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Abstract
Cu(II)-acetohydrazide functionalized CMK-3 and MCM-41 mesoporous materials prepared by a simple, efficient and less 
expensive protocol. These catalysts are carefully characterized by SEM, XRD, TGA, FT-IR, EDX, ICP‐OES and BET tech-
niques. The obtained nanostructured compounds were also used as a green, efficient, heterogeneous and reusable catalytic 
systems for the synthesis of 2-amino-4-H-pyran and 2,4,5-trisubstituted imidazole derivatives. Also the results and behavior 
of the two catalysts were comparable in some cases. The synthesized nanocatalysts could be easily recovered from the reac-
tion mixture and reused many times without significant loss of their catalytic activities.
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Introduction

Mesoporous materials with unique properties, includ-
ing high surface area, uniform pore size and high thermal 
stability, could employ for the synthesis of heterogeneous 
catalysts [1, 2]. Mesoporous materials have pore sizes in 

the range between 2 and 50 nm [3]. Mesoporous materials 
have many applications such as catalysis, drug delivery and 
adsorption [4]. Silicate and carbon materials are among the 
most important and widely used mesoporous materials [5]. 
The most well known of silicate mesoporous materials is the 
hexagonal MCM-41 with pore size 2–50 nm [6, 7].
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In recent years, mesoporous carbon materials have 
received much attention due to their many applications. 
Applications of these materials include their use as solid 
surfaces for catalysts, electrodes and adsorbents for the 
purification of liquids and gases, substrates in chromatog-
raphy columns and controlled drug delivery media. These 
materials have many advantages such as high specific 
surface area, uniform pore diameter, high pore volume, 
high thermal and chemical stability, and regular frame-
work and excellent pore size distribution [8–11]. CMK-3 
mesoporous carbon, which was synthesized using SBA-15 
silica as the template and sucrose as the carbon source, 
is one of the most common and widely used ordered 
mesoporous carbon materials [10, 12].

Imidazoles are a five-membered aromatic heterocycle 
containing two nitrogen heteroatoms that play a key role 
in the structure of bioactive molecules [13]. Compounds 
containing imidazole have many medicinal properties and 
play an important role in biochemical processes [2]. Appli-
cations of imidazole derivatives include anti-inflammatory, 
anti-inflammatory, anti-tumor, anesthetic, anti-fungal, anti-
parasitic and anti-bacterial. Many diaryl imidazole deriva-
tives have also been identified as light-sensitive materials in 
photography, as inhibitors p38 MAP kinase, herbicides, and 
herbicides, and plant growth regulators [7, 14, 15].

There are numerous methods in the literature for the syn-
thesis of imidazoles: condensation of 1,2–diones, aldehydes 
and ammonia in the presence of several catalysts such as 
ZnO [16], nano-aluminium nitride [13], GO–chitosan [14], 
MCM-41-nPr-NHSO3H [2],  ZrO2-Al2O3 [15], Cu(I)‐1,3‐
dimethylbarbituric acid modified SBA‐15 [7] and FSM-16/
CPTMS-Rh-Ni (II) [17].

2-Amino-4H-pyran compounds are an essential class of 
heterocyclic compounds that are of great importance due 
to their biological and medical properties [18]. These com-
pounds are used as anti-tumor, anti-bacterial, anti-allergic, 
anti-cancer and anti-coagulant agents [18–20]. Besides, 
these compounds can be used to treat neurodegenerative 
diseases, including Alzheimer's, Huntington's, Parkinson's, 
HIV and Down syndrome [21, 22]. Some derivatives of 
these compounds are used in cosmetics and pigments as 
well as biodegradable chemicals [23]. 2-Amino-4H-pyrans 
were synthesized by condensation of aldehydes, malononi-
trile and β-dicarbonyl compounds. Literatures survey shows 
that several methods have been reported using various cata-
lysts such as potassium phthalimide-N-oxyl [24],  [MPIm]
[HSO4]@SBA-15 [25], L-proline [26], [pyridine–SO3H]Cl 
[27], nano-sized MgO [28], diamine-functionalized  Fe3O4@
SiO2 [20] and HMS/Pr-Rh-Zr [29].

