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A Facile and Selective Oxidation of Organic Sulphides
to Sulphoxides with Hydrogen Peroxide/Selenium
Dioxide System'

Jézef Draowicz, Marian MIKOLAICZYK®

Centre of Molecular and Macromolecular Studies, Polish Aca-
demy of Sciences, Department of Organic Sulphur Compounds,
90-362 1.6dz, Boczna 5, Poland

The use of sulphoxides as key intermediates for organic
synthesis has drawn increasing interest in recent years. There-
fore, new methods for the preparation of sulphoxides con-
tinue to be developed?®. The standard methods involve the
oxidation of organic sulphides by various oxidising reagents.
The most common reagent to convert sulphides to sulphox-
ides is hydrogen peroxide alone or in the presence of various
catalysts’. However, the major difficulty encountered in the
preparation of sulphoxides by this method is over-oxidation
to sulphones. Another drawback connected with the use
of hydrogen peroxide is the relatively long reaction time
which is needed for completion of the oxidation.

We report here a highly selective and rapid oxidation of
organic sulphides 1 to sulphoxides 2 using hydrogen peroxi-
de/selenium dioxide reagent.

0
RI—§—R2 H20,/5e0; /CH;0H, rt. R‘—|SI—R2
1 2

The reaction is very simple and takes place immediatcly
upon addition of a solution of hydrogen peroxide and
selenium dioxide to a solution of sulphide 1 in methanol at
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room temperature. The above oxidation procedure may be
applied to dialkyl, alkyl aryl and diary! sulphides 1. Sulphox-
ides 2 are obtained in 80-95 % yield. Thin layer chromatogra-
phy tests of the crude reaction products indicated that the
oxidation of 1 is quantitative and the corresponding sul-
phones are not formed. Yields and physical constants for
sulphoxides 2 are summarised in the Table.

The utility of the hydrogen peroxide/selenium dioxide system
is further demonstrated by the facile oxidation of x-phos-
phoryl sulphides to a«-phosphoryl sulphoxides. The latter
sulphoxides have attracted considerable attention in recent
years*~7 and have been prepared previously by the sodium
metaperiodate oxidation of the corresponding sulphides. It
has now been found that x-phosphoryl sulphides 3a—c
undergo very fast and clean oxidation to the corresponding
sulphoxides 4a—c, by hydrogen peroxide/selenium dioxide
reagent.

15 0 H,0,/5e0,/ 1~ O

RO ,  CH:OH,rt R'Ojj I
P=CHy—§—R? ———— /P-—CHz—S—Rz
o) RO
3a-c 4a-c

3,4 R! R?
a C,H; CH;
b C,H; CeHs

¢ CH; 4-H3C~-CeHy

In an extension of this work we attempted also to oxidise
selectively formaldehyde S,S-diphenyl acetal (5) to the
monoxide 6 by means of the hydrogen peroxide/selenium
dioxide system.

H,0,/5e0; 1l
CgHg—S—CH2—-S—CgHs —» CgHg—S—CH;—S—CgHs

5 6

Howeve:, we found, that a small amount of the corresponding
dioxide is formed when the oxidation reaction is complete.
The full selectivity was observed only up to 50 % of the
5-»6 conversion as evidenced by T.L.C. tests.

We would like 1o note that the present method is not suitable
for the oxidation of a-halosulphides, most probably due
to the fact that they react with selenium dioxide®.

As far as the nature of the reagent concerns, it seems that
perselen:nic acid may be considered as the true oxidising
agent formed from hydrogen peroxide and selenium dioxide.

i
HOO—Se—0OH

In this context it is interesting to note that Reich et al.’
described very recently an example of the oxidation of methyl
phenyl sulphide to methyl phenyl sulphoxide by means of
phenylperseleninic acid. Further applications of the title rea-
gent for oxidation of organic compounds are currently being
studied in our laboratory.

