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Abstract-A series of 2-X-4-tosyl-5-chloro-1,3-thiazoles (X = OH, OAlk, SH, SAlk, NH2, NHAlk, NAlk2,
NHAr, etc.) were prepared from accessible 1-tosyl-2,2-dichloroethenyl isothiocyanate. Only some of these
compounds containing a moderately labile hydrogen atom peculiarly react with thiophenols in the presence of
triethylamine to give 4,5-di(arylthio)-2-(hydroxy- or arylamino)-1,3-thiazoles, which are difficult to prepare
by other routes. It is quite possible that, in the course of nucleophilic substitution of the chlorine atom and
tosyl residue by the corresponding arylthio groups, a significant role is played by nonaromatic tautomeric
forms of functionally 2-substituted 1,3-thiazoles formed by proton transfer to positions 3 and 5 of the hetero-
ring.

We have shown recently that the accessible poly-
centered electrophilic agent, 1-tosyl-2,2-dichloroeth-
enyl isothiocyanate I, is an indispensable synthetic
precursor of a number of 4-tosyl-5-chloro-1,3-thiazole
derivatives containing various functional groups in
position 2 (compounds II3V in Scheme 1). A syste-
matic study of the lability of chlorine and tosyl group
in these compounds with respect to substitution by
arylthiolate ions suggested the possibility of formation
of eight types of 4,5-dimercapto-1,3-thiazole deriva-
tives, VI3XIII; however, only five of them (VII, VIII,
and X3XII) were actually prepared. It should be pri-
marily noted that, among diverse 2-amino-4-tosyl-5-
chloro-1,3-thiazole derivatives II, only some of com-
pounds containing aryl residues at the exocyclic nitro-
gen atom readily react with thiophenols on heating in
ethanol in the presence of triethylamine. The regio-
selective transformation II 6 VI could be performed
in none of the cases, as at the equimolar ratio of the
reactants only 2-arylamino-4,5-di(arylthio)-1,3-thia-
zoles X were obtained, though in a low yield. Similar
results were obtained with 2-hydroxy-4-tosyl-5-chlo-
ro-1,3-thiazole for which the 3H-thiazolone tautomer
III is major. Its reaction with thiophenols in the pres-
ence of triethylamine at the reactant molar ratios of
1 : 1 : 1 and 1 : 2 : 2 yielded exclusively compounds
VII. It is interesting that compound IV, which is the
N-methyl analog of III, reacts with thiophenols differ-
ently. Even with an excess of thiophenols, only the
chlorine atom is substituted, and the tosyl group is not
involved (cf. transformations III 6 VII and IV 6

VIII).

The structure of VII and VIII is confirmed by the
1H NMR spectra (Table 1) and by the transformations
VIIa 6 XIa 6 XII and IV 6 VIIIa 6 XII, which
led to the same product, 3-methyl-4,5-ditosyl-1,3-thi-
azol-2(3H)-one (Scheme 1).

It should be noted that, in contrast to III, its thione
analog V does not react under mild conditions with
arylthiolate anions and is therefore unsuitable for
preparing 2,4,5-trimercapto-1,3-thiazole derivatives
IX and XIII.

Thus, the applicability of the new route to 4,5-di-
mercapto-1,3-thiazole derivatives is apparently limited
owing to specific features of nucleophilic substitution
of readily leaving groups at the C4 and C5 centers
of the thiazole ring. To interpret these features, it is
useful to consider not only the aromatic tautomer A1

of the starting compounds but also their nonaromatic
forms B1 and C1 (Scheme 2).

The nucleophilic substitution of chlorine at the C5

center can hardly occur by the A1
6 A2 pathway, as

similar compounds (A3) with X = O, S, and PhN ap-
peared to be relatively inert toward arylthiolate ions.
The fairly low reactivity of the C5 center in the
related structures A1 and A3 is apparently due to the
conjugation of this center with the lone electron pairs
of the exocyclic O, S, or N atom at the 2-position of
the ring. The activating effect of the tosyl group at the
adjacent C4 center is undoubtedly less pronounced.
At the same time, in the cyclamide tautomer B1, iden-
tified in many cases [2], the C5 atom exhibits pro-
nounced electrophilic properties; therefore, the nucleo-
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Table 1. IR and 1H NMR data for new 1,3-thiazole derivatives II, IV, VII, VIII, and X3XII
ÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Comp. ³

