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SHORT COMMUNICATION
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Silica bromide (SB) as heterogeneous reagent and promoter is prepared from reaction of silica gel with
PBr3 as a non-hydroscopic, filterable, cheap, and stable yellowish powder that can be stored for months.
The results show that the SB is suitable and efficient reagent for deoxygenation of sulfoxides to the
corresponding sulfides under mild conditions at room temperature. The easy availability of this reagent
makes this simple procedure attractive and a practical alternative to the existing methods.
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1. Introduction

Deoxygenation of sulfoxides is a repeating theme in organic chemistry because of its use in various
synthetic transformations and considerable utility in biochemical reactions.[1] Many specific
advantages of using insoluble resins as supports, reagents, or catalysts have been reviewed,[2, 3]
these include the simulation of high-dilution [4, 5] or pseudodilution [6] conditions, the fishhook
and concentration principle,[7] selective intrapolymeric reactions,[8] bulk and steric effects of the
polymer backbone in asymmetric synthesis,[9] the stabilization of reactive substances,[10, 11]
and the elimination of volatile malodorous reagents.[12, 13]

In the recent years, reagents such as lithium alanate/titanium (IV) chloride,[14] tita-
nium (II) chloride,[15] titanium (IV) chloride/sodium iodide,[16] chromium (II) chloride,[17]
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molybdenum (III)/vanadium,[18] tungsten hexachloride,[19] catecholborane,[20] molybdenum
(V)/indium,[21] iodide ion,[22] sodium hydrogen sulfite,[23] hydrochloric acid/potassium
iodide,[24] 1,3-dithiane/N-Bromosuccinimide/Br2,[25] silane/dichlorodioxomolybdenum
(VI),[26] dimethyl sulfoxide reductase,[27] triphenyl phosphine/bromine/cuprous bromide,[28]
indium/pivaloyl chloride,[29] triflic anhydride/potassium iodide,[30] zinc/acetic acid,[31]
Mo(CO)6,[32] gallium/MoCl5,[33] triphenylphosphine/TiCl4,[34] iodine/pyridine/sulfur
dioxide,[35] acetyl chloride/potassium iodide,[36] trimethylsilyl iodide and trimethylsilyl
bromide,[37] ZrCl4/NaI and ZrOCl2.8H2O/NaI,[38] I2/thioacetic acid,[39] and silica chloride
(for review see [40]) have been reported for deoxygenation of sulfoxides to sulfides.

Another approach to the deoxygenation of sulfoxides is the use of sulfur compounds,
e.g. thiols,[41], hydrogen sulfide,[42] carbodithionic acids,[43] thiophosphinic, thiophospho-
nic, thiophosphoric acid,[44] sulsulfides,[45, 46], sulfenyl, sulfenyl, and sulfonyl chlorides,[47]
disulfides,[48] and elemental sulfur (S8).[49]

2. Result and discussions

Inspired by our results using the silica bromide (SB) for the mild and selective bromination
of alcohols under mild conditions,[50] we report here SB as a heterogeneous promoter for the
efficient conversion of sulfoxides to their corresponding sulfides in CH2Cl2 at room temperature
(Scheme 1).
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Scheme 1. Conversion of sulfoxides to their corresponding sulfides in the presence of silica
bromide.

SB is obtained from reaction of silica gel (Art 7734 for column chromatography from Merck)
and phosphorus tribromide in refluxing toluene (Scheme 1). The amount of bromosilyl group
(2.2 mmole of Br/g silica) is determined by a standard method.[51] The resulting yellowish
powder is kept in a dessicator. The reagent (SB, 2.2 mmole of Br/g silica) which was applied
to converted diphenyl sulfoxide to diphenyl sulfide quantitatively after 5 min in CH2Cl2 at room
temperature.

Since the introduced filterable SB showed an excellent reactivity for the conversion of diphenyl
sulfoxide to diphenyl sulfide and provided very simple and practical isolation of the product, we
decided to study its applicability as a general reagent for the conversion of different classes of
sulfoxides into sulfides. We optimized the conditions for the conversion of diphenyl sulfoxide to
diphenyl sulfide using different molar ratios of SB (Table 1).