In this study, Cu(II)-acetohydrazide complexes are 
grafted on mesoporous MCM-41 and CMK-3 using chloro-
propyltriethoxysilane (CPTES) as linker to the surface. The 
resulting new material is applied as heterogeneous catalysts 

for the synthesis of 2-amino-4-H-pyran and 2,4,5-trisubsti-
tuted imidazole derivatives.

Experimental

Materials and instrumentation

All reagents and solvent used in this work were bought from 
Sigma‐Aldrich and Merck chemical companies and used 
without further purification. IR spectra were recorded as 
KBr pellets on a VRTEX 70 model BRUKER FT‐IR spec-
trophotometer. The thermogravimetric analysis (TGA) was 
used with a heating rate of 15 °C/min in air, and the sam-
ples were heated from room temperature to 800 °C. X‐ray 
diffraction (XRD) patterns were recorded using a Cu Ka 
radiation source with wave length 1.54 Å. The particle size 
and morphology were examined by measuring SEM using 
FESEM‐TESCAN. The elemental analysis of the samples 
was done by energy-dispersive X-ray spectroscopy (EDAX, 
TSCAN). The content of Cu was measured by inductively 
coupled plasma-optical emission spectrometry (ICP‐OES).

Synthesis of CMK‑3

The CMK-3 carbon was prepared according to the process 
described in the literature using SBA-15 as the hard template 
and sucrose as the carbon source. [30]. The mesoporous 
SBA-15 was prepared according to the previously reported 
procedure [7]. Typically, 1 g SBA-15 was added to a solution 
containing 1.25 g of sucrose and 0.14 g of  H2SO4 in 5 g of 
 H2O. The resulting mixture was heated in an oven at 100 °C 
for 6 h and then 160 °C for another 6 h.

The silica sample, containing partially polymerized and 
carbonized sucrose, was treated again with 0.7 g of sucrose, 
0.09 g of  H2SO4 and 5 g of water and then heated at 100 °C 
and 160 °C. Then, the resulting composite was carbonized 
at 900 °C under  N2 flow for 5 h. Finally, the resulting solid 
was washed with 1 M NaOH solution two times to remove 
the silica template, filtered, washed with ethanol and dried 
at 100 °C for 4 h. Mesoporous carbon CMK-3 was obtained.

Synthesis of MCM‑41

MCM-41 silica was prepared by using the hydrothermal 
method [31]. In this process 3.64 g (1 mol%) of CTAB and 
1.2 g (3.01 mol%) of NaOH were solved in 108 mL of deion-
ized water and mixed in a stainless steel autoclave, and then 
241 g (9.8 mol%) of TEOS was added to the solution, which 
was stirred for 60 min at room temperature. Then, the sol was 
aged for 1 h and put in an oven at 110 °C during 96 h. After 
96 h, the resulting white precipitate was filtered, washed with 
deionized water and 50 mL of ethanol. The resulting powder 
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was dried at 80 °C for 2 h. Removal of the template was per-
formed by calcination in air at 550 °C for 5 h (heating rate of 
2 °C/min).

Synthesis of Cu(II)‑acetohydrazide supported CMK‑3 
and Cu(II)‑acetohydrazide supported MCM‑41

Firstly, 3 ml 3-chloropropyltriethoxysilane was added drop-
wise to 1 g of vacuum-dried mesoporous dispersed in 100 mL 
of toluene under vigorous stirring and  N2 atmosphere. Then 
the reaction mixture was stirred under reflux condition for 
24 h under  N2 atmosphere. Afterward, the resulting solid 
was filtered, washed with dichloromethane and dried at room 
temperature for 24 h to obtain chlorofunctionalized-MCM-
41(MCM-41-nPr-Cl) or chlorofunctionalized-CMK-3 (CMK-
3-nPr-Cl). Then acetohydrazide and chlorofunctionalized 
mesoporous with ratio 3:1 was added to absolute toluene in 
the presence of 1 ml of triethylamine  (Et3N) and refluxed at 
under  N2 atmosphere for 24 h. Then the mixture was filtered, 
washed with dichloromethane and dried at room temperature. 
Then Cu(NO3)2.3H2O was added to this sediment (with ratio 
2:1) in ethanol, and mixture was stirred for 24 h refluxed under 
 N2 atmosphere. Finally the resulting product was washed 
with ethanol and dried at room temperature for 24 h to afford 
Cu(II)-acetohydrazide supported CMK-3(catalyst A) or Cu(II)-
acetohydrazide supported MCM-41(catalyst B) (Scheme 1).

