
Supporting Information 

Direct synthesis of 2-substituted benzimidazoles via dehydrogenative 

coupling of aromatic-diamine and primary alcohol catalyzed by Co 

Complex 

Minghui Zuo a,b, Weihao Guo a,b, Yucheng Pang a,b, Rui Guo a,b, Chuanfu Hou 

a,b,Shouneng Sun a,b, Hongfeng Wua,b, Zhizhong Sun a,b and Wenyi Chu a,b* 

aSchool of Chemistry and Materials Science, Heilongjiang University, Harbin 150080, 

P. R. China. 

bKey Laboratory of Chemical Engineering Process and Technology for 

High-efficiency Conversion, College of Heilongjiang Province, Harbin 150080, P. R. 

China (E-mail: wenyichu@hlju.edu.cn; Tel /Fax: +86-451-86609135) 

General Information 

All starting materials were purchased from TCI; the reagents were obtained from 

J&K Chemical Company and used without further purification unless specified. The 

dehydrogenative coupling reactions were monitored by thin layer chromatography 

(TLC), and the products were purified by column chromatography on silica gel (300 ~ 

400 mesh). 1H NMR and 13C NMR spectra were recorded on a Bruker Ultrashield™ 

400 spectrometer operating at 400 MHz and 100 MHz in DMSO-d6 or Chloroform. 

Chemical shifts were reported in ppm with tetramethylsilane (TMS) as internal 

standard. The following abbreviations were used to describe peak splitting patterns 

when appropriate: s = singlet, d = doublet, t = triplet, m = multiple. Coupling 

constants (J) are reported in Hertz (Hz). Melting points were recorded on a WRR 

melting point apparatus. Elemental analyses of C, H, N were performed on a 

Elementar Vario MICRO cube.  

Characterization of the data  

2-methyl-1H-benzo[d]imidazole[1] 

White solid, m.p.:174-175oC, 1H NMR (400 MHz, CDCl3) δ = 7.55 (dd, J = 5.9, 

3.2, 2H), 7.24-7.19 (m, 2H), 2.64 (s, 3H) (Figure S1). Anal.calcd for: C8H8N2: C 
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72.70, H 6.10, N 21.20. Found: C 72.73, H 6.13, N 21.23. 

2-ethyl-1H-benzo[d]imidazole[1] 
White solid, m.p.:168-170oC, 1H NMR (400 MHz, CDCl3) δ = 8.10 (s, 1H), 

7.38 – 7.65 (m, 4H), 3.56 (dt, J = 14.7, 7.1 Hz, 2H), 2.47 (s, 6H) (Figure S2). 
13C NMR (101 MHz, CDCl3) δ = 157.3, 140.0, 126.6, 113.2, 113.1, 19.1, 12.7 

(Figure S3). Anal.calcd for: C9H10N2: C 73.94, H 6.89, N 19.16. Found: C, 73.97; H, 6.90; N, 

19.18. 

2-butyl-1H-benzo[d]imidazole[2] 

White solid, m.p.:162-176oC, 1H NMR (400 MHz, CDCl3) δ = 7.68 – 

7.59 (m, 1H), 7.21 – 7.06 (m, 4H), 2.79 – 2.67 (m, 2H), 1.80 (dt, J = 15.5, 

7.7 Hz, 2H), 1.17 – 1.61 (m, 2H), 1.42 – 1.32 (m, 2H) (Figure S4). 13C 

NMR (101 MHz, CDCl3) δ = 152.3, 132.3, 132.1, 127.6, 114.0, 29.0, 28.2, 

20.0, 13.6 (Figure S5). Anal.calcd for: C11H14N2: C 75.82, H 8.10, N 16.08. Found: C 75.85, H 

8.12, N 16.10. 

Figure S4 2-hexyl-1H-benzo[d]imidazole[1] 
White solid, m.p.:176-178oC, 1H NMR (400 MHz, CDCl3) δ = 7.63 (dd, 

J = 5.9, 3.1 Hz, 1H), 7.23 - 7.08 (m, 4H), 3.97 (t, J = 7.5 Hz, 2H), 2.78 - 

2.73 (m, 2H), 1.80 (dt, J = 15.4, 7.7 Hz, 2H), 1.73-1.63 (m, 2H), 1.26 (dd, 

J = 7.0, 3.5 Hz, 4H), 0.89 (t, J = 7.3 Hz, 3H) (Figure S6). 13C NMR (101 MHz, CDCl3) δ = 157.3, 

138.0, 137.9, 121.8, 115.0, 31.2, 29.2, 29.1, 28.8, 25.0, 22.8, 14.1 (Figure S7). Anal.calcd for: 

C14H20N2: C 77.73, H 9.32, N 12.95. Found: C 77.76, H 9.35, N 12.98. 

