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A B S T R A C T 
 
In this study, magnetic nanoparticles (MNPs) of the immobilized SbFx species on 
copper or nickel ferrite as CuFe2O4@SbFx and NiFe2O4@SbFx were synthesized. 
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), 
vibrating sample magnetometer (VSM), Brunauer-Emmett-Teller (BET) analysis, 
and inductively coupled plasma optical emission spectroscopy (ICP-OES) were 
employed to characterize the prepared nanocatalysts. The catalytic activity of the 
nanomaterials was more studied towards reduction and reductive acetylation of 
structurally diverse aromatic nitro compounds as well as acetylation of 
arylamines. Among the examined nanocatalyst systems, CuFe2O4@SbFx was used 
for reduction and reductive acetylation of aromatic nitro compounds, whereas, 
NiFe2O4@SbFx showed activity towards acetylation of arylamines. All reactions 
were carried out successfully in H2O as a green solvent under reflux conditions. 
After completion of the reactions, the examined nanocatalysts were easily 
removed from the reactions mixture by an external magnetic field. Their 
reusability was also examined for 5 consecutive cycles without the significant loss 
of the catalytic activity. 

  

Introduction 

mines are extensively present in plants 
and animals. Biogenic amines  

such as histamine have many vital uses 
in the human body [1]. In this context, 

arylamines are the forerunner materials in the 
industry to produce colors, pesticides, 
herbicides, and photochromic compounds [2]. 
So, the reduction of aromatic nitro compounds 
is one of the straightforward methods for 
preparing arylamines [3].  

A 
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Over the past decades, NaBH4 has been 
frequently used as a mild reducing agent in 
modern organic synthesis. It is also known that 
the lonely NaBH4 cannot reduce nitro 
compounds under ordinary conditions, 
however, the reducing capability of this 
reagent in the presence of various additives 
such as metal halides [4, 5] was exceptionally 
promoted towards reduction of nitro 
functionality. 

The literature review shows that execution 
of the reactions under green conditions needs 
catalyst systems with high reactivity, extreme 
surface area, and good separable property. 
These characteristics could be easily and 
efficiently achieved by nanotechnology [6]. In 
this context, the importance and applications of 
nanostructured materials have been well 
documented in all aspects of science and 
technology [7-12].   

Among the numerous nanomaterial 
systems, the use of magnetic nanoparticles has 
attracted a great deal of attention because of 
biocompatibility, ease of surface modification, 
inherent magnetic property, ease of separation 
by an external magnetic field, and high 
potentiality to use in various fields of industry 
[13]. In this area, the application of ferrites in 
various catalytic reactions shows the great 
conveniences of magnetic materials [14-21]. It 
is also well known that the good physical and 
chemical properties of spinel ferrites are due to 
the distribution of metal cations with different 

oxidation states between octahedral and 
tetrahedral sites [22-24]. In this area, copper 
and nickel spinel ferrites are the widely used 
magnetic metal oxides because of nontoxicity, 
biocompati-bility, high thermal stability up to 
900 °C without losing the magnetic property, 
and effective catalytic activity in various 
processes [25-34]. These great characteristics 
make them susceptible to consider as the best 
candidates to modify their surfaces with 
different metal species for the promotion of 
various organic transformations.  

Aligned with the outlined strategies, herein, 
the present work reveals the immobilization of 
SbFx on the surface of CuFe2O4 and NiFe2O4 
MNPs to afford the magnetic nanoparticles of 
CuFe2O4@SbFx and NiFe2O4@SbFx. These 
nanocomposites were easily separated from 
the reaction mixture by an external magnetic 
field. After washing with EtOAc, they could be 
recycled and reused for 5 consecutive cycles 
without the significant loss of the catalytic 
activity. The obtained results exhibited that 
reduction and reductive acetylation of 
aromatic nitro compounds were carried out 
efficiently with CuFe2O4@SbFx MNPs. As well, 
due to the importance of the protection of 
amines as one of the widely used strategies in 
the multistep synthesis of organic compounds 
[35-44], using NiFe2O4@SbFx MNPs towards N-
acetylation of arylamines was also examined 
successfully (Figures 1 and 2). 

