
13
 

 

 

 

Antibacterial and DNA Binding Effects of Cobalt(II) Complexes Containing Aminophenol 

Schiff Base Moiety 
 

F. N. Ejiah
1,2

*, T. M. Fasina
1
, N. Revaprasadu

2
, F. T. Ogunsola

3
 & O. B. Familoni

1
 

1
Department of Chemistry, University of Lagos, Nigeria  

2
Department of Chemistry, University of Zululand, South Africa 

3
Department of Medical Microbiology, University of Lagos, Nigeria 

 

Abstract  

 

 

 

 

Article History

Submitted
February 13, 2024

Revised
May 13, 2024

First Published Online
May 16, 2024

 

*Corresponding author  
F. N. Ejiah  

fejiah@unilag.edu.ng    

 
doi.org/10.62050/ljsir2024.v2n2.314 
 

Development of new compounds with potential effects against pathogenic organisms 

has become necessary due to the increase in microbial resistance reported for 

existing antibiotics. The present study was carried out to investigate the effect of 

substituent groups on the antibacterial activities of 2-aminophenol Schiff bases and 

their cobalt (II) complexes. In line with this, new cobalt (II) complexes with Schiff 

bases derived from 2-aminophenol and p-substituted benzaldehydes were 

synthesized. The compounds were characterized using elemental analysis, mass 

spectrometry, atomic absorption spectroscopy, electrospray ionization mass 

spectrometry, infrared spectroscopy, 1H NMR and electronic absorption 

spectroscopy. Results indicate that all metal complexes had a 1:2 metal ligand ratio 

with magnetic moments characteristic of tetrahedral geometry around the metal ion. 

The Schiff bases and their metal complexes were screened for in-vitro antibacterial 

activities using disc diffusion and minimum inhibitory concentration methods against 

6 human pathogenic bacteria usually found around the hospitals and homes; 

Escherichia coli (ATCC 8739), Staphylococcus aureus (ATCC 6538), Pseudomonas 

aeruginosa (ATCC 19582), Bacillus cereus (ATCC10702), Enterococcus faecalis 

(ATCC 29212) and Kribsella pneumonia (ATCC 10031) with ampicillin used as the 

reference compound. DNA binding study using calf thymus DNA revealed 

intercalative mode of activity. The result showed that Schiff bases exhibited 

moderate inhibitory activity against the tested microorganisms while Schiff base 

metal complexes exhibited higher antibacterial activity when compared to ampicillin. 

Our results indicate that these complexes can be employed as active ingredients in 

development of broad-spectrum antibacterial agents. 
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Introduction 

The tolerance of pathogenic microorganisms towards 

existing antibiotics is gradually increasing difficulties to 

prevent and treat bacterial infections [1]. Over the 

years, microbial infections have become a great burden 

to many low- and middle-income countries [2, 1]. 

Resistance of microbes can result from mutation of the 

genome of a bacterium or from foreign DNA. 

Clinically, mutations can occur and become fixed in the 

patient been treated, as such new antibiotics is 

paramount for such patient. Environmental emissions of 

both resistant faecal bacteria and residual antibiotics 

have also been associated with microbial resistance [3, 

4]. Food, such as raw vegetables, is a possible exposure 

route as fresh produce often carries various resistant 

bacteria with diverse mobile elements [5-7].  

Reports have shown that all approved antibiotic classes, 

whether natural, semi-synthetic or synthetic 

compounds, have experienced resistance in some of the 

pathogens they target [1]. Considering the global health 

challenge to predict evolutionary events that lead to the 

emergence of new resistance, there is therefore a need 

to synthesize and investigate new compounds on a 

range of microorganisms for use as antibacterial agents. 

Schiff bases have proved to be an important class in this

row owing to a wide range of biological activities such

as antibacterial, antifungal, anti-tuberculosis,

herbicidal and analgesic [8-12].

The use of Schiff bases as ligands is based on the

presence of other electronegative atoms such as

nitrogen, oxygen which enhances the coordinating

possibilities of these ligands to metal ions, hence Schiff

base metal complexes have gained much attention due

to diverse structural aspects and increased antibacterial

activity. The coordination of Schiff base ligands with

transition metal ions has resulted in formation of

complexes with interesting biological properties. These

biological properties usually depend on the type of

metal ion employed in the coordination compound.

