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A SIMPLE, EFFICIENT AND GREEN PROCEDURE FOR THE SYNTHESIS OF 2, 4, 5-
TRISUBSTITUTED IMIDAZOLE DERIVATIVES USING NOVEL PEG-SOCI AS A CATALYST
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ABSTRACT: A facile, highly efficient, simple, and convenient method for
synthesizing 2, 4, 5-trisubstituted imidazole derivatives from the condensation of
various substituted benzaldehyde, benzil, and ammonium acetate by using a catalytic
amount of PEG-SOCI in the presence of water at room temperature or under
microwave irradiation. PEG-SOCI is an effective heterogeneous catalyst and easy to
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. separate. We have investigated that PEG-SOCI catalytic system was excellent
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recycled and reused three times without any loss of catalytic activity. PEG-SOCI act
as a green catalyst, low-cost, non-volatile, non-hazardous, environmental friendly
catalyst, and water is a green solvent reaction carried out at room temperature or
under microwave radiation method shows greater advantages because it has
contributed in the green chemistry aspects. The prepared catalyst was analyzed by
analytical methods such as infrared spectrum (IR), X-Ray diffraction pattern (XRD),
thermo-gravimetric analysis (TGA), and BET surface analysis. Spectroscopic
techniques identified the synthesized pure product (1j), including infra-red (IR)
spectrum, *H and **C NMR spectrum and Mass (LC-MS) spectrometry.
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INTRODUCTION: Imidazole derivatives are
important and famous heterocyclic compound the

Imidazole and its derivatives involve one pot and
multicomponent reaction of substituted

which shows the general and key structure of
features of a variety of medicinal Pharmaceutical
and natural products. Essential and synthetic
imidazole derivatives occupy the main place among
pharmaceutically and medicinally important
compounds due to their different interesting and
widespread  medicinal ~ Pharmaceutical  and
biological activity such as anti-oxidant 2, anti-
viral **, anti-cancer >®, anti-inflammatory "%, anti-
tuberculosis °*°, anti-bacterial ***?, antifungal ****,
anti-diabetic  >°, anti-microbial "8 anti-
convulsant *°, cytotoxic 2, antiproliferative %,
anticandidal %, antiamoebic * activity, etc.
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benzaldehyde, benzil, and ammonium acetate by
using a PEG-SOCI as a green catalyst in aqueous
media at room temperature or under microwave
irradiation. The various synthetic methods have
been developed for the synthesis of imidazole
derivatives in the presence of different catalysts
such as poly (4-vinylpyridine) supported TiCl, or
[P4-VP]-Ti(IV) %, Amberlite IR 120H+ %, Appel
reagent (PhsP/CCl;) #, Sulfonic Acid Magnetic
Graphene Oxide (Fe304@GO-Pr-SOsH) %8, Fly
Ash Supported Bi,03~ZnO 2°, Pyrrolidinium
Hydrogen Sulfate (PHS) as the ionic liquid catalyst
%0 pd/AIO(OH) NPs 3!, Urea/Hydrogen Peroxide
(UHP) %, Nano-Zirconia (nano ZrO,) >, Silver
nanoparticles **, Copper Oxide nanoparticles *° etc.

Green  chemistry aims  for  alternative,
environmentally friendly reaction media to increase
reaction rates and lower reaction temperatures.
Green chemistry principle that the method in
chemical sciences that readily uses renewable raw
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substances, removing waste and avoiding the use of
toxic, volatile, and hazardous chemicals, reagents,
catalysts, and solvents in the production,
manufacture, and application of chemical products.
PEG-SOCI was an effective heterogeneous
catalyst; this catalyst has greater advantages due to
being non-toxic, easy to handle, low cost, easy for
separation, easy to work up, and environmentally
benign catalyst. In the present work, we have
described a highly efficient, convenient, and one-
pot synthesis of 2, 4, 5-trisubstituted imidazole
derivatives for the condensation of benzil,
ammonium acetate, and substituted benzaldehyde
by using PEG-SOCI as a green catalyst in the
presence of water at room temperature or under
microwave radiation method.

