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Cumulative Double Bond Systems : Thermolysis of Benzoyl Peroxide in 
the Presence of B isaryl iminosul phu r Derivatives 
By Giorgio De Luca," Gabriele Renzi, Romano Cipollini, and Adriano Pizzabiocca, lstituto Chimico, Via 

S. Agostino 1, Universith di Camerino, Italy 

Thermal decomposition of benzoyl peroxide in the presence of bisaryliminosulphur derivatives (ArN:S:NAr) affords 
the corresponding azobenzene (ArN:NAr) and diphenyl disulphide. It is suggested that the products originate 
from a bridged thiadiazolidinyl radical (8) formed by attack of the phenyl radical a t  sulphur followed by intramolecu- 
la r cycl iza tion. 

WE have recently reported the addition of arylnitrenes 
and aryl radicals to N-sulphinylanilines (ArN=S=O) . 
As a further step in the study of the behaviour of cumul- 
ative double bonds toward free radicals we now report 
the reaction of phenyl radicals bisaryliminosulphur 
derivatives (2). 

Attention has recently been paid to the structure as 
well as to the reactivity of these heteroc~mulenes.~ The 

subject in the light of theoretical 8 interest in additions 
of free radicals to allenes. 

The reaction of equimolar amounts of benzoyl perox- 
ide (1) and compound (2) in boiling dry benzene under 
nitrogen gave biphenyl (3), azobenzene (4), and diphenyl 
disulphide (5) in high yields (Scheme 1). 

The formation of the products can be rationalized as 
in Scheme 2. Thermal decomposition of the peroxide (1) 
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cis,tram-form (2a) is the only isomer present in the solid 
state* and in the gas phase,5 whereas in solution in 
equilibrium mixture with the less stable trans,tYans- form 
(2b) exists. The co-ordination properties of (2) and its 
reactivity with ionic species have also been investigated. 

The structural similarity of allenes and bisarylimino- 
sulphur derivatives gives further importance to our 

1 G. De Luca and G. Renzi, Gazzetta, in the press. 

gives benzoyloxyl radicals9 which, by loss of carbon di- 
oxide, afford phenyl radicals (6). These can effect homo- 
lytic aromatic substitution of the benzene to give bi- 
phenyl (3) , or react with the bisaryliminosulphur to afford 
the radical (7) .  The attack of the phenyl radical a t  the 
sulphur atom of compound (2), which in solution exists 
in the dipolar form Arm-S+=NAr, is suggested on the 
basis of the known lo nucleophilic nature of the phenyl 
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radical; moreover the intermediate adduct (7), because 
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of the delocalization of the free electron, is presumably 
more stable than the one obtainable by interaction of the 
phenyl radical with the nitrogen atom. This function 
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of the sulphur as an electron acceptor finds support from 
previous research.ll 

The intermediate (7) can cyclize to form the thiadiazol- 
idinyl radical (8). The geometry of the bridged radical 
(8) is analogous to that proposed for the intermediate in 
the reactions of phenyl l2 and methyl l3 radicals with 
episulphides. Fragmentation of (8) should afford azo- 
benzene (4) and the phenylthio radical (9), which by 
dimerization gives diphenyl disulphide (5 )  (Scheme 3). 
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Scheme 4 summarizes a different fragmentation path 
open to the radical (8) which would also explain the form- 
ation of the reaction products. The resulting arylnitrene 
triplet (10) will dimerize, as previously established,l* to 
the azo-derivative. 

The relevance of this alternative mechanism has been 
investigated by means of crossover experiments. Phenyl 
radicals were generated in the presence of equimolar 
quantities of bis-$-chloro- and -9-methoxy-phenylimino- 
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sulphur derivatives ; the main products were pp'-di- 
chloro- and $9'-dimethoxy-azobenzene, whereas the 
9-chloro-9'-methoxyazobenzene was formed only in low 
yield. This last compound must originate from inter- 
molecular combination of free $-chloro- and $-methoxy- 
phenylnitrenes, thus indicating that the mechanism in 
Scheme 4 does operate, if only to a minor extent. 

Supporting evidence for intermediate arylnitrenes is 
the isolation of small quantities of carbazole from thermo- 
lysis of the peroxide (1) in the presence of bis-o- 
bip hen ylyliminosulp hur . 

Thus the desulphurization of compounds (2) occurs 
mainly intramolecularly, as suggested in Schemes 2 and 3. 
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Similar results have been obtained by Leandri l5 and 
others l3 for reactions of bisaryliminosulphur derivatives 
with zinc or alumina. 

EXPERIMENTAL 

Bisaryliminosulphur derivatives were prepared accord- 
ing to established procedures.4* l6 

Reaction Conditions.-For example bis-p-chlorophenyl- 
iminosulphur ( 3 8 0  mg, 1 . 3 4  mmol) and benzoyl peroxide 
( 3 2 5  mg, 1 .34  mmol) in dry benzene were boiled under nitro- 
gen for 7 2  h. After cooling 5% sodium hydrogen carbonate 
solution was added. The organic phase was dried (Na,SO,), 
concentrated, and analysed (a) by column chromatography 
[SiO, ; light petroleumi-ether ; products identified by i.r. 
(Nujol or KBr) and mass spectra and by mixed n1.p. with 
authentic samples when solid] and (b) by g.1.c. [Perkin-Elmer 
F11; silicone gum rubber E 3 0 1  on Chromosorb G AW- 
DMCS ( 2  m x 1 / 8  in)]. The following products were 
identified : biphenyl ( 8 4  mg) diphenyl disulphide (67 mg), 
and @'-dichloroazobenzene ( 135 mg) . 
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