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Abstract

The TaCls/In system was found to be a new reagent for reducing a wide range of structurally
diverse sulfoxides to the corresponding sulfides with high yields under mild conditions. This
protocol is chemoselective and tolerates several functional groups such as Br, Cl, OCH3, CHO,

and CH = CH.,.
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The deoxygenation of sulfoxides to sulfides is a valuable synthetic transformation that has
attracted considerable attention in organic synthesis and biochemical reactions.! Sulfoxides are
important intermediates in the synthesis of many bioactive and pharmaceutical compounds that
often must be reduced to the corresponding sulfides during the reaction sequences.? Over the
years, a good number of methods have been developed for the reduction of sulfoxides to the
corresponding sulfides.®** Although these methods are useful, they suffer from one or more
drawbacks, such as low yields, long reaction times, complex experimental procedures, functional
group incompatibility, or harsh reaction conditions. Therefore, there still exists a search for
alternative new and efficient methods for the deoxygenation of sulfoxides.

The uses of oxophilic d-block metals (W, Mo, Ti, Zr) have become important in
deoxygenation of various types of organic molecules.? In this regard, deoxygenations of
sulfoxides are readily performed with low valent tungsten, molybdenum and titanium generated
from WCls, MoCls and TiCl, in the presence of a metal (Zn, In, Sm).?*** We envisioned that a
combination of TaCls with indium metal could bring about the deoxygenation of sulfoxides

under mild conditions.

In recent years, indium metal has been the subject of active interest because of its unique

properties such as low toxicity and high stability in water and air compared to other metals.?®*’
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As in the case of zinc, the reduction potential of indium is not highly negative (In: E°, In**/In =
~0.345 V; Zn: E°, Zn*?/Zn = —0.763 V): thus, indium is not sensitive to water and does not form

oxides readily in air.

The chemistry of TaCls is one of the current interests in organic synthesis and has been
extensively studied.?®3? Tantalum species in low oxidation states serve as versatile one electron
reductants, but their synthetic utility in this respect has been limited. Fortunately, tantalum(V)
compounds generally exhibit low toxicity and are not considered particularly poisonous.® To the
best of our knowledge, there is no report in which a TaCls/In system is used as a reagent for

deoxygenation of sulfoxides to sulfides.
RESULTS AND DISCUSSION

In continuation of our studies on the utility of low valent metal reagents for organic
transformations, 3" herein we report a mild and efficient procedure for the deoxygenation of
sulfoxides using the TaCls/In system in acetonitrile at room temperature. The reaction can be

generalized as shown in Scheme 1.

The new reducing system was generated by the reduction of tantalum(V) chloride with

indium in CH3CN under sonication. The addition of indium powder to a solution of tantalum(V)
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chloride in CH3CN gave instantly a dark purple suspension., A kind of low-valent tantalum
complex may be formed. Encouraged by the convenient generation of low-valent tantalum
complexes from reduction of TaCls with indium metal, we have investigated the reactions of the
TaCls /In system with a wide range of structurally diverse sulfoxides and found that the
reductions smoothly proceeded with high yields and showed a good chemoselectivity over other

labile substituents under mild conditions.

To ensure the role of indium, a control experiment was carried out using sulfoxide
compounds with tantalum(V) chloride without indium metal, which failed to yield any reduced
product. This result clearly indicates that the presence of indium is indispensable for the success
of the reduction. In an effort to elucidate the scope and generality of this reagent system, the
reaction was studied with various sulfoxides bearing other potentially labile functional groups.
An inspection of the data in Table I reveals that dialkyl, diaryl, and aryl alkyl sulfoxides are all
reduced smoothly giving sulfides in high yields (87-95%). This new methodology is highly
chemoselective, tolerating a wide range of functional groups such as CHO, Br, Cl, OCH3, and

CH = CH, under the reaction conditions.
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Various solvents were screened for the reaction, and acetonitrile was found to be the most
suitable. Dichloromethane, THF, benzene, and trichloromethane afforded the sulfide with only
moderate conversions. A molar ratio of 1:2:4 (sulfoxide/TaCls/indium) was found to be optimum
for the complete conversion of sulfoxides into sulfides in acetonitrile at room temperature. The
reaction remained incomplete with smaller amounts. The reactions were clean, high-yielding and
completed within 3 h depending on the substituents on the aryl rings. We have been able to
demonstrate the utility of the easily accessible TaCls/In system as a useful reagent for effecting

chemoselective deoxygenation of sulfoxides.

