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Synthesis of 2-Sulfanylidene-1,3-thiazolidin-4-one Derivatives
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Abstract—Three-component condensation of primary amines with carbon disulfide and dialkyl maleates
afforded the corresponding alkyl (3-R-4-oxo-2-sulfanylidene-1,3-thiazolidin-5-yl)acetates whose structure was
confirmed by independent synthesis and IR and "H NMR spectroscopy.
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Chemistry of heterocyclic compounds is an impor-
tant field of organic chemistry. Heterocycles of dif-
ferent nature constitute basic units of many natural and
synthetic biologically active compounds possessing
a broad spectrum of useful properties [1-6]. They play
a significant role in biology, agriculture, pharma-
ceutical industry, and other fields. Therefore, studies of
the synthesis of O,N,S-containing heterocyclic are
topical, promising, and undoubtedly interesting from
the theoretical and practical viewpoints.

In continuation of our previous research [7, 8], it
was interesting to study the three-component reaction
of carbon disulfide with dialkyl maleates and primary
aliphatic amines. As we found previously, this reaction
gives rise to heterocyclic compounds containing
a lactam moiety and a sulfur atom in the ring. It was
reasonable to presume that these heterocycles are
secondary products resulting from intramolecular
cyclization of the primary three-component adducts 4
(Scheme 1). 2-Sulfanylidene-1,3-thiazolidin-4-one
derivatives 5-8 were isolated as light yellow liquids
readily soluble in organic solvents and synthetic oils.
Their structure was confirmed by elemental analyses
and IR and 'H NMR spectra.

The described reaction may be expected to produce
both five- and six-membered heterocycle. When the
reaction was carried out at 20-80°C under atmospheric
pressure in the absence of a catalyst, no six-membered
heterocycle was formed. Presumably, the formation of
thiazolidine ring is more favorable under these con-
ditions. This is confirmed by the following. The reac-
tion of allyldithiocarbamate 9 with o)
ethyl chloroacetate (10) afforded
thiazolidine derivative 12, whereas OR'’
intermediate linear ester 11 could _N S
not be isolated, obviously due to its R \ﬂ/
fast cyclization (Scheme 2). The S
formation of 12 was confirmed by the IR data. It is
known that the carbonyl stretching frequency for
five-membered carbo- and heterocyclic compounds is
higher than those for the corresponding six-membered
rings [9].

The IR spectra of 5-8 showed strong carbonyl
stretching bands in the region 1763—1745 cm ™', as well
as bands at 1498-1457 and 1352-1335 cm ' due to the
thiolactam moiety. The IR spectrum of 12 displayed
absorption bands at 1757 (C=0), 1425, 1340 (NC=S),
and 3088 cm ' (=C—H). In the '"H NMR spectrum of 12
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we observed a doublet of the NCH, group at
0 4.47 ppm, a signal of the SCH, protons at
0 4.05 ppm, and a complex multiplet at 6 5.42 ppm
due to protons of the vinyl group.

Ester 14 is a fairly stable compound; it did not
undergo cyclization to six-membered heterocycle
(Scheme 3). The IR spectrum of 14 showed a strong
NH stretching band at about 3330 cm™'. Heating of 14
to 130°C and higher resulted in its decomposition into
allyl isothiocyanate (15) and ethyl 3-sulfanylpro-
panoate (16).

Interesting selectivity was observed in the reaction
of carbon disulfide with allylamine and mixed butyl
methyl maleate, which led to the formation of a mix-
ture of methyl and butyl esters 5d and 7d at a ratio of
34.5:65.5 (Scheme 4). The products were identified by
GC/MS and 'H NMR using authentic samples of 5d
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and 7d which were synthesized by reactions of carbon
disulfide with allylamine and dimethyl and dibutyl
maleates, respectively.

Thus, in the three-component reaction of carbon
disulfide with allylamine and butyl methyl maleate, the
dithiocarbamate residue adds preferentially to the
carbon atom nearest to the methoxycarbonyl group.
A probable reason is either steric factor which is
significant in the electrocyclic mechanism or some
difference in the electron-donor properties of the
methyl and butyl groups.

EXPERIMENTAL

The IR spectra were recorded on a Specord 75 IR
spectrometer. The '"H NMR spectra were measured on
a Varian T-60 spectrometer (60 MHz) using carbon
tetrachloride as solvent and tetramethylsilane as
internal standard.

The products were analyzed by GC/MS on
a Finnigan-4021 instrument (SE-54 quartz capillary
column, 30 mx0.25 mm, film thickness 0.25 pum;
sample volume 0.35 pL, split ratio 1:50; injector
temperature 260°C, oven temperature 200°C; electron
impact, 70 eV).

