Research on Chemical Intermediates (2024) 50:2581-2601
https://doi.org/10.1007/511164-024-05281-x

®

Check for
updates

Synthesis and characterization of solid Brgnsted

acid derived from rice husks as an efficient catalyst

for the preparation of some 2,4,5-trisubstituted imidazole
derivatives

Noor Abbas Alshook' - Hayder Hamied Mihsen' - Haitham Dalol Hanoon'

Received: 22 January 2024 / Accepted: 3 April 2024 / Published online: 25 April 2024
©The Author(s), under exclusive licence to Springer Nature B.V. 2024

Abstract

Solid Brgnsted acid catalysts are crucial heterogeneous catalysts used as substitutes
for liquid Brgnsted acids in organic synthesis. In this research, solid Brgnsted acid
was synthesised in an easy and environmentally friendly method using rice husks
as a raw material by converting them to dissolved sodium silicate and using sol-
gel technique, silylating agents ((3-chloropropyl)triethoxysilane (CPTES)) reacted
with sodium silicate to prepare RH-SiO,PrCl. Through the nucleophilic reaction
between RH-SiO,PrCl and 1-Amin-2-naphthol-4-sulfonic acid, a solid acid
catalyst (RH-SiO,PrANSA) was prepared. The solid acid catalyst is characterized
by many techniques, such as FTIR, EDX, CHNS, and BET. The results showed a
secondary amine absorption band ( -N-H) at 3236 cm™ L. Also, the BET results for
the catalyst indicated that its surface area was 61.74 m? g~!' with an average pore
diameter of 5.14 nm. The synthesized solid Bronsted acid was used as a catalyst to
prepare 2,4,5-Trisubstituted imidazole derivatives by reacting six different subtenant
aldehydes with benzil and ammonium acetate. All the products are characterized by
FTIR, H NMR, and Mass spectroscopy, with around ~90% conversion yields.
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Introduction

The increased amount of waste produced in manufacturing significantly impacts
the environment, plants, and animals [1]. The recycling process is one of the
solutions to reducing waste. The significance of using waste materials, such as
rice husk (RH), has recently increased. RH refers to the outer layer of rice grains
that is typically separated during milling. It is worth noting that this product
constitutes around 20% of the global rice production [2]. According to FAO, the
worldwide rice production in 2017 amounted to around 759.6 million tons. The
husk consists of "cellulose (50%), lignin (25-30%), silica (15-20%), and moisture
(10-15%)" [3, 4]. Interestingly, one of the sources of amorphous silica is rice
husk extracted by sodium silicate. During a subsequent phase of the procedure,
treating the sample with acid induces a transformation of the silica material
into a gel substance. This extraction method could be conducted under ambient
temperatures as a viable alternative to conventional heat treatment [5]. Solid acid
catalysts have unique properties such as being environmentally friendly, easy to
recycle, non-corrosive, and the catalyst can be reused for more than one catalytic
cycle. Therefore, these solid acid catalysts have recently been used to produce
biofuels [6—10]. A solid acid catalyst is produced safely through silica derived
from rice husk. Solid materials with acidic characteristics on their surfaces can
function as catalysts, similar to liquid acids like sulfuric acid and hydrochloric
acid. Using solid acid catalysts enhances the efficiency and sustainability of
chemical processes [11-13]. Heterocyclic compounds are the most extensive
and varied group of organic chemicals. Aromatic heterocyclic compounds
have been common structural patterns observed in various manufactured and
naturally occurring bioactive, agrochemicals, and medicines [14]. Numerous
studies have been conducted on using aromatic heterocyclic compounds as
intermediates. Despite several efficient methodologies previously reported for
synthesizing aromatic heterocyclic compounds and their derivatives, there is a
continuous demand for the advancement of novel processes. One of the primary
research endeavours in the synthesis field involves advancing novel synthetic
methodologies for heterocyclic compounds. The objective is to enhance the
molecular complexity level and the compatibility of functional groups in an
atom-efficient and efficient manner. This is achieved by utilizing readily available
starting compounds and conducting reactions under mild conditions [15]. Among
the many nitrogen-containing heterocyclic compounds, imidazole is a central
heterocyclic molecule prevalent in many bioactive compounds and synthetic
drugs [16]. Hedyeh Hosseinzadeh etal. Reported short reaction times under a
solvent-free condition to synthesize new imidazoles by efficient nano-catalyst.
The nanocatalyst is produced from Hot-water-soluble starch (HWSS) material
and nano-size conglomerates of talc and magnetite nanoparticles [17]. In the
same context, magnetic silica nanoparticles were used in a simple and effective
one-pot to synthesize imidazolate derivatives[18]. Suman Sangwan et al.
reported an efficient approach for synthesising novel imidazoles with a reusable
solid acid catalyst from rice husks [19]. Also, Nguyen et al. A new pathway
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to synthesize polysubstituted imidazoles from nitro compounds was reported
via the four-component condensation reaction in the presence of amorphous
carbon-bearing sulfonic acid groups as solid acid catalysts [20]. Many methods
synthesize imidazole derivatives, including a multicomponent response from
a dicarbonyl, aldehyde, ammonia, or primary amine. These methods are used
commercially to produce many imidazole derivatives under acidic conditions and
at high temperatures. Still, these methods require long, hard work and expensive
reagents. Therefore, we find safe and fast ways to produce heterogeneous acid
catalysts using available and cheap raw materials. This catalyst can be used in
multiple applications, including the production of imidazole derivatives [21,
22]. From this standpoint, our research aims to synthesise 2,4,5-trisubstituted
imidazole derivatives in the context of solid Bronsted acid (SiO,PrANSA) as a
catalyst under mild conditions.

