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A NEW METHOD FOR THE EVALUATION OF THE RELATIVE STABILITY OF
ORGANOSULFUR RADICALS BY COMPETITIVE ELIMINATION TECHNIQUE
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Nagatsuta, Midoriku, Yokohama 227, Japan

Summary: The relative stability of various organosulfur radicals is estimated
by competitive elimination technique using tributyltin radical and acetophenone
derivatives having two different sulfur substituents at cand o positions.

Organosulfur radicals have important roles in synthetic chemistry, polymer
chemistry including rubber vulcanization, in air polution, and in the action
of antioxidants and radioprotective agents.l Therefore, it is highly valuable
to have an information on the relative stability of various organosulfur
radicals. While, organotin hydride reductions have been broadly employed as
useful mechanistic probes for homolytic reactions.2 We have recently reported
the new SH' process involving organosulfur and tin radicals (eq. 1).

SnH nBu3 SnBu3
//“\\// R —> + SR ....[1]
A or hv ¢

[SR=SPh, SCONMez, SCOSMe, SO Ar, -{&j::)

In these reactions, no products were obtained derived from the direct attack of
tin radical on sulfur atoms. It is highly anticipated that f-ketosulfides in
place of allyl sulfides react similarly with tin radical to give desulfurized
products.

Bu Sn- -SnBu -SnBu
hj l‘x/ > + *SR
P “~~—~SR Ph
/8 l Bu3SnH

Ph + Bu,SnSR + BuySn- ... [2]

We found that this chain transfer reaction also proceeds cleanly under the
similar conditions employed above.4 Moreover, our interest has been directed
to a system having two different sulfur substituents adjacent to carbonyl

group as shown in eq. 3 (initial step).
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The mode of cleavage from the initial adduct radical (2) [a vs b] should be
highly depend on the stabilities of the eliminating radicals [Rls- vs R2S-].
To visualize our idea, we first examined the systems of thiyl, sulfinyl and
sulfonyl radicals. Thus, the reduction of the suitable dithioacetals was

carried out using an equimolar amount of tributyltin hydride in the presence of

a catalytic amount of azobisisobutyronitrile (AIBN) at 80-100° for 1 h.

The unexpectedly clean results were obtained; only one product was isolated in

each case (Table 1). In each case, the product was isolated in high yield.
For example, phenyl phenacyl sulfone was obtained in 99 and 88% yield in the
cases of the compounds 3 and 4, respectively.s'7
Table 1. Selective partial reduction of dithioacetals8
Substrate Product Eliminating radical
_ASPh
3 PhCOC PhCOCH,SO.,Ph PhS.
}Ksozph 272
OPh
4 PhCOCH\ PhCOCstozPh PhSO»
SOzPh
Me
5 PhCOCH\ PhCOCHZSMe MeSO-e
SOMe

From the Table 1, differences in the stability of each pairs [PhS~;> PhSO.,
PhSO-:> PhSO3s, MeSO-:> MeS+*] lead to a conclusion that the relative stability
among them increases in the order; PhSO+ >PhSe :>'Phsoi.

This result is consistent with the data obtained by the thermal dissociation
study of S-S bonded compounds by Kice et.al., [ArSO-:> ArSo,ArSOf ].9

Next, the competitive elimination of the various sulfur radicals have been

investigated. Some dithiocacetals gave exclusively only one product, while,
others afforded a mixture of desulfurized ketones (Table 2).

The results indicate the following stability order;

_‘:>\s> MezNgS’ > PhS-> @(}s- > ﬂ_:}\-s > (EtO) 2ﬁs- , phgs-
S — N_
Me Ph

—

The present study demonstrates the quite noticeable differences in the
splitting ability of various organosulfur groups. High stability of
triazolylthio radical is a new information . It is presumably stabilized by
the efficient delocalization of the unpaired electron through the ring system.
On the other hand, tetrazolylthio radical is not so efficiently stabilized.



Partial reductive desulfurization8

Estimated by 1H—NMR spectroscopy.

Table 2.
Substrate Product Ratio (%)a
Ph PhCOCH, SPh 86
& PhCOCH PhCOCH SCSNMe 14
bLSNMeZ 2z
Ph PhCOCH,,SPh 42
7 PhCOC
- \s-</“):@ PhCOCHZS-/i@ 58
S
_SPh PhCOCH, SPh 0
8 PhCOCK
SP(=85) (OEt) PhCOCH,SP (=S) (OEt), 100
Ph PhCOCH ,,SPh 0
2 PhCOCH\SCOPh PhCOCH ,SCOPh 100
Ph PhCOCH,SPh 31
10 PhCOCH —N _
\s-—/g I PhCOCH Zs-/(q H 69
QI—N E_._.
Ph h
_SPh PhCOCH,,SPh 100
11 PhCOCH F— P
s-(N PhCOCH,,S ” 0
Me e
a

These data are useful for the design of the chemicals or reactions involving
organosulfur radicals as mentioned in the introduction. Furthermore, by the
simple modification of the dithiocacetal units, the method may predict the

unknown stabilities of the wide variety of organosulfur radicals.
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R Bu3Sn g-SnBu3
PhCOCH\ ———~——> PhC=CHR' + SR
R'
RSe + Bu3SnH ~———» RSH + Bu3Sn~
-SnBu3 8
PhC=CHR' + RSH — Ph -CHZR' + Bu3SnSR (R'=H, SR")
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SePh ——3— > —5 76%
AIBN,110°
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