
Reduction of dithioacetals derived from aromatic aldehydes
with low valent titanium iodide species in situ formed by treatment
of titanium(IV) iodide with zinc in a mixed solvent of dichloro-
methane and pivalonitrile at room temperature afforded coupling
products, vicinal bis(alkylthio) derivatives, in good to high yields.

Synthesis of pinacols by reductive coupling of carbonyl
compounds is an important tool for the formation of vicinal
diols.  Of various reducing reagents, low valent titanium com-
pounds proved to be particularly effective and are being studied
intensively.1 Recently, it was reported from our laboratory that
a newly utilized low valent titanium iodide species in situ
formed by treating titanium(IV) iodide with copper was an
effective reductant to afford various vicinal diols from various
aromatic and aliphatic aldehydes in good to high yields with
good to high diastereoselectivities under mild conditions.2 Also
from our laboratory in 1978, it was reported3 that various vici-
nal dialkoxy derivatives or olefins were obtained by treating
acetals, which were usually considered as protected aldehydes
under basic conditions,4 with low valent titanium chloride
species prepared from titanium(IV) chloride and lithium alu-
minum hydride in THF at room temperature.

In order to apply the newly utilized low valent titanium
iodide species to various synthetic reactions, a reductive coupling
of dithioacetals, the protected aldehydes,4 was focused as our next
target.  Meanwhile, Takeda and co-workers reported a prepara-
tive method of titanium-carbene complexes generated by reduc-
tive desulfurization of the two alkylthio groups of the dithioac-
etals with low valent titanocene species Cp2Ti[P(OEt)3]2.

5 The
above complexes have effectively been employed to date in
many useful synthetic reactions.  To the best of our knowledge,
however, there are no examples reported on the formation of
coupling products, vicinal bis(alkylthio) derivatives, from
dithioacetals by desulfurization of one of the alkylthio groups.6

In this communication, we would like to report an efficient
method for the preparation of various vicinal bis(alkylthio)
derivatives by reductive coupling of dithioacetals derived from
aromatic aldehydes with low valent titanium iodide species.

At first, reductive coupling of benzaldehyde diethyl
dithioacetal was tried by using reactive low valent titanium
iodide species which were generated by treating titanium(IV)
iodide with copper or zinc7 in a mixed solvent of
dichloromethane and pivalonitrile at room temperature (sum-
marized in Table 1).  In the case of using copper, the desired
vicinal bis(alkylthio) derivative, 1,2-bis(ethylthio)-1,2-
diphenylethane, was not obtained at all, while it afforded the
desired products in moderate to good yields by way of reduc-
tive elimination of one alkylthio group when low valent titani-
um iodide species generated from more than double molar
amounts of zinc and titanium(IV) iodide were used (entries

1–7).  To improve the reactivity of low valent titanium iodide
species, more reliable preparative method was then investigat-
ed.  The reaction proceeded successfully to afford the corre-
sponding coupling product in high yield when zinc was added
anew to the supernatant solution of zinc-treated low valent tita-
nium iodide species.  The resulted solution was then applied to
the reductive coupling,8 and consequently, the double molar
amounts of the respective initial and additional zinc with titani-
um(IV) iodide promoted the reaction most effectively (entries 8
–13).9 When other metals7 were used in place of the additional
zinc, however, the yields of vicinal bis(alkylthio) derivative
remained rather low (entries 14–16).  Concerning temperatures,
the reaction proceeded smoothly at 0 °C or above (entries
17–19).

Next, reductive coupling reactions of various other
dithioacetals derived from aromatic aldehydes using low valent
titanium iodide reducing system were examined based on the
above results (summarized in Table 2).  With regard to the sub-
stituents on phenyl group of dithioacetals, para-substituted
dithioacetals except CF3-substituted one coupled smoothly to
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afford the corresponding vicinal bis(alkylthio) derivatives in
high yields, and also, the ortho- and meta-substituted dithioac-
etals reacted likewise to give the coupling products in good
yields (entries 1–11).  Then, the influence of alkylthio group on
the present reaction was examined and the vicinal bis(alkylthio)
derivatives were obtained in high yields irrespective of the sub-
stituents (entries 12–14).  Furthermore, the reductive coupling
of dithioketal derived from acetophenone proceeded smoothly
as well to afford the corresponding coupling product in high
yield (entry 15) while dithioacetals derived from aliphatic alde-
hydes did not react under these reaction conditions.

As illustrated in Scheme 1, the reaction is assumed to pro-
ceed as follows: there are two reaction pathways of forming
coupling products, namely, via a titanium-bridged intermediate
A and a titanium-nonbridged intermediate B generated by
reductive desulfurization of an alkylthio group.  Of the two pos-
sibilities, the formation of dl-isomer via intermediate A might
not take precedence because the sulfur–titanium–sulfur bridg-
ing interaction (coordination and coordination) is relatively
weak compared with the oxygen–titanium–oxygen bridging
interaction (by σ-bond and coordination) suggested in reductive

coupling of aldehydes.2a,b On the other hand, meso-isomer is
considered to be preferentially produced when symmetry of
intermediate B is retained.  However, the symmetry is readily
lost before coupling because of the poor electronic repulsion of
alkylthio groups in α-(alkylthio)benzyl radicals different from
the cases shown in the coupling of aldehydes.  This considera-
tion explains that a mixture of dl- and meso-diastereomers are
produced by the present reaction.

Thus, reductive coupling reaction of dithioacetals derived
from aromatic aldehydes was effectively achieved by the in situ
formed low valent titanium iodide species in a mixed solvent of
dichloromethane and pivalonitrile under mild conditions.
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