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Abstract: This study describes the environmentally friendly synthesis of novel imidazole 

derivatives by the use of both conventional and microwave techniques to react Schiff bases with 

histidine in ethanol. Despite their importance in medicinal chemistry, imidazole molecules are still 

difficult to synthesize efficiently. The research included the preparation of new imidazole 

derivatives by reacting prepared Schiff bases with the amino acid histidine in the presence of ethanol 

as a solvent. The reaction was carried out using conventional and microwave methods, and the 

progress of the reaction was monitored and described by determining the melting point and purity. 

The Rf values were determined using thin-layer chromatography (T.L.C.), infrared spectroscopy 

(FT-IR), proton nuclear magnetic resonance (1H-NMR), and quantitative elemental analysis 

(C.H.N.). The biological activity of the synthesised compounds was evaluated by examining their 

effect on the growth of four antibiotic-resistant bacterial isolates: Gram-negative (Escherichia) and 

Gram-positive (Staphylococcus aureus). The antibiotic Amoxicillin was used as a control sample. The 

prepared compounds showed good inhibitory activity against the tested bacteria. Furthermore, the 

laser activity of the synthesized composites was measured using a helium-neon laser (visible laser). 

The composites were exposed to radiation for four different time periods (15, 30, 45, 60) seconds, 

and their physical properties were re-examined to observe any changes caused by the laser 

exposure. 

Keywords: Green Chemistry, Imidazole, Biological activity, Laser activity 

1. Introduction 

Imidazole rings are widely found in natural products and pharmaceutical molecules 

and are one of the most essential nitrogen-containing five-membered heterocyclic 

structures. In addition, imidazole heterocyclic compounds are essential in medicinal 

chemistry and are vital in treating various diseases. New medicinal derivatives are being 

vigorously developed worldwide [1]. Due to the unique structural characteristics of 

imidazole structure and its electron-rich properties, it is advantageous for the imidazole 

group to bind to various receptors and enzymes in biological systems through various 

weak interactions, thus exhibiting a variety of biological activities. 

At present, many imidazole-containing compounds with high medicinal potential 

have been widely used as clinical drugs for the treatment of various diseases, such as 

antibacterial [2], antifungal [3], and anti-inflammatory [4]. Due to the critical 

pharmacological or biological activities and immense medicinal value of imidazole-based 

molecules, medicinal chemists, and organic synthesis, researchers have found that they 

have antiviral [5], antiparasitic [6], and anticancer effects [7]. Researchers have long been 
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interested in synthesizing small molecules with imidazole structures. However, a simple 

and efficient method for constructing imidazole heterostructures is still needed. 

In recent decades, many classical strategies have emerged for the synthesis of these 

cyclic compounds in vitro. The basic principle of laser operation is absorption followed by 

emission. Absorption, spontaneous emission, and stimulated emission are crucial to the 

physical basis of laser creation [8]. It is understood that atoms, ions, and molecules can be 

in specific configurations, and each configuration has a specific amount of energy 

associated with it called an energy level. The lowest energy level is called the ground state, 

and any level above it is called the excited state. It is important to note that the closer the 

levels are to the ground, the higher their energy [9]. 

 

 

2. Materials and Methods 

2.1. Chemical used 

Chemicals prepared by Aldrich, BDH Thomas, Fluka, and Merck were used. 

 

2.2. Preparation of 4-imidazolidinone derivatives by the traditional method (A1-A7) 

(0.001 mol) of the prepared Schiff bases were mixed in (45 ml) of absolute ethanol 

with (0.002 mol, 0.31 gm) of histidine dissolved in (10 ml) of absolute ethanol, and the 

mixture was elevated for (10-7 hours). The completion of the reaction was confirmed using 

the TLC technique. The mixture was cooled to room temperature and filtered, then washed 

and recrystallized with ethanol [10, 11]. Table (1) shows some physical properties, 

percentage, reverse elevation time, and R.f of 4-imidazolidinone derivatives (A1-A7). 

 

2.3. Preparation of 4-imidazolidinone derivatives by microwave method (A1-A7) 

Mix (0.001 mol) of the prepared Schiff bases in (10 ml) of absolute ethanol with (0.002 

mol, 0.31 gm) of histidine dissolved in (5 ml) of absolute ethanol and put the mixture in 

the microwave and heated for (5-7) minutes at a temperature of (78 °C) and a power of (400 

W). The completion of the reaction was confirmed using the TLC technique. The mixture 

was cooled to room temperature, filtered, washed with cold water, and recrystallized with 

ethanol [12, 13]. Table (1) shows some physical properties, percentage, reverse sublimation 

time, and R.f of 4-imidazolidinone derivatives (A1-A7). 

