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ABSTRACT

The azo Schiff base ligand was synthesised, along with its Ni(II) complex, by diazotisation of
salicylaldehyde with 4-nitroaniline in accordance with the accepted literature approach.
Using a variety of spectroscopic techniques, the resulting complex is analysed both
quantitatively and qualitatively (Elemental analysis, FT-IR spectroscopy, UV-VIS
spectroscopy, H NMR, etc.). Spectral measurements of the complex revealed a mole ratio of
1:1. The non-electrolytic nature of the complex is confirmed by molar conductance
investigation. The unique azo compound had a tetrahedral shape as a result of the tetra
coordination of two phenolic oxygen and two imine nitrogen. The ability of the metal
complexes to bind DNA was examined using absorption spectroscopy, fluorescence
spectroscopy, viscosity tests, and thermal denaturation methods. Experimental research
suggests that complexes bind to DNA through intercalation.
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1. Introduction

Azo Schiff bases are compounds having both azo and azo-
methine groups. The azo group has excellent donor properties
which are important in coordination chemistry [1-3]. Azo
compounds show biological activities, such as bacterial [4] and
pesticidal [5] activities. The azomethine group has good donor
properties [6,7] and can form stable complexes with a
transition metal ion [8]. Schiff bases are well known to have
antifungal [9], antitumor [10], and antibacterial [11-16]
activities. Azo Schiff bases are synthesised mostly by coupling a
diazonium ion with an aromatic aldehyde to form what is called
'azo aldehyde'. The azo aldehyde is allowed to condense with
amines (alkyl or aryl) to form an azo Schiff base. The resulting
azo Schiff base possesses azo and azomethine groups in such a
way that the coordination of both groups to a metal ion is not
affordable. In addition, among the various organic chelating
ligands, Schiff bases bearing azo methane linkages are an
excellent class of chelating ligands that are able to coordinate
various metal ions and stabilise them in various oxidation states
and allow the application of Schiff base metal complexes in a
variety of catalytic organic transformations [17]. Schiff base
metal complexes are also used in many analytical fields, such as

calorimetric sensing of ions, corrosion inhibitors, metal extrac-
tion, etc. [18]. During the past decade, considerable attention
has been paid to the synthesis and study of azo-azomethane
compounds containing hydroxyl groups for intermolecular
proton transfer reactions [19]. The thermochromic and/or
photochromic behaviour of these classes of compounds can be
exploited from the electronic structure of these dyes [20].

In the chemotherapeutic approach to cancer treatment,
DNA is the target molecule. The unique properties of the metal
atoms present in the drugs help us develop metallopharma-
ceutics. Cis-platin is an efficient chemotherapeutic agent for
treating various types of cancers, such as sarcomas, small cell
lung cancer, ovarian cancer, lymphomas, and germ cell
tumours. These compounds palatinate the DNA present inside
the cell membrane through interstrand and intrastrand cross-
linking and the formation of adducts, usually through the amino
acid of guanine in the cell, as it is the most electron-rich site and
hence easily oxidised. Due to adduct formation, the distortion
produced results in the inhibition of DNA replication. In
addition to the effectiveness of cisplatin against cancer cells, it
has encountered several side effects such as anemia, diarrhea,
alopecia, petechia, fatigue, nephrotoxicity, emetogenesis, ototo-
xicity, and neurotoxicity.
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Scheme 1. Synthesis of 2,2'-((1E,1'E)-((methylenebis(3,1-phenylene))bis(azaneylylidene))bis(methaneylylidene))bis(4-((4-nitrophenyl)diazenyl)phenol) (HzL).

Recently, in the field of radiotherapy or chemotherapy,
transition metal complexes are widely used in the treatment of
cancer but they follow different mechanisms compared with
cis-platin and attack the mitochondria. In addition, they
enhance DNA damage and make the treatment target selective.
However, azo-azomethane-based transition-metal complexes
are very rare.

Nickel is a micronutrient essential for the proper func-
tioning of the human body, as it increases hormonal activity and
is involved in lipid metabolism. This metal makes its way to the
human body through the respiratory tract, digestive system,
and skin. When nickel enters the body, it is distributed to all
organs, but mainly in the kidney, bone, and lungs. Nickel is
found in the body at the highest concentrations in nucleic acids,
DNA, and RNA, and is thought to be somehow involved in
protein structure or function. It may activate certain enzymes
related to glucose breakdown or utilisation. Nickel may aid in
prolactin production and thus be involved in human breast milk
production. Nickel aids in iron absorption, as well as adrenaline
and glucose metabolism, hormones, lipids, cell membrane,
improves bone strength and may also play a role in the
production of red blood cells. The DNA interaction study of the
nickel-based metal complex is still to be explored. So, in this
research, we have reported the synthesis and physicochemical
characterisation of a new Ni(II) complex and studied its DNA
interaction ability.

