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Abstract: Two simple, efficient, and environmentally 
benign protocols for the synthesis of various N-arylacet-
amides via N-acetylation of arylamines and straightfor-
ward one-pot reductive acetylation of aromatic nitro com-
pounds promoted by CuFe2O4 nanoparticles in water at 
reflux have been developed. The prepared CuFe2O4 MNPs 
are well known and fully characterized by various tech-
niques. Furthermore, the CuFe2O4 NPs easily separated 
from the reaction environment using an external magnetic 
field and can be reused for several times without signifi-
cant loss of its activity for both mentioned reactions.

Keywords: N-arylacetamide; N-acetylation of arylamine; 
reductive acetylation of nitroarene; CuFe2O4; green chemistry

1  Introduction
Performing organic reactions into the green solvents espe-
cially water is very favorable for academic researchers and 
industrial chemical companies due to its many desirable 
features such as low-cost, non-toxicity, safety, abundantly 
and also environmentally friendless compared with 
organic solvents [1-10].

In recent years, construction of amide linkages is one 
of the valuable reactions in organic synthesis because of 
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Abstract: Let F denote a �eld and let V denote a vector space over Fwith �nite positive dimension. Consider
a pair A, A∗ of diagonalizable F-linear maps on V, each of which acts on an eigenbasis for the other one in an
irreducible tridiagonal fashion. Such a pair is called a Leonard pair. We consider the self-dual case in which
there exists an automorphismof the endomorphismalgebra ofV that swapsA andA∗. Such anautomorphism
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1 Introduction
Let F denote a �eld and let V denote a vector space over F with �nite positive dimension. We consider a
pair A, A∗ of diagonalizable F-linear maps on V, each of which acts on an eigenbasis for the other one in an
irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De�nition 1.1]). The Leonard pair
A, A∗ is said to be self-dual whenever there exists an automorphism of the endomorphism algebra of V that
swaps A and A∗. In this case such an automorphism is unique, and called the duality A ↔ A∗.

The literature containsmany examples of self-dual Leonardpairs. For instance (i) the Leonardpair associ-
atedwith an irreduciblemodule for the Terwilliger algebra of the hypercube (see [4, Corollaries 6.8, 8.5]); (ii) a
Leonard pair of Krawtchouk type (see [10, De�nition 6.1]); (iii) the Leonard pair associatedwith an irreducible
module for the Terwilliger algebra of a distance-regular graph that has a spin model in the Bose-Mesner alge-
bra (see [1, Theorem], [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized totally bipartite Leonard pair
(see [11, Lemma 14.8]); (v) the Leonard pair consisting of any two of a modular Leonard triple A, B, C (see [2,
De�nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generators for the q-tetrahedron alge-
bra, acting on an evaluationmodule (see [5, Proposition 9.2]). The example (i) is a special case of (ii), and the
examples (iii), (iv) are special cases of (v).

Let A, A∗ denote a Leonard pair on V. We can determine whether A, A∗ is self-dual in the following way.
By [13, Lemma 1.3] each eigenspace of A, A∗ has dimension one. Let {θi}di=0 denote an ordering of the eigen-
values of A. For 0 ≤ i ≤ d let vi denote a θi-eigenvector for A. The ordering {θi}di=0 is said to be standard
whenever A∗ acts on the basis {vi}di=0 in an irreducible tridiagonal fashion. If the ordering {θi}di=0 is standard
then the ordering {θd−i}di=0 is also standard, and no further ordering is standard. Similar comments apply to
A∗. Let {θi}di=0 denote a standard ordering of the eigenvalues of A. Then A, A∗ is self-dual if and only if {θi}di=0
is a standard ordering of the eigenvalues of A∗ (see [7, Proposition 8.7]).
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their extensive applications in various area such as peptide 
synthesis, agrochemicals, polymers, functional materials, 
dyes, fragrances and also existence in pharmaceuticals 
(Figure 1) and natural products (Figure 2) [11-25]. Due to 
the importance of amide compounds, developing simple, 
practical, environmentally benign, cost- and time-effective 
manners for their synthesis is very valuable and necessary. 
Undoubtedly, acetylation of arylamines is a very simple 
approach for the preparation of amides which is widely 
used in chemistry labs and chemical industry [26]. There-
fore, the development of this mentioned method is justifia-
ble. It is worthwhile to note that aromatic nitro compounds 
are much cheaper than arylamines in terms of price and 
one of the most important substrates for the preparation of 
arylamines via reduction process. So, designing new proto-
cols for the synthesis of amides via straightforward one-pot 
reductive acetylation of aromatic nitro compounds without 
isolation of the arylamine intermediates is very interesting. 
In this regard, it should be noted that one-pot multicompo-
nent reactions (MCRs) are remarkable instruments for ver-
satile preparation of a wide diversity of organic compounds 
especially biologic active molecules which have advanta-
ges such as high atom economy, escape of time-consuming 
protection-deprotection steps, and environmentally friend-
liness, making them absolutely better than classical multi-
step synthetic pathways [27-37].

Notably, in recent years, spinel ferrite nanoparticles 
with the general formula MFe2O4, where M(II) is a d-block 
transition metal (such as Mn, Co, Ni, Cu, Zn) have been 
in the vanguard of nanoscience and nanotechnology 
due to their unique specifications like nanometer size, 
high saturation magnetization, large surface area to 
volume ratio, high electric resistivity, low eddy current 
loss, very good optical properties in the visible region 
and also their extensive applications in sensors, memory 
storage devices, magnetically controlled drug delivery,  
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Figure 1: Representative examples of amide-containing drugs.

Figure 2: Examples of amide-containing natural products.
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hyperthermia in the treatment of cancer diseases, medical 
diagnostics, magnetic resonance image (MRI) enhance-
ment, telecommunication, pigments, and catalysis [38-
45]. Furthermore, compared with iron oxides, spinel fer-
rites provide flexibility to control both crystal structures 
and magnetic properties by choosing different non-iron 
metals in spinel ferrite backbone and controlling their 
molar concentrations. Among various type of spinel ferrite 
magnetic nanoparticles (MNPs), CuFe2O4 nanocomposite, 
in addition to numerous applications, has shown satis-
factory performance as the recyclable catalyst in various 
organic transformations such as synthesis of heterocyclic 
compounds [46-52], Ullmann C-O coupling reaction [53], 

direct synthesis of chemical structures containing both 
phenol ester and benzothiazole moieties via dehydroge-
native coupling reactions [54], reduction of p-nitrophe-
nol [55], one-pot odorless carbon-sulfur bond formation 
reactions [56], directed phenol/formamide coupling [57], 

synthesis of diaryl/aryl alkyl sulfides via cross-coupling 
process [58], S-arylation of thioureas by aryl halides [59], 
one-pot four-component Dakin-West reaction (synthesis 
of β-acetamido ketones) [60], Friedel-Crafts acylation [61], 
N-arylation of heterocycles [62], direct C-H amination of 
benzothiazoles [63], oxidative hydroxylation of arylbo-
ronic acids [64], palm oil methanolysis [65], oxidation of 
benzyl alcohol [66], synthesis of unnatural arundines [67], 
N-arylation of indole and imidazole with aryl halide [68], 
and so on.

