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Abstract An efficient synthesis of 2-thioxo-1,3-thia-
zolanes is described via reaction of carbon disulfide,
ethyl bromopyruvate, and primary amines.
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Introduction

During the last few decades, a central objective in
synthetic organic chemistry has been to develop ef-
ficient syntheses of biologically active compounds
with potential application in the pharmaceutical or
agrochemical industries. In this context, the solvent-
free approach is simple with amazing versatility.
The reactions occur under mild conditions and
usually require easier work-up procedures and sim-
pler equipment. Moreover, it may allow access to
compounds that require harsh reaction conditions
under traditional approaches or when the yields
are too low to be of practical convenience [1-3].
Dithiocarbamates have received considerable atten-
tion due to their numerous biological activities [4—7]
and their pivotal role in agriculture [8—10], and as
linkers in solid-phase organic synthesis [11-13].
Dithiocarbamates are also widely used in medicinal
chemistry and have found application in the treat-
ment of cancer [14, 15].
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Therefore, synthesis of these compounds received
considerable attention. General methods for their
synthesis involve the reaction of an amine with cost-
ly and toxic reagents, such as thiophosgene or iso-
thiocyanate [16]. As part of our current studies on
the development of new routes in heterocyclic syn-
thesis [17-20], we describe an efficient procedure
for the direct synthesis of functionalized cyclic thio-
carbamates from the reaction of CS, and ethyl bro-
mopyruvate (2) in the presence of primary amines 1
at room temperature (Scheme 1).

Results and discussion

The reaction of 1 with 2 in the presence of CS,
led to 2-thioxo-1,3-thiazolanes 3 in 80-90% yields
(Scheme 1). Structures of compounds 3a—3i were
assigned by IR, "H NMR, "*C NMR, and mass spec-
tral data. Because of the presence of an estereogenic
center in these molecules, the hydrogen atoms of the
CH, and OCH, groups are diastereotopic. Thus,
the "H NMR spectra of 3a—3i exhibited characteris-
tic multiplets for CH, and OCH, moieties. The car-
bonyl and thiocarbonyl resonances in the '*C NMR
spectra of 3a—3i appear at about 170 (C=0) and 198
(C=S) ppm. The mass spectra of these compounds
displayed the molecular ion peak at appropriate m/z
values.

A tentative mechanism for this transformation is
proposed in Scheme 2. It is conceivable that the
initial event is the formation of the 1:1 adducts 4
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from CS, and amine 1, which are subsequently
attacked by ethyl bromopyruvate to produce 5.
Intermediate S undergoes HBr elimination and cycli-
zation reaction to generate 3.

In conclusion, the reaction of primary alkyl amines
with CS, in the presence of ethyl bromopyruvate led
to 2-thioxo-1,3-thiazolanes in excellent yields. The
present procedure has the advantage that the reaction
is performed under neutral conditions, and the start-
ing material can be used without any activation or
modification.

Experimental

Compounds 1, 2, and CS, were obtained from Fluka and
used without further purification. Mp Electrothermal-9100 ap-
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paratus. TR Spectra: Shimadzu IR-460 spectrometer; in cm ™.

'H and "*C NMR Spectra: Bruker DRX-500-Avance instru-
ment; in CDCl; at 500.1 and 125.7 MHz; 6 in ppm, J in Hz.
EI-MS (70eV): Finnigan MAT-8430 mass spectrometer; m/z.
Elemental analyses (C, H, and N): Heraeus CHN-O-Rapid
analyzer; the results were in good agreement with the calcu-
lated values.

General procedure for the preparation of compounds 3
Primary amine 1 (2mmol) was added to a mixture of
0.76 g CS, (10mmol) and 0.39g ethyl bromopyruvate 2
(2mmol) at rt. The reaction mixture was then stirred for
12 h. The product was separated by column chromatogra-
phy (SiO,; n-hexane/AcOEtr 10/1) to afford the pure title
compounds.

