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Abstract—A facile procedure has been developed for the transition metal-free oxidation of sulfides to
sulfoxides and sulfones and of sulfoxides to sulfones with hydrogen peroxide in aqueous medium in the
presence of B-cyclodextrin as catalyst. The procedure allows formation of sulfoxide or sulfone to be controlled.
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Oxidations of sulfides to sulfoxides or sulfones and
of sulfoxides to sulfones are very important reactions
in synthetic organic chemistry [1]. In the recent time,
much attention is given to “green” oxidation of sul-
fides and sulfoxides with the use of environmentally
safe oxidants such as molecular oxygen [2-5] or hy-
drogen peroxide [6—8] in homogeneous, heterogene-
ous, and biocatalytic systems. However, the known
procedures require the use of organic solvents and
metal compounds. In addition, controllable formation
of sulfoxides and sulfones via oxidation of sulfides
attracts strong interest.

On the basis of the results of our studies on dioxo-
lane (ethylene acetal) deprotection [9] and oxidation of
alcohols [10] in the presence of B-cyclodextrin, the
present communication describes a convenient method
for the transition metal-free oxidation of sulfides with
hydrogen peroxide in water as the only solvent using
B-cyclodextrin as catalyst. As compared to known
heterogeneous catalytic systems, the proposed proce-
dure is more advantageous due to homogeneous con-
ditions and the possibility for controlling formation of
sulfoxide or sulfone by varying the reaction conditions.

The oxidation was carried as follows. B-Cyclo-
dextrin, 1 mmol, was dissolved in 25 ml of deionized
water at 45°C, 5 mmol of methyl phenyl sulfide was
added under stirring, 2 ml of hydrogen peroxide was
slowly added, and, after 1.5 h, an additional 1-ml
portion of hydrogen peroxide was added. When the
reaction was complete, the mixture was extracted with

* The original text was submitted by the authors in English.
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ethyl acetate (2x30 ml), the extract was dried over
anhydrous sodium sulfate, the solvent was removed
under reduced pressure, and the crude product was
analyzed by GLC (Shimadzu GC-14C) and compared
with an authentic sample.

Effect of temperature. Temperature can essen-
tially affect the reaction rate and the yield and ratio of
the oxidation products (sulfoxide and sulfone). More-
over, elevated temperature promotes decomposition of
hydrogen peroxide. Figure (curves 2 and 3) shows the
temperature dependence of the yields of methyl phenyl
sulfoxide and methyl phenyl sulfone in the oxidation
of methyl phenyl sulfide in the temperature range from
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Plots of (/) the substrate conversion and the yields of
(2) methyl phenyl sulfoxide and (3) methyl phenyl sulfone
versus temperature in the oxidation of methyl phenyl sulfide.
Reaction conditions: f-cyclodextrin, 1 mmol; methyl phenyl
sulfide, 5 mmol; H,O,, 2 ml at the start and 1 ml in 1.5 h;
H,0, 25 ml; reaction time 4 h.
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Table 1. Effect of the amount of hydrogen peroxide on the oxidation of methyl phenyl sulfide in water in the presence

of B-cyclodextrin®

Run no. | Temperature, °C | Amount of H,O,, ml | Conversion, % Yleldsﬁlffgl;gzl%henyl Yield (S)lflll;;e[;ty;p henyl
1 45 3 85 81 4
2P 45 2+1 93 89 4
3 45 10 93 68 25
75 3 99 74 25
5 75 10 98 15 83
6° 75 5+5 99 8 91

* Amounts of the reactants: f-cyclodextrin, I mmol; methyl phenyl sulfide, 5 mmol; H,O, 25 ml; reaction time 4 h.
® 2 ml of H,O, was added at the start of the process, and 1 ml, after 1.5 h.
¢ 5 ml of H,O, was added at the start of the process, and 5 ml, after 1.5 h.

30 to 80°C. These data indicate that the reaction tem-
perature strongly affects the yields of methyl phenyl
sulfoxide and methyl phenyl sulfone. At a relatively
low temperature, the process stops at the sage of
formation of methyl phenyl sulfoxide as the major
product (kinetically controlled). It should be noted that
B-cyclodextrin is poorly soluble in the reaction mixture
at low temperature; therefore, the reaction occurs at
an appreciably reduced rate. A slightly elevated tem-
perature (about 45°C) is optimal for the synthesis of
methyl phenyl sulfoxide. The reaction rate consider-
ably increases as the temperature rises; correspond-
ingly, the fraction of methyl phenyl sulfone increases.
Taking into account that high temperature favors
decomposition of hydrogen sulfide, a temperature of
75°C may be regarded as optimal for the formation of
methyl phenyl sulfone. Under these conditions (reac-
tion time 4 h), the yields of methyl phenyl sulfoxide
and methyl phenyl sulfone were 50 and 48%, respec-
tively. Thus rise in temperature considerably changes
the sulfoxide-to-sulfone ratio toward the latter. Since
hydrogen peroxide is sensitive to elevated temperature,
the effects of other factors should be examined to raise
the fraction of sulfone among the oxidation products.

