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Reactivity of Diselenide Dication Salt, 1,5-Diselenoniabicyclo[3.3.0]octane
Bis(hexafluorophosphate) toward Aromatics.

A New Mode of Aromatic Substitution and Redox Reaction
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A new diselenide dication salt, 1,5-diselenoniabicyclo[3.3.0]-
octane bis(hexafluorophosphate) was reacted with several aromatics
to afford either the substitution or redox products. The

reaction mode depends on the oxidation potential of aromatics.

Dications bonded by two positively charged heteroatoms are a little known,
and study of their structures and reactivities is of great interest.l’z)
However, the investigation of reactivity of dications has received less
attention, because of the difficulties to obtain stable compounds. Recently,
we reported the first characterization of the crystal structure and the
reactivity of disulfide dication salt, 1,5-dithioniabicyclo[3.3.0]loctane bis-
(trifluoromethanesulfonate)3) In contrast, tetra-alkyl substituted diselenide
dication salt [RZSe+-+SeR2-2X_] has never been isolated except our recent

) Namely, we found that the two-electron oxidation of a new cyclic

result.
bis-selenide, 1,5-diselenacyclooctane (2)4) with nitrosonium hexafluorophosphate
(NOPFg) gave the diselenide dication, 1,5-diselenoniabicyclo[3.3.0]octane

bis(hexafluorophosphate) (1) as a stable crystalline salt.s)

We now present
here the first observation of aromatic substitution and redox reaction of the
diselenide dication salt 1 with several substituted benzenes and heterocyclic
compounds having different oxidation potentials.6)

A new diselenide dication salt 1 (X"=PFg, BF,) was prepared by a reaction
of bis-selenide 2 with two equivalents of NOPFg or NOBF, in CH2C12-CH3CN. A
typical run is as follows. To a stirred solution of dication salt 15) (411 mg,
0.77 mmol) in anhydrous acetonitrile (2 mL) was added a solution of aniline (3)

(143 mg, 1.54 mmol) in anhydrous acetonitrile (3 mL) under an Ar atmosphere at
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room temperature and the whole mixXture was stirred for 6 h. The mixture was
then treated with H,0, and after usual work-up, the residue was chromatographed
on silica-gel (eluent: CHCl3-MeOH) to afford the corresponding para-substituted
selenonium salt, 1-(4-aminophenyl)-5-selena-l-selenoniacyclooctane hexafluoro-
phosphate (5) as white crystal in 55% yield.7) Similar treatment of N,N-
dimethylaniline (4) with dication 1 led to the corresponding selenonium salt 6
in 68% yields) (Scheme 1). Structures of 5 and 6 were assigned based on the
spectral data.7’8) Apparently, these substitution reactions of 3 and 4 with 1
occur only at the para-position of the aromatic ring. While the alkylamine
such as diisopropylamine did not react with the dication 1. Interestingly, a
new type of selenonium salt bearing bifunctional groups, 6, shows an unusual
property in the electrochemical oxidation, namely the cyclic voltammogram of 6
shows one reversible oxidation peak at +0.88 V vs,. Ag/Ag+. Simple selenonium
salts, selenides, and N,N-dimethylaniline show irreversible oxidation wave by
itself; the details will be reported elsewhere. On the other hand, the
reaction of triphenylamine (7) or phenol (8) with dication 1 did not give the
corresponding substituted product. The unreactivity of 7 and 8 toward 1 might
depend on their higher oxidation potentials than those of 3 and 4.6) In
contrast, the aromatic substitutions of normal selenonium salts with aromatics
have not been reported in our knowledge.

The redox reaction was found to take place in the treatment of diselenide
dication 1 with thiophenol (9) which gave diphenyl disulfide (10) (92%) as the
oxidation product and the bis-selenide 2 as the reduction product (Scheme 2).
These distinct differences in reactivity between 1 and the aromatics described
above seem to be due to the difference in the oxidation potentials of the

aromatics.6)
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Scheme 2.

When a solution of phenothiazine (11) (1 equiv.) in anhydrous CH3CN was
added to a solution of diselenide dication 1 (1 equiv.) in anhydrous CH3CN under
an Ar atmosphere at -20 °C, the solution became yellowish-brown. Its UV-

visible spectrum exhibits absorptions at Ama 436 and 515 nm which are

X
consistent with the spectrum previously reported for the phenothiazine cation

9

radical. This phenomenon shows that phenothiazine was oxidized to its mono

cation radical (12) by dication 1, since the oxidation potential of 11 is lower

than that of the dication precursor.a)

Treatment of this solution with H,0
gave phenothiazine 5-oxide (13)10) in 65% yield, and none of the substituted
product was obtained (Scheme 3). These results indicate that 11 undergoes one-
electron oxidation to form the cation radical 12 which reacts with Hy0 to

produce the sulfoxide 13.
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Scheme 3.

Thus, a new diselenide dication salt 1 acts both as an electrophile and an
oxidant toward aromatics. The reaction mode depends remarkably on the
oxidation potential of aromatics.
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