Although the detailed mechanism of the reaction requires more investigation, it can be
rationalized as the result of a two-step process as illustrated in Scheme 2.3 In the first step, it
is assumed that reduction of tantalum(V) chloride with indium provides low-valent tantalum
species, which are involved in complexation of the sulfoxide oxygen to the low-valent tantalum,
TaCls. The complex weakens the S-O bond and renders the sulfur atom more susceptible to the
reduction. In the subsequent step, the reduction proceeds by a reductive cleavage of the polarized
S-O bond to form the sulfide. The residue of the reaction appears to contain tantalum(V)

oxychloride, TaOCl3.The good affinity of tantalum for heteroatoms and the high thermodynamic
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stability of the Ta-O bond facilitate the deoxygenative reduction of the sulfoxide group under

mild conditions.

The efficiency of this new methodology is also demonstrated by the high yields obtained
in the reduction of dibenzyl sulfoxide (Entry 6) and benzyl phenyl sulfoxide (Entry 7), since
several methods fail completely with these substrates or only provide poor yields.***? Our
method offers several advantages such as mild reaction conditions, high yield, simple

experimental operation, and tolerance of a variety of functional groups.
CONCLUSION

In conclusion, we believe that the present methodology using the TaCls/In system will
represent a useful and efficient alternative to the conventional methods for the deoxygenation of
sulfoxides. Further investigations of more useful applications with this system are currently

underway in our laboratory.
EXPERIMENTAL

Materials and Methods
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All commercial reagents were purchased from Aldrich and Fluka Chemical Company and
used without any further purification. NMR spectra were recorded on a FT-Bruker AF-300 (300
MHz for *H NMR; 75 MHz for *C NMR) in CDCl; using TMS as internal standard. Mass
spectra were recorded on a Shimadzu GC MS-QP 1000 PX at 70 eV. TLC analysis was
performed on silica gel plates (Merck, 60 F-254). All products were purified by flash column

chromatography using silica gel 60 (79-230 mesh, Merck).
General Procedure for the deoxygenation of sulfoxides

Indium powder (229 mg, 2.0 mmol) and tantalum(V) chloride (358 mg, 1.0 mmol) were
mixed in CH3CN (5 mL). The resulting mixture was sonicated for 0.5 h to produce a solution of
the low-valent tantalum-indium complex. Diphenyl sulfoxide (101 mg, 0.5 mmol) was then
added to this solution and the reaction mixture was stirred for 3.0 h at room temperature. The
progress of the reaction was followed by TLC. On completion, the solvent was removed under
reduced pressure and the residue was extracted successively with ethyl acetate, washed with
water and brine. The organic layer was separated and dried over anhydrous Na,SO,. The crude

product was purified by column chromatography on silica gel (hexane:ethyl acetate = 2:1) to
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afford diphenyl sulfide (86 mg, 92%). All of the products were identified by comparison of their

spectroscopic data with authentic samples.*®
Spectroscopic Data of Products

Diphenyl sulfide (Entry 1): *"H NMR: §7.38-7.25 (m, 10H). *C NMR: § 135.7, 131.1, 129.2,

127.1. GCIMS (m/z): 186 (M").

Methyl phenyl sulfide (Entry 2): *"H NMR: §7.17-7.15 (m, 5H), 2.49 (s, 3H). *C NMR: &

138.5, 128.8, 126.7, 125.0, 15.7. GC/MS (m/z): 124 (M™).

Dibutyl sulfide (Entry 3): *H NMR: §2.65 (t, 4H, J = 7.2 Hz), 1.68-1.73 (m, 4H), 1.42-1.52 (m,

4H), 1.04 (t, 6H, J = 7.2 Hz). °C NMR: 532.0, 30.4, 22.2, 13.8. GC/MS (m/z): 146 (M").

Bis(4-methylphenyl) sulfide (Entry 4): *H NMR: §7.01-7.45 (m, 8H), 2.31 (s, 6H). **C NMR:

5:139.8,132.8, 131.3, 129.8, 21.4. GC/MS (m/z): 214 (M™).

