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Abstract—Sodium hydrogen sulfite was used to promote condensation of o-phenylenediamine with aromatic 
aldehydes in dimethylformamide to obtain the corresponding 2-arylbenzimidazoles. The procedure is simple 
and convenient, and it implies inexpensive promoter and is characterized by short reaction time and easy 
purification of the final products. 

Scheme 1. 

* The text was submitted by the authors in English. 

Benzimidazoles are very useful intermediates for 
the synthesis of compounds of pharmaceutical or 
biological interest. Benzimidazole derivatives exhibit 
significant activity against several viruses such as HIV 
[1], herpes (HSV-1) [2], RNA [3]. influenza [4], and 
human cytomegalovirus (HCMV) [1]. Strong interest 
in benzimidazole-containing structures has promoted 
extensive studies on their synthesis. Although many 
strategies are available for the synthesis of benzimid-
azole derivatives [7–16], there are only two general 
methods for the preparation of 2-substituted benzimid-
azoles. One of these is based on coupling of o-phenyl-
enediamines with carboxylic acids [4] or their deriv-
atives (nitriles, imidates, or ortho esters) [5], and it 
often requires strongly acidic conditions in combina-
tion with very high temperatures or the use of micro-
wave irradiation [6]. The other method is a two-step 
procedure including oxidative cyclodehydrogenation 
of Schiff bases prepared in turn by condensation of  
o-phenylenediamines with aldehydes. Various oxidants 
and catalysts, such as sulfamic acid [7], molecular 
iodine [8], 2,3-dichloro-5,6-dicyano-p-benzoquinone 
(DDQ) [9], atmospheric air [10], Oxone [11], FeCl3 · 

6 H2O [12], In(OTf)3 [13], Yb(OTf)3 [14], Sc(OTf)3 
[15], KHSO4 [16], and SO2 [17], were used. Despite 
efficiency of some published methods, some of these 
suffer from one or more disadvantages such as high 
reaction temperature, prolonged reaction time, toxic 
solvents, etc. Therefore, development of mild and 
practical synthetic routes to 2-substituted benzimid-
azoles continues to attract researchers’ attention.  

The goal of the present work was to develop  
a simple and ecologically friendly procedure for the 
synthesis of benzimidazoles. It is known that the sys-
tem urea–hydrogen peroxide is a stable, ecologically 
safe, and easy-to-handle reagent in organic synthesis. 
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For R, see Table 3. 
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Promoter (mol %) Time, min Yield,a % 

Urea–H2O2 (100) 20 Traces 
Urea–H2O2 (200) 20 Traces 
Urea–H2O2 (500) 20 Traces 
Urea–H2O2 + NaHSO3 (100 + 30) 20 82 
NaHSO3 (30) 20 82 
NaH2PO4 (30) 20 Traces 
NaH2PO4 (100) 20 Traces 
KH2PO4 (100) 20 Traces 
Na2HPO4 (100) 20 Traces 
NaHCO3 (100) 20 Traces 
None 20 Traces 

Table 1. Variation of promoter in the condensation of  
o-phenylenediamine with 4-chlorobenzaldehyde 
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Table 2. Solvent effect on the condensation of o-phenylene-
diamine with 4-chlorobenzaldehyde (reaction time 20 min) 

Solvent Temperature, °C Yield,a % 

Methylene chloride Reflux 20 
Tetrahydrofuran Reflux 35 
Methanol Reflux 58 
Ethanol Reflux 60 
Water 80 55 
Dimethyl sulfoxide 80 78 
Xylene 80 26 
Dimethylformamide 80 82 

Table 3. Synthesis of benzimidazoles in dimethylformamide 
in the presence of NaHSO3 (temperature 80°C) 

R Time, min Yield,a % mp, °C [17] 

4-ClC6H4 20 82 284–286 
Ph 20 84 289–290 
4-MeC6H4 30 80 264–265 
2-HOC6H4 45 75 234–236 
3-O2NC6H4 40 81 203–204 
4-MeOC6H4 35 75 223–225 
2-Furyl 20 78 285–287 
PhCH=CH 20 70 199–202 
4-Me2NC6H4 45 72 264–266 [7] 
MeCH2CH2 60 Traces – 
Me(CH2)5 60 Traces – 

a Isolated product. 

