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ABSTRACT

Microwave Assisted Synthesis (MWAS) is a green and efficient technique that significantly reduces reaction time, solvent requirement and chemical waste. The
present study focused on the green synthesis of 1,2,4,5-tetrasubstituted imidazole derivatives using microwave irradiation. From the literature survey, substituted
imidazole derivatives were synthesized by a one-pot multicomponent condensation reaction using Benzyl, substituted aromatic aldehydes, Ammonium Acetate,
para-Aminobenzoic acid and L-Proline. Five compounds, designated as TSI-1 to TSI-5, were synthesized under microwave irradiation at 80 °C and 200 W for 10
minutes. The purity of the synthesized compounds was determined by Thin Layer Chromatography (TLC), and the compounds were characterized by FT-IR and
"1H NMR spectral studies. The synthesized compounds showed good yields ranging from 78% to 89% with melting points of approximately 235-260 °C. All the
synthesized compounds were evaluated for their in vitro anti-inflammatory activity by the albumin denaturation inhibition method using Diclofenac Sodium as the
standard drug. Among the synthesized compounds, TSI-4 showed the highest inhibition of about 74% at 500 pg concentration, indicating promising anti-
inflammatory activity.

KEYWORDS: Microwave Assisted Synthesis, Tetrasubstituted Imidazole Derivatives, Debus-Radziszewski imidazole synthesis, Green Synthesis, Anti-
inflammatory activity, Albumin denaturation assay.

1. INTRODUCTION
1.1. Microwave Assisted Synthesis (MWAS):

Microwave Assisted Synthesis (MWAS) is an efficient technique used in synthetic organic chemistry to improve the speed and convenience of chemical
reactions. The method uses microwave irradiation to provide rapid heating of the reaction mixture, which can reduce reaction time and solvent
requirement. Microwave-assisted synthesis is also considered a useful green chemistry approach because it can help reduce energy consumption and
chemical waste when compared with suitable conventional procedures.

1.1.1. General Considerations for Microwave Assisted Synthesis

1. Power: 100-1000 watts

2. Frequency: 2.45 GHz

3. Temperature: 50-300 °C

4. Reaction time: Few seconds to several minutes

1.1.2. Principle of Microwave Assisted Synthesis

Microwave irradiation produces heat through the interaction of the electromagnetic field with polar molecules and ionic species present in the reaction

mixture. The molecules respond to the alternating microwave field, resulting in molecular movement and energy conversion into heat. This provides
rapid heating of the reaction medium and may lead to faster completion of chemical reactions.
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1.1.3. Mechanism of Microwave Assisted Synthesis:

The major mechanisms involved in microwave heating are:
(a) Dipolar polarization:

Polar molecules contain regions of partial positive and negative charges. During microwave irradiation, these dipoles continuously attempt to align with
the alternating electromagnetic field, producing molecular movement and heat.

(b) lonic conduction:

lons present in the reaction medium move under the influence of the alternating microwave field. This movement produces energy in the form of heat
and contributes to rapid heating.

(c) Interfacial polarization:
Interfacial polarization occurs at the boundary between different phases or materials. It involves the combined contribution of dipolar polarization and
ionic conduction and can enhance microwave absorption and heating.

1.2. Imidazole

Imidazole is an important five-membered aromatic nitrogen-containing heterocyclic compound having two nitrogen atoms in its ring system. The
imidazole nucleus possesses important chemical characteristics such as hydrogen-bonding ability, acid—base interactions and coordination properties.
Because of these properties, imidazole derivatives have attracted considerable interest in medicinal chemistry. Various substituted imidazole’s have been
investigated for biological activities such as antimicrobial, antifungal and anti-inflammatory effects.

1.3.1,2,4,5-Tetrasubstituted Imidazole

1,2,4,5-Tetrasubstituted imidazole’s are an important class of substituted imidazole derivatives containing different substituents around the imidazole
ring. The Debus—Radziszewski reaction is a classical multicomponent approach used for the preparation of substituted imidazole’s. In the present study,
benzyl, substituted aromatic aldehydes, ammonium acetate, para-aminobenzoic acid and L-proline were employed for the synthesis of tetrasubstituted
imidazole derivatives using microwave irradiation.

This tetra substituted imidazole are designated as TSI-1 to TSI-5 and were synthesized using different aromatic aldehyde derivatives. The synthesized
compounds were obtained as crystalline solid products and showed good, isolated yields. The compounds were further characterized by physical
parameters, FT-IR and “1H NMR spectral studies.
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Figure 1. Structure of 1,2,4,5-Tetrasubstituted Imidazole.

