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Abstract

Photolytic desulfurization and ring-contraction reactions of diethyl benzotrithiole and tetraethyl dibenzotetra-
thiocin proceeded without a desulfurization reagent such as trialkyl phosphite by irradiation with a 100 W high-
pressure Hg lamp in CH2Cl2 under Ar to produce tetraethyl thianthrene. By means of the photolysis, the thianthrene
derivatives bearing trithiole and dithian rings on both sides of thianthrene were obtained in good yields. © 2000
Elsevier Science Ltd. All rights reserved.

The chemistry of cyclic polysulfides has become of great interest to organic sulfur chemists with
respect to the synthesis, structure, reactivities, and electrochemical properties.1,2 On the other hand,
a photolytic sulfur extrusion reaction of cyclic sulfides has been known as common methodology for
the preparation of strained molecules and cyclophanes; however, trialkyl phosphite which was used as
a solvent and a desulfurization reagent was essential to the photolytic reaction.3,4 On the photolysis
of diethyl benzotrithiole (2) and 1,4,7,10-tetraethyl dibenzo[c,g][1,2,5,6]tetrathiocin (4), desulfurization
and ring-contraction reactions proceeded without trialkyl phosphite to produce tetraethyl thianthrene
(3).5 Since the reaction was free from a desulfurization reagent, it was possible to apply the photolysis
to the double polysulfide ring system, 4,8-diethyl benzo[1,2-d;4,5-d0]bis[1,2,3]trithiole (5) and 4,9-
diethyl [1,4]dithiano[6,5-f]benzotrithiole (9). In order to prepare new thianthrene derivatives bearing two
cyclic polysulfide rings, photolysis of5 and 9 was performed to give the corresponding thianthrenes
in good yields. This paper reports the results of novel photolytic reactions of benzotrithioles and
dibenzotetrathiocins producing several thianthrene derivatives.

Unsubstituted benzopentathiepin was unstable in light and decomposed gradually to produce uniden-
tified products. To verify the photolytic reaction of diethyl benzopentathiepin,1 (44 mg, 0.15 mmol) was
irradiated with a 100 W high-pressure Hg lamp in CH2Cl2 (23 ml) under Ar for 12 h to produce3 in 7%
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yield together with2 in 31% yield (Scheme 1).6 The photolysis of2 (102 mg, 0.45 mmol, in 68 ml of
CH2Cl2) for 24 h gave3 in 58% yield together with the recovery of2 (31%).

Scheme 1.

The photolysis of1 and 2 proceeded via consecutive desulfurization, dimerization, and ring-
contraction reactions. As an intermediate, a dimerized compound such as4 should be generated initially
in the photolytic reaction. Recently, we have reported that the photolysis of 1,4,7,10-tetraisopropyl
dibenzo[c,g][1,2,5,6]tetrathiocin gave the corresponding thianthrene in quantitative yield.7 Therefore,
4 was prepared from 4,7-diethyl-2,2-dimethyl benzo[1,3,2]dithiastannole,8 and was photolyzed under Ar
for 48 h (4: 22 mg, 0.06 mmol, in 20 ml of CH2Cl2) to produce3 in 98% yield.

These results prompted us to apply the photolytic reaction to5 and9 bearing the trithiole and dithian
rings on both sides of the benzene ring. On the photolysis of5 (37 mg, 0.11 mmol, in 15 ml of CH2Cl2)
for 48 h, 4,6,10,12-tetraethyl bis(trithiolo)[b,i]thianthrene (6) was obtained in 13% yield together with
a trace amount of dibenzotrithiepin derivative7 (Scheme 2).9 Although5 was photolyzed under several
photolytic reaction conditions, the yield of6 was not increased and unidentified products were obtained
mainly on prolonging the reaction time. In the UV spectra, the absorption wavelength of6 is similar
to that of 5 (Table 1). It appeared that6, obtained by the photolysis, decomposed and was further
desulfurized under the reaction conditions. Meanwhile, when9 (32 mg, 0.1 mmol, in 15 ml of CH2Cl2)
was photolyzed for 24 h, 1,4,6,9-tetraethyl-2,3,7,8-bis(ethylenedithio)thianthrene (10) was obtained in
59% yield as colorless crystals together with the recovery of9 (22%).10 The compound10 was stable
compared with6 under the photolytic reaction conditions.