MATERIAL AND METHOD: All chemicals
used were of analytical reagent (AR) grade
purchased from the commercial distributor and
used without further purification melting point of
the synthesized product was recorded in open
capillaries tube and uncorrected. All synthetic
experiments under microwave irradiation were
carried out in a microwave synthesis system has a
maximum power of 700W. The reaction clarity and
progress were monitored by thin layer
chromatography (TLC) using Silica gel coated
aluminium sheets, and the constituents were
visualized under a UV chamber.

General Procedure:

Preparation of the PEG-SOCI Catalyst: To a
mixture of poly (ethylene glycol) (PEG-6000) (1
mmol) in 15 mL of dichloromethane was added in
10 mmol of Thionyl chloride at cold temperature
(0-8 °C).the resultant solution was mechanically
stirred for 12 h. The mixture was filtered and
washed with 25 mL of diethyl ether, and the
product was dried at room temperature to give a
pure white colored as a PEG-SOCI formed.

For the synthesis of 2, 4, 5-trisubstituted
Imidazole Derivatives:

For Conventional Method: In a three naked RBF,
a mixture of benzil (1 mole), ammonium acetate (3
mole), and various substituted benzaldehyde (1
mmol) by using a catalytic amount of PEG-SOCI
(0.29g) was added to the presence of agueous media,
and the mixture was stirred at room temperature for
the appropriate time. The progress of the reaction
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was monitored by TLC silica gel pre-coated
aluminium sheet in a solvent (Ethyl acetate: n-
Hexane, 4:1). After completion of the reaction,
ethyl acetate was added to the reaction mixture, and
the catalyst was separated by filtration and
evaporated under reduced pressure to form a
product. The crude solid product was purified and
recrystallized from ethanol.

For Microwave Irradiation Method: In a three
naked RBF, benzil (1 mmol), ammonium acetate (3
mmol), substituted benzaldehyde (1 mmol), were
mixed properly, then a catalytic amount of PEG-
SOCI (0.2 g) was added, and the reaction mixture
was irradiated in the microwave oven 210 W for a
definite time after next, the procedure is similar to
the conventional method.

Spectral Data: 1j) 2-(4-hydroxy-3-methoxy)-4, 5-
diphenyl imidazole (1j). White Solid, M. P. 222-
224 ‘C FT-IR (KBr, cm™):- 3676.11, 2878.08,
1650.39, 1422.70, 1271.61, 837.33, 734.40, 648.47.
'H-NMR (400MHz, CDClg):- 8H 7.434-7.666 (m,
10H, Ar-H), 6H 7.088-6.902 (dd, 2H, ArH), 6H
6.597 (s, 1H, OH), 8H 3.939 (s, 3H, OCHs). C*-
NMR (CDCls):- 8C 147.02-143.26, 6C 134.78-
132.18, 8C 129.90-126.44, d3C 78-75, 6C 56.24.
(+)ES|-HRMS m/z: calculated for [C22H13N202+
H*] 342.0, observed for [C,H1gN,0, + H'] 343.0.

RESULTS AND DISCUSSION: At the present
report were carried out by a simple and efficient
synthesis of 2, 4, 5-tri substituted imidazole
derivatives from the reaction of various substituted
benzaldehyde, benzil, and ammonium acetate by
using PEG-SOCI acts as a green catalyst in agqueous
media at room temperature in convenient method
or under microwave irradiation method the
synthesis  of  2,4,5-trisubstituted  imidazole
derivatives in different solvents or solvent free
conditions by using PEG-SOCI catalyst in
conventional method. It was investigated that the
reaction condition in excellent yield of product in
aqueous medium from Table 1 to obtain the
optimized the reaction condition. The reaction
route was carried out with the different amount of
PEG-SOCI catalyst (0.05 g to 0.4 g) for the
synthesis of 2, 4, 5-trisubstituted imidazole
derivatives. The product yield increased especially
from 22% to 96%; after increasing the
concentration amount of catalyst, the synthesis of
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2. 4, 5-trisubstituted imidazole derivatives was
optimum catalyzed by 0.2 g of PEG-SOCI in
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aqueous media for both conventional method and
microwave irradiation method.
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Sample Name :1a
Vial# : 32
Injection Volume : 10
Month-Day Acquired : 4/18/2022
Time Acquired :12:29:43 PM
Comment :
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MS Spectrum
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Further, we also changed or increased the
temperature but the amount of catalyst of PEG-
SOCI (0.2 g) was sufficient to increase the amount
of yield of product from Table 2. To establish most
efficient and green method for the synthesis of
2,4,5-trisubstituted imidazole derivatives for the
reaction of various benzaldehyde, benzil and
ammonium acetate for conventional method in
good to excellent yield of product (92% to 96%) in
less reaction time (20 min) and for microwave
irradiation method in excellent yield of product
(96%) in minimum reaction time (2 min) from
Table 3. For earlier reaction methods give up to
good to high yield of product and adopted a wide
range of substituted benzaldehyde for the tendency