IR spectrum, n, cm31 ³ 1H NMR spectrum, d, ppm (solvent)
no. ³ ³

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIc ³1150, 1325 (SO2), 3390 (NH)³2.42 s (3H, CH3), 7.5338.25 m (8H, ArH), 11.33 s (1H, NH) (DMSO-d6)
IV ³1160, 1340 (SO2), 1690 (CO)³2.48 s (3H, CH3C6H4), 3.47 s (3H, CH3N), 7.40 d (2H, ArH), 7.85 d (2H, ArH)

³ ³(CDCl3)
VIIa ³1690 (CO), 3390 (NH) ³2.34 s (3H, CH3), 2.36 s (3H, CH3), 7.1237.34 m (8H, ArH), 7.93 s (1H, NH)

³ ³(CDCl3)
VIIIa³1150, 1325 (SO2), 1685 (CO)³2.39 s (3H, CH3C6H4), 2.48 s (3H, CH3C6H4), 3.35 s (3H, CH3N), 7.2037.47 m

³ ³(6H, ArH), 7.93 d (2H, ArH) (CDCl3)
Xa ³3400 (NH) ³2.30 s (6H, CH3), 7.0337.33 m (13H, ArH), 7.77 s (1H, NH) (CDCl3)
Xd ³3400 (NH) ³2.28 s (3H, CH3), 2.37 s (3H, CH3), 7.1937.56 m (10H, ArH), 8.04 d (2H, ArH),

³ ³11.15 s (1H, NH) (DMSO-d6)
XIa ³1660 (CO) ³2.32 s (3H, CH3C6H4), 2.33 s (3H, CH3C6H4), 3.25 s (3H, CH3N), 7.0737.28 m

³ ³(8H, ArH) (CDCl3)
XII ³1130, 1320 (SO2), 1660 (CO)³2.43 s (3H, CH3C6H4), 2.46 s (3H, CH3C6H4), 3.26 s (3H, CH3N), 7.4937.92 m

³ ³(8H, ArH) (DMSO-d6)
ÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Scheme 1.
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Scheme 2.

X = O, S, NH, AlkN, ArN, NAc.

philic substitution of chlorine by the pathway B1
6
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was proved experimentally by the model transforma-
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Table 2. Yields, melting points, and elemental analyses of new 1,3-thiazole derivatives II, IV, VII, VIII, and X3XII
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄ

Comp.
³

Yield,
³

mp, oC
³ Found, % ³

Formula
³ Calculated, %

³ ³ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÂÄÄÄÄÄ
no.

³
%

³
(solvent for recrystallization)

³ ³ ³ Cl ³ S ³ ³ Cl ³ S
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄ

IIc ³ 85 ³ 2203222 (ethanol3acetonitrile) ³ 8.62 ³ 15.63 ³ C16H12ClN3O4S2 ³ 8.65 ³ 15.65
IId ³ 95 ³ 1403142 (ethanol) ³ 8.50 ³ 15.39 ³ C20H15ClN2O2S2 ³ 8.54 ³ 15.46
IV ³ 65 ³ 1203122 (ethanol) ³ 11.65 ³ 21.04 ³ C11H10ClNO3S2

a ³ 11.67 ³ 21.11
VIIa ³ 36 ³ 1543155 (ethanol) ³ 3 ³ 27.72 ³ C17H15NOS3 ³ 3 ³ 27.84
VIIb ³ 53 ³ 1773178 (ethanol) ³ 18.20 ³ 24.83 ³ C15H9Cl2NOS3 ³ 18.35 ³ 24.90
VIIIa ³ 91 ³ 1693170 (ethanol3acetonitrile) ³ 3 ³ 24.52 ³ C18H17NO3S3 ³ 3 ³ 24.57
VIIIb ³ 88 ³ 1563158 (acetonitrile) ³ 8.64 ³ 23.38 ³ C17H14ClNO3S3 ³ 8.61 ³ 23.35
Xa ³ 93 ³ 1103112 (ethanol) ³ 3 ³ 22.83 ³ C23H20N2S3 ³ 3 ³ 22.87
Xb ³ 75 ³ 1343136 (acetonitrile) ³ 15.30 ³ 20.86 ³ C21H14Cl2N2S3 ³ 15.37 ³ 20.85
Xc ³ 96 ³ 1503151 (ethanol) ³ 15.00 ³ 20.28 ³ C22H16Cl2N2S3 ³ 14.91 ³ 20.23
Xd ³ 70 ³ 1983200 (ethanol3acetonitrile) ³ 3 ³ 20.70 ³ C23H19N3O2S3

