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INTRODUCTION

Anticancer medications often target DNA as their main
intracellular target and their effectiveness is mediated through
DNA binding. The design and discovery of new, more effective
medications are fundamentally driven by this [1]. The field of
coordination chemistry underwent a substantial upheaval once
cisplatin was unintentionally discovered to be as anticancer
drug. It is crucial to develop new cancer medicines with high
cure rates and controllable adverse effects because cisplatin
still has substantial negative effects. It expands the possibility
for cross-disciplinary study fields and leads to the merging of
medicinal chemistry and coordination chemistry [2-8].

Due to their increased stability and chelating character-
istics, Schiff bases and related metal complexes are widely
used in the catalytic and medicinal chemistry [9]. Similar to
the above, due to the presence of N and O donor atoms, more
focus has been placed on the synthesis of transition metal
complexes with Schiff bases [10-12]. There have been numerous

Virtual Screening, DNA Strapping and Antimicrobial
Investigation of Mixed Ligand Transition Metal Complexes

NAZEER MOHAMED NASAR
1, , MICHAEL SAMUEL

1, , PORKODI JAYARAMAN
2, , FREEDA SELVA SHEELA

1,  and NATARAJAN RAMAN
1,*,

1Research Department of Chemistry, VHNSN College (Autonomous) (Affiliated to Madurai Kamaraj University, Madurai), Virudhunagar-
626001, India
2Post Graduate and Research Department of Chemistry, The Standard Fireworks Rajaratnam College for Women (Autonomous), Sivakasi-
626123, India

*Corresponding author: Fax: +91 4562 281338; E-mail: ramchem1964@gmail.com

Received: 7 April 2023; Accepted: 8 May 2023; Published online: 27 May 2023; AJC-21268

To obtain the highest level of biological effectiveness, four transition metal viz., Cu(II), Zn(II), Co(II) and Ni(II) complexes viz. were
synthesized using Schiff base obtained by the condensation reaction of o-phenylene diamine, 4-chlorobenzaldehyde and a co-ligand
(malonic acid). Elemental analysis and other spectroscopic methods were used to identify them. All the synthesized metal(II) complexes
have a square planar geometry, according to the physico-chemical analyses. The antibacterial properties of the ligand and its metal(II)
complexes on various microorganisms were also studied. SWISS-ADME online freeware was used to screen these compounds for drug-
like action and pharmacokinetic research. Furthermore, UV absorption analyses and viscosity titrations were employed to test the efficacy
of the synthesised metal complexes as DNA nucleases, and the results are consistent with an intercalative binding mechanism. The
outcomes of molecular docking research on the COVID-19 virus and cancer DNA are fascinating.

Keywords: Malonic acid, Intercalation DNA binding, Antimicrobial activity, In silico, Molecular docking.

Asian Journal of Chemistry;   Vol. 35, No. 6 (2023), 1491-1499

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

reports of Schiff base metal complexes with intriguing
properties for biological and therapeutic action [13-15]. Schiff
bases are important in coordination chemistry because they
form stable complexes with the majority of transition metal
ions [16,17]. During the synthesis of organic molecules, Schiff
base reactions are useful for the creation of carbon-nitrogen
bonds. Several physiologically relevant Schiff bases have been
reported in the literature to have antimicrobial, antibacterial,
antifungal, anti-inflammatory, anticonvulsant, anticancer and
anti-HIV effects [18-22]. Because of their importance in facili-
tating interactions between DNA and metal complexes [23] and
because they represent an advancement on our earlier study
[24], the type of co-ligands used and the geometrical orien-
tation of the synthesized complex are taken into account when
developing the current work. The importance of the ligands in
a metal complex has been shown by the experimental evidence
presented in this work. Particularly, a number of chemical inter-
actions, including electrostatic interaction, groove binding and
intercalation, can allow various medicines and metal complexes
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to interact with DNA. Regarding the planarity, donor sites and
coordination geometry of the metal centre, among these moda-
lities, binding to DNA through intercalation via planar ligands
can also intercalate with adjacent base pairs of DNA [25,26].
The synthesis, characterization, DNA binding and antibacterial
investigations of a series of new square planar complexes using
malonic acid as including co-ligand are very interesting. The
compounds are Schiff base complexes with central metal ions
of Cu(II), Co(II), Ni(II) and Zn(II). The obtained results are
useful for further study in the development and synthesis of
effective antibacterial drugs as well as potent DNA probes,
both of which are needed to satisfy the expectations of the
researchers who are working to develop a successful medicine.

