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Highly efficient and environmentally benign synthesis of tri- and tetra-substituted imidazoles catalyzed by 3-picolinic acid
Harendra Nath Roya,, Abu Zafar Sarkera, Masud Ranaa, Kee-In  Leeb,

General experimental data:
The melting points of the compound were recorded on electro thermal melting point apparatus (Gallendamp). The melting points recorded and incorporated in this thesis are uncorrected. Infrared spectra (IR) were recorded using KBr pellets for solids and neat for liquids on FT-IR 8400 Perkin-Elmer 883 grating spectrometer and the characteristic peaks are expressed in cm-1. 1H NMR spectra were taken on AC-Bruker 500 MHz spectrometer in D6-DMSO or CDCl3, containing TMS as internal standard. All J values are given in Hz and chemical shifts δ in ppm-units. Reactions were monitored by thin layer chromatographic (TLC) plates (.25 mm thickness) prepared by spreading a layer of silica gel (60 GF254, E. Merck) over glass plate.

General Procedure for the Synthesis of 2, 4, 5-Triary-1H-Imidazoles:

A mixture of benzil (1 mmol), benzaldehyde ( 1 mmol), ammonium acetate (2.5 mmol) and 3-picolinic acid (10 mol%) in ethanol (1 mL) was stirred at reflux temperature for 2 hour. The progress of the reaction was monitored by TLC. After completion of reaction, the reaction mixture was cooled to room temperature and by neutralization with 5% NaHCO3 a white color solid was appeared. It was filtered, washed with water and dried over P2O5. Most of the products were sufficiently pure; however if necessary recrystallization were done from EtOH. Same procedures were adopted for aryl / benzyl amine bases.
Spectral data:
Entry I. 2-(2-Chlorophenyl)-4, 5-diphenyl-1H-imidazole (1)



Mp: 195-197°C. 1HNMR (CDCl3, 500MHz): 10.48 (br. S., 1Н, NH), 8.38 (dd, J13=8 Hz, 2H, Ar-H), 7.68-7.29 (m, 13H, Ar-H), 2.08(S, 1H); 13C NMR (300 MHz, DMSO-d6): 143.3, 130.4, 128.9, 128.5, 128.3, 128.3, 127.8, 127.4, 127.0, 100.0 ppm.




Entry II. 2-(4-Methoxyphenyl)-4, 5-diphenylimidazole (2)

             
Mp: 229-231°C. 1HNMR (DMSO-d6, 500MHz): 12.52 (s, 1H, NH), 7.99 (t, J=7.5 Hz, 4.0 Hz, 2H), 7.55 (d, 4H), 7.31-7.22 (m, 7H, Ar-H), 6.93 (t, J=8 Hz, 4.0 Hz, 2H), 3.83 (q, 3H, J=1 Hz CH3); 13C NMR (300 MHz, DMSO-d6): 159.9, 146.4, 128.3, 128.1, 127.2, 127.0, 123.2, 114.0, 55.3 ppm.


Entry III. 2-(α-Napthyl)-4, 5-diphenylimidazole (3)


Mp: 215-217°C. 1HNMR (DMSO-d6, 500MHz): 12.80 (s, 1H, NH), 9.19 (d, 1H, J=8 Hz), 8.01 (t, J¼ 8, 2H), 7.97 (s, 1H), 7.64-7.25 (m, 13H, Ar-H); 13C NMR (300 MHz, DMSO-d6): 146.0, 137.6, 135.8, 135.1, 131.5, 130.8, 129.4, 129.1, 128.8, 128.7, 128.4, 128.2, 127.9, 127.7, 127.2, 127.0, 126.6, 125.7 ppm.



Entry IV. 2-(benzo[d] [1, 3] dioxol-5-yl)-4, 5-diphenyl-1H-imidazole (4)


Mp: 295-297°C. 1HNMR (DMSO-d6, 500MHz): 12.51 (s, 1H, NH), 7.49-7.03 (m, 13H Ar-H), 6.09 (s, 2H); 13C NMR (300 MHz, DMSO-d6): 148.1, 145.8, 131.6, 123.0, 129.1, 128.8, 128.6, 128.3, 128.2, 127.5, 126.9, 125.1, 119.8, 109.0, 106.0, 101.7 ppm



Entry V. 4-(4, 5-Diphenyl-1H-imidazol-2-yl)-phenol (5)


Mp: 269-270°C. 1HNMR (DMSO-d6, 500MHz): 12.41 (s, 1H, NH), 9.71 (s, 1H, OH), 7.90 (d, J¼8.5 Hz, 2H), 7.55-7.21 (m, 10H, Ar-H), 6.86 (d, J¼8.5 Hz, 2H); 13C NMR (300 MHz, DMSO-d6): 158.2, 146.5, 137.0, 135.8, 131.8, 130.0, 129.1, 128.8, 129.0, 128.6, 128.0, 127.8, 127.5, 127.3, 126.8, 122.1, 115.9 ppm.





