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Experimental Part: 

 

All melting points are recorded on digital Gallen Kamp MFB-595 instrument and may be 

uncorrected. The IR spectra (KBr) (cm
-1

) were measured on a JASCO spectrophotometer. 
1
H 

NMR spectra were recorded on Bruker spectrometers (at 400 MHz) and are reported relative 

to deuterated solvent signals in deuterated dimethylsulfoxide (DMSO-d6). 
13

C NMR spectra 

were recorded on Bruker Spectrometers in deuterated dimethylsulfoxide (DMSO-d6).  

 

 

Synthesis of 2-amino-4-phenyl-1,4-dihydrobenzo[4,5]imidazo[1,2-a] pyrimidine-3-

carbonitrile (1a):  

N

N

N
H

H

NH2

CN

 
 

To the mixture of 2-aminobenzimidazole (1 mmol), malononitrile (1 mmol) and 

benzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was added. 

The mixture was stirred at room temperature for 5 minutes. After completion of the reaction 

(TLC), 10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by 

filtration. The organic layer was dried over Na2SO4; the solvent was evaporated and purified 

by recrystallization from ethanol to give compounds 1a. Yield 96%; m.p. 227-229 °C (Lit. 

236-238,
[1]

 233-236
[2],

 225-227
[3]

); IR: ν/cm-1
: 3431, 3320, 3214 (NH2 & NH), 2920 (CH-
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aliph), 2189 (C≡N), 1682 (C=N); Anal. calcd for C17H13N5 (287.32): C, 71.06; H, 4.56; N, 

24.37; Found: C, C, 71.21; H, 4.51; N, 24.43 %. 

 

Synthesis of 2-amino-4-(4-fluorophenyl)-1,4-dihydrobenzo[4,5] imidazo[1,2-

a]pyrimidine-3-carbonitrile (1b) 

 

N

N

N
H

H

NH2

CN

F

 
 

 

To the mixture of 2-aminobenzimidazole (1 mmol), malononitrile (1 mmol) and 4-

fluorobenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 50 °C for 5 minutes. After completion of the reaction 

(TLC), 10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by 

filtration. The organic layer was dried over Na2SO4; the solvent was evaporated and purified 

by recrystallization from ethanol to give compounds 1b. Yield 87%; m.p. 232 °C (Lit. 254-

256,
[1]

 252-266,
[2]

 260-262
[3]); IR: ν/cm-1

: 3431, 3324, 3219 (NH2 & NH), 2922 (CH-aliph), 

2188 (C≡N), 1680 (C=N); Anal. calcd for C17H12FN5 (305.31): C, 66.88; H, 3.96; N, 22.94; 

Found: C, 66.71; H, 4.01; N, 22.78 %. 

 

Synthesis of 2-amino-4-(4-hydroxyphenyl)-1,4-dihydrobenzo[4,5] imidazo[1,2-

a]pyrimidine-3-carbonitrile (1c) 

N

N

N
H

H

NH2

CN

HO

 
 

To the mixture of 2-aminobenzimidazole (1 mmol), malononitrile (1 mmol) and 4-

hydroxybenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 50 °C for 15 minutes. After completion of the reaction 

(TLC), 10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by 

filtration. The organic layer was dried over Na2SO4; the solvent was evaporated and purified 

by recrystallization from ethanol to give compounds 1c. Yield 83%; m.p. 222 °C; IR: ν/cm-1
: 

3481, 3382, 3326 (OH, NH2 & NH), 2911 (CH-aliph), 2188 (C≡N), 1679 (C=N); 
1
H NMR 
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(400 MHz, DMSO): δ/ppm = 5.13 (s, 1H, CH), 6.75 (m, 3H, Ar-H & NH2), 6.94 (m, 1H, Ar-

H), 7.00 (t, 1H, Ar-H), 7.11 (d, 2H, Ar-H), 7.21 (d, 1H, Ar-H), 7.65 (d, 1H, Ar-H), 7.85 (d, 

