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Organic Sulfur Compounds. VII. The Reaction of Methyl p-Toluene-
sulfinate-[sulfinyl-18O] with Phenylmagnesium Bromide 
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The formation of sulfoxides from the sulfinic 

esters and Grignard reagents has been long known.1) 

Recently this method has been utilized for the 

preparation of the optically active sulfoxides from 
l-menthyl sulfinates and Grignard reagents.2) Since 

the configuration of the resulted sulfoxide is op-

posite to that of the starting sulfinate ester, this 
reaction has been considered to proceed by a 

SN2 type nucleophilic attack on the sulfur atom, 

with an inversion and displacement of the alkoxide 

anion3):

(1)

However, it has not yet been experimentally estab-
lished which oxygen atom of the sulfinate ester 
is replaced. This point should be clarified by 
an examination of the reaction of a Grignard 
reagent with sulfinate ester-[sulfinyl-18O]. 

Methyl p-toluenesulfinate-[sulfinyl-18O], pre-
pared by the reaction of sodium p-toluenesulfi-
nate-18O and ethyl chlorocarbonate in methanol,4) 
was therefore treated with phenylmagnesium 
bromide to give phenyl p-tolyl sulfoxide. The 
excess atom percentage of 180 of this sulfoxide 
was found to be exactly twice that of the starting 
methyl sulfinate. This fact can best be explained 
by postulating the retention of the sulfinyl oxygen 
atom of the methyl ester in the sulfoxide formed. 

The above result is consistent with the currently 
accepted SN2 mechanism which may be depicted 
thus:

(2)

On the other hand, the coordination of the 
bromomagnesium cation with the sulfinyl oxygen 
atom of the ester could result in the formation of 
the sulfonium cation, in which a lone pair electron 
may enter the 3s orbital and in which three 3p 
orbitals are available for the formation of three 
single bonds. The attack of the anionoid phenyl 

group on the sulfur atom of this cation may occur 
from the unhindered open side, to give a tetra-
hedral intermediate (I) using a 3d orbital:

(I) 

Similar tetrahedral intermediates with a lone 

pair in a 3s orbital have been postulated in the 
reaction of triphenylsulfonium bromide with 

phenyllithium or n-butyllithium.5) 
The elimination of a methoxide anion from I 

would lead to the sulfoxide with an inverted 
configuration. Therefore, both the above experi-
mental results and the asymmetric syntheses in 
the literature can be explained by either the SN2 
mechanism or the tetrahedral intermediate mecha-
nism. The SN2 mechanism seems to be most 

plausible in the analogous ester exchange reac-
tion of the sulfinate esters,6) but in those cases, 
the formation of the sulfonium cation, in which 
the positive charge on the sulfur atom could cause 
the 3p3 electronic structure discussed above, is; 
impossible. 

Experimental 

Methyl p-Toluenesulfinate-[sulfinyl-18O]. - Pre-
pared from sodium p-toluenesulfinate-18O and ethyl
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chlorocarbonate in methanol.4) The 180 atom per-
centage of this ester was 0.41%. 

Phenyl p-Tolyl Sulfoxide-18O.-A Grignard reagent 
prepared from 5.0 g. of bromobenzene and 0.8 g. of 
magnesium in 20 ml. of ether was added, drop by drop 
to 2.0 g. of methyl p-toluenesulfinate-18O in 30 ml. 
of benzene. An excess of 3 N hydrochloric acid was 
then added to the reaction mixture to dissolve the white 
precipitate, and the organic layer was separated, washed 
with alkali and water, and dried over magnesium sul-
fate. The solvent was evaporated, and the oily residue 
was dissolved in warm petroleum ether and kept over-

night. The colorless crystals of sulfoxide which separated 
were purified by elution chromatography over alumina 
with benzene to give an analytical sample. The atom 
percentage of 18O in this product was 0.62%. The 
calculated 18O atom%, based on the assumption of a 
reaction of the sulfinyl oxygen of the ester, is 0.61%. 
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