General Procedure for Oxidation of Sulphides 1 to Sulphoxides
2 with Hydrogen Peroxide/Selenium Dioxide Reagent:

A round bottom flask is charged with methanol (20ml) and sul-
phide 1 [10mmol). The flask is immersed in a water bath. A
solution of equimolar amounts of hydrogen peroxide and selenium
dioxide in water (5ml) is added slowly to the stirred reaction
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Table. Oxidation of Sulphides 1 or 3 to Sulphoxides 2 or 4 with Hydrogen Peroxide/Selenium Dioxide Reagent’.

Yield [%]°

Product R! R?

2a CH, i-C4Ho 82 (75)
2b n-C4Ho n-Cq4Ho 90

2¢ C(,HsCHZ C(,H5CH2 94 (83)
2d CH; CeHs 95

2e i-C3H7 C6H5 97 (90)
2f i-C4Ho CeHs 95 (90)
2g CH; 4-H;C—C¢Ha, 94 (91)
2h CeHs CeHs 92 (86)
4a Csz CH3 95

4b C,H; CeHs 93

4c CH; 4-H3;C—CgHa 100

a All reaction were carried out using 10 mmol of suiphide 1 or 3.
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b.p./torr nj% Lit. b.p./torr Lit. n3°

or m.p.* or m.p.
45-46°/0.2 40°/0.11° 1.4640
32-34° - 3201t —
132-135%¢ 132-133°12 —
30-31° - 29.5°13 —
88--90°/0.05 1.5618 101-102°/0.01'* 1.5620
110-111°/0.1 - 102-103°/0.01'* —_
41-42°¢ - 41-42°13 =
68-71°f 69-71°1% —

- 1.4768% 1.4766*

1.5305" 1.53077

1.5226 1.5236*

® Yield of the crude product. In parenthesis the yield of sulphoxide 2 after purification (distillation or crystallization) is given.

¢ M.p. and nd? for the crude oxidation product.

4 M.p. 133-134° after crystallization from ethanol.

¢ M.p. 42-43° after crystallization from ether/hexane (1:2).
f M.p. 69-70° after crystallization from ether/hexane (1:1).

¢ 3IpP.N.M.R. (CHCl3): 6= —16.7 ppm [Lit. %, *'P-N.M.R. (neat): = —17.6 ppm].
h 31p N.M.R. (CHCl3): 6= —19.0ppm [Lit. 7, *'P-N.M.R. (CHCl;): 9= —-20.8 ppm].
i 3IP.N.M.R. (CHCl3): 6= —15.95ppm [Lit. *, 3'P-N.M.R. (neat): § = —16.5 ppm].

solution. A minute after an addition of the oxidising reagent
a T.L.C. test [silica gel GF»4 plates; benzene/ethanol (9:1); iodine
vapour as developer | shows the quantitative formation of sulphox-
ide 2. Then water (100 ml) is added to the reaction mixture. After
saturation with sodium chloride the aqueous phase is extracted
with chloroform (3 x 30 ml). The chloroform extract is dried over
magnesium sulphate and evaporated to give virtually pure sul-
phoxide 2 as evidenced by 1.R., N.M.R. spectroscopy, and T.L.C.
analysis.

Diethylphosphorylmethyl Methyl Sulphoxide (4a):

To a solution of sulphide 3a (2g, 10mmol) in methanol (20 ml)
a solution of selenium dioxide (1.1g, 10mmol) and hydrogen
peroxide (10mmol) in methanol (5ml) is added dropwise. The
reaction mixture is stirred for another 5min and water (100 ml)
added. After saturation with sodium chloride the aqueous layer
is extracted with chloroform (3 x 30 ml). The chloroform solution
is dried and evaporated to give sulphoxide 4a; yield: 2.05 g (95 %);
nd: 1.4760 (Lit. *, n3%: 1.4766); '"H-N.M.R. consistent with struc-
ture.

3p.N.M.R. (CHCl;): 6= —16.7ppm [Lit. *, *'P-N.M.R. (neat):
8= —17.6 ppm].