Materials and apparatus

The rice husks were taken from the Abbasiya factory in Najaf/ Iraq. All chemicals
and solvents were purchased from Sigma-Aldrich®, TCI®, and Acros®. The FTIR
analyses were recorded by Shimadzu 8400 s "Japan, with a spectral range from 4000
to 400 cm™'. X-ray diffraction analyses were obtained by "Philips PW 1730/10"
Using Cu-K radiation in an X-ray diffractometer. Elemental analyses (CHNS) were
carried out on an Eager 300 for EA1112. Scanning electron microscopy (SEM-
FESEM) was recorded by MIRA III (Czech). Atomic force microscopy (AFM)
was obtained by (NT-MDT/INTEGRA (Holland), and Thermogravimetric analyses
(TGA) were recorded by Apparatus SDT-Q600 concurrent TGA / DSC (Belgium)
from 30 to 900 °C under nitrogen flow at a heating rate of 20 °C per minute. The
NMR spectra were recorded using a Bruker 400 MHz NMR spectrometer from
Germany. Mass spectroscopy was carried out by an Agilent 5375 d.

The preparation process of rice husks

The rice husk (RH) was collected from the quarry rice of Najaf, which was washed
three times with distilled water and dried at room temperature for two days. 30 g of
cleaned rice husk was stirred with 500 mL of 1 M nitric acid at room temperature
for 24 h and washed many times very well and with distilled water until it reached
pH 6-7 and dried in an oven at 110 °C overnight. The prepared sample was labelled
as RH-NO;.

Preparation of sodium silicate solution (RH-Si0,) from rice husks

The preparation process of the non-crystalline sodium silicate from RH was per-
formed using a recently reported method [23]; briefly, 30 g of RH-NO; were mixed
with 200 mL of sodium hydroxide in a plastic container and stirred for 24 h. The
mixture was filtered to remove the cellulose and then was dried. The filtered part
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Scheme 1 Preparation process of sodium silicate, RH-SiO,PrCl and RH-SiO,PrANSA

represented sodium silicate and was used as a precursor to the synthesis catalyst, as
shown in Scheme 1.

Preparation of rice husk silica-3-(chloropropyl) triethoxysilane (RH-SiO,Pr Cl)

About 6 mL of (3-chloropropyl) triethoxysilane (CPTES) was added to 50 mL of
the prepared sodium silicate solution. The mixture was titrated with 3 M HNO; until
the pH reached 3. The formed gel was separated by centrifuge at 4000 r/min for
5 min. The mixture was washed with distilled water five times and finally washed
with acetone, then dried up to 24 h at 110 °C in the oven. The prepared sample was
labelled as RH-SiO,PrCl, as shown in Scheme 1. The weight of the product was
6.4¢.

