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ABSTRACT. This study reports the synthesis, characterization, and biological evaluation of a new benzimidazole 

derivative, 2-((benzylthio)methyl)-1H-benzimidazole (L), and its coordination complexes with Mn(II), Co(II), 

Ni(II), Cu(II), and Zn(II). The ligand was synthesized in two steps, while its metal complexes were prepared in 1:1 
and 2:1 ligand-to-metal ratios. Characterization by FT-IR, UV–Vis, NMR, and magnetic susceptibility 

measurements confirmed that the coordination geometry varies with the ligand-to-metal ratio. All 1:1 (L: M) metal 
complexes adopt tetrahedral structures. Conversely, when a 2:1 (L:M) ratio is employed, Mn(II), Co(II), and Ni(II) 

ions form octahedrally coordinated complexes, whereas Cu(II) and Zn(II) ions favor square-planar coordination. 

The antimicrobial activity of the synthesized compounds was tested against Staphylococcus aureus and Escherichia 
coli. The free ligand exhibited weak antibacterial activity, whereas its metal complexes—particularly Cu(II)—

showed markedly enhanced inhibition zones. 
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INTRODUCTION 

 

Benzimidazole and its derivatives have attracted considerable attention in coordination chemistry 

and biological evaluation  due to their structural versatility and wide range of applications in 

pharmaceutical, biological, catalytic, and environmental [1, 2]. The benzimidazole framework 

consists of imidazole and benzene rings fused together to create a stable heteroaromatic system, 

which enhances transition metal coordination through its donor nitrogen atoms, leading to more 

stable and delocalized complexes [3, 4]. The benzimidazole core becomes more effective at 

coordination when methanethiol groups are added as electron-rich substituents because sulfur and 

nitrogen atoms work together to form stable chelates [5, 6]. 

  The current research on benzimidazole-based ligand design aims to develop biological agents 

through the combination of complex aromatic frameworks with strong metal coordination 

properties [7, 8]. The compounds show both chemical stability and multiple therapeutic 

applications which include antimicrobial and antioxidant and anticancer effects [9, 10].The 

benzimidazole derivatives containing both N and S donor sites form various coordination 

structures with transition metal ions Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) which results in 

complexes with different structures and enhanced antibacterial efficacy [11, 12]. 

  The literature shows that coordination of these elements to metals leads to better thermal 

stability, altered electronic transitions, and enhanced antibacterial efficacy compared with 

uncoordinated ligands [13, 14]. Similar observations have been reported for benzimidazole-based 

transition-metal complexes published in the Bulletin of the Chemical Society of Ethiopia, in 

which metal coordination significantly enhanced antibacterial activity and altered spectroscopic 

behavior. [24–26] The study by Guo et al. (2013)  [15] demonstrated that methanethiol-substituted 

benzimidazole ligands create flexible bridging structures which produce clusters with different 

structural patterns. The study proved that antibacterial and antifungal activities of the compounds  

https://dx.doi.org/10.4314/bcse.v40i11.13
https://portal.issn.org/resource/ISSN/1726-801X
https://portal.issn.org/resource/ISSN/1726-801X


Saba M. Salih Al-Asalli et al. 

Bull. Chem. Soc. Ethiop. 2026, 40(11) 

2460 

stem from their structural and spectroscopic features [16]. In light of these findings, the present 

work was designed to synthesize and characterize a new benzimidazole derivative, 2-

((benzylthio)methyl)-1H-benzo[d]imidazole, and to explore its coordination chemistry with 

Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) ions. The synthesized ligand and its complexes 

underwent comprehensive elemental analysis. FT-IR, UV-Vis, NMR, and conductivity 

measurements were used to determine their structural characteristics. The researchers tested 

synthesized compounds for biological activity against particular bacterial strains to understand 

how coordination geometry affects their antimicrobial properties.  This integrative approach is 

expected to clarify how metal–ligand interactions influence both physicochemical and biological 

properties, thereby extending the scope of benzimidazole chemistry in applied and medicinal 

research. 

 

MATERIALS AND METHODS 

 

Materials and measurements 

 

 All raw materials used in this research were pure, ensuring the consistency of the experiment and 

its comparability with related studies. Elemental analysis (C, H, N) of the synthesized ligand and 

its metal complexes was carried out using an LCH N-ALO elemental analyzer (Labtrone, UK). 