We tried to synthesize benzimidazoles using urea–
hydrogen peroxide as oxidant, but failed. On the other 
hand, we found that sodium hydrogen sulfite is an ef-
fective promoter in the synthesis of 2-aryl-substituted 
benzimidazoles via condensation of aromatic alde-
hydes or cinnamaldehyde with o-phenylenediamine 
(Scheme 1). In order to find optimal conditions, vari-
ous promoters and solvents were examined in the reac-
tion of o-phenylenediamine with 4-chlorobenzalde-
hyde as model process. The reactions were carried out 
in dimethylformamide at 80°C, and the results are col-
lected in Table 1. It is seen that addition of 30 mol % 
of NaHSO3 ensures the best yield of the product. When 
the amount of NaHSO3 was smaller than 30 mol %, the 
reaction took longer time, while larger amount of the 
promoter favored increased fraction of by-products. 
Next we examined the effect of solvent (Table 2). The 
yield of 2-(4-chlorophenyl)benzimidazole increased in 
parallel with the boiling point of the solvent, except for 

xylene. Good results were obtained in alcohols (metha-
nol and ethanol) and DMSO. Clearly, the best solvent 
was DMF: it ensured fast conversion and high yield 
and is less toxic.  

The scope and versatility of the proposed procedure 
were determined using differently substituted benzal-
dehydes. In all cases the corresponding 2-arylbenz-
imidazoles were isolated in good to high yields. How-
ever, reactions of o-phenylenediamine with aliphatic 
aldehydes (butanal and heptanal) gave only traces of 
the corresponding 2-substituted benzimidazoles. The 
results are summarized in Table 3.  

Thus we have developed a simple one-pot proce-
dure for the synthesis of 2-arylbenzimidazoles by 
condensation of o-phenylenediamine with the corre-
sponding substituted aromatic aldehyde in the presence 
of NaHSO3. The procedure is advantageous due to 
mild conditions, simple manipulations, the use of inex-
pensive promoter, easy purification, and short reaction 
time. 

EXPERIMENTAL 

The melting points were determined on a Kofler 
micro melting point apparatus and were uncorrected. 
The 1H NMR spectra were measured on a Bruker 
DPX-400M spectrometer using tetramethylsilane as 
internal standard and CDCl3 as solvent. 

Typical procedure for the synthesis of benzimid-
azoles. Equimolar amounts (0.5 mmol) of o-phen-
ylenediamine and the corresponding aromatic aldehyde 
(0.5 mmol) were thoroughly mixed in 2 ml of DMF, 
0.15 mmol of sodium hydrogen sulfite was added, and 
the mixture was stirred at 80°C until the reaction was 
complete according to the TLC data. The mixture was 
cooled to room temperature and added dropwise to  
20 ml of water under vigorous stirring. If the product 
separated as a free flowing solid, it was collected by 
filtration, washed with water, and dried. If a gummy 
material separated, it was extracted into ethyl acetate, 
the extract was washed with water and a solution of 
sodium chloride, dried over sodium sulfate, and evapo-
rated, and the residue was purified by column chroma-
tography on silica gel using cyclohexane–ethyl acetate 
(3 : 1) as eluent. 

2-(4-Chlorophenyl)-1H-benzimidazole. 1H NMR 
spectrum, δ, ppm: 12.98 br.s (1H), 8.18 d (2H, J =  
8 Hz), 7.63 d (2H, J = 8.4 Hz), 7.22–7.55 m (4H). 

2-Phenyl-1H-benzimidazole. 1H NMR spectrum, 
δ, ppm: 8.05–8.10 m (2H), 7.65 m (2H), 7.46–7.51 m 
(3H), 7.28 m (2H). 
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2-(4-Methylphenyl)-1H-benzimidazole. 1H NMR 
spectrum, δ, ppm: 12.70 br.s (1H), 8.05 d (2H, J =  
8 Hz), 7.35–7.56 m (4H), 87.15 m (2H), 2.37 s (3H). 

2-(1H-Benzimidazol-2-yl)phenol. 1H NMR spec-
trum, δ, ppm: 8.20 d (1H, J = 7.6 Hz), 7.40–7.60 m 
(3H), 7.12–7.30 m (3H), 7.10 d (1H, J = 8.0 Hz). 

2-(3-Nitrophenyl)-1H-benzimidazole. 1H NMR 
spectrum, δ, ppm: 8.42 s (1H), 8.29 d (1H, J = 7.6 Hz), 
7.76–8.15 m (4H), 7.31 m (2H).  

