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ABSTRACT: Polyethylene glycol was easily grafted to silica gel and used as a solid–liquid phase
transfer catalyst in the reduction of aromatic nitro compounds. This silica-grafted polyethylene
glycol is proved to be an efficient heterogeneous catalyst in the reduction of nitroarenes
to the corresponding aromatic amines with zinc powder in water. The reduction reactions proceeded
efficiently with excellent chemoselectivity without affecting other sensitive functional groups.
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INTRODUCTION
Water is a desirable solvent for chemical reactions for
reasons of cost, safety, and environmental concerns, and
the study of organic reactions in aqueous solvents has
an intriguing history. Unfortunately the use of water
is limited by low solubility of organic compounds in water.
A variety of strategies have been developed in order
to expand the scope of water-based organic synthesis,
the most important of these being the use of phase
transfer catalyst [1].
Phase Transfer Catalysis (PTC) is a very useful
approach that typically involves simple experimental
operations, mild reaction conditions, inexpensive,

environmentally benign reagents and solvents and
large-scale reaction [2]. One practical limitation
to the phase transfer method however, is that many of the
catalysts used; promote the formation of stable emulsions [3].
Immobilization of the phase-transfer catalyst on an insoluble
polymeric matrix can provide a simple solution to this
problem. This technique would have considerable
advantages. Not only the catalyst recovery and product
isolation would be greatly simplified, but also, owing
to the three-phase nature of the system, continues flow
methods could be employed making the technique
particularly attractive for industrial applications.
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Scheme 1.

Scheme 2.

Aromatic amines are important starting materials and
intermediates for the manufacture of a variety of
chemicals such as dyes, photographic materials,
surfactants,
polymers,
pharmaceutical
products,
agricultural chemicals and as antioxidants. The reduction
of aromatic nitro compounds is one of the most common
methods for preparing the corresponding aromatic
amines. Recently, many novel reducing agents have been
reported in the literature. The most commonly used
reagents are zinc, iron, or tin, in the presence of an acid [4],
catalytic hydrogenation using Ni, Pd/C, and PtO2 [5].
Other reagents include sodium hydrosulfite [6], Sm [7],
In [8], hydriodic acid [9], RhCl3 [10], Au/SiO2 [11],
N2H4/Fe2O3/MgO [12], NaBH4/Pt-Ni [13], NaBH4/BiCl3 [14]
and Al/NH4Cl [15]. Each of the above methods has
at least one of the following drawbacks: 1) harsh reaction
condition 2) significant limitations based on safety and
handling considerations, 3) destroy many sensitive
functional groups, 4) expensive and/or moisture-sensitive
reagents, 5) a high-pressure hydrogen reactor and
6) non-chemoselectivity in reduction reaction. We wish
to report a simple, efficient and practical approach for
the reduction of nitroarenes in the presence of PTC in water.
RESULTS AND DISCUSSION
Looking for ‘‘cleaner’’ alternatives to classical
syntheses and in developing green chemistry and also
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in pursuing our new interest in developing inexpensive
and non polluting reagents [16-21], very recently,
we described a new efficient covalent immobilization
method for preparation of silica-grafted polyethylene
glycol and its successful application as a solid-liquid
phase-transfer catalyst for regioselective azidolysis of
epoxides using NaN3 in water [22]. Herein, we wish
to report application of this solid–liquid phase-transfer
catalyst in the facile reduction of aromatic
nitro compounds to their corresponding amines with
zinc powder as reducing agent (Scheme 1).
The functionalization of layered mineral supports
(grafting) is a frequently employed, useful strategy for
preparing the inorganic support for the immobilization
of catalyst molecules. Grafting reactions can occur
by establishing covalent bonds between the reactive groups
of the layer and an adequate reactant molecule, which
ensures higher chemical, structural and thermal stability
for the compound [23]. In 1965, a report by Baverez [19]
outlined the immobilization of PEG-300 on silica gel
surface via covalently bond by heating of silica gel and
PEG in toluene. The obtained product indicated that
the degree of functionalization was 0.33 mmole of PEG
per gram of silica gel [24]. Here we report that PEG
can be efficiently immobilized on silica gel by reaction
of silica chloride with PEG. The reaction is very clean
and not requiring any work-up procedure because the evolved
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Table 1: Reduction of nitro compound with zinc in the presence of PEG immobilized on silica gel.
Substrate: reagent
(mole)

Condition

Time (h)

1

1:7

r.t.

