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Abstract: 
 

A practical and convenient procedure for the synthesis of 2-Aryl Benzimidazoles 
has been developed by reacting o-phenylenediamine with aromatic aldehydes in 
presence of 10 mol% sodium dodecyl sulphate in aqueous medium at room 
temperature in open air atmospheric condition with and without use of sonication 
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Introduction 

It is found that 2- substituted benzimidazoles are important part of drug molecules or act as 

precursor for them. They exhibits various biological activities like antibacterial,1 antiviral,2 

antifungal,3 anticancer,4 anticonvulsant,5 immunosuppressant agents5 and Antiulcer,6 hence their 

synthesis has gain strong attention to the researchers. Conventionally, benzimidazoles are 

obtained from the reaction of 1,2- phenylenediamine with carboxylic acid7 or its derivative 

(nitriles, imidates, or orthoesters)8 in harsh acidic condition at relatively  high temperatures 

which many time require tedious workup. In the recent years, the synthetic approach rather than 

conventional has been moved to greener synthesis. The greener way is use of safe, cheap and fast 

way of organic synthesis. In conventional methods inorganic acids were used as catalyst and 

cyclizing agents. The other side of this is the toxicity, hazards, corrosiveness and difficulty of 

recovery. Hence many people are trying to find the safer way for such synthesis. Various 

materials like I2,9 DDQ,10 Air,11 Oxone,12 FeCl3·6H2O,13 In(OTf)3,14 SiO2-FeCl3,15 TiCl4
16 were 

used for synthesis of 2- aryl benzimidazoles. Many of these methods are suiTable for synthesis 

of 2-aryl benzimidazoles by reacting aryl aldehyde with o-phenylenediamine, because of 

availability of substituted aryl aldehydes.  

Recently Sodium dodecyl sulphate (SDS) was used as catalyst in number of organic reaction.18 1, 

2-disubstituted benzimidazoles were synthesis by using SDS as a catalyst. 19 and 2-aryl 

benzimidazoles was reported using ammonium persulphate as a reagent in presence of SDS. 19 
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As a part of our continued work to develop organic reactions in aqueous media,20 we have tried 

to develop synthesis of 2- aryl benzimidazole in aqueous media, here we report a simple,  

efficient and selective method for synthesis of 2- aryl benzimidazole through reaction of o- 

phenylenediamine with aryl aldehydes in aqueous media in presence of sodium dodecyl sulphate 

. 
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Experimental 
1H NMR spectra were recorded on Mercury Plus Varian in DMSO at 400 MHz using TMS as an 

internal standard. Bandelinsonorex (35 kHz) ultrasonic bath was used for ultrasonic irradiation. 

IR spectra were recorded on a Perkin-Elmer FTIR using KBr discs. Mass spectra were recorded 

on Micromass Quattro II using electrospray Ionization technique, showing (M+1) peak as a base 

peak. The progress of the reactions was monitored by TLC (silica, 80:20 hexane/ ethyl acetate). 

General Procedure for the Preparation of (3a-3l) 

Method A 

o-phenylenediamine (1mmol), aromatic aldehyde (1.1mmol) and water (10mL) were mixed in 

25mL single neck round bottom flask, and to this Sodium dodecyl Sulphate (10 mol%) was 

added. The reaction mixture was stirred at RT for the appropriate time (Table 2, entries 1-12). 

After completion of reaction, the mixture was extracted with ethyl acetate (2×10mL). The 

combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced 

pressure; the crude material was purified by column chromatography over silica gel to afford 

products 3a-3l with high purity. 

Method B 

o-phenylenediamine (1mmol), aromatic aldehyde (1.1mmol) and water (10mL) were mixed in 

25mL single neck round bottom flask, and to this Sodium dodecyl Sulphate (10 mol%) was 

added. The reaction mixture was irradiated in ultrasonic bath for the appropriate time (Table 2, 

entries 1-12). After completion of reaction, the mixture was extracted with ethyl acetate 

(2×10mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under 
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reduced pressure; the crude material was purified by column chromatography over silica gel to 

afford products 3a-3l with high purity. 