Ethyl 3-butyl-4-hydroxy-2-thioxo-1,3-thiazolane-4-
carboxylate (3a, CoH[7NO5S,)

Pale yellow powder, mp 125-127°C, yield 0.45g (86%);
IR (KBr): 7 =3224, 1738, 1614, 1531, 1430, 1334, 1194,
1157cm™!; EI-MS: m/z (%) =263 (M™, 5), 115 (85), 148
(56), 147 (32), 57 (100), 45 (48); 'H NMR: 6 =0.89 (3H, t,
3J=7.4Hz, Me), 1.23-1.29 (2H, m, CH,), 1.32 (3H, ¢,
3J=7.2Hz, Me), 1.47-1.50 (1H, m, CH), 1.63-1.66 (1H,
m, CH), 3.33 (1H, d, 2J = 12.0Hz, CH), 3.36-3.42 (1H, m,
CH), 3.58-3.66 (1H, m, CH), 3.67 (1H, d, >J=12.0Hz,
CH), 4.15-4.37 (2H, m, OCH,), 5.75 (1H, s, OH) ppm;
BC NMR: §=13.4 (Me), 13.8 (Me), 20.0 (CH,), 29.2
(CH,), 37.8 (CH,), 46.1 (CH,), 64.2 (OCH,), 95.9 (C),
169.6 (C=0), 196.8 (C=S) ppm.

Ethyl 3-(2-hydroxyethyl)-4-hydroxy-2-thioxo-1,3-thiazolane-
4-carboxylate (3b, CgH3NO,4S,)

Pale yellow powder, mp 116-118°C, yield 0.43g (86%);
IR (KBr): v=3192, 1740, 1588, 1489, 1439, 1354, 1185,
1200cm™!; EI-MS: m/z (%) =251 (M™, 15), 149 (86), 135
(64), 103 (65), 73 (95),45 (100); '"HNMR: ¢ = 1.36 3H, t, *J =
7.2Hz, Me),3.33 (1H, d, *J = 11.0Hz, CH), 3.69-3.74 (2H, m,
NCH,), 3.79 (1H, d, 2J=11.0Hz, CH), 3.94-3.99 (1H, m,
CH), 4.25-4.30 (1H, m, CH), 4.32-4.36 (2H, m, OCH), 4.56
(1H, s, OH), 4.67 (1H, t, >J=5.3Hz, OH) ppm; °C NMR:
6=14.0 (Me), 38.2 (CH,), 48.9 (CH,), 59.2 (OCH,), 63.6
(OCH,), 96.4 (C), 168.6 (C=0), 198.5 (C=S) ppm.

Ethyl 3-benzyl-4-hydroxy-2-thioxo-1,3-thiazolane-4-
carboxylate (3¢, C;3H;sNO3S,)

Colorless crystals, mp 120-122°C, yield 0.53g (90%);
IR (KBr): v=3200, 1747, 1591, 1483, 1431, 1342, 1204,
1151em™!; EI-MS: m/z (%) =297 (M™, 38), 181 (40), 149
(78), 148 (94), 91 (100), 77 (46), 45 (68); "H NMR: § = 1.00
(3H,t,J=7.2Hz, Me), 3.33 (1H, d, J = 12.0 Hz, CH), 3.31-
3.38 (1H, m, CH), 3.70 (1H, d, °J = 12.0Hz, CH), 3.86-3.92
(1H, m, CH), 441 (1H, d, 2J=154Hz, CH), 497 (1H, s,
OH), 5.46 (1H, d, *J=12.0Hz, CH), 7.23-7.26 (3H, m,
3CH), 7.31 (2H, d, *J=7.5Hz, 2CH) ppm; '*C NMR:
6=13.5 (Me), 37.9 (CH,), 48.3 (CH,), 64.2 (OCH,), 94.8
(C), 127.9 (CH), 128.3 (2CH), 128.7 (2CH), 135.1 (C),
169.5 (C=0), 198.8 (C=S) ppm.
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Ethyl 3-(2-chlorobenzyl)-4-hydroxy-2-thioxo-1,3-thiazolane-
4-carboxylate (3d, C3H4CINO3S,)