 

Table 1. Some Physical Properties of the 4-Imidazolidinone derivatives (A1-A7) Prepared 

by the traditional and microwave methods 

Comp. 

No. 

Traditional method Microwave method  

Color Ref. (h.) M.P. ℃ Y. % R.f Color Ref. (h.) M.P. ℃ Y. % R.f 

A 1 Light yellow 9 225-227 74 0.83 Light yellow 7 225-227 74 0.83 

A 2 Brown 8 293-295 79 0.75 Brown 7 293-295 79 0.75 

A 3 Dark brown 9 280-282 81 0.61 Dark brown 5 280-282 81 0.61 

A 4 Dark orange 10 201-203 75 0.69 Dark orange 6 201-203 75 0.69 

A 5 Light red 8 261-263 80 0.66 Light red 7 261-263 80 0.66 

A 6 Dark brown 9 233-235 85 0.78 Dark brown 6 233-235 85 0.78 

A 7 Light orange 10 247-249 70 0.45 Light orange 6 247-249 70 0.45 
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Scheme 1. Prepared compounds (A1-A7) 

 

2.4. Biological activity study 

Mueller-Hinton agar was prepared by dissolving it in 1 liter of distilled water, 

heating and stirring it with a magnetic stirrer, and then sterilizing it with an autoclave at 

121 °C and 1.5 bar pressure [16-19]. For two h, it was cooled to 50 °C, poured into Petri 

dishes, and frozen at room temperature. Two bacterial isolates were tested: Gram-

negative, E. coli, and Gram-positive S. aureus. Two colonies of pure bacterial isolates of 

both Gram-positive and Gram-negative bacteria were transferred from the solid culture 

medium to test tubes containing (5 ml) distilled water using heat-sterilized holders [16-23]. 

The tubes were incubated at 30 °C. (37°C) for (20) hours, then diluted with the 

physiological solution until the turbidity reaches standard turbidity levels to obtain a cell 

count of approximately (1.5×108) cells/ml [24-27]. Chemical solutions of the prepared 

compounds were prepared using dimethyl sulfoxide (DMSO) solvent at three 

concentrations (0.01, 0.001, 0.0001) mg/ml of each substance (for each of these solid 

derivatives) [28-30]. 

 

2.5. Measurement of laser activity of the compounds 

The effectiveness of the laser compounds was evaluated using a helium-neon laser 

(a flammable laser) where the compounds were exposed to four different exposure times 

(15, 30, 45, and 60) seconds for each compound and the distance between the laser source 

and the sample was fixed at (10 cm) with a power of (1 milliwatt) and a wavelength of (808 

nm) [29]. The measurements were carried out in the laser laboratory of the Department of 

Physics, College of Science, Tikrit University. After treating the compounds with a 

radioactive method, their physical properties were re-examined to observe any changes 

resulting from the laser treatment. 

 

 

3. Results and Discussion 

3.1. Characterization of 4-imidazolidinone derivatives (A1-A7) 

The FT-IR spectrum showed an absorption band due to (C=O) at (1670-1654) cm-1, a 

band usually for (NH) at (3184-3168) cm-1, a band usually for (C-N) at (1287-1264) cm-1, a 

band due to (C=N) histidine at (1618-1601) cm-1, two bands due to aliphatic (CH) at (2919-

2867 & 2974-2919) cm-1, a typical band for aromatic (CH) at (3055-3013) cm-1, two bands 

due to aromatic (C=C) at (1569-1527 & 1523-1485) cm-1 [30-31]. As in Table 2 and Figures 1, 

2. 
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Table 2. FT-IR absorption results for prepared compounds (A9-A15) 

Comp. (OH) (NH) 
CH 

Arom. 

(CH) 

Aliph. 
(C=O) (C=N) 

(C=C) 

Arom. 