General procedure for preparation 
of 2‑amino‑4H‑pyran derivatives

A mixture of malononitrile (1 mmol), aldehyde (1 mmol), 
dimedone and catalyst A (20 mg) or catalyst B (40 mg) in 

the water (3 ml) was stirred at 70 °C (catalyst A) or 90 °C 
(catalyst B) for the certain period of time. After completion 
of the reaction as indicated by TLC (n‐hexane–acetone, 8:2), 
the catalyst was separated of the reaction by filtration and the 
mixture was washed with ethyl acetate. The organic product 
was isolated with ethyl acetate and dried after washing. For 
more purification the products were recrystallized in ethanol.

General procedure for the synthesis 
of 2,4,5‑trisubstituted imidazole derivatives

For the synthesis of 2,4,5-trisubstituted imidazoles, a 
mixture of benzil (1 mmol), aromatic aldehyde (1 mmol), 
ammonium acetate (4.5 mmol) and catalyst A (30 mg) or 
catalyst B (20 mg) was heated in the oil bath at 100 °C for 
the appropriate time. The reaction was monitored by TLC. 
After completion of the reaction mixture was cooled to room 
temperature; ethyl acetate was added and filtered. The prod-
uct was extracted with ethyl acetate, and the catalyst was 
separated by simple filtration and then recrystallized from 
ethanol to give pure substituted imidazole product.

Results and discussion

Catalyst preparation

Here in us describe the preparation of new heterogeneous 
catalysts A and B by functionalization of MCM-41 and 
CMK-3 with 3-chloropropyltriethoxysilane and subsequent 
immobilization of acetohydrazide on the chlorofunction-
alized mesoporous. Then by adding Cu(NO3)2.3H2O the 

Scheme 1  Synthesis of Cu(II)-acetohydrazide supported CMK-3 (catalyst A) and Cu(II)-acetohydrazide supported MCM-41(catalyst B)
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Cu(II)-acetohydrazide supported CMK-3 (catalyst A) or 
Cu(II)-acetohydrazide supported MCM-41 (catalyst B) was 
synthesized.

Catalyst characterization

The catalysts have been characterized by some microscopic 
and spectroscopic techniques including Fourier transform 
infrared (FT‐IR) spectroscopy, X-ray diffraction (XRD), 
thermogravimetric analysis (TGA), scanning electron 
microscopy (SEM),  N2 adsorption–desorption analysis 
(BET), energy-dispersive X-ray spectroscopy (EDX) and 
inductively coupled plasma atomic emission spectroscopy 
(ICP‐OES).

The FT-IR spectra of CMK-3, CMK-3-nPr-Cl, CMK-
3-nPr-acetohydrazid and CMK-3-nPr-acetohydrazide-Cu(II) 
samples are shown in Fig. 1.

The FT-IR spectrum of the CMK-3 is shown in Fig. 1a; 
in this spectrum, peaks of silica template were not observed 
indicating removal of SBA-15 hard template. The peak 
appeared at 1045  cm−1 has assigned to the vibrations of the 
C–O bond. The peaks appeared at 1400  cm−1 and 1632  cm−1 
are related to the stretching vibrations of the C=C bands in 
the aromatic ring. Also, stretching vibrations of C–H bond 
were observed at 2853  cm−1 and 2923  cm−1 and OH group 
at 3439  cm−1 [32].

In the FT-IR spectra of CMK-3-nPr-Cl (Fig. 1b), the 
Si–O–Si bond, asymmetric stretching vibration and symmet-
ric stretching vibration appear at 1088  cm‐1 and 802  cm‐1, 
respectively. Also, C–H bending vibration appears at 
2853 cm‐1, in which the presence of the 3-chloropropyl 
silane was confirmed.