2. Experimental
2.1. Materials and methods

3,3’-Methylenedianiline, salicylaldehyde, 4-nitroaniline,
nickel(Il) acetate, CT-DNA and ethidium bromide (EB) were
purchased from Sigma-Aldrich. Solvents (including absolute
ethyl alcohol, diethyl ether, dimethyl sulfoxide, etc.) were
purchased from SD Fine Chemicals, India. Solvents were
purified prior to use following a standard procedure from the
literature.

2.2. Physical measurements

The percentage composition of C, H, and N of the complex
and ligand was determined using the micro analytical method
on a Perkin Elmer 240C elemental analyser (USA). FT-IR
spectra of the ligand and its complex were recorded by using
KBr pellets in the 4000-400 cm? range using an FT-IR
spectrophotometer. The UV-visible spectra of the ligand and its
metal complexes were carried out in DMSO using a Jasco V-530

UV-vis spectrophotometer. NMR spectra were recorded on a
Bruker 400 MHz FT-NMR instrument using DMSO-ds as solvent
and tetramethylsilane [Si(CHs)4] as an internal standard. The
melting point of the ligand and the decomposition temperature
of the complex were determined using the open capillary
method. A fluorescence emission experiment was carried out
on a JASCO V-530 Spectrophotometer at room temperature.

2.3. Synthesis of 2-hydroxy-5-(4-nitrophenylazo)
benzaldehyde

The azo derivative of salicylaldehyde was prepared by
diazotisation of salicylaldehyde with 4-nitroaniline following
the standard literature procedure. In a typical experiment,
salicylaldehyde (1.22 g, 10 mmol) was dissolved in water (15
mL) containing 0.4 g (10 mmol) of NaOH and 4.24 g (40 mmol)
of Naz2COs for 30 minutes at 0 °C in 50 mL beaker. In another
beaker, 4-nitroaniline (10 mmol) was dissolved in water by
adding concentrated HCl in a required amount. The solution
was then cooled in a nice bath at 0 °C and solid NaNO: (10
mmol) was added slowly to the solution with constant stirring.
The salicylaldehyde solution was added dropwise to the
resulting diazonium chloride solution with constant stirring
and the temperature was maintained at 0 °C during the coupling
time. At 0 °C, the reaction mixture was stirred for an hour before
gently heating to room temperature. Filtering was used to
collect the reddish product, which was then rinsed with 100 mL
of 10% NaCl solution (Scheme 1).

2.4. Synthesis of ligand, H:L

An ethanolic solution of 2-hydroxy-5-(4-nitrophenylazo)
benzaldehyde (0.2 mol) was dropwise added to a hot ethanolic
solution of 3,3'-methylenedianiline (0.1 mol) and refluxed for 1
hour. The resulting brick-red-coloured ligand was filtered
numerous times, washed with ethanol, and ether, and then
vacuum desiccated to dry it. The synthesis of the ligand (HzL) is
shown in Scheme 1.

2,2'-((1E, 1'E)-((methylenebis(3,1-phenylene))bis(azaneylyli
dene)) bis(methaneylylidene)) bis(4-((4-nitrophenyl) diazenyl)
phenol) (HzL): Color: Brick red. Yield: 82%. M.p.: >250 °C. FT-IR
(KBr, v, cm1): 3447 (OH), 1618 (-C=N), 1099 (C-0). 1H NMR
(400 MHz, DMSO-ds, 8, ppm): 9.88 (s, 2H, OH), 9.29 (s, 2H, -
CH=N-), 8.45-6.55 (m, 22H, Ar-H), 3.75 (s, 2H, CHz). Anal. calcd.
for C39H28NsOs: C, 66.47; H, 4.01; N, 15.90. Found: C, 66.65; H,
3.93; N, 15.95%. UV/Vis (DMSO, Amax, nm): 430 (n-m*), 372 (m-
*).
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Scheme 2. Synthesis of Ni(II) complex.