Preparation of acid catalyst (RH-SiO,PrANSA)

A 0.5 g RH-SiO,PrCl was added to (2 g, 8.3 mmol) of 1-Amin-2-naphthol-4-
slphonic acid; the mixture was refluxed for 24 h at 80 °C in a mixture of 30 mL
of toluene and (1.16 mL, 8.3 mmol) triethylamine (Et;N). The resulting solution
containing the yellow solid was filtered and washed with ethanol, acetone, and
DMSO. Then dried for 24 h at 110 °C. Finally, 0.7 g of the powder was collected as
RH-SiO,PrANSA.

Synthesis 2,4,5-trisubstituted imidazole derivatives (4a-f)
A mixture of 5 mmol ammonium acetate, 1 mmol aldehyde and 1 mmol benzil

was dissolved in 5 mL of ethanol, and then 0.08 g of RH-SiO,PrANSA was added
as a catalyst. The mixture was heated under reflux with stirring for 2.5 h. After
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Scheme 2 Synthesis of some functional imidazole derivatives using RH-SiO2PrANSA as the catalyst

the reaction, the crude product was poured on dichloromethane (10 mL) with stir-
ring for 15 min, and the solid Brgnsted acid catalyst was removed by simple fil-
tration. The catalyst was recovered in three successive cycles under the same con-
ditions. The filtrate was poured into cold water (10 mL) and stirred for 10 min; a
precipitated solid was filtered, washed with distilled water, and dried. The prod-
uct was purified by recrystallizing it in an ethanol-water mixture to afford imi-
dazole derivatives, as shown in Scheme 2. All the products were confirmed by
melting points, FTIR, '"H NMR and mass spectra.

2,4,5-triphenylimidazole (4a): Yield: 95%; beige solid; M.p. 271-273 °C (Lit.
271-273 °C) [24]; IR (KBr) © (cm™!): 3317 (NH), 3063 (Ar-H), 1662 (C=N);
"H NMR (400 MHz, DMSO-d¢) & (ppm): 12.79 (s, NH), 8.10 (d, /=8.0 Hz, 2H,
Ar-H), 7.57-7.21 (m, 13H, Ar-H); MS (ESI): m/z=296.3 [M*].

2-(4-nitrophenyl)-4,5-diphenylimidazole (4b): Yield: 83%; yellow solid; M.p.
194-196 °C (Lit. 199-201 °C) [13]; IR (KBr) d (cm™!): 3375 (NH), 3059 (Ar-H),
1600 (C=N), 1516 and 1338 (NO,); '"H NMR (400 MHz, DMSO-d,) & (ppm):
13.16 (s, NH), 8.37-8.33 (m, 3H, Ar-H), 8.32-7.26 (m, 11H, Ar-H); MS (ESD):
m/z=341.3 [M*].

4-(4,5-diphenylimidazol-2-yl)-N,N-dimethylaniline (4c¢): Yield: 71%; beige
solid; M.p. 259-261 °C (Lit. 256-258 °C) [25]; 3375 (NH), 3036 (Ar—H), 2939,
2877 and 2800 (C-H), 1612(C=N); 'H NMR (400 MHz, DMSO-dy) & (ppm):
12.32 (s, NH), 7.92-7.89 (m, 2H, Ar-H), 7.51-7.30 (m, 10H, Ar-H), 6.81-6.78
(m, 2H, Ar-H), 2.97 (s, 6H, N(CH,),); MS (ESI): m/z=339.2 [M*].

3-(4,5-diphenylimidazol-2-yl)phenol (4d): Yield: 97%; gray solid; M.p.
255-258 °C (Lit. 254-257 °C) [25]; IR (KBr) © (cm™'): 3313 (OH), 3185 (NH),
3063 (Ar-H), 1662(C=N); '"H NMR (400 MHz, DMSO-d,) & (ppm): 12.61 (s,
NH), 9.56 (s, OH), 7.55-7.20 (m, 12H, Ar-H), 6.79-6.77 (m, 2H, Ar-H); MS
(ESI): m/z=312.1 [M*].

4-(4,5-diphenyl-1H-imidazol-2-yl)-phenol (4e): Yield: 80%; gray solid; M.p.
236-238 °C (Lit. 233-236 °C) [25]; IR (KBr) © (cm™'): 3313 (OH), 3167 (NH),
3063 (Ar-H), 1666(C=N); 'H NMR (400 MHz, DMSO-d¢) & (ppm): 12.41
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(s, NH), 9.70 (s, OH), 7.91-7.88 (m, 2H, Ar-H), 7.54-7.19 (m, 10H, Ar-H),
6.87-6.83 (m, 2H, Ar-H); MS (ESI): m/z=312.3 [M™*].