In the FT-IR spectra of CMK-3-nPr-acetohydrazid 
(Fig. 1c), the existence of the grafted acetohydrazide group is 
identified by C–N and C=O stretching vibration that appears 
at 1379  cm−1 and 1641  cm−1, respectively, in which C–N 
band has been shifted to higher frequency (1384  cm−1) and 
C=O band has been shifted to lower frequency (1637  cm−1) 
in the CMK-3-nPr-acetohydrazide-Cu(II) (Fig. 1d), indicat-
ing the formation of Cu complex on surface of mesoporous 
carbon CMK-3.

The FT-IR spectra of MCM-41, MCM-41-nPr-Cl, MCM-
41-nPr-acetohydrazid and MCM-41-nPr-acetohydrazide-
Cu(II) samples are shown in Fig. 2.

In the all spectra, the sharp peak at 1087  cm−1 can be 
attributed to the asymmetric stretching vibration of the 
Si–O–Si band and 814  cm−1 can be assigned to the sym-
metric stretching vibration of Si–O and a peak in 3430  cm−1 
which are assigned to O–H band [31]. In the spectra of 
MCM-41-nPr-Cl (Fig.  1b), the C-H bending vibration 
appears at 2853  cm−1, in which the presence of the 3-chloro-
propyl silane was confirmed. In the FT-IR spectra of MCM-
41-nPr-acetohydrazid (Fig. 1c), the existence of the grafted 

acetohydrazide group is identified by C–N and C=O stretch-
ing vibration that appeared at 1383  cm−1 and 1634  cm−1, 
respectively.

Figure 3 shows low-angle XRD patterns for CMK-3 
and Cu(II)-acetohydrazide supported CMK-3 (catalyst 
A). The spectra of CMK-3 exhibit a diffraction peak (100) 
which indicates the sample has two-dimensional hexago-
nal mesoporous structure [32]. This shows clearly that the 
framework structure does not deteriorate seriously during 
treatment with chloropropyltriethoxysilane, and acetohy-
drazide, and Cu(NO3)2.3H2O. Some loss in the intensity of 
the peak was observed after modification, providing further 
evidence of functionalization occurring mainly inside the 
mesopore pores.

Figure 4 shows low-angle XRD pattern for MCM-41-nPr-
acetohydrazide-Cu(II). This pattern illustrates typical peaks 
corresponding to diffraction at (100), (110) and (200) 
plane of hexagonal phase described in the literature [31]. 
It is remarkably that the MCM-41 still holds the hexago-
nal mesoporous structure even after reacting with organic 
groups.

Figure  5 shows TGA curves of pristine CMK-3 and 
CMK-3-nPr-acetohydrazide-Cu(II). The results were con-
firmed by TGA data by showing 5% weight loss before 
100 °C for CMK-3, which is due to desorption of physical 
absorption water on the surface of CMK-3. Secondly, the 

Fig. 1  The FT-IR spectra of a CMK-3, b CMK-3-nPr-Cl, c CMK-
3-nPr-acetohydrazid and d CMK-3-nPr-acetohydrazide-Cu(II)
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weight loss between 300 and 650 °C is due to the combus-
tion of CMK-3 [33]. In TGA curve of the CMK-3-nPr-ace-
tohydrazide-Cu(II) a weight loss (10%) before 100 °C is due 
to the trapped water, and also a weight loss about 20% from 
200 to 600 °C is attributed to the decomposition of immobi-
lized organic spaces on the surface of CMK-3.

Figure 6 shows TGA curve of MCM-41-nPr-acetohy-
drazide-Cu(II). In TGA curve of the MCM-41-nPr-aceto-
hydrazide-Cu(II) a weight loss (10%) before 200 °C is due 
to the trapped water, and also a weight loss about 18% from 

150 to 370 °C is attributed to the decomposition of immobi-
lized organic groups on the surface of MCM-41 [31].

The  N2 adsorption–desorption isotherms for CMK-3, 
CMK-3-nPr-acetohydrazide-Cu(II) (catalyst A) and MCM-
41-nPr-acetohydrazide-Cu(II) (catalyst B) are shown in 
Figs. 7 and 8. The isotherms of this adsorbent are of type-
IV curves according to the IUPAC classification, indicating 
the characterization of the ordered mesoporous material [8]. 

