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The reactions of 2-substituted 3-phenylpropenoyl isothiocyanates with
sodium hydrogen sulfide in methanol have been studied. 5-Substituted
6-phenyl-2-thioxo-tetrahydro-4#-l,3-thiazin-4-ones and methyl esters of
2-substituted 3-phenyl-3-(thiocarbamoylthio)propanoic acid were obtained
as the resulting products. Treatment of 1,3-thiazines with sodium hydroxide
in methanol brought about the ring opening under formation of methyl
esters. Methyl esters on treatment with sodium hydroxide in water recyclized
to 1,3-thiazines.
Изучены реакции замещенных в положении 2 3-фенилпропеноилизотиоцианатов с гидросульфидом натрия в метаноле. В качестве
продуктов были получены замещенные в положении 5 6-фенил-2-тиоксо-тетрагидро-4#-1,3-тиазин-4-оны и метиловые эфиры замещенной в
положении 2 3-фенил-3-(тиокарбамоилтио)пропионовой кислоты.
Действие на 1,3-тиазины гидроокиси натрия в метаноле приводило к
размыканию цикла с образованием метиловых эфиров. Метиловые
эфиры под действием гидроокиси натрия в воде снова циклизовались
в 1,3-тиазины.
There are several papers in the literature dealing with synthesis of 6-substituted 2-thioxo-tetrahydro-4#-l,3-thiazin-4-ones from «^unsaturated acyl
isothiocyanates [1—6]. 6-Phenyl-2-thioxo-tetrahydro-4#-l,3-thiazin-4-one was
obtained in an attempt to prepare 1,2,4-dithiazole by sulfurization of 3-phenyl
propenoyl isothiocyanate with P 2 S 5 in carbon disulfide [1]. In our previous
works we found that on treatment of «^unsaturated acyl isothiocyanates with
sodium hydrogen sulfide unstable sodium dithiocarbamates were formed which
on accepting a proton from water or diluted hydrochloric acid cyclized im
mediately to the respective 1,3-thiazines [2—5]. 1,3-Thiazines were synthesized in
high yields also from «^unsaturated acyl isothiocyanates and potassium JV-methyldithiocarbamate [6].
In the present work we focused our attention on the study of the reactions
of 2-substituted 3-phenylpropenoyl isothiocyanates with sodium hydrogen sulChcm. Papers 44 (1) 45
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fide, proceeding at reaction conditions different from those applied in the
previous works [2—5]. The difference was in that the respective isothiocyanates
{la—Ic) were dissolved in methanol and added slowly to methanolic solution of
sodium hydrogen sulfide. Monitoring of the reaction by thin-layer chromato
graphy revealed a mixture of two products, namely 5-substituted 6-phenyl-2-thioxo-tetrahydro-4#-l,3-thiazin-4-ones Ha—He and methyl esters of 2-substituted 3-phenyl-3-(thiocarbamoylthio)propanoic acid Ilia—IIIc (Scheme 1).
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In the case of isothiocyanates la and lb it was necessary to separate both
products on a silica gel column, while in the case of Ic 1,3-thiazine He was
obtained directly from the reaction mixture and methyl ester IIIc by addition of
water to supernatant until total precipitation. Formation of methyl esters
Ilia—IIIc from the respective thiazines can be explained as follows. The methoxide anion as the harder nucleophile attacks the formed electrophilic centre on
the carbonyl carbon of thiazine faster than the SH" nucleophile present in the
reaction mixture, while the С—N bond vanishes and the ring opens. To confirm
this assumption the respective thiazine was treated with sodium hydroxide in
methanol at room temperature (Scheme 1). The crystalline products were identi
cal with the compounds Ilia—Hie, as confirmed also by spectral measurements
(IR, 'H NMR). When the isothiocyanates were dissolved in acetone and metha46
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nolic solution of sodium hydrogen sulfide was added then exclusively thiazines
were formed.
We attempted further the cyclization of methyl esters Ilia—IIIc to thiazines
IIa—He. It was found that on treating the methyl esters with sodium hydroxide
in water and heating the reaction mixture at 60 °C ring closure took place at
simultaneous elimination of methanol (Scheme 1). The attempt to cyclize methyl
ester of 3-phenyl-3-(thiocarbamoylthio)propanoic acid (Ilia) in acetic anhy
dride at 120°C was unsuccessful. Instead of cyclization 7V-acylation proceeded
under formation of methyl ester of N-acetyl-3-phenyl-3-(thiocarbamoylthio)propanoic acid (IV).
The structures of the obtained compounds were proved by IR, 'H NMR, 13C
NMR, and mass spectra as well as by elemental analysis (see Experimental).
The infrared spectrum of derivative IV measured in chloroform showed only
one intensive absorption band in the region characteristic of absorption of
carbonyl groups (v= 1720cm"1). Consequently, there must have been two
bands overlapped. The spectrum measured in KBr displayed two absorption
bands at v= 1680 and 1723 cm - 1 , corresponding to amide and ester carbonyl
groups, respectively.
The cis configuration of derivatives lib and He was ascribed on the basis of
their 'H NMR spectra from the precisely measured values of VAB constants, i.e.
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4.5 Hz (lib) and 4.0 Hz (He). It is known that trans isomers of cyclic compounds
have higher vicinal coupling constants than cis isomers [7]. This statement is in
agreement with the work of Giordanno [8] who gives for ггяш:-2-рпепу1-5,6-dimethyl-dihydro-4//-1,3-thiazine the coupling constant J = 8.4 Hz and for the
cis isomer J = 3.3 Hz.
In the mass spectra of methyl esters of 2-substituted 3-phenyl-3-(thiocarbamoylthio)propanoic acid Ilia—IIIc there were present beside the molecular ion
also other fragmentation ions generated on splitting of the bonds a, b (Scheme
2), confirming their structures unambiguously.
The derivatives Ha—He were tested for pesticidal activity. The compounds
Ha and He did not show any herbicidal or antifungal activity, while the derivative
lib showed a weak antifungal activity on model organism of Alternaria species
in the in vitro screening. In the in vivo experiments on barley infected with
Erysiphe graminis strong phytotoxicity was observed after application of lib
into the soil.
Experimental
3-Phenylpropenoyl isothiocyanate (la) [9], (£>2-methyl-3-phenylpropenoyl isothiocyanate (lb), and (Z)-2,3-diphenylpropenoyl isothiocyanate (Ic) [3] were prepared according to the respective literature. Infrared absorption spectra were measured in
chloroform and in the case of the derivative IV also in KBr pellets with an IR 75 (Zeiss,
Jena) spectrophotometer. 'H NMR and 13C NMR spectra were measured in deuterochloroform with Tesla BS 487A (80MHz) and Tesla 567 (25.15MHz) spectrometers,
respectively, using tetramethylsilane as internal standard. Mass spectra of compounds
lib, He, and Ilia—IIIc were recorded with an MS 902S (AEI Manchester) spectrometer
at ionizing energy of 70 eV. The reaction course was monitored by thin-layer chromatography on Silufol plates (Kavalier, Votice).
Reaction of 2-substituted 3-phenylpropenoyl isothiocyanates
hydrogen sulfide