2-(4-chlorophenyl)-4,5-diphenylimidazole (4f): Yield: 95%; white solid; M.p.
263-265 °C (Lit. 260-262 °C) [25]; IR (KBr) © (cm™!): 3437 (NH), 3066 (Ar-H),
1600 (C=N); '"H NMR (400 MHz, DMSO-dy) & (ppm): 12.79 (s, NH), 8.10 (d,
J=8.0 Hz, 2H, Ar-H), 7.57-7.52 (m, 9H, Ar-H), 7.50-7.32 (m, 2H, Ar-H),
7.31-7.21 (m, 1H, Ar-H); MS (ESD): m/z=330.3 [M*].

Results and discussion
Fourier-transform infrared spectroscopic analysis (FT-IR)

The existence of a band within the range of 3600-3300 cm™! in the FT-IR spec-
tra of RH-SiO,PrCl, as seen in Fig. 1, the occurrence of a stretching vibration
associated with the hydroxyl group in Si—~OH and adsorbed water on the silica
surface [26]. The prominent peak observed at 2950 cm™! can be attributed to
the stretching vibration modes associated with the C—H bonds [4]. A band at
1639 cm™! may be attributed to the bending vibration of water molecules [27].
The FT-IR examination of the RH-SiO,PrCl sample revealed the presence of
distinct bands with peaks at 1087, 790, and 495 cm~!. These bands correspond
to the vibrational modes associated with the siloxane (Si—O-Si) bonds [12]. A
band at 690 cm™! suggests that this can be attributed to the carbon chloro bond
in the RH-Si0,PrCl. The findings of this study provide unequivocal evidence of
the effective integration of CPTES into sodium silicate.The spectum on the new
catalyst RH-SiO,PrANSA showed a broad band around 3445 cm™! due to silanol
groups (Si—OH) and to the absorption frequency of water adsorbed on the silica
surface. Also, the FT-IR study conducted on the new catalyst, as seen in Fig. 1,
revealed the presence of a broad band at 3236 cm™!. This band can be attributed

RH-SIO,PrANSA

RH-8IO,PrCl

Transmittance %

T r T T T ' T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 1 FTIR analysis of RH-SiO,PrCl and RH-SiO,PrANSA
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to the stretching vibration of the N-H group [4, 28], the presence of a band at
2966 cm~! due to the C—H group stretching vibration. The band at 1400 cm™!
was attributed to the vibration of the extension of the S=0O group due to the pres-
ence of sulfonic acid. Furthermore, the peak was observed around 1670 cm™!,
which is typically allocated to the vibration of adsorbed water (H,O), and the
peak located at 1095 cm™' was assigned to Si—O-Si vibration [29]. All these
absorption bands were successfully inducted to lade functionalized silica RH-
SiO,PrClI with 1-Amin-2-naphthol-4-sulfonic acid.

X-ray diffraction analysis (XRD)

The XRD patterns at low-angle and high angle of the functionalized silica RH-SiO-
,PrCl and RH-SiO,PrANSA are shown in Figs. 2, 3, respectively. From observing
the XRD patterns at low angles, no changes were observed in the scattering angles,
and thus, it is impossible to know the shapes of the pores and phases through XRD
patterns at low angles. At a high angle, the first broad peak around 22° of 2 theta
indicates the amorphous nature of RH-SiO,PrCl and RH-SiO,PrANSA [30, 31].
However, no change in the catalyst phase after adding the 1-Amin-2-naphthol-4-sul-
fonic acid immobilized onto RH-SiO,-PrCl.

Nitrogen adsorption analysis

The N, adsorption—desorption investigation yielded findings indicating that the
RH-Si0,PrCl compound had a specific surface area value of 205.42 m? g~! and a
pore width of 3.97 nm, as seen in Fig. 4a and based on the IUPAC classification,
the adsorption—desorption isotherm exhibits a type IV behavior [32], accompanied
with hysteresis loops of H, nature. This observation suggests the presence of robust
and attractive interactions among the molecules [33]. The specific surface area and

400000 ~
350000
300000
250000

200000 +
RH-SiO,PrANSA

Intencity

150000 -
100000
50000

0 RH-SiO,PrCl

T T T 1

2 4 6 8 10
2 Theta (degree)

