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Abstract: New trinuclear metal complexes of Co(II), Ni(II), Cu(II) and Zn(II) with N-(1H-

benzimidazol-2-yl)-2-mercaptoacetamide (BMA) were synthesized from chloride salts of relative 

metals in butanol medium. Synthesized metal complexes were characterized by elemental analysis, 

conductance measurements, IR, UV-Vis, ESR, TGA & DTA and magnetic susceptibility 

measurements. IR spectral data suggest that the ligand behaves as monobasic tridentate (NOS) with 

donor sites of azomethine nitrogen (ring), oxygen atom of carbonyl group and thio group. Physico-

chemical data suggest tetrahedral geometry for Co(II), Ni(II) and Zn(II) complexes. Square planar 

intended for Cu(II) complex and all these complexes exhibits non-elecrolytic nature. The complexes 

were evaluated for their antimicrobial activity by in-vitro antimicrobial screening against bacteria 

Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Klebsiella Pneumonia. The results 

indicate that antimicrobial activity increased during metallation. A detailed analysis is done 

theoretically using DFT method with B3LYP/6-311G/LanL2DZ functional for ligand and 

complexes. Docking studies of ligand and metal complexes carried out using OPLS 2005 force field 

in Schrodinger suite. 

Keywords: Metal complexes, DFT method, antibacterial, docking studies. 

Introduction 

Benzimidazole moiety is a residue which leads most important role in building a variety of 

biologically active molecules such as vitamin B12, support their potential use as therapeutics.  
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This nucleus is very important pharmacophore in medicinal chemistry as well as in modern 

drug discovery. Benzimidazole is well known with its widespread applications as drugs, 

dyes, polymers and enzyme
1-3

. Derivatives of benzimidazole exhibits additional 

applications in some areas as organic luminophores, fluorescent tags for detection of 

biological important molecules, as DNA, RNA or proteins and enzymes
4,5

, as optical laser 

and polymer dyes in optoelectronics
6,7 

etc. 2-Substituted benzimidazole derivatives show 

anti-hypertensive activities
8
 and anti-influenza

9
. Amino benzimidazole derivatives are 

remarkable and are found in drugs as well as natural products
10

. Chelating ligands 

containing N, N, O and S donor atoms show broad biological activity and are of special 

interest because of the ways in which they are bonded to the metal ions
11

. It is known that 

existence of metal ions bonded to biologically active compounds may enhance their 

activities
12–14

. In view of importance of above, these two scaffolds are selected in the 

preparation of ligand using butanol medium. 

Experimental 

Metal salts and solvents used were E-Merck products. All other chemicals used were of AR 

grade. Elemental analysis was carried out using micro analytical techniques on Heraeus - 

CHN rapid analytical, metal estimations were done on a Perkin Elmer 2380 atomic 

absorption spectrometer. Conductivity measurements were carried on Elico digital 

conductivity meter model No.CM-180. The magnetic susceptibility measurements were 

done on a factory balance (CAHN-7600) using Hg [Co (SCN)4] as calibrate. TGA, DTA 

data was established by using Leeds and Northrop-USA instrument. Infrared spectra were 

recorded on a Perkin-Elmer 1600. The electronic spectra were recorded on a Shimadzu UV-

160 spectrophotometer. Thermal studies were carried out using Shimadzu TGA-50H in the 

nitrogen atmosphere. Metal salts and solvents are used E-Merck product All other chemicals 

used were Analar grade. 

Synthesis of N-(1H-benzimidazol-2-yl)-2-mercaptoacetamide 

2-Aminobenzimidazole  (1.33g, 1.0 m.mol), thioglycollic acid ester (1 mL, 1.0 m.mol) were 

dissolved in n-butanol (10 mL) and mixture was  refluxed 2-3 h, yellow coloured compound 

separates out on cooling and recrystallized from n-butanol. Yield: 75%, M.P: 215 
o
C. 

