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NOTES 

Antifungal Agents. Some 3-Imino-5-alkylmer-
capto-l,2,4-dithiazole Salts 

BY ROBERT E. ALLEN, ROBERT S. SHELTON AND M. G. 
VAN CAMPEN, J R . 

RECEIVED SEPTEMBER 21, 1953 

During the course of study on the elucidation of 
the structure of gliotoxin, Gregory and Johnson1 

investigated compounds which were considered 
closely related in structure to several of the pro­
posed cyclic disulfide formulas of gliotoxin. One 
of the types of compounds chosen for a model was 
the 1,2,4-dithiazolidines. Several derivatives of the 
dithiazolidines were found to possess an interesting 
degree of antifungal activity. 

There are few examples in the literature of the 
preparation of cyclic disulfides of the dithiazolidine 
type. Among these are the synthesis of thiurets 
by the oxidation of dithiobiurets with iodine2 and 
3-thio-5-imino-l,2,4-dithiazolidine by treatment of 
trithioallophanic acid with concentrated sulfuric 
acid.3 

Several alkyl esters of trithioallophanic acid have 
been oxidized with the halogens or sulfuric acid and 
a new class of compounds has been obtained, the 
3-imino-5-alkylrnercapto-l,2,4-dithiazoles, in the 

(1) W. A. Gregory , P h . D . Thes is , Cornel l Univers i ty , 1947. 
(2) E . F r o m m , Ann., 275, 43 (1893). 
(3) A. Rosenhe im, R. Levy a n d H. G r u n b a u m , Ber., 42 , 2923 (1909). 

form of hydrohalide or sulfate salts. The reaction 
is believed to proceed as 

S S SH SH 
Il Ii _ ^ I l X2 

RSCNHCNH 2 ^ Z t R S - C C = X H — > 

S S 

R S - C C = X H - H X + HX 

^x/ 
AU derivatives generally exhibited a high degree 

of antifungal activity. It is interesting to note 
that the trithioallophanate esters possessed some 
antifungal activity, usually about half that of the 
corresponding dithiazole (Table I). Bacteriostasis 
on either the trithioallophanate esters or the dithia­
zole salts was negligible. 

Appreciation is extended to the members of the 
Department of Microbiology of The Wm. S. Mer-
rell Co. responsible for providing the bacteriologi­
cal assays and to Dr. J. L. Farmer for her able as­
sistance. 

Experimental 

Preparation of Trithioallophanate Esters.—All the tri­
thioallophanate esters were prepared according to the 
method described by Rosenheim.3 Fortunately, the prod­
ucts isolated from the reaction mixtures were sufficiently 
pure for synthetic use since attempted recrystallization of n-
propyl, isopropyl, M-butyl and allyl trithioallophanates 
led to partial decomposition of the compounds. 

TABLE I 

S S 

A. Trithioallophanate esters RSCXHCXH 2 

R 

C H , 6 

CsH1 ' ' 
K-CjH7 

J -C iH 7 ' 
H - C i H / 
H O C H 2 C H 2 

H O 2 C C H 2 C H ! 

M . p . , 0 C . 

163-164 d. 
169-170 d. 

132 
155-156 d. 
126-128 
124-125 
160-161 d. 

Yield, 

% 
7 5 - 8 1 

79 
11 

9-11 
51 
20 
51 

F o r m u l a 

CjHioNsSs 
C J H I O N 2 S 3 

C6H12N2S3 
C4H8ON2Sa 
CtHsO 2 N 2 S 2 

Ni t rogen , % 
Calcd . F o u n d 

14 .42 14 .18 
14 .42 14 .32 
13 .45 1 3 . 1 8 
14 .26 14 .42 
12 .49 12 .82 

Sulfur, % 
Calcd . F o u n d 

4 9 . 4 9 5 0 . 2 5 

4 9 . 0 0 4 8 . 9 5 
4 2 . 8 8 4 3 . 4 8 

Ant i fungal a c t i v i t y " 
C. K. 