Fig.2 XRD analysis at low angle of RH-SiO,PrCl and RH-SiO,PrANSA
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RH-SiO,PrANSA

Intensity

RH-SiO,-PrClI

T T T T T T T T T

10 20 30 40 50 60 70 80 90
2 Theta (degree)

Fig.3 XRD analysis at high angl of RH-SiO,PrCl and RH-SiO,PrANSA

pore diameter of the RH-SiO,PrANS were determined by BET analysis, as shown
in Fig. 4b. The obtained values were 61.739 m? g~! for specific surface area and
5.14 nm for pore diameter. The observed isotherms displayed a characteristic type
IV curve, whereas the hysteresis loop was classified as type H, based on the [IUPAC
classification. It was observed that the decrease in the value of the specific surface
area of the catalyst RH-SiO,PrANS due to the replacement of 1-amino-2-naphthol-
4-sulfonic acid with a chloro leads to cracking of the surface, which is crowded with
the ligand network on the surface and thus clogs the tiny pores.

Thermogravimetric analysis (TGA)

Thermogravimetric analysis (TGA) was used to ascertain the thermal stability
of RH-SiO2PrCl and RH-SiO,PrANS. The TGA thermogram of RH-SiO,PrCl,
Fig. 5a, shows two distinct phases in the first phase, at a temperature ranging from
50 to 200 °C, attributed to loss of water adsorbed on the compound sample sur-
face (about 10%). In the second stage, at a temperature from 200 to 850 °C, the
weight loss increased by 37% because of the degradation of the chloropropyl groups
attached to silica and the intensification of silanol groups to form the stable Si—-O-Si
siloxane bonds [34]. Thermogravimetric analysis (TGA) was used to ascertain the
thermal stability of the catalyst RH-SiO,PrANS. The TGA thermogram (Fig. 5b)
shows two distinct phases in the first phase, at a temperature ranging from 50 to
200 °C, attributed to the water loss adsorbed on the compound sample surface
(about 18%). Decomposition of the 1-Amin-2-naphthol-4-sulfonic acid bonded to
the silica accounts (about 60%) for the second mass loss at a temperature from 200
to 650 °C. At high temperatures between 650 and 900 °C, the Si—~OH groups break
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Fig.4 a N, adsorption—desorption isotherm and pore size distribution of RH-SiO,PrCl. b N, adsorption—
desorption isotherm and pore size distribution of RH-SiO,PrANS

down in the silica structure and transform into the Si—O-Si siloxane group (about
20%) [35, 36]

Elemental analysis (CHNS)

The elemental analysis (CHNS) of the RH-SiO,PrCl compound showed that the per-
centage of carbon and hydrogen reached 16.24% and 5.3%, respectively. As shown
in Table 1, the elemental analysis of the RH-SiO,PrANSA compound exhibited that
the percentage of carbon, hydrogen, nitrogen and sulfur was 29.41%, 7.3%, 3.5%
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Fig.5 a TGA analysis of RH-SiO,PrCl. b TGA analysis of RH-SiO,PrANSA
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Table 1 Elemental analysis
Sampl C (% H (% N (% S (%
(CHNS) of the RH-SiO,PrCl ampe . ) ) )

and RH-SiO,PrANSA

RH-SiO,PrCl 16.24 53 - -
RH-SiO,PrANSA 29.41 7.3 35 4.6

and 4.65%, respectively. The high percentage of these elements is due to the associa-
tion of RH-SiO,PrANSA with 1-Amin2-naphthol4-sulfonic acid.

Scanning electron microscopy—energy dispersive X-ray (SEM/EDX)

FESEM micrographs of RH-SiO,PrClI are shown in Fig. 6. The image indicates
a heterogeneous porous structure where several particles gather loosely on the

- /
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View field: 20.8 pm Det: InBoam  5pm
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Fig.6 FESEM analysis of RH-SiO,PrCl
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Fig.7 EDX analysis of RH-SiO,PrCl
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sample’s surface to form many agglomerates as a result of the functionalized
silica by a silylating agent [37]. The EDX spectrum of RH-SiO,PrClI is shown
in Fig. 7. The spectrum analysis revealed that the compounds contained carbon,
chloride, oxygen and silicon elements in a compound.

