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A FACILE METHOD FOR THE SYNTHESES OF
DIALKYL DISULFIDES FROM SULFUR
UNDER PHASE TRANSFER CONDITIONS

Jin-Xian Wang(Chin-Hsien Wang)+, Wenfeng Cui,and Yulai Hu
Ingtitute of Chemistry, Department of Chemistry,
Northwest Normal University, Langhou, 730070, China

Abstract: A convenient reaction of alkyl halides with
sulfur in alkaline medium has been found to afford
disulfides in good to excellent isolated yield under phase

transfer conditions.

Phase transfer catalysis is one of the most attractive
techniques in organic synthesis.® The process is
versatile, fast, inexpensive, involves smoth workup, gives
good yields and needs less drastic conditions éompared to
conventional methods of synthesis. The technique has a
very broad scope of application.? Surprisingly, however,
few practical applications have been devised for inorganic

synthesis.

* To whom correspondence should be addressed.
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The chemistry of organic sulfides, which are of interest
from the viewpoint of organic synthesis, biochemistry,
catalysis, organic ligand complexes, and polymer chemistry,
has been well studied.*

Several methods for the preparation of organic
disulfides have been described.*® One of them consists of
oxidizing the corresponding thiols,a reaction which has
been extensively studied with a variety of reagents.
Several reagents such as, bromodimethylsulfonium bromide,®
bromine/aqueous potassium hydrogen carbonatel®,
bis[trinitratocerium(IV) chromate, ™ sulfonyl chlorides, **
Se0.,*® cluster (n-BuyN)2[Fe S.(SR).}/0z,** barium
permanganate, *® BugsSnOMe/FeCls, ** benzyltrimethylammonium
tribromide, *” 2,2’-dithiopyridine-1, 1’-dioxide,*®
(BrCH-CH.)-SeBr., *®* M5B,0a/0-, #° 5,5-dibromomeldrum’s
acid,2?* corresponding chloroselenane,?2 Co(Il)
salcen/Oz/air,?® Na,TeOs, 24 p- toluenesulphonyl
chloride 2 etc., have been used in the field. Disulfides
can be easily prepared by electrochemical oxidation of the
corresponding thiols in methanol/sodium methoxide solution
under conditions of constant current, 2® thiol acetate with
clayfen in the absence of solvent 27 and oxidative
cleavage of aryl or alkyl tert-butyl sulfides.?® Although
there are a number of methods available in the literature
for the synthesis of disulfides, the most commonly
employed method for the direct conversion of benzyl
halides to disulfides has been using Na.S. or Na.S/S.3°
Usually, dialkyl polysulfides are obtained from alkyl

halides and sulfur in an alkaline medium, 3°
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Scheme 1

Recently, we have reported the synthesis of di(acyl)
disulfides and di(acyl)diselenides from sulfur or selenium
with halides in alkalin medium under phase transfer
conditions. ®*, ®2In this paper, we have now used a phase-
transfer method for the reaction of sulfur with alkyl
halides. Dialkyl disulfides (3) can be synthesizedin high
yield simply from the reaction of an alkyl halides (1) with
sulfur (2)in a two phase system consisting of benzene, water,
and a phase —transfer catalyst. The reactions are shown in
Scheme 1 and the results are summarized in the Table 1.

Table I shows results of reaction of sulfur with sodium
hydroxide and alkyl chloride under phase transfer catalysis.
The results show that the phase transfer catalyst is
not only involved in production of the disulfide ion in
solution, but also catalyses the substitution reaction on
the alkyl chlorides. For example, in order to elucidate the
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action of phase transfer catalysts, we have investigated
the reaction of sulfur without them. The reaction of sulfur
with sodium hydroxide was continued for 8h at 70-80°C, but
with no yellow(S2™) in aqueous layer. After only a few
drops of PEG-400 was added into the system, the aqueous
layer becomes yellow after 5 minutes. The Table 1 shows that
the yield of dibenzyl disulfide(3f) is 9596. Under the
same conditions but without the phase transfer catalyst for
15 h, the yield of 3f is only 139%4.

We also investigated the effects of different phase
transfer catalysts on the reactions of 8 with OH- and S2-
with a hydrocarbyl halides.It is found that the activities
of the catalysts are in the following order.

PEG-400~-PEG-600>PEG1500>CTMAB-. (C-Hs) ,NI~18-C-8>
(C2H.) NCl~ (C-Hg) .NBr

The efficiency of various solvents on the formation of
dibenzyl disulfides was studied using phase transfer
catalysts. The benzene were found to be effective solvents
for the reaction,. For various solvents, the effect for
the synthesis of dihydrocarbyl disulfides 1is in the
following order:

) >{ >CH.CN>CH,Clo>CHo(CHz) .CHa

An original attempt was made to introduce phase transfer
catalysis into inorganic reaction system by Deng and
Chen.>* Deng et al..* have also reported the mechanism of a
sulphur disproportionation reaction at dilute alkali under
phase transfer conditions, which is the same as the one
which occurs at high temperature.

4S+60H~ —282-+5,03"+3H-0
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We consider that the mechanism includes two parts,
inorganic synthesis and organic synthesis under phase
transfer catalysis®®, The PEG was chosen as the catalyst
for the reaction between hydroxide ions in aqueous phase
and elemental sulfur in organic phase and the generates
S2-. Reaction of PEG with NaOH forms [PEG-Na}*OH~-
which, in the presence of SZ~, generates [PEG-Na]sS3~
and transfer to organic phase from agqueous phase.
[PEG-Nal593-reacts with the RX rapidly to afford the
desired RSSR,and [PEG-Na]*OH™ is regenerated by ion
exchange of [PEG -Na}*X~with NaOH. The PEG is used

circularly in the reaction.

EXPERIMENTAL SECTION

IR spectra were measured for KBr discs using an Alpha
Centauri FT-IR spectrophotometer. H’NMR spectra(80MHz) were
recorded in CDCls using a FT-80 spectrometer. Microanalyses
were measured using Carlo Elba 1106 microelemental analyser.

General Procedure. -Sulfur powder(12. bmmol) was added to
a mixture of PEG-400(0.005 mmol), sodium hydroxide(8M 20ml),
and benzene(30ml) at 65-70°C for 3h with stirring. The
alkyl halides (10 mmol)was added and the reaction mixture
was stirred at 65°C for 1 h. The aqueous layer changed from
yellow to colourless immediately. The organic layer was
separated, washed with water(3X10ml), and dried (MgS0,).
The solvent was removed by evaporation under reduced
pressure to afford a crystaline dialkyl disulfide.
Recrystallization from ethanol or ethanol/benzene gave the
analytically pure products.
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