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Complexes of zinc(II) with 1,2-disubstituted benzimidazoles
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The reactions of hydrated halides and perchlorate of divalent zinc with 1-o-hydroxybenzyl-2-o-hydroxyphenyl-
benzimidazole (L1), 1-m-hydroxybenzyl-2-m-hydroxyphenylbenzimidazole (L2),1-p-hydroxybenzyl-2-p-hydroxyphenyl-
benzimidazole (L3) and 1-o-chlorobenzyl-2-o-chlorophenylbenzimidazole (L4) ligands in 1:2 and 1:3 molar ratios in 
absolute ethanol/acetone at refluxing temperature produced white/pale yellow complexes of the formula ZnX2Ln.
yH2O [ L = L1, X = Cl, n = 2, y = 1; X = Br, n = 2, y = 0; X = I, n = 3, y = 1; X = ClO4, n = 2, y = 0; L = L2, X = Cl, Br, n = 2, y = 1,  
X = ClO4, n = 2, y = 2; L = L3, X = Cl, n = 2, y = 0; X = Br, I, n = 3, y = 2; X = ClO4, n = 2, y = 1; L = L4, X = Cl, n = 3, y = 2;  
X = Br, n = 3, y = 5; X = ClO4, n = 2, y = 0 ]. The complexes are characterised by elemental analysis, conductivity, 
thermal analysis, IR, 1H and 13C NMR spectral studies.
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Zinc is one the most important metals in the biological 
system. It is involved in the function of enzymes such as 
carboxypeptidase-A and carbonic anhydrase.1 In the case of 
carboxypeptidase-A, zinc is coordinated nearly tetrahedrally 
to two histidine N-atoms, the carboxyl oxygen of a glutamate 
residue and a water molecule; the water molecule can be 
replaced by a donor atom. Thus, the coordination chemistry 
of zinc is of considerable importance. The complexes of 
zinc(II) are white/pale-yellow and diamagnetic, having the 
d10 electronic configuration. Zinc(II) salts form a variety 
of complexes with bisbenzimidazoles and 2-substituted 
benzimidazole derivatives.2 Herein, we report the synthesis 
and characterisation of a number of new halo- and perchlorate-
complexes of zinc(II) with 1,2-disubstituted benzimidazole 
derivatives, L1 through L4.

Experimental
Reagents
The hydrated zinc(II) chloride was used as supplied (BDH). 
o-Phenylenediamine, salicylaldehyde, m-hydroxybenzaldehyde,  
p-hydroxybenzaldehyde and o-chlorobenzaldehyde were Merck/SD’s 
fine chemicals. The solvents used were Merck chemicals and they 
were purified according to literature methods.3 Hydrated zinc(II) 
bromide, zinc(II) iodide and zinc(II) perchlorate salts were obtained 
by dissolving zinc carbonate in 1:1 hot aqueous hydrobromic, 
hydroiodic and perchloric acids respectively, followed by filtration 
and careful evaporation nearly to dryness under reduced pressure.

Measurements
C, H and N analyses were carried out on a Carlo Erba analyser. IR 
spectra (in nujol) were recorded on a Nicolet 4000D spectrophotometer. 
Molar conductivity measurements were made with 10-3 M solution 
in dimethylformamide (DMF) using a digital (SYSTRONICS) 
conductivity metre-304 with a conventional dip type conductivity  
cell with a cell constant 1.00 cm-1. NMR spectra were recorded  

(in DMSO-d6) on Bruker WH-270 or AMX-400 MHz spectrometers 
using TMS as the internal standard. Thermograms were recorded on a 
Shimadzu Thermal Analyser DT30 at a heating rate of 5°C/min.

Preparation of the ligands
The ligands were prepared according to the literature method.4  
A mixture of salicylaldehyde and o-phenylenediamine in the molar 
ratio of 2:1 in benzene was refluxed on a water bath for about an hour. 
The solution was cooled and kept overnight. After the evaporation  
of the solvent, a yellow crystalline solid separated. It was filtered to give 
1-o-hydroxybenzyl-2-o-hydroxyphenyl benzimidazole (L1). Similar 
reactions of m-/p-hydroxybenzaldehyde, o-chloro benzaldehyde and 
o-phenylenediamine taken in 2:1 mole ratio in benzene were carried 
out by refluxing the solutions for one hour, then keeping the reaction 
mixture overnight. The resulting precipitates were filtered to obtain a 
pale-yellow, 1-m-hydroxybenzyl-2-m-hydroxyphenylbenzimidazole 
(L2), buff, 1-p-hydroxybenzyl-2-p-hydroxyphenylbenzimidazole (L3) 
and pale-yellow, 1-o-chlorobenzyl-2-o-chlorophenylbenzimidazole 
(L4) respectively.