Cobalt(II) metal ions can transport oxygen within the

host system, which have led to its use as oxygen

carriers [13-15]. Liu et al. in 2022 [16] reported aerobic

oxidation reactivity of cobalt(II) and cobalt(III)

aminophenol complexes. Abd-Elzaher evaluates the

antimicrobial activity of cobalt(II) complex containing

acetylferrocene with 2-aminophenol moiety [17]. Other

cobalt complexes have also shown remarkable

biological activity [18-21].
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In our work, we have previously reported antibacterial

activity of ortho substituted 2-aminophenol Schiff base

cobalt(II) complexes [22]. Based on these reports, the

aim of this work is to develop cobalt complexes from

para substituted aminophenol Schiff base moiety 

to establish the effects of substituents on antimicro-

bial activity and DNA binding.

 

Materials and Methods 

Reagents

All reagents and solvents were of analar/spectroscopic

grades and used without further purification. Ethanol,

chloroform, dimethyformamide, dimethyl sulfoxide, 2-

aminophenol, 4-methoxybenzaldehyde, 4-

chlorobenzaldehyde, 4-nitrobenzaldehyde, cobalt(II)

chloride, were purchased from Aldrich-Sigma

Company.

Physical measurements

Infrared (IR) spectra of the compounds were recorded

on a Bruker FT-IR (ATR) tensor 27 spectrophotometer

directly on small samples of the compounds in the

range 400 to 4000 cm
–1

. 
1
H-NMR spectra in DMSO-d6

solution of the ligands were recorded on a Bruker

Avance III 400 MHz. Chemical shifts were reported in

ppm relative to TMS as internal standard. Electronic

absorption spectra of Schiff bases and metal complexes

recorded from 200 to 1100 nm using freshly prepared

dimethylformamide (DMF) solutions were mea-
sured on a Cary Model 50 spectrophotometer. 

Thermogravimetric analysis (TGA) was carried out 

at 15
o
C min

-1
 heating rate using a Perkin Elmer 

Pyris 6 TGA from 50 to 1000
o
C in a closed perfo-

rated aluminium pan. The differential scanning 

calorimetric (DSC) analysis was carried out at 20
o
C 

min
-1

 heating rate from room temperature to

450
o
C using a Perkin Elmer DSC 4000 series,

calibrated with indium metal. Metal analysis was

determined using Analyst 200 atomic absorption

spectrophotometer (AAS) Perkin Elmer. Melting points

were determined on a Reichert Thermovar melting-

point apparatus and are uncorrected. Magnetic

susceptibility measurements were performed using a

Sherwood Scientific magnetic susceptibility balance on

powdered samples. Hg[Co(SCN)4] was used as the

calibrant and corrections for diamagnetism calculated

from Pascal’s constants. Microanalytical data were

obtained on a Perkin Elmer model 2400 series II

CHNS/O elemental analyzer. All at the University of

Zululand, South Africa. Mass spectra were recorded on

Agilent 7890 gas chromatograph mass spectrometer at

the central research laboratory, University of Lagos.

Electrospray Ionization (ESI) analyses were performed

in positive ionization mode at the University of

Birmingham on a Micro mass LCT Time of Flight

Mass Spectrometer.

Biophysical experiment

Ultrapure water was used throughout all biophysical

work. DNA samples were made up from Calf thymus

DNA sodium salt (sigma Aldrich) by dissolving in

milli-Q water and washed using a 10kda MWCO

centrifuge tube. The solution was then quantified by

UV-vis spectroscopy (Cary 5000 NIR spectrometer) by 

ε258 = 13200 mol
-1

 dm
3
 cm

-1
 to give a concentration in 

DNA base pairs. This stock solution was kept in the 

fridge with fresh aliquot being taken out for each 

experiment. Fresh buffer was made up before each 

experiment. Cobalt complexes were dissolved in 1% 

DMSO with fresh solutions being used for each batch 

of experiments. 

Circular dichroism (CD) spectra were recorded on a 

Chirascan+ spectrometer (Applied Photophysics 

limited). The samples were scanned in a 1 cm path 

length cuvette between 400 and 200 nm with 3 repeats 

at 1 nm step size and 0.5 s dwell time S37 per point. 

