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Abstract 

Various allyl containing tetrasubstituted imidazoles were synthesized by 

one-pot four-component cyclocondensation of benzil, various substituted 

benzaldehydes, allyl amine and ammonium acetate. Cheaper Brᴓnsted 

acidic ionic liquid ([Et2NH2]HSO4, diethylammonium hydrosulfate) was 

utilized as a catalyst for the reaction. Antimicrobial activity of the 

synthesized compounds against gram-positive (Golden Staphylococcus), 

gram-negative (Escherichia coli (E.Coli), Pseudomonas aeruginosa) and the 

yeast fungi of the genus Candida albicans were tested. Obtained results 

showed that Vc and Vd are perfect against gram-positive bacteria (E.Coli, 

Pseudomonas aeruginosa) in a very dilute solution (1:800) after 60 minutes 

of exposure 

Keywords: allyl containing tetrasubstitued imidazoles, gram-positive and gram-negative  

bacteria, ethyl alcohol, rivanol, furracillin, nitrofungin 

 

Introduction 

One of the traditional tasks of organic synthesis is new strategy development for 

synthesis of novel biologically active compounds. Synthetic procedures of nitrogen containing 

heterocyclic compounds have been developed and shifted toward atom economic direction. Five-

membered tri- and tetrasabstuted heterocyclic compounds drawn much attention because of 

medicinal application (e.g. anti-fungal, anti-inflammatory). Especially, imidazole moiety 

containing compounds and their derivatives play an important role in the pharmaceutical 

industry. These substances are very important drugs in the treatment of microbial infections. 

Because of powerful biochemical and pharmacological properties, the molecules are effective 

against various strains of microorganisms [1-4]. Multisubstitued imidazoles have 

pharmacological application due to antimicrobial [5] antiviral [6], antidiabetic [7], anticancer [8, 

9], anticryptococcal, and cytotoxic activity [10]. 

Increasing demand for new biologically active compounds imply extensive studies on the 

structural properties of heterocyclic compounds and their effects on the suppressing 

microorganism growth. 
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We applied “greener” synthetic procedure to synthesize allyl containing tetrasubstuted 

imidazoles. Antimicrobial activities of those allylic imidazole derivatives were not reported 

previously. This is why, we synthesized array of allylic tetrasubstituted imidazoles and 

systematically studied their antimicrobial effects on gram-positive, –negative bacteria and fungi. 

Allylic tetrasubsituted imidazoles are effecting similarly with their analogues: They contains 

nucleophilic centers (nitrogen atoms), plus electron rich allyl group. It increases significantly 

antimicrobial abilities of analogous tetrasubstituted imidazoles. The nitrogen atoms in the 

imidazole ring also facilitates metal complex formation that is greatly expand the spectrum of 

biological activities of imidazole compounds and have been successfully used to produce 

effective drugs [11, 12]. One-pot four-component cyclocondensation of the substrates yields 

allylic tetrasubstituted imidazoles selectively in a short reaction time (10-45 minutes).  

Experimental Part 

The reaction was monitored by TLC (Kieselgel 60 F254, Merck) paper. Melting points 

were determined in open capillary tubes using an electrothermal digital device 9100. IR-spectra 

were recorded on a Shimadzu FTIR-8400S spectrophotometer on a thin film (KBr, NaCl, and 

LiF). 1H and 13C NMR spectra were recorded on a Bruker spectrometer operating at 300 and 

400 MHz in solutions (CD3)2SO. 

General procedure for the preparation of allyl containing tetrasubstituted 

imidazoles (VIa, VIb, VIc, VId). 

10 mmol benzil, 10 mmol substituted benzaldehyde (6a-c), 40 mmolammonium acetate, 

10 mmol allyl amine, and diethylammonium hydrogen sulfate (0.513 g, 3 mmol) were placed in 

a roundbottom three-necked flask equipped with a magnetic stirrer. The resulting mixture was 

heated with continuous stirring to 90-100 °C for 10-45 minutes. The reaction was monitored by 

TLC, eluent - ethyl alcohol: chloroform = 1: 9. Reaction mixture was poured to 100 ml icy-

water, and formed solid residue  was filtered off, the crude product was purified via 

recrystallization from ethanol. 