2-cyclohexyl-1H-benzo[d]imidazole[2] 

White solid, m.p.: 284-286oC, 1H NMR (400 MHz, CDCl3) δ = 12.11 (s, 

1H), 7.60 (dd, J = 5.9, 3.2Hz, 2H), 7.22-7.17 (m, 2H), 2.79 (tt, J = 10.8, 

3.5Hz, 1H), 2.00 (d, J = 8.3, 2H), 1.77 (d, J = 11.7, 2H), 1.72-1.51 (m, 

3H), 1.46 - 1.15 (m, 3H) (Figure S8). 13C NMR (101 MHz, DMSO) δ = 157.4, 138.4, 137.1, 

123.2, 122.9, 118.3, 114.7, 33.8, 29.9, 26.2, 26.0 (Figure S9). Anal.calcd for: C13H16N2: C 77.96, 

H 8.05, N 13.99 Found: C 78.01, H 8.08, N 14.03. 

2-phenyl-1H-benzo[d]imidazole[2]  
Creamy-white solid, m.p.: 292-294oC. 1H NMR (400 MHz, DMSO) δ = 

12.88 (s, 1H), 8.24 – 8.14 (m, 2H), 7.64 – 7.47 (m, 5H), 7.27 – 7.15 (m, 

2H) (Figure S10). Anal.calcd for: C13H10N2: C 80.39, H 5.19, N 14.42 

Found: C 80.43, H 5.22, N 14.44.   

2-(2-fluorophenyl)-1H-benzo[d]imidazole[4]
 

White solid, m.p.: 180-183oC. 1H NMR (400 MHz, DMSO) δ = 12.59 (s, 

1H), 8.25 (t, J = 7.6, 1H), 7.60 (dd, J = 23.0, 15.8, 3H), 7.49 – 7.36 (m, 

2H), 7.25 (s, 2H) (Figure S11). Anal.calcd for: C13H9FN2: C 73.57, H 

4.27, F 8.95, N 13.20. Found: C 73.59, H 4.29, F 8.97. 

2-(2-chlorophenyl)-1H-benzo[d]imidazole[4] 

White solid, m.p.: 229-232oC.1H NMR (400 MHz, DMSO) δ = 12.72 (s, 

1H), 7.93 (s, 1H), 7.62 (d, 5H), 7.27 (s, 2H) (Figure S12). Anal.calcd for: 

C13H9ClN2: C 68.28, H 3.97, Cl 15.50, N 12.25. Found: C 68.31, H 4.00, 

Cl 15.53, N 12.28. 
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2-(2-bromophenyl)-1H-benzo[d]imidazole[5] 

White solid, m.p.: 210-212oC. 1H NMR (400 MHz, DMSO) δ = 12.74 (s, 

1H), 7.85 – 7.74 (m, 2H), 7.60 (d, J = 17.5, 2H), 7.55 (d, J = 7.6, 1H), 

7.49 – 7.44 (m, 1H), 7.24 (dd, J = 6.0, 3.1, 2H) (Figure S13). Anal.calcd 

for: C13H9BrN2: C, 57.17; H, 3.32; Br, 29.25; N, 10.26. Found: C 57.19, 

H 3.34,N 10.28, Br 29.27. 

2-(o-tolyl)-1H-benzo[d]imidazole[3] 
White solid, m.p.: 215-218oC. 1H NMR (400 MHz, DMSO) δ = 12.62 (s, 

1H), 7.73 (dd, J = 24.3, 6.6, 2H), 7.54 (d, J = 6.8, 1H), 7.40 (s, 3H), 7.28 

– 7.17 (m, 2H), 2.63 (s, 3H) (Figure S14). Anal.calcd for: C14H12N2: C 

80.74, H 5.81, N 13.45. Found: C 80.76, H 5.83, N 13.47. 

