
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
A

pr
il 

20
23

. D
ow

nl
oa

de
d 

on
 7

/1
6/

20
25

 6
:3

6:
25

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
TiO2/porous carb
aDepartment of Chemistry, University of Ku

Iran. E-mail: mghadermazi@yahoo.com
bDepartment of Chemical Engineering, Ham

65155, Iran. E-mail: moosavizare@yahoo.co

† Electronic supplementary informa
https://doi.org/10.1039/d3ra00367a

Cite this: RSC Adv., 2023, 13, 10642

Received 17th January 2023
Accepted 28th March 2023

DOI: 10.1039/d3ra00367a

rsc.li/rsc-advances

10642 | RSC Adv., 2023, 13, 10642–1
on as a new nanocomposite and
catalyst for the preparation of 4H-pyrimido[2,1-b]
benzimidazoles†

Zahra Jalilian,a Ahmad Reza Moosavi-Zare, *b Mohammad Ghadermazi *a

and Hamid Goudarziafsharb

A nano TiO2/porous carbon nanocomposite (TiO2/PCN) was designed by the pyrolysis of peanut shells as

bio waste with nano titanium dioxide. In the presented nanocomposite, titanium dioxide is properly placed

in the positions and pores of the porous carbon, so that it acts as an optimal catalyst in the nanocomposite

structure. The structure of TiO2/PCN was studied by various analyses such as Fourier transform infrared

spectroscopy (FT-IR), energy-dispersive X-ray Spectroscopy (EDX), scanning electron microscopy (SEM),

SEM coupled EDX (SEM mapping), transmission electron microscopy (TEM), X-ray fluorescence (XRF) and

BET. TiO2/PCN was successfully tested as a nano catalyst for the preparation of some 4H-pyrimido[2,1-

b]benzimidazoles in high yields (90–97%) and short reaction times (45–80 min).
1. Introduction

4H-pyrimido[2,1-b]benzazoles including 4H-pyrimido[2,1-b]
benzimidazole derivatives are important heterocyclic
compound derivatives and are used in the structure of various
drugs due to some signicant biological activities such as anti-
inammatory,1 anti-tumor,2 anti-bacterial3 and anti-fungal
properties.4

One of the important strategies for the preparation of 4H-
pyrimido[2,1-b]benzimidazoles is the multi-component
condensation reaction of A b-keto ester with various alde-
hydes and 2-aminobenzimidazole.5 The multi-component
reaction is an important strategy for the synthesis of organic
compounds due to preparing the main product in one step,
without the formation of side products. Preventing the loss of
energy, materials and solvent are some other advantages of this
protocol.6–13

Multi-component synthesis of 4H-pyrimido[2,1-b]benzazoles
was reported using various catalysis such as, nano-[Co–4CSP]
Cl2,5 iron uoride,14 Fe3O4@nano-cellulose/TiCl,15 chitosan,16

nano-Fe3O4@SiO2–TiCl3,17 H3PO4–Al2O3,18 nano-TiCl2/cellu-
lose,19 acetic acid,20 TMGT,21 1,3-disulfonic acid imidazolium
triuoroacetate,22 [bmim]BF4,23 GO@PSA-Cu24 and poly (vinyl-
pyrrolidonium) perchlorate.25 Due to importance of 4H-pyr-
imido[2,1-b]benzimidazoles, the nd of the more efficient
rdistan, P.O. Box 66135-416, Sanandaj,

edan University of Technology, Hamedan,

m

tion (ESI) available. See DOI:

0649
method for the preparation of these signicant compounds are
still needed.

Millions of tons of biomass waste annually are produced as
renewable materials in the world. These wastes can be created
from the remains of plants or animals. Low price, low density,
ability to return to the environment, good electrical conduc-
tivity, easy pyrolysis and degradable structure are important
advantages of this category of waste materials.26–30 One of the
biggest renewable sources of carbon is biomass, which is
cheap and widely accessible.31,32 Peanut shell is one of the
important agricultural wastes, which due to its easy pyrolysis,
low density and high ber content, is a suitable template and
precursor for the production of porous carbon with a high
effective surface. Placing metal oxides and other functional
groups in the porous carbon substrate causes chemical acti-
vation and its high catalytic ability in promoting chemical
reactions.33

Peanut shell as bio-waste material was successfully used for
the design of various catalysts which applied in different
chemical process such as cycloaddition of epoxides with CO2,33

degradation of organic pollutant,34 production aromatic rich
monomer compounds,35 synthesis of 5-hydroxymethylfurfural
from glucose, fructose, cellulose and agricultural wastes,36

esterication of cyclohexene with formic acid37 and synthesis of
1,2,3-triazoles.38

Herein, we have used peanut shell as bio-waste for the
preparation of porous carbon as a template for the placement of
nano titanium dioxide on it to give TiO2/porous carbon nano-
composite (TiO2/PCN). TiO2/PCN as a novel and efficient
heterogeneous catalyst was successfully used for the prepara-
tion of 4H-pyrimido[2,1-b]benzimidazoles (Scheme 1).
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 The preparation of 4H-pyrimido[2,1-b]benzimidazoles
using TiO2/PCN.
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2. Results and discussion

In this work, we have used peanut shell to prepare the porous
carbon according the previous literature.31 In this regard,
peanut shell as bio-waste material was crushed, burned and
then, mixed with nano TiO2 in the mass ratio 3 : 1. This
Fig. 1 Preparation steps of TiO2/porous carbon nanocomposite
(TiO2/PCN).