In continuation of our research programs on various 
type of organic reactions [67-71], especially on the simple 
methodologies for the preparation of N-arylacetamides 
[72-75], we wish to report two different facile and efficient 
approaches for the synthesis of divers N-arylacetamides 
via N-acetylation of arylamines and straightforward 
one-pot reductive acetylation of nitroarenes promoted by 
recyclable CuFe2O4 MNPs in water at reflux (Scheme 1).

2  Results and discussion

2.1  Preparation and characterization of the 
CuFe2O4 magnetically nanocomposite

First of all, CuFe2O4 magnetically nanoparticles (MNPs) 
prepared through the simple procedure which was reported 
by Jia and co-workers [76]. Notably, the obtained CuFe2O4 
nanocomposite fully characterized by various techniques 
including Fourier transform infrared (FT-IR) spectro-
scopy, X-ray diffraction (XRD), scanning electron micro-
scopy (SEM), transmission electron microscopy (TEM),  

energy-dispersive X-ray (EDX) spectroscopy, inductively 
coupled plasma-optical emission spectrometry (ICP-OES), 
vibrating sample magnetometer (VSM) and also BET-BJH 
analyses.

In the FT-IR spectrum of the prepared CuFe2O4  
(Figure 3), the absorption band at 586.8 cm-1 is ascribed to 
the stretching vibration frequency of octahedral site, and 
the absorption band at 405.8 cm-1 is related to the tetrahe-
dral site.

As can be seen from Figure 4, the XRD pattern of the 
mentioned CuFe2O4 nanocomposite reveals that all the 
peaks matched with the standard XRD pattern of CuFe2O4 
(JCPDS card no. 34-0425). Furthermore, the sharp peaks 
which existed in the XRD pattern of the synthesized 
copper ferrite MNPs prove the crystalline nature of the 
mentioned nanocomposite. 

According to the SEM (Figure 5) and TEM (Figure 6)  
images, the particles of the synthesized CuFe2O4 nano-
composite are in the nanometric range along with irregu-
lar morphology.

The EDX spectrum of the CuFe2O4 shows that Cu, Fe, 
and O are present in the structure of the prepared nano-
composite (Figure 7). Also, the ICP-OES analysis showed 
that the amounts of Cu, Fe, and O in the CuFe2O4 nano-
composite were 22.52%, 46.71%, and 30.77%, respectively.

The obtained saturation magnetization value (Ms =  
38 emu·g-1) and the shape of the illustrated pattern 
show that the prepared nanocatalyst has a ferromagne-
tic characteristic for a convenient magnetic separation  
(Figure 8).

The nitrogen adsorption-desorption isotherm of the 
CuFe2O4 NPs was measured (Figure 9). As shown in Figure 9, 
the prepared nanocomposite exhibited type III isotherm, 
indicating micro-pore nature of the CuFe2O4. Also, accor-
ding to the BET equation, the specific surface area (SSA) and 
pore volume value (PVV) of the mentioned nanocompo-
site calculated (SSA = 5.46 m2·g-1 and PVV = 0.0077 cm3·g-1).  

Scheme 1: Two different facile and efficient approaches for the 
synthesis of various N-arylacetamides promoted by CuFe2O4 MNPs.
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Figure 4: XRD spectrum of the CuFe2O4 MNPs.

Figure 5: SEM images of the CuFe2O4 MNPs.

Figure 3: FT-IR spectrum of the CuFe2O4 MNPs.

Besides, the distribution of pore size is 1.88 nm  
based on the Barrett-Joyner-Halenda (BJH) analysis.

2.2  �N-acetylation of arylamimes promoted 
by CuFe2O4 MNPs

Indisputable, amine acetylation is one of the most exten-
sively used reactions in organic chemistry and is often 
used in the preparation of amide compounds and also 
protection of –NH functional group. N-acetylation of 
amine is generally accomplished using acetic anhydride 
or acetyl chloride as acetyl donors in the presence of an 
acidic or basic catalyst in the organic medium. Up to now, 



746   B. Zeynizadeh et al.: Synthesis of various N-arylacetamides 

Figure 6: TEM images of the CuFe2O4 MNPs.

Figure 7: EDX spectrum of the CuFe2O4 MNPs.

Figure 8: VSM spectrum of the CuFe2O4 MNPs.

Figure 9: N2 adsorption-desorption isotherm for the CuFe2O4 MNPs.

several methods have been reported for the mentioned 
reaction. Nevertheless, some of these methods along with 
some merits have one or more drawbacks such as the use 
of expensive and harmful reagents, solvents or catalysts, 
harsh reaction conditions, low yield of products and (or) 
lengthy reaction times and so on [77-96]. In this regard, 
we decided to introduce a simple, efficient, green, cost- 
and time-effective protocol for the N-acetylation of aryl-
amines.

At the outset of experimental work, the reaction of 
aniline with acetic anhydride (Ac2O) as an acetylating 
agent was chosen as a model reaction to confirm the feasi-
bility of our strategy and optimize the reaction conditions 
(Table 1). At first, we evaluated the effect of various sol-
vents such as MeOH, EtOH, THF, CH3CN, and EtOAc, on the 
model reaction utilizing a different molar ratio of CuFe2O4 
MNPs. As shown in entry 9 of Table 1, the best condition 
for this mentioned reaction was the use of 1 mmol Ac2O 
and also 0.3 mmol of CuFe2O4 MNPs in water at reflux. Fur-
thermore, to examine the reaction scope, various arylami-
nes possessing electron-withdrawing (EWD) and electron-
donating groups (EDG) were reacted with Ac2O under the 
optimized reaction conditions to give the corresponding 
N-arylacetamides. Based on the data shown in Table 2, all 
the desired products were prepared in good to excellent 
yields. It is worth noting the chemoselectivity observed for 
the arylamines containing benzylic alcohol group (Table 2,  
entry 13 and 14).
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2.3  �One-pot reductive acetylation of 
aromatic nitro compounds promoted by 
CuFe2O4 MNPs

In order to optimize reaction conditions, the transforma-
tion of nitrobenzene (PhNO2) as a model compound to 
acetanilide was studied through a primary reduction of 
PhNO2 with sodium borohydride (NaBH4) using CuFe2O4 as 
recyclable promoter followed by acetylation with Ac2O in 
a one-pot procedure without isolation of aniline interme-
diate under different reaction conditions. The reductive 
acetylation of PhNO2 under mentioned system in protic 
and aprotic solvents such as MeOH, EtOH, THF, CH3CN, 
and EtOAc (Table 3, entries 1-5) and also under solvent-free 
condition (Table 3, entry 6) did not take place any more. 
Interestingly, further investigations demonstrated that 
H2O was the best solvent of choice (Table 3, entries 7-11) 
and using a molar equivalent of 1:1:2:1 for PhNO2, CuFe2O4, 
NaBH4 and also Ac2O, respectively, was an optimum for the 
complete mentioned one-pot reaction (Table 3, entry 7).  
More examinations also exhibited that completion of the 
model reaction with other amounts of the CuFe2O4 (0.7, 0.5, 
0.3, and 0.2 mmol) was also accessible (Table 3, entries 
8, 9, 10, and 11). However, prolonging the reaction time 
impeded using them as the optimum amount.