1N-Allyl-2-(4-allyloxyphenyl)-4,5-diphenyl-1H-imidazole (V1a): Yield: 4.82 g (82%), 

m.p. 145-147 °C. IR-spectrum: (KBr, υ, cm
-1

): 3063 (C-H), 2922 (CH), 2857 (CH), 1645 (= 

CH), 1609 (C = N), 1502 (C = C) , 1447, 1245, 1177, 1060, 838, 714, 697, ¹H-NMR (DMSO-d, 

400 MHz): 4.45 (d, 2H, CHNN), 4.63 (d, 2H, CHOO), 4.71 (d 1H, CH = CH2), 5.05 (m, 1H, CH 

= CH2), 5.29 (d, 1H, CH = CH2), 5.42 (d, 1H, CH = CH2), 5.74 (d, 1H, CH = CH2), 6.03 (m, 1H, 

CH = CH2), 7.06-7.65 (m, J = 8.8Hz, 2.0Hz, 14H, Ar-H), 13C-NMR (400 MHz, DMSO-d6): 

46.531, 68.257, 114.665, 116.295, 117.645, 123.235, 126.017, 126.075, 128.026, 128.882, 

128.940, 129.615, 129.862, 130.850, 130.941, 133.534, 134.234, 134.670, 136.333, 146.632, 

158.545 m.e. 

For C27H24N2O calculates (%): 

Found: C, 82.30; H, 5.90; N, 7.28. 

2-(1N-allyl-4,5-diphenyl-1H-imidazol-2-yl) phenol (VIb). Yield 0.748 g (85%), m.p. 134-

136 °C. IR-spectrum (KBr, cm
-1

): 3361 (OH), 3066 (CH), 2979 (CH), 2921, 2868 (CH), 1642 

(=CH), 1601 (C = N), 1524 (C = C) 1488, 1456, 1217, 1165, 1052, 841, 748, 710, 689. 1H-NMR 

(CDCl3-d6, 300 MHz): 4.54 (d, 2H, CH2N), 5.25 (d, 1H, CH2), 5.40 (d, 1H, = CH2), 5.50 (m, 1H, 



V.M. ABBASOV, Y.A. ABDULLAYEV, A.H. TALYBOV,  … 

www.ppor.az 346 

CH = CH2), 6.69-7.67 (m, 14H, Ar-H), 8.07 (s, 1H, Ar-OH); 13C-NMR (300 MHz, CDCl3-d1): 

58.750, 68.750, 112.500, 117.755, 120.375, 126.250, 128.125, 128.375, 128.625, 129.000, 

131.250, 133.357, 135.000, 156.250, 166.000 ppm. 

For C24H20N2O, calculate: 

Found: C, 81.99; H, 5.44; N, 7.65. 

4-allyl-(1N-allyl-4,5-diphenyl-1H-imidazol-2-yl) benzoic acid (VIc). Yield 3.57 g (85%), 

m.p. 224-226 °C. IR-spectrum (KBr, cm
-1

): 3083 (C-H), 2990 (CH), 2965 (CH), 2845 (CH), 

1708 (C = O), 1612 (C = N), 1585, 1504 (C = C), 1443, 1270, 1161, 1072, 861, 720, 696, 1H-

NMR (DMSO-d6, 300 MHz):), 3.55 (d, 1H, CH2), 4.80 (m, 5H, CH2N, CH2O and = CH2), 5.076 

(m, 1H, CH = CH2), 5.30 (d, 1H, CH2), 5.44 (d, 1H, CH2), 6.06 (m., 1H, CH = CH2), 7.210-

8.444 (m, 14H, Ar-H), 13C-NMR (400 MHz, DMSO-d6): 65.400, 90.238, 118.213, 119.415, 

126.017, 128.191, 128.965, 129.105, 129.722, 130.175, 130.652, 131.854, 132.488, 132.711, 

135.501, 136.671, 164.925, 169.741, 196.637 ppm. 

For C28H24N2O2 calculate: 

Found: C, 79.65; H, 6.05; N, 6.99. 

1N-allyl-2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole (VId). Yield 2.41 g (87%), m.p. 

236-238 °C. IR-spectrum (KBr, cm
-1

): 3055 (C-H), 2996 (CH), 2956, 2932 (CH), 1602 (C = N), 

1568, 1516 (C = C), 1448, 1273, 1124, 1012, 829, 732, 695, 574, ¹H-NMR (DMSO-d, 400 

MHz): 4.48 (d, 2H, CHNN), 4.72 (d, 1H, CH = CH), 5.06 (d., 1H, CH = CH2), 5.76 (m, 1H, CH 

= CH2), 7.10-7.90 (m, J = 8.3Hz, 4.4Hz, 14H, Ar-H), 13C-NMR (400 MHz, DMSO-d6): 46.613, 

116.418, 126.034, 126.240, 128.051, 128.644, 128.973, 129.022, 129.533, 130.101, 130.340, 

130.504, 130.883, 133.534, 134.003, 134.390, 136.769, 145.471 ppm. 