1H, Ar-H), 8.58 (br, 1H, OH); 
13

C NMR (101 MHz, DMSO): 53.5, 63.1, 112.8, 115.8 (2C), 

116.5, 119.7, 120.3, 123.8, 127.8 (2C), 129.8, 133.6, 144.1, 149.4, 152.3, 157.6; Anal. calcd 

for C17H13N5O (303.32): C, 67.32; H, 4.32; N, 23.09; Found: C, 67.46; H, 4.29; N, 22.98 %. 

 

 

Synthesis of 2-amino-4-(3-methoxyphenyl)-1,4-dihydrobenzo[4,5] imidazo[1,2-

a]pyrimidine-3-carbonitrile (1d)  

 

N

N

N
H

H

NH2

CN
H3CO

 
 

To the mixture of 2-aminobenzimidazole (1 mmol), malononitrile (1 mmol) and 3-

methoxybenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was stirred at room temperature for 10 minutes. After completion of the 

reaction (TLC), 10 mL EtOAc was added to the reaction mixture and the catalyst was 

recovered by filtration. The organic layer was dried over Na2SO4; the solvent was evaporated 

and purified by recrystallization from ethanol to give compounds 1d. Yield 83%; m.p. 225 

°C; IR: ν/cm-1
: 3427, 3314, 3214 (NH2 & NH), 2918 (CH-aliph), 2191 (C≡N), 1680 (C=N); 

1
H 

NMR (400 MHz, DMSO): δ/ppm = 3.71 (s, 3H, OCH3), 5.20 (s, 1H, CH), 6.86 (m, 5H, 3Ar-

H & NH2), 7.02 (m, 1H, Ar-H), 7.13 (m, 1H, Ar-H), 7.19-7.35 (m, 2H, Ar-H), 7.64 (m, 1H, 

Ar-H), 8.63 (br, 1H, NH); 
13

C NMR (101 MHz, DMSO): 49.6 (CH), 56.5 (OCH3), 61.4, 

112.6, 112.8, 112.9, 114.1, 116.6, 119.5, 120.3, 123.4, 129.5, 131.7, 144.1, 149.9, 151.1, 

152.8, 153.5; Anal. calcd for C18H15N5O (317.34): C, 68.13; H, 4.76; N, 22.07; Found: C, 

68.31; H, 4.81; N, 22.23 %. 

 

 

Synthesis of 2-amino-4-(2,5-dimethoxyphenyl)-1,4-dihydrobenzo [4,5]imidazo[1,2-

a]pyrimidine-3-carbonitrile (1e) 
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N

N

N
H

H

NH2

CN
H3CO

OCH3

 
 

 To the mixture of 2-aminobenzimidazole (1 mmol), malononitrile (1 mmol) and 2,5-

dimethoxybenzadehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 50 °C for 15 minutes. After completion of the reaction 

(TLC), 10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by 

filtration. The organic layer was dried over Na2SO4; the solvent was evaporated and purified 

by recrystallization from ethanol to give compounds 1e. Yield 97%; m.p. 223 °C; IR: ν/cm-1
: 

3418, 3310, 3137 (NH2 & NH), 2927 (CH-aliph), 2179 (C≡N), 1690 (C=N); 
1
H NMR (400 

MHz, DMSO): δ/ppm = 3.60 (s, 3H, OCH3), 3.64 (s, 3H, OCH3), 5.34 (s, 1H, CH), 6.66 (m, 

1H, Ar-H), 6.73 (br, 2H, NH2), 6.83 (m, 1H, Ar-H), 6.93 (m, 1H, Ar-H), 7.00 (m, 1H, Ar-H), 

7.12 (m, 1H, Ar-H), 7.23 (m, 1H, Ar-H), 7.63 (m, 1H, Ar-H), 8.28 (br, 1H, NH); 
13

C NMR 

(101 MHz, DMSO): 49.5 (CH), 55.7 (OCH3), 56.3 (OCH3), 61.8, 112.7, 112.8, 112.9, 114.0, 

116.5, 119.5, 120.3, 123.7, 129.8, 131.8, 144.1, 149.9, 151.0, 152.8, 153.4; Anal. calcd for 

C19H17N5O2 (347.37): C, 65.69; H, 4.93; N, 20.16; Found: C, 65.81; H, 5.01; N, 20.32 %. 

