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SELECTIVE DEOXYGENATION OF SULFOXIDES WITH
THEXYLCHLOROBORANE-METHYL SULFIDE COMPLEX

Jin Soon Cha¥*, Jin Euog Kim, and Jong Dae Kim
Department of Chemistry, Yeungnam University, Gyongsan 632, Korea

Summary: Thexylchloroborane-methyl sulfide complex selectively deoxygenated
both aromatic and aliphatic sulfoxides to the corresponding sulfides in high
yield and purity at 0% C without affecting some other reducible structures.

The growing usefulness of crganosulfur compounds in organic synthesis has
been reviewed extensive1y1. The majority of the successful synthetic appli-
cation of sulfoxides as important intermediates usually requires the removal
of oxygen on sulfur after achieving such a synthetic transformation. TFor this
reason, numerous reagents capable of effecting deoxygenation of sulfoxides to
sulfides have been developed. The reagents, for examples, include borane and
substituted boranes2, complex metal hydridesB, silanes4, acid chlorideS, tita-
niun compounds6, sodium hydrogen sulfite7, hydrogens, iron pentacarbonylg, and
other miscellaneous reagents

However, in most cases, the reaction requires the use of large excess of
reagent or an elevated reaction temperature., Among boron reagents, although
dichloroborane is the reagent which has been used successfully, it is not very
reactive toward aromatic sulfoxides. Some hydride reagents like lithium alu-
minum hydride are strong reducing agents and therefore do not show any dis-
erimination against most organic functional groups11.

Very recently, a study on the approximate rate and stoichiometry of the
reaction of excess thexylchloroborane-methyl sulfide complex, TthHCl-SMez,
with representative organic compounds under standardized reaction condition
(0° C, methylene chloride) has been completed12. The systematic study re-
vealed that the reagent possesses an unigque reducing characteristics and th-
us is a mild selective reducing agent. Excess thexylchloroborane at 0° C
does not attack esters, epoxides, guinones, etc. Amides and acid chlorides
are reduced only slowly. Carboxylic acids and acid anhydrides are reduced par-
tially to form aldehydesTB.

sulfoxides remarkably rapidly, but disulfides and sulfones are inert toward

The reagent reduces both aliphatic and aromatic
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this reagent. This excellent chemoselectivity suggested the possibility of a-
chieving a selective deoxygenation of sulfoxides under mild conditions, even in
the presence of some other readily reducible functional groups.

The reaction of thexylchloroborane with both aliphatic and aromatic sulfo-
xides was established to be fast and effective. Dimethyl sulfoxide, di-n-butyl
sulfoxide, and tetramethylene sulfoxide are reduced almost quantitatively in a
natter of ninutes with the 20% excess TthHCl-SMe2 at 0°C. Zven dibenzyl sul-
foxide and alkyl phenyl sulfoxides are also reduced quantitatively within 10
min at OOC. However, the reaction of diphenyl sulfoxide is much slower, but
8till much faster than that of dichloroborane. Thus, it was converted almost
quantitatively to diphenyl sulfide in 2 hr at 25°C using 100% excess thexychlo-

roborane, The results of the reaction are listed in Table 1.

Table 1. Reduction of Sulfoxides with Thexylchloroborane-Methyl Sulfide in Me-
thylene Chloride at 0°C

. Ratio Reaction Yield,?
Gompound (ThxBHC1:Sulfoxide) time (isolatod)
Dimethyl sulfoxide 1.0:1 1 min 84 , 8610

1.2:1 1 nin 91 953’
Di-n-butyl sulfoxide 1.2:1 5 nin 87, 98a
Tetramethylene sulfoxide 1,2:1 5 nin 84.5, 88b, 97%
Dibenzyl sulfoxide 14521 10 nin 91c, 9Ab
Benzyl phenyl sulfoxide 1.5:1 10 min 93°, g5PsC
Methyl phenyl sulfoxide 1.2:1 10 min 92
Tthyl phenyl sulfoxide  1.2:1 10 nwin 82.5, 85°
Diphenyl sulfoxide 2.0:1 L hr 84 b
2,0:19 2 hr 86, 89
a)Yields determined by gle. b)Repeated data. c)Quantitative vield for the crude

before recrystallization. d)At 25°C.

