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N,N,N'K'-Tetramethyl-p-phenylenediamine (I) is knowa to
undergo one-electron oxidation under a variety of conditiom(a) to
the corresponding cation-radical, a blue substance, which has
absorption maxima at 621 mp and 571 mp 3) The e.s.r. derivative
spectrum of the cation-radical of I has been extensively exm:l.ned.,(u)
and the hyperfine coupling constants have been found to be ay = 6.99
geuss, acy, = 6.76 gauss, and ag = 1.97 gauss.

We wish to report here the annlogoua(s) one-electron
oxidation of the known dithichydroquinonme dimethylether (II).(6)

In 96% sulfuric acid II also gave deep blue solutions (A pey, &t
787 mp, 725 mp (sh), and 615 mp) with strong e.s.r signals. The
e.s.r. pattern of these solutions showed many lines apparently due

to the presence of more than one species, however a dominant pattern
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1822 Sulfur analog of Wurster's blue cation-radical No.26

of seven groups of evenly spaced lines could be seen. This spectrum
could be detected even after the solutions were stored at room tempera-
ture for a week; however, the visible absorption bands were found to
fluctuate in intensity with time, and the solutions did not obey Beer's
law. Quenching & day-old solution of 0.55 g. of II in 17.96 g. of
sulfuric acid in ice-water resulted in recovery of 42% of starting
waterial and 28% of & compound, whose m.p. (99.5-100.5°, reported(6)
102°), infrared spectrum, and elemental analysis indicated the mono-

sulfoxide IIX. Compound III could be redissolved in sulfuric acid to

o’\s/ms

cHs
III

glve a solution with the same e.s.r. derivative spectrum and visible
absorption maxima as obtaimed from II in sulfuric acid. When the
disulfoxide of 11(6) (bis-p-methylsulfonylbenzene) was dissolved in
96% sulfuric acid a broad seven line e.s.r. derivative pattern with &
coupling constant identical to that of the cation-radical of II, was
observed. These observations indicate a similarity between the reactions
of II and its sulfoxides and thianthrene{7,8) snd its sulfoxides.
Conclusive evidence for the presence of the dithiohydro-
quinone dimethylether cation-radical was obtained by electrochemical
oxidation. Using a rotating platinum electrode in acetonitrile solution
with tetra-N-propylammonium perchlorate as supporting electrolyte, II
was found to undergo a 1 electron oxidation at + 0.861 v. (vs. an Ag-0.0l Molar
AgCl0, reference electrode) with a second wave appearing at +1.43 v.

When electrochemical oxidation of II in acetonitrile was performed in
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the e.s8.r. cavity at the peak of the first wave, & blue solution with
an e.s.r. derivative spectrum similar to that obtained from solutions
of II in sulfuric acid was obtained. The spectrum of the electro-
chemically genmerated radical did not show extrameous lines which hed
prevented an unequivocal assignment of coupling constants for the
radical in acid. The spectrum consisted of seven broad lines with
relative intensities which are a good fit for electron interaction
with six equivalent protons. The spacing of the lines suggest a
coupling constant, aCHy, OF L4.56 gauss in acetonitrile and 5.33 gauss
in sulfuric acid for the cation-radical of II.(9)

Each of the seven lines was further split by interaction
with an even number of protons (these may be the four ring protons)
but the resolution was not good enough to measure the coupling constart
or establish the nature of the further interaction with certainty.

OQur inability to resolve the ring proton hyperfine struc-
ture may in part be due to the presence of two rotational isomers of
the cation-radical of II which may result in different coupling
constants for the ring protons in different environments. Several
examples of such rotational isomers have been reported for other
ion-radicals (10). fne large (4.56 gauss) methyl proton coupling
constant suggests that the spin density on sulfur is relatively
large. Consequently, the spin density on proton-bearing ring sites
can be expected to be relatively small; however, no relation between
aSCHs and spin density ou 8 has been established. The g-value was
2.0086 + 0.0004, higher than the free electron value normally associ-

ated with radicals in 7/TV-systems made up exclusively of first row
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elements, also suggesting that sulfur interaction with the unpaired
spin does ooccur.

Cyclic voltammetric study in acetonitrile showed both
anodic and cathodic peaks centered around the d.c. half-wave potential
of II. At low frequencies, the re-reduction was incomplete, suggest-
ing & half-life for the cation-radical of ~5 secs. As the potential
vas cycled several times, new oxidation peaks appeared at + 0.75 v. and
+1.0v. (vs. 5CB). In 1,2-dimethoxyethane, the half-life of the
cation-radical of II was only of the order of 0.1-0.5 secs.; however,
nev oxidation peaks did not appear even after numerous cycles. A
possible interpretation of these results is that solvation by aceto-
nitrile stabilizes the radical but also is involved in the forwmation
of new ¢lectro-active species.

The long wavelength charge-transfer (C-T) absorption band
maxima of q(-electron donors is a measure of their relative first
oxidation potentisl(1l). The C-T maxima of I with tetracysmoethylene
and p-chlorenil are reported to be at 980 mp and 870 ap relpectinly‘”.
The corresponding mexima of II with these acceptors, in methylene
chloride, occur at 675 =g and 600 mu. Similarly, the ionization
potential of II, as measured by the electron impact method, (12) is
7.35 + 0.05 volts, compared to the reported ionization potential of I,
by the same method, of 6.5 volts(13).

We conclude that the sulfur analog of the Wurster's Blue
cn.t;on-radica.l, the dithiohydroquinome dimethylether cation-radical,
although capable of more than transitory existenmce, is formed with

more difficulty, and is less stable than Wiirster Blue.
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