 

Figure 1. Reduction and reductive acetylation of nitroarenes by NaBH4/CuFe2O4@SbFX system 

 

Figure 2. N-Acetylation of arylamines with NiFe2O4@SbFX/Ac2O system 
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Experimental 

All reagents and materials were purchased 
from chemical sources and they were used 
without further purification.  A Thermo Nicolet 
Nexus 670 spectrometer was used to record 
Fourier transform infrared spectra of the 
materials. X-ray diffraction (XRD) measure-
ments were fulfilled on X'Pert Pro Panalytical 
diffractometer at 40 kV/30 mA with a Cu Kα 
radiation (λ=1.5418 A°). Signal data were 
recorded in 2θ = 10°‒80° with a step interval of 
0.05°. A FESEM-TESCAN MIRA3 apparatus was 
utilized to determine the morphology and size 
distribution of particles by scanning electron 
microscopy (SEM) method. This apparatus was 
also used to reveal the chemical composition of 
the nanocatalysts through the energy-
dispersive X-ray spectroscopy (EDX) 
technique. The BET (Brunauer–Emmett–
Teller) surface area, pore-volume, and pore 
diameter of the samples were measured using 
Belsorp-Max, Japan. Vibrating sample magne-
tometer (VSM, Meghnatis Daghigh Kavir Co., 
Iran) analysis under magnetic field up to 20 
kOe was applied to determine the magnetic 
property of the samples. Ni, Cu, Fe, and Sb 
contents of the nanocatalysts were deter-
mined by inductively coupled plasma optical 
emission spectroscopy (ICP-OES) on Optima 
7300D spectrophotometer. Ultrasonic irradia-
tion was carried out in SOLTEC SONICA 
2400MH S3 (305 W). 1H and 13C NMR spectra 
were recorded on 300 MHz Bruker 
spectrometer. Thin-layer chromatography 
(TLC) was utilized to determine the purity of 
products and to monitor the progress of 
reactions using SILG/UV 254 aluminum sheets 

Synthesis of CuFe2O4 and NiFe2O4 MNPs 

The magnetic nanoparticles of CuFe2O4 and 
NiFe2O4 were synthesized based on the 
reported procedure [29]. A mixture of 
Cu(OAc)2·H2O or Ni(OAc)2·4H2O (1 mmol), 
Fe(NO3)3·9H2O (2 mmol), NaOH (8 mmol), and 
NaCl (2 mmol) was grinded at room 
temperature for 50 min. During of the reaction, 
the color of the mixture was changed from blue 
to brown and then to black. The reaction was 

accompanied by the release of heat. Next, the 
mixture was washed with deionized water to 
remove the residue of sodium chloride and 
then filtered. The obtained solid materials were 
dried at 80 °C for 2 h and then grinded for 10 
min. Calcination of the grinded materials at 700 
°C for 5 h afforded the black nanoparticles of 
CuFe2O4 or NiFe2O4. 

Synthesis of CuFe2O4@SbFx and NiFe2O4@SbFx 
MNPs 

A mixture of CuFe2O4 or NiFe2O4 MNPs (1 g) in 
deionized H2O (20 mL) was irradiated by 
ultrasound for 30 min. Then, a solution of SbF3 
(0.25 g) in deionized H2O (5 mL) was added and 
the resulting mixture was sonicated for 30 min 
followed by stirring for 12 h under reflux 
conditions. Separation of the nanoparticles by 
magnetic decantation and then washing with 
deionized H2O afforded CuFe2O4@SbFx or 
NiFe2O4@SbFx MNPs for further drying under 
air atmosphere. 