 The compound is stable to air and moisture. Its purity was checked with TLC using 

different solvent mixtures. BMA is crystalline and is soluble in common organic solvents 

like CH3OH, CHCl3 and acetone etc. BMA(C9H9N3OS) yellow powder (Figure 1). Melting 

point: 215 
o
C; UV (EtOH) λmax/ nm = 249 nm, 293 nm and 425 nm; IR (diamond): ν/cm

-1
 = 

3270, 3109, 1607, 1564, 2672, 691; 1H NMR (DMSO-d6, 300 MHz): δ/ppm = δ 2.1(s, 2H), 

δ 5.8 (broad s, 1H, NH Benz), δ7.2 (m,4H Ar); Anal. Calcd for C9H9N3OS (207.25 gmmol
-1

) 

(%): C, 52.16; H, 4.34; N, 20.28; S, 15.45; Found: C, 52.11; H, 4.36; N, 20.28; S, 15.40. 

Mass m/e: 173,160, 133,132,105, 90 (Figure 2). 

Synthesis of transition metal complexes 

N-(1H-Benzoimidazol-2-yl)-2-mercaptoacetamide (BMA) (0.21 g, 1 mmol) was added drop 

wise to solution of  divalent metal chloride Co(II) (0.238 g), Ni(II) (0.237 g), Cu(II) (0.172 g) 

and Zn(II) (0.132 g) (1 m.mol) in 10 mL absolute methyl alcohol. The pH of the mixture 

was adjusted to 7 using 5% ammonia-CH3OH mixtures and refluxed for 3-4 h complex 

which separated was filtered in hot condition, washed with a small portion of cold methanol 

and diethyl ether and dried in vacuum. The purity of metal complexes was tested by TLC 

using different solvent mixtures. Yield: 50-60%.  
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Figure 1. Structure of ligand(BMA) 

 

Figure 2. NMR spectra of BMA 

 All the metal complexes except Zn(II) are colored and stable to air and moisture. They 

decompose at high temperatures. They are soluble in DMF and DMSO and insoluble in 

common organic solvents like methanol, acetone and chloroform. 

 [CoLCl].5H2O (1): Black, M.P. > 350 °C, yield 42%, µeff: 3.58BM. Anal. Calcd for 

C9H18N3O6SClCo (390.4g.mol
-1

) (%): C, 27.58; H 4.59; N, 10.72; S, 8.17. Found: C, 27.53;  

H, 4.57; N, 10.67; S 8.13. IR (selected bands, cm
-1

): ν(N-H ) 3700-2900 br, ν(C=N), ν(C=O) 

merge 1583, ν(C=S) 620.  UV-Vis [λmax, nm: 1180,818. Conductance (mho cm
2
mol

-1
) 35. 

 [NiLCl].2H2O (2): Brown, M.P. 314.0–315.6 °C, yield 39%, µeff: 3.92 BM. Anal. Calcd 

for C9H12N3O3SClNi (336.19 g mol
-1

) (%): C, 32.02; H, 3.55; N, 12.45; S, 9.48%. Found: 

C,31.98; H, 3.53; N, 12.41; S, 9.47. IR (selected bands, cm−
-1

1): ν(N-H ) 3726-2792 br, 

ν(C=N), ν(C=O) merge 1584 ν(C=S) 630.  UV–Vis [λmax, nm: 1126, 600. Conductance (mho 

cm
2
mol

-1
) 28. 

 [CuLCl] (3): Dark green, M.P. > 350 °C, yield 73%, µeff: 1.98 BM. Anal. Calcd for 

C9H8N3O3SClCu(337.0 g mol
-1

) (%): C, 36.28; H, 2.61; N, 13.72; S, 10.45%. Found: C, 

35.22; H, 2.58; N, 13.69; S, 10.42. IR (selected bands, cm
−1

):  ν(N-H ) 3600-2700br, ν(C=N) 

1601, ν(C=O) 1672 ν(C=S) 617.  UV–Vis [λmax (log ε), nm: 640, 520.Conductance (mho 

cm
2
mol

-1
) 40. 

