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Abstract
A green and efficient procedure is reported for the chemoselective reduction of nitroarenes catalyzed by a highly active 
alumina-supported cobalt nanocatalyst in the presence of hydrazine hydrate. The nanocatalyst can be applied under mild 
reflux conditions for the synthesis of arlyamines in high yields. Moreover, the catalyst can be easily recovered by simple 
filtration and reused several times without obvious loss in its catalytic activity.

Keywords: Cobalt catalysis; nanocatalyst; chemoselective reduction; nitroarenes; arylamines 

1. Introduction
Arylamines are industrially important organic in-

termediates and attractive compounds for the chemical 
synthesis due to their wide utility in fine chemicals dyes 
and polymers.1 These compounds are important compo-
nents in many biologically active natural products, me-
dicinally compounds, materials with useful electrical and 
mechanical properties.2–3 Arylamines were synthesized 
by various processes such as reduction of corresponding 
nitroarenes in the presence of metallic catalysts. Thus ex-
ploring new procedures or catalysts for the chemoselec-
tive reduction of nitroarenes have been attracted consid-
erable attention.

In the previous studies, a variety of metallic catalysts 
and methods were reported for the synthesis of aryl-
amines.4–16 However, some of these catalysts possess the 
lack of chemoselectivity, adaptability to nitro-containing 
substrates and recyclability. Moreover, some of these 
methods incude the use of toxic solvents, hard work-up, 
low selectivity and harsh reaction conditions. Therefore, 
the catalytic activity need to be further improved, and in-
troduction of alternative methods for the chemoselective 
reduction of nitroarenes to their corresponding aryl-
amines in terms of potential simplicity, high activity and 
environmental process is still in demand. 

In recent years, supported cobalt catalysts have been 
attracted significant attention on the organic synthesis re-
actions and proved to be useful for the reduction of ni-
troarenes. Various supported cobalt catalysts were pre-
pared and their catalytic activity studied on the reduction 
of nitroarenes.17–23 It is confirmed that supported cobalt 
catalysts had good activity and selectivity for the chemose-
lective reduction of nitro compounds. However, to the best 
of our knowledge, there is no report on the reduction of 
nitroarenes in the presence of alumina supported cobalt 
nanoparticles. Moreover, recently, the use of supported 
metallic nanoparticles as catalysts have gained a great at-
tention. These compounds show an important role in na-
noscience and nanotechnology. It is proved that the sup-
ported nanoparticles have higher stability. Separation and 
recycling properties also increase. Therefore, due to these 
properties, the practical applications of supported metallic 
nanoparticles as catalysts on the organic synthesis reac-
tions have increased.24–28 

Recently, we have reported the preparation and char-
acterization of cobalt nanoparticles supported on Al2O3 as 
support (Co/Al2O3 nanocatalyst), as well as its catalytic 
activity on the various organic reactions.29–30 Co/Al2O3 
nanocatalyst is safe, stable, easy to handle, environmental-
ly benign and its preparation is simple. It was observed 
that Co/Al2O3 nanocatalyst had high activity, selectivity 
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and recyclability in the aerobic oxidation of alcohols. In 
continuation of our studies on the catalytic activity of dif-
ferent nanocatalysts on organic reactions,31–36 herein, we 
report an efficient and green procedure for the chemose-
lective reduction of nitroarene compounds catalyzed by 
cobalt nanoparticles supported on Al2O3 support (Co/
Al2O3 nanocatalyst) in ethanol under reflux conditions 
(Scheme 1).

The effect of various solvents in this reaction was 
also investigated (Table 2). It was confirmed that the reac-
tion in organic solvents such as CH3CN and toluene is sig-
nificantly low, whereas the reduction proceeded efficiently 
in ethanol under reflux condition. The rate of the reaction 
was slower in water and yield of corresponding product 
was decreased. Other solvents such as methanol and ethyl 
acetate were less effective for this reaction. Therefore, eth-
anol was selected as the solvent for the reduction reaction 
(Table 2). Moreover, the effect of various amounts of hy-
drazine hidrate were investigated. The best results were 
obtained in the presence of 3 mmol of hydrazine hidrate 
(Table 2).