2-(4-Methoxyphenyl)-1H-benzimidazole. 1H NMR 
spectrum, δ, ppm: 8.15 d (2H, J = 8.4 Hz), 87.70 m 
(2H), 87.42 m (2H), 87.26 d (2H, J =8.4 Hz), 4.06 s 
(3H). 

2-(2-Furyl)-1H-benzimidazole. 1H NMR spec-
trum, δ, ppm: 7.97 s (1H), 7.68 m (2H), 7.47 s (1H), 
6.70–7.29 m (3H). 

2-Styryl-1H-benzimidazole. 1H NMR spectrum, δ, 
ppm: 7.2–7.8 m (11H).  

2-(4-Dimethylaminophenyl)-1H-benzimidazole. 
1H NMR spectrum, δ, ppm: 7.96 d (2H, J = 8 Hz), 
7.26–7.50 m (4H), 7.12–7.25 m (2H), 2.93 s (6H). 

REFERENCES 

1. Porcari, A.R., Devivar, R.V., Kucera, L.S., Drach, J.C., 
 and Townsend, L.B., J. Med. Chem., 1998, vol. 41,  
 p. 1252; Roth, T., Morningstar, M.L., Boyer, P.L., 
 Hughes, S.H., Buckheit, R.W., Jr., and Michejda, C.J.,  
 J. Med. Chem., 1997, vol. 40, p. 4199. 
2. Migawa, M.T., Girardet, J.L., Walker, J.A., Koszal- 
 ka, G.W., Chamberlain, S.D., Drach, J.C., and Town- 
 send, L.B., J. Med. Chem., 1998, vol. 41, p. 1242. 
3. Tamm, L. and Seghal, P.B., Adv. Virus Res., 1978,  
 vol. 22, p. 187. 

  4. Hisano, T., Ichikawa, M., Tsumoto, K., and Tasaki, M., 
 Chem. Pharm. Bull., 1982, vol. 30, p. 2996. 
  5. Czarny, A., Wilson, W.D., and Boykin, D.W., J. Het-
 erocycl. Chem., 1996, vol. 33, p. 1393; Tidwell, R.R., 
 Geratz, J.D., Dann, O., Volz, G., Zeh, D., and  
 Loewe, H., J. Med. Chem., 1978, vol. 27, p. 613. 
  6. Reddy, G.V., Rama Rao, V.V.V.N.S., Narsaiah, B., and 
 Rao, P.S., Synth. Commun., 2002, vol. 32, p. 2467. 
  7. Chakrabarty, M., Karmakar, S., Mukherji, A.,  
 Arima, S., and Harigaya, Y., Heterocycles, 2006,  
 vol. 68, p. 967. 
  8. Gogoi, P. and Konwar, D., Tetrahedron Lett., 2006,  
 vol. 47, p. 79. 
  9. Lee, K.J., and Janda, K.D., Can. J. Chem., 2001,  
 vol. 79, p. 1556. 
10. Lin, S. and Yang, L., Tetrahedron Lett., 2005, vol. 46, 
 p. 4315. 
11. Beaulieu, P.L., Hache, B., and Von Moos, H., Synthesis, 
 2003, p. 1683. 
12. Singh, M.P., Sasmal, S., Lu, W., and Chatterjee, M.N., 
 Synthesis, 2000, p. 1380. 
13. Nadaf, R.N., Siddiqui, S.A., Daniel, T., Lahoti, R.J., and 
 Srinivasan, K.V., J. Mol. Catal. A: Chem., 2004,  
 vol. 214, p. 155. 
14. Massimo, C., Francesco, E., Francesca, M., Rosati, O., 
 and Taccone, S., Synlett, 2004, no. 10, p. 1832. 
15. Itoh, T., Nagata, K., Ishikawa, H., and Ohsawa, A., 
 Heterocycles, 2004, vol. 63, p. 2769; Nagata, K.,  
 Itoh, T., Ishikawa, H., and Ohsawa, A., Heterocycles, 
 2003. vol. 61, p. 93. 
16. Huiqiang Ma, Yulu Wang, and Jinye Wang, Hetero-
 cycles, 2006, vol. 68, p. 1669. 
17. Ben-Alloum, A., Bougrin, K., and Soufiaoui, M., Tetra-
 hedron Lett., 2003, vol. 44, p. 5935; DeLuca, M.R. and 
 Kerwin, S.M., Tetrahedron, 1997, vol. 53, p. 457; Du-
 bey, P.K., Kumar, R., Kumar, C. R., Grossert, J.S., and 
 Hooper, D.L., Synth. Commun., 2001, vol. 31, p. 3439. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


