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ABSTRACT. The synthesis and fungicidal activity of substituted dibenzyl trisulfides 1(1a-f) dre
reported. The compounds were characterized by elemental analysis, nuclear magnetic resonance
(fH NMR and 12C NMR) and mass spectrometric techniques. The results of the biological
sereening showed high fungicidal activity of the synthesized compounds.
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INTRODUCTION

Although there are several excellent methods for the synthesis of disulfides [1-7], only a few are
available for trisulfides [3]. mainly because of the greater thermal instability of trisulfides [8].
However, dialkyl trisulfides have been synthesized with various degrees of purity by a number
of methods, for example, the reaction of sulfur dichloride with thiols (Scheme 1) [9].

2RSH + SCL, —— & RSSSR + 2HCI
Scheme 1

Akiyama [10] also prepared dialkyl trisulfide by the reduction of sulfur dioxide with thiols. The
weakness of his method was that a mixture of products was obrained (Scheme 2).

Et;N
SO, + 4RSH —— 2RSSR + S + 2H,0

RSSR + § ——» RSSSR
Scheme 2

Also, the reactions of Bunte salts (i.e. salts of S-alkyl or S-aryl hydrogen thiosulfates) with
sodium sulfide or sodium mercaptide have been reported to give alkyl or aryl trisulfides [11]. In
addition to the desired trisulfides, disulfides and tetrasulfides were reported as being formed as
‘by-products, and the relative proportions of di-, tri- and tetrasulfides were determined by gas-
liquid chromatography [12, 13]. Methods for the synthesis of organic trisulfides had been
reviewed [4, 5, 12, 14].

Sulfur and its compounds particularly trisulfides continue to have applications in
-agrochemicals, as shown by large varieties of new sulfur-based crop protection chemicals in
‘development around the world [15-17].
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acetate, which are the two well established fungicides. The moderately good fungicidal activity
of these compounds establishes their potential usefulness as good fungicides.

EXPERIMENTAL
Reagents

Most reagents, for example, all the mercaptans involved in this synthetic work were used
without further purification. Diethyl ether was dried over sodium wire.

Analytical methods

Elemental analysis. All the analysis for carbon, hydrogen, nitrogen and sulfur were carried out
in the Department of Applied Chemistry, University of North London, using a Carlo Erba 1106
elemental analyzer.

Nuclear magnetic resonance spectroscopy. Routine 'H NMR spectra were obtained using
Perkin-Elmer R 12B continuous wave spectrometer at 60 MHz and on a Bruker WP 80
instrument at 80 MHz. Higher field 'H NMR and “C NMR were recorded on a Bruker AM 250
FT spectrometer at 250.13 MHz and 62.89 MHz, respectively. Chemical shifts for 'H NMR and
“C NMR spectra are given relative to internal standard tetramethyisilane (TMS).

Mass spectrometry. Electron impact (EI) mass spectra were recorded in the Department of
Applied Chemistry, University of North London, using a KRATOS “PROFILE” high-resolution
mass spectrometer, which is a double-focussing sector field instrument.

Chemical synthesis

S-Bengylthioisothiouronium chloride (2a). Addition of benzyl mercaptan (12.9 ¢m’, 0.11 mol),
thiourea (10.05 g, 0.13 mol), concentrated hydrochloric acid (17.5 cm’) and hydrogen peroxide
(14.0 cm’) gave S-benzylthioisothiouronium chloride (19.12 g, 74 %) as a white crystalline
solid; (found: C, 40.98; H, 4.83; N, 11.96; S, 27.10%: calc. for CH,,CIN,S,: C, 40.91; H, 4.73;
N, 11.94; 8, 27.27%); m.p. 147-149 °C (lit. [18], m.p. 145-148 °C). Similar procedures were
used to prepare the following compounds.

S-{o-Methylbenzylthio)isothiouronium chloride (2b). Addition of o-methylbenzyl mercaptan
(10.48 g, 0.076 mol), thiourea (6.82 g, 0.089 mol), concentrated hydrochloric acid (12.06 e¢m’)
and hydrogen peroxide (9.65 ¢m’) gave S$-(o-methylbenzylthio)isothiouronium chloride (14.26
8. 76%) as a white crystalline solid; (found: C, 43.51: H, 5.36: N, 11.36; S, 25.87%: calc. for
CH,CIN,S,: C, 43.44; H, 5.28; N, 11.26; S, 25.77%; m.p. 162-163 °C (lit. [18] m.p. 162-163
Q).

S-(p-Methylbenzylthio)isothiouronium chloride (2¢). A mixture of p-methylbenzyl mercaptan
(10.48 g, 0.076 mol), thiourea (6.82 g, 0.089 maol), hydrochloric acid (12.06 ¢m’), water (12.06
¢m’) and ethanol (180 cm’) was kept at 0-10 °C by means of an ice-salt bath while hydrogen
peroxide (9.65 cm’) was added dropwise with vigorous stirring for a period of 1 h. The stirring
was continued for an additional 2 h. Dithioformamidine hydrochloride which was formed was
filtered off and the solvent was removed from the filtrate by rotary evaporation to give a solid
residue which was then dissolved in a small amount of ethanol. This solution was diluted with
ether to give a white solid which was recrystallized from ethanol-ether solvent system, and dried
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