2-(3-nitrophenyl)-1H-benzo[d]imidazole[5] 

White solid, m.p.: 234-239oC. 1H NMR (400 MHz, DMSO) δ = 9.03 

(s, 1H), 8.61 (d, J = 7.8, 1H), 8.37 (d, J = 8.1, 1H), 7.89 (t, J = 8.0, 

1H), 7.70 (dd, J = 6.0, 3.1, 2H), 7.33 (dd, J = 6.0, 3.1, 2H) (Figure 

S15). Anal.calcd for: C13H9N3O2: C 65.27, H 3.79, N 17.56, O 13.38. 

Found: C 65.29, H 3.81, N 17.58.  

2-(3-fluorophenyl)-1H-benzo[d]imidazole[6] 

White solid, m.p.: 252-255oC. 1H NMR (400 MHz, DMSO) δ = 13.03 (s, 

1H), 8.05 (d, J = 7.8, 2H), 7.98 (d, J = 10.2, 0H), 7.62 (dd, J = 13.9, 7.4, 

3H), 7.35 (t, J = 8.2, 3H), 7.24 (dd, J = 5.8, 3.0, 1H) (Figure S16). 

Anal.calcd for: C13H9FN2: C 73.57, H 4.27, F 8.95, N 13.20. Found: C 

73.58, H 4.28, F 8.96, N 13.21. 

2-(3-chlorophenyl)-1H-benzo[d]imidazole[6] 
White solid, m.p.: 231-235oC. 1H NMR (400 MHz, DMSO) δ = 13.00 (s, 

1H), 8.14 (d, J = 7.2, 2H), 7.78 (d, J = 7.3, 2H), 7.62 (d, J = 47.5, 2H), 

7.24 (s, 2H) (Figure S17). Anal.calcd for: C13H9ClN2: C 68.28, H 3.97, 

Cl 15.50, N 12.25. Found: C 68.30, H 3.99, Cl 15.52, N 12.27. 

2-(m-tolyl)-1H-benzo[d]imidazole[7] 

White solid, m.p.: 234-237oC. 1H NMR (400 MHz, DMSO) δ = 12.85 (s, 

1H), 8.06 – 7.94 (m, 2H), 7.59 (s, 2H), 7.44 (t, J = 7.6, 1H), 7.31 (d, J = 

7.5, 1H), 7.20 (dd, J = 5.8, 2.9, 2H), 2.42 (s, 3H) (Figure S18). 

Anal.calcd for: C14H12N2: C 80.74, H 5.81, N 13.45. Found: C 80.76, H 

5.83, N 13.47. 

2-(4-fluorophenyl)-1H-benzo[d]imidazole[8] 

Yellow solid, m.p.: 241-242 oC. 1H NMR (400 MHz, DMSO) δ = 

8.25 (dd, J = 8.7, 5.4, 2H), 7.74 (dd, J = 5.9, 3.0, 2H), 7.52 (t, J = 8.7, 

2H), 7.43 – 7.36 (m, 2H) (Figure S19). Anal.calcd for: C13H9FN2: C 

73.57, H 4.27, F 8.95, N 13.20. Found: C 73.59, H 4.29, F 8.97, N 13.22. 

2-(4-chlorophenyl)-1H-benzo[d]imidazole[8] 
White crystal, m.p.: 288-290oC. 1H NMR (400 MHz, DMSO) δ = 

12.99 (s, 1H), 8.21 (d, J = 8.5, 2H), 7.73 – 7.51 (m, 4H), 7.24 (d, J = 

6.7, 2H) (Figure S20). Anal.calcd for: C13H9ClN2: C 68.28, H 3.97, 

Cl 15.50, N 12.25. Found: C 68.30, H 3.99, Cl 15.52, N 12.27. 
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2-(4-methoxyphenyl)-1H-benzo[d]imidazole[9] 

White crystal, m.p.: 222-225oC. 1H NMR (400 MHz, DMSO) δ 

= 12.75 (s, 1H), 8.14 (d, J = 8.0, 2H), 7.58 (d, J = 52.4, 2H), 7.26 

– 7.02 (m, 4H), 3.85 (s, 3H) (Figure S21). Anal.calcd for: 

C14H12N2O: C 74.98, H 5.39, N 12.49. Found: C 74.99, H 5.40, N 12.50. 