A typical procedure for reduction of nitro-
benzene with NaBH4/CuFe2O4@SbFx MNPs 

In a round bottom flask (10 mL) equipped with 
a magnetic stirrer, a mixture of nitrobenzene 
(0.123 g, 1 mmol) in deionized H2O (2 mL) was 
prepared. CuFe2O4@SbFx MNPs (50 mg) was 
added and the resulting mixture was stirred for 
2 min. After that, NaBH4 (0.076 g, 2 mmol) was 
added and the mixture stirring was continued 
for 10 min under reflux conditions. Progress of 
the reaction was monitored by TLC (eluent: n-
hexane/EtOAc: 10/2). After completion of the 
reaction, H2O (5 mL) was added and the 
mixture was stirred for 2 min at room 
temperature. Nanoparticles of CuFe2O4@SbFx 
were separated by magnetic decantation and 
the product was extracted using EtOAc (3  5 
mL). The combined extracts were dried over 
anhydrous Na2SO4. Evaporation of the solvent 
under reduced pressure afforded the pure 
liquid aniline in 95% yield (0.088 g, Table 2, 
entry 1).  
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A typical procedure for reductive acetylation 
of nitrobenzene with NaBH4/CuFe2O4@SbFx/ 
Ac2O system 

In a round bottom flask (10 mL) equipped with 
a magnetic stirrer, a mixture of nitrobenzene 
(0.123 g, 1 mmol) in deionized H2O (2 mL) was 
prepared. CuFe2O4@SbFx MNPs (50 mg) was 
added and the resulting mixture was stirred for 
2 min. After that, NaBH4 (0.076 g, 2 mmol) was 
added and the mixture stirring was continued 
for 10 min under reflux conditions. Progress of 
the reaction was monitored by TLC (eluent: n-
hexane/EtOAc: 10/2). When the reduction of 
nitrobenzene was completed, Ac2O (0.204 g, 
2 mmol) was then added and the resulting 
mixture was stirred for 1 min. Progress of the 
N-acetylation of aniline was monitored by TLC. 
Next, H2O (5 mL) was added and the mixture 
was stirred for 1 min at room temperature. 
Nanoparticles of CuFe2O4@SbFx were separa-
ted by magnetic decantation and the product 
was extracted using EtOAc (3  5 mL). The 
combined extracts were dried over anhydrous 
Na2SO4. Evaporation of the solvent under 
reduced pressure afforded the pure white 
crystals of acetanilide in 95% yield (0.128 g, 
Table 3, entry 1).  

A typical procedure for N-acetylation of aniline 
catalyzed by NiFe2O4@SbFx/Ac2O system 

In a round bottom flask (10 mL) equipped with 
a magnetic stirrer, a mixture of aniline (0.093 g, 
1 mmol) in deionized H2O (2 mL) was prepared. 
NiFe2O4@SbFx MNPs (30 mg) was added and 
the resulting mixture was stirred for 2 min. 
After that, Ac2O (0.204 g, 2 mmol) was added 
and the mixture stirring was continued for 1 
min under reflux conditions. Progress of the 
reaction was monitored by TLC (eluent: n-
hexane/EtOAc: 10/2). After completion of the 
reaction, H2O (5 mL) was added and the 
mixture was stirred for 2 min at room 
temperature. Nanoparticles of NiFe2O4@ SbFx 
were separated by magnetic decantation and 
the product was extracted using EtOAc (3  5 
mL). The combined extracts were dried over 
anhydrous Na2SO4. Evaporation of the solvent 
under reduced pressure afforded the pure 

white crystals of acetanilide in 90% yield 
(0.122 g, Table 5, entry 1). 

Results and discussion 

Synthesis and characterization of CuFe2O4@ 
SbFx and NiFe2O4@SbFx MNPs 

The magnetic nanoparticles of CuFe2O4@SbFx 
and NiFe2O4@SbFx were prepared in a two-step 
procedure: copper and nickel ferrite as a 
magnetic core was primarily synthesized by 
solid-state grinding of Cu(OAc)2·H2O or 
Ni(OAc)2·4H2O, Fe(NO3)3·9H2O, NaOH and NaCl 
in a molar ratio of 1:2:8:2, respectively, at room 
temperature followed by calcination of the 
resulting product at 700 °C. Then the 
antomonyl species were immobilized on the 
surface of magnetic cores. In this context, a 
mixture of copper or nickel ferrite and SbF3 in 
deionized H2O was exposed to ultrasonic waves 
followed by refluxing for 12 h. The resulting 
nanoparticles were separated by an external 
magnetic field and washed several times with 
deionized water and then dried under an air 
atmosphere.  

