CHEMISTRY LETTERS, pp. 1325-1328, 1993. © 1993 The Chemical Society of Japan

Reactions of Benzopentathiepin with Trialkyl Phosphites. A New Preparative Method for
S-Aryl 0,0"-Dialkyl Thiophosphates
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Benzopentathiepin readily reacted with trialkyl phosphites to give S-[2-(alkylthio)-
phenyl] O,0’-dialkyl thiophosphates and/or O,0’-dialkyl S-(2-mercaptophenyl) thio-
phosphates. The selectivity for formation of these thiophosphates was dramatically
affected by the reaction temperature and the solvent used.

There is considerable current interest on the chemical behavior of various cyclic polysulﬁdes.l) We have
reported the syntheses, structures, and reactions of cyclic polysulfides fused to benzene ring such as
benzopentathiepin (BPT) and the related compounds.2) However, there have been a few reports on the reactions
of cyclic polysulfides with organic phosphorus compounds.3) Now we have found that BPT readily reacted
with several trialkyl phosphites 1 to give S-[2-(alkylthio)phenyl] O,0’-dialkyl thiophosphates 2 and/or 0,0~
dialkyl S-(2-mercaptophenyl) thiophosphates 3 (Scheme 1). In this paper, we report the results of these
reactions and discuss the reaction mechanism.

A typical reaction procedure is as follows. To a stirred solution of BPT (118 mg, 0.5 mmol) in CH,Cl;
(10 mL) was added dropwise 4 equiv. of trimethyl phosphite (1a) (0.24 mL, 2.0 mmol) in CH,Cl, (10 mL) at
room temperature. The mixture was stirred for 2 h under reflux condition and then treated with water. After the
usual work-up, crude products were purified by column chromatography (silica gel; eluent, hexane/EtOAc = 3/2)
to give 2a% in 66% yield together with a quantitative amount (3 equiv.) of trimethyl thiophosphate (Table 1).
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The intramolecular Arbuzov rearrangement products, S-[2-(alkylthio)phenyl] O,0"-dialkyl thiophosphates
2a-d, were obtained in moderate yields in the reactions of BPT with trialkyl phosphites 1a-d in CH2Cly under
reflux (run 1-4). The same treatment of BPT with triphenyl phosphite (1e), however, gave no products due to
the low nucleophilicity of le. Surprisingly, the same treatment of BPT with la-d at -15 °C gave the
corresponding 0,0’-dialkyl S-(2-mercaptophenyl) thiophosphates 3a-dd) as sole products in moderate yields
(run 6-9). We examined the effects of the temperature and the solvent on the reaction pathways.
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When BPT was treated with 1c at several temperatures in the range from -15 to 40 °C, the ratio of 2¢/3c
was increased with elevating temperature (Table 2). Furthermore, a remarkable solvent effect was also observed
as shown in Table 3 and the ratio of 2¢/3c was increased in proportion to the Dimroth-Reichardt parameter
[ET(30)] of the solvent used. The isolated yields of the mixture of 2¢ and 3c in Table 2 and 3 were similar to
that of run 3 or 8 in Table 1.

Table 1. Reactions of Benzopentathiepin (BPT) with Phosphites

Run Phosphite 1 TempC Time/h Solvent Isolated yield/%
R 2 3
1 Me la reflux 2 CH»Cl 66 2a - -
2 Et 1b reflux 2 CH,Cl, 63 2b - -
3 i-Pr lc reflux 2 CH,Cl, 60 2¢ - -
4 Bu 1d reflux 2 CH,Cl, 70 2d - -
5 Ph le reflux 2 CH)Cl, - - - -
6 Me la -15 4 CHCl; - - 65 3a
7 Et 1b -15 4 CH,Cl, - - 51 3b
8 i-Pr 1c -15 4 CHCly - - 59 3c
9 Bu 1d -15 4 CH,Cly - - 86 3d
Table 2. Reactions of BPT with 1¢ in Table 3. Reactions of BPT with 1c¢ at 20 °C
CH3Cl; (Temperature Effect) (Solvent Effect)
Run Temp/ °C Product ratio? Run Solvent €9 ET(30) Product ratiob
2¢/3c¢ 2¢c/3¢
1 40 95/5 1 CH,Cl, 8.93 41.1 71/29
2 20 71/29 2 CHCI3 4.81 39.1 59/41
3 -15 0/100 3 THF 7.58 37.4 55/45
a) The ratios were determined by 1H NMR. 4 Et,O 4.34 34.6 38/62
5 CCly 2.24 32.5 25/75
a) Dielectric constant.

b) The ratios were determined by !H NMR.

A plausible reaction pathway based on the above results
is as follows (Scheme 2). In an attempt to understand the
: initial reaction site of BPT, semiempirical PM3 calculation was
HOMO LUMO - carried out.6,7) The computed HOMO and LUMO of BPT are

Fig. 1. HOMO and LUMO molecular shown in Figure 1 and the density gradient of virtual LUMO of
orbitals of BPT.

polysulfide ring suggests a significant favoring of the
nucleophilic attack to the sulfur atom at 2-position. Therefore,
trialkylphosphite initially attacks the sulfur atom at 2-position to form zwitterionic intermediate A. Although the
following desulfurization steps are still unclear at this time, on losing sulfur atoms intermediate A is transformed
into zwitterionic intermediate B or phosphorane intermediate C accompanying the formation of trialkyl
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thiophosphates. It can be considered that there is an equilibrium between intermediates B and C, whereas low
temperature 1Y, 13C, and 31p NMR spectra of the reaction mixture in CD2Cl» (in the case of trimethyl phosphite
1a) were attributed to either phosphorane C or a mixture of rapid equilibrium between B and C.8) On warming
to room temperature 31p NMR signal at 1.26 ppm disappeared and it was replaced by that of thiophosphate 2a
(24.0 ppm).  An intramolecular Arbuzov rearrangement of intermediate B takes place at relatively high
temperature according to path a to give S-[2-(alkylthio)phenyl] O,0’-dialkyl thiophosphate 2. On the other
hand, upon treatment with water at -20 °C the signal at 1.26 ppm disappeared at once and it was replaced by that
of thiophosphate 3a (23.5 ppm). At low temperature phosphorane C or a mixture of rapid equilibrium between
B and C reacts with water to give O,0"-dialkyl S-(2-mercaptophenyl) thiophosphate 3 (path b).
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Since it has been well known that such types of thiophosphates 2 and 3 frequently show biological
activities such as pesticidal effect, some procedures for the synthesis of these compounds have been developed.9)
Our present method will provide a new preparative route for S-aryl 0,0"-dialkyl thiophosphates.
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