2-([1,1'-biphenyl]-4-yl)-1H-benzo[d]imidazole[10] 
Brown soild, m.p.: 276-277oC. 1H NMR (400 MHz, DMSO) δ = 

12.99 (s, 1H), 8.31 (d, J = 8.2, 2H), 7.89 (d, J = 8.2, 2H), 7.78 (d, J 

= 7.3, 2H), 7.71 (d, J = 5.4, 1H), 7.58 (d, J = 5.7, 1H), 7.51 (t, J = 

7.4, 3H), 7.45 – 7.38 (m, 1H), 7.24 (s, 2H) (Figure S22). Anal.calcd for: C19H14N2: C 84.42, H 

5.22, N 10.36. Found: C 84.44, H 5.24, N 10.38. 

2-(pyridin-2-yl)-1H-benzo[d]imidazole[4] 

White crystal, m.p.: 218-220oC. 1H NMR (400 MHz, DMSO) δ = 13.09 

(s, 1H), 8.74 (d, J = 4.2, 1H), 8.34 (d, J = 7.9, 1H), 8.01 (td, J = 7.7, 1.7, 

1H), 7.72 (d, J = 7.6, 1H), 7.58 – 7.49 (m, 2H), 7.29 – 7.18 (m, 2H) 
(Figure S23). Anal.calcd for: C12H9N3: C 73.83, H 4.65, N 21.52. Found: C 73.85, H 4.67, N 

21.54.  

2-(thiophen-2-yl)-1H-benzo[d]imidazole[10] 
White crystal, m.p.: 341-343oC. 1H NMR (400 MHz, DMSO) δ 12.82 (s, 

1H), 7.88 – 7.78 (m, 1H), 7.70 (d, J = 4.9 Hz, 1H), 7.55 (s, 2H), 7.28 – 7.12 

(m, 3H) (Figure S24). Anal.calcd for: C11H8N2S: C 65.98, H 4.03, N 13.99, 

S 16.01. Found: C 65.99, H 4.04, N 14.00, S 16.02. 

5-methyl-2-phenyl-1H-benzo[d]imidazole[11] 
White crystal, m.p.: 243-245oC.1H NMR (400 MHz, CDCl3) δ = 8.06 

(dd, J = 6.5, 3.0, 2H), 7.52 (d, J = 7.8, 1H), 7.46 – 7.35 (m, 4H), 7.08 

(d, J = 8.2, 1H), 2.45 (s, 3H) (Figure S25). Anal.calcd for: C14H12N2: 

C 80.74, H 5.81, N 13.45. Found: C 80.76, H 5.83, N 13.48.  

5-chloro-2-phenyl-1H-benzo[d]imidazole[12] 
Light yellow crystal, m.p.: 214-216oC. 1H NMR (400 MHz, DMSO) δ 

= 13.13 (s, 1H), 8.20 (dd, J = 5.2, 1.5, 2H), 7.77 – 7.50 (m, 5H), 7.25 

(s, 1H) (Figure S26). Anal.calcd for: C13H9ClN2: C 68.28, H 3.97, Cl 

15.50, N 12.25. Found: C 68.29, H 3.98, Cl 15.51, N 12.26. 

1-benzyl-2-phenyl-1H-benzo[d]imidazole[8] 
White solid, m.p.: 116-118oC. 1H NMR (400 MHz, CDCl3) δ = 8.55 (d, J 

= 4.7 Hz 1H), 8.42 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 7.9 Hz, 1H), 7.74 (td, 

J = 7.9, 1.7 Hz,1H), 7.28 (dd, J = 12.1, 7.8 Hz, 2H), 7.17 (dt, J = 20.8, 

7.7 Hz, 7H), 6.14 (s, 2H) (Figure S27). Anal.calcd for: C19H15N3: C 

79.98, H 5.30, N 14.73. Found: C 79.99, H 5.31, N 14.74. 

 

2-(benzylideneamino) aniline [12] 

White solid, m.p.: 63-64oC. 1H NMR (400 MHz, DMSO) δ = 8.30 (d, J = 

1.2Hz, 1H), 7.63 – 7.48 (m, 5H), 7.13 (td, J = 7.5, 2.0 Hz, 1H), 7.04 (dd, J 

= 7.4, 2.0 Hz, 1H), 6.66 – 6.54 (m, 2H), 5.60 (s, 2H) (Figure S28). 

Anal.calcd for: C13H12N2: C 79.56,H 6.16, N 14.27. Found: C 79.58, H 6.18, 
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N 14.29. 

