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Abstract—Diphenylboron perchlorate very smoothly catalyzed self- and cross-condensation reactions of aldehydes at rt in
nitroethane. The new catalyst provided novel behaviors owing to the characteristics of possessing a covalency in the boron�oxygen
bond, compared with ionic perchlorates. © 2003 Elsevier Science Ltd. All rights reserved.

Diphenylboron perchlorate 1,1 prepared from Ph2BCl
and AgClO4 in nitromethane, has a covalent character
in the B�O bond, as investigated by the 11B NMR and
ab initio calculation (Scheme 1).2 The perchlorate 1 was
expected, therefore, to possess catalytic activities differ-
ent from those of ionic trityl perchlorate.3 Actually, the
Mukaiyama aldol reaction of aldehydes with 1-phen-
oxy-1-trimethylsiloxyethene did not proceed in the pres-
ence of 1 (10 mol%) in nitroethane at −78°C for 3 h.
This non-reactivity evidently reflects either the lack of
Lewis acidity necessary for the aldol reaction or the
existence of somewhat different actions in the reaction.
When aldehydes having �-hydrogens to the carbonyl
group were stirred at rt under similar conditions with-
out silyl nucleophiles, the reaction led to the corre-
sponding self-condensed �,�-unsaturated aldehydes in
high yields.4 Self-condensation reactions under classical
conditions did not necessarily result in good yields of
aldols and their dehydration products for a variety of
aldehydes.5 Recently, enolizable aliphatic aldehydes
were reported to undergo self-condensation to the cor-

responding �,�-unsaturated aldehydes in the presence
of a stoichiometric amount of titanium tetraalkoxide.6

Studies on aldehyde condensations are under further
development and are shifting to enantioselective cross-
aldol reactions.7 We disclose herein catalytic self- and
cross-aldol reactions to (E)-�,�-unsaturated aldehydes
by using a novel catalyst, Ph2BClO4 1.

Self-condensation reaction of hydrocinnamaldehyde
took place very smoothly in the presence of 10 mol% of
1 in nitroethane at rt for 1 h to give selectively (E)-5-

Scheme 2. A catalytic self-condensation reaction of hydrocin-
namaldehyde.

Scheme 1. Covalent character of the B�O bond of 1.
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phenyl-2-(phenylmethyl)-2-pentenal 2 in 95% yield, as
shown in Scheme 2.8 The olefinic double bond of the
compound was confirmed to be E-configuration by
NOE experiments. Ketones and esters did not undergo
the corresponding self-condensation under these condi-
tions at all. The novel catalytic feature of 1 can be
rationally explained with the geometrical selectivity to
(E)-olefin, as follows: The structural characteristics are
particularly attributable to the unique catalytic ability
which induces an acid-base concerted interaction with
an aldehyde having two hydrogen atoms � to the
carbonyl group (Scheme 3).9 Ph2BClO4 1 might play the
two roles of carbonyl group activation by the boron
atom (as an acid) and hydrogen abstraction by the
perchlorate oxygen atom (as a base) so as to convert
the aldehyde to their Z-enol borinate, depicted in A of
Scheme 3.7a The boron enolate obtained proceeds to the

successive aldol condensation to afford syn-aldol10 (in
B of Scheme 3) which should be dehydrated to (E)-
olefin 2 (in C in Scheme 3) along with regeneration of
the catalyst 1.

The higher homologs of aldehydes also underwent the
self-condensation reaction to give the corresponding
(E)-�,�-unsaturated aldehydes in good yields (entries 1
and 2 in Table 1). The reaction with a branched
homolog resulted in the formation of an acetal, trapped
with the starting aldehyde because the normal dehydra-
tion is impossible (entry 4). The cross-condensation
reaction between aldehydes having � hydrogens (1
equiv.) and aryl aldehydes (4 equiv.) was realized to
introduce (E)-�,�-unsaturated aldehydes in moderate
yields with a small amount of the self-condensation
products, as shown in Table 2. The reaction of

Scheme 3. A plausible mechanism of dimerization reaction catalyzed by diphenylboron perchlorate.

Table 1. Diphenylboron perchlorate-catalyzed self-condensation reaction of aldehydes
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Table 2. Diphenylboron perchlorate-catalyzed cross-condensation reaction of aryl aldehydes and aldehydes having �-hydro-
gens

butyraldehyde with benzaldehyde afforded an interest-
ing compound, which was confirmed to be 3-benzyloxy-
2,2-dimethyl-3-phenylpropanoic acid, in a good yield
(entry 4 in Table 2).8 Although Tishchenko reactions,
coupled with aldol reactions, are frequently observed,11

this is not the case. The formation of the carboxylic
acid 17 can be accounted for by intramolecular oxida-
tion of the terminal aldehyde, that is, an intramolecular
Cannizzaro reaction, as depicted in Scheme 4.

Diphenylboron perchlorate 1 turned out to be an
efficient catalyst for self- and cross-condensation reac-
tions of aldehydes having �-active hydrogens. The
effectiveness of 1 for aldehyde condensations pre-

sumably arises from its binary characteristics of an acid
and a base owing to the structural feature of a covalent
boron-oxygen bonding of 1. For the purpose of direct
comparison of the reactivity depending on the bonding
mode, study of the diphenylboron cation expected to be
ionic is now in progress by changing the counter anion.
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Scheme 4. A plausible pathway to 17 via an intramolecular Cannizzaro reaction.
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