 

 

Synthesis of 2-amino-4-(naphthalene-2-yl)-1,4-dihydrobenzo[4,5] imidazo[1,2-

a]pyrimidine-3-carbonitrile (1f)  

 

N

N

N
H

H

NH2

CN

 
 

To the mixture of 2-aminobenzimidazole (1 mmol), malononitrile (1 mmol) and 2-

naphthaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was added. 

The mixture was heated at 50 °C for 15 minutes. After completion of the reaction (TLC), 10 

mL EtOAc was added to the reaction mixture and the catalyst was recovered by filtration. 

The organic layer was dried over Na2SO4; the solvent was evaporated and purified by 

recrystallization from ethanol to give compounds 1f. Yield 97%; m.p. 237 °C (Lit. 228-229
[1, 

3]); IR: ν/cm-1
: 3430, 3327, 3137 (NH2 & NH), 2917 (CH-aliph), 2185 (C≡N), 1679 (C=N); 

1
H 

NMR (400 MHz, DMSO): δ/ppm = 5.44 (s, 1H, CH), 6.89 (br, 2H, NH2), 7.02 (t, 1H, Ar-H), 
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7.12 (t, 1H, Ar-H), 7.24 (d, 1H, Ar-H),  7.50 (m, 3H, Ar-H), 7.68 (d, 1H, Ar-H), 7.80 (s, 1H, 

Ar-H), 7.92 (m, 3H, Ar-H), 8.73 (br, 1H, NH); 
13

C NMR (101 MHz, DMSO): 54.1, 62.3, 

112.9, 116.6, 119.7, 120.4, 123.8, 124.9, 125.1, 126.7, 127.0, 128.1, 128.4, 129.2, 129.8, 

133.1, 140.6, 144.1, 149.7, 152.2; Anal. calcd for C21H15N5 (337.38): C, 74.76; H, 4.48; N, 

20.76; Found: C, 74.54; H, 4.52; N, 20.58 %. 

 

Synthesis of 2-oxo-4-phenyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo [1,2-a]pyrimidine-3-

carbonitrile (2a) and 2-oxo-4-phenyl-1,2-dihydropyrimido[1,2-a] benzimidazole-3-

carbonitrile  (3a) 

 

N

N

N
H

H

O

CN

H

 
 

2a 

N

N

N
H

O

CN

 
 

3a 

 

To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 

benzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was added. 

The mixture was heated at 120 °C for 35 min. After completion of the reaction (TLC), 10 mL 

EtOAc was added to the reaction mixture and the catalyst was recovered by filteration. The 

organic layer was dried over Na2SO4; the solvent was evaporated. The mixture of two 

products was separated by column chromatography on silica-gel using pet. ether/ethyl acetate 

(60/40) as eluent. 

 

2-Oxo-4-phenyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo [1,2-a]pyrimidine-3-carbonitrile 

(2a): Yield 50%; m.p. 290 °C; (Lit. 252 °C); IR: ν/cm-1
: 3439 (NH), 2926, 2852 (CH-aliph), 

2227 (C≡N), 1665 (C=O), 1631 (C=N); Anal. Calcd. for C17H12N4O (288.30): C, 70.82; H, 

4.20; N, 19.43; Found: C, 70.73; H, 3.89; N, 19.03 %.  

