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Abstract—Alkenyl, aryl and heteroaryl boronic acids react with amines and salicylaldehydes in a single step to give novel
aminophenol derivatives. © 2001 Published by Elsevier Science Ltd.

Functionalized arylalkylamines and aminoalkylphenols
are attractive structures for the development of phar-
maceuticals and agrochemicals. While simple deriva-
tives of this type (4) are well known because they are
readily available via one-step Mannich reactions1 of
phenols (1), amines (2) and paraformaldehyde (3), more
substituted derivatives (6) are generally not directly
accessible in this manner,2 particularly with non-acti-
vated aldehydes (5) (Scheme 1). Consequently, some
stepwise approaches have been developed for this pur-
pose.3 Herein, we describe a novel approach to
molecules of this type via the one-step reaction among
organoboronic acids (7), amines (8) and salicylalde-
hydes (9).

Based on the concept that organoboronic acids are
weakly electrophilic molecules that can be transformed
into transient nucleophilic species, we have recently
introduced a number of new reactions of these versatile
and synthetically valuable molecules.4,5 Among the
reactions we have reported is a novel one-step multi-
component process5b–d involving the condensation of
alkenyl, aryl or heteroaryl boronic acids (7) with
amines (8) and certain carbonyl compounds, such as
a-keto acids and a-hydroxy aldehydes, leading to a-
amino acids5b,c and b-amino alcohols,5d,e respectively.
Herein, we report that the analogous one-step reaction
with salicylaldehydes (9) affords the corresponding
aminomethylphenol derivatives (10). The mechanism of

Scheme 1.
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Scheme 2.

this process presumably involves the initial reaction
among the amine and the carbonyl to give an aminol
intermediate (11), which reacts with the organoboronic
acid to generate a transient species such as (12), lead-
ing to the product (10) via irreversible carbon�carbon
bond formation (Scheme 2).

A key feature of this process that makes possible its
multicomponent nature is that the direct addition of 7
to 9 to afford 13 does not take place readily under the
reaction conditions. Indeed, compounds 13 do not
form even with more reactive boronic acids, higher
temperatures or prolonged reaction times.

A number of boronic acids, amines and carbonyl com-
pounds were investigated for this reaction (Scheme 3).
Several types of alkenyl (14), aryl (15, 16) and het-
eroaryl (17–20) boronic acids gave the expected prod-
ucts (36–49) in variable yields (not optimized). We
examined a number of amines and found that the
reaction is more general with secondary amines (e.g.
22–26), while primary amines (e.g. 21) afford the
expected products in modest yields when more reactive
boronic acids are employed (e.g. 436).

Among the carbonyl compounds used, salicylaldehydes
(27–29) worked well in most cases, while other ben-
zaldehyde derivatives lacking an o-hydroxy substituent
(30–33) were not effective in this process. This is con-
sistent with the intermediacy of a species such as 12.
The corresponding o-hydroxy acetophenone as well as
several polyhydroxy derivatives (e.g. 34, 35) were also
ineffective, probably due to the suppressed reactivity
of the carbonyl moiety.

The examples shown in Scheme 3 were performed by
stirring the three components in ethanol at room tem-

perature over 24–36 h. Other polar solvents, such as
methanol and acetonitrile were also effective in this
process, while the reaction was slower in
dichloromethane or toluene. The indicated yields are
of purified products, after flash column chromatogra-
phy. All products gave satisfactory spectroscopic and
analytical data.

Typical experimental procedure: To a mixture of salicy-
laldehyde (27, 122 mg, 1.0 mmol) and morpholine (26,
87 mg, 1.0 mmol) in ethanol (10 mL), was added
(E)-2-phenylethenyl boronic acid (14, 148 mg, 1.0
mmol) and the solution was stirred at room tempera-
ture while monitored by TLC (10% ethyl acetate in
hexanes). After the completion of the reaction (24 h)
the solvent was evaporated and the product was iso-
lated by flash chromatography using 10% ethyl acetate
in hexanes to give the product 37 (260 mg, 88%).7

In summary, we have shown that functionalized Man-
nich-like products can be directly obtained in one-step
from organoboronic acids, amines and salicylalde-
hydes. Further manipulations of the adducts of this
process may lead to a variety of cyclic products.8

Additional variations and synthetic applications of this
chemistry are currently being explored.
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