Table 1. Effect of the catalyst amount on the reduction of 4-chloroni-
trobenzene.a

Entry	 Catalyst amounts (g)	 Time (h)	 Yield (%) b

   1	 0.03	 10	 35
   2	 0.05	 8.5	 55
   3	 0.07	 5.2	 70
   4 	 0.1	 3	 94

a Reaction conditions: 4-chloro-nitrobenzene (1 mmol), N2H4.H2O 
(3 mmol), in ethanol at reflux conditions. b Isolated pure products.

Table 2. Optimization study of the hydrazine hidrate and different 
solvents on the reduction of 4-chloronitrobenzene.a

Entry	 Conditions	 N2H4 . H2O 	 Time 	 Yield 
		  (mmol)	 (h)	 (%)b

    1	 H2O/r.t.	 3	 18	 –
    2	 H2O/reflux	 3	   8	 70
    3	 EtOH/ r.t.	 3	 18	 Trace
    4	 EtOH/reflux	 1.5	   7	 45
    5	 EtOH/reflux	 2	   5	 76
    6	 EtOH/reflux	 3	   3	 94
    7	 MeOH/reflux	 3	   7	 50
    8	 CH3CN/ reflux	 3	   8	 40
    9	 Ethyl acetate/ reflux	 3	 12	 40
   10	 Toluene /reflux	 3	 12	 20

a Reaction conditions: 4-chloronitrobenzene (1 mmol), 0.1 g cata-
lyst. b Isolated pure products.

Scheme 1. Chemoselective reduction of nitroarenes catalyzed by 
Co/Al2O3 nanocatalyst.

2. Results and Discussion
Results confirmed that cobalt nanoparticles support-

ed on Al2O3 support (Co/Al2O3 nanocatalyst) can be con-
sidered as an simple, efficient, green and recyclable nano-
catalyst for the synthesis of various functionalized 
arylamines. In this process, conversion of different sub-
strates with high selectivity of corresponding arylamines 
have been achieved and N2 was only obtained as the 
by-product. Therefore, this process can present a highly 
efficient and clean procedure for the reduction of ni-
troarenes and synthesis of functionalized arylamines.

Co/Al2O3 nanocatalyst was prepared by a co-precip-
itation method. Scanning electron microscopy (SEM), en-
ergy dispersive spectroscopy (EDS), BET surface area, 
X-ray diffraction (XRD) and TEM analysis were used to 
characterize the catalyst.25 

To optimize the reaction conditions, reduction of 
4-chloronitrobenzene in the presence of hydrazine hi-
drate, was chosen as a model reaction and its performance 
was studied under a variety of conditions. The effect of 
various factors such as solvent, catalyst amount and tem-
perature were investigated. The reaction was studied in the 
presence of different amounts of the nanocatalyst, and 
found that the catalyst amount confirmed different activi-
ties in this reaction. Amongst various amount of the cata-
lyst studied, it was found that in the presence of the Co/
Al2O3 nanocatalyst (0.1 g), 4-chloro-aniline was obtained 
in highest yield and lower reaction times. While the nano-
catalyst amount was decreased, the corresponding product 
obtained in the lower yields. Moreover, overloading had 
no significant effect on the yield and time of the reaction 
(Table 1).

To study the scope of this procedure, the reduction 
reactions of various nitroarene compounds were investi-
gated. A wide range of substituted aromatic nitro com-
pounds were reduced to the corresponding aryl amine 
derivatives in the presence of Co/Al2O3 nanocatalyst (Ta-
ble 3).

The obtained results represented that various substi-
tuted nitroaromatics including electron-withdrawing 
groups and electron-donating groups were reduced under 
the optimized reaction conditions and corresponding 
arylamines were obtained in high yields. Halogeno-substi-
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Table 3. Chemoselective reduction of nitroarenes catalyzed by Co/Al2O3 nanocatalyst.a