of the electron donating and electron withdrawing
for substituents. The reactivity of different aromatic
aldehydes was affected by their natural character
and the position of the substituents on the aromatic
aldehydes ring system. The aromatic aldehyde
compound containing electron-withdrawing
substituents was highly reactive. It showed an
excellent yield of the product with a short reaction
time. In contrast, the aromatic aldehyde compound
containing electron-donating substituents was less
reactive and showed lower yield of product with a
longer reaction time from Table 3. In all
examinations, the crude product was isolated by
simple filtration, washed with water, and
crystallized by ethanol. Compared with other
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catalysts for synthesizing 2,4,5-trisubstituted showed much excellent catalytic activity in terms
imidazole derivatives for the reaction of various of very less reaction time and mild reaction
benzaldehyde, benzil, and ammonium acetate in the  condition from Table 4.

presence of PEG-SOCI as a catalyst, PEG-SOCI

& CH,CI, ‘\}g
PEG-6000 + C—5—Cl W PEG —-{-- 5—Cl

SCHEME 1: PREPARATION OF PEG-SOCL
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SCHEME 2: FOR CONVENTIONAL METHOD
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SCHEME 3: FOR THE MICROWAVE IRRADIATION METHOD

TABLE 1: OPTIMIZED CONDITIONS FOR SYNTHESIS OF 2,4,5-TRISUBSTITUTED IMIDAZOLE BY THE
CONVENTIONAL METHOD

S. no. Amount of catalyst (g) Solvents Temp('C) Time (Min) Yield
1 0.1 Ethanol R.T. 60 46 %
2 0.1 Methanol R.T. 60 47%
3 0.1 Acetonitrile R.T. 60 39 %
4 0.1 Chloroform R.T. 60 42%
5 0.1 Ethyl acetate R.T. 60 39 %
6 0.1 THF R.T. 60 36%
7 0.1 Dichloromethane R.T. 60 40%
8 0.1 Acetone R.T. 60 45%
9 0.1 Water R.T. 60 55 %
10 0.2 Water R.T. 20 96%
11 0.05 Water R.T. 60 22%
12 0.15 Water R.T. 40 2%
13 0.3 Water R.T. 60 96%
14 0.4 Water R.T. 60 96 %
15 0.2 Water 60 60 96 %
16 0.2 Water 80 60 96 %
17 0.2 Water 100 60 96 %
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TABLE 2: OPTIMIZATION OF CATALYST FOR SYNTHESIS OF 2, 4, 5-TRISUBSTITUTED IMIDAZOLE

DERIVATIVES BY MICROWAVE IRRADIATION

S. no. Amount of catalyst (g) Power of Microwave Irradiation (%) % Yield
1 40 18 %
2 0.05 40 26 %
3 0.1 40 56 %
4 0.15 40 73 %
5 0.2 40 96 %
6 0.2 20 55 %
7 0.3 40 96 %
8 0.4 40 96 %
9 0.2 60 96 %
10 0.2 80 96 %
11 0.2 100 96 %

TABLE 3: SYNTHESIS OF 2, 4, 5-TRISUBSTITUTED IMIDAZOLE DERIVATIVES BY PEG-SOCL CATALYZED
REACTION OF BENZIL, AMMONIUM ACETATE WITH SUBSTITUTED BENZALDEHYDE UNDER
MICROWAVE IRRADIATION AND CONVENTIONAL CONDITIONS METHOD