Fig. 2  The FT-IR spectra of a MCM-41, b MCM-41-nPr-Cl, c MCM-
41-nPr-acetohydrazide and d MCM-41-nPr-acetohydrazide-Cu(II)

Fig. 3  The XRD patterns of CMK-3 and CMK-3-nPr-acetohydrazide-
Cu(II)

Fig. 4  The XRD pattern of MCM-41-nPr-acetohydrazide-Cu(II)

Fig. 5  TGA diagram of CMK-3 and CMK-3-nPr-acetohydrazide-
Cu(II)

Fig. 6  TGA curve of MCM-41-nPr-acetohydrazide-Cu(II)



2511Journal of the Iranian Chemical Society (2022) 19:2505–2517 

1 3

The surface area  (SBET), the average pore diameter  (DBJH) 
and the total pore volumes  (Vtotal) of synthesized samples are 
summarized in Table 1. The surface area and pore volume of 
CMK-3 are high (1162  cm2) which is typical of mesoporous 
materials. After functionalization, a decrease in the  SBET, 
 DBJH and  Vtotal was observed that can be easily interpreted 
due to the fact that the presence of pendant group on the 
pour surface partially blocks the adsorption of nitrogen 

molecules. In addition, obtained results revealed that the 
surface area and pore volume of modified CMK-3 are higher 
than modified MCM-41.

SEM images of the CMK-3-nPr-acetohydrazide-Cu(II) 
and MCM-41-nPr-acetohydrazide-Cu(II) are shown in 
Fig. 9. The image CMK-3-nPr-acetohydrazide-Cu(II) indi-
cated maintains a rod-like structures CMK-3 carbon parti-
cles [34]. Also, the SEM image confirms that MCM-41-nPr-
acetohydrazide-Cu(II) has regular and spherical morphology 
[31].

Fig. 7  Nitrogen adsorption–desorption isotherms of CMK-3 and 
CMK-3-nPr-acetohydrazide-Cu(II)

Fig. 8  Nitrogen adsorption–desorption isotherms of MCM-41-nPr-
acetohydrazide-Cu(II)

Table 1  Pore structure 
parameters of synthesized 
materials obtained by nitrogen 
adsorption–desorption analysis

Sample name SBET  (m2  g−1) Vtotal  (cm3  g−1) DBJH (nm)

CMK-3-nPr-acetohydrazide-Cu(II) 370 0.91 1.7
MCM-41-nPr-acetohydrazide-Cu(II) 190 0.62 1.29

Fig. 9  The scanning electron microscopy (SEM) images of a CMK-3-nPr-acetohydrazide-Cu(II) and b MCM-41-nPr-acetohydrazide-Cu(II)
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As shown in Fig. 10, the energy-dispersive X‐ray spec-
trum (EDS) for the catalyst A and catalyst B determined 
the presence of C, N, O, Si and Cu species in the catalysts.

Based on inductively coupled plasma atomic emission 
spectroscopy (ICP-AES), the amount of Cu in the Cu(II)-
acetohydrazide supported CMK-3 is 0.65 mol/g and in the 
Cu(II)-acetohydrazide supported MCM-41 is 0.61 mol/g.

Catalytic study

After synthesis and characterization of the catalysts, we 
first investigated the catalytic activities of CMK-3-acetohy-
drazide-Cu(II) and MCM-41-acetohydrazide-Cu(II) for the 
synthesis of 2-amino-4H-pyran derivatives (Scheme2). In 
order to optimize the reaction conditions, the reaction of 
4-chlorobenzaldehyde (1 mmol), malononitrile (1 mmol) 
and dimedone was selected as a model reaction. Then, influ-
ence of solvent, temperature and amount of each catalyst 
on the outcome of reaction has been investigated (Table 2).

In order to choose the reaction media, different solvents 
such as EtOH, EtOH:H2O mixture (1:1 ratio), ethyl acetate, 
 CH3CN and  H2O were used (Table 2, entries 1–5) and the 
best results were obtained in  H2O using 30 mg of catalyst A 
and 40 mg of catalyst B (Table 2, entry 5). Also, the effect 
of temperature was examined (Table 2, entries 5–7) and the 
best results were obtained at 70 °C for catalyst A and 90 °C 
for catalyst B (Table 2, entry 5).