SEM analysis 

To study the morphology and size distribution 
of CuFe2O4, CuFe2O4@SbFx, NiFe2O4, and 
NiFe2O4@SbFx MNPs, scanning electron 
microscopy (SEM) analysis was carried out 
over the materials. The images for CuFe2O4 
(Figure 3a) and CuFe2O4@SbFx (Figure 3b) 
show that the composite systems were 
constructed from roughly and granular 
particles with high porosity. As well, the 
particles are not aggregated and well 
distributed in the range of nanometer. The 
average particle size in CuFe2O4 and CuFe2O4 

@SbFx MNPs is about 36-49 and 50-100 nm, 
respectively. In the case of NiFe2O4 (Figure 3c) 
and NiFe2O4@SbFx (Figure 3d) MNPs, how-
ever, an extent to the aggregation of particles is 
observed. In addition, the porosity of NiFe2O4 
and NiFe2O4@SbFx in comparison to CuFe2O4 
and CuFe2O4@SbFx was reduced. Nevertheless, 
the particles were distributed in nanometer 
range from 18-24 and 28-46 nm, respectively. 
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Figure 3. SEM images of a CuFe2O4, b CuFe2O4@SbFx, c NiFe2O4 and d NiFe2O4@SbFx MNPs 

EDX analysis  

To determine the elemental composition of the 
examined nanocatalysts, energy dispersive X-

ray spectroscopy (EDX) was taken place. 
Observation of the spectra for CuFe2O4, 
CuFe2O4@SbFx, NiFe2O4, and NiFe2O4@SbFx 
MNPs reveals that all the magnetic materials 
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have the required elements in their composition systems (Figures 4a, b, c, and d).  
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Figure 4. EDX analysis of a CuFe2O4, b CuFe2O4@SbFX, c NiFe2O4 and d NiFe2O4@SbFx MNPs 

VSM analysis 

Vibrating sample magnetometer (VSM) 
analysis was used to measure and compare the 
magnetic property of the synthesized CuFe2O4, 
CuFe2O4@SbFx, NiFe2O4, and NiFe2O4 @SbFx 
MNPs. In the magnetic field up to 20 kOe, the 
saturation magnetization (Ms) value for 
CuFe2O4 and CuFe2O4@SbFx is 17.11 and 13.68 
emu·g-1, respectively (Figures 5a and b). As 
well, the Ms value for NiFe2O4 and 
NiFe2O4@SbFx is 14.25 and 18.57 emu·g-1, 
respectively (Figures 5c and d). The obtained 
results reveal that through the immobilization 

of SbFx species on the surface of magnetic 
cores, the saturation magnetization value of 
CuFe2O4@SbFx in comparison to CuFe2O4 was 
decreased, whereas, the amount for NiFe2O4 

@SbFx relative to NiFe2O4 was increased. The 
difference in saturation magnetization 
behavior of CuFe2O4@SbFx and NiFe2O4@SbFx 
MNPs via the immobilization of SbFx species is 
not clear, however, the kind of interaction of 
antimony species with central transition 
metals (Cu or Ni) maybe play a role to affect the 
magnetic influence of the resulted 
nanoparticles.  
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Figure 5. VSM analysis of a CuFe2O4, b CuFe2O4@SbFx, c NiFe2O4 and d NiFe2O4@SbFX MNPs 

XRD analysis 

Structural elucidation of CuFe2O4, CuFe2O4@ 
SbFx, NiFe2O4, and NiFe2O4@SbFX MNPs was 
also carried out using X-ray diffraction (XRD) 
analysis. Primarily, the existence of individual 
sharp peaks in the depicted XRD patterns 
represents that all the examined nanomater-
ials have the extent of crystallinity character. 
The investigation for XRD pattern of CuFe2O4 

(Figure 6a) and CuFe2O4@SbFx MNPs (Figure 
6b) shows the cubic spinel structure in the 
synthesized nanocatalysts. As well, the peak at 
2θ = 28° for CuFe2O4@SbFx MNPs exactly refers 
to the exitance of Sb species [45]. In addition, 
the analysis for XRD pattern of NiFe2O4 (Figure 
6c) and NiFe2O4@SbFx (Figure 6d) shows the 
reverse spinel structure,  and the presence of Sb 
species is also confirmed by a peak position at 
2θ = 28°. 
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Figure 6. XRD analysis of a CuFe2O4, b CuFe2O4@SbFx, c NiFe2O4, and d NiFe2O4@SbFX 

