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Radicals Derived from 1,2-Dithiolylium Ions, a New Class of Stable Organic
Free Radicals

By CarL TH. PEDERSEN, KLAUS BECHGAARD, and VERNON D. PARKER*

(Department of General and Ovganic Chemistry, The H. C. Drsted Institute, University of Copenhagen,
Universitetsparken 5, DK-2100 Copenhagen, Denwmark)

Summary Cathodic reduction of 3,5-diaryl-1,2-dithiolylium
ions produces the corresponding stable neutral free radical
which is in equilibrium with its dimer at lower tem-
perature.

‘WE report a new class of stable organic free radicals formed
by cathodic reduction of the corresponding 1,2-dithiolylium
salts. The radicals are stable at room temperature in care-
fully purified acetonitrile in the absence of oxygen, and
exist in equilibrium with the dimers at lower temperature.
With the exception of the trithienylmethyl radical, this is,
to our knowledge, the only report of stable free radicals in
sulphur containing heterocyclic rings.}2 In fact, although
radical ions are common very few sulphur containing stable
free radicals are known.1P
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FiGuRre 1. Cyclic voltammogram for the veduction of 3,5-diphenyl-
1,2-dithiolylium ion in acetonitrile containing sodium perchlovate

(0-1 M).  Substrate concentration = 1-0 mM, voltage sweep rate
= 150 mV s—1.

The cyclic voltammogram of 3,5-diphenyl-1,2-dithiolyl-
ium ion (Ia)!¢ in acetonitrile is shown in Figure 1. A
reduction peak is observed at —380 mV and on the anodic
scan the corresponding peak for oxidation of (Ila; R! = R3
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coulometric reduction!d was accompanied by the con-
sumption of precisely 1-0 F mol-! and the quantitative
formation of (IIa) as shown by cyclic voltammetry.
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FIGURE 2. E.s.r. spectrum of (I11a) in acetonitrile.

The e.s.r. spectrum of (IIa) (Figure 2) in acetonitrile con-
sisted of ca. 26 resolved lines when measured at 8°. The
intensity of the spectrum was found to be markedly de-
pendent on the temperature, becoming vanishingly weak at
—35°. On warming, the signal reappeared showing the same
temperature dependence as was observed during cooling

1 All voltages refer to oxidation or reduction at a platinum electrode versus the aqueous saturated calomel electrode.
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indicating the existence of an equilibrium with a non-
radical species, most probably the dimer (III).

The stability of radicals of structure (II) appears to be a
general phenomenon when both R and R3 are aryl groups.}
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We have examined the reduction of 5-p-anisyl-3-phenyl-,
3,5-di-p-anisyl-, and 5-p-dimethylaminophenyl-3-phenyl-
1,2-dithiolylium ions and in all cases observed the formation
of stable free radicals comparable to (Ila). We have
previously shown that 3,4-diaryl-1,2-dithiolylium ions (IV)
are reduced to dimers (V) which on oxidation quantitatively
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regenerate the substrates,® in complete analogy to the iso-
electronic tropylium—-bitropenyl system.¢ Thus, it appears
that the steric interaction of groups situated on the carbon
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atoms where the two rings join is an important factor in
determining whether the radical or the dimer of type (III)
or (V) is the favoured species. When these groups are aryl
there is considerable steric interaction and the room tem-
perature equilibrium favours the radical while there is no
tendency for (V) to dissociate. Preliminary studies on
compounds where R! is aryl and R? is methyl as well as
those in which both R? and R? are methyl show that methyl
does not inhibit reductive dimerization, no radicals being
detected by cyclic voltammetry and reduction of these
compounds parallels that of (IV). Further work is in
progress to see if more bulky alkyl groups incorporated as
R?' and R3 will enhance radical stability and thus provide
information of the relative importance of steric and elec-
tronic factors in the stabilization of (II).

The stability of 1,2-dithiolylium ijons (I} is generally
attributed to aromaticity, being isoelectronic with tropyl-
ium ion.® Sulphur in a conjugated system can usually be
considered as equivalent to an ethylene linkage and thus
(IT) can be considered to be isoelectronic with a substituted
tropenyl radical, none of which have been reported as stable
entities. Thus, it appears that there may be an inconsist-
ency in the isoelectronic analogy since there seems to be
inherent stability in the structure (II) as dimerization by
opening of the normally weak S-S bond is a feasible but un-
observed reaction pathway.
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1 While this manuscript was in preparation a theoretical paper? appeared which predicted the stability of structures such as (1I).
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