Preparation of the complexes
[ZnX2Ln].yH2O (L = L1, X = Cl, n = 2, y = 1; X = Br, n = 2, y = 0;  
X = I, n = 3, y = 2; L = L2, X = Cl, n = 2, y = 1; X = Br, n = 2, y = 2;  
L = L3, X = Cl, n = 2, y = 0; X = Br, n = 3, y = 3; X = I, n = 3, y = 2; L = L4,  
X = Cl, n = 3, y = 3; X = Br, n = 3, y = 5).

To a solution of zinc(II) halide (1 mmol) in ethanol-
triethylorthoformate/acetone (1:19, 20 ml), the ligand (2 or 3 mmol) 
in ethanol/acetone (20 ml) was added and the mixture was refluxed for 
6–8 hours, during which time a white or pale yellow solid separated. 
This was filtered, washed with ethanol/acetone (20 ml) and dried in a 
vacuum (yield 80%).

[Zn(OClO3)2L2] nH2O (L = L1, L4, n = 0; L = L2, L3, n = 1)
Zinc(II) perchlorate (1 mmol) was dissolved in triethylformate–
ethanol/acetone(1:19, 20 ml), then the ligand (2 mmol) in ethanol/
acetone (20 ml) was added. The resulting mixture was refluxed for 
6 h when a yellow, buff or pale yellow coloured solid separated.  
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Compound

L1 1-o-hydroxybenzyl-2-o-hydroxyphenylbenzimidazole
L2 1-m-hydroxybenzyl-2-m-hydroxyphenylbenzimidazole  

L3 1-p-hydroxybenzyl-2-p-hydroxyphenylbenzimidazole
L4 1-o-chlorobenzyl-2-o-chlorophenylbenzimidazole
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The solid was filtered, washed with ethanol/acetone (20 ml) and dried 
in a vacuum (yield 60–80%).

Results and discussion
The physical and analytical data of the complexes are 
compiled in Table 1. The complexes are soluble in common 
organic solvents and are non-electrolytes in DMF except the 
iodo-complex of L1, which exhibits 1:1 electrolytic behaviour 
in DMF as evidenced by its conductivity data. The bromo-
complex of L4 behaves as a 1:2 electrolyte in DMF. All the 
other complexes show low conductivity in DMF. This may 
arise from the replacement of the halide by DMF in solution 
and the existence of an equilibrium of the type below.5

ZnX2Ln + DMF ´ [ZnX(DMF)Ln]+ + X¯ ´ 
 [Zn(DMF)2Ln]2+ + 2X¯

The IR spectra (in nujol mull) of the substituted benzimidazole 
complexes containing substituted benzimidazoles are similar 
to the spectra of the uncoordinated pro-ligands except 
for minor shifts in the positions of some of the bands and 
some changes in their intensities due to coordination.. In 
the case of L1, the band due to nOH of the ligand, expected 
around 3100–3200 cm-1, is absent due to intramolecular 
hydrogen bonding. However, it appears in the spectra of 
its complexes. The nOH of lattice water in the chloro- 
and iodo-complexes of L1 occurs at 3412 and 3477 cm-1 
respectively and nOH of the ligand is observed at 3183 and 
3198 cm-1 respectively. In the case of L 2 complexes, the 
bands in the range 3170–3190 cm-1 and 3330–3370 cm-1 
are due to the nOH of the ligand and lattice water molecules 
respectively. A broad band in the range 3170–3190 cm-1 in 
the complexes of L3 is due to the OH stretching vibration.6 
The nOH of lattice water molecules in the bromo-, iodo- and 
perchlorate-complexes of L3 are found in the range 3440– 
3359 cm-1. In the case of [Zn(L4)3(OH2)2]Br2.2H2O, the peak 
due to hydroxyl stretching of the coordinated water is centreed 

around 3250 cm-1, while that due to lattice water occurs in the 
range 3460–3550 cm-1.7-9 The nC=N and nC =C vibrations 
are very close to each other and occur around 1610 cm-1 as 
weak bands in the spectra of uncoordinated heterocycles and 
have been observed to shift to lower wavenumbers by about 
5–10 cm-1 on complexation. The shift in the position of nC=N 
and nC=C are suggestive of coordination of the substituted 
benzimidazoles via the tertiary nitrogen of the imidazole 
moiety.10