ICP analysis 

Inductively coupled plasma optical emission 
spectrometry (ICP-OES) was used to exactly 
determine the amount of Cu, Ni, Fe, and Sb 
elements in the synthesized nanocatalysts. 
Based on the analyses, the weight percentage of 
Cu, Fe, and Sb in CuFe2O4@SbFx was 21.27, 
36.95, and 16.98%, respectively, and for Ni, Fe, 
and Sb in NiFe2O4@SbFx was 10.94, 21.08, 
12.04%. 

BET analysis 

In order to determine the specific surface area 
and pore volume of CuFe2O4@SbFx (Figure 7a) 
and NiFe2O4@SbFx (Figure 7b), the N2 
adsorption-desorption analysis (BET) was 
investigated. The results exhibit that the 
specific surface area of CuFe2O4@SbFx and 
NiFe2O4@SbFx MNPs is 6.12, 14.642 m2.g-1 and 
the pore volume is 0.07, 0.09 cm3.g-1, 
respectively.  
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Figure 7. N2 adsorption-desorption diagram of a CuFe2O4@SbFx and b NiFe2O4@SbFx MNPs 

FTIR analysis 

Structural elucidation of CuFe2O4, CuFe2O4@ 
SbFx, NiFe2O4, and NiFe2O4@SbFx MNPs was 
further studied by Fourier transform infrared 
spectroscopy. FTIR spectrum of CuFe2O4 
(Figure 8), NiFe2O4 (Figure 9) has two high 
absorption peaks in the low energy area (1000 
cm−1) which is related to the vibration of Fe-O 

bond. The strong absorption peaks at 1633-
2360 and 3426-3440 cm−1 are also attributed 
to O–H deforming and stretching vibrations of 
the adsorbed water, respectively. As well, the 
absorption peaks at 1249 and 1387 cm−1 are 
regarded to the presence of antimony species 
in CuFe2O4@SbFx and NiFe2O4@SbFx MNPs, 
respectively. 

 

Figure 8. FTIR spectra of a CuFe2O4 and b CuFe2O4@SbFx MNPs 
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Figure 9. FTIR spectra of a NiFe2O4 and b NiFe2O4@SbFx MNPs 

The catalytic activity of CuFe2O4@SbFx MNPs 
towards reduction of nitroarenes 

After the synthesis and characterization of 
CuFe2O4@SbFx MNPs and since of the wide-
spread application of arylamines in organic 
synthesis, we were encouraged to investigate 
catalytic activity of the magnetic nanocatalyst 
towards reduction of nitroarenes. In this 
context, reduction of nitrobenzene with NaBH4 
in the presence of CuFe2O4@SbFx MNPs was 
selected as a model reaction and therefore 
different reaction conditions such as the 

change of reaction solvent (H2O, EtOH, and 
H2O-EtOH), varying the amount of NaBH4 and 
CuFe2O4@SbFx MNPs, as well as the influence of 
temperature, were examined over the model 
reaction (Table 1). Based on the obtained 
results, reduction of nitrobenzene (1 mmol) 
with NaBH4 (2 mmol) in the presence of 
CuFe2O4@SbFx MNPs (50 mg) and in refluxing 
H2O (2 mL) was selected as the optimum 
reaction conditions. Completion of the reaction 
was taken place in 10 min and the 
corresponding aniline was obtained in 95% 
yield (Table 1, entry 6)(Table 2, entry 1). 