2. EXPERIMENTAL SECTION
2.1 Materials:

Benzil , substituted aromatic aldehydes, para-aminobenzoic acid (PABA), ammonium acetate and L-proline were used for the synthesis of substituted
imidazole derivatives. Ethanol was used as the reaction solvent and for recrystallization. Chloroform and ethyl acetate were used as the mobile phase for
thin-layer chromatography (TLC).

For the anti-inflammatory study, bovine serum albumin (BSA) and diclofenac sodium were used. Hydrochloric acid was used for pH adjustment.
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2.2. Synthesis of 1,2,4,5-Tetrasubstituted Imidazole Derivatives®

An equimolar mixture of Benzil (1 mmol) substituted aromatic aldehyde (1 mmol), Ammonium acetate (3 mmol), para-Aminobenzoic acid (1 mmol) and
L-Proline (0.1 mmol) was placed in a 100 mL beaker and thoroughly mixed. The reaction mixture was subjected to microwave irradiation at 80 °C and
200 W for 10 minutes. The progress of the reaction was monitored by Thin Layer Chromatography (TLC) using chloroform: ethyl acetate (3:2) as the
mobile phase.

After completion of the reaction, the reaction mixture was allowed to cool to room temperature and diluted with water. The resulting precipitate was
collected by filtration and subsequently recrystallized from ethanol to obtain the purified 1,2,4,5-tetrasubstituted imidazole derivative. The obtained
products were dried and used for further characterization and evaluation of anti-inflammatory activity.

Five, substituted imidazole derivatives were synthesized using different aromatic aldehydes, namely 4-Chlorobenzaldehyde, 4-Nitrobenzaldehyde, 4-
Fluorobenzaldehyde, 4-Dimethylaminobenzaldehyde and 3-Nitrobenzaldehyde.
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L-Proline , Ethanol R
+ + + NHIOAC ——————» l

MW,200W for 10 min N

0 R1

Ammonium R1
R

COOH acetate

Y%

Substituted aromatic Para amino benzoic acid

Benzil

COOH

Tetra Subsutituted Imidazole

Scheme 2.1. Microwave-assisted synthesis of 1,2,4,5-tetrasubstituted imidazole derivatives

DESCRIPTION:
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4-[2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazol-1-yl] benzoic acid
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N
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H
COOH
4-[2-(4-fluorophenyl)-4,5-diphenyl-1H-imidazol-1-yl] benzoic acid
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4-[2-(3-nitrophenyl)-4,5-diphenyl-1H-imidazo -1-yl] benzoic acid

TSI-3
3 H NO2
L
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COOH
4-[2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazol-1-yl] benzoic acid
TSI-4
4 H N(CHs).
O N CH3
N CH3
il :
COOH
4-[2-[4-(dimethylamino)phenyl]-4,5-dipheny I-1H-imidazol-1-yl] benzoic
acid
5 TS5 NO2 H

Table:1
2.3 Anti-inflammatory Activity

Albumin Denaturation Inhibition Assay®

The anti-inflammatory activity of the synthesized imidazole derivatives was evaluated by the albumin denaturation assay, using diclofenac sodium as the
standard drug. The test compounds and standard drug were tested at concentrations of 250, 500 and 1000 pg/mL.For the assay, 0.45 mL of 1% aqueous
bovine serum albumin (BSA) was mixed with 0.05 mL of the test solution or diclofenac sodium, making a total reaction volume of 0.5 mL. The pH of

the reaction mixture was adjusted to 6.3 using dilute hydrochloric acid (HCI).

The reaction mixtures were incubated at 37°C for 20 minutes and subsequently heated at 55°C for 20 minutes. After heating, the samples were allowed

to cool to room temperature. The resulting turbidity was measured at 660 nm using a UV-Visible spectrophotometer.

The percentage inhibition of albumin denaturation was calculated using the absorbance values obtained for the test samples and control. A higher

percentage inhibition indicates better in-vitro anti-inflammatory activity.