Titrations were carried out at a constant concentration 

of DNA, sodium chloride (40 mM) and Tris HCl buffer 

(200 mM, pH 7.4) by adding compensating solutions of 

2x DNA/Buffer of equal volume to the titre of the 

complex solution. The concentration of complex in the 

cuvette was increased step wise by adding set volumes 

of a stock complex solution. The R value refers to the 

ratio of DNA base pairs to complex, i.e. R60 = 60bp for 

every 1 complex, R4 = 4bp per complex 

Synthesis of Schiff bases (B1-B3) 

Equimolar quantities (10 mmol.) of 2-aminophenol and 

P-substituted benzaldehydes were dissolved in ethanol 

(25 ml) and stirred under reflux at 70
o
C for 6 h. The 

precipitate formed was separated by filtration, re-

crystallized from ethanol, dried and stored in a 

desiccator over silica gel. 

Synthesis of Schiff base cobalt(II) complexes (B1 

cobalt-B3 cobalt) 

An ethanolic (40 ml) solution of Schiff base (4 mmol.) 

was mixed with Co(II) chloride (2 mmol.) in ethanol 

(20 ml) solution keeping ligand-metal ratio 2:1. The 

solution was made alkaline with triethlyamine and 

heated to reflux for 4 h. The solid product formed was 

collected by filtration, washed in ethanol, dried and 

stored in a desiccator over silica gel. 

Antibacterial studies 

Disc diffusion assay  

The antibacterial sensitivity of ligands and metal 

complexes were individually tested against a panel of 

standard microorganisms namely, Escherichia coli 

(ATCC 8739), Staphylococcus aureus (ATCC 6538), 

Pseudomonas aeruginosa (ATCC 19582), Bacillus 

cereus (ATCC 10702), Enterococcus faecalis (ATCC 

29212) and Klebsiella pneumoniae (ATCC 10031) 

using the paper disc diffusion method [23, 24]. The 

compounds were prepared in DMSO to obtain a final 

concentration of 10 mg/ml. Sterile Whatman No. 1 (6 

mm) discs were separately impregnated with each 

sample to be tested and placed on the Mueller 

Hintoninoculated agar. The plates were incubated at 

37
o
C for 24 h and the diameterzones of inhibition 

measured at the end of the incubation period. 

Ampicillin was used as reference compound. 
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Minimum inhibitory concentration 

The minimum inhibitory concentration (MIC) was 

determined using the 96-well micro-plate dilution 

method [25, 26]. Serial plate concentrations of 5.0, 2.5, 

1.25, 0.625, 0.312, and 0.157, 0.078 and 0.039 mg/mL 

were prepared for each compound. Each was inoculated 

with 1.5x10
8
CFU/ml of 0.5 McFarland standard 

bacteria suspension and incubated for 24 h at 37
o
C. As 

an indicator of bacterial growth, 20 μL of 0.2 mg/ml p-

iodonitrotetrazolium solution (a colourless tetrazolium) 

was added to each well and incubated at 37
o
C for 30 

min. Growing bacteria metabolize this salt to give a red 

product (formazan). Inhibition prevents this conversion 

resulting in a clear well. MIC values were recorded as 

the lowest concentration of compound preventing 

bacterial growth. 

 

 

 

Results and Discussion 

Synthesis   

The synthesis of Schiff base (B1-B3) and their cobalt 

(II) complexes (B1 cobalt-B3 cobalt) are presented in 

the Figs. 1-4. All the complexes are colored powders, 

stable in air, and insoluble in water and other common 

solvents; but soluble in polar coordinating solvents such 

as DMF and DMSO. The metal content analysis of the 

complexes revealed the percentage metal ion per mole 

of complex. All the complexes exhibited one mole of 

cobalt per mole of the complex. The physical 

characteristics, analytical data, and percentage metal 

content of the compounds are given in Table 1 and are 

in good agreement with the proposed formulation. The 

complexes exhibited the formula [(B1)2Co], [(B2)2Co] 

and [(B3)2Co] for B1, B2 and B3 Schiff bases, 

respectively. 