 

Complex: Co (C10H10NO2)2·2C2H5OH 

Pale pink crystal. 1H NMR (400 MHz, DMSO-d6) δ=8.50 (d, J= 7.6Hz, 

1H), 8.32 (dd, J=7.4,1.5Hz, 1H), 8.19 (td, J=7.4, 1.4Hz, 2H), 8.01 (qd, 

J=7.7,1.5,1H), 7.72 (td, J=7.5,1.5Hz, 1H) (Figure S29). 13C NMR 

(100 MHz, DMSO-d6) δ 170.22, 148.01, 146.50, 134.82, 130.50, 

128.35, 128.23, 127.90, 125.68, 122.27 (Figure S30). FTIR (KBr, C=O, 

cm-1): 1613, 1401, 1383, 1350. Anal.calcd for: C20H12CoN2O4 C 59.57, 

H 3.00, N 6.95. Found: C 59.52, H 3.12, N 6.97. UV-vis spectra 

absorption peak: 274.60nm. HRMS: C20H12CoN2O4 for [M+H]: 

403.0129. Found:403.0121. m.p.:241-243oC. 
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NMR spectra  

 

Figure S1 1H NMR spectum of 2-methyl-1H-benzo[d]imidazole 
 

 

Figure S2 1H NMR spectum of 2-ethyl-1H-benzo[d]imidazole 



 
Figure S3 13C NMR spectum of 2-ethyl-1H-benzo[d]imidazole 
 

 

Figure S4 1H NMR spectum of 2-butyl-1H-benzo[d]imidazole 
 



 
Figure S5 13C NMR spectum of 2-butyl-1H-benzo[d]imidazole 
 

 

Figure S6 1H NMR spectum of 2-hexyl-1H-benzo[d]imidazole 
 
 



 

Figure S7 13C NMR spectum of 2-hexyl-1H-benzo[d]imidazole 
 

 

Figure S8 1H NMR spectum of 2-cyclohexyl-1H-benzo[d]imidazole 
 
 



 
Figure S9 13C NMR spectum of 2-cyclohexyl-1H-benzo[d]imidazole 
 

 

Figure S10 1H NMR spectum of 2-phenyl-1H-benzo[d]imidazole 



 

Figure S11 1H NMR spectum of 2-(2-fluorophenyl)-1H-benzo[d]imidazole 
 

 

Figure S12 1H NMR spectum of 2-(2-chlorophenyl)-1H-benzo[d]imidazole 



 

Figure S13 1H NMR spectum of 2-(2-bromophenyl)-1H-benzo[d]imidazole 
 

 

Figure S14 1H NMR spectum of 2-(o-tolyl)-1H-benzo[d]imidazole 



 

Figure S15 1H NMR spectum of 2-(3-nitrophenyl)-1H-benzo[d]imidazole 
 

 

Figure S16 1H NMR spectum of 2-(3-fluorophenyl)-1H-benzo[d]imidazole 



 

Figure S17 1H NMR spectum of 2-(3-chlorophenyl)-1H-benzo[d]imidazole 
 

 

Figure S18 1H NMR spectum of 2-(m-tolyl)-1H-benzo[d]imidazole 



 

Figure S19 1H NMR spectum of 2-(4-fluorophenyl)-1H-benzo[d]imidazole 
 

 

Figure S20 1H NMR spectum of 2-(4-chlorophenyl)-1H-benzo[d]imidazole 



 

Figure S21 1H NMR spectum of 2-(4-methoxyphenyl)-1H-benzo[d]imidazole 
 

 
Figure S22 1H NMR spectum of 2-([1,1'-biphenyl]-4-yl)-1H-benzo[d]imidazole 
 



 

Figure S23 1H NMR spectum of 2-(pyridin-2-yl)-1H-benzo[d]imidazole 
 

 

Figure S24 1H NMR spectum of 2-(thiophen-2-yl)-1H-benzo[d]imidazole 



 

Figure S25 1H NMR spectum of 5-methyl-2-phenyl-1H-benzo[d]imidazole 
 

 
Figure S26 1H NMR spectum of 5-chloro-2-phenyl-1H-benzo[d]imidazole 



 

Figure S27 1H NMR spectum of 1-benzyl-2-phenyl-1H-benzo[d]imidazole 
 

 

Figure S28 1H NMR spectum of 2-(benzylideneamino) aniline 
 



 

Figure S29 1H NMR spectum of Complex 
 

 
Figure S30 13C NMR spectum of Complex 
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Table S1 The optimized intermediates and transition states and their Cartesian 
coordinates  

 



 

 



 

 

 



 

 

 



 
 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 