1

88

2

1:7

r.t.

0.5

84

3

1:7

r.t.

3

92

4

1:14

r.t.

3

76

5

1:7

r.t.

5

68

6

1:9

reflux

2

86

7

1:7

deflux

0.5

81

8

1:7

reflux

2

72

9

1:9

reflux

1.5

78

Entry

Substrate

Producta

Yield (%)b

a) Products were identified by compared of their physical and spectral data with those of authentic samples, b) Isolated yields,
c) 10 drops of ethanol was added to the reaction mixture.

HCl gas can be removed from the reaction vessel
immediately. Scheme 2 described the facile
immobilization of PEG on silica gel. This supported
catalyst, has been found to be stable to acid, base, O2,
high oxidation systems and NaBH4 reduction systems [23].
The amount of PEG supported on silica gel was determined
by gravimetric and was 0.7 mmol/g of silica gel.
To optimization of reaction conditions, the conversion
of nitrobenzene to aniline in the presence of supported

catalyst in water was investigated. The optimum molar
ratio of the catalyst was found to be 0.1g/1mmol of
nitrobenzene. Reduction of different nitroarenes carrying
activated and deactivated groups were carried out by
using PEG-supported on silica gel and zinc powder in water.
The results of reduction of various nitroarenes
were shown in Table 1.
The reduction of nitroarenes took place smoothly,
cleanly and easily to afford the corresponding amines
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as exclusive and virtually pure products according to
TLC and 1HNMR. It is worthy to note that the azoxy,
azo and hydrazo compounds as the usual side products of
reduction of nitroarenes were not observed in this
method. In addition the present method was highly
chemoselective and some sensitive functional groups
such as aldehyde, acid, and halide groups were unaffected
during reduction reaction.
The promoting effect of supported catalyst was
definitely confirmed by reaction of nitrobenzene with
zinc powder under similar conditions, without adding
catalyst. TLC analysis of the reaction mixture did not show
completion of the reaction after 10h. It is worthy to note
that the polymeric catalyst can be reused several
times without loss of activity. The PEG immobilized on
silica gel, recovered by filtration and washed with dilute
HCl, water and methanol and then it has been reused four
times to convert nitrobenzene to the aniline. The catalyst
doesn’t show any loss in its activity and produced aniline
in 88%, 85%, 86% and 83% yield, respectively.

(7-14 mmol) were added. The reaction mixture was
stirred for the time shown in Table 1. The progress of the
reaction was monitored by TLC using THF/n-hexane (1/5)
as eluent. The insoluble PTC was filtered off and
the filtrate was acidified with HCl solution (10%) until
the pH of the reaction mixture reached 1. The combined
filtrate was extracted with CH2Cl2 (2×15 mL). The aqueous
layer was separated and the pH of the mixture adjusted to
about 9 with a solution of NaOH (10%). The aqueous layer
was extracted again with Et2O (15 mL) and the combined
extracts were dried over anhydrous Na2SO4 and
evaporated to give the product in 72-94% isolated yields.

EXPERIMENTAL SECTION
Procedure for the covalent coupling of polyethylene
glycol on silica gel
Preparation of silica chloride
To the dried activated silica gel (20 g) was added
dropwise SOCl2 (45 mL) under nitrogen atmosphere and
at room temperature. Evolution of copious amounts of
HCl and SO2 occurred instantaneously. After stirring for
another 4 h, the excess unreacted thionyl chloride
was distilled out and the resulting greyish silica chloride
was flame dried, stored in airtight container and used as
it is for the reactions [25].
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Immobilization of polyethylene glycol on silica gel
To a well-stirred silica chloride (20 g) in dry CH2Cl2
(40 mL) was added dropwise PEG-300 (10 g) under
nitrogen atmosphere and at room temperature. HCl
was instantaneously evaluated. After stirring for another
2 h, the obtained silica gel supported PEG was removed
by filtration. For elimination of any additional PEG,
the PTC was washed several times by acetone and dried.
General procedures for the reduction of nitro
compounds in water
To a mixture of nitro compound (1 mmol) and water (5 mL),
silica gel supported PEG (0.1 g) and zinc powder
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CONCLUSIONS
In conclusion, we have demonstrated an
environmentally friendly route for chemoselective reduction
of aromatic nitro compounds to aromatic amines with
zinc metal in water that can be used for laboratory
synthesis and we feel that it may be a suitable addition to
methodologies already present in the literature.
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