After optimization of the reaction parameters, a variety 
of aromatic aldehydes with malononitrile and dimedone 
were employed as substrates for the synthesis of 2-amino-
4H-pyran derivatives in the presence of MCM-41-acetohy-
drazide-Cu(II) and CMK-3-acetohydrazide-Cu(II) for the 
appropriate time in moderate to good yields. The results of 
this study are summarized in Table 3.

Also, the catalytic activities of MCM-41-acetohydrazide-
Cu(II) and CMK-3-acetohydrazide-Cu(II) were studied in 
the preparation of tri-substituted imidazole derivatives 
(Scheme 3). To examine the optimal reaction conditions, the 
reaction of benzil (1 mmol), 4-chlorobenzaldehyde (1 mmol) 
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Fig. 10  EDS for a CMK-3-nPr-acetohydrazide-Cu(II) (catalyst A) and b MCM-41-nPr-acetohydrazide-Cu(II) (catalyst B)

Scheme 2  Synthesis of 2-amino-4H-pyran derivatives

Table 2  Optimization of the synthesis of 2-amino-4H-pyrans 
 conditionsa

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), malononitrile 
(1 mmol), dimedone (1 mmol), time 10 min for catalyst A and 20 min 
for catalyst B
b purification by preparative TLC
c Isolated yield

Entry Solvent Catalyst (mg) Temp.(°C) Yield (%)b

A/B A/B A/B

1 EtOH 30/40 70/90 60/72
2 Ethyl acetate 30/40 70/90 45/85
3 CH3CN 30/40 70/90 37/75
4 EtOH:H2O 30/40 70/90 65/75
5 H2O 30/40 70/90 94c/95c

6 H2O 30/40 50/75 47/80
7 H2O 30/40 25/50 34/65
8 H2O 20/30 70/90 65/88
9 H2O 10/20 70/90 60/85
10 H2O 5/10 70/90 48/80
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Table 3  The synthesis of 
2-amino-4H-pyrans using 
catalyst A and  Ba

Entry Aldehyde Product Time
(min)

Yield
(%)b

M.p (M.p) [ref.]

A/B A/B

1 30/35 95/89 223–226 (227–228) [35]

2 10/20 94/95 207–209 (209–210) [36]

3 20/40 93/93 196–199 (197–199) [35]

4 25/45 91/88 208–210 (209–211) [23]

5 20/60 92/93 195–197 (197–199) [37]

6 20/20 91/95 159–161 (158–160) [38]
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and ammonium acetate (5 mmol) was selected as a model 
reaction. The effects of various parameters such as tempera-
ture, solvent and amount of catalysts were considered in the 
model reaction (Table 4). As shown in Table 4, the best 
conditions were obtained for the catalyst, 30 mg of catalyst 
A (Table 4, entry 4) and 20 mg of catalyst B (Table 4, entry 
9) in solvent-free at 100 °C.

After optimization of the reaction condition, the various 
aromatic aldehydes with benzil and ammonium acetate have 
been described in optimum condition and tri-substituted 
imidazole derivatives were obtained in excellent yields as 
shown in Table 5.

Table 3  (continued) Entry Aldehyde Product Time
(min)

Yield
(%)b

M.p (M.p) [ref.]

A/B A/B

7 25/50 93/89 218–220 (220–221) [37]

8 30/50 93/90 205–207 (206–209) [37]

9 35/40 93/95 220–221 (220–221) [36]

10 20/25 94/96 205–206 (205–206) [37]

a Reaction conditions: aldehydes (1  mmol), malononitrile (1  mmol) and dimedone (1  mmol), catalyst A 
(30 mg) and catalyst B (40 mg) in water at 70 °C for catalyst A and 90 °C for catalyst B
b Isolated yield

Scheme 3  Synthesis of tri-sub-
stituted imidazole derivatives
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Reusability and recycling of the catalyst

Reusability and recyclability of the catalyst A and catalyst B 
were examined through reaction of 4-chlorobenzaldehyde, 
malononitrile and dimedone as a model reaction. After com-
pletion of the reaction, the reaction mixture was cooled to 
room temperature and dissolved in ethyl acetate. Then, the 
catalysts A and B were separated by simple filtration for 
subsequent experiments to investigate their reusability at the 
same reaction conditions. The results showed that catalysts 
are stable in reaction media and can be reused several times 
without significant loss of their catalytic activity (Fig. 11).

