Macclesfield, Cheshire, U.K. Received March 10, 1986 

(52)-7-(2,2-Dimethyl-4-phenyl-1,3-dioxan-cis-5-yl)heptenoic acid (2) was found to be a specific, competitive thromboxane 
A2 receptor antagonist that acts at platelet, vascular, and pulmonary receptors. No antagonism was detected a t  
receptors for prostacyclin, SRSA, norepinephrine, and serotonin. The synthesis of a series of analogues is described; 
activity a t  the thromboxane receptor was observed in cis-substituted compounds but not in their trans counterparts. 
Compound 2 inhibited the bronchoconstriction induced by a stable thromboxane mimetic in the anesthetized guinea 
Pig. 

The short-lived arachidonic acid metabolite thromb- 
oxane A? (TxA,, 1) has been shown to be a potent inducer 
of platelet aggregation2 and of vascular3 and pulmonary4 
smooth muscle contraction. The possibility that an ab- 
normal production of TxA2 may be involved in a number 
of disease processes is now well-recognized,5 and in recent 
years considerable effort has been devoted to the devel- 
opment of new therapeutic agents that have as their mode 
of action either the inhibition of the enzyme thromboxane 
synthase6 or the antagonism of TxA2 at the receptor level.’ 
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The latter approach is particularly attractive because it 
has been established that several prostanoids, including 
PGH2 and PGD2, exert an effect via the thromboxane 
receptor;s thus an agent that modifies TxA2 receptor 
binding could also inhibit the potentially deleterious effect 
of a variety of prostanoids in certain tissues, e.g., the lung. 
It follows that a thromboxane antagonist could be of value 
in the treatment of asthma. 

1 2 

In an attempt to design a thromboxane antagonist, we 
decided to retain certain structural features of TxA2, no- 

(7) (a) Jones, R. L.; Wilson, N. H. Br. J .  Pharmacol. 1981, 73, 
220-221P. (b) Coleman, R. A.; Collington, E. W.; Geisow H. 
P.; Hornby, E. J.; Humphrey, P. P. A.; Kennedy, I.; Levy, G. 
P.; Lumley, P.; McCabe, P. J.; Wallis, C. J. Br. J .  Pharmacol. 
1981, 72, 524-525P. (c) Harris, D. N.; Greenberg, R.; Phillips, 
M. B.; Michel, I. M.; Goldenberg, H. J.; Haslanger, M. F.; 
Steinbacher, T. E. Eur. J.  Pharmacol. 1984, 103, 9-18. (d) 
Carrier, R.; Cragoe, E. J.; Ethier, D.; Ford-Hutchinson, A. W.; 
Girard, Y.; Hall, R. A.; Hamel, P.; Rokach, J.; Share, N. N.; 
Stone, C. A.; Yusko, P. Br. J .  Pharmacol. 1984,82, 389-395. 

(8) Coleman, R. A.; Humphrey, P. P. A.; Kennedy, I.; Levy, G. P.; 
Lumley, P. Br. J .  Pharmacol. 1981, 73, 773-778. 

0 1986 American Chemical Society 