 

 

 
Figure 1: Synthesis of Schiff bases

 

 

 
Figure 2: Synthesis of Schiff base cobalt(II) complexes (B1 cobalt) 

 

 

 
Figure 3: Synthesis of Schiff base cobalt(II) complexes (B2 cobalt) 
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Figure 4: Synthesis of Schiff base cobalt(II) complexes (B3 cobalt)  

 

 

(%) 
Color 

M.pt 

(oC) 

% Found (cacld) Metal 

(%) 

Table 1: Physical and analytical data of substituted 2-aminophenol Schiff bases and cobalt complexes

Compound     R Empirical Formula (M.wt) 
Yield

C H N 

B1      OMe  C14H13NO2

(227)

69.10 Yellow 94-95 74.08 

(73.99) 

5.67 

(5.77) 

6.13 

(6.16) 

- 

B1 cobalt      OMe  C28H24CoN2O4

(512)

56.57 Brown >250 65.03 

(65.76) 

4.30 

(4.73) 

5.95 

5.48) 

10.13 

(11.52) 
B2       Cl  C13H10NOCl

(231)

62.83 Yellow 120-121 67.26 

(67.39) 

4.30 

(4.35) 

6.05 

(6.05) 

- 

B2 cobalt      Cl  C26H18Cl2CoN2O2

(519)
60.00 Brown >250 60.08 

(60.02) 
3.27 

( 3.49) 
5.60 

(5.38) 
11.34 

(11.33) 

B3      NO2  C13H10N2O3

(242)
76.79 Yellow 163-165 64.82 

(64.46) 
4.07 

(4.16) 
11.64 

(11.56) 
- 

B3 cobalt      NO2  C26H18CoN4O6

(541)
87.34 Orange >250 57.01 

(57.68) 
3.16 

(3.35) 
10.21 

(10.35) 
11.52 

(10.89) 

 

 

(s,1H)  ppm 

OH 

(s, 1H)  ppm 

Table 2: Spectroscopic data of substituted 2-aminophenol Schiff bases and metal complexes

Compound      R ν(O-H) ν(C=N) ν(C-O) ν(C-Cl) ν(M-O) ν(M-N) 
HC=N OCH3

(s, 3H)  ppm

B1     OMe 3333 1618 1245 - - - 7.89 8.63 3.91

B1 cobalt     OMe - 1593 1190 - 587 443 - - -

B2      Cl 3291 1601 1277 350 - - 7.98 8.65 -

B2 cobalt     Cl - 1577 1238 350 593 433 - - -

B3     NO2 3304 1623 1299 - - - 8.37 8.77 -

B3 cobalt     NO2 - 1596 1274 - 582 487  - -

 

 

Infrared spectroscopy, 
1
H NMR, Mass Spec and 

ESI-MS 

The relevant FTIR data of the ligands and metal 

complexes are given in Table 2. The infrared for the 

ligands reveals bands in the region 1601-1623 cm
-

1
attributed to the imine bond. In order to determine the 

bonding mode of Schiff base to the metal ion, the IR 

spectra of the Schiff bases were compared with those of 

the corresponding metal complex. The heteroatoms, 

nitrogen and oxygen due to the presence of lone pairs of 

electrons are expected to be involved in complexation 

and therefore the position of bands for these functional 

groups will vary in metal and ligand. In the spectra of 

Schiff base and Schiff base metal complex for p-

methoxy-substituted compound, a shift in IR band 

(1618-1593 cm
-1

) was observed. Similar shifts were 

also observed for p-chloro-substituted compounds 

(1601-1577 cm
-1

) and p-nitro-substituted compounds 

(1623-1596 cm
-1

) which indicates coordination of 

azomethine nitrogen to metal ion. The presence of OMe 

and NO2 groups increased IR stretching frequency for 

C=N bond while Cl group decreased the IR stretching 

frequency. This may be attributed to electronic effects, 

resonance effects associated with OMe and NO2 

compounds and inductive effects in Cl compounds. A 

shift to lower wavenumber due to coordination of metal 

ion to hydroxyl oxygen in the compounds reveal peaks 

at 1245-1190 cm
-1

, 1277-1238 cm
-1

 and 1299-1274 cm
-1

 

for Ome, Cl and NO2 substituted compounds, 

respectively [27, 28]. The new bands in the spectra of 

metal complexes 433 – 487 cm
-1

 and 582 – 593 cm
-1

 are 

assigned to stretching frequencies of ν(M-N) and ν(M-

O) bond, respectively. 

The 
1
H NMR of all Schiff bases exhibits a singlet in the 

region 7.98-8.37 ppm attributed to the imine proton. 