Scheme 2.

In order to demonstrate that6 is not bis(tetrathiano)biphenylene but bis(trithiolo)thianthrene, X-
ray crystallographic analysis of6 was performed (Fig. 1).11 The ORTEP drawing reveals that6 is
bis(trithiolo)thianthrene bearing two trithiole rings on both sides of thianthrene. The bond lengths and
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Table 1
Redox potentials and UV spectra

bond angles of the trithiole and central dithiin rings of6 are similar to those of the benzotrithioles and
thianthrenes reported.1,12 Therefore,6 is expected to have related reactivity and electrochemical property
to those of benzotrithiole and thianthrene.

Fig. 1. The ORTEP drawing of6

To exploit the ring-contraction reaction of dibenzotetrathiocin to the preparation of6, the compound8
was prepared in 92% yield by treatment of5 (323 mg, 1.0 mmol, in 20 ml of THF and 5 ml of EtOH) with
NaBH4 (38 mg, 1.0 mmol) and then H2O2 (0.1 ml, 1.0 mmol) for dimerization (Scheme 2).13 As shown
in Table 1,8 has higher absorptivity than5 and6 in the UV spectra although their absorption wavelengths
exist in similar regions. Since8 has a low solubility in organic solvents at room temperature, a suspended
solution of8 (291 mg, 0.5 mmol, in 200 ml of CH2Cl2, under Ar) was photolyzed under several reaction
conditions to give6 and7, and irradiation for 24 h gave the best results; 12 h:6 (32%), 7 (34%); 24
h: 6 (63%), 7 (10%); 72 h:6 (22%), 7 (8%).14 These results reveal that the photolytic reaction of8
proceeded faster than that of5 and6 under the reaction conditions, and7 was generated initially in the
photolysis of8 and was further desulfurized to give6. On the other hand,7 was unstable and decomposed
slowly to produce6 and elemental sulfur.15 To determine the reaction pathway, the photolysis of7 was
monitored by1H NMR. As shown in Fig. 2, a 1:1 mixture of6 and7 was prepared by the photolysis of
8 (Fig. 2a), and was photolyzed in CDCl3. After 24 h, the signal of7 disappeared (Fig. 2b), suggesting
that7 and8 should be intermediates in the photolysis of5.16 Meanwhile, trace amounts of 6,10-diethyl
trithiolo[h]benzopentathiepin and5 were produced as minor products on the photolysis of8 via cleavage
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of two central disulfide bonds and consecutive sulfurization and cyclization reactions with sulfur atoms
generated in the reaction.

Fig. 2. 400 MHz1H NMR spectra; (a) a 1:1 mixture of6 and7 in CDCl3; (b) after irradiation for 24 h,7 was consumed

It is worthwhile to examine redox potentials of thianthrene and benzotrithiole derivatives, to determine
their electrochemical properties (Table 1). The compounds2 and3 showed one reversible redox potential
atE1/2=0.71 V andE1/2=0.89 V, respectively. Furthermore, two reversible redox potentials were recorded
for 5 (E1/2=0.83, 0.95 V),9 (E1/2=0.78, 1.12 V), and10 (E1/2=0.80, 1.02 V). Meanwhile, first and second
redox potentials of6 were in close proximity comparing with those of5, 9, and10, and hence the cyclic
voltammogram of6 was observed as one quasi reversible peak. These results suggest that a multicentric
redox system can be constructed in6 and10 between their trithiole and dithian rings through central
thianthrene. Further investigation of this photolytic reaction is in progress in this laboratory.
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