 The C–N stretching vibration occurs around  
1300 cm-1. The bands due to o-disubstituted benzene ring 
vibrations occur around 1460, 1280 and 721 cm-1. The peaks 
due to m-disubstituted benzene ring vibrations are observed 
around 1280 and 730 cm-1 while the band due to p-disubstituted 
benzene ring vibrations occur around 1300, 1250 and  
760 cm-1.6,11 The bands around at 1200, 1010, 920 and 670 cm-1 

are assigned to the benzimidazole ring vibrations. The C–Cl 
stretching vibration of uncoordinated L4 and its complexes 
appear at around 760 cm-1.12 In the perchlorate complexes,  
in addition to the bands observed due to the ligand, the spectra 
also show peaks around 1100 and 620 cm-1 characteristic of 
n3 and n4 of the perchlorate ion. The peak around 1100 cm-1 is 
split, indicating the presence of at least one of the perchlorates 
coordinated to the metal ion.13

The 1H NMR spectra of the complexes recorded in DMSO-
d6 exhibit resonances due to coordinated 1,2-disubstituted 
benzimidazoles. The spectra of the complexes are almost 
similar to those of the free ligands except for a slight shift 
in the positions of the signals. The spectra of the complexes 
display resonance signals in the range δ 9.0–10.0 ppm, 
which are due to the O–H protons of the phenolic and benzyl 
groups. The phenolic O–H group resonance signal appears in 
the down field region when compared to that of the benzyl 
group hydroxyl proton. The resonance signals due to the 
protons of the benzyl ring are observed in the range 6.4– 
7.8 ppm, and the protons of the phenolic group in the range 
6.8–7.8 ppm. The resonance signals due to the aromatic 
protons of benzimidazole ring are found in the range  

Table 1 Physical properties and analytical data of the complexes

Sl. Complex Colour Yield /% M.p. /°C ŸM
a  Found (calcd %)

no.     Ω-1 cm2 mol -1
 C H N

1 [ZnCl2L1
2].H2O Pale yellow 80 262 03 60.6 5.3 6.9 

      (61.1) (4.4) (7.1)
2 [ZnBr2L1

2] Yellow 80 138 02 55.6 4.0 5.6 
      (56.0) (3.8) (6.5)
3 [ZnIL1

3]I.2H2O White 70 208 67 55.5 4.8 6.8 
      (55.3) (4.0) (6.4)
4 [Zn(OClO3)2L1

2] Yellow 75 232 27 54.5 4.0 6.0 
      (53.6) (3.6) (6.2)
5 [ZnCl2L2

2].H2O White 80 158 19 60.4 5.0 6.4 
      (61.1) (4.4) (7.1)
6 [ZnBr2L2

2].2H2O White 85 192 11 53.9 3.2 6.8 
      (53.8) (4.1) (6.3)
7 [Zn(OClO3)2L2

2].H2O Buff 80 196 32 52.3 3.0 6.8 
      (51.5) (3.9) (6.0)
8 [ZnCl2L3

2] Pale yellow 70 166 11 63.6 5.0 6.9 
      (62.5) (4.2) (7.3)
9 [ZnBr2L3

3].3H2O Pale yellow 70 158 12 58.9 5.0 6.1 
      (58.7) (4.4) (6.8)
10 [ZnI2L3

3].2H2O Pale pink 75 172 20 55.2 3.8 6.6 
      (55.3) (4.0) (6.4)
11 [Zn(OClO3)2L3

2].H2O Pale yellow 70 >260 12 53.2 4.0 7.1 
      (52.5) (3.8) (6.1)
12 [ZnCl2L4

3(OH2)].2H2O Pale yellow 80 >260 12 57.7 3.6 6.7 
      (57.7) (3.9) (6.7)
13 [ZnL4

3(OH2)3]Br2.2H2O Pale yellow 70 >260 134 51.6 3.2 5.6 
      (52.4) (3.8) (6.1)
14 [Zn(OClO3)2L4

2 Pale yellow 75 206 20 48.9 2.5 5.2 
      (49.5) (2.9) (5.8)
aMolar conductance of ~ 10-3 M solutions in DMF at 25oC.
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6.8–7.5 ppm. Further the resonance signals due to the 
protons of –CH2– group shift downfield by 0.01–0.02 ppm.  
The coordination-induced shifts at the positions 4 and 6l are 
higher because of polarisation of electron density towards 
the metal ion after complexation.14 The coordination-induced 
shifts for various protons of the coordinated ligands are in the 
range 0.02–0.74 ppm. A similar observation was made earlier 
for the related complexes.2,15