Entry R Product Conventional Method Microwave Method M.P.
Time (Min)  Yield (%) Tim (Min)  Yield (%)

la H 2, 4, 5-triphenyl imidazole 20 96 2 96 271-272 C

1b 4-Cl 2-(4-Chlorophenyl)- 4, 5- 20 96 2 96 257-259°C
diphenyl imidazole

1c 4-OH 2-(4-Hydroxyphenyl)- 4, 5- 20 96 2 96 233-234°C
diphenyl imidazole

1d 4-NO, 2-(4-Nitrophenyl)- 4, 5- 20 96 2 96 200-202°C
diphenyl imidazole

le 2-Cl 2-(2-Chlorophenyl)- 4, 5- 20 96 2 96 194-196°C
diphenyl imidazole

1f 3-NO; 2-(3-Nitrophenyl)- 4, 5- 20 96 2 96 297-298'C
diphenyl imidazole

1g 2-OH 2-(2-Hydroxyphenyl)- 4, 5- 20 96 2 96 208-209'C
diphenyl imidazole

1h 4-OCH;  2-(4-Methoxyphenyl)- 4, 5- 20 95 2 95 228-230°C
diphenyl imidazole

1i Furfural 2-(Furfural-2-yl)- 4, 5- 20 96 2 96 200-202°C
diphenyl imidazole

1j Vanillin  2-(4-hydroxy-3-methoxy)- 4, 20 95 2 95 222-224°C

5-diphenyl imidazole

TABLE 4: COMPARISON OF PEG-SOCLCATALYST WITH OTHER CATALYSTS FOR THE SYNTHESIS OF 2, 4,
5-TRISUBSTITUTED IMIDAZOLE DERIVATIVES

S. no. Catalyst used [Ref] Amount of catalyst Temp. (°C) Time (Min)  Yield (%)
1 SbCl,/Si0,™ 0.1g 120 15 94
2 HNOz/MeCN*’ 1.0 equiv 70 5 89
3 CAN/HNO;* 0.05/0.4 mol 70 25 82
4 HMDS/ TMSOT{* 5.0/0.1 equiv 150 30 93
5 N-heterocyclic carbine (NHC)* 10 % Mol 350 W 5 91
6 Non-chloroaluminate lonic Liquids* 2mL 150 4 91
7 p-TSA* 15% mol 500 W 50 74
8 PEG-SOCI [Present Work] 0.2¢g 50 (MW) 2 96

Reusability of a PEG-SOCI Catalyst: The
reusability of a catalyst is one of the most
important advantages of chemical reactions. The
catalyst was investigated by reused during three
consecutive runs without any activity loss. It can be
observed that the yield of product in second, third
uses were almost same as that of first consecutive

International Journal of Pharmaceutical Sciences and Research

run. The reaction route is quite eco-friendly
because no solvent is used in this method. It was
seen that the use of the microwave irradiation
method has a great effect on the speed-up of the
reaction rates providing excellent yields of products
in a shorter reaction time. Compared with the
microwave irradiation method, the convenient route
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shows that the study reaction rate, the lower yields
of expected product with longer a reaction time.

Characterization of PEG-SOCI Catalyst:
Infra-Red Spectral Analysis of the catalyst:
Infra-red (IR) spectral analysis of the prepared
catalyst is shown in Fig. 1.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

It can be observed that there are three significant
absorption peaks in the spectrum of PEG-SOCI
catalyst.

The sharp absorption bands as about 1504.04 cm™,
1022.77 cm™ and 687.51 cm™corresponding to
S=0, S-0, and S-Cl stretching vibrations.
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FIG. 1: INFRA-RED (IR) ANALYSIS OF THE PREPARED CATALYST

X-Ray Diffraction Pattern Studies of the
Catalyst: The prepared catalyst was further
characterized by X-Ray Diffraction. The XRD
pattern of synthesized PEG-SOCI as shown in Fig.
2. The sharp peaks is observed at 20 = 11.58°,

23.96° and 29.80° are assigned to (011), (022), and
(023) lattice planes respectively. The X-ray
Diffraction pattern studies of prepared catalyst is
crystalline and triclinic structure.