Having established the optimal reaction conditions, 
we investigated the substrate scope of this one-pot trans-
formation using various aromatic nitro compounds. The 
obtained results are summarized in Table 4. As seen, all 

Table 1: Optimization experiments for the N-acetylation of aniline 
to acetanilide.

Entry CuFe2O4

(mmol)
Ac2O

(mmol) Solvent Time Conv.
(%)

1 1 3 MeOH 2 h N.R.

2 1 3 EtOH 2 h N.R.

3 1 3 THF 2 h N.R.

4 1 3 CH3CN 2 h N.R.

5 1 - EtOAc 2 h N.R.

6 1 3 EtOAc 2 h 40

7 1 1 H2O 1 min 100

8 0.5 1 H2O 1 min 100

9 0.3 1 H2O 1 min 100

10 0.2 1 H2O 2 min 100

N.R. = No reaction (Conv. = 0)

Table 2: N-acetylation of arylamines using Ac2O promoted by 
CuFe2O4 MNPs in water.

Entry Substrate Product Molar
Ratioa

Time
(min)

Yieldb

(%)

1 1:0.3:1 1 90

2 1:0.3:1 4 85

3 1:0.3:1 4 86

4 1:0.3:1 4 86

5 1:0.3:2 3 89

6 1:0.3:2 3 89

7 1:0.3:1 5 87

8 1:0.3:1.5 5 87

9 1:0.3:1.5 3 85
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10 1:0.3:1 4 86

11 1:0.3:1 3 88

12 1:0.3:1 3 86

13 1:0.3:1.5 4 80

14 1:0.3:1.5 2 80

15 1:0.3:1.5 8 80

16 1:0.3:2 3 89

17 1:0.3:2 3 87

18 1:0.3:2 3 89

a Substrate:CuFe2O4:Ac2O.
b Yields refer to isolated pure products.

Table 3: Optimization experiments for the one-pot reductive ace-
tylation of nitrobenzene to acetanilide promoted by CuFe2O4 MNPs.

Entry NaBH4 
(mmol)

CuFe2O4 
(mmol)

Ac2O
(mmol) Solvent Time Conv.

(%)

1 3 1 3 MeOH 2 h N.R.

2 3 1 3 EtOH 2 h N.R.

3 3 1 3 THF 2 h N.R.

4 3 1 3 CH3CN 2 h N.R.

5 3 1 - EtOAc 2 h N.R.

6 3 1 3 - 2 h N.R.

7 2 1 1 H2O 11 min 100

8 2 0.7 1 H2O 24 min 100

9 2 0.5 1 H2O 46 min 100

10 2 0.3 1 H2O 49 min 100

11 2 0.2 1 H2O 52 min 100

12 2 1 0.5 H2O 45 min 50

N.R. = No reaction (Conv. = 0)

reactions were carried out successfully in H2O within  
6-34 min, and the corresponding N-arylacetamides were 
obtained in good to excellent yields. 

More examinations showed that the chemoselec-
tive reductive acetylation of nitro group versus alcohol 
was successfully accessible. For example, reductive ace-
tylation of 4-nitroabenzylalcohol to 4-acetamidobenzyl 
alcohol was carried out in 88% yield (Table 4, entry 6). In 
the case of nitrobenzaldehydes and nitroacetophenones, 
the same behavior was observable. In which, the nitro 
group was reduced and acetylated to acetamide, however, 
the carbonyl moieties were reduced to alcoholic function 
without acetylation (Table 4, entries 10-14). Molecules with 
the complexity of nitro and phenolic groups did not show 
any selectivity, and both of the functional groups were 
acetylated with the same reactivity. This fact was shown 
with reductive acetylation of o-nitrophenol to the corre-
sponding 2-acetamidophenyl acetate (Table 4, entry 3).  
Table 4, entry 16 represents this protocol was also efficient 
for reductive acetylation of dinitro compounds using 1:3:2 
molar equivalents of the CuFe2O4, NaBH4, and Ac2O respec-
tively, in H2O at reflux.

Notably, the exact mechanism for the one-pot reduc-
tive acetylation reaction of nitroarenes in the presence 
of CuFe2O4 as a simple and efficient promoter is not 
known. But, based on our observations and literature 
survey [71,74,75], a plausible reaction mechanism for this  

Table 2: (Continued)

Entry Substrate Product Molar
Ratioa

Time
(min)

Yieldb

(%)
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Table 4: One-pot reductive acetylation of aromatic nitro  
compounds promoted by CuFe2O4 MNPs.

Entry Substrate Product Molar 
ratioa

Time
(min)

Yieldb

(%)

1 1:2:1:1 11 97

2 1:2:1:1 14 90

3 1:3:1:2 32 87

4c 1:3.5:1.5 22 87

5c 1:2:1:2 22 85

6 1:2:1:1.5 32 88

7c 1:3:1:1 29 80

8c 1:3:1:1 33 88

9c 1:3:1:2 33 89

10c 1:3:1:1 6 89

11 1:3:1:2 11 87

12c 1:3:1:1 17 89

13c 1:2:1:1.5 12 84

14c 1:4:1:2 24 80

15c 1:2.5:1:1 27 80

16c 1:3:1:2 34 77

17 1:2:1:1 27 78

a Substrate:NaBH4:CuFe2O4:Ac2O.
b Yields refer to isolated pure products.
c In these reactions, NaBH4 was added portion-wisely.

Table 4: (Continued)

Entry Substrate Product Molar 
ratioa

Time
(min)

Yieldb

(%)

reaction is presented in Scheme 2. Firstly, nitroarene and 
hydrogen which is obtained from the reaction of NaBH4 
and water absorbed on the surface of CuFe2O4 NPs. After 
completion of the reduction process which was accompa-
nied by the elimination of two molecules of water, gene-
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Scheme 2: Plausible mechanism for the one-pot reductive acetylation of nitroarenes promoted by CuFe2O4 MNPs.

rated arylamine intermediate attacked to Ac2O (which 
was activated by CuFe2O4) caused the formation of desired 
amide compound along with carboxylic acid as an only 
side product.