 [ZnLCl] (4): Pale yellow, M.P. > 350 °C, yield 70%, µeff: Dia mag. Anal. Calcd for 

Zn(C9H8N3O3SCl (338.8 g mol
-1

) (%): C, 35.12; H, 2.60; N, 13.65; S, 10.40%. Found: C, 

35.08; H, 2.57; N, 13.62; S, 10.50. IR (selected bands, cm
−1

):  ν(N-H ) 3700-2800 br, 

ν(C=N) 1572, ν(C=O) 1630 ν(C=S) 619.  UV–Vis [λmax, nm: 640, 520. Conductance (mho 

cm
2
mol

-1
) 12. 
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Biological activity 

Biological activity of complexes 1–4 was tested against gram positive bacteria, 

(Staphylococcus aureus and Bacillus subtilis) and gram negative bacteria (Escherichia coli, 

and Klebsiella Pneumonia) using Muller Hinton nutrient agar media by the well diffusion 

technique
15

. The results were recorded as zones of inhibition in mm and compared with the 

standard drug streptomycin for antibacterial activity. 

Computational methods 

Nowadays, computational methods based on density functional theory (DFT) have been widely 

used. The studies indicate that density-functional theory (DFT) is a powerful tool for predicting 

geometry and stability of the molecules
16-19

. A visual representation of the molecular geometry 

is obtained with the aid of the animation option of Gauss View 5.0 graphical interface
20

. In 

order to understand the vibrational properties, structural characteristics of the ligand BMA and 

of complexes the density functional theory (DFT) method with B3LYP/6-311G the basis set 

while the metal atoms were optimized using LANL2DZ functional. To show the existence of 

intramolecular charge transfer (ICT) within molecular system energies of the highest occupied 

molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO) levels and the 

molecular electrostatic potential (MEP) energy surface are studied. 

Docking studies: Methodology 

Ligand and metal complexes were constructed in ChemDraw and minimized using MM2 

protocol. Crystal structure of DNA was downloaded from protein data bank (www.rcsb.org) 

pdb id: 1N37
21

, it was prepared by protein preparation wizard applying OPLS 2005 force 

field in Schrodinger suite 2010. The prepared DNA was imported into AutoDockTool
22

, 

binding site was defined around the bound crystal ligand and a grid was prepared using 

Autogrid4. The ligand and metal complexes were docked into the DNA major groove. 

Results and Discussion 

Characterization of the ligand (BMA)  

The IR spectrum (Figure 3a) of BMA shows a peak at 3270 cm
-1 

assigned to stretching 

vibration of free νNH. A band due to ringν NH vibration is observed at 3109 cm
-1

. A band at 

1607 and 1564 cm
-1 

are ascribed to νC=O and ring νC=N respectively. A band at 2672 cm
-1 

is assigned to νSH and 691cm
-1

 is assigned to νC-S. The electronic spectrum (Figure b) of 

BMA shows absorptions at 249 nm, 293 nm and 425 nm. The high energy band at 249 nm is 

attributed to π→π* transitions of benzimidazole. The band at 293nm is due to benzene 

moiety. The other band at 425 nm is assigned due to azomethine group. 
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Figure 3. Spectra of BMA (a) IR (b) Electronic and (c) Mass spectra 

Characterization of the complexes  

Elemental analysis shows that the metal to ligand ratio is 1:1 in all the complexes. The data 

suggests the presence of one chloride per divalent metal ions. The low molar conductance 

values of all the complexes in the range 21-40 mhocm
2
mol

-1
 at room temperature indicate 

non electrolytic nature of the metal complexes. Analytical and conductance data indicate 

that the ligand is behaving as a monobasic one. 

Thermal analysis of BMA metal complexes 

The data of Co(II) and Ni(II) complexes show endotherms relatively at lower temperature in 

the range of 90
o
C to 115 

o
C which can be attributed to crystal water. The endotherm is 

succeeded by an intense and broad exotherm in the range of 190 
o
C to 510 

o
C which may 

represent the completion of the decomposition. 
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IR spectra of BMA metal complexes 

In all the complexes there is downward shift in νC=N and νC=O. In Co(II) and Ni(II) 

complexes the strong intense broad band observed at 1560 cm
-1

 is assumed to arise due to 

merger of νC=O, νC=N. The IR spectra of the complexes provide evidence in support of the  

involvement of SH group in coordination. This indicated by the downward shift of νC-S. 