EXPERIMENTAL

All the solvents and reagents used were of analytical agent
supplied from Sigma-Aldrich, USA, whereas the metal(II) salts
were purchased from E. Merck. All the organic solvents were
distilled from appropriate drying agents immediately prior to
use.

Characterization: Elemental analyses (C, H and N) were
performed using a Perkin-Elmer 240C elemental analyzer.
Attenuated total internal reflection (ATR) solid state Infrared
spectra were performed on a Bruker TENOR 27 spectrometer
using a KBr pellet in the range of 4000-400 cm-1. 1H NMR was
recorded on a JEOL EX270, Bruker DPX 300, DPX 400 or AV
400 spectrometer using TMS (SiMe4) as an internal reference.
Absorption spectra were measured by using JASCO V-530
UV-VIS spectrophotometer at room temperature.

Synthesis of metal(II) complexes: The Cu(II), Ni(II), Co(II)
and Zn(II) metal(II) chlorides were separately combined in an
equimolar ratio with the Schiff base ligand (L), which was synth-
esized by reported method using o-phenylene diamine (0.755 g,
5 mmol) and 4-chlorobenzaldehyde (1.81 g, 10 mmol) [27].
The reaction mixture was dissolved and stirred in ethanol. The
co-ligand (malonic acid, 0.520 g, 5 mmol) was then added
and allowed to dissolve in an ethanolic solution. The finished
product was reacted for 3 h in a 100 mL round bottom flask. It
was then filtered off, washed with cold ethanol and petroleum
ether and dried in a vacuum desiccator over anhydrous CaCl2

(Scheme-I).
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Scheme-I: Synthesis of Schiff base transition metal(II) complexes

[CuL(MA)] (1): Reddish brown, yield: 55%. Elemental
anal. calcd. (found) %  C23H18N2O4Cl2Cu (m.w. 520): C, 53.04
(52.85); H, 3.48 (3.28); Cl, 13.56 (13.36); N, 5.38 (5.17); Cu
12.20 (12.01). Λm (mho cm2 mol-1): 13.2; Magnetic moment
(B.M.) = 1.82.

[ZnL(MA)] (2): Brownish yellow, Yield: 54%. Elemental
anal. calcd. (found) %  C23H18N2O4Cl2Zn (m.w. 523): C, 52.85
(52.67); H, 3.47 (3.26); Cl, 13.57 (13.38); N, 5.36 (5.15); Zn,
12.51 (12.33). Λm (mho cm2 mol-1): 10.1.

[CoL(MA)] (3): Violet solid, yield: 52%. Elemental anal.
calcd. (found) %  C23H18N2O4Cl2Co (m.w. 516): C, 53.51 (53.30);
H, 3.51 (3.34); Cl, 13.74 (13.55); N, 5.43 (5.23); Co, 11.42 (11.21).
Λm (mho cm2 mol-1): 12.3; Magnetic moment (B.M.) = 3.83.

[NiL(MA)] (4): Yellowish solid, yield: 56.5%. Elemental
anal. calcd. (found) % C23H18N2O4Cl2Ni (m.w. 516): C, 53.54
(53.35); H, 3.52 (3.33); Cl, 13.74 (13.56); N, 5.43 (5.24); Ni,
11.37 (11.18). Λm (mho cm2 mol-1): 11.4.