Figure 8 shows microscopic images from FESEM of the RH-SiO,PrANSA
catalyst, where a large gathering of particles appears on the surfaces of the cata-
lyst to form gaps similar to channels and grooves. These gaps facilitate the dif-
fusion of the formed particles on the sample’s surface [38]. Figure 9 shows the
EDX of RH-SiO,PrANS. EDX spectrum showed peak density of oxygen 34.80%,
carbon. 40.83%, silica 6.01% and nitrogen 18.12%. The synthesized components
of this catalyst indicate that the proportion of nitrogen and carbon has increased

™,

SEM HV: 30.0 kV WD: 4.32 mm

View fleld: 20.8 pm Det: InBeam 5pm
SEM MAG: 10.0 kx  Date(m/dly): 0524723

SEM HV: 30.0 kV WD: 4.32 mm | MIRA3 TESCAN
View field: 5.08 pm Det: InBeam
SEM MAG: 40.9 kx  Date(mvdly): 052423

Fig.8 FESEM analysis of RH-SiO,PrANSA
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Fig.9 EDX analysis of RH-SiO,PrANSA
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Fig. 10 AFM 2D (in left) and 3D (in right) micrographs of RH-SiO,PrCl
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Fig. 11 AFM 2D (in left) and 3D (in right) micrographs of RH-SiO,PrANSA

compared to the previous catalyst, due to the treatment of this catalyst with
1-Amin-2-naphthol-4-sulphonic acid.

Atomic force microscopy (AFM)

Atomic force microscopy (AFM) images of RH-SiO,PrCI and RH-SiO,PrANSA
are shown in Figs. 10 and 11, respectively. The structures appear to be pyrami-
dal, and the arrangements of the pores are irregular; the hierarchical structure
for RH-SiO,PrANSA is more compact than for the compound RH-SiO,PrCl
[39]. The average roughness coefficient (Ra) is 1.433 nm, and the root square
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Fig. 12 TEM images of RH-SiO,PrCl

roughness (Rrms) is 934 pm for the catalyst RH-SiO2PrANSA, which is greater
than the roughness coefficient and root square roughness for RH-SiO,PrCl,
1.295 nm and 845 pm, respectively. This change may be attributed to success-
fully modifying the surface of the RH-SiO,PrCl by I-amin-2-naphthol-4-sul-
phonic acid.

Transmission electron microscopy (TEM)

The TEM results are shown in the micrographs of the RH-SiO,PrCl composite com-
posed of amorphous silica in Fig. 12. It can be observed that the pore particles were
well distributed with interparticle aggregates. The estimated pore diameter measured
is about 4 nm. This result is in agreement with what was obtained from the BET
analysis. Figure 13 shows the images of TEM for the RH-SiO,PrANSA catalyst; the
distribution of the pores particles is slightly more dispersed than those of the RH-
SiO,PrCl. As a result of treating this catalyst with 1-amino-2-naphthol-4-sulfonic

Fig. 13 TEM images of RH-SiO,PrANSA
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Scheme 3 The possible mechanism of the synthesis of 2,4,5-trisubstituted imidazole derivatives over
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acid, the estimated pore diameter measured was approximately 5 nm. This result
agrees with that obtained from the BET analysis, which gives the impression that

the RH-SiO,PrANSA is a mesoporous material.
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Characterization of 2,4,5-trisubstituted imidazole derivatives

This research reported an innovative and effective synthetic process for produc-
ing 2,4,5-trisubstituted imidazole derivatives from various aldehydes, ammonium
acetate, and benzil with RH-SiO,PrANSA as a catalyst. The synthesis of imida-
zole derivatives is shown in Scheme 2. The FTIR spectra of all derivatives (4a-
f) showed two influential bands, one at around 3300 cm~! due to N-H stretch-
ing and the other near 1600 cm™! attributed to C=N stretching, while the NMR
spectra exhibited a peak of about 12 ppm for the N-H of the ring of imidazole.
Moreover, one compound peaked at 2.97 ppm for C—H of the aliphatic group, and
two appeared to peak at 9.56 and 9.70 ppm due to O—H of hydroxyl groups. The
possible mechanism for forming 2,4,5-trisubstituted imidazole derivatives is sug-
gested in Scheme 3.