Fig. 2 FT-IR spectrum of TiO2/PCN.

Fig. 3 Energy-dispersive X-ray spectroscopy (EDX) of TiO2/PCN.

© 2023 The Author(s). Published by the Royal Society of Chemistry
presented mixture was heated in 600 °C for 6 hours to prepare
TiO2/porous carbon nanocomposite (TiO2/PCN). TiO2/PCN was
prepared by pyrolysis of peanut shell with nano TiO2 in rutile
form (Fig. 1). This composite was structured in nano size and
Fig. 4 SEM coupled EDX (SEM mapping) of TiO2/PCN.

Fig. 5 SEM micrograph of TiO2/PCN.
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dispersed in the surface of porous carbon with high and effec-
tive surface and large volume which could be applied as an
efficient catalyst in organic synthesis.

FT-IR spectrum of TiO2/PCN was studied and a broad peak
appeared at 3500–3600 cm−1 which could be related to vibration
of the O–H bonds from hydroxyl groups.37 Another peak at
1636 cm−1 is belonged to C]C bond vibrations of the carbon
skeleton39,40 (Fig. 2). FT-IR spectrum of TiO2 was compared with
TiO2/PCN. The images were given in ESI† (Fig. S1).
Fig. 6 TEM micrograph of TiO2/PCN.

Table 1 Specific surface area (SBET), mean pore diameter and total
pore volume of TiO2/PCN

Sample
Specic surface
area (m2 g−1)

Mean pore diameter
(nm)

Total pore volume
(cm3 g−1)

TiO2/PCN 60.151 30.848 0.4639

Fig. 7 N2 adsorption–desorption isotherms of TiO2/PCN. T
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Table 3 The preparation of 4H-pyrimido[2,1-b]benzimidazoles

Entry Product Time (min) Yielda (%) M.p °C (Lit.)ref

1 65 97 293–295 (291–292)5

2 75 92 258–260 (261–263)22

3 65 95 290–292 (294–296)23

4 70 90 255–258

5 65 94 304–306 (>300)23

6 45 95 298–300 (>300)23

7 80 80 258–260 (256–258)25

8 75 87 307–309 (>300)23

9 60 95 308–310 (302–303)41

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 10642–10649 | 10645
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Table 3 (Contd. )

Entry Product Time (min) Yielda (%) M.p °C (Lit.)ref

10 65 97 245–247 (250–252)24

11 70 95 315–318 (>300)41

12 75 95 261–263

a Isolated yield.
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The presented elements in TiO2/PCN were investigated by
energy-dispersive X-ray spectroscopy (EDX) (Fig. 3). From the
examination of Fig. 3, it is clear that the desired elements such
as carbon, oxygen, titanium and other elements in the peanut
shell structure namely calcium, magnesium and potassium
were also observed in the prepared nanocomposite.

In the next investigation, the distribution of the elements in
the prepared nanocomposite structure was investigated and
studied by SEM mapping analysis (Fig. 4). As it is found from
the Fig. 4, indicates that, the elements of carbon, titanium,
oxygen and to a lesser amount potassium, calcium and
magnesium are distributed well in the nanocomposite
structure.

Types of elemental oxides in the nanocomposite structure
determined by X-ray uorescence (XRF) analysis. The results
were obtained in Fig. S2 in ESI.†

The morphology and the particle size of TiO2/PCN were
investigated by scanning electron microscopy (SEM) (Fig. 5). As
it is shown in Fig. 5, indicates that the presented particles from
TiO2/PCN, were prepared in size less than 100 nanometers
(Fig. 5).

The size of the prepared nanocomposite was also investi-
gated by transmission electron microscopy (TEM). According
that, as it is displayed from Fig. 6, demonstrated that the
particles of TiO2/PCN were obtained in nano size.

Because of the porous structure of catalyst particles, to show
the effective surface of complex to catalyze the reactions, the
volume and size of the cavities included in TiO2/PCN nano-
composite were studied. The specic surface area, mean pore
diameter and total pore volume of TiO2/PCN nanocomposite are
10646 | RSC Adv., 2023, 13, 10642–10649
60.151 m2 g−1, 30.848 nm and 0.4639 cm3 g−1 respectively
(Table 1 and Fig. 7).