DNA binding studies: The interactions of the synthesized
metal complexes with deoxyribonucleic acid from calf thymus
(ct-DNA) were studied in 5 mM Tris-HCl/50mM NaCl buffer
solution at pH 7.2 [28,29]. In this experiment, the concentration
of ct-DNA was varied between 0-10 µM by keeping the total
volume of the synthesized compounds constant (3 mL). After
each addition of ct-DNA to the complex, the resulting solution
was allowed to equilibrate at 25 ºC for 5 min followed by
recording of the absorption spectrum. The binding constant
values (kb) were calculated from the spectroscopic titration
data by the plot between [DNA] /(εa − εf) and [DNA].
      Viscosity measurements were carried out on an Ostwald’s
micro-viscometer, immersed in a thermostatic water bath at
constant temperature (30 ± 1 ºC). In addition, stopwatch was
used to measure the fluidity times at varied concentrations of
the as prepared Schiff base imine-metal complexes from 10 to
60 µM, making the DNA concentration unchanged at 50 µM
[30]. The measured data were plotted as (η/ηo)1/3 vs. [complex/
DNA], where η is the viscosity of DNA alone and ηo is the
viscosity of DNA in the presence of synthesized compound.

Molecular docking studies: Molecular docking studies
were carried out using the Hex 8.00 on windows 10 professional
workstation. When docking was performed with default settings,
it revealed a number of possible conformations and orientations
for the inhibitors at the binding site [31]. The crystal 3D structure
of SARS-CoV-2COVID-19 (SARS-CoV-2) Mpro (PDB ID: 6M71)
collected from online Protein Data Bank (PDB) and used as
receptor protein. The water removed from chain A of receptor
protein by Argus lab.exe software package and saved in PDB
format [31,32]. All the compounds were optimized using
Avogadro version 1.2. Hex 8.00 was used, headed for screen
potential drugs with molecular docking by the structural protein
and non-structural protein site of new corona viruses and the
study was constructed to molecular docking without validation
through MD simulators. Interaction with main protease may
play a key role in fighting against viruses. The results obtained
from docking were visualized through Discovery studio.

Antimicrobial activity: All the newly synthesized comp-
ounds were tested for their antibacterial activities against Gram-
positive bacteria Staphylococcus aureus, Staphylococcus typhi
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and Bacillus subtilis and Gram-negative bacteria Eschrichia
coli and Pseudomonas vulgaris and antifungal activity against
Aspergillus niger, Aspergillus flavusi, Curuvulaic lunata,
Rhizoctonia bataticola and Candida albicans. The method
used to evaluate the antimicrobial activity was Broth dilution
method. It is one of the non-automated in vitro susceptibility
tests [33]. The minimum inhibitory concentration (MIC) of the
control organism was read to check the accuracy of the drug
concentrations. The lowest concentration inhibiting growth of
the organism was recorded as the MIC. The MIC values of the
newly synthesized compounds were compared with the standard
drugs ciprofloxacin and fluconazole [34].

In vitro free radical scavenger activity using DPPH
assay: All the synthesized metal complexes in 10-4 mM and
the standard vitamin C (0.1 mM) were mixed with DPPH (0.1
mM) in ethanolic solution. After 20 min incubation at room
temperature, the absorbance at 517 nm was measured. The inhi-
bitory percentage of DPPH (antioxidant activity) was calculated
as follows [35]:

Abs. of control Abs. of sample
Activity (%) 100

Abs. of control

−= ×

RESULTS AND DISCUSSION

IR studies: The IR spectra of the metal(II) complexes
are displayed in Fig. 1. In comparison to the ligand, all of the
synthesized metal(II) complexes (1587-1578 cm-1 have lower
ν(-CH=N-) values due to the imine group double bond nature
(1598 cm–1) [36]. The extra bands in complexes at 1633, 1354
and 832 cm-1 may be caused by the carboxylate moiety’s vibra-
tions. This reveals that malonic acid has two moieties and that
the two accessible monodentate carboxylate groups enable it
to connect with metal(II) centres. These mixed ligand complexes
displayed the carboxylate moiety’s stretching vibration at
1678-1673 cm-1. In contrast, the high value of the malonic
group enables the C=O group to unshare in coordination with
the metal ion, acting as a dianionic bidentate ligand. The develop-
ment of the metal oxygen bond ν(M-O) in complexes in the
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Fig. 1. FT-IR spectra of Cu(II), Zn(II), Co(II) and Ni(II) complexes
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569-557 cm-1 range provides additional support. The new band
seen in complexes at 471-443 cm-1 region is a indication of
metal-nitrogen (M-N) bonding.