Metal ion content was determined by atomic absorption spectroscopy employing a Shimadzu AA-

670 atomic absorption spectrophotometer (Shimadzu, Japan). 

  Infrared spectra were recorded in the range of 400–4000 cm⁻¹ using the KBr pellet method on 

a Bruker Tensor 27 FT-IR spectrophotometer (Bruker, Germany). UV–Visible absorption spectra 

were obtained at room temperature in DMSO solutions (1 × 10⁻³ M) using a Shimadzu UV-1600 

UV–Vis spectrophotometer (Shimadzu, Japan). Magnetic susceptibility measurements were 

performed at 25 °C by the Gouy method using a Bruker BM6 balance (Bruker, Germany). Molar 

conductivity measurements were conducted in DMSO (1 × 10⁻³ M) at room temperature using a 

Jenway PCM3 conductivity meter (Jenway, UK). 

  Antibacterial activity was evaluated using the agar well diffusion assay against Escherichia 

coli and Staphylococcus aureus. Dimethylformamide (DMF) was used as the negative control. 

All antimicrobial experiments were performed in triplicate. 

 

Synthesis of the ligand 

 

The target ligand, 2-((benzylthio)methyl)-1H-benzo[d]imidazole (C15H14N2S), was synthesized in 

two steps. 

 

Step one: Preparation of (1H-benzo[d]imidazol-2-yl)  methanethiol (BIMT): Thioglycolic acid 

(3.4 g, 37 mmol) was dissolved in 40 mL of 4 N hydrochloric acid and stirred for 20 min at room 

temperature. To this solution, o-phenylenediamine (1.9 g, 17.6 mmol) was added gradually while 

stirring continuously. The reaction mixture was then refluxed for 6 h, and the progress of the 

reaction was monitored by thin-layer chromatography (TLC) using ethyl acetate–petroleum ether 

as the mobile phase. After completion of the reaction, the hot mixture was poured into ice-cold 

distilled water, and the pH was adjusted to neutral with concentrated aqueous ammonia. The 

resulting yellow precipitate was filtered, washed several times with cold water, and dried. The 

crude product was further purified by recrystallization from methanol, affording the desired ligand 

as a yellow solid [1,16]. 
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Scheme 1. Preparation of benzimidazole methanethiol (BIMT). 

Step two: Preparation of 2-((benzylthio)methyl)-1H-benzo[d]imidazole : A solution of BIMT 

(1.64 g, 0.01 mol) in alkaline methanol (40 mL) was stirred for 30 min, after which benzyl chloride 

(1.26 g, 0.01 mol) dissolved in 20 mL of methanol was added dropwise. The mixture was stirred 

for 3 h, yielding a yellow precipitate that was collected and recrystallized from methanol to obtain 

the pure ligand. 

 

 

Scheme 2. Preparation of ligand 2-((benzylthio)methyl)-1H-benzo[d]imidazole. 

Synthesis of metal complexes 

 

Complexes of the ligand with Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) ions were prepared at 1:1 

and 2:1 ligand-to-metal ratios using the following general procedure: 

 

[M(L)]Cl₂ type complexes (1:1 ratio):  To prepare the metal complexes, a methanolic solution of 

the ligand (0.25 g, 0.001 mol) in 10 mL was carefully mixed with an equimolar methanolic 

solution (10 mL) of the corresponding metal chloride salt. The mixture was maintained under 

reflux with continuous stirring for approximately three hours, a condition chosen to ensure 

complete coordination and to promote the formation of stable chelates. Upon gradual cooling, 

solid products were obtained and subsequently isolated by filtration. The crude complexes were 

thoroughly washed with cold methanol to remove unreacted ligand and trace salts, then with 

diethyl ether to remove residual organic impurities, and finally dried under vacuum to yield 

analytically pure compounds.  

 

[M(L)2]Cl2 type complexes (2:1 ratio):  The same procedure was repeated using 0.5 g (0.002 mol) 

of the ligand with 0.001 mol of the respective metal chloride salts.  In preparing the metal 

complexes, the required amounts of metal chloride salts (0.001 mol each) were carefully weighed. 

