Nat. Volatiles & Essent. Oils, 2022; 9(1): 1679-1686

NVEO

Natural Volatiles &
Essential Oils

Biological Studies Of Cobalt Bromide Complex With 2-
(P-Thiomethyl Phenyl) Benzimdazole

M. N. Manjunatha!*, Umesharaddy Radder?, M.D. Nandeesh?, Noor Afshan Banu*, Brungesh
K.V?, Mohamed Ziaulla®

* Department of Chemistry, M. S. Ramaiah Institute of Technology, Bangalore-560 054, Karnataka,
India.

2Department of Electronics & Telecommunication, M. S. Ramaiah Institute of Technology, Bangalore-560
054, Karnataka, India.

3Department of Electronics & Instrumentation, M. S. Ramaiah Institute of Technology, Bangalore-560
054, Karnataka, India.

‘Department of Chemistry, Rayalaseema University, Zurnool, 518002, (AP), India.
>Department of Chemistry, Acharya Institute of Technology, Bangalore-560107, Karnataka, India.

®Department of Chemistry, Impact College of Engineering and Applied Sciences, Bangalore-5600 092,
Karnataka, India.

Abstract

2-(p-thiomethyl phenyl)benzimidazole (tmpbi) produced a cobalt bromide complex when it was treated with the
appropriate metal halides. In-depth research, conductance estimations, FT-IR, UV-apparent, and visually appealing
estimates of powerlessness were all used to illustrate the complexity of the system. Tetrahedral mathematics has
been proposed for the complex. The ligand tmpbi has an N-benzimidazole coordination. The antibacterial mobility
of the ligand and its Co complex was studied in vitro using a paper plate dissemination approach. For each of the
two species of bacteria, Streptococcus aureus and Escherichia coli were chosen to address them. When selecting
these bacterial strains, researchers considered the fact that they might induce loose bowels and food contamination
in people.For E. coliand S. aureus, ligands are less effective than cobalt (1l). Compared to the free ligand's movement,
the complex has a more potent force of impact.
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Introduction
Benzimidazole auxiliaries, such as thiazolyl, ester, carboxyl, alkyl, and amine bundles, have developed as
essential antibacterial and fungicidal experts in the last decade [1-14]. Auxiliary benzimidazole metal
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coordination change combinations offer also comforting support potential. This group of compounds has
cytotoxic [15-17], antiviral [17,18], and amoebic antagonistic activities. Benzimidazole and its auxiliaries
have profited from the study of 5,6-Dimethylbenzimidazole, which provides one of the five nitrogen
particles produced by cobalt Il in vitamin B12 [19]. In this article, we describe the tmpbi Co (Il) complex's
synthesis, plan, and antibacterial testing.

2. Experimental

2.1. Materials and physical measurements

Engineering compounds that were suitable for use as reagents were used without further purification.
Standard procedures were used to clean the solvents such as methanol and ethanol, N, N-
dimethylformamide and acetonitrile. A mechanised conductivity metre (Elico model-180) was used to test
the conductivity of the structures in nitrobenzene (10-3M) at room temperature. Simple Vario El Il and
Carlo Erba-1108 instruments were used to perform the normal exams. As the wavelength ranged from
4000-400 cm™®, we used a Nicolet influence 400D spectrometer to capture the tmpbi and KBr pellet FTIR
spectra. An electrothermal melting point contraption was used to get condensing centres. The powder
approach was used to record solid state electronic spectra in the range of 200-2000 nm on a UV-Vis-NIR
spectrophotometer. [26]. The Faraday approach was used to record visually appealing weakness
assessments of powdered models at room temperature on a Johnson-Mathey DG8 5HJ balance.

2.2. Antibacterial activity measurements

Staphylococcus G (+) and E. coli G (-) were selected as the strains to assess the ligand's antimicrobial
activity in vitro using the paper plate scattering approach [20]. For 20 minutes at 121°C and 15 pounds of
pressure, the liquid medium containing the bacterial subcultures was autoclaved. The bacteria were
purified in an incubator for 24 hours at 36°C. A plate was filled with supplement agar, which was allowed
to solidify. Test compounds (DMF courses of action) were dropped into 10 mm-wide channel paper circles
placed at the convergence points of each agar plate. It was then moved to a 36°C incubation facility where
the plates were kept at 5°C for one hour. This assessment was made following 24 hours of bringing forth
the plate's advancing limit. Each treatment was replicated four times.