2.4  Reusability

The recoverability and reusability of the CuFe2O4 NPs 
were studied using the N-acetylation of aniline and also 
one-pot reductive acetylation of nitrobenzene reactions. 
After completion of the reaction, the catalyst separated by 
an external magnet and reused for the subsequent runs 
without significant loss of its catalytic activity (Figures 10 
and 11).

3  Experimental

3.1  Preparation of the CuFe2O4 MNPs

CuFe2O4 MNPs were synthesized based on a previously 
reported method by Jia and co-workers [76]. First of all, 
copper(II) acetate, iron(III) nitrate, sodium hydroxide, 
and sodium chloride were mixed in a molar ratio 1:2:8:2 
and grounded in a simple agate mortar and pestle. After 
about 50 min, the resultant mixture was washed with 
deionized water several times. After removal of sodium 
chloride by washing, the wet nanocomposite was dried 
for 2 h at 80°C. Finally, the powders were calcinated 
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Figure 10: Reusability of the CuFe2O4 MNPs in the N-acetylation of 
aniline.

Figure 11: Reusability of the CuFe2O4 MNPs in the one-pot reductive 
acetylation of nitrobenzene.

for 2 h at 300, 500, 600, 700, 800, and 900°C to obtain  
CuFe2O4 MNPs.

3.2  �General experimental procedure for  
the synthesis of N-arylacetamides via 
N-acetylation of arylamines

To the synthesis of N-phenylacetamide as a representative 
example, a mixture of aniline (1 mmol, 0.093 g) and H2O  
(3 mL) was prepared in a round-bottom flask (15 mL) which 
equipped with a magnetic stirrer. Then, ferromagnetic 
CuFe2O4 (0.3 mmol, 0.072 g) was added into the reaction 
flask, and the resulting mixture was stirred at reflux. Sub-
sequently, Ac2O (1 mmol, 0.102 g) was added to the pre-
pared mixture followed by stirring for 1 min at the same 
temperature conditions. Then, the mixture was cooled to 
room temperature, and the CuFe2O4 was separated by a 
magnet from the reaction environment. Then, the reaction 
mixture was extracted with ethyl acetate (3 × 5 mL). The 
organic layers were combined and dried over anhydrous 
Na2SO4. Finally, evaporation of the solvent under reduced 
pressure afforded the pure N-phenylacetamide which was 
characterized by FT-IR, 1H NMR, and 13C NMR spectro-
scopy techniques.

3.3  �General procedure for the synthesis of 
N-arylacetamides via one-pot reductive 
acetylation of aromatic nitro compounds

As an example, nitrobenzene (1 mmol, 0.123 g) was dis-
solved in 2 mL of H2O in a 15 mL round-bottom flask 
which equipped with a magnetic stirrer. Then, CuFe2O4  
(1 mmol, 0.237 g) was added, and the mixture was stirred. 
Then, NaBH4 (2 mmol, 0.075 g) was added, and the resul-
ting mixture was stirred under reflux conditions for  

10 min. Completion of the reduction reaction was moni-
tored by TLC using n-CCl4:Et2O (5:2) as an eluent. After-
ward, acetic anhydride (1 mmol, 0.102 g) was added to 
the reaction mixture followed by stirring for an additional  
1 min at the same temperature conditions. Afterward, 
the mixture was cooled to room temperature, and the  
mentioned nanocomposite was separated by a magnet 
from the reaction environment. The reaction mixture was 
extracted with ethyl acetate (3 × 5 mL). The organic layers 
were combined and dried over anhydrous Na2SO4. Finally, 
evaporation of the solvent under reduced pressure affor-
ded the pure N-phenylacetamide which was characterized 
by FT-IR, 1H NMR, and 13C NMR spectroscopy techniques.

4  Conclusions
In this research, we have developed simple, efficient, 
cost-effective and environmentally benign protocols for 
the synthesis of various N-arylacetamides via N-acetyla-
tion of arylamines and straightforward one-pot reductive 
acetylation of aromatic nitro compounds promoted by 
CuFe2O4 MNPs in water at reflux. Use of water as a green 
solvent, good to excellent yield of desired products, 
implementation of the cost-effective promoter which can 
reusable for several runs are advantages of the current 
protocols for the synthesis of N-arylacetamide derivati-
ves. It is worthy to note that the catalytic applications of 
the modified and non-modified CuFe2O4 MNPs in various 
organic transformations under investigations in our lab, 
and will be reported in due course of the time. 

Conflict of interest: The authors declare no conflict of 
interest.

Acknowledgement: Authors gratefully acknowledge the 
financial support from Urmia University.



752   B. Zeynizadeh et al.: Synthesis of various N-arylacetamides 

References
[1]	 Fattahi N., Ayoubi M., Ramazani A., Amidation and esterifi-

cation of carboxylic acids with amines and phenols by N,N′-
diisopropylcarbodiimide: A new approach for amide and ester 
bond formation in water. Tetrahedron, 2018, 74(32), 4351-4356.

[2]	 Pillaiyar T., Groska E., Schnakenburg G., Müller C.E., General 
synthesis of unsymmetrical 3,3′-(aza)diindolylmethane deriva-
tives. J. Org. Chem., 2018, 83(17), 9902-9913.

[3]	 Esmaielzadeh Rostami M., Zadmard R., Green synthesis of 
imidazo[1,2-a]pyridines using calix[6]arene-SO3H surfactant in 
water. Tetrahedron Lett., 2018, 59(25), 2393-2398.

[4]	 Muthusamy S., Gangadurai C., “On water” cascade synthesis 
of benzopyranopyrazoles and their macrocycles. Tetrahedron 
Lett., 2018, 59(15), 1501-1505.

[5]	 Rimaz M., Khalafy J., Najafi Moghaddam P., A Regioselective 
one-pot, three component synthesis of 6-aryl-4-cyano-3(2H)-
pyridazinones in water. Aust. J. Chem., 2010, 63(9), 1396-1401.

[6]	 Rimaz M., Khalafy J., Mousavi H., Bohlooli S., Khalili B., Two 
different green catalytic systems for one‐pot regioselective and 
chemoselective synthesis of some pyrimido[4,5‐d]pyrimidinone 
derivatives in water. J. Heterocycl. Chem., 2017, 54(6), 3174-
3186.