Partial Oxidation of S,S-Acetal 5:

To a solution of S,S-acetal 5 (1.15g, Smmol) in methanol (10 ml)
a solution of selenium dioxide (0.25g, 2.5 mmol) and hydrogen
peroxide (3mmol) in methanol (3ml) is added dropwise. After
Smin water (70 mi} is added and the resultant solution is extracted
with chloroform (2 x 30 ml). The chloroform solution is dried and
evaporated to give a mixture containing 5 and 6; (T.L.C. analysis);
yield: 1.15g. Chromatography of the crude reaction product on
silica gel (100-200 mesh) column with ether/hexane/benzene
(2:1:1) as eluent gives unreacted 5; yield: 045g (39 %); m.p.
39-40° (Lit. '°, m.p. 38-40°).

'H-N.M.R. (CCly): 6=4.20 [s, 2H, H,C(SC¢Hs),] 7.1-7.5ppm
(m* ]OHarom)-

and with chloroform as eluent gives monoxide 6'7; yield: 0.65g
(53 %); oil; nd?: 1.6310.

'"H-N.M.R.(CCl,): 6=4.02 [s, 2H, C¢H 5—S—CH,—S(O)CcHs]:
6.9-7.7 ppm (m, 10H,;om).

Received: May 29, 1978

! Part XIX of the series: Organosulphur Compounds; part

XVIII: M. Mikolajczyk, S. Grzejszczak. A. Zatorski, B. Mlot-

kowska, H. Gross, B. Costisella, Tetrahedron, in press.

T. L. Ho, H. C. Ho, C. M. Wong, Synthesis 1972, 562 and

references cited therein.

G. Barbieri, M. Cinquini, S. Colonna, F. Montanari, J. Chem.

Soc. [C] 1968, 659.

M. Hojo, R. Matsuda, Tetrahedron Lett. 1976, 613.

R. Louw, H. P. W. Vermeeren, J. J. A. van Asten, W. J.

Ultee, J. Chem. Soc. Chem. Commun. 1976, 496.

Y. Ueno, T. Inoue, M. Okawara, Tetrahedron Lett. 1977, 2413.

M. Gazdar, S. Smiles, J. Chem. Soc. 93, 1833 (1908).

A. Ceruiani, G. Modena, P. E. Todesca, Gazz. Chim. Ital.

90, 383 (1970).

F. E. Hardy, P. R. H. Speckman, P. Robson, J. Chem. Soc.

[C] 1969, 2334.

M. Mikolajezyk, A. Zatorski, Synthesis 1973, 669.

M. Mikolajczyk, S. Grzejszczak, A. Zatorski, J. Org. Chem.

40, 1979 (1975).

% M. Mikolajczyk, B. Costisella, S. Grzejszczak, A. Zatorski,
Tetrahedron Lert. 1975, 3757.

7 M. Mikolajczyk, W. Midura, S. Grzejszczak, A. Zatorski, A.

Chefczyniska, J. Org. Chem. 43, 473 (1979).

a-Chlorothioanisole gave on treatment with H,0,/SeO; the

corresponding x-chlorosulphoxide in 20 % yield as determined

by 'H-N.M.R. analysis of the crude reaction product, but

we were not able to isolate it in the pure form.

 H. J. Reich, F. Chow, S. L. Peake, Synthesis 1978, 299.

19 M. Mikolajczyk, J. Drabowicz, Phosphorus and Sulfur 1, 301
(1976).

"' N, Grabowski, Justus Liebigs Ann. Chem. 175, 350 (1875).

'2 R. L. Shriner, H. C. Struck, W. J. Jorison, J. Am. Chem.
Soc. 52, 2060 (1936).

13 C. C. Price, J. J. Hydock, J. Am. Chem. Soc. 74, 1943 (1952).

4+ A. Ceruniani, G. Modena, P. E. Todesca, Gazz. Chim. Ital.
90, 9 (1960).

'S N. J. Leonard, C. R. Johnson, J. Org. Chem. 27, 283 (1962).

16 A. H. Herriott, D. Picker, Synthesis 1975, 447.

'7 K. Ogura, G. Tsuchihashi, Bull. Soc. Chem. Jpn. 45, 2203
(1972).

(S}

w

IS

Py

x

Downloaded by: National University of Singapore. Copyrighted material.



