Table IV—Antibacterial Activity of Ethyl N-Aryl-S-(triphenylstannyl)isothiocarbamates and Ethyl N-Phenyl-S-

tritylisothiocarbamate

. Bacillus subtillis® Escherichia coli

Micrococcus agilis Staphylococcus aureus

Compound 1% 10 100 1 10 100 1 10 100 1 10 100
Illa - + + - - + 2+ 2+ 2+ 2+ 2+ 2+
11k - + 2+ - - + 2+ 2+ 2+ 2+ 2+ 2+
1IIc - + 2+ - - + 2+ 2+ 2+ 2+ 2+ 2+
IIld - + 2+ - - + 2+ 2+ 2+ 2+ 2+ 2+
IIe - + 2+ -~ - + 2+ 2+ 2+ 2+ 2+ 2+
v - - - - - - - + 2+ - - +

_ @ Bacteria were obtained from the culture collection of the Department of Biological Sciences, St. John’s University. ? Indicates concentration of compounds employed
in micrograms per milliliter; — indicates no inhibition of growth, + indicates partial inhibition of growth, and 2+ indicates complete inhibition of growth.

and filtered to give 2.98 g (65%) of triethylammonium iodide, mp 173
175° [lit. (12) mp 181°].

The benzene was evaporated from the filtrate below 35°, and the
mixture was stirred with n-heptane and filtered to give 10.88 g (95%) of
Illc, mp 96-106°. Recrystallization from n-pentane gave 8.11 g (71%) of
Hlc, mp 95-98°. Further recrystallization from n-pentane did not change
the melting point.

The other compounds in Table I were prepared in a similar manner.

Ethyl N-Phenyl-S-tritylisothiocarbamate (IV)—A mixture of
trityl chloride (5.58 g, 0.02 mole), ethyl N-phenylthiocarbamate (13) (3.63
g, 0.02 mole), triethylamine (4.05 g, 0.04 mole), and acetonitrile (200 ml)
was stirred at 25° for 47 hr. The solvent was evaporated, the residue was
stirred with benzene (200 ml), and the mixture was filtered to give 2.69
g (98%) of triethylammonium chloride, mp 255° [lit. (12) mp 253-
254°],

The benzene was evaporated from the filtrate, the residue was stirred
with n-heptane (100 ml), and the mixture was cooled and filtered to give
7.82 g (92%) of IV, mp 126-135°. Recrystallization from r-pentane gave
4.82 g (57%) of IV, mp 133-137°; IR: 1626 s (C=N) cm~.

Anal.—Calc. for CogHasNOS: C, 79.40; H, 5.95; N, 3.31; S, 7.57. Found:
C,79.47; H, 6.05; N, 3.48; S, 7.44.

Biological Methods—The compounds were individually dissolved
in tetrahydrofuran except for I1ld, which was solubilized in benzene. The
preparation of sterile solutions of the compounds, the fungi employed,
the antimicrobial testing procedures, and the determination of growth
inhibition were reported previously (14).

The compounds also were investigated for antibacterial activity ac-
cording to the procedure reported earlier (14).
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Abstract O Alkyl esters (C1—Cy) of the four halofumaric acids were tested
for antifungal activity against Candida albicans, Aspergillus niger,
Mucor mucedo, and Trichophyton mentagrophytes at pH 5.6 and 7.0
in the absence and presence of 10% beef serum in Sabouraud dextrose
agar. The most toxic compound to each organism was: C. albicans, ethyl
iodofumarate (0.054 mmole/liter); A. niger, methyl bromofumarate (0.090
mmole/liter); M. mucedo, methyl fluorofumarate (0.037 mmole/liter);
and T. mentagrophytes, ethyl iodofumarate (0.020 mmole/liter). The

order of overall activity of the six most toxic compounds was: ethyl io-
dofumarate > ethyl chlorofumarate > methyl iodofumarate = methy!
bromofumarate > methyl chlorofumarate > ethyl bromofumarate.

Keyphrases 0 Halofumarate alkyl esters, various—antifungal activity
evaluated O Antifungal activity—various halofumarate alkyl esters
evaluated DO Structure-activity relationships—various halofumarate alkyl
esters evaluated for antifungal activity

Interest in developing agents for activity against infec-
tions due to opportunistic fungi in debilitated and im-
munosuppressed patients led to a search for potentially
useful classes of compounds (1-3). The fungi that are the
most frequent invaders include species of Candida, As-
pergillus, Mucor, and Cryptococcus (4).
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DISCUSSION

A previous study of the fungitoxicity of 2-bromo-3-fluorosuccinate
esters and related compounds indicated that a systematic examination
of the halofumarate esters would be worthwhile (5). Fluorofumaric (6),
chlorofumaric (7), bromofumaric (8), and iodofumaric (9) acids were
esterified by heating under reflux with methanol, ethanol, 1-propanol,



and 1-butanol, respectively, using thionyl chloride as the catalyst. Of the
16 esters prepared, the following were reported previously: methyl fluo-
rofumarate (5), ethyl fluoroethylenedicarboxylate (10), methyl chloro-
fumarate (8), ethyl chlorofumarate (8), n-propyl chlorofumarate (11),
n-butyl chlorofumarate (11), methyl bromofumarate (8), ethyl bromo-
fumarate (12}, n-butyl bromofumarate (12), and methyl iodofumarate
(9). Although n-propyl and n-butyl chlorofumarates appear in the lit-
erature (11), they were not adequately characterized, and the isomeric
form of ethyl fluoroethylenedicarboxylate was not established.

The data characterizing the halofumarate esters are contained in Table
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I. The purity of the esters was verified by GLC.

The compounds were tested against Candida albicans (ATCC 10231),
Aspergillus niger (ATCC 1004), Mucor mucedo (ATCC 7941), and Tri-
chophyton mentagrophytes (ATCC 9129) in Sabouraud dextrose agar!
at pH 5.6 and 7.0 in the absence and presence of 10% beef serum? ac-
cording to published methods (1, 13) (Table II). Because these com-
pounds are potential medicinal agents, the highest level tested was 100

1 Difco.
2 Miles Laboratories.
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