Halogen , % clbi- fioc- M. T. 
-alcd. F o u n d cans cosum canis rubrum 

1 
32 
16 

10 
8 

128 
128 
32 

32 
04 

512 
64 
64 

IM 
250 

256 
10 
8 

32 
64 

S- -S 

B. 3-Alkylmercapto-5-imino-l,2,4-dithiazole salts" R S - C C = X H . A 

C H 3 

C H 1 

C H j 
C 2 Hj 
C 2 Hj 
K-CiH 7 

J-CiH7 

M-C1Hj 
U-C4Hi 
H O C H 2 C H 2 
Con t ro l " 
Gl io toxin 

H I 
H B r 
H 2 SO 4 

H I 
H B r 
H B r 
H B r 
H B r 
H C l 
H I 

157 
178 
169 

143-145 
162-106 

151 
160 

175-176 
156 

131-132 

100 
61 
64 
88 
63 
27 
62 
76 
68 
81 

CjH 4 N 2 Si -HI 
C i H 4 N 2 S r H B r 
C iH 4 H 2 SrH=SO 4 

C 4 H e N 2 S r H I 
C 4 H e N 2 S r H B r 
C j H 8 N 2 S r H B r 
C j H s N 2 S r H B r 
C 6 HiON 2 SrHBr 
C e H m N 2 S r H C l 
C 4 H e O N 2 S r H I 

9 .59 
1 1 . 4 3 
10 .68 

9 . 1 5 
10 .81 
10 .25 
10 .25 

9 . 7 5 
11 .54 

8 .70 

9 . 4 0 
11 .62 
1 1 . 1 0 

9 . ] 6 
11 .00 
10 .55 
10 .27 

9 . 9 0 
11 .78 

8 .86 

3 2 . 9 2 
3 9 . 2 3 
4 8 . 8 9 
3 1 . 4 1 
3 7 . 1 0 
3 5 . 2 0 
3 5 . 2 0 
3 3 . 4 8 
3 9 . 6 1 
2 9 . 8 5 

3 3 . 5 6 
3 9 . 5 1 
5 0 . 4 9 
3 2 . 7 9 
3 7 . 7 8 
3 5 . 2 3 
3 5 . 1 5 
3 2 . 6 0 
4 0 . 5 2 
2 9 . 7 4 

4 3 . 4 4 
32 . GO 
12 .22 
4 1 . 4 5 
3 0 . 8 3 
2 9 . 2 5 
2 9 . 2 5 
2 7 . 8 2 
14 .60 
3 9 . 3 9 

4] .80 
3 2 . 1 1 
1 2 . 1 1 7 

4 0 . 6 8 
31 .14 
30 . 16 
2 9 . 3 2 
3 0 . 0 3 
14 .87 
3 9 . 1 1 

10-32 
16 
16 
32 
:' 2 
16 
16 
Io 
32 
16 

64-1000 
100-200 

512 
32 
32 
64 
32 

1 2 •; 