Comparison of the catalyst

In order to indicate the catalytic activities catalysts A and B 
comparison with other reported catalysts, we compared the 
results for the synthesis of 2-amino-4H-pyran in the pres-
ence of described catalysts with previously reported methods 
in the literature. The results summarized in Table 6 show 
that our catalysts afford short reaction time and higher yield 
than other catalysts.

Conclusions

In this study, Cu(II)-acetohydrazide supported on CMK-3 
and MCM41 was successfully prepared as green, effi-
cient and reusable catalysts for the synthesis of 2-amino-
4-H-pyran and 2,4,5-trisubstituted imidazole deriva-
tives. Catalytic application of these nano catalysts was 
investigated in synthesis of 2-amino-4-H-pyran and 

Table 4  Optimization of the synthesis of tri-substituted imidazoles 
 conditionsa

a  Reaction conditions: 4-chlorobenzaldehyde (1  mmol), benzil 
(1 mmol), ammonium acetate (5 mmol), time 65 min for catalyst A 
and 90 min for catalyst B
b  purification by preparative TLC
c  Isolated yield

Entry Solvent Catalyst (mg) Temp.(°C) Yield (%)b

A/B A / B A / B

1 EtOH 30/50 78/78 - / -
2 Ethyl acetate 30/50 77/77 - / -
3 H2O 30/50 100/100 25/75
4 Solvent-free 30/50 100/100 97/90
5 Solvent-free 30/50 120/120 95/90
6 Solvent-free 30/50 80/80 80/85
7 Solvent-free 35/40 100/100 94/90c

8 Solvent-free 20/30 100/100 55/93
9 Solvent-free 10/20 100/100 45/98
10 Solvent-free 5/10 100/100 38/88

Table 5  The synthesis of tri-
substituted imidazoles using 
catalyst A and  Ba

a Reaction conditions: aldehydes (1  mmol), benzyl (1  mmol), ammonium acetate (5  mmol), catalyst A 
(30 mg) and catalyst B (20 mg) and solvent-free at 100 °C
b Isolated yield

Entry Aldehyde Product Time (min) Yield (%)b M.p (M.p) [ref.]
A/B A/B

1 C6H5 1a 70/85 91/88 272–274 [7]
2 4-ClC6H5 1b 65/90 97/98 258–260 [7]
3 4-BrC6H5 1c 95/155 96/94 248–250 [7]
4 4-CH3C6H5 1d 70/85 95/96 226–229 [16]
5 4-OCH3C6H5 1e 120/135 94/89 223–225 [16]
6 3,4-(OCH3)2C6H5 1f 150/180 95/90 211–213 [7]
7 2-NO2C6H5 1 g 135/195 92/93 234–236 [39]
8 3-NO2C6H5 1 h 120/265 91/93 309–311 [13]
9 3-OHC6H5 1i 40/145 94/90 259–261 [14]
10 4-OHC6H5 1j 60/130 91/92 120–122 [16]

Fig. 11  Reusability and recycling of the catalyst A or catalyst B for 
the synthesis of 2-amino-4H-pyran
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2,4,5-trisubstituted imidazole derivatives. In the case 
2-amino-4-H-pyran use of smaller amounts of CMK-3 
catalyst, lower temperature and time compared with 
another catalytic system have been required. But for imi-
dazole synthesis the less amount of MCM-41 catalyst 
was needed. In another hand for Cu(II)-acetohydrazide-
CMK-3, although the amount of catalyst was higher, 
but reactions took less time.  N2 adsorption–desorption 
revealed the surface area and pore volume of modified 
CMK-3 are higher than modified MCM-41. TGA results 
confirm weight loss due to the decomposition of immobi-
lized organic groups on the surface of MCM-41 and CMK 
is the same. The advantages of this protocol are the use 
of commercially available, cheap, the simple methodol-
ogy, practicability, using water or solvent-free condition 
for organic reactions, easy of product isolation, recycla-
ble and reusable catalyst, short reaction times and high 
product yields.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13738- 021- 02473-9.
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