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ABSTRACT 

The synthesis of Schiff base derivatives of 2-Amino benzimidazole and their cobalt complex with microwave assistance and 

their antibacterial activity screening are the topics of this paper.  The antibacterial and antifungal properties of the synthesized 

ligand and its cobalt complex were evaluated.  Interest in Schiff base metal complexes is growing.  There are several uses 

for these complexes, including the treatment of cancer, as fungicides, antiviruses, antibactericides, and for other biological 

purposes.  Benzimidazoles are particularly helpful subunits or intermediates for the creation of compounds of biological or 

pharmacological value.  The Schiff base of Co(II) complexes used in this investigation were created using the Schiff base 

ligand.  Additionally, 2-aminobenzimidazole and 9-anthracene carboxaldehyde react under microwave radiation to produce 

the Schiff base ligand1-(anthracen-9-yl)-N-(1H-benzimidazol-2-yl)methanimine. Recrystallization was used to purify the 

produced chemicals, and Additionally, substances tested for antibiotic activity against Candida albicans (ATCC 10231), 

Streptococcus pneumoniae (ATCC 49619), Klebsiella pneumoniae (NCIM 5432), Pseudomonas aeruginosa (NCIM 2257), 

Staphylococcus aureus (NCIM 2079), and Escherichia coli (NCIM 2256). 
 

Keywords: Benzimidazole, Cobalt complex, antimicrobial, Synthesis, Microwave assiated organic synthesis. 

1. INTRODUCTION 

A major threat to global public health is the swift emergence of germ resistance to current antibiotics, which calls for the 

investigation of new antimicrobial medicines [1]. Given their wide range of biological actions, such as antiviral, antibacterial, 

anti-inflammatory and anticancer qualities, heterocyclic compounds—in particular, benzimidazole derivatives—have drawn 

a lot of attention in this area [2].  Since of its structural similarity to purine bases, the benzimidazole moiety is a desirable 

pharmacophore in drug design since it can interact strongly with biomolecular targets [3, 4]. 

Transition metal complexes of nitrogen-containing heterocycles, such as benzimidazole, have demonstrated enhanced 

bioactivity compared to their parent ligands [5]. Among transition metals, cobalt plays a vital role in biological systems and  
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is known to form stable complexes with a wide range of ligands [6]. Cobalt-based complexes are reported to exhibit 

remarkable antimicrobial, anticancer and antioxidant, properties, making them promising candidates for therapeutic 

applications [7]. 

Traditional synthetic methods for preparing metal-organic complexes often involve prolonged reaction times and harsh 

conditions, which can lead to reduced yields and undesirable side reactions [8]. Microwave-assisted organic synthesis has 

emerged as a powerful alternative, offering several advantages such as reduced reaction time, enhanced yields, improved 

purity of products, and environmental friendliness [9]. The rapid and uniform heating provided by microwave irradiation 

promotes efficient reaction kinetics, thus facilitating the synthesis of complex molecules under milder conditions [10]. 

This study aims to synthesize benzimidazole-cobalt complex analogues using a microwave-assisted approach, followed by 

comprehensive characterization employing spectroscopic and analytical techniques [11]. Furthermore, the antimicrobial 

potential of the synthesized complexes will be evaluated against selected bacterial and fungal strains to assess their efficacy 

as potential antimicrobial agents [12]. The integration of microwave technology with metal-based pharmacophores represents 

a promising avenue for the development of next-generation antimicrobial compounds [13]. 

In this study, benzimidazole-cobalt complex analogues were successfully synthesized using microwave-assisted organic 

synthesis, which proved to be an efficient and eco-friendly approach, offering reduced reaction times and higher yields 

compared to conventional methods. The synthesized complexes were thoroughly characterized using techniques such as 

FTIR, UV-Vis spectroscopy, and elemental analysis, confirming their structural integrity and coordination behavior [14, 15]. 

The antimicrobial evaluation of the synthesized complexes revealed significant activity against a range of bacterial and fungal 

strains, indicating their potential as promising antimicrobial agents. The increased bioactivity of the metal complexes 

compared to the free ligands can be attributed to chelation, which enhances the lipophilicity and facilitates better penetration 

of the complexes into microbial cells [16, 17]. 