Electromagnetic studies: The electronic absorbance spectra
of Schiff base ligand-metal(II) complexes in DMSO solution
are displayed in Fig. 2. The electronic spectra and magnetic
moment data of the metal(II) complexes were used to derive
the geometry. The broad band observed at 555 nm, visible in
the electronic spectrum of Cu(II) complex, is associated with
the 2B1g→2A1g transition. The Cu(II) complex was identified
as having a square planar shape, based on the electronic spectral
data. The magnetic moment of copper(II) complex is 1.84 B.M.
A band at 575 nm in Ni(II) complex exhibits a four-coordinate
square-planer structure as a result of the 2A1g→2A2g transition,
while a broad band at 583 nm in the electronic spectrum of
Co(II) complex, associated with the 4A2(F)→4T1g transition, is
suggestive of a square planar structure. Three unpaired electrons
in the Co(II) complex are demonstrated to have a 3.85 B.M.
magnetic moment [37]. Band at 351 nm in the electronic absor-
ption spectrum of diamagnetic Zn(II) complex was attributed
to intraligand charge-transfer transition [38].

NMR studies: The multiplet peaks of Zn(II) complex
appear between δ 6.9 and 7.9 ppm show that the generated
molecules include an aromatic group. The imine peak for the
ligand is appeared at 9.55 ppm and moved upfield to δ 8.19
ppm in the complex. Similar peaks at δ 111-156 ppm may be
identified in the 13C NMR spectra of the aromatic carbons in
the ligand. Furthermore, a shift from 171 ppm to 169 ppm is
seen in the upfield position of the C=N carbons in the ligand
to Zn(II) complex. The observed upfield shift which suggests
the C=N involvement in the complexation.

Mass studies: Molecular ion peaks and ESI-mass spectra
of the synthesized Schiff base ligand and its metal(II) complexes
provide independent confirmation of the proposed structures.
The [M+] peak for the ligand is observed in the mass spectrum
at m/z 354, which corresponds to [C20H14N2Cl2] species. Also,
in the visible spectrum, the fragments [C20H15N2Cl], [C20H16N2],
[C14H12N2] and [C8H8N2] are observed at m/z 319, 284, 214
and 132, respectively [27]. The [M+] peak at m/z 516 is seen
in the mass spectrum of Zn(II) complex. Its molecular formula
is found to be [C23H18Cl2N2O4Zn] which has the m/z value 516.
The stable species [C20H16N2Cl2] is shown by the strongest peak
(base beak) at m/z 355. The complex stoichiometry of the

[ZnL(MA)], is confirmed by the m/z values of ligand and its
metal(II) complex components. The observed peaks and their
formulae as derived from micro-analytical data are in good
accord.

In vitro analysis

DNA binding: The absorption spectra of the metal(II)
complexes in the presence of DNA result hypochromism [39].
Therefore, intercalation can be used to describe the binding
mode. However, the ability of the metal(II) complexes to bind
DNA is significantly influenced by the metal ions (Table-1).
The order of binding strength of the synthesized complexes is
as follows: [CuL(MA)] > [ZnL(MA)] > [NiL(MA)] > [CoL-
(MA)]. In contrast to the other complexes, complex 1 exhibits
severe hypochromism and a mild red shift, demonstrating its
stronger DNA binding affinity. In every case, the complexes
have higher intrinsic binding constant values, representing the
state-of-the-art in cancer therapy (Fig. 3) [40]. According to
the findings, the ligand itself performs weak intercalation
compared to complexes that perform high intercalation. These
findings imply that the ability to bind DNA can be significantly
enhanced by intercalative ligands with a prolonged aromatic
plane and good conjugation action [41].

TABLE-1 
ELECTRONIC ABSORPTION SPECTRAL  

PROPERTIES OF Cu(II) AND Zn(II) COMPLEXES 

λmax Compound 
Free Bound 

∆λ (nm) H%a Kb × 104 
(M–1)b 

[CuL(MA)] 430 424 6 1.39 4.7 
[ZnL(MA)] 435 428 7 1.60 3.5 
[NiL(MA)] 424 419 5 1.17 3.1 
[CoL(MA)] 429 422 7 1.63 2.9 

aH% = [Afree – Abound)/Afree] × 100; bKb = Intrinsic DNA binding constant 
determined from the UV–Vis absorption spectral titration. 
 