Table 1. Optimization experiments for reduction of nitrobenzene to aniline with NaBH4/CuFe2O4@ 
SbFx MNPs systeama 

Entry 
NaBH4 

(mmol) 
CuFe2O4@SbFx 

(mg) 
Solvent Condition 

Time 
(min) 

Conversion 
(%) 

1 2 ̶ H2O reflux 120 trace 
2 2 50 H2O r.t. 100 50 
3 2 50 EtOH reflux 5 100 

4 3 50 
H2O:EtOH 
(1.5:0.5) 

reflux 5 100 

5 3 50 H2O reflux 5 100 
6 2 50 H2O reflux 10 100 
7 2 70 H2O reflux 5 100 

aAll reactions were carried out with 1 mmol of nitrobenzene in 2 mL solvent.  
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Next, the reducing capability of NaBH4/ 
CuFe2O4@SbFx system was further studied 
towards the reduction of structurally different 
aromatic nitro compounds at the optimized 
reaction conditions. The results of this 
investigation are summarized in Table 2. The 
table shows that all aromatic nitro compounds 
using 2-3 mmol of NaBH4 and 50 mg of 
CuFe2O4@SbFx MNPs in refluxing H2O (2 mL) 

were successfully reduced to the corres -
ponding arylamines in 85-95% yields within 5-
20 min. In addition, nitro compounds 
containing carbonyl functionality (aldehyde 
and ketone) were also successfully reduced 
without any selectivity among nitro and 
carbonyl groups and so the corresponding 
amino alcohols were obtained as the final 
products. 

Table 2. Reduction of nitroarenes with NaBH4/CuFe2O4@SbFx systema 

 

Entry Substrate Product 
Molar 
Ratiob 

Cat. 
(mg) 

Time 
(min) 

Yield 
(%)c 

1 
  

1:2 50 10 95 

2 
 

  

1:2 50 7 94 

3 

  

1:2 50 6 92 

4 
  

1:2 50 5 91 

5 

  

1:2 50 6 93 

6 
  

1:2 50 5 90 

7d 

  

1:3 50 15 90 

8 

  

1:2 50 8 94 

9 

  

1:2 50 11 94 

10 
  

1:2 50 9 92 

NO2 NH2

NO2

CHO

NH2

CH2OH

NO2

OHC

NH2

HOH2C

NO2OHC NH2HOH2C

NO2

H3COC

NH2

H3C(HO)HC

NO2H3COC NH2H3C(HO)HC

NO2

O2N

NH2

H2N

NO2

Me

NH2

Me

NO2

Me

NH2

Me

NO2Me NH2Me
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11 

  

1:2 50 20 89 

12 

  

1:2 50 20 88 

13 
  

1:2 50 7 91 

14 

  

1:2 50 10 90 

15d 

  

1:3 50 20 85 

aAll reactions were carried out in refluxing H2O (2 mL). bSubs./NaBH4. cYields refer to isolated pure 
products. dNaBH4 was added portion wisely. 

 

The catalytic activity of CuFe2O4@SbFx MNPs 
towards reductive acetylation of nitroarenes 

Amides are useful intermediates in the 
production of many agricultural chemicals and 
industrial products. In this area, reductive 
acetylation of amines is the straightforward 
method for preparing of N-arylacetamides. 
This reaction could be taken place indirectly in 
a two-step procedure. Primarily, reduction of 
nitro compounds to the corresponding amines 
is carried out, and then the acetylation of 
isolated amines as a second step leads to the 
production of N-arylacetamides. The 
successful catalytic activity of CuFe2O4@SbFx 
MNPs towards reduction of aromatic nitro 
compounds to arylamines with NaBH4 
encouraged us to study the capability of the 
examined nano  catalyst towards reductive 
acetylation of nitroarenes without the 
isolation of the intermediate arylamines. In 
this context, reductive acetylation of 
nitrobenzene with NaBH4/Ac2O system in the 
presence of CuFe2O4@SbFx MNPs was studied. 
In this context, when the reduction of 
nitrobenzene with NaBH4/CuFe2O4@SbFx 
system at the optimized reaction conditions 
was completed, Ac2O (2 mmol) was added to 

the reaction mixture without the isolation of 
the produced aniline. Progress of the reaction 
was continued by the formation of acetanilide 
as a final product within 1 min. Therefore, 
reductive acetylation of nitrobenzene to 
acetanilide was taken place within 11 min (10 
min for reduction of PhNO2 to PhNH2 and 1 
min for the transformation of PhNH2 to 
PhNHCOCH3). Accordingly, reductive acetyl -
ation of structurally diverse nitroarenes was 
carried out by NaBH4 (2 mmol)/CuFe2O4@  