% Inhibition = [(A control — A sample) / A control] x 100
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Where,
A control = Absorbance of the control

A sample = Absorbance of the test sample

3. RESULT AND DISCUSSION

3.1. Physical Data:

NAME OF THE COMPOUND APPEARANCE MOLECULAR MOLECULAR PERCENTAGE

FORMULA WEIGHT

YEILD

4-[2-(4-chlorophenyl)-4,5-diphenyl- | Pale Orange C23H21CIN20: 450.92 g/mol 85%
1H-imidazol-1-yl]benzoic acid
4-[2-(4-fluorophenyl) -4,5- Peach Orange C2sH21FN20: 434.47g/mol 89%
diphenyl-1H-imidaz ol-1-yl]
benzoic acid
4-[2-(4-nitrophenyl)-4,5-diphenyl- Reddish Orange C2sH21N304 461.48g/mol 87%
1H-imidazol-1-yl] benzoic acid
4-[2[4(dimethyl amino) phenyl]- Dark brownish C30H26N302 459.55 g/mol 78%
4,5-dipheny I-1H-imidazol-1-yl] colour
benzoic acid
4-[2-(3-nitrophenyl)-4,5-diphenyl- Light Peach C2sH21N304 461.48g/mol 88%
1H-imidazo 1-1-yl] benzoic acid

Table:2
3.2. Spectral Data:

The synthesized compounds were characterized by various methods such as FT-IR and *H NMR.
TSI-1

Colour: pale orange; M.Pt: 245-250°C;FT-IR (ATR c¢cm™): 1658.78 (C=0), 1593.20 (C=N), 3363.8 (O-H), 3062.96 (C-H), 713.66 (C-Cl);*H NMR (400
MHz, CDCL) 8 (ppm): 8.22-8.79 (Cl, 4H, Ar-H), 7.89-7.91 (2H, Ar-H [2,5']), 7.67-7.71 (3H, Ar-H [3',4,5']), 7.57-7.71 (2H, Ar-H [2',5"]).

TSI-2

Colour: peach orange; M.Pt: 240-245°C;FT-IR (ATR cm™): 1658.78 (C=0), 1593.20 (C=N), 3360.00 (O-H), 1288.45 (F), 3062.96 (C-H);:H NMR (400
MHz, CDCls) § (ppm): 8.05-8.07 (0,2H, Ar-H), 8.03-8.05 (m, 2H, Ar-H), 7.59-7.83 [4H, Ar-H (2',6',2",6")], 7.42-7.57 (4H, Ar-H [3',5',3",5"]), 7.09—
7.18 (m, Ar-H).

TSI-3,

Colour: Reddish orange; M.Pt. 250-255°C;FT-IR (ATR cm™'): 1658.78 (C=0), 1593.20 (C=N), 1516.05 (NOz), 3062.96 (C-H); *H NMR (400 MHz,
CDCL) § (ppm): 8.31-8.33 (0,2H, Ar-H), 8.01-8.15 (m, 2H, Ar-H), 7.91-7.99 (0,2H, Ar-H), 7.57-7.64 (4H, Ar-H [2',6",2",6"]), 7.66-7.89 (4H, Ar-H
[3,5',3",5"]), 7.08-7.23 (M, 2H, Ar-H).

TSI-4

Colour: Dark brownish; M.Pt. 235-240°C;FT-IR (ATR cm™): 1658.78 (C=0), 1597.77(C=N), 1161.15 (C-N), 2885.51 (C-H), 3062.96 (C-H); 'H NMR
(400 MHz, CDCL) § (ppm): 7.96-7.98 (0,2H, Ar-H), 7.13-7.25 (m, 2H, Ar-H), 6.69-6.71 (0,2H, Ar-H), 7.49-7.53 (4H, Ar-H [2',62",6"]), 7.64-7.68
(4H, Ar-H [3',5",3",5"]), 2.91-3.08 (6H, Ar-H).

TSI-5

Colour: Light peach; M.Pt. 250-260°C; FT-IR (ATR cm): 1654.92 (C=0), 1597.06 (C=N), 1519.91 (NOz), 2630.91 (O-H), 3062.96 (C-H); *H NMR
(400 MHz, CDCL)  (ppm): 8.41 (1H, Ar-H), 8.02-8.18 (0,2H, Ar-H), 7.81-7.91 (2H, Ar-H [5",6"]), 7.57-7.65 (4H, Ar-H [2',6',2",6"]), 7.67-7.76 (4H,
Ar-H [3,5,3",5"]), 7.09-7.11 (m, 2H, Ar-H).
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3.3. ANTI-INFLAMMATORY ACTIVITY

Albumin Denaturation Inhibition assay:

Diclofenac sodium 61.71 67.83 75.76
Tsi-1 53.73 58.51 68.59
Tsi-2 55.46 60.83 70.83
Tsi-3 50.99 55.25 65.42
Tsi-4 59.75 65.29 73.51
Tsi-5 52.28 57.94 67.32
Table:3
100
90
80
70
S 60
=
=2 50
=
[
- 40
XX
< 30
20
10
0
100mcg 250mcg 500mcg

concentration (Llg)

H Diclofenac sodium mTSI1 mTSI2 TSI 3 mTSI 4 mTSI5

4. DISCUSSION:

The results demonstrate that microwave irradiation can be applied for the synthesis of substituted tetrasubstituted imidazole derivatives using a
multicomponent approach. The synthesized compounds were obtained as crystalline solids with satisfactory isolated yields and characteristic melting
points. FT-IR and ~“1H NMR spectral data provided supportive evidence for the expected functional groups and structural features of the synthesized
derivatives.

The albumin denaturation assay further showed concentration-dependent inhibition for all synthesized compounds. The observed activity indicates that
the synthesized imidazole derivatives possess preliminary anti-inflammatory potential and provides a basis for further investigation of these compounds.

The synthesized TSI-1, TSI-2, TSI-3, TSI-4 and TSI-5 compounds were characterized by FT-IR spectroscopy to confirm the presence of their important
functional groups. All the synthesized compounds showed characteristic absorption bands corresponding to C=0, C=N and aromatic C—H stretching
vibrations. TSI-1 showed characteristic C=0, C=N, O—H and aromatic C—H absorption bands, while TSI-2 exhibited C=0, C=N, O-H, C—F and aromatic
C—H absorption bands. TSI-3 and TSI-5 additionally showed characteristic NO absorption bands, whereas TSI-4 exhibited a C—N stretching band. TSI-
5 also showed an O—H absorption band. The observed FT-IR absorption frequencies were consistent with the proposed structures of the synthesized
compounds. Thus, the FT-IR spectral results provided supportive evidence for the successful formation and structural confirmation of TSI-1 to TSI-5
derivatives.

The synthesized TSI-1, TSI-2, TS I-3, TSI-4 and TSI-5 compounds were characterized by *H NMR spectroscopy to confirm their proposed structures.
The spectra showed signals mainly in the aromatic region (8 6.6-8.4 ppm), corresponding to the protons of the aromatic rings. The observed signals and
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their integration values were consistent with the expected number of aromatic protons in the synthesized derivatives. TSI-1 showed signals in the range
of & 7.57-8.22 ppm, while TSI-2 exhibited characteristic aromatic signals between & 7.09-8.07 ppm. TSI-3 showed signals in the range of & 7.08-8.33
ppm, indicating the presence of deshielded aromatic protons. TSI-4 exhibited signals mainly between & 6.69—7.98 ppm, along with a signal around &
2.91-3.08 ppm corresponding to aliphatic protons. TSI-5 displayed characteristic aromatic signals in the range of § 7.09-8.41 ppm. The variations in
chemical shifts were attributed to the different substituents present on the aromatic rings, which influence the electronic environment of the protons.
Overall, the tH NMR spectral data were in agreement with the proposed structures and supported the successful synthesis of TSI-1 to TSI-5 derivatives.

5. CONCLUSION:

The 1,2,4,5-Tetrasubstituted imidazole derivatives were successfully synthesized by Microwave Assisted Synthesis using a green and efficient one-pot
condensation method.

The synthesized compounds were purified by Thin Layer Chromatography (TLC) and recrystallization using ethanol.

The synthesized compounds were characterized by FT-IR and “1H NMR spectral studies, which supported the formation of the desired imidazole
derivatives.

The synthesized compounds showed satisfactory yields ranging from 78% to 89%. Among the synthesized compounds, TSI-2 showed the highest yield
of 89%.

The synthesized compounds were evaluated for in vitro anti-inflammatory activity by the albumin denaturation inhibition method using Diclofenac
Sodium as the standard drug.

Among the synthesized compounds, TSI-4 showed the highest anti-inflammatory activity, with approximately 74% inhibition at 500 pg/mL concentration.

Overall, the present study demonstrates that Microwave Assisted Synthesis is a rapid and eco-friendly approach for the synthesis of tetrasubstituted
imidazole derivatives with promising preliminary anti-inflammatory activity.
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