AT ek D (aopkedd T T repts T Fapta)

FIG. 2: XRD PATTERN STUDIES OF THE PREPARED CATALYST

TGA Analysis of the Catalyst: Thermo-
gravimetric (TG) analysis was the most commonly
used thermal analytical method to characterize
crystalline and amorphous organic, inorganic and
pharmaceutical compounds. The thermogravimetric
(TG) was used to examine the thermal stability of
prepared compounds.

International Journal of Pharmaceutical Sciences and Research

The thermal stability of the prepared catalyst was
characterized by thermogravimetric analysis (TGA)
are, shown in Fig. 3. The TGA thermogram of the
catalyst shows initial stage weight loss at 110° C.
the final stage involves the decomposition of the
catalyst, which begins after 110° C and continues
up to 650° C.
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FIG. 3: TGA THERMOGRAM OF THE PREPARED CATALYST

BET Analysis of the Catalyst: BET surface area
analyzers were used to determine a solid's total
surface area by suspending a powdered analysis in
an inert gaseous bath and measuring the adsorption
of gas molecules to the surface and its porous
structures. The PEG-SOCI catalyst was further
investigated by BET or N2adsorption-desorption

analysis, shown in fig 4. The BET surface area of
the catalyst data shows that the estimated surface
area is 129.774 m? g' and 287.72 m’ g%
respectively. These figure values were indicated by
complete monolayer adsorption coverage and
highly non-porous structure bearing mesopores and
macropores, respectively.

TABLE 5: BET SURFACE AREA RESULTS OF THE CATALYST

S. no. Catalyst

BET Surface Area [m2/g]

Pore Volume [cc/g] Pore Size [nm]

1 PEG-SOCI 287.72

2.663 374.3

TABLE 6: SUMMARY OF BET ANALYSIS OF THE CATALYST

S. no. Summary of BET analysis
1 Slope 7.516
2 Intercept 4.588e+00
3 Correlation Coefficient (r) 0.998421
4 C-Constant 2.638
5 Surface Area 287.72 m?lg

e

HIHHI 3
|

FIG. 4: BET SURFACE ANALYSIS OF THE PREPARED CATALYST
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CONCLUSION: In summary, a highly efficient
and green catalyst PEG-SOCI was developed to
synthesize 2,4,5-trisubstituted imidazole
derivatives via the reaction of benzil, ammonium
acetate, and various substituted benzaldehyde in the
presence of water for both conventional and
microwave irradiation method. PEG-SOCI catalysts
can indicate an excellent yield of product,
reusability, inexpensive, non-toxic, easy for
separation, and green catalyst. It was found that the
microwave irradiation method is an excellent
method as compared to the conventional method.
The remarkable feature of the present procedure is
the fast rate of reaction, high product yield, cost-
efficient, mild reaction condition, environmentally
friendly, and green synthetic protocol.

ACKNOWLEDGEMENT: The corresponding
author is thankful to the UGC-Maulana Azad
National Fellowship (MANF-2018-2019-MAH-
96698) in New Delhi, India, for providing financial
support. We also acknowledged Dr. Arif Pathan,
Director, Maulana Azad College, Aurangabad, for
constant support and encouragement.

CONFLICTS OF INTEREST: AIll the authors
declare no conflict of interest in this research
article.

REFERENCES:

1. Bettencourt PA, Castro M, Silva PJ, Fernandes F,
Coutinho PO, Sousa JM, Proenca FM, and Areias
MF:Phenolic ~ Imidazole  Derivatives ~ with  Dual
Antioxidant/Antifungal Activity: Synthesis and Structure-
Activity Relationship. Medicinal Chemistry2019; 15(4):
341-351.

2. Abdelhamid AA Salah HA andMarzouk AA:Synthesis of
imidazole derivatives: Ester and hydrazide compounds
with antioxidant activity using ionic liquid as an efficient
catalyst. J of Heterocyclic Chem 2020; 57(2): 676-685.