Result and Discussion 

We have developed an ecofriendly sodium dodecyl Sulphate assisted synthesis of 2-aryl 

substituted benzimidazole in water. 2-(4-methoxy phenyl)benzimidazole (3b) was selected as a 

proto type compound to optimize the reaction condition(Table 1) from o-phenylenediamine (1) 

and anisaldehyde (2) (Scheme 1). We first conducted the reaction of (1) [1 equivalent] and (2) 

[1.1 equivalent] in water at various temperature without SDS (Table 1, entry 1-3), gives traces of 

3b. Then we carried out the reaction between 1,2-phenylene diamine (1)[1 equivalent] and 

anisaldehyde(2)[1.1 equivalent] in presence of sodium dodecyl sulphate (10 mol%) in water at 

various temperature to afford the corresponding 2-(4-methoxy phenyl)benzimidazole (3b) ( 

Table 1, entry 4-5 ). To optimize the amount of catalyst we carried the same reaction at different 

mol% (Table 1, entry 5-8). To reduce the time consumption, we have moved to non-conventional 

way by using ultra sound (Table 1, entry 9). With optimal condition in hand, we have reacted 

various substituted o-phenylenediamine1 and aromatic aldehyde 2 to give the corresponding 

substituted 2-aryl benzimidazole product 3a to 3l (Table 2 entries1-12). 

Table 1.Optimization of condition for the reaction of anisaldehyde  
and o-phenylenediamine in presence of Sodium dodecyl sulphate.a 

Entry SDS 
Mol% 

Temperature Time(min) Yield 
[%]b 

1. -------- RT 150 Traces 

2. -------- 400c 150 Traces 

3. ------- 600c 150 Traces 

4. 10 RT 60 85 

5. 10 400c 60 85 

6. 5 RT 60 55 

7. 7.5 RT 60 85 

8. 12.5 RT 60 85 

9. 10 Sonication 20 89 
aStandard condition: of o-phenylenediamine (1mmole) with anisaldehyde (1.1mmol) in presence 
of different amount of sodium dodecyl sulphate in water. b Isolated yield based on starting o-
phenylenediamine. 
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Spectroscopic Data for Compounds 

2-phenyl-1H-benzimidazole3a 

IR (KBr) υmax(cm-1): 3046,1444,1410,1275; H1 NMR(400MHz, DMSO-d6, ppm):δ 12.7 (s, 1H,  

NH), 7.95 (m, 2H,  Ar-H), 7.25-7.35 (m, 5H,  Ar-H), 7.05(2H,  Ar-H) ; MS (70 eV, EI): m/z (%): 

195(M+1). Elemental analysis Calcd.for C13H10N2. C, 80.39; H, 5.19; N, 14.42. Found: C, 80.42; 

H, 5.17; N, 14.41. 

2-(4-methoxy phenyl)-1H-benzimidazole3b 

IR (KBr) υmax(cm-1):3442, 1475, 1441, 1275,1240 ; H1 NMR(400MHz, DMSO-d6, ppm):δ 3.8(s, 

3H, OCH3), 7.09-7.11(d, 2H, J 9.2Hz,, ArH), 7.16-7.18(m, 2H, ArH), 7.53-7.56(m, 2H,    ArH), 

8.08-8.11(d, 2H, J 8.8Hz, ArH) ; MS (70 eV, EI): m/z (%): 225 (M+1) .Elemental analysis 

Calcd.for C14H12N2O. C, 74.98; H, 5.39; N, 12.49. Found: C, 75.03; H, 5.36; N, 12.45. 

2-(4-chlorophenyl)-1H-benzimidazole3c 

IR (KBr) υmax(cm-1): 3041,1450,1402,1280 ; H1 NMR(400MHz, DMSO-d6, ppm):δ 12.5 (s, 1H 

NH), 8.20 (d, 2H, Ar H), 7.6 (d, 2H, Ar H), 7.3 (m, 2H, Ar H), 7.1 m (m, 2H, Ar H) ; MS (70 eV, 

EI): m/z (%): 229(M+1). Elemental analysis Calcd.for C13H9N2Cl. C, 68.28; H, 3.97; N, 12.25. 

Found: C, 68.20; H, 4.01; N, 12.28. 

