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A method for the preparation of alkyl aryl sulfides from
alcohols and 2-sulfanylbenzothiazole by a new type of oxida-
tion–reduction condensation using phenyl diphenylphosphinite
and 2,6-dimethoxy-1,4-benzoquinone is described. In this
reaction, the chiral alcohols are converted into the corresponding
chiral sulfides with almost complete inversion of configurations
under mild and neutral conditions.

Preparation of alkyl aryl sulfides is an important procedure
in organic chemistry1 and, therefore many trials have been made
so as to develop synthetic methods. For example, the conversion
of alcohols into alkyl aryl sulfides2 by oxidation–reduction con-
densation using trivalent phosphorus compounds such as PPh3–
DEAD–RSH (Mitsunobu conditions)3 or n-Bu3P–RSSR (Hata
conditions)4 is recognized useful and versatile. In these reaction
systems, chiral secondary sulfides were formed from chiral
secondary alcohols with complete inversion of configurations
by an SN2 pathway. However, it is generally known that sterical-
ly hindered tertiary alcohols are not converted to the correspond-
ing sulfides.

Recently, it was also shown from our laboratory that oxida-
tion–reduction condensation5 of alkyl diphenylphosphinites
(ROPPh2) with various nucleophiles (Nu–H) gave condensation
products (R–Nu) in the presence of benzoquinone derivatives as
oxidant.6 It is noteworthy that tertiary alcohols could be convert-
ed into the corresponding tert-alkyl products by preparing a
key intermediate of the alkyl diphenylphosphinites from the cor-
responding alcohols and chlorodiphenylphosphine in advance.
When 2-sulfanylbenzothiazole (BtzSH) was employed as
sulfur nucleophile, chiral tert-alkyl diphenylphosphinites were
converted into inverted sulfides in the presence of 2,6-di-tert-
butyl-1,4-benzoquinone (DBBQ).2b–2d To improve the synthetic
utility of this reaction system (ROPPh2–BQ–RSH), it is impor-
tant to develop a new method for direct synthesis of sulfides
from alcohols without forming an intermediate, ROPPh2.

In this communication, we would like to describe a new type
of oxidation–reduction condensation by the combined use of a
phosphorus compound and a benzoquinone derivative that was
successfully applied to the stereospecific syntheses of sulfides
from alcohols and 2-sulfanylbenzothiazole.

First, effects of phosphorus(III) compounds were examined
in order to choose a suitable reductant by taking condensation
reaction of 4-phenyl-2-butanol and 2-sulfanylbenzothiazole
in the presence of 2,6-dimethyl-1,4-benzoquinone (DMBQ) as
a model (Table 1). The desired sulfide 1 was not obtained when
a phosphine such as PPh3 and PBu3 or triphenylphosphite was
used (Entries 1–3). On the other hand, chlorodiphenylphosphine

afforded 1 in 8% yield (Entry 4). In the case of aryl diphenyl-
phosphinites,7 the yield of 1 markedly increased (Entries 5–7).
As a result of examining the influence of substituents on the
aryl group, it was shown that phenyl diphenylphosphinite gave
a better result.

Next, various 1,4-benzoquinone derivatives were examined
to find a suitable oxidant (Table 2). A condensation reaction
using simple 1,4-benzoquinone afforded the desired product 1
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Table 2. Effects of quinone derivatives
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in lower yield compared to that of DMBQ (Entry 1). Introduc-
tion of one substituent at the 2-position of 1,4-benzoquinones
did not give good results (Entries 2 and 3) while the yield of
1 improved when disubstituted 1,4-benzoquinones were used
(Entries 4–6). The reaction with DMOBQ having electron-
donating 2,6-dimethoxy groups afforded 1 in 73% yield. On
the other hand, when electron-withdrawing groups are intro-
duced to benzoquinones, 1 was obtained in quite low yield
(Entries 7 and 8). In the case of DMOBQ, the yield increased
up to 81% by changing the solvent to toluene (Entry 6).

After a suitable reductant and an oxidant were chosen,
condensation of various alcohols were tried to investigate the
scope of this reaction (Table 3).8 The reactions of primary alco-
hols having olefin and a furan ring or cyclic secondary alcohols
proceeded smoothly to afford the corresponding sulfides in high
yields (Entries 1–4). Next, thioetherification of chiral secondary
alcohols was examined and the inverted products were obtained
in good to excellent yields with almost complete inversions of
stereochemistries even when acetylene and ethyl ester groups
coexisted in the same molecules (Entries 5–8). Further, the
reaction of a sterically hindered tertiary alcohol gave the desired
product in high yield when DMBQ was employed instead of
DMOBQ (Entry 9).

Based on the above results, it was assumed that this conden-
sation reaction proceeded as shown in Scheme 1: the reaction of
aryl diphenylphosphinite (ArOPPh2) and benzoquinone deriva-
tive initially gave a zwitterionic intermediate A and, the follow-
ing deprotonation of BtzSH by phenoxide anion resulted in the

formation of intermediate B. A subsequent nucleophilic attack
of alcohol to the positively charged phosphorus atom formed an
intermediate C along with elimination of aryloxy anion (ArO�).
Finally, nucleophilic attack of thiolate anion (BtzS�) to its
phosphonium part via SN2 manner gave the inverted sulfide.

Thus, a new type of oxidation–reduction condensation by
the combined use of PhOPPh2 and DMOBQ was established.
This reaction system was applicable to the thioetherification of
various alcohols including tertiary alcohol. In the case of chiral
alcohols, the inverted sulfides were obtained in good to excellent
yields under neutral mild conditions. Further study on this type
of condensation is now in progress.

K. K. was granted a Research Fellowship of Japan Society
for the Promotion of Science for Young Scientist.
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Table 3. Thioetherification of various alcohols
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