We then applied the optimized conditions for the reaction of structurally different sulfoxides,
and found that they can be conveniently reduced to the corresponding sulfides under effective
and mild conditions. Deoxygenation of both alkyl and aryl sulfoxides takes place very smoothly
without any side product formation. As shown in Table 2, the sulfoxides were reduced in excellent
yields. This reagent is suitable for the deoxygenation of aromatic and aliphatic sulfoxides. The
functional group entries which show that chloro, methoxy, aldehyde, phenol, carboxylic acid,
esters, and vinyl functionalities are intact under the reaction conditions.
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Table 1. Conversion of diphenyl sulfoxide (1 mmol) to
diphenyl sulfide with SB in CH2Cl2 at room temperature.

Entry Molar equivalent of SB Yield of product (%)

1 1 43
2 2 73
3 3 89
4 3.5 93
5 4 98
6 4.5 98
7 5 98

A comparison of the results presented in this article with that reported earlier [45] clearly
indicates that brominated silica is a more effective reagent than iodotrimethylsilane and bro-
motrimethylsilane. For example, the reaction time for deoxygenation of phenyl sulfoxide is 3 min
(99%). This time for iodotrimethylsilane and bromotrimethylsilane is, respectively, 2 h (73%) and
48 h (reflux, mixture of products).

3. Conclusion

In conclusion, we have shown that SB can promote the deoxygenation of sulfoxides to the
corresponding sulfides in high yield. Although the literature reports a number of procedures
for the deoxygenation of sulfoxides, the excellent yields, heterogeneous conditions, simplicity,
good availability of starting materials, compatibility with a variety of functionalities, and ease of
isolation of the products make our procedure a practical alternative.

4. Experimental

Chemicals were obtained from Merck, Aldrich and Fluka chemical companies. Nuclear magnetic
resonance (NMR) spectra were recorded on a Brucker Advanced DPX-250 MHz spectrometer
using tetramethylsilane as internal standard. Infrared spectra were recorded on a Perkin-Elmer
781 spectrometer. The silica gel used for the preparation of SB was art 7734 for column
chromatography from Merck.

4.1. Procedure for preparation of SB

To silica gel (40 g) and dry toluene (80 mL) in a round bottomed flask equipped with a condenser
and a drying tube was added phosphorus tribromide (75 g, 0.21 mol) and refluxed for 18 h. After
cooling, the product was filtered and washed, first, with dry 1,4-dioxane (2 × 20 mL) and then
with dichloromethane (2 × 20 mL). The yellowish product was kept in dessicator. The amount of
bromosilyl group (2.2 mmole of Br/g silica) is determined by a standard method [39].

4.2. Deoxygenation of diphenyl sulfoxide to diphenylsulfide

In a typical procedure, diphenyl sulfoxide (2.2 g, 0.01 mol) and brominated silica (18.18 g,
40 mmole Br/g silica) are mixed in an aprotic solvent, e.g. dichloromethane (2 mL) or carbon
tetrachloride, at room temperature with exclusion of atmospheric moisture, for 5 min. Diphenyl
sulfide is isolated in pure state by simple filtration and evaporation of the solvent (1.84, 99%).
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Table 2. Conversion of sulfoxides to sulfides.

Entry Substrate Product Timea (min) Yieldb (%)

1

S

O S 10 91

2

S

O
S

10 91

3

S

O S 10 92

4

S

O

S

3 99

5

S

O

S

5 98

6
S

O

S
7 96

7

S

O

S

5 92

8

S

O

S

7 94

9

S

O

S

7 89

10

S

O

HO OH

S

HO OH 5 91

11

S

O

Cl Cl

S

Cl Cl 7 94

12

S

O

MeO OMe

S

MeO OMe 7 89

13

S

O

O

H

S

O

H

10 92

(Continued)
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Table 2. Continued.

Entry Substrate Product Timea (min) Yieldb (%)

14

OHSHO

O

O O

OHSHO

O O

10 94

15

OH

O

S

O

OH

O

S

5 95

16

S

O

HO OH

S

HO OH 10 96

Notes: aThe course of reaction was checked by thin-layer chromatography or gas chromatography. bYield of isolated pure
sulfide.

4.3. 1H NMR data for selected compounds

Product (Table 2, Entry 1): 1H NMR (200 MHz, CDCl3): δ 0.93–0.96 (t, 6H), 1.40–1.47 (m, 4H).
Product (Table 2, Entry 5): 1H NMR (200 MHz, CDCl3): δ 4.77 (s, 2H), 6.54–7.04 (m, 10H).
Product (Table 2, Entry 15): 1H NMR (200 MHz, CDCl3): δ 4.92 (s, 2H), 1.40–1.47 (m, 4H),
1.56–1.63 (m, 4H), 2.52–2.55 (t, 4H).
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