Initial sodium allylcarbamodithioate [10], butyl
methyl maleate [11], and ethyl 3-chloropropanoate
[12] were synthesized by known methods. Ethyl
chloroacetate (10) and dialkyl maleates 3a—-3d were
commercial products of analytical grade.

Compounds 5-8 (general procedure). Amine la—
1d, 0.4 mmol was slowly added to a mixture of
0.4 mmol of dialkyl maleate 3a—3d and 0.4 mmol
of carbon disulfide, and the mixture was stirred for
1.5-2 h at 70-80°C. After cooling, the mixture was

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 53 No. 12 2017



1862

washed with water, dried, and subjected to vacuum
distillation.

Methyl (3-ethyl-2-sulfanylidene-4-oxo0-1,3-thia-
zolidin-5-yl)acetate (5a). Yield 73.6 g (82%), mp 40—
42°C. "H NMR spectrum, 8, ppm: 1.00 t (3H, CH;, J =
9 Hz), 3.10 d (2H, 5-CH,, J = 6 Hz), 3.74 q (3H,
CH;0), 4.00 t (1H, 5-H, J=9 Hz), 4.50 q (2H, CH;N).
Found, %: C 41.28; H 4.60; N 6.04; S 27.34.
CgH;1NOsS,. Calculated, %: C 41.18; H 4.75; N 6.00;
S 27.49.

Methyl [4-0x0-3-(propan-2-yl)-2-sulfanylidene-
1,3-thiazolidin-5-yl]acetate (5b). Yield 79.1 g (80%),
mp 72.5-73.5°C. '"H NMR spectrum, &, ppm: 1.40 d
[6H, (CH;),CH, J = 9.5 Hz], 3.10d (2H, 5-CH,, J =
6 Hz), 3.73 s (3H, OCH3;), 4.00 t (1H, 5-H, J =9 Hz),
4.60 m (1H, NCH). Found, %: C 43.84; H 5.35;
N 5.70; S 25.70. CoH5NO5S,. Calculated, %: C 43.70;
H 5.30; N 5.66; S 25.93.

Methyl (4-oxo0-3-propyl-2-sulfanylidene-1,3-
thiazolidin-5-yl)acetate (5c¢). Yield 84.0 g (85%),
bp 167-168°C (0.5 mm), d5° = 1.2640, nd = 1.5675;
MR) = 63.96, caled. 63.74. "H NMR spectrum, 8, ppm:
0.97 t 3H, CH;, J = 9 Hz), 1.70 q (2H, CH;CH,),
3.10 d (2H, 5-CH,, J = 6 Hz), 3.75 s (3H, CH;0),
4.00 t (1H, 5-H, J = 9 Hz), 4.50 t (2H, NCH,, J =
9.5 Hz). Found, %: C 43.90; H 5.70; N 5.80; S 25.76.
CoH3NO5S,. Calculated, %: C 43.70; H 5.30; N 5.66;
S 25.93.

Methyl [4-0x0-3-(prop-2-en-1-yl)-2-sulfanyli-
dene-1,3-thiazolidin-5-yl]acetate (5d). Yield 73.5 g
(75%), bp 161-162°C (0.5 mm), d3’ = 1.2972, np =
1.5884; MR, 63.67, caled. 63.23. '"H NMR spectrum,
o, ppm: 3.20 d (2H, CH,C=0, J = 6 Hz), 3.9 t (2H,
CH,CO, J = 8.5 Hz), 4.00 t (1H, 5-H, J = 9 Hz),
4.75 m (2H, CH,N), 5.10 d (2H, CH,=, J = 11 Hz),
5.60 m (1H, CH=). Found, %: C 44.25; H 4.63;
N 5.78; S 26.00. CoH;;NO;S,. Calculated, %: C 44.06;
H4.52; N 5.71; S 26.14.

Ethyl [4-0x0-3-(propan-2-yl)-2-sulfanylidene-1,3-
thiazolidin-5-yl]acetate (6b). Yield 81.5 g (78%),
mp 60-61°C. '"H NMR spectrum, &, ppm: 1.10 t (3H,
CH;, J = 9 Hz), 1.40 d [6H, (CH;),CH, J = 9 Hz),
3.10 d (2H, 5-CH,, J = 6 Hz), 3.90 q (2H, OCH,),
4.00 t (1H, 5-H, J =9 Hz), 4.70 m (1H, NCH). Found,
%: C 46.18; H 5.81; N 5.31; S 24.33. C;(N;5NO;S..
Calculated, %: C 45.96; H 5.78; S 24.54; N 5.36.

