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Abstract 

The fundamental goal of the present study was carried out to generate novel metal complexes based on benzimidazole (BI) as 

a precursor with Cu and Zn cations. Herein, Cu-BI and Zn-BI complexes were prepared and characterized via Fourier transform 

infrared spectroscopy (FT-IR), UV–visible, 1H NMR, and mass spectra. Moreover, antimicrobial activity of the benzimidazole, 

zinc, and copper complexes was evaluated using different methods as disc agar and colony forming techniques. The obtained 

results revealed that the Cu-BI complex could offer the best antimicrobial activity. 
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1. Introduction 

There have been various studies were directed for the 

preparation of different metal complexes with the 

evaluation of their biological activity [1–6]. The use of 

biologically active ligands with transition metals 

yields new metal complexes with higher biological 

activity when compared with the coordinated ligands 

or the metal ion [7–10]. Benzimidazole scaffold is a 

good structure that displays great therapeutic and 

physiological activity, and is being to a monodentate 

ligand that coordinates with the heterocyclic nitrogen 

atom [11]. Upon a comprehensive survey, 

benzimidazole moiety exhibited an increase and 

incorporated activities such as antimicrobial [12, 13], 

antithrombotic, anticoagulant and antiplatelet [14], 

anthelminthic [15], anti-inflammatory [16, 17], 

acetylcholinesterase and antifungal [18], antiulcer 

[19], antitubercular and antiprotozoal [20], 

antimycobacterial [21], antileishmanial [22], antiviral 

[23], antitumor, [24] and anti-HIV agents [25]. In 

addition, benzimidazole was described as indoleamine 

2,3-dioxygenase-1 (IDO1) [26], hepatitis C virus [27] 

inhibitors, anti-hypertensive agent [28], in vitro alpha-

glycosidase inhibitory [29], Zika Virus inhibitors [30], 

antiglycation and antioxidant [31], NOD2 antagonists 

[32], and antileukemic agents [33]. Moreover, 

benzimidazole core was reported to used with high 

efficiency for the treatment of tuberculosis [34]. 

Recently, benzimidazole scaffolds were obtained as 

anti-cancer agents in many reviews [35, 36]. As a 

consequence, various drugs originating from 

benzimidazole have been founded on the market as 

omeprazole (Anti-ulcer), albendazole (antimicrobial), 

Bendamustine (Anti-tumor), Candesartan 

(Antihypertensive), Enviradine (Anti-viral), and 

Benoxaprofen Analog (Anti-inflammatory) [37] 

Figure 1. Also, the activities of benzimidazole with 

transition metal complexes have been studied, where 

many benzimidazole-metal complexes showed 

effectiveness greater than free ligand [38-40]. In 

recent years various metal complexes have been 

attracted much attention due to their contribution to 

cancer therapy [41, 42]. 

 

Figure 1: Chemical structure of biologically active 

Benzimidazole. 

 

The main purpose of the present work was generating 

for synthesizing metal complexes that can offer 

antimicrobial activity. In this context, two complexes 

were prepared by the reaction between BI as an 

organic ligand and both Zn and Cu cations as inorganic 

species. FT-IR, 1HNMR, UV-visible, and mass 

spectral determinations were used to characterize the 

structure of the synthesized complexes. Also, 
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antimicrobial activity of the complexes was studied by 

using both disc agar and colony forming techniques. 

 

2. Materials and methods: 

2.1. Materials: 

Benzimidazole was purchased from Merck Co., 

Copper nitrate Cu(NO3)2·3H2O and zinc nitrate 

Zn(NO3)2·6H2O were purchased from Sigma-Aldrich 

Co. Electrothermal 9300 melting point was used to 

determine melting points of the ligand and its 

complexes. The mass spectra were recorded with a 

GC/MS Finnigan SSQ 7000 spectrophotometer. 

Tensor 27 Brucker FT-IR spectrophotometer (4000-

400cm-1) with KBr disc was used to record IR spectra. 