[7]	 Rimaz M., Khalafy J., Mousavi H., A green organocatalyzed 
one-pot protocol for efficient synthesis of new substituted 
pyrimido[4,5-d]pyrimidinones using a Biginelli-like reaction. 
Res. Chem. Intermed., 2016, 42(12), 8185-8200.

[8]	 Ershov O.V., Ievlev M.Y., Tafeenko V.A., Nasakin O.E., Glycine 
catalyzed diastereoselective domino-synthesis of 6-imino-
2,7-dioxabicyclo[3.2.1]octane-4,4,5-tricarbonitriles in water. 
Green Chem., 2015, 17(8), 4234-4238.

[9]	 Chanda A., Fokin V.V., Organic synthesis “on water”. Chem. Rev., 
2009, 109(2), 725-748.

[10]	 Mirhashemi F., Amrollahi M.A., Preparation and characteriza-
tion of Fe3O4@Cu-β-CD as a hybrid magnetic catalyst for the 
synthesis of dihydropyrano[2,3-c]pyrazoles in H2O. Res. Chem. 
Intermed., 2019, 45(5), 2549-2563.

[11]	 Petchey M., Cuetos A., Rowlinson B., Dannevald S., Frese A., 
Sutton P.W., et al., The broad aryl acid specificity of the amide 
bond synthetase McbA suggests potential for the biocatalytic 
synthesis of amides. Angew. Chem. Int. Ed., 2018, 130(36), 
11758-11762.

[12]	 Phipott H.K., Thomas P.J., Tew D., Fuerst D.E., Lovelock S.L., A 
versatile biosynthetic approach to amide bond formation. Green 
Chem., 2018, 20(15), 3426-3431.

[13]	 Feng C., Yan B., Yao W., Chen J., Ji M., Fe(ClO4)3 · xH2O‐catalysed 
Ritter reaction: synthesis of N‐tert‐butyl amides from nitriles 
and di‐tert‐butyl dicarbonate. ChemistrySelect, 2018, 3(29), 
8501-8504.

[14]	 Sonowane R.B., Rasal N.K., Bhange D.S., Jagtap S.V., Copper‐(II) 
catalyzed N‐formylation and N‐acylation of aromatic, aliphatic, 

and heterocyclic amines and a preventive study in the C‐N cross 
coupling of amines with aryl halides. ChemCatChem, 2018, 
10(17), 3907-3913.

[15]	 Gupta S.S.R., Nakhate A.V., Deshmukh G.P., Periasamy S., Samu-
drala P.S., Bharagava S.K., et al., Direct synthesis of amides 
from oxidative coupling of benzyl alcohols or benzylamines with 
N‐substituted formamides using a Cu‐Fe‐based heterogeneous 
catalyst. ChemistrySelect, 2018, 3(29), 8436-8443.

[16]	 Jaiswal Y., Kumar Y., Kumar A., Palladium-catalyzed regioselec-
tive C-H alkenylation of arylacetamides via distal weakly coordi-
nating primary amides as directing groups. J. Org. Chem., 2018, 
83(3), 1223-1231.

[17]	 Molinski T.F., Cyclic azole-homologated peptides from Marine 
sponges. Org. Biomol. Chem., 2018, 16(1), 21-29.

[18]	 Wang Z., Bao X., Xu M., Deng Z., Han Y., Wang N., Direct forma-
tion of amides from carboxylic acids and amines catalyzed by 
niobium(V) oxalate hydrate. ChemistrySelect, 2018, 3(9), 2599-
2603.

[19]	 Sirgamalla R., Kommakula A., Banoth S., Dharavath R., Adem K., 
Madhu P., et al., Synthesis of amides from aliphatic acids and 
amines by using of I2/TBHP at room temperature. Chemistry
Select, 2018, 3(4), 1062-1065.

[20]	 Simkó D.C., Elekes P., Pázmándi V., Novák Z., Sulfonium salts 
as alkylating agents for palladium-catalyzed direct ortho alky-
lation of anilides and aromatic ureas. Org. Lett., 2018, 20(3),  
676-679.

[21]	 Gudisela M.R., Bommu P., Navuluri S., Mulakayala N., Synthesis 
and characterization of potential impurities of dolutegravir: a 
HIV drug. ChemistrySelect, 2018, 3(25), 7152-7155.

[22]	 Adachi S., Kumagai N., Shibasaki M., Conquering amide plana-
rity: structural distortion and its hidden reactivity. Tetrahedron 
Lett., 2018, 59(13), 1147-1158.

[23]	 Hawkins P.M.E., Giltrap A.M., Nagalingam G., Britton W.J., Payne 
R.J., Total synthesis of ecumicin. Org. Lett., 2018, 20(4), 1019-
1022.

[24]	 Moglie Y., Buxaderas E., Mancini A., Alonso F., Radivoy G., Amide 
bond formation catalyzed by recyclable copper nanoparticles 
supported on zeolite Y under mild conditions. ChemCatChem, 
2019, 11(5), 1487-1494.

[25]	 Mohammadi B., Rezaei Khorrami B., A simple and one-pot multi-
component reaction to the synthesis of methylenebisamides. 
Monatsh. Chem., 2018, 149(6), 1089-1092. 

[26]	 Piazzolla F., Temperini A., Recent advances in chemoselective 
acylation of amines. Tetrahedron Lett., 2018, 59(27), 2615-2621.

[27]	 Rimaz M., Mousavi H., Ozzar L., Khalili B., Facile, capable, atom-
economical one-pot multicomponent strategy for the direct regi-
oselective synthesis of novel isoxazolo[5,4-d]pyrimidines. Res. 
Chem. Intermed., 2019, 45(5), 2673-2694.

[28]	 Mohammadinezhad A., Akhlaghinia B., Nanofibre sepiolite 
catalyzed green and rapid synthesis of 2-amino-4H-chromene 
derivatives. Aust. J. Chem., 2018, 71(1), 32-46.



B. Zeynizadeh et al.: al.: Synthesis of various N-arylacetamides   753

[29]	 Rimaz M., Mousavi H., Khalili B., Sarvari L., One-pot pseudo 
three-component condensation reaction of arylglyoxal monohy-
drates with 1-ethyl-2-thioxodihydropyrimidine-4,6(1H,5H)-dione 
for the synthesis of new pyrano[2,3-d:6,5-d’]dipyrimidines 
as HIV integrase inhibitor-like frameworks using two different 
environmentally benign catalytic systems. J. Iran. Chem. Soc. (in 
press), DOI:10.1007/s13738-019-01642-1.

[30]	 Kiyani H., Bamdad M., Sodium ascorbate as an expedient 
catalyst for green synthesis of polysubstituted 5-aminopyra-
zole-4-carbonitriles and 6-amino-1,4-dihydropyrano[2,3-c]
pyrazole-5-carbonitriles. Res. Chem. Intermed., 2018, 44(4),  
2761-2778.