Specifically, manganese chloride tetrahydrate (MnCl2·4H2O) corresponded to 0.197 g, cobalt 

chloride hexahydrate (CoCl2·6H2O) to 0.237 g, nickel chloride hexahydrate (NiCl2·6H2O) to 

0.237 g, copper chloride dihydrate (CuCl2·2H2O) to 0.17 g, and zinc chloride (ZnCl2) to 0.136 g 

The synthesized complexes were isolated as colored, air-stable solids with moderate to high 

yields. Their general stability, solubility in DMSO, and analytical data suggested the successful 

formation of discrete coordination compounds. 
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RESULTS AND DISCUSSION 

 

Physical and analytical characterization 

 

All prepared complexes were obtained as air-stable, colored crystalline solids, readily soluble in 

DMSO but sparingly soluble in other common organic solvents. Elementary analysis (C, H, N) 

values  are almost identical  with the proposed molecular formulas, confirming successful 

coordination of the ligand with Mn  (II), Co  (II), Ni  (II), Cu  (II), and Zn  (II) ions at 1:1 and 2:1 

molar ratios (Table 1). 

 
Table 1. Physical properties of the prepared complexes. 

 

     

No. 

Compounds Color  Element analysis % found 

(calc.) 

(Ʌ) 

cm2. ohm-

1. mol-1 

m.p 

(oC) 

 

yield 

(%) 

C H   N 

L C15H14N2S Yellow 70.83 

(69.61) 

5.55 

(5.12) 

11.01 

(10.87) 

----- 137-139 92 

1 [Mn(L)(H2O)2]Cl2 Off white 43.28 

(43.37) 

3.37 

(3.35) 

6.73 

(6.34) 

76 241* 82 

2 [Co(L)(H2O)2]Cl2 Blue-green    42.87 

(42.95) 

3.33 

(3.34) 

6.66 

(6.68) 

82 113-115 92 

3 [Ni(L)(H2O)2]Cl2 Green 42.89 

(42.95) 

3.34 

(3.33) 

6.67 

(6.68) 

85 106-108 

 

78 

 

4 [Cu(L)(H2O)2]Cl2 Green 42.40 

(42.35) 

3.29 

(3.30) 

6.58 

(6.57) 

86 129-131 

 

71 

 

5 [Zn(L)(H2O)2]Cl2 off white 42.22 

(41.99)      

3.28 

(3.35) 

6.56 

(6.43) 

87 114-116 

 

72 

6 [Mn(L)2(H2O)2]Cl2 Yellow 

green    

53.38 

(53.73)   

4.18  

(4.80)   

8.37 

(8.35) 

69 121-123 

 

93 

 

7 [Co(L)2(H2O)2]Cl2 Dark green 53.43 

(52.41) 

4.15 

(4.78) 

8.31 

(7.98) 

75 142-144 

 

80 

 

8 [Ni(L)2(H2O)2]Cl2 Oil green       53.43 

(53.45) 

4.15 

(4.78) 

8.32 

(8.30) 

68 111-113 

 

83 

 

9 [Cu(L)2]Cl2 Green 53.01  

(53.05)    

4.12 

(4.74) 

8.24 

(8.00) 

75 117-119 

 

84 

 

10 [Zn(L)2]Cl2 Yellow 52.91 

(52.86) 

4.11   

(3.37)   

8.23 

(8.68) 

68 286-288 

 

75 

*Decomposition temperature 

 

   The observed molar conductivity values in DMSO were within the range expected for 

electrolytic complexes, indicating the presence of chloride ions outside the coordination sphere, 

a finding further supported by the formation of a white AgCl precipitate upon addition of an 

AgNO3 solution. These results are consistent with previously reported benzimidazole–metal 

systems, which also exhibited electrolytic behavior due to the ionic chloride counterions [11]. 

The present study demonstrates successful coordination of the benzimidazole–thioether ligand 

with first-row transition metals and shows that structural modifications significantly influence 

biological activity. Although previous studies have confirmed the ability of benzimidazole 

scaffolds to form stable complexes, their antimicrobial activity as unmodified ligands remains 

inconsistent [16, 17]. The results suggest that biological enhancement depends primarily on metal 

coordination rather than on the free ligand, with the thioether group playing a key role in 

enhancing the activity of the resulting complexes compared with sulfur-free derivatives. 
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FT-IR spectral analysis 

 

The free ligand exhibited a characteristic ν(C=N) stretching vibration at 1580 cm-¹, attributed to 

the imidazole moiety. Upon coordination, this band shifted to higher frequencies                                                 

(1588–1603 cm-¹), confirming the involvement of the imidazole nitrogen in metal binding. 