Pale yellow powder, mp 163-165°C, yield 0.49 g (75%); IR
(KBr): »=3215, 1738, 1489, 1471, 1429, 1340, 1395,
1145cm™"'; EI-MS: m/z (%) =331 (M*, 15), 182 (75), 149
(56), 125 (64), 112 (45), (84); 'H NMR: 6=1.12 3H, t,
3J=72Hz, Me), 3.42 (1H, d, >J=12.1Hz, CH), 3.64-3.71
(1H, m, CH), 3.81 (1H, d, 2/=12.1Hz, CH), 3.96-4.05 (1H,
m, CH), 490 (1H, d, 2J=16.4Hz, CH), 5.04 (1H, s, OH),
521 (1H, d, %/ = 16.4Hz, CH), 7.19 (2H, t, >J = 7.6 Hz, 2CH),
732 (14, d, *J=75Hz, CH), 7.38 (14, d, *J=7.6Hz,
CH) ppm; C NMR: 6§=13.5 (Me), 37.8 (CH,), 45.6
(CH,), 64.2 (OCH,), 95.2 (C), 126.5 (CH), 128.7 (CH), 129.2
(CH), 129.3 (CH), 132.3 (C), 132.7 (C), 169.0 (C=0), 198.9
(C=S) ppm.

Ethyl 3-(4-methylbenzyl)-4-hydroxy-2-thioxo- 1,3-thiazolane-
4-carboxylate (3e, C4H7NO5S,)

Pale yellow powder, mp 129-131°C, yield 0.53 g (85%); IR
(KBr): v=3195, 1741, 1590, 1481, 1433, 1345, 1200,
1150cm™!; EI-MS: m/z (%) =311 (M*, 15); 162 (85), 149
(45), 105 (100), 91 (44), 45 (68); '"H NMR: 6§ =1.05 (3H, t,
*J=7.2Hz, Me), 2.31 (3H, s, Me), 3.35 (1H, d, °J = 12.0 Hz,
CH), 3.43-3.46 (1H, m, CH), 3.70 (1H, d, >/ = 12.0 Hz, CH),
3.93-3.97 (1H, m, CH), 445 (1H, d, >J=15.2Hz, CH), 4.94
(1H, s, OH), 542 (1H, d, 2J=15.2Hz, CH), 7.08 (2H, d,
J=8.1Hz, 2CH), 7.23 (2H, d, *J=8.1 Hz, 2CH) ppm; °C
NMR: § =13.9 (Me), 21.0 (Me), 37.8 (CH,), 48.1 (CH,), 64.1
(OCH,), 94.7 (C), 128.7 (2CH), 128.9 (2CH), 132.0 (C), 137.6
(0), 169.6 (C=0), 198.6 (C=S) ppm.

Ethyl 3-(4-chlorobenzyl)-4-hydroxy-2-thioxo-1,3-thiazolane-
4-carboxylate (3f, C13H4CINO5S,)

Pale yellow crystals, mp 153-155°C, yield 0.56g (85%);
IR (KBr): »=3220, 1745, 1589, 1480, 1430, 1339, 1201,
1152cm™"; EL-MS: m/z (%) =331 (M*, 10), 182 (85), 149
(57), 125 (100), 111 (85), 45 (62); 'H NMR: 6 =1.08 (3H, t,
3J=72Hz, Me), 3.37 (1H, d, >J=12.0Hz, CH), 3.51-3.58
(H, m, CH), 3.72 (1H, d, >J=12.0Hz, CH), 3.97-4.04 (1H,
m, CH), 447 (1H, d, 2J=15.5Hz, CH), 493 (1H, s, OH),
535 (1H, d, 2J=15.5Hz, CH), 7.23 (2H, d, *J=7.8Hz,
2CH), 7.29 (2H, d, *J=7.8Hz, 2CH) ppm; '*C NMR:
8=13.5 (Me), 37.9 (CH,), 47.6 (CH,), 64.3 (OCH,), 94.7
(C), 128.3 (2CH), 129.9 (2CH), 133.7 (C), 133.8 (C), 169.5
(C=0), 198.8 (C=S) ppm.