Entry VI. 2-(3-Bromophenyl)-4, 5-diphenyl-1H-imidazole (6)


Mp: 200-201°C. 1HNMR (DMSO-d6, 500MHz): ) 12.83 (br. S., 1Н, NH), 8.31 (t, J¼ 2 Hz, 1.5 Hz, 1H), 8.10 (d, J¼ 8 Hz, 1H), 7.57 -7.23 (m, 12H, Ar-H); 13C NMR (300 MHz, DMSO-d6): 144.3, 137.8, 135.3, 132.9, 131.4, 131.3, 131.2, 129.3, 129.2, 128.8, 128.7, 128.4, 128.0, 127.6, 127.2, 124.5, 122.6 ppm.


Entry VII. 4-[4-(4, 5-Diphenyl-1H-imidazole-2-yl)-phenyl]-dimethylamine (7)


Mp: 259-261°C. 1H NMR (500 MHz, DMSO-d6): 12.32 (s, 1H, NH), 7.91 (d, J¼ 9 Hz, 2H), 7.37–7.20 (m, 10H, Ar-H), 6.80 (d, J¼ 9 Hz, 2H), 2.98 (s, 6H (CH3)2N); 13CNMR (300 MHz, DMSO-d6): 150.7, 146.9, 129.1, 128.7, 128.6, 127.9, 127.5, 126.8, 118.8, 112.4 ppm.

	
Entry VIII. 3-(4, 5-diphenyl-1H-imidazol-2-yl)-1H-indole (8)


Mp: 181-182°C. 1H NMR (500 MHz, DMSO-d6): 12.14 (br. s, 1H NH), 9.94 (t, 1H NH-Indole), 8.30-7.22 (m, 14H Ar-H); 13CNMR (300 MHz, DMSO-d6): 195.3, 185.4, 138.9, 137.5, 136.0, 132.7, 130.1, 123.0, 124.6, 123.9, 122.6, 121.3, 118.6, 112.9 ppm.


Entry IX. 2-(3-Nitrophenyl)-4, 5-diphenyl-1H-imidazole (9)


Mp: >300°C. 1HNMR (DMSO-d6, 500MHz): 13.11 (s, 1H NH), 8.97 (t, J 2 Hz, 1H NO2-Ar-H), 8.53 (dt, J 10Hz, 1 Hz, 1H NO2-Ar-H), 8.23 (dq, J 11 Hz, 1 Hz, 1.5 Hz, 0.5 Hz, 1H NO2-Ar-H), 7.79 (t, J 8 Hz, 1H NO2-Ar-H), 7.57-7.40 (m, 10 H Ar-H); 13C NMR (300 MHz, DMSO-d6): 148.9, 143.9, 131.7, 129.0, 128.9, 128.9, 123.1, 119.9 ppm.


Entry X. 2-(furan-2-yl)-4, 5-diphenyl-1H-imidazole (10)


Mp: 200-202°C. 1HNMR (DMSO-d6, 500MHz): 12.83 (s, 1H NH), 7.81 (s, 1H furan-H), 7.53-7.22 (m, 10 H Ar-H), 6.98 (s, 1 H furan-H), 6.66 (dd, J 2Hz, 1.5 Hz furan-H); 13C NMR (300 MHz, DMSO-d6): 143.2, 128.8, 112.5, 107.6 ppm.




Entry XI. 2-(4-Chlorophenyl)-1, 4, 5-triphenyl-1H-imidazole (11)




Mp: 162-163°C. 1H NMR (500 MHz, DMSO-d6): 7.63–7.57 (m, 4H, Ar-H), 7.38-7.35 (m, 5H, Ar-H), 7.29-7.16 (m, 8H Ar-H), 6.84 (dd, J 8 Hz, 2.5 Hz, 1.5 Hz, 2H), 5.12 (s, 2H) ppm; 13C NMR (300 MHz, DMSO-d6): 146.9, 138.3, 137.3, 135.0, 134.3, 131.0, 130.8, 130.4, 130.3, 129.4, 128.8, 128.8, 128.8, 128.7, 128.1, 127.5, 126.8, 126.5, 125.9, 48.3 ppm.


Entry XII. 2-(benzo[d][1, 3]dioxol-5-yl)-1-benzyl-4, 5-diphenyl-1H-imidazole (12)



Mp: 130-132°C. 1H NMR (500 MHz, DMSO-d6): 7.85 (dd, J 8Hz, 1.5Hz, 2H Ar-H), 7.36-7.12 (m, 13H Ar-H), 6.83 (dt, J 10Hz, 8.5Hz, 1.5Hz 3H Ar-H), 6.01 (s, 2H dioxol-H), 5.11 (s, 2H benzyl-H); 13C NMR (300 MHz, DMSO-d6): 148.2, 147.8, 147.7, 137.8, 137.5, 134.4, 131.1, 131.1, 129.9, 128.8, 128.6, 128.1, 126.8, 126.3, 126.0, 124.8, 123.1, 109.8, 108.4, 101.3, 48.3 ppm. 