Schiff bases with electron donating groups appeared 

up-field due to increase in the electron density in the 

vicinity of the proton which causes shielding from the 

magnetic field while Schiff bases with electron 

withdrawing groups appear down field as a result of 

low electron density in the vicinity of the proton. These 

effect and trends were also exhibited in the phenolic 

proton. The three protons of OCH3 group resonated in 

the region 3.91 ppm as expected. 
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The molecular ion peak was observed at m/z 227 and 

231 for B1 and B2 as shown in Figs. 5 and 6 

confirming their molecular weights, which corroborate 

with the calculated value. The presence of nitro group 

on the aromatic ring which induces thermal instability 

was observed in B3. This was evident in Fig. 7 at m/z 

211 against m/z 242 corresponding to the loss of NO
+
 

(m/z= 31) in the ligand. For the cobalt complexes, ESI-

MS confirmed the structures of the compounds as the

found and calculated were in good agreement. Evident

from Figs. 8, 9 and 10 are ESI-MS of B1 cobalt 

512.12, m/z=512.11, B2 cobalt 519.10, m/z= 519.01 

and B3 cobalt 542.06, m/z= 542.06. It was also ob-

served that the cobalt ion in the nitro substituted com-

plex stabilized the compound.

 

 

 
Figure 5: Mass spectrum of B1-methoxy substituted Schiff base (m/z 227)

 

 
Figure 6: Mass spectrum of B2-chloro substituted Schiff base (m/z 231) 

 

 
Figure 7: Mass spectrum of B3-nitro substituted Schiff base [M-NO

+
]

-1
 m/z 211 

 

The presence of nitro groups on the aromatic ring frequently induces thermal instability, a characteristic feature of 

nitro derivatives. 

 

 
Figure 8: ESI-MS spectra of B1 cobalt 512.12, m/z=512.11 
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Figure 9: ESI-MS spectra of B2 cobalt 519.10, m/z= 519.01 

 

 
Figure 10: ESI-MS spectra of B3 cobalt 542.06, m/z= 542.06 

 

Electronic absorption data and magnetic 

susceptibility measurements 

The electronic absorption spectra of Schiff bases and 

their metal complexes were recorded at room 

temperature using DMF as solvent. The Schiff bases 

exhibited two absorption bands; a high energy band 

260-276 nm attributed to π→π* transitions of the 

aromatic ring and a lower energy band 350-380 nm due 

to n→π* transition of the non-bonding electrons present 

on the nitrogen of the azomethine group [29]. 

Schiff bases with methoxy and chloro substituents 

(Figs. 11 and 12) shift the imine bands to shorter 

wavelength (350, 355 nm), the opposite is true for nitro 

substituted Schiff base (380 nm) as shown in Fig. 13. 

After the complex formation, the n→π* of the imine 

group shifted to lower wavelength 321, 321 and 326 nm 

for methoxy, chloro and nitro substituted ligands [30]. 

The bands due to ligand to metal charge transfer 

transitions confirming the coordination of Schiff base to 

metal ion was observed at longer wavelength at 427, 

436 and 489 nm for methoxy, chloro and nitro 

substituted complexes, respectively [31, 32]. 

The range of moments for tetrahedral cobalt (II) 

complexes is 4.26-5.00 BM [33] values of 4.92, 4.65 

and 4.28 BM presented for the magnetic moments of 

B1, B2 and B3 cobalt complexes respectively are 

within the expected range for mononuclear tetrahedral 

complexes [34-37]. 

 

 
Figure 11: UV-Vis spectrum of B1 and B1 cobalt(II) 

complex 
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Figure 12: UV-Vis spectrum of B2 and B2 cobalt(II) 

complex 

 

 

 
Figure 13: UV-Vis spectrum of B3 and B3 cobalt(II) 

complex 

 

 

Antibacterial activity 

The antibacterial activity of synthesized Schiff bases 

and their metal complexes are related to the nature and 

position of substituent groups. Structure activity-

relationship of Schiff bases of 2-aminophenol 

derivatives were studied in relation to nature and 

position of substituent groups. The Schiff bases B1-B3 

and their cobalt(II) complexes B1 cobalt-B3 cobalt 

were tested against six human pathogenic bacteria; 

