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A dithia dication was generated from 4,9-diethyl[1,4]-
dihydrodithiino[5,6-f ]benzotrithiole 5-oxide on treatment with
D2SO4. Hydrolysis of the dication gave 4,9-diethyl[1,4]dihydro-
dithiino[5,6-f ]benzotrithiole 1-oxide and 2-oxide, suggesting
that the positive charges, generated on the dithiin ring, transferred
to the trithiole ring. A disproportionation of the dithia dication
was observed in the solution.

Since Wolmershäuser reported the first isolation of a
benzotriselenole radical cation in 1992,1 several interesting
radical cation and diradical dication derivatives were prepared on
treatment of benzotrichalcogenoles withNOPF6 and SbCl5.

2;3 On
the other hand, a molecule bearing both sulfinyl and sulfenyl
groups in close proximity, gave a corresponding dithia dication by
deoxygenation with H2SO4, and the dithia dication was stabilized
by through space interaction between two sulfur atoms.4{7 If a
trithiole ring is appropriately fused to that molecule, the dithia
dication generated is expected to interact with the trithiole ring
electronically. Thus 4,9-diethyl[1,4]dihydrodithiino[5,6-f ]ben-
zotrithiole 5-oxide (2) was prepared by oxidation of 4,9-
diethyl[1,4]dihydrodithiino[5,6-f ]benzotrithiole (1) and was
treated with H2SO4. This paper reports the generation, detection,
charge transfer and disproportionation of a dithia dication derived
from 2.

As a preliminary experiment, 1 was treated with two
equivalent of NOPF6 at �78 �C and then with water.8 By this
reaction, 4,9-diethyl[1,4]dihydrodithiino[5,6-f ]benzotrithiole 1-
oxide (3) and 2-oxide (4) were obtained in 70% and 13% yields,
respectively.9 Interestingly, 2 was not detected at all in this
oxidation reaction,10 suggesting that the positive charges,
generated by oxidation of 1 with NOPF6, localize on the trithiole
ring not on the dithiin ring, and the trithiole ring has higher
acceptability of the positive charge than the dithiin ring.11

Therefore, if the positive charge is generated on the dithiin ring of
1, that is predicted to transfer from the dithiin ring to the trithiole
ring. For instance, 2 is expected to produce a dithia dication on the
dithiin ring, initially, by deoxygenation with H2SO4 and a
transannular interaction between two sulfur atoms. For a selective
generation of two positive charges on the dithiin ring, 2 was
dissolved inD2SO4 at room temperature and then the solutionwas
examined by 1H-NMR spectroscopy (Figure 1). The solution
became initially dark-purple color, and then changed to dark-
green color in a few minutes. In the 1H-NMR spectrum of 2
measured in CDCl3, double quartet, quartet, and two triplet
signals were observed for two ethyl groups, and the methylene
protons of the dithiin ring were recorded as four ddd signals

(Figure 1-a). Contrastively, the spectrum measured in D2SO4

exhibited three somewhat broad signals (Figure 1-b), which show
that the species generated has a symmetric structure in D2SO4.
When the dark-green coloredD2SO4 solutionwas treatedwith ice
water, formation of 3 and 4 were observed as major products. So
we tried to determine the products and their yields in detail; hence,
2 was dissolved in H2SO4, and then the solution was treated with
ice water to give 3 and 4 in 41% and 20% yields, respectively,
together with 1 (17%), 5 (17%) and recovered 2 (2%) (Scheme 1).
Meanwhile, the 1H-NMR signals of 2 in D2SO4 disappeared
slowly on broadening of them. Thus the reaction of 2with H2SO4

was followed by ESR spectroscopy at 10 �C. In the spectrum, one
broadening strong signal was recorded at g ¼ 2:017.

Subsequently, 3 was dissolved in D2SO4. In this case, the
dark-purple color was not observed at all. So the dark-green
colored solution generated was measured by 1H-NMR; however,
no signal was observed in the spectrum. Contrastively, when an
H2SO4 solution of 3wasmeasured byESR, one broadening signal
was recorded similarly as mentioned above (g ¼ 2:017). A
treatment of 3withH2SO4 and thenwith icewater gave 1 (25%), 3
(33%), 4 (9%), and 5 (9%) (Scheme 1). On the basis of these
results, it appears that the dark-purple colored species, the dithia
dication 6was generated initially upon treatment of 2withD2SO4

by way of the protonation and deoxygenation of sulfinyl oxygen;
the positive charges generated on the dithiin ring consecutively
transferred to the trithiole ring to produce the diradical dication 7;
the charge transfer should be accompanied by a change of the
electronic state from singlet to triplet.12

Furthermore, the production of 1 and 5 by the hydrolysis of 6
and 7 is an important subject. Compounds 5 consisted of six
disulfoxides, and the mixture was difficult to separate into each
disulfoxide; however, only 5a was isolated and the structure was
determined by X-ray crystallography (Figure 2).13;14 Since
reduced product 1 and oxidized products 5 were produced by

Figure 1. 400MHz 1H-NMR spectra of 2: a) measured in CDCl3;
b) measured in D2SO4.
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treatment of 2 with H2SO4 and then with water, it is clear that a
disproportionation of 7 proceeded successively in the H2SO4

solution. It was reported that the dispropotionation of a trithia
dication proceeded in the H2SO4 solution to give corresponding
sulfide and disulfoxide.5 These results reveal that a mixture of a
radical cation, a triradical trication, and a tetraradical tetracation
derived from 7, the dark-green colored species, should be
generated as intermediates for the production of 1 and 5, and
the ESR signals were caused by those molecules.15 Further
investigation with respect to the species is now in progress.
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Figure 2. The ORTEP drawing of bissulfoxide 5a.

Scheme 1. The compounds 5 consisted of six bissulfoxides, and only 5a
could be isolated as pure crystals.
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