Additional diagnostic bands appeared in the 453-469 cm-¹ range, corresponding to ν(M–N), while 

shifts in the ν(C–S) band (740 cm-¹ in the free ligand) indicated participation of sulfur in all 

complexes. The presence of broad absorptions at 3307-3488 cm-¹, together with rocking modes 

near 847-852 cm-¹, confirmed the presence of coordinated water molecules in most complexes. 

The study validates earlier findings which showed that N and S donor atoms create a stabilizing 

effect in transition-metal benzimidazole complexes [6, 14, 24-27] (Table 2). 

 
Table 2. Distinctive IR spectra features of the ligand and their metal complexes. 

 

No. Compound υ(C=N) υ (NH) υ (C=C) 

aromatic 

υ(C-S) υ(M-N) Cl ionic H2O Rocking 

H2O 

L C15N2SH14 1580(w) 3170(w) 1620(w) 740(s) --- ---- ----- ---- 

1 [Mn(L)(H2O)2]Cl2 1600(w) 3170(w) 1621(w) 690(s) 459(m) 622(w) 3410(w) 850(w) 

2 [Co(L)(H2O)2]Cl2 1600(w) 3168(w) 1622(w) 721(s) 453(m) 621(m) 3307(w) 852(m) 

3 [Ni(L)(H2O)2]Cl2 1602(m) 3170(w) 1620(w) 698(s) 457(m) 620(w) 3488(w) 848(w) 

4 [Cu(L)(H2O)2]Cl2 1599(m) 3173(w) 1621(w) 729(s) 462(w) 622(w) 3360(w) 848(w) 

5 [Zn(L)(H2O)2]Cl2 1601(m) 3172(w) 1620(w) 699(s) 461(m) 622(w) 3318(m) 850(w) 

6 [Mn(L)2(H2O)2]Cl2 1600 3170(w) 1620(w) 697 (s) 464(m) 618(w) 3440(m) 850(w) 

7 [Co(L)2(H2O)2]Cl2 1601(s) 3171(w) 1622(w) 698(m) 465(m) 619(m) 3416(m) 848(w) 

8 [Ni(L)2(H2O)4]Cl2 1603(w) 3174(w) 1621(m) 697 (s) 468(m) 619(m) 3314(w) 847(w) 

9 [Cu(L)2]Cl2 1601(w) 3170(w) 1621(w) 697(s) 461(m) 619(w) ------ ---- 

10 [Zn(L)2]Cl2 1602(w) 3171(w) 1620(w) 759(s) 469(w) 620(m) ---------- ------ 

 

Electronic spectra and magnetic moments 

 

 The d–d transitions of Mn(II) complexes were not observable due to their spin- and Laporte-

forbidden nature; however, their magnetic moments confirmed a high-spin tetrahedral complex 

(1) and a magnetic susceptibility value (4.53M.B), and an octahedral structure for complex (6) 

with a magnetic value (5.87 B.M). The 4A2(F) → 4T1(P) transitions in Co(II) complex(2) occurred 

at 14650 cm-¹, and the magnetic susceptibility value (3.92) proved the tetrahedral structure. The 

2:1 Co(II) complex showed spectral characteristics and a magnetic moment (5.2 B.M) that proved 

its octahedral structure. The Ni(II) complex(8) showed typical octahedral geometry bands in 

visible light, and the magnetic moment value was (2.81 B.M), while complex (3) showed 

tetrahedral geometry, but Cu(II) complexes showed bands at 11500-15458 cm-¹ with magnetic 

moment values (1.86 and 1.82 B.M), which proved their tetrahedral structure. Zn(II) complexes 

were diamagnetic and showed no d–d transitions, in line with their filled d10 configuration. These 

spectral and magnetic features are in close agreement with established ligand-field theory 

predictions and previous studies of benzimidazole-derived ligands [13, 18]. The electronic spectra 

provided insight into the geometry of the complexes (Table 3). 