SbFx (50 mg)/Ac2O (2 mmol) to afford the 
corresponding N-arylacetamides in high 
yields. The results of this investigation are 
summarized in Table 3. Investigation of the 
results exhibit that in the case of nitro 
compounds containing the functionality of 
carbonyl groups in which the reduction 
reaction produces amino alcohols as the 
intermediates, the further acetylation reaction 
was taken place only on the amino group and 
hydroxyl group was remained intact (Table 3, 
entries 7-9, 13 and 14). In the case of phenolic 
functionality in the presence of the amino 
group, however, the acetylation was carried 
out with the same reactivity on both 
functionalities (Table 3, entries 11 and 15). 

NO2

Me

Me

NH2

Me

Me

NO2

MeMe

NH2

MeMe

NO2HO NH2HO

NO2

HO

NH2

HO
NO2 NH2
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Table 3. Reductive acetylation of aromatic nitro compounds with NaBH4/CuFe2O4@SbFx/Ac2O 
systeama 

 

Entry Substrate Product 
Molar 
Ratiob 

Cat. 
(mg) 

Time 
(min) 

Yield 
(%)c 

1 NO2

 
NHCOCH3

 
1:2:2 50 11 95 

2 
NO2

Me  

NHCOCH3

Me  

1:2:2 50 9 90 

3 
NO2

Me  

NHCOCH3

Me  

1:2:2 50 12 93 

4 NO2Me

 
NHCOCH3Me

 
1:2:2 50 10 91 

5 NO2

Me

Me  

NHCOCH3

Me

Me  

1:2:2 50 25 88 

6 
NO2

MeMe  

NHCOCH3

MeMe  

1:2:2 50 25 90 

7 
NO2

CHO  

NHCOCH3

CH2OH  

1:2:2 50 8 88 

8 
NO2

OHC  

NHCOCH3

HOH2C  

1:2:2 50 7 90 

9 NO2OHC

 
NHCOCH3HOH2C

 
1:2:2 50 6 92 

10d 
NO2

O2N  

NHCOCH3

H3COCHN  

1:3:4 50 100 85 

11 
NO2

HO  

NHCOCH3

H3COCO  

1:2:2 50 11 90 

12d 

NO2

 

NHCOCH3

 

1:3:4 50 25 88 

13 NO2H3COC

 
NHCOCH3H3C(HO)HC

 
1:2:2 50 6 95 
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14 
NO2

H3COC  

NHCOCH3

H3C(HO)HC  

1:2:2 50 7 95 

15 NO2HO

 
NHCOCH3H3COCO

 
1:2:2 50 10 95 

aAll reactions were carried out in refluxing H2O (2 mL). bSub./NaBH4/Ac2O. cYields refer to isolated pure 
products. dNaBH4 was added portion wisely. 

 

Although the exact mechanism of this 
synthetic protocol is not clear, however, 
CuFe2O4@SbFx MNPs could be influenced by 
reduction of nitroarenes with NaBH4 in two 
plausible pathways: in pathway i), transferring 
of hydride from sodium borohydride towards 

nitro group plays a key role. In pathway ii), 
NaBH4 in aqueous media generates molecular 
H2 and therefore its adsorption on the surface 
of nanocatalyst could be reduced nitro 
functionality (Figure 10). 
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Figure 10. Plausible mechanisms for NaBH4 reduction of nitroarenes catalyzed by CuFe2O4@SbFx 
MNPs 

Acetylation of arylamines by NiFe2O4@SbFx/ 
Ac2O system 

Acetylation is a useful reaction for protecting 
amino groups in a multistep synthesis of 
complex organic molecules. Prompting by the 
successful catalytic activity of CuFe2O4@SbFx 
MNPs for reduction and reductive acetylation 
of aromatic nitro compounds, we decided to 
study the catalytic activity of NiFe2O4@SbFx 
MNPs for the acetylation of arylamines. In this 

context, aniline was selected as a model 
compound and therefore it was subjected to 
NiFe2O4@SbFx/Ac2O system under different 
reaction conditions. Investigation of the results 
in Table 4 represents that 1 mmol of aniline in 
the presence of 2 mmol of Ac2O and 30 mg of 
NiFe2O4@SbFx MNPs was success-fully 
acetylated within 1 min in refluxing H2O (2 mL). 
As well, the corresponding acetanilide was 
obtained in 90% yield (Table 4, entry 5)(Table 
5, entry 1). 