b ³ 3 ³ 20.66
Xe ³ 69 ³ 1263127 (acetonitrile) ³ 3 ³ 20.37 ³ C27H22N2S3 ³ 3 ³ 20.44
XIa ³ 65 ³ 88389 (ethanol) ³ 3 ³ 26.80 ³ C18H17NOS3 ³ 3 ³ 26.76
XIb ³ 77 ³ 94396 (ethanol) ³ 17.70 ³ 23.98 ³ C16H11Cl2NOS3

c ³ 17.71 ³ 24.03
XII ³ 79d ³ 2153216 (acetonitrile) ³ 3 ³ 22.74 ³ C18H17NO5S3

e ³ 3 ³ 22.71
ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄ
a Found, %: C 43.76; H 3.39. Calculated, %: C 43.49; H 3.32. b Found N, %: 9.07. Calculated N, %: 9.03. c Found, %: C 48.60;

H 2.80. Calculated, %: C 48.00; H 2.77. d Yield by the reaction VIIIa 6 XII; yield by the reaction XIa 6 XII 50%. e Found, %:
C 51.11; H 4.10. Calculated, %: C 51.04; H 4.05.

NAc (see Experimental). All these features apprecia-
bly limit the applicability of the suggested route to
new 4,5-dimercapto-1,3-thiazole derivatives; neverthe-
less, its application sphere is wider than shown in
Scheme 1.

EXPERIMENTAL

The IR spectrum of XII was taken on a UR-20
spectrometer (KBr pellet), and those of the other com-
pounds, on a Specord IR-71 spectrometer (CH2Cl2
solutions). The 1H NMR spectra were recorded on
a Varian VXR-300 spectrometer, internal reference
TMS. The yields, melting points, and analytical data
for the new compounds are given in Table 2.

1-Tosyl-2,2-dichloroethenyl isothiocyanate I,
2-amino(methylamino, p-tolylamino, phenylamino)-
4-tosyl-5-chloro-1,3-thiazoles IIa, IIb, IIe, and IIf,
4-tosyl-5-chloro-1,3-thiazol-2(3H)-one III, and
4-tosyl-5-chloro-1,3-thiazole-2(3H)-thione V were
prepared as described in [1, 5].

2-p-Nitrophenylamino-4-tosyl-5-chloro-1,3-thia-
zole IIc. A mixture of 10 mmol of isothiocyanate I,
20 mmol of p-nitroaniline, and 10 ml of acetonitrile
was stirred at 20325oC for 48 h; the precipitate was
filtered off and washed with ethanol.

2-(2-Naphthylamino)-4-tosyl-5-chloro-1,3-thi-

azole IId. A solution of 20 mmol of 2-naphthylamine
in 5 ml of ethanol was added with stirring over a period
of 10 min to a suspension of 10 mmol of I, cooled to
10315oC. The mixture was stirred at 20325oC for
24 h, and the precipitate was filtered off and washed
with ethanol.

3-Methyl-4-tosyl-5-chloro-1,3-thiazol-2(3H)-one
IV. Methyl iodide, 7.1 mmol, was added to a solution
of 7.1 mmol of III and 7.1 mmol of triethylamine in
16 ml of methanol. The mixture was stirred at 203
25oC for 72 h, and the precipitate was filtered off.

4,5-Di(arylthio)-1,3-thiazol-2(3H)-ones VIIa
and VIIb. A mixture of 3.4 mmol of III, 6.9 mmol of
p-thiocresol or p-chlorothiophenol, and 10.5 mmol of
triethylamine in 10 ml of ethanol was refluxed for 6 h
and then cooled to 20325oC; 1 ml of concentrated
HCl was added, and the precipitate was filtered off
and washed with water and ethanol.