 

2-oxo-4-phenyl-1,2-dihydropyrimido[1,2-a] benzimidazole-3-carbonitrile  (3a): Yield 

18%; m.p. >300 °C; IR: ν/cm-1
: 3289 (NH), 2209 (C≡N), 1698 (C=O), 1637 (C=N); 

1
H NMR 

(400 MHz, DMSO): δ/ppm = 7.11 (m, 1H, Ar-H),  7.25 (m, 2H, Ar-H), 7.41 (m, 1H, Ar-H), 

7.53 (m, 2H, Ar-H), 7.60 (m, 1H, Ar-H), 7.87 (br, 1H, NH); 8.40 (d, 1H, J= 6.8 Hz, Ar-H);  
13

C NMR (101 MHz, DMSO): 111.8, 115.6, 116.0, 121.4, 122.4, 125.4, 128.6 (2C), 129.0 

(2C), 130.4, 132.5, 138.7, 152.3, 153.2, 161.0, 166.9; Anal. Calcd. for C17H10N4O (286.29): 

C, 71.32; H, 3.52; N, 19.57; Found: C, 71.41; H, 3.47; N, 19.44 %.  
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Synthesis of 4-(4-fluorophenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5] imidazo[1,2-

a]pyrimidine-3-carbonitrile  (2b) and 4-(4-fluorophenyl)-2-oxo-1,2-dihydropyrimido[1,2-

a]benzimidazole-3-carbonitrile (3b) 

 

N

N

N
H

H

O

CN

H

F

 
 

2b 

N

N

N
H

O

CN

F

 
3b 

 

 

   To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 4-

fluorobenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 120 °C for 35 min. After completion of the reaction (TLC), 

10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by filteration. 

The organic layer was dried over Na2SO4; the solvent was evaporated. The mixture of two 

products was separated by column chromatography on silica-gel using pet. ether/ethyl acetate 

(60/40) as eluent. 

 

 

4-(4-Fluorophenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5] imidazo[1,2-a]pyrimidine-3-

carbonitrile  (2b): Yield 44%; m.p. 288 °C;  IR: v/cm
-1

: 3353 (NH), 2962, 2887 (CH-aliph), 

2224 (C≡N), 1681 (C=O), 1603 (C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 5.91 (d, 1H, J 

= 8.0 Hz, C3-H), 6.88 (t, 1H, J = 7.6 Hz, Ar-H), 7.05 (m, 1H, Ar-H),  7.25 (t, 1H, J = 7.6 Hz, 

Ar-H), 7.34 (m, 1H, Ar-H), 7.50 (d, 1H, J = 8.0 Hz, C4-H), 7.61 (m, 2H, Ar-H), 7.77 (br, 1H, 

NH), 7.86 (m, 2H, Ar-H);  
13

C NMR (101 MHz, DMSO): 95.5, 111.9 (2C), 116.4, 117.4, 

120.9, 121.4 (2C),  125.7, 128.3, 131.6, 134.7, 141.4, 151.9, 153.9, 154.8, 164.2;  Anal. 

Calcd for C17H11FN4O (306.29): C, 66.66; H 3.62; N, 18.29; Found: C, 66.63; H 3.42; N, 

18.32 %.  

 

4-(4-Fluorophenyl)-2-oxo-1,2-dihydropyrimido[1,2-a]benzimidazole-3-carbonitrile (3b): 

Yield 19%; m.p. > 300 °C; IR: v/cm
-1

: 3301 (NH), 2210 (C≡N), 1698 (C=O), 1635 (C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 6.80-7.70 (m, 7H, Ar-H), 7.94 (br, 1H, NH), 8.38 (d, 

1H, J= 6.0 Hz, Ar-H); Anal. Calcd. for C17H9FN4O (304.28): C, 67.10; H, 2.98; N, 18.41; 

Found: C, 67.23; H, 3.01; N, 18.32 %. 
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Synthesis of 4-(3-chlorophenyl)-2-oxo-1,2-dihydrobenzo[4,5]imidazo[1,2-a]pyrimidine-

3-carbonitrile  (3c) 

 

N

N

N
H

O

Cl

CN

 
 

To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 3-

chlorobenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 120 °C for 35 min. After completion of the reaction (TLC), 

10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by filteration. 