For C24H19ClN2 calculates: 

Found: C, 77.85; H, 5.36; N, 7.50. 

Results and Discussion 

We synthesized four allyl containing tetrasubstuted imidazoles (VIa-d) via the reaction 

described in scheme 1. These compounds were obtained in solvent free condition with small 

amount (3 mol%) of Brᴓnsted acidic IL catalyst loading. Substituent effects on substrate II are 

studied via changing hydrogen atoms in orto (X), meta (Y), and para (Y) positions as shown in 

scheme 1. and The target compounds were obtained in high yield (82-87%). The above 

mentioned spectral data completely confirmed the structures. 

 
 

Scheme 1. Synthsis of allyl containing tetrasubstituted imidazoles 
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1% solution of the substances in dimethylformamide (DMF) were tested. Dilutions were 
studied at the following concentrations: 1: 100; 1: 200; 1: 400; 1: 800; 1: 1600. 

Suspensions of active gram-positive: Golden Staphylococcus, gram-negative: E.coli, 
Pseudomonas aeruginosa and yeast fungi of the genus Candida albicans were used as test 
cultures. As a nutrient medium MPA was used at pH 7.2-7.4 for Candida albicans. The 
microbial load in all tests was 1 billion microbial bodies per 1 ml, which were added as a drop to 
each tube. Crops were carried out in every 10, 20, 40, 60 minutes of exposure. For a comparative 
study of the activity of the synthesized compounds control substances (e.g. ethyl alcohol, rivanol, 
furracillin, nitrofungin) were utilized. As a result of the tests, great antimicrobial activity of 
substances (VIc, and VId) was observed. 

Based on obtained results it can be seen that tested substances are active suppressing 
Staphylococcus aureus, Pseudomonas aeruginosa, and Candida fungi growth. The substances 
can be recommended as an antimicrobial agent to kill gram-positive, gram-negative bacteria and 
fungi of the genus Candida. The antimicrobial effect of the synthesized compounds was tested 
by the serial dilution method described above. 

Table 1. The results of the study of the antibacterial activity of 1,2,4,5-tetrasubstituted 

imidazoles 
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Test culture 

Golden 

Staphylococcus 

aureus 

E.Coli 
Pseudomonas 

aeruginosa 

Candida 

albicans 

Exposure (minutes) 

10 20 40 60 10 20 40 60 10 20 40 60 10 20 40 60 

 

1:100 + + - - - - + - + + - - + + + + 

1:200 + + - - + + + + + + - - + + + + 

1:400 + + + - + + + + + + + - + + + + 

1:800 + + + + + + + + + + + + + + + + 

1:1600 + + + + + + + + + + + + + + + + 

 

1:100 + + - - + + - - + + - - + + + + 

1:200 + + + - + + + + + + - - + + + + 

1:400 + + + - + + + + + + + - + + + + 

1:800 + + + + + + + + + + + + + + + + 

1:1600 + + + + + + + + + + + + + + + + 

 

1:100 - - - - + + - - + + - - + - - - 

1:200 - - - - + + - - + + - - + - - - 

1:400 + + - - + + - - + + - - + - - - 

1:800 + + - - + + - - + + + + + + - - 

1:1600 + + + + + + + + + + + + + + + + 
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Cont. of Tab. 1 

 

1:100 - - - - + - - - + - - - + - - - 

1:200 - - - - + - - - + - - - + - - - 

1:400 + + - - + + - - + - - - + + - - 

1:800 + + - - + + - - + + - - + + - - 

1:1600 + + + + + + + + + + + + + + + + 

As a result of the tests, satisfactory antimicrobial activity of the substances (VIc; VId) to 

the golden staphylococcus were determined. VIc and VId, are active to staphylococcus after 20 

minutes of exposure time at a dilution of 1:200. These compounds show extraordinary activity 

after 60 minutes of exposure time even at the 1:800 dilution. VIa and VIb show less 

antimicrobial activity to gram-positive and –negative bacteria and fungi. VIc and VId can be 

proposed as an alternative of control substances as promising biologically active compounds.  

Conclusion 

Four allyl containing tetrasubstituted imidazoles were synthesized via one-pot four 

component cyclocondensation reaction. Green protocol was applied (e.g. solvent free, shorter 

reaction time, atom economic) in the synthesis. Tests of the antimicrobial activity of synthesized 

compounds against gram-positive and gram-negative bacteria and fungi of the Candida series 

were carried out. Among synthesized compounds (VIc and VId) show higher antimicrobial 

properties than alcohol, rivanol, furracillin, nitrofungin.  
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