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Summary The electrochemical generation of a stable
dication, forming a tetrathian ring, from the p-diethyl-
aminodithiobenzoate anion in acetonitrile is reported;
this constitutes a new example of the oxidative cyclisation
of a dithio-ligand.

THE oxidation of a dithio-ligand leading to a stable cyclic
dicationic species is very seldom observed, the only real
example being that of dithiocarbamates.! (The 1,2-
dithiolium ion resulting from oxidation of some dithio-
acetylacetonato complexes is a monocation.?) We now
report a second example of this type of cyclisation. We
have synthesised by the standard method, with the appro-
priate Grignard reagent® the novel dithiobenzoato sodium
salt (1),1 with a stabilizing substituent on the phenyl ring.
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Electrochemical oxidation in acetonitrile with 0-1m™
Et,NCIO, transforms the anion (1) into the expected
disulphidet (2) (S-S in the Scheme) by an e.dim
(electron transfer followed by dimerisation) mechanism, as
for the dithiocarbamate anion.# The dimer (2) in turn may
be reduced back to (1). The cyclic voltammogram shows
that the electron transfers are slow, but that the overall
transformation is a reversible process. Half-wave poten-
tials are summarized in the Table.

T Satisfactory analyses were obtained for these compounds.

TaBLe. Half-wave potentials at a platinum rotating disc
electrode (V vs. Ag-Ag+, 0-01m) of (1), (2), and (3)

Oxidation Reduction
(1) —0-19, 0-46, 0-60 —
(2) 0-38, 0-60 —1-30
@3) — —0-10

However, the disulphide (2) shows more interesting
electrochemical behaviour. It is oxidized in two successive
one-electron exchanges corresponding to the formation of
the unstable monocation S.+—S and the dication diradical
S«+-8.+. The process is irreversible up to scan rates of
30V s71 but the cyclic voltammogram (Figure) shows a
new cathodic peak at —0-10 V.

Coulometry by exhaustive electrolysis at the potential
of the second peak P, shows that the number of electrons
involved in the oxidation is two. Successive u.v.—visible
absorption curves of the solution, recorded during electroly-
sis, pass through a series of isosbestic points at 385, 482, and
675nm. The electrolysed solution shows no e.s.r. signals.
The absorption band maximum (Aygax 537 nm) of the non-
paramagnetic oxidized species is at long wavelength in
comparison with that of (2) (Apax 456 nm). This value
(537 nm) approaches that observed for the absorption
maximum of other conjugated quinone di-imine cation
systems.> The most likely formula consistent with these
results is the dicationic species St=S+ containing a tetra-
thian ring.

Isolation of (3) is not possible by preparative electrolysis
owing to the low solubility of (2) in acetonitrile and the
extreme sensitivity of (3) to hydrolysis. However, the
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tetrathian (3) can be obtained, not in a pure form, by
oxidation with iodine in methylene chloride. As for bis-
(diethyldithiocarbamoyl) disulphide 1d.¢ chemical oxidation
of the disulphide (2) leads to the I3~ salt of (3), but it is
accompanied by decomposition products which have not
been identified. It is so insoluble in organic solvents that
its 'H n.m.r. spectra cannot be recorded. However, i.r.
studies show a strong increase in the y(C-S) vibration at
825—820 cm~! and a disappearance of vy(C=S)¢ at 1030
cm™! on oxidation of (2) into (3).
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Ficure. Cyclic voltammogram of (2) (5 x 10-*M) in MeCN
with 0-1 m Et,NCIO, at a platinum disc electrode; sweep rate
0-08 V s~!; initial potential —0-5 V vs. Ag-Ag+ 0-01 M.

The structure of (3) is also supported by the fact that it is
easily reduced to the disulphide (2) at the same potential as
that of the cathodic peak P, in the Figure, and the anionic
compound (1) is almost completely restored by another
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exhaustive reduction, proving that there is no loss of sulphur
during the oxidation procedure. This is not the case for
the chemical oxidation of the dithiocarbamate anion.1¢
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Controlled potential oxidative electrolysis at the potential
of the first voltammetric peak P, also produces (3): the
cation radical S-+-S produced at the first peak P, potential
is not stable, and cyclises slowly, on the time-scale of the
cyclic voltammogram experiments, into the intermediate
species St=S. which itself is oxidized into the dication
St=S+* at the same potential. This e.c.e. mechanism, of
course, competes with the disproportionation (1). At the
potential of the second peak P, the cyclisation takes place

S-S 4+ S+=S. = S-S L S+=G+ (1)

after a second electron transfer to give St=S+ via formation
of S«t-S.+ species (e.e.c. mechanism).

Thus, depending on the potential, the anodic formation
of the tetrathian compound occurs by means of two distinct
mechanisms and the three compounds (1), (2), and (3) make
up a set in which all constituents are electrochemically
mutually exchangeable.
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