(C-

N) 
Others 

A 1 3371 3169 3013 2929, 2867 1655 1608 1545, 1490 1281 -- 

A 2 3366 3175 3017 2976, 2919 1659 1611 1548, 1523 1276 (NO) 1514, 1315 

A 3 3332 3170 3055 2974, 2916 1654 1618 1569, 1485 1280 (C-Br) 688 

A 4 3400 3184 3022 2945, 2866 1681 1618 1527, 1488 1274 (C-Cl) 742 

A 5 3367 3168 3031 2932, 2867 1663 1606 1539, 1508 1269 (C-Cl) 758 

A 6 3356 3175 3026 2930, 2903 1660 1615 1561, 1518 1264 -- 

A 7 3378 3181 3016 2919, 2875 1668 1610 1546, 1505 1287 (C-O) 1323 
 

1H-NMR spectrum of A3 shows a signal at (11.7712.46) ppm for (NH) histidine, a 

signal at (9.61) ppm for (OH), a signal at (9.61) ppm for (NH) imidazole, signals at (77.01-

8.29) ppm aromatic rings, a signal at (6.39) ppm for (CH) imidazole, a triplet signal at (3.95-

4.00) ppm for (CH) imidazole, and a doublet signal at (3.04, 3.02) ppm for (CH2) histidine 

[32, 33]. As in Fig. 3. 

1H-NMR spectrum of A5 shows a signal for (NH) histidine at (10.03) ppm, a signal 

for (OH) at (8.75) ppm, a signal for (NH) imidazole at (8.41) ppm, signals for aromatic rings 

at (7.01-8.29) ppm, a signal for (CH) imidazole at (5.94) ppm, a triple signal for (CH) 

imidazole at (3.25-3.32) ppm, a double signal for (CH2) histidine at (2.76, 2.73) ppm. As in 

Fig. 4. 

 

3.2. Elemental Analysis (C.H.N.O.) Measurement 

Elemental analysis (C.H.N.O) of the manufactured compounds was performed to 

verify the accuracy and precision of their structural composition, and the obtained 

elemental ratios were either consistent with the calculated values or very close to them, 

confirming the validity of the structures of the manufactured compounds [34, 35], as 

shown in Table (3). 

 

Table 3. Results of elemental analysis (C.H.N.O) of manufactured compounds 

Found Calculated Molecular 

Formula 

Comp 

No. O% N% H% C% O% N% H% C% 

6.29 20.19 5.27 67.14 6.46 20.25 5.32 67.31 C54H52N14O4 A 1 

12.94 20.01 3.79 61.83 13.16 20.32 4.04 62.16 C50H40N14O8 A 2 

6.39 16.31 4.02 57.89 6.10 16.18 3.80 58.05 C50H40Br2N12O4 A 3 

6.30 17.42 4.14 63.32 6.54 17.65 4.20 63.43 C50H40Cl2N12O4 A 4 

6.16 16.32 3.54 59.76 6.36 16.69 3.71 59.38 C50H38Cl4N12O4 A 5 

10.45 16.23 4.45 62.65 10.57 16.32 4.32 62.73 C62H52N14O8S2 A 6 

13.14 18.89 3.97 47.89 13.32 18.71 4.12 58.18 C58H50N16O10S2 A 7 

 

3.3. Green Synthesis and Traditional Synthesis 

All compounds were synthesized using conventional and microwave methods, and 

the two methods were compared in terms of solvent usage, catalyst requirement, reaction 

time, relative yield, melting point, color, and solubility. The microwave method has the 

advantages of high yield, low solvent consumption, no catalyst, and short time. It is also 

easier to separate the compounds prepared using microwave technology. The compounds 

prepared by the two methods are identical regarding physical properties such as color, 

melting point, and RF value [36, 37]. 
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3.4. Evaluation of the Biological Activity of Prepared Compounds 

Insert a sterile cotton swab into the test tube containing the diluted bacterial growth 

and remove excess inoculum by pressing the swab against the inner wall of the tube 

[38,39]. Inoculate Mueller Hinton agar (MHA) with the sterile cotton swab and wipe it over 

the culture. Leave the Petri dish aside (10-15 days) for a few minutes to absorb the culture 

and dry the medium [40-43]. The antibacterial activity of the prepared compounds was 

tested using the agar diffusion method. After inoculating the culture medium with the 

bacterial isolates, make holes in the Petri dishes using the cylinder measuring method 

(according to USP 35) [44-47]. Cork drill, put (40 μl) of the three concentrations of the 

prepared compounds in each well, then incubate the dish at (37°C) for (24) hours, then (24) 

hours and (48) hours [48-50]. The results are read after 24 hours to indicate the sensitivity 

of the derivative used, which depends on the inhibitory diameter shown in the culture dish 

around the well-used, as an increase in the inhibitory diameter means an increase in the 

bioavailability of the prepared compound [52-53]. Compare the inhibitory diameter with 

the diameter of the standard antibiotic in solution form, such as amoxicillin, as a control 

sample [54]. As in Table 4 and Scheme 1, 2. 