Effect of the amount of hydrogen peroxide. The
data in Table 1 show the results of studying the effect
of the amount of hydrogen peroxide and the mode
of its addition on the product ratio. Increase of the
amount of hydrogen peroxide from 3 to 10 ml (45°C)
increases the conversion of methyl phenyl sulfide from
85 to 93% and the yield of methyl phenyl sulfone from
4 to 25%, respectively (run nos. 1, 3). Much stronger
effect was achieved at 75°C: in this case, the yield of
methyl phenyl sulfone sharply rose from 25 to 91%
(run nos. 4, 6). The substrate conversion and the prod-
uct ratio were also found to depend on the mode of
addition of hydrogen peroxide (in one or two portions).
When hydrogen peroxide (3 ml) was added in two
portions (2 ml+ 1 ml) at 45°C, the conversion of
methyl phenyl sulfide increased to 93% against 85%
(addition at once; run nos. 1, 2), and the substrate was
transformed almost completely into methyl phenyl
sulfoxide. A different pattern was observed at elevated
temperature. The yield of methyl phenyl sulfone
changed from 83 to 91% when 10 ml of H,O, was ad-
ded in two equal portions (5 ml + 5 ml; run nos. 5, 6),
while the yield of methyl phenyl sulfoxide decreased
from 15 to 8%. We can conclude that the addition of

Table 2. Effect of the amount of f-cyclodextrin on the oxidation of methyl phenyl sulfide with hydrogen peroxide®

Run no. | Temperature, °C Amount of | Amount qf B-cyclo- | Conversion, |  Yield of me.thyl Yield of methyl
’ H,0,, ml dextrin, ml % phenyl sulfoxide, % | phenyl sulfone, %
1P 45 0.5+0.5 0.1 56 53 3
2 45 0.5+0.5 1 93 87 6
3¢ 75 3+3 0.1 95 78 17
4° 75 3+3 1 96 42 54

? Methyl phenyl sulfide, 5 mmol; H,O, 25 ml; reaction time 4 h.

® 0.5 ml of H,O, was added at the start of the process, and 0.5 ml, after 1.5 h.
¢ 3 ml of H,O, was added at the start of the process, and 3 ml, after 1.5 h.
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hydrogen peroxide in several portions at elevated tem-
perature (75°C) favors formation of the corresponding
sulfone.

Effect of the amount of B-cyclodextrin. f-Cyclo-
dextrin is better soluble in water than methyl phenyl
sulfide. Therefore, oxidation of this substrate should be
preceded by its inclusion into the cavity of B-cyclo-
dextrin. The effect of the amount of the latter on the
oxidation of methyl phenyl sulfide is illustrated by the
data in Table 2. Rise in the amount of B-cyclodextrin
strongly increases the conversion of methyl phenyl
sulfide from 56 to 93% at 45°C (run nos. 1, 2) and the
yield of methyl phenyl sulfone at 75°C (run nos. 3, 4).

Oxidation of diphenyl sulfide and diphenyl
sulfoxide. After studying the influence of the reaction
conditions on the oxidation of methyl phenyl sulfide,
the same system was applied to the oxidation of
diphenyl sulfide. Treatment of the latter with hydrogen
peroxide (5 ml + 5 ml) in 25 ml of water in the pres-
ence of 1 mmol of B-cyclodextrin at 75°C (reaction
time 10 h) gave 19% of diphenyl sulfoxide and 81% of
diphenyl sulfone, the substrate conversion being 100%.
We also performed oxidation of diphenyl sulfoxide
under analogous conditions (H,O,, 3 ml + 3 ml; H,O,
25 ml; B-cyclodextrin, 1 mmol; 75°C). Here, the yield
of diphenyl sulfone was 61% (conversion 61%) and
98% (conversion 98%) in 1 and 8 h, respectively. Thus
the proposed oxidizing system is effective for the
transformation of sulfoxides into sulfones in almost
quantitative yield.
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