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In this paper, we first report the selective reduction of nitro group in aryl halides catalyzed by silver
nanoparticles modified with �-CD. Taking advantage of hydrophobic lumen and donor–acceptor
behavior of �-CD, the halogenated alkyl groups on the aromatic ring can be enveloped in the inner
cavity that thereby inhibits the reduction of the halogen. For validating the mechanism proposed by
us, different silver nanoparticles were applied in parallel experiments. In our experiments, UV-vis
spectra and NMR spectra were used to characterize the selectivity. This strategy represents an
outstanding improvement on the synthesis of halogenated aromatic amines in comparison with the
traditional route, and greatly expands the application of silver nanoparticles in catalytic field.
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1. INTRODUCTION
Halogenated aromatic amines are an important class
of organic synthesis intermediates, which were widely
applied in many aspects such as pharmaceutical inter-
mediates, dyes and pesticides, etc.1–2 Due to their great
value in industry of fine chemicals, the synthesis of halo-
genated aromatic amines has attracted intensive interests
in the broad chemistry community for many years, and
dozens of synthetic methods for halogenated aromatic
amines have been reported.3–6 Generally, halogenated aro-
matic amines are mainly prepared by the reduction of halo-
genated aromatic nitro compounds, and the routes usually
include chemical reduction, electrochemical reduction and
catalytic hydrogenation. However, there is an unavoidable
matter of dehalogenation in the synthesis processes, espe-
cially when the halogens are in the side chain of aromatic
ring.7–9 To date, although there are many reported routes,
the synthesis of halogenated aromatic amines still faces
enormous challenges for high cost, tedious steps as well as
heavy pollution.

In past decade, rapid progress in the nanosciences
including preparation, characterization and synthetic appli-
cations of metal nanoparticles was observed.10 Particularly,
noble metal nanoparticles are currently being employed
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as catalysts for a number of chemical transformations.11–16

For example, gold nanoparticles can act as biological
enzymes to catalyze the reduction of nitro group.17–18

Although the noble nanoparticles are promising hetero-
geneous catalysts due to their unique physicochemical
properties,19 most examples are thus far limited to single
functional group transformations.20 In contrast, identifica-
tion of multifunctional group reaction of noble nanopar-
ticles, especially toward the selective reduction, is highly
underdeveloped and represents a bourgeoning area in
organic synthesis. At present, a few reports about selective
catalysis of noble nanoparticles are only focused on differ-
ent stages of single functional group in transformation.21–24

Simultaneously, reduction of nitro group to amino group
often acts as a classical model to evaluate the catalytic
activity of noble nanoparticles.25–27 Since the nitro group
is a reactive and strong electron-accepting group, selec-
tive reduction of nitro group in multifunctional compounds
based on noble metal nanoparticles is predictable.28 On the
other hand, researches of catalytic ability of noble metal
nanoparticles in selective reduction should offer oppor-
tunities for simplifying some complex organic synthesis
processes. Herein, inspired by above idea and our previ-
ous researches,29–30 we present our findings on the selec-
tive reduction of nitro group in aryl halides catalyzed
by silver nanoparticles (AgNPs) modified with �-CD.
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Taking the advantage of hydrophobic lumen and donor–
acceptor behavior of �-CD on the surface of AgNPs,
the halogenated alkyl groups on the aromatic ring can
be enveloped in the inner cavity that thereby inhibits the
reduction of the halogen. To our best knowledge, there has
been no report about the aspect.

2. EXPERIMENTAL DETAILS
2.1. Materials
�-Cyclodextrin (�-CD), silver nitrate (AgNO3�, sodium
borohydride (NaBH4� and other chemical reagents were
purchased from Aladdin reagent Co. Ltd. All reagents
were of analytical grade and used with no purification.
4-bromomethyl nitrobenzene was synthesized according to
literature.31

1H NMR spectra were recorded on a JMN-LA 500 spec-
trometers (JEOL, Japan) operated at 400 MHz. Transmis-
sion electron microscopy (TEM) images were investigated
by a JEM-2100 microscope (JEOL, Japan) operated at
200 kV. The UV-vis spectra were recorded on a UV-3600
spectrophotometer (Shimadzu, Japan). The FT-IR spectra
of the AgNPs were examined by a Nicolet, AVATAR360
Fourier infrared spectroscopy (Nicolet, USA).

2.2. Preparation of AgNPs Modified with �-CD
Silver nanoparticles (AgNPs) modified with �-CD were
prepared according to our previous report.29 The details
were described as follows. Typically, 20 mL of 0.05 M
NaOH solution containing 0.33 g �-CD and 20 mL 0.05 M
AgNO3 solution were gradually added to 60 mL �-CD
(0.80 g) aqueous solution respectively. The solution was
stirred at speed of 500 rpm. Soon the reaction solution
changed quickly from colorless to light brown and become
turbid. After standing overnight, the solution becomes dark
brown and transparent. The resulting silver particles were
collected by centrifugation and washed at least three cycles
using deionized water. Figure 1 shows the FTIR spectra

Figure 1. The FT-IR spectra of the AgNPs modified with �-CD.

of the as-prepared AgNPs modified with �-CD, in which
the broad peaks at 3419 cm−1 and 1647 cm−1 are assigned
to the vibration of the �-CD-OH. Asymmetric C–O–C
stretching vibration in �-CD and AgNPs modified with
�-CD can be seen at 1151 cm−1 and 1159 cm−1, respec-
tively. The infrared spectrum of AgNPs modified with
�-CD has a strong characteristic peak at 1647 cm−1, which
is attributed to the oxidation of hydroxyl groups in the
reduction process.