 
Table 3. Electronic spectra and magnetic moments of complexes. 

 

No Electronic Spectra (cm-1) Transition μeff. (B.M) 

1 39556 

37498 

32078 

(π→π*) 

(n→π*) 

C.T 

5.53 

2 14650 

32639 

4A2(F) → 4T1 (P) 

(n→π*) 

3.93 
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34277 

29809 

(π→π*) 

C.T 

3 14560 

35637 

3T1(F) → 3T1(P) 

C.T 

4.3 

4 11598 

28942 

2T2g(D)→2Eg(D) 

C.T 

1.86 

5 ----- ---- ----- 

6 45367 

31821 

37437 

(π→π*) 

(n→π*) 

C.T 

5.87 

7 10770 

15260 

21111 

31054 

4T1g(F)  →    4T2g(F) 
4T1g(F) → 4A2g(F) 

4T1g(F)  →  4T1g(p) 

C.T 

5.2 

8 10488 

20480 

25830 

33750 

3A2g(F) → 3T2g(F) 

3A2g(F)→ 3T1g(F) 
3A2g(F) → 3T1g(P) 

C.T 

2.81 

9 15458 

30379 

2Eg→ 2T1g 

C.T 

1.82 

10 ----- ------ ------ 

 

  The observed differences in antimicrobial activity among the synthesized metal complexes 

indicate that the nature of the central metal ion plays a significant role in determining biological 

efficacy. Among the investigated complexes, Cu(II) derivatives exhibited the highest antibacterial 

activity against Staphylococcus aureus and Escherichia coli, suggesting that copper coordination 

enhances the ligand's biological activity. In contrast, the other metal complexes displayed 

comparatively lower activities, indicating that antimicrobial behavior is influenced not only by 

complex formation but also by metal-dependent electronic and physicochemical properties. These 

findings are consistent with previous studies reporting that the biological activity of 

benzimidazole-based metal complexes depends strongly on the coordinated metal ion and its 

effect on lipophilicity, stability, and interactions with microbial targets rather than following a 

uniform trend for all transition-metal complexes [14].  

 
1H and 13C-NMR spectroscopy 

 

The structure of 2-((benzylthio)methyl)-1H-benzo[d]imidazole was further confirmed by ¹H- and 

¹³C-NMR spectroscopy. In the ¹H-NMR spectrum, a singlet at δ 3.97 ppm was assigned to the 

benzylic methylene protons (–S–CH₂–Ph, 2H), while a second singlet at δ 5.38 ppm corresponded 

to the methylene group linking the benzimidazole ring to the sulfur atom (–N–CH₂–S–, 2H). The 

aromatic region displayed a multiplet at δ 7.09–7.53 ppm integrating for nine protons, consistent 

with the aromatic protons of both the benzimidazole and phenyl rings. A downfield singlet at δ 

12.40 ppm was attributed to the N–H proton of the benzimidazole moiety, indicating the presence 

of the protonated imidazole nitrogen and possible intermolecular hydrogen-bonding interactions. 

The ¹³C-NMR spectrum supported the proposed structure. The signal at δ 152.30 ppm was 

assigned to the imidazole C=N carbon, whereas the resonance at δ 138.58 ppm corresponded to 

quaternary aromatic carbons. The methylene carbons appeared at δ 35.50 ppm (–N–CH₂–S–) and 

δ 28.30 ppm (Ph–CH₂–S–). The remaining aromatic carbon signals were observed within the 

expected chemical-shift range for benzimidazole and benzyl aromatic carbons. Overall, the NMR 

data were in good agreement with the proposed structure of the synthesized ligand and with 

previously reported benzimidazole–thioether derivatives. 
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Table 4. 1HNMR spectra data of ligands. 

 

 δ (ppm) Multiplicity Integration  Assignment 

3.971 Singlet (s) 2H (-S-CH2-Ph) 

5.388 Singlet (s) 2H (-N-CH2-S-) 

7.14-7.526 Multiplet (m) 9H Aromatic protons 

12.409 Singlet (s) 1H N-H 

 

Table 5. 13C-NMR spectra data of ligands. 