2.5. Synthesis of Ni(ll) complex

By mixing an equimolar amount of an ethanolic solution of
the synthesised ligand HzL with an ethanolic solution of Ni(II)
acetate, the metal complex was synthesised. The resulting
reaction mixture was then refluxed for two hours at 70 °C,
during which time the Ni(II) metal complex precipitated. The
brown precipitate was removed by filtering, washing with
ethanol and drying in a vacuum desiccator (Scheme 2). Color:
Brown. Yield: 79%. M.p.: >250 °C. FT-IR (KBr, v, cm'1): 1599 (-
C=N), 1065 (C-0), 580 (Ni-0), 488 (Ni-N). 'H NMR (400 MHz,
DMSO-ds, 8, ppm): 8.57 (s, 2H, -CH=N-), 6.91-8.75 (m, 22H, Ar-
H), 3.60 (s, 2H, CHz). Anal. calcd. for C39H26NsOsNi: C, 61.52; H,
3.44; N, 14.72. Found: C, 61.98; H, 3.32; N, 14.77%. UV/Vis
(DMSO, Amax, nm): 360 (m-1*), 325 (d-d), 275 (m-1*).

3. Results and discussion
3.1. Characterization of the ligand and its Ni(Il) complex

According to elemental and other spectroscopic analyses,
all of the synthesised compounds, which are air stable, were
successfully prepared and both the ligand and the metal
complex are DMSO soluble and moisture insensitive. The
analytical data agree well with the calculated values and
support the formation of mononuclear Ni(Il) complexes with
metal-to-ligand ratio of 1: 1. The measured molar conductance
of the complex in DMSO fora ~1x10-3M at ambient temperature
is 13 which is consistent with the fact that the complex is not
electrolytic in nature [21].

To obtain a conclusive idea about the mode of coordination
of the ligand with the metal ion and the structure of the metal
complex, we compared the main IR bands of the metal complex
with those of the ligand. The appearance of a strong band at
1450 cmin the IR spectra of 2-hydroxy-5-(4-nitrophenylazo)
benzaldehyde confirms the diazotisation. The FT-IR spectra of
the ligand (Hz2L) showed a strong broad absorption band at
3447 cm1; This band was assigned to the OH of the ligand. This
OH band vanished in the Ni(Il) complex, indicating the
involvement of the oxygen atom of the OH group in the
coordination of the Ni(Il) ion. Azomethine v(C=N) causes the
Schiff base to exhibit a recognisable strong band at 1618 cm1.
This band shifts to 1599 cm-in the complex, demonstrating the

involvement of azo methane nitrogen in complexation [21]. The
shift in the v(C-0) band of the ligand from a higher frequency at
1099 cm! to a lower frequency at 1065 cm? in the Ni(Il)
complex provides additional evidence that the O atom of the
phenolic OH group coordinates with a metal ion. The formation
of two non-ligand bands at 580 and 488 cm-! attributable to (Ni-
0) and (Ni-N), respectively, in the FT-IR spectra of the complex
confirms the involvement of phenolic O and azomethine N in the
complexation. As a result, the FT-IR results point to the possi-
bility of a tetrahedral geometry for the Schiff base ligand, which
is coupled to Ni(Il) via azomethine N and deprotonated
phenolic O.

The presence of azomethine proton (-CH=N-) caused the
synthesised Schiff base to exhibit a singlet at about § 9.29 ppm
[22]. However, in the presence of the complex, this -CH=N- peak
is displaced to & 8.57 ppm, indicating that azomethine nitrogen
was involved in the coordination of Ni(II). Furthermore, the
ligand displayed a signal at § 9.88 ppm due to a proton of the
hydroxyl group (OH), which vanishes in the compound and
indicates that the OH group was deprotonated during
complexation [23]. All azo-azomethine compounds showed
multiplate aromatic protons in the range of 6 6.91-8.45 ppm.

The synthesized azo-azo methane derivative (HzL) and its
metal complex’s the UV-Visible spectra were recorded in DMSO
at ambient temperature. The electronic absorption spectra of
the ligand (HzL) showed mainly two types of bands. The first
band at 372 nm can be attributed to the m-m* energy changes of
the aromatic ring, while the n — m* transition of the azo and azo
methane chromophore causes the second band at 430 nm.
During complexation, the m — ©* band and the n - m* bands
experience a blue shift. Furthermore, there is a hump that
appeared near 325 nm and is related to the d — d transition
[23].