Viscosity measurements: A binding model cannot be
determined using optical or photophysical techniques, which
are typically employed to analyze the binding of ligands and
their complexes to DNA. In general, optical or photophysical
probes offer necessary but insufficient information to back up
an intercalative binding model. When different amounts of
the substance were added to the DNA solution for intercalation
mode, the viscosity of the solution generally increases. The
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Fig. 2. Electronic absorption spectra of Cu(II), Co(II) and Ni(II) complexes
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results of the viscosity studies conclusively show that all the
complexes were capable of intercalating between nearby DNA
base pairs, lengthening the helix and increasing DNA viscosity
in the process (Fig. 4). Similar to the behaviour of ethidium
bromide, the relative viscosity of DNA increases slightly as the
number of metal(II) complexes increases. When the concen-
tration of the complexes increases, a stronger intercalation
might occur, increasing the viscosity of the DNA. It is inferring
that all complexes interact with DNA in an intercalation way
from spectroscopic study and viscosity measurements [42,43].

Antimicrobial studies: Using the broth micro-dilution
method, the synthesized metal(II) complexes 1-4 were
evaluated in vitro for antimicrobial activity against 5 bacterial
and 5 fungal pathogens (Table-2). Their effectiveness was
assessed in comparison to common medications ciprofloxacin
and fluconazole. Based on the overtone concept [44] and Tweedy’s
chelation theory [45] the cause can be identified. The activity
was found in the following order: [CuL(MA)] > [ZnL(MA)]
> [NiL(MA)] > [CoL(MA)]. It is clear from the order of activity
that the co-ligands are crucial to biological activity. According
to the antimicrobial data, all of the synthesized metal(II) comp-
lexes exhibit higher antibacterial and antifungal activity than
the parent Schiff base ligand [46].
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Antioxidant studies: Schiff base ligand and its metal(II)
complexes were examined for antioxidant activity using the
DPPH assay (free radical scavenging activity). A visible comp-
onent of DPPH has substantial absorbance at 517 nm and this
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TABLE-2 
MINIMUM INHIBITORY CONCENTRATION OF THE SYNTHESIZED METAL(II)  

COMPLEXES AGAINST THE GROWTH OF BACTERIA AND FUNGI (?M) 

MIC values (× 104 µM) SEM = ± 1.2 

Bacteria Fungi Compound 
S.  

aureus 
P. 

vulgaris 
E.  

coli 
B.  

subtilis 
S.  

typhi 
A.  

niger 
A.  

flavusi 
C.  

lunata 
R. 

bataticola 
C. 

albicans 
[CuL(MA)] 4.1 4.6 3.7 3.9 4.8 4.9 4.1 5.3 5.1 5.9 
[ZnL(MA)] 4.9 5.1 4.5 4.7 5.4 5.8 5.2 6.3 7.1 6.3 
[NiL(MA)] 5.1 5.5 4.6 4.9 5.9 6.5 5.9 6.9 7.5 7.8 
[CoL(MA)] 5.8 6.1 5.2 5.5 6.3 6.9 6.4 7.3 7.9 8.3 

Ciprofloxacin 1.8 1.7 2.1 1.9 2.6 – – – – – 
Fluconazole – – – – – 1.1 1.4 1.1 1.3 1.9 
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absorbance will decrease when metal(II) complexes are intro-
duced. The decolorization of the DPPH solution was caused
by the stable DPPH free radical being reduced and converted
into 1,1-diphenyl-2-picrylhydrazine by acquiring an electron
from an antioxidant molecule. Copper(II) complex has greater
antioxidant activity than other metal(II) complexes but less
antioxidant activity than ascorbic acid (Table-3). These
findings clearly show that copper complex has higher anti-
oxidant action [47,48].