Escherichia coli (ATCC 8739), Staphylococcus aureus 

(ATCC 6538), Pseudomonas aeruginosa (ATCC 

19582), Bacillus cereus (ATCC 10702), Enterococcus 

faecalis (ATCC 29212) and Klebsiella pneumoniae 

(ATCC 10031) with Ampicillin used as a reference 

compound. The diameter zones of inhibition are shown 

in Table 3. The in-vitro antibacterial activity of

synthesized Schiff bases presented in Table 4 show that

B1 exhibited moderate activity against the tested

organisms when compared to the low activity observed

for B2 and B3.  The activity may have arisen from the

electron donating ability of the methoxy substituents at

p-position which play an important role in antibacterial

activity [38-40]. A comparative study of minimum

inhibitory concentration of Schiff bases and its metal

complexes indicates that metal complexes exhibited

higher antibacterial activity than the free ligands. This

is probably due to the greater lipophilic nature of the

complexes. Such increased activity of the metal

complexes can be explained on the basis of overtone’s

concept and Tweedy’s chelation [32, 41]. This

increased lipophilicity enhances the penetration of the

complexes into lipid membrane and thus blocks the

metal binding sites on enzymes of microorganisms.

This result corroborates Al-Sha’alan, 2007 report that

lipophilicity of Schiff base complexes leads to

inhibition of metabolic pathway by deactivation of

various cellular enzymes [42]. In addition, there was an

increased activity of Schiff base metal complexes with

methoxy and chloro substituted compounds. These

complexes exhibited very low MIC values in the 

range 0.31-0.62 mg/ml for OMe substituent and 

0.62-1.25 mg/ml for Cl substituent. Bacterial strain is 

considered to display tolerance when an antibiotic 

does not contribute to 99.9% reduction in the number 

of bacteria used in the test, usually with MBL / MIC 

> 32 mg/L [43].

A minimum inhibitory concentration value of 0.28-1.27

mg/ml has been attributed with extremely strong

activity while MIC values of 1.81-8.85 mg/ml are

attributed with weak activities [44]. The low MIC

values can be attributed to the substituents at para

position which have the ability to intercalate between

bases of DNA. These results are in agreement with Xia

et al. which reports that methoxy and chloro groups at

p-position significantly increase activity [45]. In

addition, electron-donating substituents such as p-methyl

and p-methoxy exhibiting better antimicrobial activity in

comparison to halogen substituted (p-fluoro and p-chloro

substitution) analogues, where the activity was

considerably lost against all the bacterial strain tested

have also been reported [46, 47].

 

 

 

Table 3: Zones of inhibitionof substituted 2-aminophenol Schiff bases and metal complexes 

Compound 

Diameter ( mm) zones of inhibition (10 mg/ml)  

S. aureus 

(ATCC 6538) 

E. faecalis 

(ATCC 29212) 

B. cereus 

(ATCC 10702) 

E. coli 

(ATCC 8739) 

P. aeruginosa 

(ATCC 19582) 

K. pneumonia 

(ATCC 10031) 

B1 10.0±0.0 7.0±0.0 9.0±0.0 8.0±0.0 10.0±0.0 8.0±0.0 
B1 cobalt 11.0±0.0 12.0±0.0 12.0±0.0 13.0±0.0 12.0±0.0 10.0±0.0 

B2  10.5±0.7 9.5±0.7 10.0±0.0 10.0±0.0 0.0±0.0 11.0±0.0 

B2 cobalt 11.0±0.0 13.0±0.0 17.0±0.0 11.5±0.7 12.0±0.0 11.0±0.0 

B3 11.0±0.0 11.0±0.0 0.0±0.0 9.5±1.4 9.5±0.7 0.0±0.0 

B3 cobalt 11.0±0.0 12.0±0.0 12.0±1.4 12.0±0.0 10.5±0.7 11.0±0.0 

Ampicillin 13.0±0.0 11.0±0.2 14.0±0.2 10.0±0.0 9.0±0.1 11.0±0.1 
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Table 4: Minimum inhibitory concentration (MIC) of substituted 2-aminophenol Schiff bases and metal 

complexes 

Compound 

MIC (mg/ml) 

S. aureus 

(ATCC 6538) 

E. faecalis 

(ATCC 29212) 

B. cereus 

(ATCC 10702) 

E. coli 

(ATCC 8739) 

P. aeruginosa 

(ATCC 19582) 

K. pneumonia 

(ATCC 10031) 