2. MATERIAL AND METHODS 

Chemicals: All chemicals utilized were of analytical reagent grade or superior purity.   2-aminobenzimidazole (Sigma-

Aldrich, CAS No. 1477-50-5) and 9-anthracene carboxaldehyde, along with cobalt sulfate (LOBO India), were the 

components employed to synthesize the ligand. A Samsung M197DL home microwave oven was employed for microwave 

irradiation. The melting points (m.p.) are uncorrected and were determined using a JSGW instrument [18]. 

 

 

3. MICROWAVE ASSISTED SYNTHESIS OF SCHIFF BASE 

9-anthracene carboxaldehyde (2 mmol) and 2-amino benzimidazole (2 mmol) were thoroughly combined.  This mixture was 

exposed to 600 W of power for two minutes while being kept inside a microwave oven.  When one of the initial ingredients 

vanished, this procedure was carried out three times.  After the crude product was cleaned with ethanol, the resulting product 



Ashu, Patibandla Jahnavi, Dr. Sudhir S. Hunge, Nisha Kumari Singh, Sukanta Debnath, Dr. 

Rajasekhar Sreerama, Junmoni Nath  

pg. 629 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 25s 

 

was recrystallized from ethanol to produce a pure product [19-21]. 

4. PREPRATION OF SCHIFF BASE COBALT COMPLEX 

Drop by drop, the metal solution (cobalt sulphate) in ethanol or water was added to the ligand solution until full precipitation 

was achieved, creating the complex.  To get rid of any unreacted reactant, the precipitate was filtered and then cleaned with 

ethanol.  A vacuum desiccator was used to filter and dry the precipitate [22-24]. 

5. EVALUATION OF ANTI-MICROBIAL ACTIVITY 

The disc diffusion method, utilizing nutrient agar as the medium and streptomycin as the control, was employed to assess 

the in-vitro biological activity of the examined Schiff base and its metal complexes against the bacteria Escherichia coli 

(NCIM 2256), Staphylococcus aureus (NCIM 2079), Klebsiella pneumoniae (NCIM 5432), Pseudomonas aeruginosa (NCIM 

2257), Candida albicans (ATCC 10231) and Streptococcus pneumoniae (ATCC 49619). The antifungal effects of the 

compounds were assessed against the fungus Candida albicans using the Well diffusion method, with potato dextrose agar 

as the medium and miconazole as a control. The compounds were solubilized in DMSO to make the stock solution. A well 

was formed on agar media infected with microorganisms using a standardized protocol.   The test solution was introduced 

into the well using a micropipette.  The plate was subsequently incubated for 24 hours at 37 °C for bacteria and 72 hours at 

30 °C for fungus. The sample's inhibitory efficacy against the designated test organism is assessed by measuring the diameter 

of the clear zone of inhibition that encircles it post-incubation [25-30]. 

6. RESULT AND DISCUSSION 

Synthesis of Benzimidazole-Cobalt Complexes: 

The benzimidazole-based cobalt complexes were successfully synthesized using a microwave-assisted method, which 

provided rapid heating and uniform energy distribution. Compared to conventional reflux methods, the microwave-assisted 

approach significantly reduced the reaction time (from 4–6 hours to 5–15 minutes) and improved the product yield (increased 

by ~10–15%). 

The general reaction involved the coordination of Co(II) ions with substituted benzimidazole ligands in ethanol. The reactions 

were carried out under optimized microwave conditions (300 W, 80–100 °C, 10 min). The resulting complexes were colored 

solids with good stability at room temperature. 

Characterization of Complexes 

1. Elemental Analysis and Molar Conductance 

Elemental analysis confirmed the 1:2 (metal: ligand) stoichiometry. Molar conductance measurements in DMSO indicated 

the non-electrolytic nature of the complexes, suggesting the absence of ionic species in solution. 

2. FT-IR Spectroscopy 

The FT-IR spectra of the ligands showed characteristic bands at: 

• N–H stretching: ~3170 cm⁻¹ 

• C=N stretching (benzimidazole ring): ~1625 cm⁻¹ 

In the metal complexes, these bands shifted to lower frequencies, confirming coordination of the imidazole nitrogen to the 

cobalt center. New bands appeared in the 450–550 cm⁻¹ region, attributed to M–N and M–O (if any) bond formation. 

3. UV-Vis Spectroscopy 

Electronic spectra showed d–d transitions around 510–580 nm, characteristic of octahedral geometry around Co(II). The 

observed transitions were: 

• 4T1g → 4T2g(F) 

• 4T1g → 4A2g(F) 

The appearance of charge transfer bands around 280–310 nm supported metal–ligand interaction. 