 

Table 4. Antibacterial activity of the synthesized compounds (inhibition zone in mm) 

   
0.0001 0.001 0.01 0.0001 0.001 0.01 

A 1 7 10 13 9 16 20 

A 2 3 8 10 0 8 10 

A 3 8 10 12 7 12 18 

A 4 5 5 5 10 5 13 

A 5 12 12 18 0 6 14 

A 6 10 10 12 6 9 12 

A 7 4 10 19 10 15 21 

Amox. 14 20 30 15 21 30 

 

3.5. Results of Laser Activity Measurement for Synthesized Compounds 

In this study, the laser activity of the composites was evaluated by exposing them to 

a helium-neon laser. Later, the physical properties (color, melting point, and flow rate (Rf)) 

of the composites were re-examined to evaluate any changes. The investigation revealed 

that during periods of 15, 30, and 45 seconds, the physical properties of the chemicals 

remained unchanged. These composites maintained their structural integrity and physical 

properties and showed no response to the laser during these periods. However, at 60 

seconds, significant changes in the physical properties were observed, and these changes 

were significant in the melting points and Rf values of the thin layer chromatography 

(TLC) [55]. In addition, small color changes were observed. These changes are likely due 

to the dissolution of some bonds within the composites, which would lead to the creation 

of new compounds because of continuous exposure to the high-power laser for 60 seconds 

[56]. The results of measuring the laser activity of some of the composites are listed in Table 

(5). 
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Table 5. Results of Laser Activity Measurement for Synthesized Compounds 

Comp. 

No. 

15 S 30 S 45 S 60 S 

Color M.P. ℃ R.f Color M.P. ℃ R.f Color M.P. ℃ R.f Color M.P. ℃ R.f 

A 1 Light yellow 225-227 0.83 Light yellow 225-227 0.83 Light yellow 225-227 0.83 Yellow 201-203 0.75 

A 2 Brown 293-295 0.75 Brown 293-295 0.75 Brown 293-295 0.75 Light brown 274-276 0.66 

A 3 Dark brown 280-282 0.61 Dark brown 280-282 0.61 Dark brown 280-282 0.61 Brown 261-263 0.53 

A 4 Dark orange 201-203 0.69 Dark orange 201-203 0.69 Dark orange 201-203 0.69 Orange 184-186 0.60 

A 5 Light red 261-263 0.66 Light red 261-263 0.66 Light red 261-263 0.66 Orange 243-245 0.53 

A 6 Dark brown 233-235 0.78 Dark brown 233-235 0.78 Dark brown 233-235 0.78 Brown 206-208 0.67 

A 7 Light orange 247-249 0.45 Light orange 247-249 0.45 Light orange 247-249 0.45 Yellow 221-223 0.54 

 

 

Figure 1. The compound’s FT-IR spectra (A3) 

 

 

Figure 2. The compound’s FT-IR spectra (A4) 
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Figure 3. 1-H NMR spectra of the substance (A3) 

 

 

Figure 4. 1-H NMR spectra of the substance (A5) 

 

 

Scheme 2. Inhibitory activity of (A1-A7) for Staph. aureus 
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Scheme 3. Inhibitory activity of (A1-A7) for E. coli 

 

 

4. Conclusion 

Compared with conventional methods, microwave methods have achieved better 

results in obtaining organic compounds. This technology has proven to be economical as 

it saves time, effort, solvents and catalysts while providing higher product yields. 

Therefore, it can be concluded that the microwave method is superior, especially for small 

reactions. In addition, the microwave method uses fewer reactants and causes less 

pollution to the laboratory environment and the wider ecosystem, making it an 

environmentally friendly technique. Reactions of Schiff base derivatives with compounds 

containing suitable functional groups usually produce five-membered heterocycles. 

Biological studies have shown that the synthesised compounds have antimicrobial activity 

and can inhibit the growth of bacteria. These compounds exhibit higher biological activity 

than the parent material, which is important since the starting material is a drug used in 

the medical field. The synthesized compounds showed high stability when exposed to 

helium-neon laser irradiation. Physical and spectroscopic measurements confirmed the 

accuracy and validity of the synthesized nanostructures. 
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