To nd the best reaction condition, at rst the reaction of 2-
aminobenzimidazole, 4-chlorobenzaldehyde and ethyl acetoa-
cetate was selected as a model reaction and various conditions
such as amount of catalyst, temperature, kinds of solvent vs.
solvent-free condition were examined on this reaction. Aer this
investigation, the best yield and short reaction time were ob-
tained in the presence of 3 mg of the catalyst at 70 °C under
solvent-free condition. The model reaction was also tested in
the absence of catalyst which the yield of the obtained product
was not suitable (Table 2). To show the efficiency of the
prepared nanocomposite as a catalyst in comparison with the
moieties in its structure, nano titanium dioxide and porous
carbon were separately tested on the model reaction which the
obtained results were not better than the main catalyst. The
obtained results from these reactions were given in Table 2.
Moreover, various allotropes of titanium dioxide namely rutile
and anatase used in the structure of nanocomposite and tested
on the model reaction which the prepared composite with nano
titanium dioxide in rutile form was more effective than anatase
form to catalyze the reaction (Table 2).

Aer the optimization of the reaction condition, to investi-
gate the generality and the efficiency of the catalyst, various
aldehydes containing electron-releasing groups, electron-
withdrawing groups and halogens on the aromatic ring were
reacted with ethyl acetoacetate and 2-aminobenzothiazole to
give 4H-pyrimido[2,1-b]benzimidazoles in high yields and short
reaction times. The obtained results were given in Table 3.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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In a suggested mechanism, which is supported by the
literature,5–25,41 ethyl acetoacetate reacted with aldehyde which
is activated by TiO2/PCN to prepare intermediate (I). Then, 2-
aminobenzimidazole is reacted with intermediate (I) to give (II).
In the next step, by the intramolecular nucleophilic attack to
carbonyl group in intermediate (II) which is activated by TiO2/
PCN, intermediate (III) is generated. Finally, by removing of one
molecule of H2O from (III), the desired product is obtained
(Scheme 2).

The reusability of TiO2/PCN as a nanocomposite and catalyst
was also tested on the reaction of 2-aminobenzimidazole, 4-
chlorobenzaldehyde and ethyl acetoacetate. Aer the comple-
tion of the reaction, the reaction mixture was extracted by warm
ethanol and separated from the catalyst by simple ltration. The
separated catalyst was washed with ethyl acetate, dried and
successfully reused for four times (Fig. 8). The FT-IR of reused
Scheme 2 The proposed mechanism for the synthesis of 4H-pyr-
imido[2,1-b]benzimidazoles.

Fig. 8 The recovery of TiO2/PCN.

© 2023 The Author(s). Published by the Royal Society of Chemistry
catalyst in comparison with fresh catalyst was given in Fig. S3 in
ESI.†

The catalytic ability of the new nanocomposite is increased
due to the distribution of nano titanium dioxide in the porous
carbon support and the increase in the surface of the catalyst in
comparison with the porous carbon and titanium dioxide
separately. Using peanut shell as biological waste is important
and economical in designing the structure of this
nanocomposite.

3. Conclusions

In summary, TiO2/porous carbon nanocomposite (TiO2/PCN)
was prepared by the pyrolysis of peanut shell, as bio-waste and
green material, with nano titanium dioxide in rutile form. TiO2/
PCN was fully studied by various techniques including FT-IR,
EDX, SEM mapping, SEM, TEM, BET and XRF analyses. TiO2/
PCN was successfully used as an efficient and reusable hetero-
geneous catalyst for the preparation of some 4H-pyrimido[2,1-b]
benzimidazoles.

4. Experimental
4.1. Procedure for the synthesis of TiO2/PCN

Peanut shells were crushed and ground in a mortar and then
burned. Then, burnt peanut shell (0.075 g) was mixed with nano
titanium dioxide (0.025 g) in rutile form. The presented mixture
was placed in the oven and heated for 6 hours at 600 °C to
produce TiO2/PCN nanocomposite.

4.2. General procedure for the synthesis of 4H-pyrimido[2,1-
b]benzimidazoles

A mixture of aromatic aldehyde, (1 mmol), ethyl acetoacetate
(1 mmol, 0.13 g), 2-aminobenzimidazole (1 mmol, 0.133 g) and
TiO2/PCN nanocomposite (3 mg) as a catalyst was added to
25 mL round-bottomed ask connected to a reux condenser
and stirred at 70 °C under solvent-free conditions. Aer the
completion of the reaction, as monitored by TLC, the reaction
mixture was extracted with warm ethanol (10 mL) and separated
from the catalyst by simple ltration. Finally, the desired
product was puried by the recrystallization in ethanol (90%).