with sodium

Method A
Isothiocyanate (la, lb; 20mmol) dissolved in methanol (20cm3) was added dropwise
to methanolic solution (40 cm3) of sodium hydrogen sulfide (20 mmol) under continuous
stirring and cooling with cold water. The solution was stirred for another 15 min and then
water (200cm3) was added. The formed oil was extracted with chloroform. After drying
the extract with anhydrous magnesium sulfate, chloroform was evaporated and the
residue was separated on a silica gel column using benzene—acetone ((pT = 7:1) as eluent
to obtain thiazines Ha and lib and the respective esters Ilia and Illb which were
crystallized from a suitable solvent.
48
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6-Phenyl-2-thioxo-tetrahydro-4H-l,3-thiazin-4-one (Ha)
[2].
Yield = 56%,
m.p. = 138—140°C (tetrachloromethane). I3 C NMR spectrum, S/ppm: 38.97 (t, CH 2 ),
45.99 (d, CH), 167.75 (s, C = 0 ) , 199.48 (s, C=S).
eis-6-Phenyl-5-methyl-2-thioxo-tetrahydro-4H-l ,3'thiazin-4-one (lib) [3]. Yield =
= 52%, m.p. = 170—171 °C (tetrachloromethane). , 3 C NMR spectrum, č/ppm: 12.32
(q,CH 3 ),41.21 and 51.29 (d, d, CH), 170.29 (s, C = 0 ) , 199.10 (s, C=S). Mass spectrum,
m/z (IJ%): M + 237 (77), 146 (100), 118 (75).
Methyl
3-phenyl-3~(thiocarbamoylthio)propanoate
(Ilia).
Yield = 27 %,
m.p. = 122—123°C (tetrachloromethane). For C,,H l 3 N0 2 S 2 (Mr = 255.4) и-(са1с):
51.74% С, 5.13% H, 5.49% N; w^found): 51.90% C, 5.21% H, 5.72% N. IR
spectrum, v/cm -1 : 1330 v(C—O), 1580 v(NHCS), 1730 v(G=0), 3360 and 3480 v(NH2).
'H NMR spectrum, 5/ppm: 3.20 (m, CH 2 ), 3.64 (s, CH 3 ), 5.28 (m, CH), 7.38 (m, C 6 H S ).
l3
C NMR spectrum, S/ppm: 40.65 (t, CH 2 ), 50.58 (d, CH), 51.55 (q, CH 3 ), 170.62 (s,
C = 0 ) , 199.29 (s, C=S). Mass spectrum, m/z (/r/%): M + 255 (11), 196 (21), 164 (49).
Methyl 3-phenyl-2-methyl-3'(thiocarbamoylthio)propanoate (IHb). Yield = 22%,
m.p. = 88—89°C (tetrachloromethane). For C l 2 H l 5 N0 2 S 2 (Mr = 269.4) и-(са1с):
53.50% C, 5.61% H, 5.20% N; vv^found): 53.68% C, 5.69% H, 5.32% N. IR
spectrum, v/cm"1: 1340 v(C—O), 1575 v(NHCS), 1731 v(C=0), 3352 and 3468 v(NH2).
'H NMR spectrum, S/ppm: 1.34 (d, CH 3 ), 3.13 and 5.25 (m, d, VAB = 8.5 Hz, CH), 3.46
(s, OCH 3 ), 7.28 (m, C 6 H 5 ). I3 C NMR spectrum, S/ppm: 14.66 (q, CH 3 ), 44.41 and 55.04
(d, d, CH), 61.92 (q, OCH 3 ), 173.86 (s, C = 0 ) , 200.59 (s, C=S). Mass spectrum, m/z
(/r/%): M + 269 (12), 210 (100), 178 (100).
Method B
2,3-Diphenylpropenoyl isothiocyanate (Ic\ 20 mmol) was dissolved in methanol
(30 cm3) and added to methanolic solution (40 cm3) of sodium hydrogen sulfide
