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Sodium borohydride supported onto a HZSM-5 zeolite is presented as a general re-
ducing agent for the reductive amination of aldehydes and ketones under microwave
irradiation in solventless system.
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The reaction of aldehydes or ketones with ammonia, primary amines
or secondary amines in the presence of reducing agents to give pri-
mary, secondary, or tertiary amines, respectively, known as reductive
aminations (of the carbonyl compounds) or reductive alkylations (of the
amines) are among the most useful and important tools in the synthesis
of different kinds of amines.1

There are two commonly used direct reductive amination methods.
The first method is catalytic hydrogenation with platinum, palladium
or nickel catalyst.2 Hydrogenation has limited use with compounds
containing carbon-carbon multiple bonds and in the presence of re-
ducible functional groups such as the nitro3 and cyano groups.4 The cat-
alyst may be inhibited by compounds containing divalent sulfur.5 The
second method utilizes hydride reducing agents, particularly sodium
cyanoborohydride (NaBH3CN)6 and sodium borohydride (NaBH4)7 for
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reduction. The latter has been conducted in sulfuric acid medium. Con-
sequently, we thought it is worthwhile to develop a manipulatively easy
and eco-friendly method for the reduction of in-situ-generated Schiff ’s
bases. In this article we wish to report that sodium borohydride sup-
ported onto HZSM-5 zeolite can be used effeciently for the reductive
amination of carbonyl compounds under microwave irradiation in a sol-
ventless system. The combination of supported reagents and microwave
irradiation has been used to carry out a wide range of reactions in short
times and with high conversions and selectivity without the need for
solvents among other advantages.8

The choice of solid support and linkage are important factors for suc-
cess in solid phase synthesis.9 Unlike solution phase synthesis where
an optimization study will result in reproducible reactions, time con-
suming validation steps, usually required in solid phase synthesis, may
only be specific for a particular solid support.10 In continuation of our
ongoing program using zeolites to develop environmentally benign sol-
ventless system,11 we present a comparative study of reaction rates,
yields, and purity in the reductive amination of aldehydes and ke-
tones with sodium borohydride to assess the effectiveness of a HZSM-5
zeolite.

A number of solid supports such as silica gel, clays (such as montmo-
rillonite K-10), HZ- and NaY zeolite and HZSM-5 zeolite were used for
the simplification of this reduction. We found that the choice of the solid
support is very critical to the success of reaction, since sodium borohy-
dride should reduce imines (or iminium ions) selectively over aldehydes
and ketones under the reaction conditions. We discovered among the
mentioned supports HZSM-5 zeolite afforded the best results.

The direct reductive amination reactions were carried out by a simple
mixing of the carbonyl compounds amine and HZSM-5 zeolite, irradiat-
ing this mixture in an unmodified household microwave. The progress
of the reaction is followed by TLC. After completion of the reaction,
10% NaBH4 in wet HZSM-5 was added and mixed thoroughly. This
mixture was placed in a microwave oven. The progress of reaction was
monitored by TLC. After the completion of reaction, CH2Cl2 was added.
The mixture was filtered and the filtrate was evaporated to dryness to
afford the products. The results from various reductive amination re-
actions of aldehydes and ketones are listed in Table I. The results in
Table I showed that the reductive amination of a wide variety of alde-
hydes and ketones with primary and secondary amines was successful
under this condition and gave the desired products in good to excellent
yields. In conclusion, results presented in this communication indicate
that sodium borohydride supported onto HZSM-5 zeolite is a syntheti-
cally useful reagent for reductive amination of aldehydes and ketones.
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TABLE I Reduction of Carbonyl Compounds With Sodium
Borohydride Supported Onto HZSM-5 Zeolite Under Microwave
Irradiation in Solventless System

Entry Carbonyl compound Amine Timea (min) Yieldb (%)

1 Benzaldehyde Aniline 9 87
2 Benzaldehyde Ethylamine 10 81
3 Benzaldehyde Propylamine 10 85
4 Salicylaldehyde Aniline 5 95
5 Salicylaldehyde 4-methylaniline 7 93
6 Acetophenone Aniline 5 95
7 Acetophenone Benzylamine 5 71
8 Cyclohexanone Aniline 5 87
9 4-Methylcyclohexanone Aniline 5 85

aTime for reduction on in situ generated Schiff bases in MW over.
bYields reported are those of pure isolated products.

Sodium borohydride is a mild, commercially available reagent. When
it is mixed with wet HZSM-5 zeolite, it can be used under microwave
irradiation for the fast reaction and solventless system for the sake of
an environmentally friendly condition.

EXPERIMENTAL

All compounds are known and were identified by comparison with au-
thentic samples (physical and spectroscopic data). Yields refer to iso-
lated products purified by column chromatography. For safety reasons,
all the experiments with microwave ovens should be performed in an
efficient hood to avoid contact with vapors.

REDUCTIVE AMINATION OF SALICYLALDEHYDE WITH
4-METHYLANILINE

A Typical Procedure

A mixture of 4-methylaniline (0.107 g, 1 mmol) and HZSM-5 zeolite
(0.02 g) was thoroughly grinded using a pestle and mortar. To this mix-
ture salicylaldehyde was added in a beaker. The beaker was placed in a
microwave oven and irradiated for 2 min. The in-situ-generated Schiff ’s
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base was mixed thoroughly with freshly prepared NaBH4-HZSM-5
zeolite (0.038 g, 1 mmol NaBH4 on 0.334 g zeolite) and water (1 mL).
The reaction mixture was again irradiated for 5 min. The progress of
reaction was monitored by TLC. Upon completion of the reaction, the
product was extracted by CH2Cl2. The removal of solvent and crystal-
lization from EtOH afforded the product in a 93% yield.
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