The νC-S band observed at 691cm
-1

 in free ligand shows negative shift in complexes up to 

617cm
-1

as shown in Table 1. Disapperance of νS-H in complexes is evidence that ‘S’ 

coordinated with metal with dissociation of ‘-SH’ proton. The spectra do not provide any 

confirmatory evidence regarding deprotonation of SH. IR spectra of the complexes are given 

in Figure 4 and data in Table 1. In Co(II) and Ni(II) complexes also the broad band located 

in the range of 3700 to 2700 cm
-1

 is attributed to OH (H2O) and NH. The non-ligand bands 

in the range of 655-460 cm
-1

 are assigned to M-O, M-S and M-N
23

 modes. The M-Cl bands 

are identified at 370-250 cm
-1

. This is indicating that binding to the metal is through a NOS 

sequence involving the ring azomethine nitrogen, carbonyl oxygen and deprotonated thiolic 

group. The presence of chloride in complexes was identified by Volhard’s test
24

. 

Table 1. IR data of ligand and complexes 

 

 

 
 

 

Figure 4. IR spectra of (a) Ni(II) and (b) Cu(II)-BMA complexes 

Lig/complexes νNH νC=N νC=O νC-S νSH New bonds 

BMA 3109-3270 1564 1687 691 2672  

Co(II)complex 3700-2900 
1583 

↔ 
620 

 

 

883,695,560,490, 

460,370,255 

Ni(II)complex 

 

3726-2792 1584 

↔ 

630  

 

890,702,630,469, 

435,330,270,250 

Cu(II)complex 3600-2700 1601 1672 617  617,534,499,325, 270 

Zn(II)complex 3700-2800 1572 1630 619  708,565,516,330, 275 
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Magnetic data of BMA complexes 

The magnetic moment values of Co(II) and Ni(II) complexes are 3.58 and 3.92 B.M. 

respectively. In Cu(II) complex the magnetic moment value is 1.98 B.M. which corresponds 

to one unpaired electron. 

Electronic spectra of BMA metal complexes 

The absorption spectrum of Co(II) complex shows a high intensity band at 1180nm and 

medium intensity band at 818 nm. These bands are assigned to 
4
A2→

4
T1 (F) and 

4
A2→

4
T1(P) transitions respectively tetrahedral geometry is proposed. 

 The absorption spectrum of Ni(II) complex shows a high intensity band at 1126 nm and 

medium intensity band at 600 nm. These bands are assigned to 
3
T1→

3
A2 and 

3
T1 (P) 

transitions respectively. Tetrahedral geometry is proposed. 

 The absorption spectrum of Cu(II) complex shows a broad multiple band in the range of 

640nm to 520 nm which can be assigned to a combination of three transitions from 
2
B1 

ground state to 
2
B2,

2
A1,

2
E states. Square planar geometry is proposed. 

ESR spectra of Cu (II)-BMA complex 

The ESR spectrum of BMA-Cu(II) complex was recorded at room temperature and shown in 

the Figure 5. DPPH with a g value of 2.0036 was used as standard. The spectrum apparently 

consists of a single intense signal. The tendency of the g-tensor exhibiting isotropic 

behaviour. The g value evaluated from the spectrum (giso2.043) supports this isotropic 

nature. The reason for getting a single ESR spectrum may be due to the exchange coupling 

interactions among Cu(II) ions. However g value (2.043) indicates that the electron in the 

Cu(II) ion is largely delocalized. The A value is 130 G. Square planar geometry around 

Cu(II) is confirmed by other experimental data. 