3. Nikitina PA, Bormotov NI and Shishkina LN: Synthesis
and antiviral activity of 1-hydroxy-2-(2-
hydroxyphenyl)imidazoles against vaccinia virus. Russian
Chemical Bulletin 2019; 68: 634-637.

4. Teli P,Sahiba N, Sethiya A, Soni J and Gupta S:Imidazole
derivatives: Impact and prospects in antiviral drug
discovery. Imidazole-Based Drug Discovery 2022: 167-
193.

5. Malik MS, Alsantali RI, Jamal QMS, Seddigi ZS, Morad
M, Alsharif MA, Hussein EM, Jassas RS, Al-Roogi MM,
Abduljaleel Z, Babalgith AO, Altass HM, Moussa Z and
Ahmed SA: New Imidazole-Based N-Phenylbenzamide
Derivatives as Potential Anticancer Agents: Key
Computational Insights. Frontiers in Chemistry 2022; 9:
808556.

6. Sharma P, LaRosa C, Antwi J, Govindarajan R and
Werbovetz KA: Imidazoles as Potential Anticancer

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Agents: An Update on Recent Studies.Molecules 2021; 26:
4213.

Khandare K, Chate L, Wanjari S, Ambatkar M and
Khedekar P: Design, synthesis and biological evaluation of
some novel imidazole derivatives for anti-inflammatory
and antibacterial activity. World Journal of Pharmacy and
Pharmaceutical Sciences2020; 9(9): 1775-1794.
Katikireddy R, Kakkerla R, Murali Krishna MPS,
Durgaiah G, Reddy YN and Satyanarayana M: Synthesis
and Biological Evaluation of (E)-N’- Benzylidene-7-
methyl-2-propyl-1H-benzo[d] imidazole-5-
carbohydrazides as Antioxidant, Anti-inflammatory and
Analgesic agents. Heterocyclic Communications 2019; 25:
27-38.

Li ZW, Zhong CY, Wang XR, Li SN, Pan CY, Wang X
and Sun XY: Synthesis and Evaluation of the Antitumor
Activity of Novel 1-(4-Substituted phenyl)-2-ethyl
Imidazole Apoptosis Inducers In Vitro. Molecules2020;
25(18): 4293.

Nadaf AQA,Bulbule SR,Yaseen M,Najare MS,Mantur S
andKhazi 1AM: Synthesis of 1,2-Disubstituted Imidazole
Derivatives as Potent Inhibitors of Mycobacterium
tuberculosis and Their In Silico
Studies.ChemistrySelect2021;6(1): 9-15.

Ramos NLP, Oliveira R, Costa SPG and Raposo MMM:
Synthesis and Preliminary Antibacterial Evaluation of A
2,4,5-Tri(hetero)arylimidazole  Derivative. ~ Chemistry
Proceeding2021; 3: 41.

Bamoro C, Bamba F, Steve-Evanes K, Aurelie V and
Vincent C: Design, Synthesis and Antibacterial Activity
Evaluation of 4,5-Diphenyl-1 H -Imidazoles Derivatives.
Open Journal of Medicinal Chemistry2021; 11(2): 17-26.
Altindag FD, Saglic GN, Cevik UA, Isikdag I, Ozkay Y
and Gencer HK: Novel imidazole derivatives as antifungal
agents: Synthesis, biological evaluation, ADME prediction
and molecular docking studies. Phosphorus, Sulfur and
Silicon and the Related Elements 2019; 194(9): 887-894.
Bouchal B, Abrigach F, Takfaoui A, Errahhali ME,
Errahhali ME, Dixneuf PH, Doucet H, Touzani R and
Bellaoui M: Identification Of Novel Antifungal Agents:
Antimicrobial Evaluation, SAR, ADME-Tox And
Molecular Docking Studies Of A Series Of Imidazole
Derivatives.BMC Chemistry 2019; 13: 100.

Adib M, Peytam F, Shourgeshty R, Mohammadi-
Khanaposhtani M, Jahani M, Imanparast S, Faramarzi
MA, Larijani B, Moghadamnia AA, Esfahani EN,
Bandarian F and Mahdavi, M: Design and synthesis of
new fused carbazole-imidazole derivatives as anti-diabetic
agents: In vitro a-glucosidase inhibition, kinetic, and in
silico  studies. Bioorganic& Medicinal ~Chemistry
Letters2019; 29(5): 713-718.