[31]	 Rimaz M., Khalili B., Khatyal G., Mousavi H., Aali F., A simple 
and efficient diversity-oriented synthesis of new substituted 
3-(arylamino)-6,7-dihydro-1H-indazol-4(5H)-ones by a KOH-
assisted one-pot reaction. Aust. J. Chem., 2017, 70(12), 1274-
1284.

[32]	 Rimaz M., Mousavi H., Nikpey L., Khalili B., Novel and conveni-
ent one-pot strategy for regioselective synthesis of new 5-aryl-
3-methyl-1-phenyl-1,2-dihydro-7aH-pyrazolo[3,4-c]pyridazin-
7a-ol derivatives. Res. Chem. Intermed., 2017, 43(7), 3925-3937. 

[33]	 Rimaz M., Mousavi H., Behnam M., Sarvari L., Khalili B., Fast 
and convenient synthesis of new symmetric pyrano[2,3-d:6,5-
d’]dipyrimidinones by an organocatalyzed annulation reaction. 
Curr. Chem. Lett., 2017, 6(2), 55-68. 

[34]	 Khanna G., Saluja P., Khurana J.M., A facile and convenient 
approach for the synthesis of novel sesamol-oxazine and 
quinolone-oxazine hybrids. Aust. J. Chem., 2017, 70(12),  
1285-1290.

[35]	 Rimaz M., Jalalian Z., Mousavi H., Prager R.H., Base organoca-
talyst mediated annulation of arylglyoxalmonohydrates with 
2,4-dihydroxyquinoline to form new pyranodiquinolinones. 
Tetrahedron Lett., 2016, 57(1), 105-109.

[36]	 Rimaz M., Mousavi H., A one-pot strategy for regioselective 
synthesis of 6-aryl-3-oxo-2,3-dihydropyridazine-4-carbohydra-
zides. Turk. J. Chem., 2013, 37(2), 252-261.

[37]	 Rimaz M., Mousavi H., Khalili B., Aali F., A green and practical 
one‐pot two‐step strategy for the synthesis of symmetric 3,6‐
diarylpyridazines. J. Chin. Chem. Soc., 2018, 65(11), 1389-1397.

[38]	 Pereira C., Pereira A.M., Fernandes C., Rocha M., Mendes R., 
Fernández-García M.P. et al., Superparamagnetic MFe2O4 (M = 
Fe, Co, Mn) nanoparticles: tuning the particle size and magne-
tic properties through a novel one-step coprecipitation route. 
Chem. Mater., 2012, 24(8), 1496-1504.

[39]	 Carta D., Casula M.F., Falqui A., Loche D., Mountjoy G., Sangre-
gorio C., et al., A structural and magnetic investigation of the 
inversion degree in ferrite nanocrystals MFe2O4 (M = Mn, Co, Ni). 
J. Phys. Chem. C, 2009, 113(20), 8606-8615.

[40]	 Sudheesh V.D., Thomas N., Roona N., Choudhary H., Sahoo B., 
Lakshmi N., et al., Synthesis of nanocrystalline spinel ferrite 
(MFe2O4, M = Zn and Mg) by solution combustion method:  

Influence of fuel to oxidizer ratio. J. Alloy. Comp., 2018, 742(25), 
577-586.

[41]	 Sakho E.H.M., Thomas S., Kalarikkal N., Oluwafemi O.S., Diel-
ectric and dye adsorption properties of luminescent-superpara-
magnetic MFe2O4 (M = Mn, Mg)/reduced graphene oxide compo-
sites. Cream. Int., 2018, 44(4), 3904-3914.

[42]	 Vetr F., Moradi-Shoeili Z., Özkar S., Oxidation of o‐phenylene-
diamine to 2,3‐diaminophenazine in the presence of cubic fer-
rites MFe2O4 (M = Mn, Co, Ni, Zn) and the application in colori-
metric detection of H2O2. Appl. Organomet. Chem., 2018, 32(9), 
e4465-e4474.

[43]	 Narsimulu D., Rao B.N., Satyanarayana N., Srinadhu E.S., High 
capacity electrospun MgFe2O4-C composite nanofibers as an 
anode material for lithium ion batteries. ChemistrySelect, 2018, 
3(27), 8010-8017.

[44]	 Farzin S., Rahimi A., Amiri K., Rostami A., Rostami A., Synthesis 
of diaryl sulfides via nickel ferrite‐catalysed C-S bond formation 
in green media. Appl. Organomet. Chem., 2018, 32(9), e4409-
e4420.

[45]	 Lin Y., He H., Li J., Li W., Yang Y., Li Y., et al., Preparation and 
enhanced photoelectrochemical performance of a p-n hete-
rojunction CuFe2O4/WO3 nanocomposite film. RSC Adv., 2015, 
5(120), 99378-99384.

[46]	 Amini M., Hosseinpour Kafshdouzsani M., Akbari A., Gautam 
S., Shim C.-H., Chae K.H., Spinel copper ferrite nanoparticles: 
preparation, characterization and catalytic activity. Appl. Orga-
nometal. Chem., 2018, 32(9), e4470-e4477.

[47]	 Kumar B.S.P.A., Reddy K.H.V., Madhav B., Ramesh K., Nageswar 
Y.V.D., Magnetically separable CuFe2O4 nano particles catalyzed 
multicomponent synthesis of 1,4-disubstituted 1,2,3-triazoles 
in tap water using ‘click chemistry’. Tetrahedron Lett., 2012, 
53(34), 4595-4599.

[48]	 Saha M., Pradhan K., Das A.R., Facile and eco-friendly synthe-
sis of chromeno[4,3-b]pyrrol-4(1H)-one derivatives applying 
magnetically recoverable nano crystalline CuFe2O4 involving a 
domino three-component reaction in aqueous media. RSC Adv., 
2016, 6(60), 55033-55038.

[49]	 Nguyen O.T.K., Ha P.T., Dang H.V., Vo Y.H., Nguyen T.T., Le N.T.H., 
et al., Superparamagnetic nanoparticle-catalyzed coupling of 
2-amino pyridines/pyrimidines with trans-chalcones. RSC Adv., 
2019, 9(10), 5501-5511.

[50]	 Ghahremanzadeh R., Rashid Z., Zarnani A.-H., Naeimi H., Highly 
active magnetically separable CuFe2O4 nanocatalyst: an effici-
ent catalyst for the green synthesis of tetrahydrofuro[3,4-b]qui-
noline-1,8(3H,4H) dione derivatives. J. Iran. Chem. Soc., 2014, 
11(5), 1407-1419.