2.3. Syntheses of compounds

2.3.1. Synthesis of the ligand 2-(p-thiomethylphenyl) benzimidazole (tmpbi)

It was heated for two hours on the steam shower to reflux a mixture of 10mmol of p-thiomethy
Ibenzaldehyde and 10mmol of the hydrochloric acid in 100mL of benzene. Leaving it transient resulted in
a yellow glasslike solid being formed. Water and n-hexane were used to clean the item described above,
which was then isolated via filtering. Light yellow diamonds were obtained by recrystallizing it from
ethanol and drying it in a vacuum more than P,Os (Yield 90 percent).
2.3.2. Synthesis of cobalt bromide complex

The cobalt divalent salts (1 mmol) were independently crumbled in ethanol (25 mL) and a
response of tmpbi (2 mmol) in hot ethanol was added to all of this (15 mL). Metal halides needed a reflux
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period of around six hours. As soon as it was dried on P,0s, it was purified, cleaned with ethanol, and
vacuum-dried under pressure.

3. Results and discussion

3.1. Syntheses

The logical data for tmpbi and its metal complex may be found in Table 1. It is possible to conclude that
the complex fits the general criterion [M(tmpbi) 2X,, where M=Co; X= Br-)] from the data. At room
temperature, the long-term durability is good. Except for nitrobenzene and dimethyl sulfoxide, it is
insoluble in all other solvent. It was discovered that the m/z 240 nuclear molecule top was connected to
the M+1 species through the mass scope of tmpbi. According to the molar conductance values, the
structures in nitrobenzene (10°M) are non-electrolytes, which imply they are connected to the metal. In
view of the upcoming tests, many combinations were displayed.

Table 1
Physical and analvtical data of the compounds

Empirical Anal found (Cald) (%)
Compound formula Colour
(mol.wi) C H N S
tmpbi C1aH1zN28 Yellow  69.71 432 12.41 12.95
(240) (76.74)  (5.04) (11.66) (13.32)
Co(tmpb1)2Br2 C2sH24N:S:BriCo  Colorless 48.33 3.56 8.51 9.2 '5_
(698.7) (48.08) (3.43) (8.01) (9.15

3.2. Spectral studies

3.2.1. Infrared spectra

Table 2 displays the tmpbi's incredible IR data. Ligand tmpbi has been termed for the distinct gatherings
detected in the IR range of the compound, which have been linked to the various contorting procedures
used for vibration of different social occasions. Table 2 shows all of the projects that have been finished.
In the IR scope of tmpbi, the zenith saw at 1471 cm™ is relied upon to & NH of the benzimidazole ring. The
(C=N) and (C-N) expanding vibrations are each given their own groups at 1604 and 1331 cm™, respectively.
The 2800 cm™ apex saw is assigned to the S-CHs peaks suitable C-H expansion strategy. It features a
specific C-H curving method band at 1130 cm™ for the p-substituted benzene ring. Metal complexes
containing tmpbi have spectra between 1593 and 1615 cm™ that show the C=N expanding band. The third
nitrogen of the benzimidazole ring is found to be connected to the metal molecule through an extremely
strong band at 1604 cm, which shifts in wavelength to lower or higher frequencies in complicated
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spectra. Table 2 does not exhibit the benzimidazole ring vibrations at 1284, 1016, 602, and 457 cm™.
Between 1322 and 1370 cm™ that's where you'll find the C-N extending band. Specifically noteworthy is
the lower recurrence district, normal for the metal halide vibrations. Complex backings have a band at
around 455 cm™ that describes how metal halide bonds are arranged. It is essential to call attention to
that the compound is non-electrolyte. This was likewise upheld by the conductivity estimations.