3.2. DNA binding study
3.2.1. Electronic absorption titration

A key approach to examine how DNA interacts with small
compounds is to study the interaction through absorption
spectroscopic titration. Changes in absorbance and wavelength
arise from the binding of a metal complex to DNA in an
intercalative manner.
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Figure 1. Absorption spectra of the Ni(II) complex in the absence and presence of CT-DNA at increasing concentrations (0-15 uM), Inset: plot for the binding

constant (Kb).
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Figure 2. DNA-bound EB emission spectra in the absence and presence of an increasingly Ni(II) complex (0-30 pM), Inset: plot for the quenching constant (Ksv).

In a solvent mixture of 1% DMSO and 99% Tris-HCI buffer,
the binding affinity of the metal complex with CT-DNA was
investigated using a fixed concentration of the complex to
which increasing amounts of CT-DNA solution were added. To
eliminate the absorbance of free CT-DNA, an equal amount of
CT-DNA was added to the complex solution chamber and the
reference chamber before recording the absorption spectra.
Strong stacking interactions between DNA base pairs and
aromatic chromophores, which point to an intercalating
mechanism of binding, caused changes in absorbance and
wavelength (2.5 nm for the n - w* band) as DNA was added to
the chamber of complex solution in stages (Figure 1) [24].
Utilising the Wolfe-Shimer equation, the intrinsic binding
constant (Kb) was calculated to calculate the capacity of the
metal complex to bind to CT-DNA:

[DNA]/(€a-Er) = [DNA]/(Ev-Ef) + 1/Kb(Ea-Er) (1)

and the value of Ky is (2.1+0.2)x104 M1,
3.2.2. Fluorescence emission spectroscopy

An ethidium bromide (EB) displacement technique was
used in a competitive binding experiment to confirm the
manner of binding of the complex to CT-DNA. Due to the planar
phenanthridine ring of EB intercalating between adjacent DNA
base pairs, the EB-DNA couple exhibits a strong emission band
at 592 nm [25]. If a foreign molecule that can intercalate to DNA

equally or more strongly than EB is added to the EB-DNA
solution, the emission band of the EB-DNA couple will be
noticeably quenched [26]. In tris-HCI buffer, the competitive
binding experiment was carried out while maintaining
[DNA]/[EB] = 1.13 and increasing the concentration of the
complex. The intensity of the emission in the EB-DNA solution
decreased significantly with the addition of Ni(Il) complex
solution (Figure 2). This decrease in the EB-DNA emission
intensity after the addition of the Ni(II) complex points to the
EB displacement, which can be distinguished as an intercalative
manner of binding. Using the conventional Stern-Volmer
equation, the quenching constant or quenching strength (Ksv) of
the complex toward the EB-DNA conjugate was further
calculated. Io/I = 1 + Kswxr, where I and Io are the fluorescence
intensities in the presence and absence of the quencher and r is
the ratio of the total concentration of the complex to that of
DNA. The calculated value of Ksv for the Ni(II) complex is
(1.8£0.3)x10*M-1. Therefore, the observed quenching suggests
the remarkable ability of the Ni(II) complex to displace the
intercalator EB from the EB-DNA conjugate and indirectly
reveal the intercalative mode of binding to DNA.

3.2.3. DNA melting study

The study of DNA melting is a crucial tool for determining
the degree of intercalation. The melting temperature increases
as a result of the intercalation of foreign molecules into DNA
base pairs (Tm).
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Figure 4. Effect of increasing amounts of EB and Ni(II) complex on the relative viscosity of CT-DNA.

To conduct this experiment, solutions of CT-DNA and the
complex were made in a solvent mixture of 1% DMSO and 99%
Tris-HCI buffer. The melting curve of the CT-DNA solution is
shown in Figure 3 in both the absence and the presence of the
Ni(II) complex. When the Ni(II) complex was included, the
measured Tm for the CT-DNA solution increased substantially
to 88.0 °C. Increased Tm value encourages intercalative binding
of the Ni(II) complex [27].

3.2.4. Viscosity measurement

Hydrodynamic tactics (like viscosity measurement), which
are sensitive to the length of DNA, are substantial tools for
investigating the binding mode of metal complexes to DNA. An
intercalative mode of interaction results in an increase in
viscosity values because of the lengthening of the DNA helix.
Viscosity measurements were carried out using a capillary
viscometer (Ostwald viscometer) thermostated at 25+1 °C
keeping the concentration of CT-DNA (100 pM) constant while
varying the concentration of the complex (10-100 uM). The
relative viscosity of DNA in the absence (1) and presence (1) of
the Ni (II) complex was measured using the relation: n = (t-
to)/to, where t is the flow time of the CT-DNA complex solution
and teis the flow time of the buffer alone in seconds. The results
obtained were represented as (n/mo)/3 versus 1/R (R =
[DNA]/[Complex]). Here, with increasing concentration of the
Ni(II) complex, the relative viscosity of DNA increases sharply,
similar to the nature of the well-known intercalator EB (Figure
4) suggesting intercalative binding.