2.3. Catalytic Reduction of Nitro Group in
Aryl Halides

Firstly, 20 mL of 2.36 M freshly prepared NaBH4 aqueous
solution was added to 10 mL of 0.218 M 4-bromomethyl
nitrobenzene ethanol solution. Then a small amount of
AgNPs modified with �-CD was added to the above mixed
solution at once. The solution was stirred for 12 h at room
temperature. After filtering off the precipitate, the filtrate
was extracted with dichloromethane twice. The organic
phase was combined and the solvent was removed under
vacuum to afford a yellow solid product. Furthermore,
two other halogenated aromatic nitro compounds were
used to conduct parallel test.

3. RESULTS AND DISCUSSION
An important potential application of silver particles is the
catalysis of certain reduction reactions which would other-
wise not happen. Usually, the classical reduction of nitro
group to amino group by sodium borohydride (NaBH4�
is chosen to evaluate the catalytic activity of AgNPs and
4-nitrophenol is selected as a model molecule,32–33 and
the catalytic process is often monitored by UV-vis spectra.
However, whether this catalytic reduction route is suitable
for aromatic nitro compounds with other reactive func-
tional groups is currently not reported. Namely, selec-
tive reduction of nitro group based on silver nanoparticles
is a huge challenge and seems incredible. The research
on this aspect would greatly expand the synthesis of
polyfunctional aromatic amines along with application of
noble nanoparticles in catalysis field. In this paper, due to
its great application value, halogenated aromatic amines
entered our field of vision. Our strategy is to obtain halo-
genated aromatic amines by selective reduction of halo-
genated aromatic nitro compounds. Firstly, 4-bromomethyl
nitrobenzene was selected to study the selective catalytic
ability of silver nanoparticles, and the corresponding tar-
get product is 4-bromomethylaniline which is an important
halogenated aromatic amine intermediate. However, it is
no doubt that the bromine atom in bromomethyl group is
very active and easy to be reduced to methyl group by
NaBH4. On the other hand, another possible route to obtain
4-bromomethyl aniline is the bromination of 4-methyl ani-
line. Unfortunately, the presence of amino groups would
greatly disturb the bromination process. Therefore, it is not
a feasible way for the synthesis of 4-bromomethyl aniline.
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Scheme 1. The plausible reduction reaction of halogenated aromatic nitro compounds by NaBH4.

Figure 2. UV-vis spectra of reduction process of 4-bromomethyl nitrobenzene with and without AgNPs (a: Without AgNPs; b: With AgNPs).

Inspired by our previous researches and donor–acceptor
behavior of �-CD, we propose a novel selective reduction
of nitro group based on AgNPs modified with �-CD. The
corresponding reaction equation in our strategy is shown
in Scheme 1.

In this study, UV-vis spectra were similarly applied
to monitor the reduction process. Figure 2 illustrates
the reduction process of 4-bromomethyl nitrobenzene by
NaBH4 with and without AgNPs modified with �-CD as
catalyst. Experimental results indicated that UV-vis spec-
tra of the two reactions showed distinct characteristics.
As for UV-vis spectra of 4-bromomethyl nitrobenzene,
the peak at 276 nm is assigned to the B-band absorp-
tion of benzene ring, whereas peaks around 204 nm can
be attributed to the E-band absorption of benzene ring.
Without the AgNPs, the UV-vis spectra of the reduc-
tion process changed little, and the characteristic peak at
270 nm underwent a very weak red shift. In addition, the
peaks around 204 nm degenerated to form a single peak.
It can be concluded that only bromomethyl group was
reduced by NaBH4 in the absence of the AgNPs. Then the
weak electron-withdrawing group of bromomethyl con-
verted into a weak electron-donating group of methyl
which resulted in the weak red shift. However, in the pres-
ence of AgNPs modified with �-CD, obvious red shift
was observed in the UV-vis spectra of reduction process.
The maximum absorption wavelength shifted from 276 nm
to 286 nm, forming the characteristic B-band absorption
of aromatic amines. The phenomenon may infer struc-
tural change of nitro group which acts as the strong chro-
mophore. On the other hand, red shift of E-band from
204 nm to 233 nm is consistent with the transition of the
nitro group to amino group. It is credible that bromomethyl

group can be protected in the presence of AgNPs modi-
fied with �-CD. Next, these inferences were confirmed by
1H NMR spectra as shown in Figure 3.
Combining the above experimental results, we proposed

a possible reaction mechanism as shown in Figure 4. In a
typical mechanism of reduction of nitro group catalyzed
by AgNPs, the first step of electron transfer is determined

Figure 3. 1H NMR spectra of the product of 4-bromomethyl nitroben-
zene reduced by NaBH4 with and without AgNPs modified with �-CD.
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Figure 4. The plausible reduction mechanism of 4-bromomethyl
nitrobenzene catalyzed by AgNPs modified with �-CD.