5-Chloro-2-(4-methoxyphenyl)-1H-benzimidazole3d 

IR (KBr) υmax(cm-1): 3356, 3178, 1635, 869;   H1 NMR(400MHz, DMSO-d6, ppm):δ 7.97 (d, J  9.2 

Hz, 2H), 7.86 (s, 1H), 7.67 (d, J  8.1 Hz, 1H), 7.35 (d, J  8.1 Hz, 1H), 6.92 (d, J  9.2 Hz, 2H), 

3.75 (s, 3H) ; MS (70 eV, EI): m/z (%): 276 (M+1). Elemental analysis Calcd.for C14H11ClN2O. C, 

65.00; H, 4.29; N, 10.83. Found: C, 65.05; H, 4.25; N, 10.80. 

5-Chloro-2-(4-nitrophenyl)-1H-benzimidazole3e 

IR (KBr) υmax(cm-1): 3374, 3108, 1604, 1515, 1348, 857; H1 NMR(400MHz, DMSO-d6, ppm):δ 

8.52 (d, J  9.4 Hz, 2H), 7.96 (d, J  9.4 Hz, 2H), 7.85 (s, 1H), 7.71 (d, J  8.2 Hz, 1H),7.32 (d, J  

8.2 Hz, 1H); MS (70 eV, EI): m/z (%): 274 (M+1).Elemental analysis Calcd.for C13H8ClN3O2. C, 

57.05; H, 2.95; N, 15.35. Found: C, 56.98; H, 3.01; N, 15.30. 

5-Chloro-2-(4-N,N-dimethylaminophenyl)-1H-benzimidazole3f 

IR (KBr) υmax(cm-1): 3456, 3047, 2917, 1607, 820; H1 NMR(400MHz, DMSO-d6, ppm):δ  7.94 (d, 

J  8.9 Hz, 2H), 7.85 (s, 1H), 7.66 (d, J  8.3 Hz, 1H), 7.37 (d, J  8.3 Hz, 1H), 6.82 (d, J  8.9 Hz, 

2H), 3.35 (s, 6H); MS (70 eV, EI): m/z (%):  272 (M+1).Elemental analysis Calcd.for C15H14ClN3. 

C, 66.30; H, 5.19; N, 15.46. Found: C, 66.38; H, 5.12; N, 15.40. 
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2-(3-nitrophenyl)-1H- benzimidazole3g 

IR (KBr) υmax(cm-1): 3063,1523,1444,1357;  H1 NMR(400MHz, DMSO-d6, ppm):δ 12.9 (s, 1H, 

NH), 8.90 (s, 1H, Ar H), 8.50  (d, 1H,  Ar H), 8.10  (d, 1H, Ar H), 7.70 (t, 1H, Ar H), 7.50 (m, 

2H,  ArH), 7.2 (m, 2H,  ArH); MS (70 eV, EI): m/z (%): 240(M+1). Elemental analysis Calcd.for 

C13H9N3O2. C, 65.27; H, 3.79; N, 17.56. Found: C, 65.32; H, 3.70; N, 17.62. 

2-pyridin-3yl-1H-benzimidazole3h 

IR (KBr) υmax(cm-1): 3068,1449,1402,1280;  H1 NMR(400MHz, DMSO-d6, ppm):δ 13.05 (s, 1H,  

NH), 9.35(d, 1H, ArH), 8.75(m, 1H, ArH), 8.60(m, 1H, ArH), 7.70(m, 3H, ArH) 7.40 (m, 2H, 

ArH); MS (70 eV, EI): m/z (%):  196(M+1). Elemental analysis Calcd.for C12H9N3. C, 73.83; H, 

4.65; N, 21.52. Found: C, 73.90; H, 4.60; N, 21.50. 

2-(2,3-Dimethoxyphenyl)-1H-benzimidazole3i 

IR (KBr) υmax(cm-1): 3010, 2835, 1603, 1583;  H1 NMR(400MHz, DMSO-d6, ppm):δ 12.19 (s,  

1H,  NH), 7.84 (dd, 1H, J  7.3 & 1.1 Hz,  ArH), 7.64 (m, 3H, ArH), 7.20 (m, 3H, ArH), 3.90 (s, 

3H, OCH3), 3.85 (s, 3H, OCH3); MS (70 eV, EI): m/z (%): 255 (M+1).Elemental analysis 

Calcd.for C15H14N2O2. C, 70.85; H, 5.55; N, 11.02. Found: C, 70.89; H, 5.49; N, 11.07. 

