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New reductive benzylation of hydroxy functions was effect-
ed by using the combination of benzaldehyde, TMSCl, and
Et3SiH. TMSCl first reacts with alcohols to form HCl, which
is probably the ultimate catalyst for this reaction system. TMSCl
can also trap water and thus effectively promote dehydration re-
actions when more than stoichiometric amount of TMSCl is
used. Although excess TMSCl was required for the foregoing re-
actions, TMSCl could be readily removed by simple evapora-
tion.

Chlorotrimethylsilane (TMSCl) has been used as an acid
catalyst for esterification and ketal formation.1,2 We have also
reported the new convenient Fischer glycosidation using TMSCl
as acid catalyst.3 In these reactions, TMSCl first reacts with al-
cohols or carboxylic acids to form HCl, which is probably the
ultimate catalyst for these reaction systems. TMSCl can also trap
water and thus effectively promote dehydration reactions when
more than stoichiometric amount of TMSCl is used.

We first investigated reductive benzylation of hydroxy func-
tion using benzaldehyde, TMSCl, and Et3SiH. Nishizawa

4a re-
ported reductive benzylation of hydroxy function, in which the
hydroxy group was once trimethylsilylated and then treated with
benzaldehyde, TMSOTf, and Et3SiH.

4,5 However, partial cleav-
age of O-TMS group prior to benzylation reaction decreased the
overall yields in some cases: no benzylation proceeds on a free
hydroxy group. We previously described a new one-pot proce-
dure to improve Nishizawa’s method for the protection of the hy-
droxy group of 3-hydroxy fatty acid esters.6 Direct benzylation
was effected in high yields via in situ O-trimethylsilylation by
using benzaldehyde, TMS2O, TMSOTf, and Et3SiH. This meth-
od was, however, not suitable for benzylation of glucose deriv-
atives having many benzyl groups, since some benzyl groups al-
ready present were reductively cleaved during the reaction. We,
therefore, investigated a combination of TMSCl and Et3SiH for
reductive benzylation via in situ O-trimethylsilylation under
milder conditions. A possible reaction mechanism is shown in
Figure 1. In this reaction, TMSCl promotes O-trimethylsilyla-

tion and then the formation of the oxocarbenium ion intermedi-
ate, which is reduced with Et3SiH to give the desired ether.

As shown in Table 1, 10 equiv. of TMSCl was required for
smooth reductive benzylation of benzyl alcohol (1) (Entry 3).
The 6-hydroxy group of glucose derivative 3 was benzylated un-
der these conditions in 81% yield (Entry 4).7 The more hindered
4-hydroxy group of glucose derivative 4 was also smoothly ben-
zylated in 77% yield (Entry 5). Addition of excess benzaldehyde
did not improve the yields of the desired benzylated compound
but increased the formation of dibenzyl ether 2.

Reductive alkylation of 3 with 1-naphthaldehyde and 9-an-
thracenecarboldehyde gave trace amount of the alkylated prod-
uct but most of the starting aldehydes were transformed to sym-
metrical ethers via reduction of the aldehydes and subsequent re-
ductive alkylation of the resulting alcohols. These results sug-
gest more reactive aldehydes than benzaldehyde cannot be
used, since they might be consumed prior to alkylation. By con-
trast, less reactive p-nitrobenzaldehyde can be used for the pres-
ent reductive alkylation. We previously reported the use of p-ni-
trobenzyl group for temporary protection of hydroxy functions.8
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Figure 1. Possible mechanism of the present reductive benzyla-
tion.

Table 1. Reductive benzylation using TMSCl and Et3SiH
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The p-nitrobenzyl group has been so far introduced to hydroxy
functions by using p-nitrobenzylbromide-Ag2O, p-nitrobenzyl-
bromide-AgOTf-2,4,6-collidine, or p-nitobenzyl triflate or by
Nishizawa’s method. The hydroxy group of 3 was conveniently
p-nitrobenzylated by the present method in a comparable yield
(Entry 6). p-Bromobenzylation of 3 by the present method did
not give good yield, because of debromination under the reduc-
ing condition of Et3SiH (Entry 7). This PBB (p-bromobenzyl)
ethers of 7 should be converted to the more labile, substituted
p-arylbenzyl ethers via a Pd-catalyzed Suzuki–Miyaura coupling
without using phosphine ligands and be subsequently removed
by acids or oxidants.9

p-Methoxybenzyl group was completely cleaved under the
present reaction conditions. We previously reported that p-acy-
laminobenzyl group was much more stable to Lewis acids than
p-methoxybenzyl group but was cleaved by DDQ in a compara-
ble rate.4d,10 p-Acylaminobenzyl group, however, also smoothly
cleaved with TMSCl–Et3SiH. In other words, a combination of
TMSCl–Et3SiH is useful for selective cleavage of p-methoxy-
benzyl and p-acylaminobenzyl groups.11

In conclusion, we have developed a new convenient method
for the preparation of ethers from carbonyl compounds and non-
protected alcohols under non-basic and non-metal conditions.
TMSCl works as both an acid catalyst and dehydrating agent.
Although excess TMSCl was required for the foregoing reac-
tions, TMSCl could be readily removed by simple evaporation.
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