(20 mmol) under stirring and cooling with water. The yellow precipitate (He), formed
continuously, was sucked and crystallized. To supernatant water was added slowly at
stirring until complete precipitation of the white solid (IIIc) which was dried and
crystallized.
eis-5,6-Diphenyl-2-thioxo-tetrahydro-4H-l,3-thiazin-4-one (He) [3]. Yield = 47%,
m.p. = 213—214°C (ethanol). , 3 C NMR spectrum, S/ppm: 50.57 and 51.64 (d, d, CH),
168.25 (s, C = 0 ) , 199.83 (s, C=S). Mass spectrum, m/z (7r/%): M ' 299 (96), 207 (28),
180(62).
Methyl
2,3-diphenyl~3-(thioearbamoylthio)propanoate (Hie).
Yield = 24%,
m.p. = 191—192°C (benzene—tetrachloromethane, (pv = 1: 1). For C 1 7 H 1 7 NO : S 2
(Mr = 331.5) u'i(calc): 61.59 % C, 5.17 % H, 4.23 % N; iitffound): 61.72 % C, 5.27 % H,
1
4.33% N.I R spectrum, P/cm" : 1350 v(C—O), 1578v(NHCS), 1720 v(C=0), 3348 and
3464 v(NH2). 'H NMR spectrum, S/ppm: 3.35 (s, OCH 3 ), 4.18 and 5.71 (d, d,
•VAB = 12Hz, CH), 7.25 (m, QH 5 ). , 3 C NMR spectrum, S/ppm: 51.71 and 55.45 (d, d,
CH), 55.89 (q, OCH 3 ), 171.31 (s, C = 0 ) , 197.36 (s, C=S). Mass spectrum, m/z (IJ%):
W 331 (10), 274(6), 240(100).
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5-Substituted 6-phenyl-2-thioxo-tetrahydro-4H-l,3-thiazin-4-ones

Ha—líc

The ester (Hla—IIIc; 0.78 mmol) was added to sodium hydroxide (0.78 mmol) in
water and the mixture was heated to 60 °C. The formed crystals were sucked and the
respective thiazine (Ha—lie) was crystallized. Yield = 57 % (IIa), 50 % (IIb), and 48 %

Methyl ester of 2-substituted 3-phenyl-3- (thiocarbamoylthio ) propanoic
acid Illa—IIIc
Thiazine (Ha—He; 0.78 mmol) was dissolved in methanolic 1 M sodium hydroxide
(8 cm3) and the solution was allowed to stand at room temperature for 48 h. The formed
crystalline compound (Ilia—IIIc) was sucked, dried, and crystallized. Yield = 70 %
(Ilia), 50 % (Illb), and 54 % (IIIc).

Methyl ester of N-acety l-3-pheny 1-3-(thiocarbamoylthio) propanoic acid

(IV)

The ester (Ilia; 0.78 mmol) was dissolved in acetic anhydride (1.5 cm3) and heated at
120°C for 3h. Acetic anhydride was evaporated and the solid residue was crystallized
from tetrachloromethane. Yield = 61 %, m.p. = 113—116°C. For C I 3 H 1 5 N0 3 S 2
(MT = 291 A) u'i(calc): 52.50 % C, 5.08 % H, 4.71 % N; Wj(found): 52.63 % C, 5.17 % H,
4.84% N. IR spectrum (CHC13), v/cm"1: 1355 v(C—O), 1720 v ( C = 0 ) , 3778 v(NH). IR
spectrum (KBr), P/cm'1: 1359 v(C—O), 1535 v(NHCS), 1680 and 1723 v ( C = 0 ) . ! H
NMR spectrum, J/ppm: 2.11 (s, CH 3 ), 3.15 (m, CH 2 ), 3.58 (s, OCH3), 5.48 (m, CH), 7.30
(m, QH 5 ), 9.68 (s, NH).
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