The different NMR spectra were recorded with 

DMSO-d6 as a solvent on a Bruker instrument at 500 

MHz. UV-Vis. spectra (1100-400nm) were measured 

by the Labo. Med., inc. 1650Pc spectrophotometer and 

by using DMF as a solvent. 

 

2.2. Preparation of the metal complexes: 

Two complexes of Cu2+ and Zn2+ with BI were 

prepared by adding BI(2mmole in 25ml of ethanol) 

gradually to Cu(NO3)2·3H2O or Zn(NO3)2·6H2O 

(1mmole in 25 ml ethanol). The reaction mixture was 

placed on a water bath for 3hrs at 80°C. A green 

precipitate of the Cu-BI complex was observed after 

evaporation of ethanol solution, while a gray 

precipitate was obtained in the case of Zn-BI complex 

on hot. Schematic diagrams of the synthetic processes 

are shown in Schemes (1 and 2). 

 
Scheme 1: The suggested structure of Zn-BI complex 

 

 
Scheme 2: The suggested structure of Cu - BI 

complex 

 

BI: IR(ν/cm-1);3475 (NH),3104 (CH aromatic), 1604 

(C=N), 1473 (C=C).1H NMR (400 MHz, DMSO): 

δ/ppm = 7.18-7.20 (m, 2H, Ar-H), 7.60-7.63 (m, 2H, 

Ar-H), 8.24 (s, 1H,Ar-H), 12.50 (br, 1H, NH).Anal. 

Calcd. for C7H6N2 (118.14): C, 71.17; H 5.12; N, 

23.71; Found: C, 71.16; H 5.10; N, 23.65%. 

Zn-BI: Yield 93%; m.p. over 300°C; mass spectra of 

Zn(II) complex displayed peak concentrated on 

m/z=539(M+) corresponding to the formula 

C28H22ZnN8; IR (ν/cm-1); 3409 (NH), 3073 (CH 

aromatic), 1677 (C=N), 1465 (C=C). Anal. Calcd. for 

C28H22ZnN8 (538.12): C, 62.75; H 4.14; N, 20.91; 

Found: C, 62.73; H 4.12; N, 20.55%. 

 

Cu-BI: Yield 95%; m.p. 230°C; IR (ν/cm-1); 3297 

(NH), 2900 (CH aromatic), 1639 (C=N), 1376 

(C=C).Anal. Calcd. for C21H18CuN6O (433.95): C, 

58.12; H 4.18; N, 19.37; Found: C, 58.09; H 4.11; N, 

19.22%. 

 

2.3. Antimicrobial Activity: 

The four microorganisms, Staphylococcus aureus 

(Gram +ve bacteria), Escherichia coli (Gram -ve 

bacteria), Candida albicans (yeast), and Aspergillus 

niger (fungi), were selected for evaluating the 

antimicrobial activity of BI, Cu-BI complex and Zn-

BI complex by using disc agar and colony forming 

techniques. 

 

For disc agar diffusion; the bacterial and yeast test 

microbes were grown on a nutrient agar medium. 

While Aspergillus niger was cultivated on potato 

dextrose agar (PDA) medium. The culture of each test 

microbe was diluted by sterilized distilled water to 107 

to 108 colony forming units (CFUs)/ml, and then 1 ml 

of each was used to inoculate 1L Erlenmeyer flask 

containing 250 ml of solidified agar media. These 

media were put onto previously sterilized Petri dishes 

(10 cm-diameter having 25 ml of solidified media). 

Prepared films were placed on agar plates seeded with 

test microbes and incubated for 24 hrs, at the 

appropriate temperature of each test organism. 

Antimicrobial activities were recorded as the diameter 

of inhibition zones (including the disc itself) that 

appeared around the discs [43, 44]. 