B1 5.00 2.50 2.50 1.25 2.50 1.25 

B1 cobalt 0.31 0.62 0.31 0.62 0.62 0.31 
B2  >5.00 >5.00 >5.00 >5.00 >5.00 >5.00 

B2 cobalt 0.62 1.25 0.62 1.25 1.25 0.62 

B3 >5.00 >5.00 >5.00 >5.00 >5.00 >5.00 
B3 cobalt 0.62 2.50 1.25 1.25 1.25 0.62 

Ampicillin 2.50 5.00 5.00 1.25 5.00 2.50 

 

 

DNA binding study 
To further investigate the biological activity 

spectroscopically and to corroborate the effects of 

substituents on DNA binding study, circular dichroism 

was employed. We used circular dichroism (CD) to 

probe the interaction of cobalt complexes with calf 

thymus-DNA. The DNA alone shows a strong positive 

signal at 275 nm and negative signal at 245 nm due to 

the DNA bases. The circular dichroism spectroscopy 

shows the DNA structure retained for nitro substituted 

cobalt complex (Fig. 16). This was observed at low and 

high loading of complex:DNA ratio. A significant and 

interesting result was observed for methoxy substituted 

cobalt complex (Fig. 14). An increase in the magnitude 

of the 275 nm signal induces an ordered expanded 

structure as the complex binds to the DNA, leading to a 

loss in orientation and increase in magnitude in the 275 

nm signal [48]. This is due to binding into the groove. 

Also, metal complexes get inserted between DNA base 

pairs, leading to the separation of base pairs with an 

increase in the DNA shape [49]. An increase in molar 

ellipticity was observed in the positive and negative 

peaks. We observed minor binding into the groove for 

chloro substituted cobalt complex (Fig. 15). 

 

 
Figure 14:  Circular dichroism spectroscopic studies

of B1 cobalt complex with CT-DNA. CT-DNA 

(100 μM in base pairs), B1 cobalt complex 

(200 Μm),DMSO (1%), sodium chloride (40 mM), 

and tris buffer (200 mM, pH 7.4). The R-value 

is the ratio of DNA base pairs to complex

 

 

 
Figure 15: Circular dichroism spectroscopic studies of B2

cobalt complex with CT-DNA. CT-DNA (100 μM in 

base pairs), B2 cobalt complex (200 Μm), DMSO (1%), 

sodium chloride (40 mM), and tris buffer (200 mM, pH 

7.4). The R-value is the ratio of DNA base pairs to com-

plex 

 

 
Figure 16: Circular dichroism spectroscopic studies of B3

cobalt complex with CT-DNA. CT-DNA (100 μM in 

base pairs), B3 cobalt complex (200 Μm), DMSO (1%), 

sodium chloride (40 mM), and tris buffer (200 mM, pH 

7.4). The R-value is the ratio of DNA base pairs to com-

plex 

Generally, we observed a similar trend in the 

antimicrobial activity with methoxy, chloro and nitro 

substituent, with methoxy substituted cobalt complex 

exhibiting the lowest MIC followed by chloro. The 

nitro substituted cobalt complex showed the least 

activity.  

 

Conclusion 

The synthesis and characterization of Schiff base cobalt 

complexes have been realized with physicochemical 

and spectroscopic methods. The ligands are bidentate to 

the metal ion through imine nitrogen and hydroxyl 

oxygen. The complexes adopt tetrahedral geometry. 

The antibacterial study reveals that the complexes have 

higher activity than the free ligands. Antibacterial 

activities were compared with the activity of ampicillin 

as a reference compound and all the cobalt complexes 

were found to be more active than ampicillin.  
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The effect of Schiff base ligands with metal ions on 

microorganisms was found to be synergistic. This study 

sheds further light on the effect of substituent groups on 

the chemical and the biological behavior of the ligands 

in the presence of cobalt metal ion which may help to 

understand this class of ligands. The results obtained 

validate the hypothesis that Schiff bases having 

methoxy and chloro substituent groups at the phenyl 

ring are required for antibacterial activity while nitro 

group in the aromatic ring have varying antibacterial 

activity. Biological studies of cobalt(II) Schiff base 

complexes has shown potentials as an active ingredients 

in the formulation of antibacterial agents. We are also 

studyiny the in-silico perspectives to establish the most 

favorable conformations within the protein active site. 

This would be published hereafter. 
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