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Abstract: Stable 4,7-disubstituted benzotrichalcogenoles containing both sulfur and selenium atoms
in the five-membered ring were systematically and selectively prepared by the reactions of
corresponding benzodichal es, synthetic equivalent of benzenedichalcogenols, with S
(thiony! chloride) or Se) (selenyl chloride) source in good yields. Characterization of these new
trichalcogenole frameworks was performed by 77Se NMR, and the cyclic voltammograms of the
trichalcogenoles showed the reversible electrochemical oxidation with low oxidation potential.

There is considerable current interest in organic cyclic polychalcogenides because of their chemical
reactivities,! synthetic utility,2 and recent discovery in marine natural products.3 Among such
polychalcogenides, however, trichalcogenoles have received little attention due to their less stability. Indeed,
there have been a few reports of trithioles, 4.5 triselenoles,5:6 and only one example of trichalcogenole
containing both sulfur and selenium atoms in the S-membered ring.5 Recently, we reported a new efficient
method for the synthesis of benzotrithioles fused to benzene ring.” As a further advance of our research on the
preparation and reactions of new stable benzotrichalcogenoles, we wish to report here the first systematic
synthesis of four new benzotrichalcogenoles containing both sulfur and selenium atoms, which have the
isopropyl groups at 4 and 7-positions of the benzene ring serving as efficient stabilization substituents for the
5-membered polychalcogenide ring.

4,7-Diisopropyl-2,2-dimethyl-1,3,2-benzodichalcogenastannoles 3-5,8 synthetic equivalent of unstable
ortho benzenedichalcogenols, were prepared by the ortho lithiation? followed by stannylation!0 of thiol 1 and
selenol equivalent 2. A typical synthetic procedure for benzotrichalcogenole 6 is as follows (Scheme 1).11
To a stirred solution of dithiastannole 3 (75 mg, 0.2 mmol) in THF (10 mL) was added seleny! chloride (0.014
mL, 0.2 mmol) in THF (5 mL) under an Ar atmosphere at -78 °C. After stirring for 15 min, the mixture was
treated successively with trimethylsilyl trifluoromethanesulfonate (0.035 mL, 0.2 mmol) in THF (5 ml,) and
0.1M samarium(Il) iodide (4.0 mL, 0.4 mmol) in THF at -78 °C under an Ar atmosphere. The whole mixwre
was stirred at -78 °C for 15 min and then at room temperature for 30 min. After hydrolysis, treatment with
aqueous sodium hydrogensulfite and extraction with hexane (3 x 10mL), the extract was dried with anhydrous
magnesium sulfate and the solvent was removed under reduced pressure. The residue was purified by column
chromatography (silica gel; eluent, hexane) to give dithiaselenole 6 in 73% yield.

Selenium has one and tin has two NMR-active spin 1/2 nuclei of relatively high natural abundance; 77Se,
119Sp and 117Sn. Therefore, the 77Se and 119Sn NMR spectra provided good information about the new 5-
membered frameworks of dichalcogenastannoles 3-§ and trichalcogenoles 6-9 (Table 1). The 77Se NMR
spectra of 4 and 5§ showed the signals with 119Sn and 117Sn satellites, which were in accordance with the
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existence of selenium atom or atoms neighboring with a tin atom in the ring. The 119Sn NMR spectra of 4 and
5 also showed 77Se sateltites. The 77Se NMR spectra of 6, 7 and 9 indicated that each S-membered ring has a

selenium atom at an appropriate position and the spectrum of 8 consisted of two equally intense signals, each
with 77Se satellites, which could be assigned to the selenium-selenium bonding in the ring.

Table 1. 77Se and 1!9Sn NMR of Dichalcogenastannoles 3-5 and Trichalcogenoles 6-92)

Compd 778eb) - . 1198n0)

&ppm 1JHz Sppm 1jiHz &ppm 1J/Hz
3 174.3
4 27.2 1089 (1178n) 1139 (1198n) 121.4 1139 (77Se)
5 83.2 1061 (1178n) 1110 (1198n) ‘ 62.9 1110 (77Se)
6 696.6
7 628.0
8 5092  275(77Se) 575.1 275 (77Se)
9 653.9

a) Measured in CDCl3 at 298 K b) Relative to neat MesSe  ¢) Relative 1o neat Me4Sn

Table 2. Electrochemical Oxidation of Trichalcogenoles 6-99)

Compd 6 7 8 9 PhsSe PhsSey
Ep (V) 0.64 0.75 0.63 0.71 0.999) 1.11»
Ein (V) 0.60 0.70 0.59 0.66 - -

a) 2.0 mM sample in MeCN (supporting electrolyte 0.1M n-BugyN+ClO4"; glassy carbon working
electrode; scan rate 100 mVs-1); Ep/V and Ej/V vs Ag/0.01M AgNO3 b) Irreversible, see ref. 12

The solution redox properties of the trichalcogenoles 6-9 were studied by cyclic voltammetry technique,
since little has been known about the electrochemical behavior of polychalcogenide ring systems. Cyclic
voltammograms were measured in acetonitrile (MeCN) containing 0.1M n-BugN+ClO4" as a supporting
electrolyte using a glassy carbon working electrode and Ag/f0.01M AgNO3 couple in MeCN as a reference
electrode. Interestingly, all thiaselenoles exhibited one reversible one-electron step with low oxidation
potential. The peak potentials of the first oxidation peak (Ep) and half-wave (Ej/2) have been found to be
govemned by the atom present at 2-position of the chalcogen ring (Table 2). Recently, ring compounds
containing three sulfur or three selenium atoms with a unusual 77 electron framework have been prepared.13
Thus, the present results suggest that some stable one-electron oxidized species, 4,7-diisopropyl-1,2,3-
benzotrichalcogenolium radical cations, may be generated during the electrochemical oxidation, Further
studies on the oxidation of these mixed chalcogen ring systems are in progress.
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