 

For the colony forming technique (CFU) against 

Staphylococcus aureus and Escherichia coli, the 

bacterial cells suspension (100 µL of stock of CFU 

value of about107) were inoculated into a 20 ml freshly 

prepared liquid nutrient broth in 100 ml-volume of 

Erlenmeyer flasks, and incubated overnight. Samples 

(250 mg) were added to the inoculated flasks (with 20 

µL of inoculums). A control (inoculated flasks without 

samples) was also constructed. After the incubation 

period at 37oC, a serial dilution from each sample has 

been done (10-1-10-4). The microbial inhibition was 

determined via calculating the colony forming units 

(CFU) by inoculating petri-dishes containing 

solidified nutrient agar medium with 100 µL from 

each dilution [45]. 
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3. Results and discussion: 

 

3.1. Chemistry: 

 

Infrared and 1H NMR spectra of the benzimidazole 

(BI) were carried out for comparing with the spectra 

of the synthesized metal complexes. Where, its IR 

spectrum showed two bands at 1604 cm-1and 3475 cm-

1 for the azomethine and (NH) groups, respectively.1H 

NMR spectrum of BI exhibited a broad signal at δ: 

12.5 ppm (D2O-exchangeable) indicating the presence 

of NH proton. The spectrum showed also a signal at δ: 

8.24ppm (singlet) in addition to δ: 7.20 and 7.63 ppm 

(multiplet) corresponding to 4-H (aromatic protons). 

The synthesized Zn2+ complex was found to be stable 

at room temperature (~ 25oC) and poor solubility in 

most organic solvents (chloroform, ether, ethanol, 

DMF and DMSO) (Scheme 1). Structure of the Zn-BI 

complex was elucidated by mass spectroscopy which 

it displayed a peak concentrated on m/z= 539 as well 

as correct elemental analysis. Also, the Zn-BI complex 

was well indicated by the FT-IR spectrum, which 

representing two bands at 1677 cm-1 and 3409 cm-1 

attributed to the azomethine and NH groups, 

respectively. On the other hand, when Zn(NO3)2·6H2O 

was replaced by Cu(NO3)2·3H2O, no solid precipitate 

was separated out on hot or on cold, but a clear 

solution was obtained. The Cu-BI complex was 

obtained as a green precipitate upon concentrating the 

reaction mixture (Scheme 2). Structure of the Cu-BI 

complex was established by studying of its FT-IR and 

UV-visible spectra. In the FT-IR spectrum, the peaks 

of the azomethine and NH groups were appeared at 

1639 cm-1 and 3297 cm-1, respectively. 

The electronic spectra of BI and Cu-BI complex in 

DMF solution at room temperature were measured. 

The UV-visible spectrum showed two absorption 

peaks for ligand in the wavelength region of 200-400 

nm. The first absorption and the most intensive peak 

of ligand was obtained in the region of 255-270 nm, 

which is a result of aromatic benzene rings assigned to 

the π-π* bond and the second absorption peak was 

observed in the wavelength range of 290-331 nm, 

which is assigned to the n-π*bond. While the UV-

visible spectrum of the Cu-BI complex includes four 

absorption peaks. The peak observed in the 

wavelength region of 255-270 nm for benzene 

aromatic ring assigned to the π-π* bond and 290-331 

nm related to the n-π* bond. However, in the 

wavelength range of 275-290 nm, a new absorption 

peak was obtained related to the π-π* transition 

resulting from the Cu-BI complex. The chelation 

between the inorganic and organic parts of the Cu-BI 

can be obtained from the higher absorption of the Cu-

BI complex in the wavelength range of 250-290 

nm.The  results indicated a strong chelation between 

the inorganic and organic parts of the Cu-BI complex. 