The organic layer was dried over Na2SO4; the solvent was evaporated. The mixture of two 

products was separated by column chromatography on silica-gel using pet. ether/ethyl acetate 

(60/40) as eluent. Yield 83%; m.p. 342 °C; IR: ʋ/cm
-1

: 3362 (NH), 2208 (C≡N), 1698 (C=O), 

1647 (C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 7.17 (m, 1H, Ar-H), 7.31 (m, 2H, Ar-H), 

7.44 (m, 1H, Ar-H),  7.50-7.65 (m, 2H, Ar-H), 7.86 (m, 1H, Ar-H), 8.22 (br, 1H, NH), 8.40 

(d, 1H, J= 8.4 Hz, Ar-H);  
13

C NMR (101 MHz, DMSO): 81.2, 111.8, 115.5, 119.0, 122.0, 

123.1, 125.8, 127.5, 128.7, 130.7, 133.4, 140.4, 151.5, 152.5, 160.5, 165.4; Anal. Calcd. for 

C17H9ClN4O (320.73): C, 63.66; H, 2.83; N, 17.47; Found: C, 63.73; H, 2.79; N, 17.54 %.  

 

 

Synthesis of 4-(3-methoxyphenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- 

pyrimidine-3-carbonitrile (2d) and 4-(3-methoxyphenyl)-2-oxo-1,2-

dihydropyrimido[1,2-a]benzimidazole-3-carbonitrile  (3d) 

 

 

N

N

N
H

H

O

CN

H

H3CO

 
2d 

N

N

N
H

O

CN

H3CO

 
3d 

 

To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 3-

methoxybenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 120 °C for 50 min. After completion of the reaction (TLC), 
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10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by filteration. 

The organic layer was dried over Na2SO4; the solvent was evaporated. The mixture of two 

products was separated by column chromatography on silica-gel using pet. ether/ethyl acetate 

(60/40) as eluent. 

 

4-(3-Methoxyphenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- pyrimidine-3-

carbonitrile (2d): Yield 47%; m.p.323 °C; IR: ʋ/cm
-1

: 3432 (NH), 2923 (CH-aliph), 2232 

(CN), 1675 (C=O), 1601 (C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 3.83 (s, 3H, OCH3), 

5.89 (d, 1H, J = 8.2 Hz, CH), 6.96 (t, 1H, J = 7.7 Hz,), 7.10-7.40 (m, 7H, Ar-H + NH), 7.49 

(d, 1H, J = 7.8 Hz, CH), 7.67 (t, 1H, J = 7.8 Hz, Ar-H); 
13

C NMR (101 MHz, DMSO): 56.0, 

113.2, 114.1, 115.2, 117.8, 120.5, 122.2, 126.2, 127.9, 130.9, 131.6, 148.9, 155.8, 160.2; 

Anal. Calcd for C18H14N4O2 (318.33): C, 67.91; H, 4.43; N, 17.60; Found: C, 68.07; H, 4.39; 

N, 17.72 %.  

 

4-(3-Methoxyphenyl)-2-oxo-1,2-dihydropyrimido[1,2-a]benzimidazole-3-carbonitrile  

(3d): Yield 16%; m.p. 294 °C; IR: v/cm
-1

: 3301 (NH), 2204 (C≡N), 1694 (C=O), 1637 

(C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 3.83 (s, 3H, OCH3), 7.11 (m, 2H, Ar-H), 7.20 

- 7.30 (m, 2H, Ar-H), 7.37 - 7.50 (m, 2H, Ar-H), 7.61 (d, 1H, J = 7.9 Hz, Ar-H), 8.03 (br, 1H, 