Table 2
Infrared spectral data (cm™!) of tmpbi and its complex

Compound WC=ID) w(C-N) NH w5-CH:)
tmpbi1 1604 1331 1471 2800
Co(tmpbi):Brz 1610 1365 1461 2814

3.2.2. Electronic spectra

Table 3 shows the electronic retention spectra for the cobalt complex in its most prominent location. The
tetrahedral structure of the Co(ll) complex is confirmed by the complex's spectra.[23,24]. The complex of
cobalt displays an absorption band with fine construction around the area 15,000-17,000 cm™ (Table 3).
The 4A2 - 4T1 (P) alteration can be blamed for this very amazing absorption band. The tetrahedral
complex's exquisite design is typical, and it emerges as a result of the T state's spin orbit coupling.[24].
The expansive absorption band in the locale 6000-9000 cm™ is appointed to the A, - *T; (F) change.
Because of the *A; > *T, development, the tetrahedral complex has a low-energy band around 5000 cm"
Lin the present complex. For T, - “T; (P) advance, when Cl was replaced by Br, the redshift of the band
is consistent with the spectrochemical series, and its absorbance also increases as a result. [28, 25, 26].
Shows how halogen particles interact with the cobalt particles that are focused in on them.

;I:.la];e:ic moment and electronic spectral data of cobalt(Il) complex with tmpbi.
Substance Magnetic moment Absorption maxima
(B.M.) (cml)
Co(tmpbi)2Br2 4.50 16,350
14,350

3.3. Magnetic measurement studies

With the attractive second estimations, we can see that even in its room temperature condition, this
compound is paramagnetic. Possible to differentiate octahedron and tetrahedron forms of Co(ll) by their
appealing second characteristics. Generally, the snapshots of octahedral high spin edifices of Co(ll) are
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seen around 5.0 B.M. furthermore, those of tetrahedral buildings are in the reach 4.4 - 4.8 B.M. [27].
Attractive second upsides of cobalt complex given in Table 3 are in the scope of 4.50 B.M., which proposes
a tetrahedral structure for the complex. The higher worth than that anticipated by the spin just worth for
example 3.87 B.M. is because of spin orbit coupling.

3.4. Antibacterial activity

The accompanying five primary elements have been considered for use in metal structures that show
antimicrobial properties (1) Effect of chelators Antimicrobial activity is higher in structures with bipyridine,
o-phenyldiamine, and phenanthroline-bound metal particles than in structures with unidentate N-donor
ligands, such as those with pyridine [28]. A phenyl bundle at position 2 was chosen as the complex "carrier
ligands" in this audit for two guidelines reasons. Sterically preventing ligands might decrease quick
detoxification by thiol-containing atoms. Additionally, the utilization of monodentate ligand, for example,
tmpbi rather than straightforward NHs might forestall translabilisation and unfortunate relocation of the
'transporter ligand' by sulfur and nitrogen donors.

Against two pathogens, S. aureus and E. coli, which are representative of gramme positive and gramme
negative bacteria, respectively, the metal complex was tested. Antimicrobial assessment of the complex
was made as a component of the grouping of the intricate and the outcomes are introduced in Table 4.
The control (DMF) displayed no movement against microbes. There were four different levels of the
complex analysed, including 5, 10, 15, and 20 m M. These numerous combinations of paper circles were
ready to go. Microbes' inability to attack the metal in the air can be determined by estimating the distance
across which they are restrained. Bacteria were found to be suppressed by E. coli and Streptococcus
aureus. In the case of E.coli and S. aureus, complexes outperform ligands. Escherichia coli live in the
human colon and are generally innocuous. Notwithstanding, water or half-cooked food debased with the
0157:H7 strain can cause serious, infrequently deadly, diseases. Expanded number of Streptococcus
aureus microbes is found on the skin that is impacted by atopic dermatitis in more than 90% of the cases.
Higher activity of complex is observed with that of the free ligand is seen against S. aureus and E. coli.

Table 4
Antibacterial movement of the ligand tmpbi and 1ts metal complex
Zone of inhibition (1n mm)

Campound Sn'epm_caccus AUFEUS E. coli (conc. in mM)
{conc. in mM)
5 10 15 20 5 10 15 20
DMF (control)* _ } _ } } ) _ _
tmpbi 2 4 6 8 3 5 6 8
Co(tmpbi1)2Br2 3 5 16 18 3 6 15 18

*No effect upto 24 hours
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4. Conclusion

The design and physicochemical characteristics of a mononuclear M (tmpbi).X, complex (M=Co; X= Br)
have been studied. This complex's antibacterial development against microorganisms is longer than those
of the ligand, according to regular testing of the ligand and its metal complex.
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