Methyl 4-tolyl sulfide (Entry 5): *H NMR: §7.54 (d, 2H, J = 11.1 Hz), 7.33 (d, 2H, J = 8.1
Hz), 2.70 (s, 3H), 2.41 (s, 3H). °C NMR: §134.9, 134.6, 129.6, 127.4, 20.9, 16.6. GC/MS (m/z):

138 (M.
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Dibenzyl sulfide (Entry 6): *"H NMR: §7.35-7.25 (m, 10H), 3.61(s, 4H). **C NMR: §138.2,

129.2, 128.6, 127.2, 35.7. GCIMS (m/z): 214 (M").

Benzyl phenyl sulfide (Entry 7): *H NMR: §7.33-7.19 (m, 10H), 4.13 (s, 2H). *C NMR: &

137.4, 136.3, 129.9, 128.8, 128.4, 127.8, 127.1, 125.4, 39.1. GC/MS (m/z): 200 (M*).

Methyl 4-bromophenyl sulfide (Entry 8): *H NMR: §7.40 (d, 2H, J = 8.5 Hz), 7.12 (d, 2H, J =
8.6 Hz), 2.47 (3H). *C NMR: §138.5, 132.0, 128.9, 119.6, 15.0. GC/MS (m/z): 202 (M*), 204

(M+2").

Bis(4-chlorophenyl) sulfide (Entry 9): *H NMR: §7.28-7.46 (m, 8 H). *C NMR: §134.0,

132.9, 130.8, 129.7. GC/MS (m/z): 254 (M*), 258 (M+2").

Bis(4-methoxyphenyl) sulfide (Entry 10): *H NMR: 56.84-7.28 (m, 8H), 3.79 (s, 6H). **C

NMR: §162.2, 137.4, 127.3, 115.1, 55.9. GC/MS (m/z): 246 (M").

4-(Methylthio)benzaldehyde (Entry 11): *H NMR: §9.93 (s, 1H), 7.78 (d, 2H, J = 8.4 Hz),
7.33 (d, 2H, J = 8.0 Hz), 2.54 (s, 3H). *C NMR: §191.0, 145.1, 133.2, 130.0, 127.1, 14.7.

GCIMS (m/z): 152 (M*).
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Phenyl vinyl sulfide (Entry 12): *H NMR: §7.42-7.27 (m, 5H), 6.55 (dd, 1H, J=15.7 Hz, J =
10.4 Hz), 5.39-5.33 (m, 2H). *C NMR: §135.2, 132.3, 129.6, 129.1, 125.6, 114.7. GC/MS

(m/z): 136 (M").
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Table 1 Deoxygenation of sulfoxides to sulfides with the TaCls/In system.

Entry R R? Products Time(h) Yield(%)*®
1 Ph Ph PhSPh 3.0 92
2 Ph CHs PhSCH; 1.0 95
3 nC4Hg nC4Hg (nC4Hog)2s 1.0 91
4 4-CHaCeHs | 4-CHaCeHs | (4-CHaceHa)s | 0.5 92
5 4-CHscgHg4 CHs 4- 0.5 94
CHs3cgH4SCH3
6 PhCH, PhCH, (PhCH,).S 15 91
7 PhCH, Ph PhCH,SPh 2.0 92
8 4-BrCeHy CHs 4-BrCeHssme | 1.5 90
9 4-C1CgH4 4-C1CgH4 (4-C1CgH,)2S | 1.0 92
10 4-CH30CgH, | 4-CH30CgH, | (4- 3.0 90
CH50CHa)2S
11 4-OHC-CgH4 | CH3 4-OHC- 1.0 87
CgH4SCH3
12 Ph CH,=CH PhSCH=CH, | 1.5 89

®Refers to isolated yields.

PAll the products were characterized by comparison of their spectral data with authentic samples.
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CH3CN, r. t.
R4, Ry : alkyl, aryl
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Scheme 1. Deoxygenation of sulfoxides to sulfides.

Scheme 1 Deoxygenation of sulfoxides to sulfides.
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Scheme 2. Proposed mechanism for the deoxygenation of sulfoxide.

Scheme 2 Proposed mechanism for the dexygenation of sulfoxide
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