NH), 8.41 (d, 1H J = 7.9 Hz, Ar-H); 
13

C NMR (101 MHz, DMSO): 55.7, 80.0, 111.8, 114.3, 

115.6, 116.1, 119.5, 121.3, 122.5, 125.4, 127.9, 129.8, 132.3, 140.0, 152.2, 153.3, 159.4, 

161.0, 166.6; Anal. Calcd for C18H12N4O2 (316.31): C, 68.35; H, 3.82; N, 17.71; Found: C, 

68.43; H, 3.78; N, 17.58 %. 

 

 

Synthesis of 4-(2,5-dimethoxyphenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- 

pyrimidine-3-carbonitrile  (2e) 

 

N

N

N
H

H

O

H3CO

OCH3

CN

H

 
 

To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 2,5-

dimethoxybenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) 

was added. The mixture was heated at 120 °C for 80 min. After completion of the reaction 

(TLC), 10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by 

filteration. The organic layer was dried over Na2SO4; the solvent was evaporated. The 

mixture of two products was separated by column chromatography on silica-gel using pet. 

ether/ethyl acetate (60/40) as eluent. Yield 51%; m.p.320 °C; IR: ʋ/cm
-1

: 3442 (NH), 2946 
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(CH-aliph), 2230 (C≡N), 1663 (C=O); 
1H NMR (400 MHz, DMSO): δ/ppm = 3.69 (s, 3H, 

OCH3), 3.78 (s, 3H, OCH3), 6.07 (d, 1H, J = 8.2 Hz, CH), 7.02 (m, 2H, Ar-H), 7.27 (br, 1H, 

NH), 7.31-7.37 (m, 5H, Ar-H), 7.50 (d, 1H, J = 7.9 Hz, CH); 
13

C NMR (101 MHz, DMSO): 

56.3, 57.0, 112.5, 114.3, 115.0, 115.6, 118.5, 119.2, 122.6, 126.5, 127.8, 150.6, 154.0; Anal. 

Calcd for C19H16N4O3 (348.36): C, 65.51; H, 4.63; N, 16.08; Found: C, 65.63; H, 4.69; N, 

15.86 %.  

 

Synthesis of 4-(3-nitrophenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- 

pyrimidine-3-carbonitrile (2f) and 4-(3-nitrophenyl)-2-oxo-1,2-dihydropyrimido[1,2-

a]benzimidazole-3-carbonitrile  (3f) 

 

 

N

N

N
H

H

O

CN

H

O2N

 
2f 

N

N

N
H

O

CN

O2N

 
3f 

 

To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 3-

nitrobenzaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was 

added. The mixture was heated at 120 °C for 10 min. After completion of the reaction (TLC), 

10 mL EtOAc was added to the reaction mixture and the catalyst was recovered by filteration. 

The organic layer was dried over Na2SO4; the solvent was evaporated. The mixture of two 

products was separated by column chromatography on silica-gel using pet. ether/ethyl acetate 

(60/40) as eluent. 

 

4-(3-Nitrophenyl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- pyrimidine-3-

carbonitrile (2f): Yield 58%; >300 °C; IR: ʋ/cm
-1

: 3434 (NH), 2911 (CH-aliph), 2230 (CN), 

1681 (C=O), 1607 (C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 6.00-6.95 (m, 2H, CH & 

Ar-H ), 7.10-7.40 (m, 6H, Ar-H + NH), 7.49 -7.67 (m, 3H, Ar-H); Anal. Calcd for 

C17H11N5O3 (333.30): C, 61.26; H, 3.33; N, 21.01; Found: C, 61.19; H, 3.28; N, 20.94 %.  