[51]	 Jamatia R., Gupta A., Pal A.K., Superparamagnetic copper 
ferrite nanoparticles catalyzed one step regioselective syn-
thesis of dibenzodiazepinones via ligand and base Free 
Ullmann type coupling reaction. ChemistrySelect, 2016, 1(4),  
852-860.



754   B. Zeynizadeh et al.: Synthesis of various N-arylacetamides 

[52]	 Sreedhar B., Kumar A.S., Yadav D., CuFe2O4 nanoparticles: a 
magnetically recoverable and reusable catalyst for the synthesis 
of 5-substituted 1H-tetrazoles. Tetrahedron Lett., 2011, 52(28), 
3565-3569.

[53]	 Yang S., Wu C., Zhou H., Yang Y., Zhao Y., Wang C., et al., An 
Ullmann C-O coupling reaction catalyzed by magnetic copper 
ferrite nanoparticles. Adv. Synth. Catal., 2013, 355(1), 53-58.

[54]	 Nguyen C.K., Vu H.H., Dang H.V., Nguyen N.N., Le N.T.H., 
Phan N.T.S., Superparamagnetic nanoparticles as a recycla-
ble catalyst: a new access to phenol esters via cross dehyd-
rogenative coupling reactions. RSC Adv., 2017, 7(88), 55756- 
55766.

[55]	 Feng J., Su .L, Ma Y., Ren C., Guo Q., Chen X., CuFe2O4 magnetic 
nanoparticles: a simple and efficient catalyst for the reduction 
of nitrophenol. Chem. Eng. J., 2013, 221(1), 16-24.

[56]	 Gholinejad M., Karimi B., Mansouri F., Synthesis and charac-
terization of magnetic copper ferrite nanoparticles and their 
catalytic performance in one-pot odorless carbon-sulfur bond 
formation reactions. J. Mol. Catal. A-Chem., 2014, 386(5), 20-27.

[57]	 Neguyen C.K., Neguyen N.N., Tran K.N., Nguyen V.D., Nguyen 
T.T., Le D.T., et al., Copper ferrite superparamagnetic nanopar-
ticles as a heterogeneous catalyst for directed phenol/forma-
mide coupling. Tetrahedron Lett., 2017, 58(34), 3370.

[58]	 Swapna K., Murthy S.N., Jyothi M.T., Vankata Y., Nageswar D., 
Nano-CuFe2O4 as a magnetically separable and reusable catalyst 
for the synthesis of diaryl/aryl alkyl sulfides via cross-coupling 
process under ligand-free conditions. Org. Biomol. Chem., 2011, 
9(17), 5989-5996.

[59]	 Hajipour A.R., Karimzadeh M., Azizi G., Highly efficient and mag-
netically separable nano-CuFe2O4 catalyzed S-arylation of thiou-
rea by aryl/heteroaryl halides. Chin. Chem. Lett., 2014, 25(10), 
1382-1386.

[60]	 Saeidian H., Eraghi Z., Naseri H., Vahdati Khajeh S., Ahmadi 
L., Recyclable magnetic copper ferrite nanoparticle catalyzed 
one-pot four-component Dakin-West reaction: efficient synthe-
sis of β-acetamido ketones. Lett. Org. Chem., 2018, 15(7), 587-
593.

[61]	 Parella R., Naveen, Kumar A., Babu S.A., Catalytic Friedel-Crafts 
acylation: magnetic nanopowder CuFe2O4 as an efficient and 
magnetically separable catalyst. Tetrahedron Lett., 2013, 54(13), 
1738-1742.

[62]	 Panda N., Jena A.K., Mohapatra S., Rout S.R., Copper ferrite 
nanoparticle-mediated N-arylation of heterocycles: a ligand-
free reaction. Tetrahedron Lett., 2011, 52(16), 1924-1927.

[63]	 Satish G., Reddy K.H.V., Anil B.S.P., Shankar J., Kumar R.U., 
Nageswar Y.V.D., Direct C-H amination of benzothiazoles 
by magnetically recyclable CuFe2O4 nanoparticles under 
ligand-free conditions. Tetrahedron Lett., 2014, 55(40),  
5533-5538.

[64]	 Yang D., An B., Wei W., Jiang M., You J., Wang H., A novel sus-
tainable strategy for the synthesis of phenols by magnetic 

CuFe2O4-catalyzed oxidative hydroxylation of arylboronic acids 
under mild conditions in water. Tetrahedron, 2014, 70(22),  
3630-3634.

[65]	 Luadthong C., Khemthong P., Nualpaeng W., Faungnawakij K., 
Copper ferrite spinel oxide catalysts for palm oil methanolysis. 
Appl. Catal. A-Gen., 2016, 525(9), 68-75.

[66]	 Ambika S., Gopinath S., Saravanan K., Sivakumar K., Sukan-
tha T.A., Paramasivan P., Preparation and characterization of 
nanocopper ferrite and its green catalytic activity in alcohol 
oxidation reaction. J. Superconduct. Nov. Magnet., 2019, 32(4),  
903-910.

[67]	 Ha P.T., Nguyen O.T.K., Huynh K.D., Nguyen T.T., Phan N.T.S., 
Synthesis of unnatural arundines using a magnetically reusable 
copper ferrite catalyst. Synlett, 2018, 29(15), 2031-2034.

[68]	 Nakhate A.V., Yadav G.D., Hydrothermal synthesis of CuFe2O4 
magnetic nanoparticles as active and robust catalyst for  
N‐arylation of indole and imidazole with aryl halide. Chemistry-
Select, 2017, 2(8), 2395-2405.

[69]	 Mousavi H., Zeynizadeh B., Younesi R., Esmati M., Simple and 
practical synthesis of various new nickel boride-based nano-
composites and their applications for the green and expeditious 
reduction of nitroarenes to arylamines under wet-solvent-free 
mechanochemical grinding. Aust. J. Chem., 2018, 71(8), 595-
609.

[70]	 Zeynizadeh B., Sepehraddin F., Deposited zirconocene chlo-
ride on silica-layered CuFe2O4 as a highly efficient and reusable 
magnetically nanocatalyst for one-pot Suzuki-Miyaura coupling 
reaction. J. Organomet. Chem. 2018, 856(3), 70-77.

[71]	 Zeynizadeh B., Mohammad Aminzadeh F., Mousavi H., Green 
and convenient protocols for the efficient reduction of nitriles 
and nitro compounds to corresponding amines with NaBH4 in 
water catalyzed by magnetically retrievable CuFe2O4 nanopartic-
les. Res. Chem. Intermed., 2019, 45(6), 3329-3357.

[72]	 Shokri Z., Zeynizadeh B., Hosseini S.A., One-pot reductive-
acetylation of nitroarenes with NaBH4 catalyzed by separable 
core-shell Fe3O4@Cu(OH)x nanoparticles. J. Colloid Interface 
Sci., 2017, 485(1), 99-105.