2-(3-Fluorophenyl)-1H-benzimidazole3j 

IR (KBr) υmax(cm-1): 3053, 2685, 1616, 1582; H1 NMR(400MHz, DMSO-d6, ppm):δ  13.00 (s, 1H, 

NH), 8.02 (d, 1H,  J  7.7 Hz, ArH), 7.96 (m, 1H, ArH), 7.69 (m, 1H, ArH), 7.59 (m, 2H, ArH), 

7.34 (m, 1H, ArH), 7.23 (m, 2H, ArH); MS (70 eV, EI): m/z (%):  213 (M+1).Elemental analysis 

Calcd.for C13H9FN2. C, 73.57; H, 4.27; N, 13.20. Found: C, 73.51; H, 4.32; N, 13.28. 

2-(3-chloro phenyl)-1H-benzimidazole3k 

IR (KBr) υmax(cm-1):3447, 1621, 1275, 1240; H1 NMR(400MHz, DMSO-d6, ppm):δ 8.41(t, 1H, J 

1.2 & 2.0Hz, ArH), 8.20-8.29(dd, 1H, J 1.2 & 7.6Hz, ArH), 7.80-7.84(m, 2H,  ArH), 7.69-

7.77(m, 2H, ArH), 7.50-7.54(m, 2H, ArH); MS (70 eV, EI): m/z (%):  229 (M+1).Elemental 

analysis Calcd.for C13H9ClN2. C, 68.28; H, 3.97; N, 12.25. Found: C, 68.35; H, 3.92; N, 12.20. 

2-(4-nitrophenyl)-1H- benzimidazole3l 

IR (KBr) υmax(cm-1): 3444, 1624, 1275,1245;  H1 NMR(400MHz, DMSO-d6, ppm):δ 8.37-8.39(d, 

2H, J 8.4Hz,  ArH), 8.14-8.17(d,  2H,  J 8.8Hz,  ArH), 7.70-7.72(d,1H, J 7.6 Hz, ArH ), 7.65-

7.67(d, 1H, J  8.4Hz, ArH) 7.32-7.35(m, 1H, ArH), 7.25-7.29(m, 1H,  ArH); MS (70 eV, EI): m/z 

(%):  240(M+1).Elemental analysis Calcd.for C13H9N3O2. C, 65.27; H, 3.79; N, 17.56. Found: C, 

65.20; H, 3.87; N, 17.50. 
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Conclusions 

Sodium dodecyl Sulphate provides an efficient methodology for the synthesis of 2-aryl 

substituted benzimidazole from various aromatic aldehydes with 1,2-phenylene diamine. The 

advantages offered by this method are the use of a sTable and inexpensive catalyst, a simple 

procedure, mild conditions and good yield of products, without need of any oxidizing agents. 
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Table 2. Sodium dodecyl sulfate catalyzed synthesis of 2-arylbenzimidazole in water. a 
Method A Method B Melting Point (0C) Entry R Ar Product 
Time 
(min) 

Yield 

[%]b 
Time 
(min) 

Yield 

[%]b 
observed Reported 

1. H Ph 3a 60 78 15 90 287-288 292 17a 

2. H 4-MeOC6H5 3b 60 85 20 89 228-230 226 17a 

3. H 4-Cl C6H5 3c 120 80 35 85 288-291 294 17a 

4. 5-Cl 4-MeO C6H5 3d 115 82 35 85 276-279 278-279 17h

5. 5-Cl 4-NO2 C6H5 3e 130 78 40 86 258-259 260-261 17h

6. 5-Cl 4-Me2N C6H5 3f 120 77 45 88 311-313 310-312 17g

7. H 3-NO2 C6H5 3g 120 82 40 90 200-202 204-206 17b

8. H 3-Pyrydyl 3h 60 80 15 92 243-246 245-248 17f

9. H 2,4MeO C6H5 3i 145 82 65 90 175-177 178-179 17c

10. H 3-F C6H5 3j 120 80 25 91 219-221 220-222 17c

11. H 3-Cl C6H5 3k 125 85 40 92 230-231 234 17a 

12. H 4-NO2 C6H5 3l 110 83 40 86 308-310 316 17a 
a Standard condition: 1,2-phenylene diamine (1 mmol), ArCHO (1.1mmol), 10mol% 
catalyst(sodium dodecyl sulfate) , water ,. bIsolated yield based on starting 1,2-phenylene 
diamine. 
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