4.3. Selected spectral data of compounds

4.3.1 Ethyl 2-methyl-4-(p-tolyl)-4,10-dihydrobenzo[4,5]imi-
dazo[1,2-a]pyrimidine-3-carboxylate (2). Yellow solid; M.p: 258–
260 °C; yield: 92%; IR (KBr, cm−1): 3238, 3162, 3106, 2934, 1698,
1659, 1621, 852, 474; 1H-NMR: (250 MHz, DMSO-d6): d (ppm)
1.12 (t, J = 7.50 Hz, 3H), 2.43 (s, 3H), 3.62 (s, 3H), 3.98 (q, J =
7.50 Hz, 2H), 6.35 (s, 1H), 6.77 (d, J= 7.50 Hz, 2H), 6.88–7.04 (m,
2H), 7.20–7.33 (m, 4H), 10.77, (s, 1H); 13CNMR: (62.5 MHz,
DMSO-d6): d (ppm); 14.5, 19.0, 55.3, 55.7, 59.7, 98.6, 110. 3,
114.0, 117.1, 120.5, 122.1, 128.7, 131.9, 134.6, 142.7, 146.0,
146.5, 159.0, 165.6.

4.3.2 Ethyl 4-(2,5-dimethoxyphenyl)-2-methyl-4,10-dihy-
drobenzo[4,5]imidazo[1,2-a]pyrimidine-3-carboxylate (4).
Yellow solid; M.p: 255–258 °C; yield: 90%; IR (KBr, cm−1): 3231,
RSC Adv., 2023, 13, 10642–10649 | 10647
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3100, 3170, 2974, 2839, 1658, 1617, 1575, 828 701; 1H-NMR: (250
MHz, DMSO-d6): d (ppm) 1.07 (t, J = 7.50 Hz, 3H), 2.43 (s, 3H),
3.61 (s, 3H), 3.70 (s, 3H), 3.94 (q, J = 7.50 Hz, 2H), 6.58 (s, 1H),
6.72 (d, J = 7.50 Hz, 1H), 6.83 (d, J = 7.50 Hz, 2H), 6.91–7.02 (m,
2H), 7.29 (d, J = 7.50, 1H), 10.74 (s, 1H); 13CNMR: (62.5 MHz,
DMSO-d6): d (ppm); 14.3, 18.9, 51.7, 55.6, 56.4, 59.5, 96.8, 109.7,
112.8, 113.5, 115.5, 117.0, 120.4, 121.9, 130.9, 132.2, 142.6,
146.3, 147.4, 151.1, 153.3, 165.6.

4.3.3 Ethyl 4-(3-chlorophenyl)-2-methyl-4,10-dihydrobenzo
[4,5]imidazo[1,2-a]pyrimidine-3-carboxylate (10). Yellow
solid; M.p: 245–247 °C; yield: 97%; IR (KBr, cm−1): 3275, 3258,
32, 19, 3090, 2955, 1661, 1642, 1606, 844, 529; 1H-NMR: (250
MHz, DMSO-d6): d (ppm) d (ppm) 1.12 (t, J = 7.50 Hz, 3H), 2.44
(s, 3H),4.00 (t, J = 7.5 Hz, 2H), 6.43 (s, 1H), 9.91–7.06 (m, 2H),
7.24–7.35 (m, 5H), 7.44 (s, 1H), 10.89 (s, 1H); 13CNMR: (62.5
MHz, DMSO-d6): d (ppm); 14.4,19.1, 55.7, 59.8, 97.7, 110.2,
117.3, 120.7, 122.3, 126.0, 127.5, 128.2, 130.8, 131.8, 133.2,
142.6, 144.8, 145.8, 147.4, 165.4.

4.3.4 Ethyl 4-(4-(benzyloxy)phenyl)-2-methyl-4,10-dihy-
drobenzo[4,5]imidazo[1,2-a]pyrimidine-3-carboxylate. Yellow
solid; M.p: 261–263 °C; yield: 95%; IR (KBr, cm−1): 3238,
3106,3034,2980, 1697, 1617, 1510, 830, 696; 1H-NMR: (250 MHz,
DMSO-d6): d (ppm) 1.11 (t, J = 7.50 Hz, 3H), 2.43 (s, 3H), 3.98 (q,
J = 7.50 Hz, 2H), 4.95 (s, 2H), 6.35 (s, 1H), 6.84–7.04 (m, 5H),
7.21–7.34 (m, 8H), 10.79 (s, NH); 13CNMR: (62.5 MHz, DMSO-
d6): d (ppm); 14.5, 19.0, 55.7, 59.7, 69.6, 98.5, 110.3, 114.8, 117.1,
120.5, 122.1, 128.1, 128.2, 128.7, 128.8, 131.9, 134.8, 137.3,
142.7, 146.0, 146.6, 158.2, 165.6.
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