 

δ (ppm) Carbon type Assignment 

152.30 Quaternary sp2 C=N (benzimidazole) 

138.58 Aromatic Quaternary carbons of aromatic rings 

28.30 CH2 (Ph-CH2-S-) 

35.50 CH2 -N-CH2-S 

 

   A downfield signal at δ = 12.40 ppm corresponded to the imidazole N–H proton, indicative 

of hydrogen bonding interactions. The ¹³C-NMR spectrum supported this assignment, with signals 

at δ = 152.3 ppm (C=N), δ = 138.58 ppm (aromatic quaternary carbon), and upfield resonances at 

δ = 28.3 and 35.5 ppm for the methylene carbons. 

 

 
(L) 
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[Zn(L)2]Cl2 

 
[Cu(L).2H2O]Cl2 

 
 

Figure 1. IR-Spectra of ligand and complexes. 
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Figure 2. 1H-NMR and 13C for the ligand. 
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M=Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) 

 
 

M=Mn(II), Co(II) and Ni(II) 

 
M = Cu(II) and Zn(II) 

 

Figure 3. The proposed structures of synthesized complexes in the study. 

 

These observations confirmed the proposed ligand structure and aligned with reported NMR 

data for benzimidazole-thioether derivatives [16, 19].  The consistency between spectroscopic 

evidence and elemental analysis further validates the proposed structural framework, yet what 

makes these findings particularly meaningful is their biological translation. The increase in 

lipophilicity caused by chelation, coupled with stabilization of the ligand through N–M and S–M 

bonds, plausibly enhances the membrane penetration of the complexes. This mechanism supports 

chelation theory, which predicts that metal–ligand coordination lowers polarity, increases 

hydrophobicity, and facilitates permeation into bacterial cell walls, ultimately leading to more 

pronounced biological effects compared to the free ligand [20, 21]. 

 

Antimicrobial activity 

  

Biological screening revealed that metal coordination significantly enhanced the antimicrobial 

activity of the ligand. The free ligand exhibited weak inhibition zones (9.0 ± 0.5 mm against 

Staphylococcus aureus and 8.0 ± 0.4 mm against Escherichia coli). In contrast, Cu(II) complexes 

showed markedly higher antimicrobial activity, particularly the 1:1 complex, which displayed the 

highest inhibition zones (28.0 ± 0.7 mm for S. aureus and 19.0 ± 0.6 mm for E. coli). All 

experiments were performed in triplicate, and the results are expressed as mean ± standard 

deviation. 
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(a) E. coli 

 
(b) Staph. 

Figure 4. Compound with antibacterial properties. 

Table 5. Bactericidal activity of the ligand and its metal complexes against selected bacterial strains. 

 

E.coli Staphylococcus aureus Compound Code Compounds 

8 9 L L 

19 28 LCu 1:1 [Cu(L)(H2O)2]Cl2 

20 26 LCu 2:1 [Cu(L)2]Cl2 

8 20 LZn 1:1 [Zn(L)(H2O)2]Cl2 

8 25 LZn 2:1 [Zn(L)2]Cl2 

0.0 0.0 DMF DMF 

20 18 ---- Cefotaxime 

 

The pronounced antibacterial efficacy observed for the Cu(II) complexes can plausibly be 

explained by their redox-active nature, which enables them to undergo electron-transfer reactions 

that generate reactive oxygen species (ROS). Such ROS are known to induce oxidative stress 

within bacterial cells, leading to lipid peroxidation, protein denaturation, and DNA damage. In 

addition, copper ions have a well-documented tendency to interfere with key bacterial enzymes 

by binding to thiol and imidazole groups, thereby disrupting metabolic pathways essential for 

survival. These mechanisms collectively provide a rational basis for the superior activity of Cu(II) 

derivatives, a trend that is consistent with earlier reports describing the enhanced antimicrobial 

performance of transition-metal complexes and the important role of metal-dependent redox 

processes in biological activity [20, 21]. 