Figure 5. 1H NMR spectra of pure 4-bromomethyl nitrobenzene and
the mixture of 4-bromomethyl nitrobenzene with AgNPs modified
with �-CD.

Figure 6. UV-vis spectra of the reduction reaction catalyzed by different AgNPs (295 K, a: AgNPs capped by �-CD, b: AgNPs capped by sodium
citrate).

by the diffusion of molecule to the surface of metal
nanoparticles.34–35 In this mechanism, due to the hydropho-
bic lumen and donor–acceptor behavior of �-CD, the bro-
momethyl group can be enveloped in the inner cavity of
�-CD that thereby inhibits the reduction of the halogen.
The reason is on account of that the nature of the reduc-
tion by NaBH4 is a substitution reaction by the hydro-
gen anion whereas the hydrogen anion is a hydrophilic
group.
Although the mechanism proposed by us is credible,

we further conducted a series of 1H NMR tests to val-
idate the claim. Figure 5 shows the 1H NMR spectra
of pure 4-bromomethyl nitrobenzene and the mixture of
4-bromomethyl nitrobenzene with AgNPs modified with
�-CD. The experimental results indicated that the chemi-
cal shift of hydrogen on the methylene of 4-bromomethyl
nitrobenzene was located at 4.83, whereas moved to 4.64
with the presence of the AgNPs. It should be attributed to
the shielding effect of the cavity of �-CD on methylene.
Interestingly, an unexpected coincidence was found that
the chemical shift of hydrogen on the methylene of �-CD
was also located at 4.83, but no peak was found at 4.64.
The phenomenon can explain that why a strong peak at
4.83 in 1H NMR spectra of 4-bromomethyl nitrobenzene
in the presence of the AgNPs was still observed. Further-
more, compared with the pure 4-bromomethyl nitroben-
zene, the chemical shift of hydrogen on the aromatic
ring became complex in the presence of the AgNPs.
It may be attributable to the coupling splitting between
4-bromomethyl nitrobenzene and �-CD.
To further demonstrate the selective catalytic ability

of AgNPs modified with �-CD, we conducted the same
reaction catalyzed by different AgNPs. Figure 6 shows
the UV-vis spectra of the reduction process catalyzed
by AgNPs prepared by �-CD and conventional sodium
citrate, respectively. Experimental results indicated that,
when the catalyst was replaced by AgNPs prepared by
sodium citrate, red shift of the B-band absorption was
observed. When the reaction was over, B-band absorption

8204 J. Nanosci. Nanotechnol. 18, 8201–8206, 2018



IP: 109.94.174.94 On: Mon, 17 Dec 2018 18:34:32
Copyright: American Scientific Publishers

Delivered by Ingenta

Ding et al. Selective Reduction of Nitro Group in Aryl Halides Catalyzed by Silver Nanoparticles Modified with �-CD

Figure 7. UV-vis spectra of reduction process of 2-nitrobenzyl bromide and 4-nitrophenylethyl bromide catalyzed by AgNPs modified with �-CD.

of the system catalyzed by AgNPs modified with �-CD
was located at 283 nm, whereas that catalyzed by AgNPs
prepared by sodium citrate shifted to 288 nm accompa-
nied with the increase in absorption intensity. The phe-
nomenon may be due to the simultaneous reduction of
methyl bromide to methyl and then the push electron
effect of methyl promotes the red shift of B band. This
claim proposed by us was further confirmed by 1H NMR
spectra.

Finally, in order to investigate the suitable range of
selective catalysis of the AgNPs modified with �-CD,
4-nitrophenylethyl bromide and 2-nitrobenzyl bromide
were chose to conduct the same reaction. The UV-vis spec-
tra of reduction process of the two compounds reflected
the same selective catalytic features as shown in Figure 7.
Similarly, 1H NMR spectra were used to verify that
the halogenated alkyl group was protected by �-CD in
the reduction process. Therefore, we can conclude that the
position of halogenated alkyl group on the aromatic ring
and the length of the halogenated alkyl group have little
effect on the selective catalysis of AgNPs modified with
�-CD. Without doubt, the results of this study can greatly
enhance the application value of AgNPs modified with
�-CD in the synthesis of halogenated aromatic amines.

4. CONCLUSION
In summary, we first report a selective reduction of nitro
group in aryl halides catalyzed by silver nanoparticles
modified with �-CD. Taking the advantage of hydropho-
bic lumen and donor–acceptor behavior of �-CD, the
halogenated alkyl groups on the aromatic ring can be
enveloped in the inner cavity that thereby inhibits the
reduction of the halogen. UV-vis spectra and 1H NMR
spectra were applied to verify the mechanism proposed
by us. This study will open a new strategy for the synthe-
sis of halogenated aromatic amines, and provides an idea
for fabrication of novel selective catalyst.
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