32 
32 
32 
32 

250 

son 

512 
1024 

64 
250 
256 
128 
0 1 
64 
64 
Hi 

2 " 6 - ; , | 2 
200 

256 
128 
32 
32 
6 1 
16 
16 
32 
16 
4 

04-20(1 
250-500 

0 A yeast, C. albicans (2 days incubation), and representative fungi, E. floccosum, ^f, canis and 7". rubn'w. (14 days in­
cubation at 37°) were employed in serial dilution type test for fungistasis. The numbers indicate the mtr-itvum inhibiting 
dilution X 10s; e.g., 64 indicates an MID of 1:64,000. b Prepared by Rosenheim.3 c X'ot tested. "' Too insoluble to 
test. * All salts listed melted with decomposition. ' Sulfate sulfur. e 4-Methyl-5-methylimino-l,2,4-dithia7.otidone-.'>-oiie 
(Freund and Asbrand, Ann., 285, 166 (1895)). * Gliotoxin included for comparison of a natural fungistatic agent with the 
above synthetic compounds. 
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Oxidation of Trithioallophanate Esters. A. With Iodine. 
—While chilling a solution of 2.0 g. (0.012 mole) of methyl 
trithioallophanate in 50 ml. of absolute ethanol a solution 
of 3.1 g. (0.012 mole) of iodine in 100 ml. of ethanol was 
added with shaking over a 10-minute period. After stand­
ing at 0° for an hour, the yellow precipitate was filtered, 
washed with cold ethanol and dried in a vacuum desiccator. 
The /3-hydroxyethyl homolog was prepared in the same 
fashion, excess iodine being removed from the product with 
40-60° petroleum ether washes. The ethyl homolog was 
prepared by adding solid iodine to a solution of ethyl tri­
thioallophanate. The product was triturated three times 
with hot chloroform to remove excess iodine. 

B. With Bromine.—To a chilled suspension of 4.5 g. 
(0.027 mole) of methyl trithioallophanate in 100 ml. of 
chloroform was added with shaking a solution of 4.4 g. 
(0.027 mole) of bromine in 25 ml. of chloroform over a pe­
riod of 15 minutes. The dark yellow product was digested 
in hot ethanol which removed the dark color and left a pale 
yellow solid. The ethyl homolog was prepared in similar 
fashion; the reaction product was repeatedly triturated with 
hot chloroform to remove impurities. The isopropyl and 
rc-propyl derivatives were prepared as above. Being soluble 
in chloroform, they were precipitated as orange oils by the 
addition of 40-60° petroleum ether. Repeated extractions 
with petroleum ether gave yellow solids; the isopropyl de­
rivative was recrystallized from chloroform and 40-60° pe­
troleum ether, the ra-propyl derivative from ethanol. The 
jz-butyl homolog was prepared by the method used for the 
methyl derivative. 

C. With Chlorine.—The procedure for the oxidation of 
rc-butyl trithioallophanate with chlorine was the same as 
that for bromine oxidation except that carbon tetrachloride 
served as solvent. The lumpy yellow product was washed 
successively with dioxane, ethanol and 40-60° petroleum 
ether. 

D . With Sulfuric Acid.—A paste of 6 ml. of coned, sul­
furic acid and 2.0 g. (0.012 mole) of methyl trithioallophan­
ate was stirred five minutes, filtered through Dicalite and 
diluted with 30 ml. of water, 100 ml. of acetone and 400 ml. 
of ether. The volume of the aqueous layer was reduced 
two-thirds by repeated ether extractions, then acetone and 
ether were added to the remaining aqueous layer until solu­
tion was effected. Refrigeration produced pale yellow 
granular crystals. 
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Thiosemicarbazones of ^-Acetaminocinnamalde-
hyde and 0-2-Thienylacrolein 

B Y H. CECIL CALDWELL AND W. L E W I S NOBLES 

RECEIVED OCTOBER 1, 1953 

In pursuing a program dealing with the chemo­
therapy of tuberculosis, £-acetaminocinnamalde-
hyde and /3-2-thienylacrolein thiosemicarbazones 
have been prepared. The former is a vinylog of p-
acetaminobenzaldehyde thiosemicarbazone (Tibi-
one)1; a compound recognized as an effective tu­
berculostatic agent. Likewise, 2-thenaldehyde thio­
semicarbazone has been reported to have a high 
order of activity against the tubercle bacillus in vi­
tro.A3 A later report4 indicated that this com­
pound afforded weak protection to mice infected 
with tuberculosis. 

As the similarity in physical properties and chem­
ical reactivity of a compound and its vinylog is well 

(1) R. Behnisch, F. Mietzsch and H. Schmidt, Am. Rev. Tuberc, 61, 
1 (1950). 