  Zn(II) complexes exhibited moderate activity, with stronger effects against Gram-positive S. 

aureus (20,25 mm) compared to Gram-negative E. coli (8 mm). The antibacterial activity of all 

prepared compounds was also compared to the antibiotic cefotaxime [22] as a standard reference, 

providing a relevant clinical benchmark for evaluating their therapeutic potential. This selectivity 

is likely due to the structural barrier posed by the outer membrane of Gram-negative bacteria, 

which restricts the penetration of certain complexes. This selective activity is likely due to the 

structural barrier imposed by the outer membrane of Gram-negative bacteria, which limits 

penetration of certain complexes. Overall, the results confirmed that chelation increased the 

lipophilicity of the ligand, improved cell membrane permeability and antimicrobial efficacy, 

consistent with chelation theory and previous benzimidazole–metal studies [17,23-26]. 

  From a translational perspective, the superior efficacy of Cu(II) complexes situates them as 

promising candidates for further biomedical exploration. However, the present findings should be 

interpreted with caution. First, the antibacterial evaluation was limited to two strains (S. aureus 

and E. coli), which restricts the generalizability of the results. Second, while the in vitro data 

provide mechanistic insights, in vivo stability and cytotoxicity assessments remain unaddressed. 
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Previous studies have shown that some metal complexes exhibit excellent antibacterial potency 

yet display undesirable toxicity profiles when tested in mammalian models [8]. Future work 

should therefore integrate cytotoxicity screening and broader microbial panels to consolidate the 

therapeutic relevance of these complexes. The present findings are in good agreement with 

previous BCSE reports, which demonstrated that Cu(II)- and other transition-metal benzimidazole 

complexes generally exhibit superior antibacterial activity compared with the free ligands. [24,25] 

Notably, some studies have reported only marginal antimicrobial improvements upon metal 

coordination of benzimidazole ligands [4, 10]. These discrepancies may be explained by 

differences in ligand substituents, solvent systems used for biological assays, and bacterial strain 

variability. In contrast to those reports, the present complexes—particularly Cu(II) derivatives—

displayed significant inhibition zones against Staphylococcus aureus and Escherichia coli. This 

divergence illustrates that the biological outcome of coordination chemistry cannot be generalized 

but must be interpreted in relation to the precise ligand framework, changes in lipophilicity, and 

redox characteristics imparted by the specific metal center. 

 

 
 

Figure 5. Antimicrobial action of component agents. 

 

The biological activity results shown in Figure 5 clearly demonstrate the superiority of the 

prepared compounds in inhibiting bacterial growth compared to the free ligand. Furthermore, 

some complexes exhibited efficacy comparable to or exceeding that of the reference drug, 

consistent with the minimum inhibitory concentration (MIC) values recorded. This increased 

activity can be explained by the chelation theory, in which the formation of a complex, according 

to Overton's concept, reduces polarity and increases the lipid profile of the compound, enhancing 

its ability to penetrate the microbial lipid membrane and participate in cellular biosynthesis. The 

error bars in the graph confirm the statistical accuracy and reliability of the results, reinforcing 

the potential of these compounds. 

 

CONCLUSION 

 

 The existing study successfully reports the synthesis and full classification of the novel ligand 2-

((benzylthio)methyl)-1H-benzo[d]imidazole and its composite  with Mn(II), Co(II), Ni(II), Cu(II), 

and Zn(II) ions. Spectroscopic, elemental, and magnetic analyses consistently confirmed the 

involvement of both nitrogen and sulfur donor sites in coordination, leading to tetrahedral, 

octahedral, or square-planar geometries depending on the metal ion and ligand-to-metal ratio 

figure 3. NMR data further validated the proposed structural framework of the free ligand.  From 
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a biological perspective, coordination with transition metals significantly enhanced antimicrobial 

activeness comparable to the free ligand. Among the tested complexes, Cu(II) derivatives 

demonstrated the most potent effects, particularly against Staphylococcus aureus, whereas Zn(II) 

complexes exhibited moderate, strain-selective activity. These findings underscore the role of 

metal–ligand interactions in modulating lipophilicity, redox behavior, and membrane penetration, 

thereby improving antibacterial efficacy.  In summary, the study highlights benzimidazole–

thioether scaffolds as promising platforms for the design of biologically active coordination 

compounds. The integration of spectroscopic characterization with biological evaluation not only 

deepens the understanding of their structural–activity relationships but also provides a rational 

basis for the development of new therapeutic agents and catalyzed systems premised on transition-

metal complexes. 
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