Entry XIII. 4-(1-benzyl-4, 5-diphenyl-1H-imidazol-2-yl)-N, N-dimethylaniline (13)




Mp: 180-182°C. 1H NMR (500 MHz, DMSO-d6): 7.59 (dd, J½ 1.5 Hz, J⅓ 8.5 Hz, 2H Aniline-H), 7.56 (dd, J½ 2 Hz, J⅓ 7 Hz, 2H Ar-H), 7.34-7.14 (m, 11H Ar-H), 6.87 (t, J½ 2 Hz, J⅓ 8 Hz, 2H Ar-H), 6.73 (dt, J½ 2 Hz, J⅓ 8 Hz, J¼ 9.5 Hz, 2H), 5.17 (s, 2H, CH2), 3.00 (s, 6H, CH3); 13C NMR (300 MHz, DMSO-d6): 150.8, 148.8, 137.9, 131.3, 131.1, 129.4, 128.5, 128.0, 127.2, 126.9, 126.0, 112.0, 100.0, 48.3, 40.3 ppm.



Entry XIV. 1-benzyl-2-(4-nitrophenyl)-4, 5-diphenyl-1H-imidazole (14)




Mp: 170-172°C. 1H NMR (500 MHz, DMSO-d6): 8.26 (dt, J½ 2.5 Hz, J⅓ 2 Hz, J¼ 9.5 Hz, 2H NO2-Ar-H), 7.87 (dt, J½ 2.5 Hz, J⅓ 2 Hz, J¼ 6 Hz, 2H NO2-Ar-H) 7.60 (d J 7.5 Hz, 2H Ar-H), 7.43-7.19 (m, 11H Ar-H), 6.89 (d, J 6 Hz, 2H Ar-H), 5.19 (s, 2H CH2); 13C NMR (300 MHz, DMSO-d6): 147.6, 145.4, 139.3, 137.0, 136.9,133.9, 131.8, 131.0, 130.3, 129.3, 129.1, 129.0, 128.9, 128.2, 127.8, 126.8, 125.7, 123.9, 48.6 ppm.

Entry XV. 2-(4-methoxyphenyl)-1, 4, 5-triphenyl-1H-imidazole (15)



Mp: 174-176°C. 1H NMR (500 MHz, DMSO-d6): 7.63 (d, J 7.5 Hz, 2H, MeO-Ar-H), 7.39 (dd, J 2 Hz, 2.5 Hz, 2H Ar-H), 7.30-7.06 (m,13H Ar-H), 6.798 (dd, J 2.5 Hz, 2H MeO-Ar-H), 3.80 (s, 3H CH3O); 13C NMR (300 MHz, DMSO-d6): 159.6, 146.9, 138.0, 137.3, 134.5, 131.2, 130.8, 130.3, 130.3, 128.5, 128.3, 128.1, 127.4, 126.5,123.1, 113.6, 55.2 ppm.

EntryXVI. 3-(1, 4, 5-triphenyl-1H-imidazol-2-yl)-1H-indole (16)




Mp: 247-249°C. 1H NMR (500 MHz, DMSO-d6): 8.47 (dd, J 2.5 Hz, 3.5 Hz, 6 Hz Indole-H), 8.43 (s, 1H Indole-H), 7.73 (dd, J 2 Hz, 3 Hz, 7 Hz 2H Ar-H), 7.30-7.17 (m, 15H Ar-H), 6.35 (d, J 2.5 Hz, 1H); 13C NMR (300 MHz, DMSO-d6): 143.6, 137.6, 137.4, 135.5, 134.8, 131.2, 131.0, 129.2, 128.3, 128.1, 127.8, 127.2, 126.5, 126.4, 123.8, 122.7, 122.1, 120.7, 110.8, 107.0 ppm.
Entry XVII. N, N-dimethyl-4-(1, 4, 5-triphenyl-1H-imidazol-2-yl) aniline (17)


Mp:  238-240°C. 1H NMR (500 MHz, DMSO-d6): 7.64 (d, J 8 Hz, 2H Aniline-H), 7.32-7.08 (m, 15H Ar-H), 6.59 (dd, J 2.5 Hz, 2 Hz, 9.5 Hz, 2H Aniline-H), 2.96 (s, 6H N-CH3); 13C NMR (300 MHz, DMSO-d6): 150.1, 147.6, 137.5, 131.2, 130.9, 129.9, 128.3, 128.1, 128.0, 127.5, 126.5, 111.5, 40.2, 40.2 ppm.
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