Thexylchloroborane-methyl sulfide shows an excellent selectivity. This se-
lectivity can be applied to the selective deoxygenation of sulfoxides in the
presence of other reducible compounds. Indeed, the reagent showed an excellent
chemoselectivity. Thus, on the reaction of di-n-butyl sulfoxide in the presen-
ce of an equimolar amount of caproyl chloride, ethyl caproate, 1,2-butylene
oxide, and N,N-dimethylbenzamide, the reagent reduced only the sulfoxide and
the added reducible conpound was recovered almost quantitatively. The results
are summarized in Table 2,

Thexylchloroborane~methyl sulfide can be easily prepared from the hydro-
boration of monochloroborane-methyl sulfide with 2,3-dimethyl-2-butene. The
reagent in methylene chloride is very stable. The reaction with sulfoxides is
fast and the byproduct boronic acid can be removed easily. The reagent reacts
with sulfoxides in a 1:1 molar ratio to yield the corresponding sulfides with-

out liberation of any hydrogen; however, any excess of the reagent results in
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a fast evolution of hydrogen(practically, about 20% excess of the reagent is
needed to give a quantitative yield.). Therefore, the reaction mechanisn seems
to be very similar to the reaction of dichloroborane, with the exception that
the hydrogen evolution from the boronic acid derivative 1 and thexylchloroborane

is much faster than that from the dichloroborane reaction.
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Table 2. Selective Deoxygenation of Di-n-butyl Sulfoxide with Thexylchlorobo-
rane-Methyl Sulfide in the Presence of Other Reducible Conpounds in Methylene

Chloride at 0°c?

. Tine, Yield,? of di- Recovery,}% of
Reducible compound nin n-butyl sulfide reducible compound
Caproyl chloride 5 93 98
Lthyl caproate 5 96 99

60 97 99
1,2-Butylene oxide 5 95 97
60 86 97
N,N-dimethylbenzamide 5 90 98
30 97 98

a)1.0 M of each compound; 1.2 M of the reagent. b)Glc yield.

The following procedure for the deoxygenation of benzyl phenyl sulfoxideis
representative. An oven-dried 100-ml flask was flushed with nitrogen, charged
with 4.33 g(20 mmol) of benzyl phenyl sulfoxide and 10 ml of methylene chloride,
and then immersed in an ice-water bath. To this was added 15 ml of 2.0 M
ThxBHC1-8Me, in methylene chloride dropwise at 0°C. The reaction mixture was
stirred for 10 min at 09C and quenched with an aqueous 2 N NaOH solution. The
organic laver was separated and the aqueous layer was extiracted with pentane
(10 m1 x 3). The combined organic layer was concentrated on a rotary evapora-
tor and passed through an alumina column to give the quantitative yield of pro-
duct. Recrystallization from alcochol provided 3.73 g(93%) of pure benzyl phe-
nyl sulfide. An alternative work-up procedure is available. After completion
of the reaction, the mixture was quenched with aqueous 2 ¥ NaOd and the orga-
nic layer was extracted two times with aqueous 2 N NaOH to remove the residual
thexylboronic acid. ZEvaporation of the solvent followed by recrystallization
vielded 95% of the pure product.

The procedure for the reaction of di-n-butyl sulfoxide in the presence of

ethyl caproate is representative for the selective deoxygenation. An usual
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setup was adopted and the flask was charged with methylene chloride, di-n-butyl
sulfoxide(10 mmol), ethyl caproate(10 mmol), and an internal standard. The f1-
ask was cooled to 0°C and to this was added 12 umol of thexylchloroberane drop-
wise at 0°C(1.0 M in each compound, 1.2 M in reagent). After stirring for 5
win, an aliguot was quenched with 2 ¥ JaOH solution and washed two times with
additional 2 N NaOH. Glc analysis of the organic layer indicated a $6% yield
of di-n-butyl sulfide and a 99% of ethyl caproate unchanged.
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