 

4-(3-Nitrophenyl)-2-oxo-1,2-dihydropyrimido[1,2-a]benzimidazole-3-carbonitrile  (3f): 

Yield 37%; >300 °C; IR: v/cm
-1

: 3312 (NH), 2208 (C≡N), 1671 (C=O), 1637 (C=N); 
1
H 

NMR (400 MHz, DMSO): δ/ppm = 7.20 - 7.50 (m, 6H, Ar-H), 7.61 (d, 1H, J = 7.9 Hz, Ar-

H), 8.03 (br, 1H, NH), 8.41 (d, 1H J = 7.9 Hz, Ar-H); Anal. Calcd for C17H9N5O3 (331.29): 

C, 61.63; H, 2.74; N, 21.14; Found: C, 61.49; H, 2.68; N, 21.24 %. 
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Synthesis of 4-(naphthalene-2-yl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- 

pyrimidine-3-carbonitrile (2g) and 4-(naphthalen-2-yl)-2-oxo-1,2-dihydropyrimido[1,2-

a]benzimidazole-3-carbonitrile (3g) 

 

N

N

N
H

H

O

CN

H

 
2f 

N

N

N
H

O

CN

 
3f 

 

To the mixture of 2-aminobenzimidazole (1 mmol), ethyl cyanoacetate (1 mmol) and 2-

naphthaldehyde (1 mmol) in ethylene glycol (5 mL), SSA (42.6 mg, 0.11 mol %) was added. 

The mixture was heated at 120 °C for 60 min. After completion of the reaction (TLC), 10 mL 

EtOAc was added to the reaction mixture and the catalyst was recovered by filteration. The 

organic layer was dried over Na2SO4; the solvent was evaporated. The mixture of two 

products was separated by column chromatography on silica-gel using pet. ether/ethyl acetate 

(60/40) as eluent. 

 

4-(Naphthalene-2-yl)-2-oxo-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]- pyrimidine-3-

carbonitrile (2f): Yield 73%; m.p.309 °C; IR: ʋ/cm
-1

: 3255 (NH), 2927 (CH-aliph), 2216 

(C≡N), 1684 (C=O), 1615 (C=N); 
1H NMR (400 MHz, DMSO): δ/ppm = 5.81 (d, 1H, J = 7.4 

Hz, CH), 6.72 (m, 1H, Ar-H), 7.06 (m, 2H, Ar-H), 7.21 (m, 1H, Ar-H), 7.37 (m, 2H, Ar-H), 

7.50 (d, 1H, J = 6.9 Hz, CH), 7.65-7.81 (m, 2H, Ar-H), 8.12 (m, 2H, Ar-H), 8.27 (d, 1H, J = 

7.6 Hz, Ar-H), 8.39 (br, 1H, NH); Anal. Calcd for C21H14N4O (338.36): C, 74.54; H 4.17; N, 

16.56; Found: C, 74.33; H 4.02; N, 16.22 %. 

 

 

4-(Naphthalen-2-yl)-2-oxo-1,2-dihydropyrimido[1,2-a]benzimidazole-3-carbonitrile (3f): 

Yield 9%; m.p. 290 °C; IR: ʋ/cm
-1

: 3302 (NH), 2209 (C≡N), 1688 (C=O), 1644 (C=N); 
1
H 

NMR (400 MHz, DMSO): δ/ppm = 6.69 (m, 1H, Ar-H), 6.89 (m, 1H, Ar-H), 7.00-8.00 (m,  

8H, Ar-H), 8.21(br., 1H, NH),  8.45 (m, 1H, Ar-H);
 13

C NMR (101 MHz, DMSO): 111.8, 

115.7, 115.8, 121.6, 122.5, 125.5, 126.4, 126.8, 126.9, 127.1, 127.8, 128.1, 128.8, 129.2, 

132.4, 132.7, 133.9, 136.0, 152.2, 160.9, 166.9; Anal. Calcd for C21H12N4O (336.35): C, 

74.99; H, 3.60; N, 16.66; Found: C, 74.78; H, 3.54; N, 16.73 %. 
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