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A new method for selective oxidation of sulfides to sulfoxides with
mercury(Il) oxide-iodine reagent is reported.

In the course of our studies on the functionalizations of
organic compounds with mercury(Il) oxide—iodine rea-
gent,’ we have found that this reagent is useful for a
mild, selective oxidation of alkyl sulfides to alkyl sulf-
oxides. This reaction can be carried out easily by stirring
a suspension of the appropriate sulfide, HgO and I, in
CH,CI, at room temperature under neutral conditions.
The resultant bright scarlet, dense precipitate (Hgl,) was
removed by filtration, and the product sulfoxide in the
filtrate was isolated by distillation or crystallization. Un-
der the conditions shown in the Table, primary and se-
condary alkyl sulfides including dibenzyl sulfide were read-
ily oxidized to the corresponding sulfoxides as exclusive
products. Di-tert-butyl sulfide failed to yield its sulfoxide,
probably due to carbon—sulfur bond cleavage, which has
been observed in the reaction of alkyl sulfides with
Cl,-H,0? and halogen succinimides.>* A six-membered
cyclic sulfide, pentamethylene sulfide, was selectively con-
verted to thiane 1-oxide in almost quantitative yield. The
low yield of tetramethylene sulfoxide was caused by the
competitive formation of the 1:1 complex of the sulfi-
de-Hgl,.? Trimethylene sulfide remained unchanged. Di-
thianes were not oxidized to the corresponding oxides.®
Oxidation rates of monophenyl sulfides were relatively
slower than those of dialkyl sulfides, and diphenyl sulfide
remained unchanged under these conditions. These re-
sults suggest that HgO-I, works as a mild, electrophilic
reagent,” and not a nucleophile.® Attempts to convert
thianaphthene and thiophene to the corresponding oxides
resulted in the selective formations of 3-iodothianaph-

thene, 2- and 2,5-diiodothiophene, respectively, as pre-
viously reported.>'® In contrast, it is of interest that
thianthrene exclusively yielded its monosulfoxide even
with the use of excess of reagent.

All the crude sulfoxides obtained in the present experi-
ments have not been contaminated with sulfones, except
methyl phenyl sulfoxide. This product had a trace of
methyl phenyl sulfone, which was easily removable by
silica gel chromatography or distillation. The reaction
mixtures were neutral in all cases: no acidic substances
were produced in contrast to that of the reactions with
other halogen reagents in aqueous media which liberated
the corresponding hydrogen halides, such as HCI and
HI.2’3’1 1-13

Identical oxidation of dibenzyl sulfide using yellow HgO,
prepared from HgCl, and NaOH using water containing
20.25% of H,'%0,'* yielded 14.4% *3O-incorporated
dibenzyl sulfoxide. These results indicate that this reac-
tion requires one equivalent each of HgO and I,, and is
accelerated with an enhanced nucleophilicity of sulfides
and also with fewer steric hindrances. Therefore it is
considered that the reaction proceeds via the formation
of the iodo sulfinium cation, which has previously been
suggested as an intermediate for the oxidation of sulfides
by halogens,®1* 13 followed by replacement of its iodine
atom with an oxygen atom of HgO.
R,s 2 R4 + 1- FE9 RS0 + Hyl,

Thus, the mercury(Il) oxide—iodine reagent provides a
convenient procedure for the selective oxidation of sul-
fides to sulfoxides under neutral conditions.*?

Table. Oxidation of Sulfides to Sulfoxides with HgO—I, reagent in CH,Cl,

Sulfide HgO/1, Reaction  Yield
(mol equiv) time (h) %)

bp (°C)/Torr or
mp (°C) (solvent)  or mp (°C)

Lit. bp (°C)/Torr

Pr,S 1:1 0.5 95 75/0.5 63/0.3,* 80/0.31

Bu,S 1:1 0.5 94 72/0.5 87-89/1,'7 105/318

i-Pr,S 1:1 0.5 92 87/15 60/316

5-Bu,S 1:1 0.5 92 65/0.5 72-74/117

(PhCH,),S 1:1 0.5 94 132-133 134-136,* 135-136'°
(MeOH)

thiacyclopentane 1:1 0.5 38 89/0.5 97-103/1%7

thiacyclohexane 1:1 0.5 94 6667 67-68.21°
(Et,O-hexane)

PhSMe 1:1 19 85 139-140/14 83-85/0.1,1° 98-102/1%7

p-CIC,H,SMe 2:2 24 92 180/15 46-48,20 47-48%1

PhSCH,Ph 2:2 13 92 117-121 123-124,* 12212318
(Et,O—pet.ether)

9,10-dithiaanthracene  2:2 20 90° 140-142 14318

(MeOH)

2 9,10-Dithiaanthracene monooxide was exclusively obtained.
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Oxidation of Sulfides to Sulfoxides in the Presence of HgO and
Iodine; General Procedure:

A suspension of the appropriate sulfide (5 mmol), HgO (red,
5 mmol, Kanto Chem. Co.) and iodine (5§ mmol) in CH,Cl, (20 mL)
was stirred at r.t. for the time noted in the Table, monitoring the
reaction by TLC (silica gel; CH,Cl,). The preciptate was removed
by suction filtration. The filtrate was washed with 5% aq Na,S,0,
solution (20 mL) and water (30 mL), dried (MgSO,), and evapo-
rated to dryness. The residue was crystallized from the appropriate
solvent, or distilled under reduced pressure.

The 80 Labelling Experiment on the Formation of Dibenzyl Sulfo-
xide in the Oxidation of Dibenzyl Sulfide in the Presence of HgO-1,:
A suspension of dibenzyl sulfide (107 mg, 0.5 mmol) and yellow
HgO (109 mg, 0.5 mmol, prepared by the reaction of a solution of
HgCl, in water containing 20.25% of H,'®0 with NaOH)!* in
CH,Cl, (5 mL) was flushed with nitrogen for 15 min. After addition
of I, (127 mg, 0.5 mmol), the suspension was stirred under N, for
45 min. The resultant colorless solution was separated from the
scarlet precipitate and worked up as described above to give dibenzyl
sulfoxide (113 mg) as a colorless solid. The analysis of the incor-
poration of 80 to this crude sulfoxide by FI mass spectrometry
(JEOL JMS-DX300 spectrometer) indicated that the sulfoxide con-
tained 14.4 % '80.
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