3-Methyl-4-tosyl-5-arylthio-1,3-thiazol-2(3H)-
ones VIIIa and VIIIb. A mixture of 1.1 mmol of IV,
1.1 mmol of appropriate thiol, and 1.1 mmol of tri-
ethylamine in 4 ml of ethanol was refluxed for 1 h
and then cooled to 20325oC; the precipitate was fil-
tered off and washed with ethanol.

Action of thiols on 2-amino(methylamino, aryl-
amino)-4-tosyl-5-chloro-1,3-thiazoles II. A mixture
of 1.3 mmol of IIa3IId, 2.6 mmol of p-thiocresol or
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p-chlorothiophenol, and 2.6 mmol of triethylamine in
5 ml of ethanol was refluxed for 6 h and then cooled
to 20325oC; the precipitate was filtered off and
washed with ethanol. 2-Arylamino-4,5-di(arylthio)-
1,3-thiazoles Xa3Xe were obtained. The reactions of
IIe and IIf with excess p-thiocresol yielded no ex-
pected products VI and X.

Reactions of p-thiocresol with 2-methoxy-4-tosyl-
5-chloro-1,3-thiazole [1], 2-methylthio-4-tosyl-5-
chloro-1,3-thiazole [1], and 2-[methyl(phenyl)ami-
no]-4-tosyl-5-chloro-1,3-thiazole [1]. A mixture of
1.3 mmol of one of the above 1,3-thiazole derivatives,
2.6 mmol of p-thiocresol, and 2.6 mmol of triethyl-
amine in 5 ml of ethanol was refluxed for 6 h and
then cooled to 20325oC; the starting compounds were
recovered in 60380% yields.

Acetylation of 2-amino-4-tosyl-5-chloro-1,3-thia-
zole IIf and reaction of the acetylation product
with p-thiocresol. A mixture of 5 mmol of IIf and
5 ml of acetic anhydride was refluxed for 1 h and then
cooled to 20oC; the precipitate was filtered off and
dried at 100oC. Analytically pure 2-acetylamino-4-
tosyl-5-chloro-1,3-thiazole was obtained; yield 83%,
mp 228oC. IR spectrum (KBr), n, cm31: 1670 (CO),
3160 (NH). 1H NMR spectrum (DMSO-d6), d, ppm:
2.13 s (3H, CH3CO), 2.41 s (3H, CH3C6H4), 7.48 d
(2H, ArH), 7.83 d (2H, ArH), 12.85 s (1H, NH).
Found, %: C 43.46; H 3.41; Cl 10.70; S 19.35.
C12H11ClN2O3S2. Calculated, %: C 43.57; H 3.35; Cl
10.72; S 19.39.

A solution of 2 mmol of this compound and
2 mmol of p-thiocresol in 3 ml of pyridine was re-
fluxed for 1 h and then cooled to 20325oC; the start-
ing 2-acetylamino-4-tosyl-5-chloro-1,3-thiazole was
recovered in 62% yield.

Reaction of p-thiocresol with 4-tosyl-5-chloro-
1,3-thiazole-2(3H)-thione V. A solution of 2 mmol of
V, 4 mmol of p-thiocresol, and 4 mmol of triethyl-
amine in 5 ml of ethanol was refluxed for 6 h and
then cooled to 20325oC; 1 ml of concentrated HCl
was added. The starting compound V was recovered
in 55% yield.

3-Methyl-4,5-di(arylthio)-1,3-thiazol-2(3H)-ones
XIa and XIb. Methyl iodide, 1 mmol, was added to
a solution of 1 mmol of VIIa and VIIb and 1 mmol of
sodium methylate in 10 ml of methanol. The mixture
was stirred for 72 h at 20325oC, 3 ml of water was
added, and the precipitate was filtered off and washed
with water.

3-Methyl-4,5-ditosyl-1,3-thiazol-2(3H)-one XII.
A mixture of 1.2 mmol of VIIIa or XIa, 1 ml of 30%
aqueous hydrogen peroxide, and 5 ml of acetic acid
was refluxed for 2 h and then cooled to 20325oC. The
precipitate was filtered off and washed with water and
ethanol.
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