 

3.2. Antimicrobial activity: 

Results in Table 1 and Figure 2 demonstrated the 

antimicrobial activities of the prepared compounds 

against the previously mentioned test microbes using 

the cup plate diffusion technique. The obtained results 

are compared with the reference antibiotics namely, 

Cyclohexamide (fungicide) and Neomycin 

(bactericide). The obtained results showed that, the 

Cu-BI complex exhibited the highest antimicrobial 

activity against all the tested microorganisms with 

inhibition zones of 22, 32, 34, and 25 mm against S. 

aureus, E. coli, C. albicans, and A. niger, respectively. 

Moderate antimicrobial activities were noticed for the 

BI with inhibition zone values of 18, 14, 15, and 13 

mm for S. aureus, E. coli, C. albicans, and A. niger, 

respectively. While the lowest antimicrobial activities 

were found with Zn-BI complex with inhibition values 

of 14, 12, 12, and 12 mm for S. aureus, E. coli, C. 

albicans, and A. niger, respectively. The antimicrobial 

activities of the prepared complexes were also assured 

using the counting technique (Colony forming units, 

CFU). Results in Table 2 and Figures 3 and 4 

demonstrated that all the compounds at a 

concentration of 2.5mg/ml exhibited the highest 

reduction in growth against S. aureus and E. coli. 

 

 

Table (1): Antimicrobial activity (inhibition zone, mm) of BI, Zn-BI complex, and Cu-BI complex against S. 

aureus (G+ve bacteria), E. coli (G-ve bacterium), C. albicans (yeast) and A. niger (fungi) using cup agar diffusion 

technique. 

Samples Clear zone(ɸ mm) 

Staphylococcus aureus Escherichia coli Candida albicans Aspergillus niger 

BI 18 14 15 13 

Zn-BI 14 12 12 12 

Cu-BI 22 32 34 25 

Neomycin 27 31 33 0 

Cyclohexamide 0 0 0 35 
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Table 2: The colony forming units(CFU) values at different dilutions of BI, Zn-BI complex, and Cu-BI complex 

against S. aureus and E. coli. 

 

Samples  

Serial dilution  

10-1 10-2 10-3 10-4 

S. aureus 

BI (1mg/ml) 

BI (2.5mg/ml) 

Zn-BI (1mg/ml) 

Zn-BI (2.5mg/ml) 

Cu-BI (1mg/ml) 

Cu-BI (2.5mg/ml) 

E. coli 

BI (1mg/ml) 

BI (2.5mg/ml) 

Zn-BI (1mg/ml) 

Zn-BI (2.5mg/ml) 

Cu-BI (1mg/ml) 

Cu-BI (2.5mg/ml) 

∞ 

86 

1 

∞ 

62 

49 

19 

∞ 

2 

1 

∞ 

1 

15 

4 

∞ 

16 

1 

95 

1 

4 

5 

∞ 

0 

0 

∞ 

0 

5 

1 

∞ 

0 

0 

17 

0 

0 

0 

∞ 

0 

0 

∞ 

0 

2 

1 

284 

0 

0 

1 

0 

0 

0 

66 

0 

0 

192 

0 

1 

0 

 
Figure 2: The antimicrobial activity of BI, Zn-BI complex, and Cu-BI complex against the microorganisms S. 

aureus (G+ve bacterium), E. coli (G-ve bacterium), C. albicans (yeast), and A. niger (fungi) using cup agar 

diffusion. 
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Figure 3:The CFU value at different dilutions of BI, Zn-BI complex, and Cu-BI complex against S. aureus. 
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Figure 4: The CFU value at different dilutions of BI, Zn-BI complex, and Cu- BI complex against E. coli. 

 

4. Conclusions 

The prepared Zn-BI, and Cu-BI were characterized by 

using FT-IR, UV-visible, 1H NMR, and mass spectra. 

The formation of the two complexes between the Zn 

and Cu cations with the functional group of BI (NH) 

was confirmed. The antimicrobial activity of BI, Zn-
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BI complex and Cu-BI complex were investigated via 

disc agar and colony forming techniques. The results 

of the prepared complex revealed that the Cu-BI 

complex has the highest antimicrobial activity.  
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