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The reductive homocoupling of a carbonyl compound and
heterocoupling of a carbonyl compound with a non-protected
alcohol were both effected smoothly at room temperature with
triethylsilane in the presence of a catalytic amount of bismuth
trichloride to afford the corresponding ethers in good yields.

The preparation of ethers is limited in practical sense to
Williamson’s etherification involving alkylation of an alkoxy
anionwith an alkyl halide under basic conditions.However, olefin
formation sometimes occurs under these basic conditions, thus it
is desired to develop a useful method for the synthesis of
symmetrical and unsymmetrical ethers under non-basic condi-
tions.

Suzuki and we have shown that bismuth bromide can
efficiently catalyze the cyanation of carbonyl compounds and
acetals.1 Komatsu and Suzuki described the catalytic utility of
this salt for the reductive homocoupling of carbonyl compounds
and heterocoupling of a carbonyl compound with an alkoxysilane
by using triethylsilane to afford the corresponding symmetrical
and unsymmetrical ethers, respectively.2 Although similar
etherifications of carbonyl compounds with alkoxysilanes3;4 or
alcohol THP ethers5 via trialkylsilane reduction have already
been developed, there are few methods which involve a simple
process using non-protected alcohols.6

We now wish to report a convenient method for preparation
of symmetrical and unsymmetrical ethers from aldehydes and
aldehydes—non-protected alcohols, respectively, by the promo-
tion of triethylsilane (Et3SiH) and bismuth trichloride (BiCl3).

Similarly to the results obtained by Suzuki,2 various
symmetrical ethers are synthesized under mild reaction condi-
tions as shown in the eq 1. Some of the results are summarized in
Table 1. Benzaldehyde (Entry 1) and aliphatic aldehydes (Entries
2 and 3) reacted smoothly to afford the corresponding
symmetrical ethers in good yields. As for ketones, sterically
hindered one (Entry 7) afforded only a trace of the expected ether,
and the starting ketone was recovered. It is noteworthy that the
corresponding symmetrical ether was obtained from 3-hydro-
xybenzaldehyde without the protection of the hydroxyl group. As
shown in Table 2, various aldehydes coupled smoothly with
primary and secondary alcohols in good yields (Entries 1–12),
while ketones gave the coupling products in low yields as the
ketones were recovered (Entries 13–15).7 The benzaldehyde–
phenol reaction gave no product and tert-butyl alcohol could not

be used at all as a substrate.
Our results indicate several synthetic utilities of the present

reaction: 1) It is noteworthy that equimolar amount of aldehydes
and non-protected alcohols give the high yields of the
corresponding ethers with Et3SiH and BiCl3 under mild
conditions. 2) This is a convenient method for the preparation
of various alcohols protected by synthetic useful protecting
group. a) By the use of benzyl alcohol, benzaldehyde is
reductively converted to dibenzyl ether (Table 2, Entry 3). b)
When benzaldehyde is employed as a carbonyl component,
alcohols are directly transformed to the corresponding benzyl
ethers (Table 2, Entries 1–5 and Entry 16). 3) Reductive
etherification of benzaldehyde proceeds chemoselectively with
3-phenyl-1-propanol (80% yield) even if acetophenone is present
in the reaction mixture, and acetophenone is recovered intact.
4) An aldehyde containing a hydroxyl group (Table 1, Entry 4)
and an alcohol containing a carboxyl group (Table 2, Entry 16)
are usable as a substrate without a protection of their functional
groups, which contribute to the overall synthetic efficiency
because the tedious protection–deprotection process can be

Table 1. Ether synthesis using carbonyl compounds and Et3SiH
in the presence of BiCl3

a
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simplified.
The mechanism of the present reaction is considered via

hemiacetal6 or hemiacetal-type3 compound as described in the
literature. In conclusion, we have developed a new convenient
method for the preparation of ethers from carbonyl compounds
and non-protected alcohols under non-basic conditions.
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Table 2. Ether synthesis using carbonyl compounds and alcohols by BiCl3 and Et3SiH
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