 

Figure 5. ESR spectra of Cu-BMA complex 

Biological activity 

Antimicrobial activity of the ligand L and its complexes 1–4 were tested against four 

pathogenic bacteria species by the well diffusion method (Table 2). The study indicated that 

the complexes 1–4 exhibited higher antimicrobial activity than the free ligand L and their 

activity depended upon the size and charge distribution of metal ions, shape and redox 

potential of the metal chelates
25

. The complexes 3 and 4 were more potent than the other 

ones. The increased inhibition activity of complexes can be explained on the basis of the 

Overtone’s concept and Tweedy’s Chelation hypothesis
26

. The observed zones of inhibition 

for the complexes 1–4 followed the order: control >3 > 4 > 1> 2 > L that matched the 

computational studies. This can be elucidated on the basis of Structure-Activity 

Relationship
27

 (SAR). Complexes 1 and 2 are less active due to the low lipophilicity of 

M(II) ion and low penetration of these complexes through the lipid membrane. 

g = 0.043 
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Table 2. Antibacterial activities of the ligand and its complexes 1–4 by the well diffusion 

method 

Organism Gram positive Gram negative 

Sample 
Staphylococcus 

aureus 
Bacillus subtilis Escherichia coli 

Klebsiella 

Pneumonia 

Concentration 1 mg/mL 0.5 mg/mL  1 mg/mL  0.5 mg/mL  1 mg/mL  0.5 mg/mL  1 mg/mL  0.5 mg/mL 

BMA (L) 18 11 16 11 18 12 NA NA 

1. Co(II) 

complex 
29 19 26 19 24 16 19 17 

2.Ni(II) 

complex 
24 14 19 15 21 15 16 13 

3.Cu(II) 

complex 
43 28 39 29 39 26 28 21 

4.Zn(II) 

complex 
39 23 32 21 36 22 21 18 

streptomycin 48.9 30.3 48.8 31.9 43.3 33 32.3 24.3 

Computational Studies 

Frontier molecular orbital analysis 

The HOMO and LUMO frontier orbital, determine the way the molecule interacts with other 

species. The HOMO is the orbital that primarily acts as an electron donor and LUMO is the 

orbital that largely acts as electron acceptor and the gap between HOMO and LUMO 

characterizes the stability and light on chemical reactivity of the molecule
28

. The computed 

energy gap (∆E) for the ligand BMA as well as the complexes given in Table 3 (Figure 6). The 

frontier orbital energy gaps of 1.6915-2.6468 eV in the complexes indicate d-d transitions and 

are in accordance with the eminent broad shoulder found from the electronic spectra. 

 
 

 

Figure 6. HOMO, LUMO and ∆E of ligand and metal complexes 

Molecular electrostatic potential (MEP) of ligand and its complexes 

To predict reactive sites for electrophilic and nucleophilic attack for the title molecule, MEP 

maps were generated from the molecular orbital energies obtained from DFT calculations. 

The molecular electrostatic potential surface displays molecular shape, size and electrostatic 

potential values of (BMA) and its complex. The molecular electrostatic potential (MEP) 

surface diagram is related to the electronic density and is a very useful descriptor in 

understanding sites for electrophilic attack and nucleophilic reactions as well as hydrogen-

bonding interactions
29-31

. The negative regions can be regarded as nucleophilic centers, and  
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the positive regions as potential electrophilic sites in the electrostatic potential map (Figure 7).  

The hydrogen atoms in ligand BMA and in case of the complex bear the maximum positive 

charge. The predominance of green region in the MEP surface corresponds to an electron 

density distribution in between the two extremes red and dark blue color. 

 HOMO LUMO MEP 

Lig 

  

Co 

  

Ni 

 

 
 

Cu 

 

   

Zn 

 

   

Figure 7. HOMO, LUMO, MEP surface density diagrams of ligand and its complexes. 

Reactivity descriptors 

The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO) are very important parameters for quantum chemistry. The frontier orbital energy 

gap helps to distinguish the chemical reactivity and kinetic stability of compounds. Ni-

complex is more polarizable due to a small frontier orbital energy gap. This complex is 

normally associated with a high chemical reactivity termed as soft with low kinetic stability.  

 The chemical potential (µ), global hardness (η) and electrophilicity (w) are global 

descriptors which indicate the overall stability of a chemical system. Order of stability is 

Ligand> Cu(II)>Zn(II)>Co(II)>Ni(II). Complexes are the more reactive than ligand with the  
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lower value of chemical hardness. Hence, the ligand exhibit their greatest affinity toward the 

Ni(II) ion and the least toward the Cu(II) ion. The values of some global reactivity 

descriptors
32-34

 investigated are presented in Table 3. 

