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Abstract—Alkyl phenyl selenoxides were produced in excellent yields by oxidation of the corresponding selenides with 2-nitro-
benzenesulfonyl chloride and potassium superoxide in dry acetonitrile at �15 �C.
� 2005 Elsevier Ltd. All rights reserved.
-

Organoselenium reagents are routinely employed in
many synthetic transformations. Among the various
types of organoselenium compounds, selenoxides are
frequently employed as versatile intermediates.1 The
most commonly used reaction of these compounds is
the spontaneous syn-elimination2 which provides a facile
route to olefins and to a,b-unsaturated carbonyl com-
pounds. Allylic selenoxides, on the other hand, undergo
a facile [2,3] sigmatropic rearrangement to afford allylic
alcohols.3,1 Selenoxides are also known as mild reagents
for oxidation of various organic compounds4 such as
olefins, thiols, sulfides, phosphines, hydrazides, amines,
alcohols and catechols. It has also been recently demon-
strated5 that selenoxides can be used as catalysts in the
activation of hydrogen peroxide for the oxidation of
bromide anions.

Only sporadic reports on the preparation and isolation
of stable selenoxides from aryl-, benzyl- or methyl-
substituted selenides are present in the literature.6 Selen-
oxides can be isolated whenever the syn-elimination
reaction is impossible because of the absence of hydro-
gen atoms in the b-carbon or because the oxygen atom
of the selenoxide gives an hydrogen bond with a close
acidic hydrogen atom. Also isolable are those b-alkoxy
selenoxides in which the elimination can only proceed
by abstraction of an hydrogen atom linked to a carbon
holding an oxygen function.7
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Selenoxides are generally prepared from the correspond-
ing selenides using common oxidants such as hydro-
gen peroxide,8 ozone,9 tert-butyl hydroperoxide,10

oxaziridines,11 sodium metaperiodate,12 m-PBA,13

(dichloroiodo)benzene,12 N-chlorosuccinimide,14 tert-
butyl hypochlorite14 or nitrogen oxides.15 Due to the
several synthetic utilities of the selenoxides, their prepa-
ration is an area of current interest.

We now report that various alkyl phenyl selenides 1 can
be oxidized to the corresponding selenoxides 3, in excel-
lent yields and under mild reaction conditions, by the 2-
nitrobenzenesulfonyl peroxy intermediates generated in
situ from the reaction of 2-nitrobenzenesulfonyl chloride
2 with potassium superoxide at �15 �C in dry acetoni-
trile (Scheme 1). This method was previously employed
for the oxidation of sulfides to sulfoxides16 and of sulf-
oxides to sulfones.17 The reactions of superoxide radical
anions with sulfinyl,16 sulfonyl17 and silyl18 chlorides
generate the corresponding peroxy radical intermediates
which were found to be more efficient oxidizing agents
than the superoxide itself.

The oxidation reactions were carried out according to
the following general procedure. To a stirred solution
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of 2-nitrobenzenesulfonyl chloride (0.154 g, 0.7 mmol)
and benzyl phenyl selenide 1a (0.124 g, 0.5 mmol) in
dry acetonitrile (10 ml), under argon atmosphere and
at �15 �C, potassium superoxide (0.106 g, 1.5 mmol)
was added. After stirring for 1 h at �15 �C, the reaction
mixture was allowed to slowly reach room temperature.
Stirring was continued until TLC analysis showed that
the starting selenide was completely converted into the
corresponding selenoxide. The reaction mixture was di-
luted with anhydrous dichloromethane and then filtered
through Celite. The filtrate was dried and concentrated
to afford the highly pure selenoxide 3a in excellent yield
and with spectral data in good agreement with those
reported in the literature.15 The stable selenoxides which
could be isolated are reported in Table 1 (entries a–j).

It can be observed that excellent yields were obtained in
most cases. Good results were obtained in the cases in
Table 1. Oxidation of selenides 1 with 2-nitrobenzenesulfonyl chloride and p

Entry Selenides 1 Time (h)

a PhCH2–SePh 2

b nC10H21–SePh 23

c
OMe

nC6H13
SePh 36

d
OCOPh

nC10H21
SePh 2

e
O

SePh 5

f SePhNC 5

g SePh 7

h

Ph
SePh

OO 22

i

SePh

OH

6

j

SePh

NHCO2Bn
6

k
SePh

nC6H13
OMe 72

l

O

Ph
SePh

18

aMolar ratio KO2:ArSO2Cl:selenide = 3:1.4:1.
b Isolated yields. All compounds were characterized by IR and NMR spectr
c The pure selenoxide was obtained after column chromatography on a silica
d A 28% of the eliminated product was isolated.
e Oxidation with 4-nitrobenzenesulfonyl chloride and superoxide anion unde
f Mixture of the two geometrical isomers.
g A 15% of the starting selenide was recovered.
which the syn-elimination reaction cannot occur (entries
a and g), in the case of b-oxy selenoxides (entries c–e and
h)19,7 and in the cases in which the oxygen atom of the
selenoxide gave an hydrogen bond with a close acidic
hydrogen atom (entries i and j). The primary alkyl phe-
nyl selenoxides 3b and f were also obtained20 in moder-
ate to good yields. This result was not surprising since it
is known that the syn-elimination reaction of simple al-
kyl phenyl selenoxides is retarded in polar solvents.21

Moreover, in these cases the elimination would afford
a terminal alkene. The undesired oxidation of selenox-
ides to selenones did not occur with the present method.
This was confirmed by the comparison of the spectral
data of 3c with those of an authentic sample of the cor-
responding selenone23 which was prepared by oxidation
with m-chloroperoxybenzoic acid in tetrahydrofuran in
the presence of potassium hydrogenphosphate, as
recently described.22 Selenoxide 3c showed the charac-
otassium superoxide in MeCN at �15 �Ca

Reaction products Yieldb (%)

PhCH2–SeOPh 3 88

nC10H21–SeOPh 3 45c,d

OMe

nC6H13
SeOPh 3 76c

OCOPh

nC10H21
SeOPh 3 82e

O
SeOPh 3 98

SeOPhNC 3 90

SeOPh 3 85

Ph
SeOPh

OO 3 89

SeOPh

OH
3 98

SeOPh

NHCO2Bn
3 94c

nC5H11 OMe 4 75f

O

Ph
5 67g

oscopy.

gel column (CH2Cl2/MeOH, 5%).

r the same reaction conditions yielded the selenoxide in 90%.
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teristic IR absorption at 820 cm�1 and the selenone
absorptions at 870–970 and 912–1059 cm�1 were not
present. Moreover, in the 13C NMR spectra the carbon
bearing the heteroatom is gradually deshielded on pass-
ing from the selenides to the selenoxides and to the sele-
nones. No absorptions due to the selenone were
observed in the spectrum of 3c.

Also reported in Table 1 are the results of two oxidation
reactions (entries k and l) from which the selenoxides
could not be isolated because of their rapid elimination
reactions. In the first case the selenoxide obtained from
the secondary selenide 1k gave a spontaneous syn-elimi-
nation reaction to afford excellent yield of the internal
alkene 4 as a 4:1 mixture of the two E/Z isomers. As ex-
pected the selenoxide derived from of the a-phenylseleno
ketone 1l gave the elimination reaction to afford the con-
jugated enone 5.24

In conclusion, the present results demonstrate that the
2-nitrobenzenesulfonyl chloride–potassium superoxide
system is a good reagent for the oxidation of selenides
to selenoxides. The proposed method represents a sim-
ple protocol which is compatible with a variety of func-
tional groups and should be of general application in
synthesis.
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