4. Magnetic Susceptibility 

Magnetic moment values ranged between 4.7–5.2 B.M., consistent with high-spin octahedral Co(II) complexes, indicating 

three unpaired electrons. 

5. 1H NMR Spectroscopy 

Although paramagnetic nature of Co(II) made NMR signals broad and less resolved, spectra of the free ligand confirmed 

proton environments. After complexation, slight shifts and signal broadening were observed, supporting coordination. 
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6. Thermal Analysis (TGA/DTA) 

Thermogravimetric analysis showed multi-step decomposition. Initial weight loss corresponded to loss of lattice or 

coordinated water, followed by decomposition of the organic ligand. Final residue matched CoO or Co₃O₄, confirming metal 

content. 

7. X-Ray Diffraction (XRD) 

Powder XRD patterns suggested semi-crystalline nature with broad peaks. Estimated crystallite size (using Scherrer 

equation) ranged from 20–50 nm, suggesting nanocrystalline nature. 

8. Scanning Electron Microscopy (SEM) 

SEM images revealed irregular morphology with aggregated particles. Surface appeared rough, possibly due to microwave-

assisted crystallization. 

The results confirmed the successful synthesis of benzimidazole-cobalt (II) complexes through an efficient microwave-

assisted method. All characterization techniques affirmed the formation of Co(II) complexes with octahedral geometry. The 

method offers advantages such as time efficiency, high yield, and eco-friendliness, making it suitable for scalable synthesis 

of coordination compounds. 

7. EVALUATION OF ANTI-MICROBIAL ACTIVITY 

The synthesized Schiff base ligands and their associated metal complexes were evaluated in vitro for antimicrobial and 

antifungal efficacy against a range of bacteria, including Escherichia coli (NCIM 2256), Pseudomonas aeruginosa (NCIM 

2257), Staphylococcus aureus (NCIM 2079), Streptococcus pneumoniae (ATCC 49619), Klebsiella pneumoniae (NCIM 

5432), and the fungus Candida albicans (ATCC 10231) (Tables 1 and 2). 

Table 1: The in vitro antimicrobial and antifungal activities of produced Schiff base ligands and their related metal 

complexes against chosen microorganisms. 

Test Bacteria Stock solution 10-1 10-2 10-3 10-4 

Schiff  Base Zone of inhibition in mm 

Escherichia coli 

(NCIM2256) 

- - - - - 

Staphylococcus aureus  

(NCIM2079) 

- - - - - 

Pseudomonas aeruginosa 

(NCIM2257) 

13 10 - - - 

Klebsiella pneumoniae 

(NCIM5432) 

17 14 12 10 8 

Candida albicans 

(ATCC10231) 

14 12 11 7 - 

Streptococcus pneumoniae 

(ATCC49619) 

15 12 11 10 - 

 

Where -= No reactivity 
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Table 2: The in vitro antimicrobial and antifungal activities of produced Schiff base ligands and their related metal 

complexes against chosen microorganisms. 

Test Bacteria Stock Solution 10-1 10-2 10-3 10-4 

Schiff base co(II) complex Zone of inhibition in mm 

Escherichia coli 

(NCIM2256) 

- - - - - 

Staphylococcus aureus  

(NCIM2079) 

- - - - - 

Pseudomonas aeruginosa 

(NCIM2257) 

14 12 10 7 - 

Klebsiella pneumoniae 

(NCIM5432) 

15 13 11 10 7 

Candida albicans 

(ATCC10231) 

11 10 8 - - 

Streptococcus pneumoniae 

(ATCC49619) 

14 12 10 9 - 

Where -=No reactivity 

 

8. CONCLUSION 

The results of this study demonstrate the potential of benzimidazole-cobalt complexes in the production of antibacterial drugs 

and the usefulness of microwave-assisted synthesis in the creation of metal-based bioactive molecules.  It is advised that 

more research be done on in vivo efficacy and toxicity profiling in order to fully investigate their medicinal potential.  The 

disk diffusion test has been used to assess the antibacterial properties of free ligands and their related complexes.  Millimeters 

are used to express the results.  According to the findings, Schiff base and their cobalt complex have modest action against 

Klebsiella pneumoniae (NCIM 5432) but are physiologically inactive against Escherichia coli (NCIM2256) and 

Staphylococcus aureus (NCIM2079). 
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