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Abstract 

A procedure is described which allows for the in situ synthesis of arylalkyl, diary1 
and dialkylchalcogenides under phase transfer conditions starting from the corre- 
sponding diorganodichalcognides. The dichalcogenides are reduced by amino- 
iminomethanesulfinic acid (thiourea dioxide) in alkaline medium and catalyzed by a 
quaternary ammonium salt. The reduction proceeds easily for diary1 disulfides and 
diary1 diselenides at a sodium hydroxide concentration of 13%; diary1 ditellurides 
require a 50% sodium hydroxide solution to give the aryl tellurolate anion. The 
dialkyl diselenides and dialkyl ditellurides are more difficult to reduce. The inter- 
mediate arylthiolates and arylselenolates are quenched by alkyl and activated aryl 
halides to give the corresponding sulfides and selenides in high yield (77-97%). The 
aryltellurolates react with alkyl halides giving the aryl alkyl tellurides in 81-96% 
yield. The procedure could not be successfully used for the synthesis of dial- 
kylselenides and dialkyl tellurides; low yields and mixture of products were formed. 

Introduction 

Aminoiminomethanesulfinic acid (thiourea dioxide) (I) has been widely used as a 
strong reducing agent for inorganic metal ions. 
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Many methods have been described for the synthebi> of tliaryl. ar~ialkyl and 
dialkyl sulfides. Howevtx all of these methods require qmG1 cmditir~nx -uch i1.h 
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high temperature [II], strong basic conditions [12], dipolar aprotic solvents [13315] 
or catalysis by transition metal complexes [16,17]. 

Using the method described in this paper the generation of the arylthiolate anion 
occurs almost instantaneously and can be followed by observing the discoloration of 
the diary1 disulfide solution. The reaction time for nucleophilic aromatic substitu- 
tion using activated aryl halides and phenyl thiolate was four hours. However, aryl 
thiolate anions deactivated by electron-withdrawing groups did not react within this 
time. When we tried to carry out the reaction of 4-nitrophenylthiolate with 2- 
nitrophenyl chloride and 4-nitrophenyl bromide, the starting diary1 disulfide and the 
aryl halide were recovered unchanged. LJnder the same conditions phenylthiolate 
gave the corresponding sulfides in 97% and 85% yield, respectively. Less-activated 
aryl halides such as 3-bromochlorobenzene and 1,2.4,5-tetrabromobenzene failed to 
react. Cetyltrimethylammonium bromide (CTAB) was used as a catalyst for the 
preparation of diary1 disulfides. A comparative blank experiment (in the absence of 
the catalyst) was conducted using 2,4-dinitrochlorobenzene as substrate and di- 
phenyl disulfide as the source of thiolate. The reaction time was four times longer 
and the desired diary1 sulfide was obtained in only 24% yield. 

Arylalkyl sulfides were obtained by the reaction of arylthiolates and alkyl halides. 
As one can see in Table 1 activated alkyl halides such as benzyl chloride (entry 7) 
and ally1 bromide (entries 8 and 9) react almost instantaneously leading to the 
benzyl or ally1 aryl sulfides in good yields. The reaction with primary alkyl halides 
occurred in a relatively short time and in good yields. Secondary alkyl halides did 
not react, and this makes it possible to achieve good regioselectivity in cases where 
the substrate has both primary and secondary reactive sites (entry 17). 

Unsymmetrical dialkyl sulfides were also obtained by allowing dialkyl disulfides 
to react with alkyl halides (Table 1, entries 18-22). 

For the synthesis of aryl alkyl and dialkyl sulfides the phase transfer catalyst 
used was cetyltrimethylammonium chloride (CTACI). It was observed that increas- 
ing the base concentration increases the reaction rate. The yields, however, decrease. 
The best compromise between reaction time and yield in the case of aryl alkyl and 
dialkyl sulfides was achieved by using 6% aqueous sodium hydroxide solution (eq. 

2). 

RSSR (I), 6% NaOH. THF 2 RSRl 

2 R’X, P.T.C. 
(2) 

R = Alkyl, Aryl 
R = Alkyl, Aryl 
P.T.C. = CTACl, CTAB 

Several methods are available for the synthesis of dialkyl [18,19], arylalkyl 
[18,20,21], and diary1 selenides [18,25-271. The methodology described above for the 
synthesis of sulfides could be advantageously applied for the synthesis of diary1 and 
arylalkyl selenides avoiding some of the problems encountered in the described 

methods (Eq. 3). 

RSeSeR 
(I), 6% NaOH, THF RSe Rl 

P.T.C.. 2R’X 
(3) 

R = Alkyl, Aryl 
R’ = Alkyl, Aryl 
P.T.C. = CTACl 

(Continued on p. 334) 
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