Ibraheem F, Ahmad M, Ashfag UA, Aslam S, Khan ZA
and Sultan S: Synthesis, molecular docking and anti-
diabetic studies of novel benzimidazole-pyrazoline hybrid
molecules.  Pakistan  Journal of  Pharmaceutical
Science2020; 33(2):847-854,

Chauhan S, Verma V, Kumar D and Kumar A: Synthesis,
antimicrobial evaluation and docking study of triazole
containing triaryl-1H-imidazole. An International Journal
for Rapid Communication of Synthetic Organic Chemistry
2019; 49(11): 1427-1435.

Soliman SMA, Sanad MF and Shalan AE: Synthesis,
characterization and antimicrobial activity applications of
grafted copolymer alginate-g-poly(N-vinyl imidazole).
RSC Advances 2021; 11(19): 11541-11548.

Marzouk AA, Bass MKA, Sh.Ahmed M, Abdelhamid AA,
Elshaier YAMM, Salman AMM and Aly OM: Design,

442



Bagwan et al., IJPSR, 2023; Vol. 14(1): 434-443.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

synthesis and anticonvulsant  activity of new
imidazolidindione and imidazole derivatives. Biorganic
Chemistry 2020; 101: 104020.

Yavuz SC, Akkoc S and Saripinar E: The cytotoxic
activities of imidazole derivatives prepared from various
guanylhydrazone and phenylglyoxal monohydrate. An
International Journal for Rapid Communication of
Synthetic Organic Chemistry 2019; 49(22): 3198-3209.
Gatczynska K, Ciepluch K, Madej T, Kurdziel K,
Maciejewska B, Drulis-Kawa Z, Wegierek-Ciuk A,
Lankoff A and Arabski M: Selective cytotoxicity and
antifungal properties of copper(ll) and cobalt(ll)
complexes with imidazole-4-acetate anion or 1-
allylimidazole. Scientific Report 2019; 9: 9777.

Sable PM and Potey LC: Synthesis and Antiproliferative
Activity of Imidazole and Triazole Derivatives of
Flavonoids. Pharmaceutical Chemistry Journal 2018; 52:
438-443.

Osmaniye D, Cavusoglu BK, Sanglic BN, Levent S, Cevic
UA, Atli O, Ozkay Y and Kaplancikli ZA: Synthesis and
Anticandidal Activity of New Imidazole-Chalcones.
Molecules 2018; 23(4): 831.

Wani, MY, Bhat AR, Azam A, Athar F and Sobral AJFN:
New transition metal complexes containing imidazole
rings endowed with potential antiamoebic activity.
Medicinal Chemistry Communications 2016; 7: 982-989.
Karimi Zarchi MA, Behboodi K, Mirjalili BF:Synthesis
and characterization of a new polymeric catalyst and used
for the synthesis of imidazole derivatives. Research on
Chemical Intermediates 2021; 47: 4929-4942.
Chakraborty M, Deb B, Dey B, Hussain SA, Maiti DK and
Majumdar S: Amberlite IR 120H+ Catalyzed N-C/C-N
Coupled Cylization Strategy to Give Imidazoles: Design
and Fabrication of Organic Nanomaterial with AFM
Imaging. ChemistrySelect 2017; 2(1): 241-245.
Khoshneviszadeh M and Mahdavi M: Appel reagent as
novel promoter for the synthesis of polysubstituted
imidazoles. Arkivoc 2017; 4: 343-352.

Nakhaei A: Covalently bonded sulfonic acid magnetic
graphene oxide promoted synthesis of 1, 2, 4, 5-
tetrasubstituted imidazoles. Heterocyclic Letters 2017; 7:
967-973.

Ezhilmathi P, Thirumalai K, Swaminathan M and
Krishnasamy K: One-Pot Synthesis of Tetra Substituted
Imidazoles Catalyzed by Fly Ash Supported Bi203-ZnO.
Journal of Nanoscience and Nanotechnology 2019; 19(12):
8163-8171.