The 13C NMR spectra of the complexes recorded in 
DMSO-d6 reveal distinct resonances that are in agreement 
with the expected carbon environments. The 13C spectra of 
the complexes of L4 could not be recorded due to their poor 
solubility in DMSO-d6. The assignment of the signals is made 
based on those reported for benzimidazole and substituted 
benzimidazoles.16 The resonance signal due to the –CH2– 
carbon is observed around 47.1 ppm. The coordination-
induced shifts (c.i.s) are in the range 0.01–1.5 ppm.  
The carbons C-6', C-2 and C-1' are proximate to the 
coordinated nitrogen and show positive c.i.s. The resonance 
signals in the range 120–160 ppm correspond to the carbons 
of benzyl group and phenolic group carbons of L1, L2 and L3. 

The resonance signals due to the benzimidazole ring carbons 
are observed in the range 127.0–158.0 ppm. The carbon atom 
of the C–OH group of the benzyl group resonates at around 
120.0 ppm in L1 and L3 while in the complexes of L2 it has 
been observed around 153.0 ppm. The C–OH peaks of the 
phenolic group of L1 and L3 are located in the range 119.0–
123.0 ppm, while in the L2 complexes the same peak is found 
in the range 157.0–170.0 ppm. Both positive and negative 
c.i.s. values are noted for the complexes point to considerable 
metal-to-ligand p-back donation and ligand-to-metal s- 
donation respectively.16-20 

Thermogravimetric analysis data of ZnX2Ln.yH2O 
complexes are compiled in Table 2. The complexes show 
loss of water of hydration as noted from TGA curves. In the 
case of L1, L2 and L3 containing-complexes the lattice water 
molecules are lost in the range 160–175°C. The weight loss 
corresponding to the loss of two halide ions takes place in 
the temperature range of 300–380°C. The weight loss in the 
temperature range 500–600°C corresponds to the loss of two 
benzimidazole molecules. In the case of [ZnCl2(L4)3].2H2O, 
there is loss of water of hydration around 260°C. In the 
case of [Zn(L4)3(OH2)3]Br2.2H2O complex, the loss of two 
lattice water molecules takes place around 230°C, the loss 
of two benzimidazoles and three molecules of coordinated 
water occur around 560°C. All the complexes undergo 
decomposition in the temperature range 230-600°C, indicating 

that they are more thermally stable than the free ligands.21,22

Based on above discussion, the chloro-, bromo- and 
perchlorate-complexes of L1, L2, and chloro- and perchlorate-
complexes of L3 and perchlorate-complex of L4 are proposed 
to possess tetrahedral geometry. The perchlorate ion in all 
these complexes is monodentately coordinated to the metal 
ion as supported by IR spectra. The iodo- complex of L1 is 
suggested to have tetrahedral geometry while the bromo- and 
iodo- complexes of L3 are suggested to have square pyramidal/
trigonal bipyramidal geometry. The molar conductivities in 
DMF for the chloro- and bromo-complexes of L4 suggest non-
electrolytic and uni-bivalent electrolytic behaviour respectively 
and indicate the ionic nature of the bromide ions, and the 
thermal data suggest the coordination of water molecules and 
hence an octahedral geometry is proposed for these complexes. 
In all the complexes, the ligands are monodentately coordinated 
through the tertiary imidazole nitrogen.
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Table 2 Thermogravimetric analysis data of zinc(II) complexes

Complex Stage Temp. Weight Species 
   /°C loss /% lost 
    (calcd)

(1) [ZnCl2L1
2].H2O 1 160 3.0 (2.2) H2O

  2 300 10.0 (9.0) 2Cl
  3 490 78.7 (80.3) 2L
(5) [ZnCl2L2

2].H2O 1 133 2.6 (2.2) H2O
  2 341 9.0 (9.0) 2Cl
  3 597 53.9 (51.4) 2L
(6) [ZnBr2L2

2].2H2O 1 140 2.0 (2.3) H2O
  2 540 68.5 (71.7) 2L
(9) [ZnBr2L3

3].3H2O 1 170 2.0 (2.2) 2H2O
  2 380 9.0 (9.0) 2Br
  3 540 72.2 (71.1) 2L
(12) [ZnCl2L4

3(OH2)].2H2O 1 262 1.0 (1.4) H2O
  2 400 51.5 (58.8) 2L+H2O
  3 599 28.6 (29.1) L
(13) [ZnL4

3(OH2)3]Br2.2H2O 1 233 1.6 (2.6) 2H2O
  2 558 57.4(56.1) 3H2O+2L