Table 3. DFT- 6-311G Basis set Calculation Summary for ∆E, absolute electronegativity 

(χabs), absolute hardness (ղ ), electrophilicity index (ω), global softness (s) of the ligand and 

its complexes 

Lig/com HOMO LUMO ∆E χabs= -u    ղ  ω=u
2
/2n S=1/ ղ  

BMA -6.2061 -1.7778 4.4283 -3.9919 2.2141 3.5985 0.4516 

Co(II) -5.6733 -3.4077 2.2656 -4.5405 1.1328 9.0995 0.8827 

Ni(II) -5.4273 -3.7358 1.6915 -4.5815 0.8457 12.4094 1.1823 

Cu(II) -5.9786 -3.3318 2.6468 -4.6552 1.3234 8.1873 0.7556 

Zn(II) -5.7881 -3.4752 2.3129 -4.6316 1.1564 9.2747 0.8646 

Docking studies 

Methodology 

Ligand and metal complexes were constructed in ChemDraw and minimized using MM2 

protocol. Crystal structure of DNA was downloaded from protein data bank (www.rcsb.org) 

pdb id: 1N37
35

, it was prepared by protein preparation wizard applying OPLS 2005 force field 

in Schrodinger suite 2010. The prepared DNA was imported into Auto Dock Tool
36

, binding 

site was defined around the bound crystal ligand and a grid was prepared using Autogrid4. The 

ligand and metal complexes were docked into the DNA major groove. Based on the present 

studies it may be concluded that the ligand exhibit promising antibacterial activity and 

activities can be subjected to change through metallation. The dock score and inhibition 

constant values (Table 4) which are the parameters to determine binding affinity conclude that 

metal complexes have better binding affinity than free ligand BMA 

Table 4. Dock score and inhibition constant of ligand and complexes 

Complex 
Dock score 

(kcal/mol) 

Estimated Inhibition 

 Constant (Ki in µM) 

BMA -4.97 227.88 

Co(II) complex -5.59 79.94 

Ni(II) complex -5.35 119.92 

Cu(II) complex -5.98 41.32 

Zn(II) complex -5.63 75.30 
 

  

Figure 8. Dock pose of ligand in the major grove of DNA showing hydrogen bond 

interaction with G13 and π-π interaction with T14, G13 and G5 
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 As per docking studies all the metal complexes showed better binding than Ligand, 

clearly indicating the importance of metal chelation. Copper complex is better in terms of 

docking studies. 

Figure 9. Dock pose of Cu-Complex in the major grove of DNA showing hydrogen bond 

interaction [green lines] with T14 and G5 

 The greater binding affinity of complexes is due to the formation of hydrogen bond with 

G13 (Figures 8-11) and π −π interaction with [pink lines] with T14 and G5. Cu(II) complex 

showed more negative dock score of followed by Zn(II), Co(II) and Ni(II) complexes. The 

higher binding affinity of Cu-Complex is due to the increase in hydrogen bond interaction 

than the ligand. 

  

Figure 10. Dock pose of Ni-Complex in the major grove of DNA showing hydrogen bond 

interaction with G5. Complex also has π-π interaction with T14, C4 and G5 

  
Figure 11. Dock pose of Zn-Complex in the major grove of DNA showing hydrogen bond 

interaction with G5. Complex also has π-π interaction with T14, G13 and G5 
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Conclusion 

BMA is behaving as a monobasic tridentate system employing the ring azomethine nitrogen 

carbonyl oxygen, and deprotonated thiolic group thus providing an NOS sequence. All the 

complexes are homonuclear and are forming 1:1complexes. Based on analytical, thermal, 

conductivity, magnetic and spectral data tetrahedral geometry have been proposed to Co(II), 

Ni(II) and Zn(II) complexes. Square planar for Cu(II) complex. Theoretical data reveal that 

there is a concord with microbial activity of complexes. On coordination of metal complexes 

enhances the activity than the ligand. The proposed structures are given in the Figure 12. 
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Figure 12. Tentative structures of Metal complexes 
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