ADMET properties

In silico examination: A SWISS-ADME online programme
was used to examine the pharmacokinetic behaviours of the

TABLE-3 
PERCENTAGE OF ANTIOXIDANT  

ACTIVITY OF METAL COMPLEXES 

Concentration (µg/mL) 
Compound 

10 20 30 40 
[CuL(MA)] 71.24 77.28 85.35 89.13 
[ZnL(MA)] 68.23 74.19 81.25 86.27 
[NiL(MA)] 66.13 71.25 77.36 81.36 
[CoL(MA)] 64.18 69.27 72.36 80.38 
Vitamin C 80.78 86.37 89.21 93.38 
 

synthesized compounds and the results are shown in Table-4.
These outcomes can be evaluated using five Lipinski’s rules
[49,50]. The total surface area of all polar oxygen and nitrogen
atoms is known as the total polar surface area (TPSA) (including
their attached hydrogen atom). For the effective transfer of the
produced chemicals inside the gut and BBB, the optimal TPSA
values are fewer than 140 Å. Table-4 shows the pharmaco-
kinetic activities results of the synthesized metal(II) complexes.

Molecular docking studies: The Discovery Studio
Visualizer 4.0 programme was used to eliminate the water that
was present in the SARS-CoV-2 receptor structure after it was
extracted from the PDB. Hex 8.0 software was used to perform
the molecular docking in the current investigation. All the
synthesized compounds firmly attach to receptors since their
amino acid constituents bind the hydrogen bonds [51,52]. Table-5
lists the amino acids that bind with synthetic compounds along
with the docking scores. The active sites of the receptors were
primarily composed of the amino acids PRO111 (Figs. 5 and 6).
Due to its lowest docking score value of -392.00 KJ mol-1 among
all the compounds, copper(II) complex conducts a more efficient
docking process with the receptor. This study provides evidence
that these synthesized compounds suppress the SAR CoV-2
inhibitory activity [53].

Cu Cu 

Zn Zn

Fig. 5. Molecular docking SARS Cov receptor 7ACS of the ligand. Three dimension (3D) binding interaction of Cu(II) and Zn(II) complexes
with DNA (SARS Cov receptor 7ACS)
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TABLE-5 
DOCKING SCORES FOR SYNTHESIZED COMPOUNDS  

WITH 7AEH PROTEASE OF SARS-CoV-2 TARGET  
AND THEIR INTERACTING AMINO ACIDS 

Compounds Binding score 
(KJ mol-1) Interacting amino acid 

[CuL(MA)] -392.00 PRO111 
[ZnL(MA)] -381.64 ARG48 
[NiL(MA)] -374.89 LEU5 
[CoL(MA)] -369.37 ASN8, ALA10, TYR69, ASN7 

 

Conclusion

Four mixed ligands transition metal(II) complexes have
been synthesized in this study and characterized by IR, UV-

Vis, ESI-mass, 13C NMR, 1H NMR and microanalytical data,
which corroborated the equimolar (1:1:1 (M:L:coligand))
stoichiometry of Cu(II), Co(II), Ni(II) and Zn(II) complexes
that adopt square planar geometry. Among the synthesized
complexes, Cu(II) complex possesses higher antibacterial and
antimicrobial activity than other metal(II) complexes. From the
results, it was observed that chelation plays in the development
of effective antibacterial activities. In vitro research with anti-
oxidants has been used to investigate how efficient complexes
are as a kind of protection against the DPPH free radical gene-
rator. The findings indicate that the complexes intercalatively
bind with DNA and a molecular docking analysis provides
additional evidence to confirm these results.

TABLE-4 
PREDICTION OF in silico ADMET PROPERTIES OF THE SYNTHESIZED COMPOUNDS 

Physico-chemical properties 
Compound 

TPSA (Å²) Molar 
refractivity 

Synthetic 
accessibility 

Number of  
H-acceptors 

Number of  
H-donors 

Number of 
rotatable bonds 

Bio activity 
score 

[CuL(MA)] 87.32 151.53 4.62 4 0 4 0.55 
[ZnL(MA)] 83.32 151.53 4.43 4 0 2 0.55 
[NiL(MA)] 83.32 151.53 4.27 4 0 2 0.55 
[CoL(MA)] 83.32 151.53 4.44 4 0 2 0.55 

 

Ni Ni 

Co Co

Fig. 6. Three dimension (3D) binding interaction of Ni(II) and Co(II) complexes with DNA (SARS Cov receptor 7ACS)
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