(2) R. Donovick, et al., J. Bad., 59, 667 (1950). 
(3) F. E. Anderson, C. J. Duca and J. V. Scudi, T H I S JOURNAL, 73, 

4967 (1951). 
(4) C. J. Duca, M. V. Rothlauf and J. V. Scudi, Antibiotics and 

Chemotherapy, 2, 16 (1952). 

known,5 it would appear that this correlation might 
be extended to include physiological action. Con­
tinued investigations into the pharmacology of 
vinylogous substances appeared to be warranted on 
the basis of interesting results previously obtained.6 

The following points about the chemical work 
were observed: (1) In the preparation of ^-acet-
aminocinnamaldehyde, dilute alcohol was found to 
be a more convenient solvent for recrystallization 
than hot water which was used by previous work­
ers.7 (2) The addition of a small quantity of either 
hydrochloric or acetic acid facilitated the reaction 
of thiosemicarbazide with the aldehyde, so that it 
was complete in 20-30 minutes. This is in con­
trast to the 6-8 hours reported by others.3 

The compounds described in this paper have 
been submitted to Parke, Davis and Company for 
pharmacological evaluation. 

Acknowledgment.—The authors wish to express 
their thanks to the Research Corporation for the 
financial support of this work. 

Experimental8 

Intermediate Carbonyl Compounds.—/>-Acetaminocin-
namaldehyde was prepared according to the procedure of 
Russell, Todd and Waring,7 modifying the procedure only 
in regard to the solvent used in recrystallization as reported 
above. These authors did not report a yield; the crude 
yields obtained in the present work ranged from 15-20%. 

/3-2-Thienylacrolein was prepared according to the 
method of Keskin, Miller and Nord.9 

Thiosemicarbazones.—The thiosemicarbazones were pre­
pared by the general procedure as described by Nobles and 
Burckhalter,'0 using either hydrochloric or acetic acid to 
augment the reaction. Both of the products were recrys­
tallized from 50% ethanol. 

^-Acetaminocinnamaldehyde Thiosemicarbazone.—By 
the foregoing procedure, a 92% yield of light orange solid 
was obtained, m.p. 207°. Anal. Calcd. for C12H14ON4S: 
C, 54.94; H, 5.39. Found: C, 55.25; H, 5.54. 

/3-2-Thienylacrolein Thiosemicarbazone.—By the same 
general procedure, a 90% yield of orange solid was obtained, 
m.p. 102°. Anal. Calcd. for C8H9N3S2: C, 45.48; H, 
4.29. Found: C, 45.00; H, 4.47. 

(5) R. C. Fuson, Chem. Revs., 16, 1 (1935). 
(6) H. Gilman, et al, T H I S JOURNAL, 47, 245 (1925); 50, 437 

(1928); C. F. Bailey and S. M. McElvain, ibid., 52, 2007 (1930); 
M. Weizmann, et al., ibid., 71, 2315 (1949), R. O. Clinton, O. J. Salva­
dor and S. C. Laskowski, ibid., 71, 1300 (1949); J. H. Burckhalter and 
S. H. Johnson, ibid., 73, 4835 (1951). 

(7) P. B. Russell, A. R. Todd and W. S. Waring, Biochem. J., 45, 530 
(1949). 

(8) C and H analyses by Dr. G. Weiler, Oxford, England. 
(9) H. Keskin, R. E. Miller and F. F. Nord, J. Org. Chem., 16, 204 

(1951). 
(10) W. L. Nobles and J. H. Burckhalter, J. Am. Pharm. Assoc, 42, 

176 (1953). 
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Vinylidene Cyanide. IV. A Dienophile in the 
Diels-Alder Reaction1 

B Y S. J. AVERILL AND H. L. TRUMBULL 

RECEIVED SEPTEMBER 14, 1953 

When vinylidene cyanide (I) became available 
as a result of the synthetic methods described in 
the earlier papers of this series,2 it became of 

(1) Presented before the Division of Organic Chemistry of the Ameri­
can Chemical Society 124th Meeting, Chicago, 111., September, 1953. 

(2a) A. E. Ardis, et al., T H I S JOURNAL, 72, 1305 (1950); (b) A. E . 
Ardis, et al., ibid., 72, 3127 (1950). 