3.2.5. DNA cleavage study

pUC19 DNA solutions were prepared and diluted with
loading dye using 1% agarose gel to perform cleavage assays. 3
puL of EB (0.5 pg/mL) was added to each solution and
thoroughly mixed. The following stage involved the pouring of
warm agarose and immediately using a comb to hold it securely
to form sample wells. A sufficient amount of electrophoretic
buffers was added to the gel in the electrophoretic tank to
completely encapsulate it at a depth of 1 mm. The loading dye
was combined with the DNA sample (20 uM), 30 uM complex,
and 10 pM H202 in the aforementioned buffer (pH = 7.2) and
then pipetted into the well of the submerged gel. A 50 mA
electric current was passed and the gel was taken out from the
buffer. After the gel had undergone electrophoresis using
various concentrations of Ni(II) complex in the presence of
H20., it was photographed under UV light. DNA is converted
from its supercoiled (Form I), nicked (Form II), and linear
(Form III), determining the capacity of the complex to cleave
DNA (Form III) [28]. The result of DNA cleavage is shown in
Figure 5.

Control experiments (lanes 1 and 2) and in the presence of
ligand (lane 3) show no DNA cleavage because there is no metal
complex in role; however, increasing the concentration of the
complex (lanes 4-6) shows that the percentage of Form I
steadily decreases while Form II increases. This suggests that
the complex acted on supercoiled plasmid DNA, as there was a
significant difference in the complex bands compared to the
control DNA bands. However, there is no discernible difference
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Figure 5. Changes in the electrophoretic pattern of the agarose gel of the plasmid DNA of pBR322 induced by H:0: for the ligand and Ni(II) complex. Lane (I):
DNA control, Lane (II): DNA + H20z, Lane (III): DNA+ 10 uM ligand + H202, Lane (IV-VI): DNA + Ni(II) complex + H202, [complex] = 5, 10, 15 pM, respectively.

(b)

Figure 6. (a) Molecular surface view of the protein molecule and the complex molecule docked at its binding site. (b) The molecular interaction of the DNA

dodecamer with the synthesised complex.

in the bands between ligand and control DNA. The experiment
is influenced by hydroxyl radicals or peroxo species released by
H202. The presence of smears in the gel photograph suggests
radical cleavage [29]. Various research groups have reported
the detailed mechanism of DNA cleavage by a metal complex in
the presence of H202 [30]. Because the synthesised complex is
efficient in cleaving the supercoiled plasmid DNA into an open
circular form, it can be inferred that the complex may inhibit
pathogen growth by cleaving the genome.

3.3. Molecular modeling analysis

The AutoDock Vina programme was used to perform
molecular docking experiments (version 1.1.2). The RCSB PDB
(https://www.rcsb.org) was used to extract the X-ray
crystallographic structure of the receptor protein, which was
then used for molecular docking studies against the Ni(Il)
complex. The PDB ID for the protein with receptor structure is
1BNA, and the grid dimensions for the x, y, and z axes range
from 44, 50, and 80. By eliminating the water molecules and
adding polar hydrogens, the protein of interest was prepared.
The Ni(II) complex displayed distinctive DNA binding and
cleaving capabilities, according to the study of DNA
interactions. These earlier assertions are therefore supported
by a high affinity of magnitude -10.6 kcal/mol in the auto-dock
Vina environment. Overall, the results show that the Ni(Il)
complex interacts strongly with DNA (Figure 6).

4. Conclusions

In this paper, a novel azo-azomethane Schiff base and its
Ni(II) complex have been synthesised and characterised by
using different physical and spectroscopic techniques. All
analytical results suggest the tetrahedral geometry of the
synthesised complex. The DNA binding to the Ni(II) complex
was studied using CT-DNA and it indicates that the synthesized
complex can act as a metallo intercalator. Furthermore, the
molecular docking of the Ni(II) complex was carried out using
Autodock vina tools. A receptor protein 1BNA was used for
docking and a high affinity of magnitude -10.6 kcal/mol was
obtained which gave depth to the earlier findings.
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