Abdelhamid AA,SalahHA andMarzouk AA: Synthesis of
imidazole derivatives: Ester and hydrazide compounds
with antioxidant activity using ionic liquid as an efficient
catalyst. J of Heterocyclic Chem 2020; 57(2): 676-685.
Haydar G, Emine D and Nursefa Z: Synthesis of N-
Arylimidazole  Derivatives From Imidazole and
Arylhalides in the Presence of Recoverable Pd/AIO(OH)

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

NPs. Biomedical Journal of Scientific& Technical
Research2020; 27(4): 20948-20954.

Maleki A and Alirezvani Z: A Highly Efficient Synthesis
of Substituted Imidazoles via A One-Pot Multicomponent
Reaction By Using Urea/Hydrogen Peroxide (UHP).
Journal of Chilean Chemical Society2016; 61(3): 3116-
3139.

Singh S and Bajpai S: Eco-Friendly and Facile Synthesis
of Substituted Imidazoles via Nano Zirconia Catalyzed
One-Pot Multicomponent Reaction of Isatin Derivatives
with  Ammonium Acetate and Substituted Aromatic
Aldehydes under Solvent Free Conditions. Nanocatalyst:
IntechOpen 2019: 1-19.

Bagwan SM and Asif M: An Efficient and One Pot
Synthesis of 2,4,5-Trisubstituted Imidazole Derivatives
Catalyzed by Silver Nanoparticles. Asian Journal of
Chemistry 2022; 34(4): 889-893.

Bagwan SM, Kazi SA and Asif M: Green Protocol for the
Synthesis of 2, 4, 5- Trisubstituted Imidazole Derivatives
Catalyzed by Copper Oxide Nanoparticles (Copper Oxide
NPs). International Journal of Advanced Research in
Science, Communication and Technology 2022; 2(4): 5-
22.

Safari J, Naseh S, Zarnegar Z and Akbari Z: Applications
of microwave technology to rapid synthesis of substituted
imidazoles on silica-supported ShCI3 as an efficient
heterogeneous catalyst.Journal of Taibah University for
Science 2014; 8(4): 323-330.

Kalhor M, Samiei S and Mirshokraei SA: Microwave-
assisted one-step rapid synthesis of dicyano imidazoles by
HNO3 as a high efficient promoter. Green Chemistry
Letters and Reviews 2021; 14(3): 500-508.

Kalhor M and Seyedzade Z: One-Step Synthesis of
Dicyano Imidazoles by (NH4)2 Ce(NO3)6/HNO3
Promoted Oxidative Cyclocondensation of an Aldehyde
and 2,3-diaminomaleonitrile. lIranian Journal Chemistry
and Chemical Engineering 2020; 39(6): 1-8.

Asressu KH, Chan CK and Wang CC: TMSOTf-catalyzed
synthesis of  trisubstituted imidazoles using
hexamethyldisilazane as a nitrogen source under neat and
microwave irradiation conditions.RSC Adv.2021;11:
28061-28071.

Wu L, Jing X, Zhu H, Liu Y and Yan C: One-pot synthesis
of polysubstituted imidazoles from arylaldehydes in water
catalyzed by NHC using microwave irradiation. Journal of
Chilean Chemical Society2012; 57(3): 1204-1207.

Liu X, Lu M and Wang Y: Non-chloroaluminate lonic
Liquids Supported the Synthesis of Substituted Imidazoles

using Microwave Irradiation.Chiang Mai Journal of
Science 2011; 38(4): 601-607.
Jazi N, Fozooni S and Hamidian H: One-pot,

multicomponent synthesis under microwave conditions of
new imidazole and acridine benzamido acetic acid
derivatives. J of Chemical Research 2018; (42): 80-85.

How to cite this article:
Bagwan SM, Quazi S, Farooqui M and Asif M: A simple, efficient and green procedure for the synthesis of 2, 4, 5-trisubstituted imidazole
derivatives using novel peg-socl as a catalyst. Int J Pharm Sci & Res 2023; 14(1): 434-43. doi: 10.13040/1JPSR.0975-8232.14(1).434-43.

All © 2023 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

443