Ethyl [4-0x0-3-(prop-2-en-1-yl)-2-sulfanylidene-
1,3-thiazolidin-5-yl]acetate (6d). Yield 78.8 g (76%),
bp 162-163°C (0.3 mm), d3° = 1.2440, nf = 1.5724;
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MR, 68.63, caled. 67.90. '"H NMR spectrum, 8, ppm:
1.05 t (3H, CH3, J =9 Hz), 3.10 d 2H, 5-CH,, J =
6 Hz), 3.90 q (2H, OCH,, J = 9 Hz), 4.00 t (1H, 5-H,
J=9Hz), 470 d (2H, NCH,, J = 9.5 Hz), 5.20 d (2H,
CHy,=, J = 10.5 Hz), 5.62 m (1H, CH=). Found, %:
C 4654, H 509, N 544, S 24.57. C10H13NO382. Cal-
culated, %: C 46.31; H 5.05; N 5.40; S 24.73.

Butyl [4-0x0-3-(prop-2-en-1-yl)-2-sulfanylidene-
1,3-thiazolidin-5-yl]acetate (7d). Yield 86.2 g (75%),
bp 180-181°C (0.3 mm), d5° = 1.1916, np = 1.5579;
MRy 77.73, caled. 77.15. '"H NMR spectrum, &, ppm:
0.90 t (3H, CH;, J =9 Hz), 1.20 m (4H, CH,), 3.00 d
(2H, 5-CH,, J = 6 Hz), 3.90 t 2H, OCH,, J =9 Hz),
420 t (1H, 5-H, J = 9 Hz), 4.65 d (2H, NCH,, J =
9 Hz), 5.30 d (2H, CH,=, J = 10 Hz), 5.65 m (1H,
CH=). Found, %: C 50.32; H 6.07; N 4.94; S 22.12.
C,H7NOsS,. Calculated, %: C 50.15; H 6.03; N 4.87;
S 22.12.

Hexyl [4-0x0-3-(prop-2-en-1-yl)-2-sulfanylidene-
1,3-thiazolidin-5-yl]acetate (8d). Yield 82.0 g (65%),
bp 196-197°C (0.3 mm), d,*° = 1.1467, np™® = 1.5455;
MR, 87.04, caled. 86.30. '"H NMR spectrum, &, ppm:
0.85 t (3H, CH;, J = 9 Hz), 1.20 m [6H, (CH,),],
3.00 d (2H, 5-CH,, J = 6 Hz), 3.90 t (2H, OCH,, J =
9 Hz), 4.20 t (1H, 5-CH, J=9 Hz), 4.70 d (2H, NCH,,
J =9 Hz), 530 d (2H, CH,=, J = 10 Hz), 5.70 m
(IH, CH=). Found, %: C 53.43; H 6.78; N 4.53;
S 20.22. C4H, NO;S,. Calculated, %: C 53.30;
H 6.71; N 4.44; S 20.33.

3-(Prop-2-en-1-yl)-2-sulfanylidene-1,3-thiazoli-
dine-4-one (12). A mixture of 49.04 (0.4 mmol) of
ethyl chloroacetate and 61.68 g (0.4 mmol) of sodium
allylcarbamodithioate in ethanol was stirred for 4 h at
60-65°C. The mixture was cooled, washed with water,
and extracted with benzene. The extract was dried over
anhydrous sodium sulfate, the solvent was distilled off,
and the residue was distilled under reduced pressure.
Yield 68.6 g (64%), bp 121°C (0.5 mm), d3° = 1.3085,
npy = 1.6010; MRp 47.76, caled. 63.23. '"H NMR spec-
trum, §, ppm: 4.05 s (2H, 5-H), 4.47 d (2H, NCH,, J =
8.5 Hz), 542 d (2H, CHy=, J = 10.5 Hz), 5.70 m
(1H, CH=). Found, %: C 41.78; H 4.10; N 8.14;
S 37.24. CgH;1NOsS,. Calculated, %: C 41.59; H 4.07;
N 8.08; S 37.01.

Ethyl 3-{[(prop-2-en-1-yl)carbamothioyl]sul-
fanyl}propionate (14) was synthesized in a similar
way. After cooling, the mixture was diluted with
100 mL of water and 80 mL of benzene. The benzene
extract was dried over anhydrous sodium sulfate and
evaporated, and the residue was distilled under reduced
pressure. Yield 88%, bp 129°C (0.5 mm), d3° = 1.1445,
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ny) = 1.5626; MRp 65.47, caled. 66.16. Found, %:
C 46.65; H 6.27; N 6.52; S 27.80. CoHsNO,S,. Cal-
culated, %: C 46.52; H 6.07; N 6.02; S 27.60.
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