Entry	 Substrate	 Product b	 Time (h)	 Yield (%) c

    1			   3	 91

    2			   3	 94

    3			   4	 91

    4			   3	 93

    5			   3	 94

    6			   3	 93

    7			   2	 92

    8			   3	 91

    9			   4.5	 89

  10
			   5	 88

  11
			   4.5	 90

  12			   3	 90

  13			   3	 91

  14			   3	 92

  15
			   3	 89

a Reaction conditions: nitro compound (1 mmol), N2H4 . H2O (3 mmol) and Co/Al2O3 nanocatalyst (0.1 g) in ethanol at reflux conditions. b Products 
were characterized by comparison of their spectroscopic data and melting points with those reported in the literature.5,9,11,13,35  c Isolated pure prod-
ucts.
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tuted nitroarenes were reduced to the corresponding prod-
ucts without any dehalogenation in high yields (Table 3, 
entries 2–4). Moreover, the reducible functional groups on 
aromatic rings like OH and aldehyde group remained com-
pletely unchanged under the reaction conditions (Table 3, 
entries 8–10). Especially, the reduction reaction of nitroan-
iline also occurred efficiently to give the corresponding 
phenyl diamine in high yield (Table 3, entry 11). The reduc-
tion of biphenyl nitrocompounds also gave the excellent 
yields of the corresponding products with good selectivity 
under the reaction conditions (Table 3, entry 13–15).

Various methoxy-substituted nitro compounds such 
as 3,4,5-trimethoxynitrobenzene gave the corresponding 
methoxy anilines in high yields (Table 3, entry 6,7). The 
chemoselective reduction of the nitroarene compounds in 
the presence of an aldehyde group was also studied by re-
duction of nitrobenzaldehydes (Table 3 entry 9, 10). It was 
found that only NO2 group on aromatic ring was reduced 
and CHO group remained intact. Analysis of reaction 
products confirmed that corresponding aminobenzalde-
hydes were obtained in excellent yields with no by-product 
detected.

Generally, our procedure introduces the clean and 
efficient method for the chemoselective reduction of ni-
toarenes into aryl amines in the presence of Co/Al2O3 
nanocatalyst. In these processes, no intermediate products 
were found in the reaction mixtures, and the correspond-
ing products were obtained in good to high yields. Work-
up procedure is simple and all products were isolated with 
simple filtration and evaporation of the solvent. Therefore, 
this method introduced Co/Al2O3 nanocatalyst as a simple 
and promising catalyst for the chemoselective reduction of 
nitroarene compounds.

Moreover, the recyclability of the catalyst was also 
studied using 4-chloronitrobenzene as starting material, 
and reacted under optimized reaction conditions (Table 
4). After the completion of the reaction, the catalyst was 
washed with hot ethanol, dried, and stored for another 
run. This process was repeated for five times, and no con-
siderable decrease in the catalytic activity was observed.

The NMR spectra were recorded on a Bruker Avance 400 
MHz. IR spectra were recorded on a Perkin Elmer 781 
Spectrophotometer. Obtained yields refer to the isolated 
pure products. Co/Al2O3 nanocatalyst was prepared ac-
cording to the our previously reported method.29

3. 1. General Procedure 
Nitro compounds (1 mmol), hydrazine hydrate (3 

mmol) and Co/Al2O3 nanocatalyst (0.1 g) were added to 
round-bottom flask containing 10 mL of ethanol. The mix-
ture was stirred under reflux condition for the appropriate 
reaction time (Table 3). The progress of the reaction was 
monitored by TLC (n-hexane: EtOAc, 4:1). After reaction 
completion, the catalyst was filtered, and washed with hot 
ethanol. Evaporation of the solvent was followed by col-
umn chromatography on the silica gel which afforded the 
pure products in high yields.

4. Conclusions
We have reported an efficient and clean procedure 

for the chemoselective reduction of various nitroarenes 
catalyzed by Co-based nanoparticles (Co/Al2O3 nanocata-
lyst) in the presence of hydrazine in ethanol, as solvent. 
The catalyst could be easily separated, and reused at least 5 
times without notable drop in its catalytic activity. More-
over, high yields, easy work-up and clean reaction proce-
dure make the present method a useful and important re-
action for the reduction of nitroamines. Studies on other 
functions of this catalyst are underway in our laboratory.
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Povzetek
Avtorji v prispevku poročajo o učinkovitem in zelenem postopku kemoselektivne redukcije nitroarenov, ki jo katalizira 
visoko aktivni kobaltov nanokatalizator, nanešen na aluminijev oksid, v prisotnosti hidrazin hidrata. Nanokatalizator so 
uporabili pri milih pogojih refluksa in pri tem sintetizirali vrsto arilaminov z visokimi izkoristki. Ob tem je možno katal-
izator enostavno regenerirati s filtracijo in ponovno večkrat uporabiti, brez znatne izgube katalitske aktivnosti.
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