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Detection of Aromatic Sulphinyl (ArSO-) Radicals during the Photolysis and
Thermolysis of S-Aryl Arenethiosulphonates and Diaryl Sulphoxides

By Bruck C. GILBERT* and BarBaRA GILL
(Deparviment of Chemistry, University of York, Heslington, York YO1 5DD)

and MicHAEL D. SEXTON
(Paramins Technology Division, Esso Chewmical Research Centre, Abingdon, Oxfordshive OX13 6BB)

Summary Evidence has been obtained using e.s.r. spectro-
scopy that arenesulphinyl radicals (ArSO-) are produced
during the thermal and photolytic homolysis of both
diaryl sulphoxides and S-aryl arenethiosulphonates, in the
latter case via the initial production of the corresponding
sulphonyl and thiyl radicals, ArSO,- and ArS-, re-
spectively.

SULPHUR-CONTAINING organic compounds have been em-
ployed for some time as antioxidants for operation under
both thermolytic and photolytic conditions, and there has
recently been renewed interest in their mechanisms of

action.! We now report results of an e.s.r. study of the
reactions of two classes of compounds, namely some S-aryl
arenethiosulphonates (I) and diaryl sulphoxides (II).

When solutions of some S-aryl arenethiosulphonates
(ca. 107% M) in deoxygenated methylbenzene are photolysed
at ca. 210 K in the cavity of a Varian E-104 e.s.1. spectro-
meter with the radiation from an Hanovia 977B-1 1 kW
mercury—xenon compact arc, signals attributed to sul-
phinyl radicals? (III) are detected (see Table).

Similar, though somewhat broader, signals are also
detected when mixtures of some thiosulphonates and
naphthalene (with the concentration of the former ca.
10—* M) are heated to ca. 400 K in the e.s.r. cavity.

TABLE

E.s.1. spectra of radicals derived from some S-aryl arenethiosulphonates and diaryl sulphoxides

Radical Hyperfine splittings/mT

(II]; R=X=H)
(II1; R=H, X=NO,)
(I1T; R=H, X=Br)

a(o,p-H), 0:239; a(m-H), 0-070
a(o-H), 0-227b
a(o-H), 0-2300

(III; R=H, X=Me) a(o-H) and a(Me), 0-264>

(III; R=But, X=0H)  a(o-H), 0-227
(IV) a(N), 1-712
V) a(N), 1-208

a For conditions, see text.

b Splittings from m-~H not resolved.

g Method of generation®
hv Heat

. (I, R=X=H

2-0091 (II; R=X—H)

2-0091 (I: R=H, X = NO,)
. (I, R=H, X=DBr)

2-0101 {(H; R=H, X=Br)

(I, R=H, X=DMe)

(I, R=H, X=NO,)
(I, R=H, X=Br)

2:0092 9 (1], R—H, X—Me)

2:0090 {(r; R—But, X—O0H) }(1; R—But, X=0H)
(II; R—But, X—OH) f(I; R—Bu!, X—OH)

20066  (I; R—H, X—Me)e

20061 J(I R=H, X=Me)e  (I; R=H, X=Me)e

(II; R=H, X=Me)¢

¢ In the presence of 2-methyl-2-nitrosopropane.
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Thermal and photochemical decomposition of S-aryl
arenethiosulphonates in the presence of spin traps provides
evidence for the formation of radicals of different types.
For example, photolysis of (I; R = H, X = Me) in methyl-
benzene in the presence of 2-methyl-2-nitrosopropane
(ButNO) leads to the detection of signals from the adducts
formed by trapping the appropriate aromatic thiyl (RS-)
and sulphonyl radicals (RSO,-) (see Table and refs. 3 and 4);
we have independently generated these adducts from
photolysis of the appropriate disulphide and sulphonyl
chloride, respectively, in the presence of the trap. We
have found no evidence that arenesulphinyl radicals are
trapped by either nitroso or nitrone traps.

eI viNe!

(1) (1)

=U1=O

y / ¢ Py

X@-S. Me©—5—'N—-Bu‘ Me S—N—Bu
{ i
0

(1 (1v) (v)

Decomposition of S-aryl arenethiosulphonates evidently
proceeds, under these conditions, at least in part via a
homolytic mechanism (evidence for heterolytic thermal
decomposition of some S-aryl thiosulphonates has been
summarized®). In the absence of a trap, the first-formed
radicals ArSO,- and ArS- can recombine and thence give the
appropriate arenesulphinyl radical, probably via the S-O
shift shown in the Scheme. It seems likely that the
stability of the arenesulphinyl radical is such that it is not
itself trapped.
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Arenesulphinyl radicals are also detected during the
photolysis of solutions of diaryl sulphoxides in deoxy-
genated methylbenzene and in the thermolysis of the
antioxidant (II; R = Bu', X = OH) (ca. 10~* u solution in
naphthalene at ca. 400 K). Aromatic sulphonyl radicals
are trapped during the photolysis of some sulphoxides
(e.g., II; R = H, X = Br or Me) and during the thermolysis
f (IT; R = Bu%, X = OH) (under these conditions thiyl
radicals were not trapped).

a 7
| h
Ar—S—5—Ar —=2LBY Ars0,e + - SAr === Ar—s
I 0—S—Ar
0
0 I
2 Ar—S—Ar M 2 ArSO-
SCHEME

It is known that decomposition of aryl sulphoxides
leads, inter alia, to thiosulphonates (¢f. the photolysis of
phenyl t-butyl sulphoxide® and thermolysis? of benzyl
4-methylphenyl sulphoxide); our results provide support
for a mechanism which involves a reversible route for the
interconversion of ArSO- and the radical pair ArSO,—-ArS-
(see Scheme). The formation at some intermediate stage
of the symmetrical sulphinyl dimer ArS(O)S(O)Ar (cf.
ref. 8) cannot be ruled out.
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