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COMPOUNDS WITH DISULFIDE LINKAGE, AND ITS SULFUR EXTRUSION IN
CONCENTRATED H,S50, AND PHOTOCHEMICAL CONDITION
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Abstract: A new methanodithiomethano-bridged dibenzotrithionin (1) has been synthesized.
The electrochemical oxidation of 1 and its analogous compound was studied by cyclic
voltammetry, A new type of the sulfur extrusion of 1 was found in the reaction of 1 with
concd H2804 or 2 equiv of NOPFy and in its photochemical reaction.

Investigations of transannular interactions and reactions have provided
numerous informations on the structures and reactivities of medium-sized
cyclic compounds containing sulfur atoms.l_3 Recently, we reported the
transannular bond formation between the three sulfur atoms, i.e., dicationic
salt of 1,11-(methanothiomethano)-5H,7H-dibenzo([b,g][1,5]dithiocin (6).2
Furthermore, we found a new type of transannular pﬂ-(S+-S+) interaction in
the reaction of 1,1l-(etheno)-5H,7H-dibenzo{b,g][1l,5]dithiocin (8) with concd
HZSOA or 2 equiv of NOPF6.3 These analogous compounds exhibit interesting
physical and chemical properties on account of their unique arrangement of
aromatic rings and heteroatoms in space. We now report the synthesis and
characterization of a new methanodithiomethano-bridged dibenzotrithionin
(L), and its unusual sulfur extrusion via the transannular S-S bond
formation, and the photochemical reaction of 1 and related compounds with
(MeO)3P.

The title compound 1 was synthesized as follows (Scheme 1), Bis[2,6-
bis(mercaptomethyl)phenyl]sulfide (4) was obtained by treating bis[2,6-
bis(bromomethyl)phenyllsulfide (3)2 with thiourea, NaOH and HC1l, and was
purified by silica-gel column chromatography using n-hexane as eluant, A
colorless crystal 4 was obtained in 74% yield.4 Solutions of the tetrathiol
4 (950 mg, 2.56 mmol) in chloroform (100 mL) and iodine (1.56 g, 6.14 mmol)
in chloroform (100 mL) were added separately and simultaneously over 1 h to a
vigorously stirred solution of triethylamine (620 mg, 6.14 mmol) in

chloroform (100 mL). After usual work-up, the crude product was purified on
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silica-gel column chromatography (eluant: n—hexane/CHCl3) to give the

compound 1 as colorless crystals, in 76% yield.5
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Scheme 1. i, (NH,),CS; ii, NaOH; iii, HCI; iv, I,.

The compound 2 was prepared by the same method as 1.6
The mass spectrum (EI) of 1 showed the molecular ion (M+) at m/z 366,
Other abundant fragments (m/z 334, 302, 270, 238, and 206) can be rationally
explained in terms of loss of sulfur atoms from the molecular ion.
Interestingly, the 500-MHz ly NMR spectrum of 1 in CDC14 at 25 °C showed that
the signals assigned to the methylene hydrogens appeared as two sets of
distinct AB quartet at & 3.46 and 4,33 (ABq, J=15 Hz, 4H), 3.64 and 5.68
(ABqg, J=15 Hz, 4H), indicating the rigid conformation in nine-membered ring
with disulfide linkage. In contrast, the absorption
of methylene protons of 2 in CDCljy at 25°C in its lH NMR S
appeared at & 4.42 as broad singlet which can be
assigned to the flexible conformers. In the UV spectra 85
of compounds 1 and 2, the compound 2 has a peak at xmax
240 nm (€=9.90 X 103), while the bis-disulfide 1 has one
at Amax 243 nm (c=1.68 X 10%) and another at 332 nm (=3.31 X 10°).
The electrochemical oxidations of bis-disulfide 1 and 2 were studied by

2

cyelic voltammetry. Peak potentials of the first oxidation peak were
determined at a glassy carbon working electrode (100 mV/s scan rate) in
dichloromethane - 0.1M n—BhaNCIOQ vs Ag/0.01M AgNOq as reference electrode.
The peak potentials (Ep) for 1 and 2 showed the following values: 1, 1,16 V
and 2, 1,53 V. These oxidations were irreversible. Comparison of 1 with 2
shows a peak potential 370 mV more cathodic for the former, indicating that 1
is oxidized more readily. This facile oxidation of 1 can be explained by
the intramolecular sulfur-sulfur interaction.’

The disulfide 2 did not change in concd H9S0, as evidenced by ly NMR,
and actually 2 was recovered. Surprisingly, when bis-disulfide 1 was
dissolved in concd H550,, the monosulfoxide 3 was obtained in 487 yield after
the hydrolysis of the Hy80, solution of 1 (Scheme 2). Furthermore, the
reaction of 1 with 2 equiv of NOPFg, a one-electron-oxidizing agent, in
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CH3CN gave the solid, which on treatment with Hp0 again resulted in the
formation of the sulfoxide 5 (47%). Although we have no rational
explanation for this reaction mechanism, one plausible mechanism can be
proposed as follows. The reaction of 1 with concd H;50, or NOPFg (2 equiv)
may proceed via the intermediary formation of the dication such as 7 with the
extrusion of the two sulfur atoms by an electron-transfer reaction, since the
sulfoxide 5 was also obtained by the hydrolysis of the stable dication 7
which was formed in the reaction of tris-sulfide 6 with concd H;50, or NOPFg
(2 equiv).2 These results indicate that the electrochemical study of 1 and
2 is consistent with the chemical data obtained by the reaction of 1 and 2
with concd HpS80,.
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Scheme 2

The photochemical reaction of the cyclic compounds containing poly-
sul fur atoms, (1, 2, 6, 8, and 10) in the presence of trimethyl phosphite was

studied (Scheme 3). Trradiation of bis-disulfide 1 in trimethyl phosphite
at 15 °C using 400W high-pressure mercury lamp for 25 h gave the tris-sulfide
6 (82%7) as a scle product by extrusion of the sulfur atoms. When the tris-
sulfide 6 was further irradiated in trimethyl phosphite, 6 was recovered
quantitatively.8 Thus, the tris-sulfide 6 is inert toward photochemical
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reaction with (MeO)3P, suggesting that the eight-membered ring of 6 is
remarkably stabilized. On the other hand, the photolytic sulfur extrusion of
etheno-bridged dibenzodithiocin 83 in (MeO)3P afforded the dihydropyrene (9)
in 91% vield. In contrast, the photochemical reaction of the compounds (2
and 10) with (MeO)3P gave the complex mixtures which could not be
characterized. Thus, we observed the distinct difference of the reactivity
in photochemical reaction of these polysulfur compounds with (MeO)3P.

The results described herein indicate the intriguing reactivity and
property of a new type of quadruply ortho-bridged biphenyl compounds with

polysulfur atoms.
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