[73]	 Shokri Z., Zeynizadeh B., Impregnated copper on Fe3O4: an 
efficient magnetically separable nanocatalyst for rapid and 
selective acylation of amines. J. Iran. Chem. Soc., 2017, 14(11), 
2467-2474.

[74]	 Zeynizadeh B., Younesi R., Mousavi H., Ni2B@Cu2O and 
Ni2B@CuCl2: two new simple and efficient nanocatalysts for 
the green one-pot reductive acetylation of nitroarenes and 
direct N-acetylation of arylamines using solvent-free mecha-
nochemical grinding. Res. Chem. Intermed., 2018, 44(12),  
7331-7352.

[75]	 Zeynizadeh B., Mousavi H., Zarrin S., Application of Cu(Hdmg)2 
as a simple and cost-effective catalyst for the convenient one‐
pot reductive acetylation of aromatic nitro compounds. J. Chin. 
Chem. Soc. (in press), DOI:10.1002/jccs.201800325



B. Zeynizadeh et al.: al.: Synthesis of various N-arylacetamides   755

[76]	 Sun Z., Liu L., Jia D.Z., Pan W., Simple synthesis of CuFe2O4 nano-
particles as gas-sensing materials. Sensor. Actuat. B-Chem., 
2007, 125(1), 144-148.

[77]	 Mojtahedi M.M., Abaee M.S., Heravi M.M., Behbahani F.K., 
Additive-free chemoselective acylation of amines and thiols. 
Monatsh. Chem., 2007, 138(1), 95-99.

[78]	 Amić A., Molnar M., An improved and efficient N-acetylation of 
amines using choline chloride based deep eutectic solvents. 
Org. Prep. Proc. Int., 2017, 49(3), 249-257.

[79]	 Naik S., Bhattacharjya G., Talukdar B., Patel B.K., Chemoselec-
tive acylation of amines in aqueous media. Eur. J. Org. Chem., 
2004, 2004(6) 1254-1260.

[80]	 Chikkulapalli A., Aavula S.K., Rifahath M.N.P., Karthikeyan C., 
Vinodh K.C.H., Manjunatha S.G., et al., Convenient N-acetyla-
tion of amines in N,N-dimethylacetamide with N,N-carbonyldi-
imidazole. Tetrahedron Lett., 2015, 56(24), 3799-3803.

[81]	 Saikia U.P., Hussain F.L., Suri M., Pahari P., Selective N-acetyla-
tion of aromatic amines using acetonitrile as acylating agent. 
Tetrahedron Lett., 2016, 57(10), 1158-1160.

[82]	 De S.K., Ruthenium(III) chloride catalyzed acylation of alcohols, 
phenols, thiols, and amines. Tetrahedron Lett., 2004, 45(14), 
2919-2922.

[83]	 Reddy T.S., Narasimhulu M., Suryakiran N., Mahesh K.C., Asha-
latha K., Venkateswarlu Y., A mild and efficient acetylation 
of alcohols, phenols and amines with acetic anhydride using 
La(NO3)3·6H2O as a catalyst under solvent-free conditions. Tetra-
hedron Lett., 2006, 47(38), 6825-6829.

[84]	 Yadav J.S., Narsaiah A.V., Basak A.K., Goud P.R., Sreenu D., 
Nagaiah K., Niobium pentachloride: an efficient catalyst for the 
selective acetylation of amines and thiols under mild condi-
tions. J. Mol. Cat. A-Chem., 2006, 255(1-2), 78-80.

[85]	 Das B., Thirupathi P., A highly selective and efficient ace-
tylation of alcohols and amines with acetic anhydride using 
NaHSO4·SiO2 as a heterogeneous catalyst. J. Mol. Cat. A-Chem., 
2007, 269(1-2), 12-16.

[86]	 Ghaderi Khaligh N., Preparation, characterization and use of 
poly(4-vinylpyridinium) perchlorate as a new, efficient, and ver-
satile solid phase catalyst for acetylation of alcohols, phenols 
and amines. J. Mol. Cat. A-Chem., 2012, 363-364(10), 90-100.

[87]	 Zhang Q., Chen C., Direct acylation of aryl amines using dime-
thylformamide and dimethylacetamide as the acyl resources. J. 
Saudi Chem. Soc., 2016, 20(1), 114-119.

[88]	 Brahmayya M., Suen S.-Y., Dai S.A., Sulfonated graphene 
oxide-catalyzed N-acetylation of amines with acetonitrile 
under sonication. J. Taiwan Inst. Chem. Eng., 2018, 83(2),  
174-183.

[89]	 Sanz Sharley D.D., Williams J.M.J., Acetic acid as a catalyst for 
the N-acylation of amines using esters as the acyl source. Chem. 
Commun., 2017, 53(12), 2020-2023.

[90]	 Veisi H., Vafajoo S., Bahrami K., Mozafari B., Preparation of 
polydopamine sulfamic acid-functionalized silica gel as hetero-
geneous and recyclable nanocatalyst for acetylation of alcohols 
and amines under solvent-free conditions. Catal. Lett., 2018, 
148(9), 2734.

[91]	 Alleti R., Perambuduru M., Samantha S., Reddy V.P., Gadoli-
nium triflate: an efficient and convenient catalyst for acetyla-
tion of alcohols and amines. J. Mol. Cat. A-Chem., 2005, 226(1),  
57-59.

[92]	 Li Y., Wang C., Zhu F., Wang Z., Soulé J.F., Dixneuf P.H., et al., 
An unexpected copper-catalyzed carbonylative acetylation of 
amines. Chem. Commun., 2017, 53(1), 142-144.

[93]	 Seddighi M., Shirini F., Goli-Jolodar O., Preparation, characteri-
zation and application of RHA/TiO2 nanocomposites in the ace-
tylation of alcohols, phenols and amines. Compt. Rend. Chim., 
2016, 19(8), 1003-1010.

[94]	 Veisi H., Taherib S., Hemmatia S., Preparation of polydopamine 
sulfamic acid-functionalized magnetic Fe3O4 nanoparticles with 
a core/shell nanostructure as heterogeneous and recyclable 
nanocatalysts for the acetylation of alcohols, phenols, amines 
and thiols under solvent-free conditions. Green Chem., 2016, 
18(23), 6337-6348.

[95]	 Chavan S.P., Anand R., Pasupathy K., Rao B.S., Catalytic acetyla-
tion of alcohols, phenols, thiols andamines with zeolite H-FER 
under solventless conditions. Green Chem., 2001, 3(6), 320-
322.

[96]	 Temperini A., Terlizzi R., Testaferri L., Tiecco M., Additive-free 
chemoselective acylation of amines. Synth. Commun., 2010, 
40(2), 295-302.