 
Table 4. Optimization experiments for acetylation of aniline with NiFe2O4@SbFx/Ac2O systema 

Conversion 
(%)b 

Time 
(min) 

Condition Solvent 
Ac2O 

(mmol) 
NiFe2O4@SbFx 

(mg) 
Entry 

70 120 Reflux CH2Cl2 2 30 1 
60 120 Reflux THF 2 30 2 
40 120 Reflux CH3CN 2 30 3 

100 10 Reflux H2O:EtOH(1.5:0.5) 2 30 4 
100 1 Reflux H2O 2 30 5 

aAll reactions were carried out with 1 mmol aniline in 2 mL solvent. conversion less than 100% was 
determined on the basis of the recovered aniline. 

 
Continued by the success, acetylation of 

structurally different arylamines with NiFe2O4 

@SbFx/Ac2O system at the optimized reaction 

conditions was carried out. The summarized 
results in Table 5 show that the arylamines 
using 2-4 mmol of Ac2O and 30 mg of 
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NiFe2O4@SbFx MNPs in refluxing H2O were 
easily acetylated to the corresponding N-

arylacetamides within 1-18 min and 87-92% 
yield. 

Table 5. Acetylation of aromatic amines with NiFe2O4@SbFx/Ac2O systema 

 
Yield 
(%)c 

Time 
(min) 

Cat. 
(mg) 

Molar 
Ratiob 

Product Substrate Entry 

90 1 30 1:2 
  

1 

91 4 30 1:3 
  

2 

89 6 30 1:3 

  

3 

92 1 30 1:2 
  

4 

91 1 30 1:2 

  

5 

88 2 20 1:3 

  

6 

90 18 40 1:4 
  

7 

90 1 20 1:2 

  

8 

87 1 30 1:2 

  

9 

aAll reactions were carried out in refluxing H2O (2 mL). bSub./Ac2O. cYields refer to isolated pure products. 

 

Reusability 

The economic and green aspects of the present 
protocols were also investigated by examining 
the reusability of CuFe2O4@SbFx and NiFe2O4 

@SbFx MNPs towards reduction and reductive 
acetylation of nitrobenzene as well as the 
acetylation of aniline. In this context, when the 
titled transformations were completed, the 

examined nanocatalysts were magnetically 
separated from the reaction mixture. The 
recycled nanocatalysts were washed with 
EtOAc and dried for reuse at the next runs. The 
given results in Figure 11 represent that the 
nanocatalysts can be reused for 5 consecutive 
cycles without the significant loss of the 
catalytic activity. 

NHCOCH3NH2

NHCOCH3ClNH2Cl

NHCOCH3

MeCl

NH2

MeCl

NHCOCH3

MeO

NH2

MeO

NHCOCH3

H3COC

NH2

H3COC
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Figure 11. Reusability of CuFe2O4@SbFx and NiFe2O4@SbFx MNPs 

Conclusion 

In this paper, we have synthesized CuFe2O4 

@SbFx and NiFe2O4@SbFx as novel magnetic 
nanocatalysts towards reduction and reductive 
acetylation of diverse aromatic nitro 
compounds as well as the N-acetylation of 
arylamines. Characterization of nanomaterials 
was carried out using FTIR, XRD, SEM, EDX, 
BET, and VSM analyses. CuFe2O4@SbFx MNPs 
showed a significant catalytic activity towards 
reduction and reductive acetylation of 
nitroarenes, however, NiFe2O4@SbFx MNPs 
showed activity for N-acetylation of aryl-
amines. All reactions were carried out in H2O as 
a green solvent under reflux conditions. The 
reusability of the nanocatalysts was examined 
for 5 consecutive cycles without the significant 
loss of the catalytic activity.   
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