The optimization of reaction-conditions

The benzaldehyde, ammonium acetate, and benzil reaction (4a) was selected as a
model reaction to investigate the most favourable reaction conditions (Scheme 2).
The investigation examined several solvents (H,O, methanol, ethanol, acetoni-
trile, and THF) screened (Table 1) and molar ratios for the reaction, with the
outcomes consolidated in Tables 2 and 3, correspondingly. The most significant
percentage yield was attained when ethanol was used as the solvent, as indicated
in Table 1, entry 3. This could be due to the good solubility of the catalyst in
ethanol. According to the molar ratio analysis, it was determined that the optimal
and most appropriate choice for the reaction was a ratio of 1:1:5, as indicated in
Table 3, entry 5. Furthermore, the experimental procedure for the model reaction
(4a) involved utilising different quantities of the catalyst, as shown in Table 4,
entry 4, which was demonstrated to improve outcomes by using 0.08 g of the
catalyst. After optimising the reaction conditions, a set of 2,4,5-triphenyl imi-
dazole derivatives (4a—f) was synthesized. The catalyst’s efficiency with various
catalysts by other reported procedures for synthesising 2,4,5-triphenyl imidazole
was compared [24, 40]. The best yield was obtained with RH-SiO2PrANSA, as
shown in Table 5, entry 3.

Table 2 Effect solvent on the

. . Entry Solvent Yield %
synthesis of 2,4,5-triphenyl
imidazole (4a) 1 H,0 7
2 Methanol 20
3 Ethanol 97
4 CH;CN 58
5 THF 40
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Table 3 Effect of mole ratio on the synthesis of 2,4,5-triphenylimidazole (4a)

CHO
H
0 N
+ + NH,0Ac —DOMhref | p
o N

A B C
Entry Mole ratio (A:B:C) Yield %
1 1:1:1 32
2 1:1:2 51
3 1:1:3 69
4 1:1:4 84
5 1:1:5 88

Table 4 Effect of catalyst

. . Entry Catalyst Yield (%)
concentration on the synthesis
of 2,4,5-triphenylimidazole (4a) 0.01 64
2 0.02 77
3 0.04 87
4 0.08 95
5 0.16 74
Table 5 Comparisons Entry  Catalyst Reaction Yield %  Refs.
of some other reported conditions

procedures with the present

study fqr the sy'ntbesis of H,S0, Reflux 73 [26]
2,4,5-triphenylimidazole (4a)
Cul Reflux 85 [40]
RH-SiO,PrANSA  Reflux 95 This study

Catalyst reusability

A feature of utilizing the novel catalyst, RH-SiO,PrANSA, is that it is used
again, rendering it both ecologically sustainable and cost-effective. A typical
response was selected and examined using identically enhanced circumstances
to investigate the potential for catalyst reusability. Following the completion of
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Fig. 14 Reusability of the catalyst
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Fig. 15 XRD analysis at high angl of recovered RH-SiO,PrANSA

the interaction, the catalyst was readily separated by using the reaction com-
bination of a straightforward filtration process and subsequently washed with
dichloromethane. The retrieved catalyst underwent a drying process and was put
through three more testing times (Fig. 14). Also, from Fig. 14, it is noted that
there is a decrease in the effectiveness of the catalyst in the third cycle. The
main reason for the decrease in catalytic activity is not clear, but may be related
to catalyst toxicity as a result of precipitate organic and inorganic molecules
on it. In addition, as shown the XRD spectrum and SEM images (Figs. 15 and
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Fig. 16 FESEM analysis of recoverd RH-SiO,PrANSA

16,respectively) of the recovered catalyst did not change significantly compared
to those obtained for the fresh catalysts, indicating excellent structural stability
of the solid acid catalyst under reaction conditions.

Conclusion

Based on some physical measurements, such as infrared spectra, elemental analysis,
and ED-X, we concluded that the 1-Amin-2-naphthol-4-sulfonic acid had been
successfully immobilized onto the surface of functional silica RH-SiO,PrCl. BET
measurements showed the immobilization of a large molecule of the 1-Amin-2-
naphthol-4-sulfonic acid on the silica surface, resulting in a significant decrease
in the particular surface area for all RH-SiO,PrCl. The catalyst RH-SiO,PrANSA,
as an efficient and environmentally friendly catalyst, was synthesized and used to
prepare imidazole derivatives. The catalyst is recovered for up to three uses without
loss of activity. The new methodology gives good yields with simple work-up, mild
conditions, and accessible synthesis of catalysts.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11164-024-05281-x.
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