Ethyl 3-(4-methoxybenzyl)-4-hydroxy-2-thioxo-1,3-
thiazolane-4-carboxylate (3g, C14H7NO,4S,)

Pale yellow powder, mp 150-152°C, yield 0.52g (80%);
IR (KBr): 7=3219, 1744, 1584, 1475, 1395, 1335, 1198,
1149cm™!; BI-MS: m/z (%) =327 (M*, 5), 178 (85), 149
(66), 121 (64), 107 (85), 45 (62); '"H NMR: 6§ =1.05 (3H, t,
3J=172Hz, Me), 331 (IH, d, 2J=12.0Hz, CH), 3.46-3.49
(1H, m, CH), 3.67 (1H, d, 2J=12.0Hz, CH), 3.76 (3H, s,
MeO), 3.94-3.97 (1H, m, CH), 441 (1H, d, 2J=152Hz,
CH), 4.98 (1H, s, OH), 5.39 (IH, d, 2J=15.4Hz, CH),
6.81 (2H, d, *J=8.2Hz, 2CH), 7.27 (2H, d, *J=8.2Hz,
2CH) ppm; ">C NMR: §=13.5 (Me), 37.9 (CH,), 47.8
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(CH,), 55.3 (MeO), 64.2 (OCH,), 94.8 (C), 113.7 (2CH),
127.2 (C), 130.1 (2CH), 159.3 (C), 169.6 (C=0), 198.5
(C=S) ppm.

Ethyl 3-(1-naphthylmethyl)-4-hydroxy-2-thioxo-1,3-
thiazolane-4-carboxylate (3h, C7H7NOs3S,)

Pale yellow powder, mp 124-126°C, yield 0.60g (87%);
IR (KBr): #=3214, 1720, 1601, 1512, 1410, 1340, 1225,
1100cm™"; EL-MS: m/z (%) =347 (M*, 10), 206 (54), 199
(58), 141 (100), 127 (48), 45 (84); 'H NMR: 6 =1.12 (3H, t,
3J=172Hz, Me), 345 (1H, d, ’J=11.9Hz, CH), 3.56-3.64
(1H, m, CH), 3.80 (1H, d, 2/ = 11.9Hz, CH), 3.94-4.00 (1H,
m, CH), 5.01 (1H, d, 2J=15.2Hz, CH), 5.89 (1H, s, OH),
5.27 (1H, d, 2J = 15.2 Hz, CH), 6.68 (1H, t, °J = 7.2 Hz, CH),
7.36 (1H, t, °J=7.5Hz, CH), 7.56 (1H, t, °*J=7.6Hz, CH),
7.60 (1H, t, °*J=7.5Hz, CH), 7.75 (1H, d, °J=7.6Hz, CH),
7.88 (1H, d, *J=7.6Hz, CH), 8.07 (1H, t, >J=7.5Hz, CH)
ppm; °C NMR: § = 13.8 (Me), 35.4 (CH,), 49.3 (CH,), 64.2
(OCH,), 94.8 (C), 121.6 (CH), 122.5 (CH), 125.2 (CH), 125.9
(CH), 126.3 (C), 126.4 (CH), 127.7 (CH), 128.8 (CH), 133.7
(C), 134.0 (C), 169.2 (C=0), 197.1 (C=S) ppm.

Ethyl 3-phenyl-4-hydroxy-2-thioxo-1,3-thiazolane-4-
carboxylate (3i, C1,H3NO3S,)

Pale yellow powder, mp 134-136°C, yield 0.58 g (83%); IR
(KBr): v=3196, 1734, 1620, 1524, 1500, 1314, 1162,
1104cm™!; EI-MS: m/z (%) =283 (M*, 5), 206 (65), 135
(86), 148 (66), 77 (100), 45 (84); 'H NMR: §=1.30 (3H, t,
3J=7.2Hz, Me), 4.18-4.29 (2H, m, OCH,), 4.31 (1H, d,
2J=11.5Hz, CH), 441 (1H, d, ’/=11.5Hz, CH), 6.81
(2H, t, 3J=8.2Hz, 2CH), 7.00 (1H, s, OH), 7.18 (1H, t,
3J=8.2Hz, CH), 7.45 (2H, d, >J =8.2Hz, 2CH) ppm; '*C
NMR: 6 =14.2 (Me), 35.6 (CH,), 61.6 (OCH,), 92.4 (C),
115.3 (2CH), 119.1 (CH), 128.9 (2CH), 145.8 (C), 166.8
(C=0), 197.8 (C=S) ppm.
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