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The deoxygenation of sulfoxides to the corresponding
sulfides is an important reaction that has found utility in
organic synthesis and in biochemical reactions.' According-
ly, a good number of methods have been developed for the
reduction of sulfoxides to the corresponding sulfides.”
However, they often suffer from serious disadvantages, such
as functional group incompatibility, difficult work-up proce-
dures, harsh reaction conditions, or not readily available
reagents. Further some of these methods are associated with
limitations regarding low yields and prolonged reaction
times. Therefore, the search for a new and efficient method
for the deoxygenation of sulfoxides is still a worthwhile
goal. Particularly much effort has been devoted to the
development of milder conditions where the presence of
various sensitive and reducible functional groups can be
tolerated. The use of low valent oxophilic d-block metals
(Zr, Ti, W, Mo) have become important in deoxygenation of
various types of organic substrates.’ In this regard, deoxy-
genations of epoxides, sulfoxides and amine N-oxides are
readily performed with low valent niobium generated by
reacting NbCls with Zn.* We envisaged that NbCls/Nal
system can be an efficient reducing agent for the reduction
of sulfoxides to sulfides.

More recently, NbCls has been well explored as a Lewis
acid in promoting various organic transformations.” Com-
paring with other Lewis acid, niobium(V) chloride has some
advantages such as ease of handling, moisture stability, and
good solubility in many organic solvents. We have investi-
gated the reactions of NbCls/Nal system with various sulf-
oxides and found that they can be rapidly reduced to the
corresponding sulfides in high yields (eq. 1). As a part of our
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ongoing research work towards the development of the low-
valent metal reagents for various transformations,® we report
here an efficient and chemoselective method for deoxy-
genation of sulfoxides 1 to the corresponding sulfides 2 with

NbCls/Nal system at room temperature. Metal-metal salt
binary systems have long been used as reducing agents for
many functional groups.” In this communication, the use of
the NbCls/Nal system is reported for the selective reduction
of sulfoxides to sulfides in high yields under mild condi-
tions. The new reducing system was generated by the addi-
tion of sodium iodide to a stirred solution of niobium
pentachloride in CH;CN.? In comparison with other proce-
dures, NbCls/Nal system reduces sulfoxides more rapidly (5
min) in higher yields (88-96%) and showed a good chemo-
selectivity. Some control experiments revealed that sulf-
oxides could not be deoxygenated by NbCls alone under the
present condition and starting materials were recovered
unchanged. The optimal molar ratio of sulfoxide to niobium
pentachloride to sodium iodide (1:2:3) is found to be ideal
for the complete conversion of sulfoxide 1 into sufide 2 in
terms of yield and reaction time. And CH3;CN has been
found to be the most suitable solvent for the reaction. In
order to assess the scope and limitations of this reagent
system, the reaction was studied with various sulfoxides

Table 1. Deoxygenation of sulfoxides with NbCI5/Nal system

Entry R R? Products (Tnl:ﬁ; 25/1:;},(},
1 Ph Ph PhSPh 5 92
2 Ph CH3 PhSCH; 5 96
3 4-BI‘C6H4 CH3 4-BI"C6H4SCH3 5 91
4 4-BI‘C6H4 4-BI"C6H4 (4-C1C6H4)2 S 5 94
5 4-CH30CgHs 4-CH30C¢Hs (4-CH30C¢Hs)S 5 93
6 4-CHOC¢H4 CH3 4-CHOCgH4SCH3 5 95
7 Ph CH=CHa PhSCH=CH, 5 88
8  4-CH3CeHa CH3 4-CH3CgH4SCH3 5 92
9  4-CHs3Ce¢Hs 4-CH3Ce¢Hs  (4-CH3CgHa)S 5 94
10 Ph CH>CH; PhSCH,CHj3 5 91
11 PhCH» PhCH» (PhCH2)2S 5 90
12 PhCH» Ph PhCH.SPh 5 89
13 IlC4H9 IlC4H9 (IIC4H9)2 S 5 93

“Isolated yields. *The products are commercially available and were
characterized by comparison of their spectral data with authentic
samples.
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bearing other potentially labile functional groups. As shown
in Table 1, the methodology is equally applicable to dialkyl,
diaryl, and aryl alkyl sulfoxides. The functional group
tolerance of this method is evident from entries 3-7 which
show that bromo, chloro, methoxy, aldehyde, and vinyl
functionalities are unaffected under the reaction conditions.
Thus we have been able to demonstrate the utility of easily
accessible NbCls/Nal system as a useful reagent for effect-
ing chemoselective deoxygenation of sulfoxides. Although
the reaction mechanism is still unclear, it can be rationalized
as the result of a two-stage process. A possible mechanism is
shown in Scheme 1. In the first step, the coordination of
niobium(V) chloride to the oxygen proceeds to make the
attack of iodide anion feasible. The resultant iodinated
species is in turn attacked by another iodide anion to give the
deoxygenated sulfide and concomitantly I,. The notable
advantages of this methodology are mild reaction condition,
fast reaction time, high yields, and tolerance of some func-
tional groups. The utility of NbCls/Nal system as a new
reducing agent is also demonstrated by the high yields of
dibenzyl sulfide (entry 11) and phenyl benzyl sulfide (entry
12) obtained after the reduction of the corresponding sulf-
oxides. Usually the sulfoxides which contain a benzyl group
are difficult to reduce by other reagents.’

In conclusion, we believe that the present procedure using
NbCls/Nal system will offer a useful and efficient alternative
to the existing methods for reduction of sulfoxides to
sulfides.

In addition, the mildness, and rapidity as well as excellent
yields make the present deoxygenation method highly
practical for reduction of various sulfoxides.
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