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Abstract. Two complexes, diaquabis[2-(1H-tetrazol-5-yl)pyrazinato]-Copper(II) (1) and Cobalt (II)(2), are
synthesized by microwave irradiation. These complexes are characterized by IR, PXRD, SEM-EDX, and
TGA-DTG studies. Single crystal studies of complex 1 are carried out to reveal its octahedral structure.
Hirshfield analysis is conducted to show the hydrogen bonding interactions. TGA\DTG data revealed that the
compounds decompose in three stages at 600 C. The complexes exhibited photocatalytic activity by
degrading methyl orange, methylene blue, and congo red dyes. The synthesized compounds were evaluated
for their biological potentials against DNA binding studies on calf thymus, DNA Cleavage activity on
pBR322 plasmid DNA in the absence and presence of H2O2. Anti-bacterial activity is shown by both the
complexes. Molecular docking is done to show the effective inhibition of bacterial proteins.
Keywords. Pyrazine tetrazole ligand; Microwave irradiation; Cu(II) and Co(II) complexes; Biological
activities.

1. Introduction
The wide biological spectrum of coalescence of
heterocyclic chemistry has gained much attention in
drug discovery1–5 because of their varied applications
in all fields of science. Among many heterocycles,
tetrazoles are found to have a lot of pharmacological
properties such as anti-bacterial, anti-fungal, anti-viral,
anti-cancer and more.6–14 The other heterocycle is
pyrazine which contains two nitrogen atoms in a sixmembered ring. The derivatives of pyrazine have their
applications in food, medicines, dyes, semi-conductors, and act as ligands in coordination chemistry.15–19
Pyrazine ring plays an important role as a basic scaffold in drug designing,20 such as glipizide, pyrazinamide, and bortezomib, to treat anti-diabetic,
antitubercular, and anticancer.21–24

*For correspondence

When these both heterocycle fragments combine
together their biological activity is more enhanced.
The (1H-tetrazole-5-yl)pyrazine derivatives are found
to show antimicrobial, antiallergic biological activities.25,26 When combined with metal complexes, the
nitrogen-containing organic compounds exhibit various biological activities and DNA binding activity.27,28 In addition to biological activities, this type of
metal complexes are found to exhibit photocatalysis
capable of degrading organic dyes.29
Extensive research is being carried out to develop
new strategies to find easy and efficient ways for their
synthesis. In this context, the idea of microwave
activation has come to light as their synthetic methods
are proved to be more advantageous than the conventional methods. There are various methods reported for the synthesis of (1H-tetrazol-5-yl)pyrazine.30
An alternative method for synthesis of (1H-tetrazol-5yl)pyrazine metal (Cu, Co) complex by one-pot
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microwave-assisted is discussed here. This reaction
takes place in 10 min compared to conventional
organic methods, which would occur on an average of
6-8 h. In contrast, the reported reaction is very fast,
energy-efficient, and does not require any intermediates separation.
Based on the literature survey, we found that the
(1H-tetrazole-5-yl)pyrazine metal (Cu,Co) complexes
biological parameters are not discussed earlier. So, we
tried to explore the biological aspects of these complexes through their DNA binding, DNA cleavage, and
anti-bacterial activities. The molecular docking is also
performed to show how effectively the complexes
bind to the bacterial proteins. The photocatalytic
activity is also carried out with various dyes.
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(2): Sodium azide (30 mg, 4 mmol) and
CoCl2.2H2O (50 mg, 0.3 mmol) is dissolved in 7 mL
of solvent (H2O and DMF (1 mL: 6 mL)) separately
(Figure 1). To this, pyrazine-2-carbonitrile (100 mg, 1
mmol) is added, which gives a violet color. This
mixture is taken in a monowave vial, and the reaction
is carried for 10 min at 130 C. The mixture after the
reaction is cooled to room temperature, resulting in the
orange precipitate deposition on the vial walls. The
precipitate is filtered and air-dried. Anal.Calc. for 2 : C
40.21; H 2.33; N 41.41. Found: C 40.53; H 2.59; N
41.63. IR (cm-1): 3321, 3081, 2394, 2287, 1649,
1533,1448, 1417, 1372, 1282, 1167, 1072, 1037, 864,
770, 720, 579,

2.3 Characterization
2. Experimental
2.1 Materials
Pyrazine 2-carbonitrile, sodium azide was purchased
from Sigma-Aldrich. Copper chloride, Cobalt chloride
were of reagent grade. Other chemicals were of Analytical Reagent grade and are used without further
purification. The Agarose, which is used in gel electrophoresis, is purchased from Sigma-Aldrich, CTDNA, and plasmid pBR322was purchased from Genie
Biolabs, Bangalore, India.

2.2 Microwave synthesis
2.2a Microwave synthesis of diaquabis[2-(1Htetrazol-5-yl)pyrazinato]-Copper(II)
Complex
(1): Sodium azide (30 mg, 4 mmol) and
CuCl2.2H2O (50 mg, 0.3 mmol) is dissolved in 7 mL
of solvent (H2O and DMF (1 mL: 6 mL)) separately.31
To this, pyrazine-2-carbonitrile (100 mg, 1 mmol) is
added, which gives greenish-brown color. This
mixture is taken in a monowave vial, and the
reaction is carried for 10 min at 130 C. The mixture
after the reaction is cooled to room temperature,
resulting in blue residue deposition on the vial walls.
The precipitate is filtered and air-dried to form blue
colored single crystals.Anal.Calc. for 1: C 31.33; H
2.43; N 44.52. Found: C 31.22; H 2.12; N 44.21. IR
(cm-1): 3329, 3090, 2359, 2263, 1732, 1670, 1567,
1500, 1455, 1430, 1374, 1301, 1164, 1072, 1045, 807,
759.
2.2b Microwave Synthesis of diaquabis[2-(1Htetrazol-5-yl)pyrazinato]
Cobalt(II)
Complex

Infrared spectra were performed on an Agilent ATR
benchtop spectrometer. Elemental analysis is carried
out on a Perkin Elmer 2400 CHNS elemental analyzer.
SEM analysis is done on Zeis Evo SEM and EDAX on
Oxford instruments. Thermogravimetric analysis is
carried on TGA 55 from TA instruments by heating
the complexes under a continuous N2 flow (60 mL
min-1) from 0 C to 1000 C at a rate of 10 C/min.
Powder X-ray diffraction (PXRD) is performed on
Rigaku automatic diffractometer (ULTIMA-IV,40
kV,30MA). Single crystal is analyzed on a CryoLoop
(Hampton Research Corp., at IIT Hyderabad) placed
in a stream of nitrogen at 150 K, with a layer of light
mineral oil. Measurements were recorded on an
OxfordSupernova X-Calibur Eos CCD detector CrysAlisPro, Agilent Technologies, Version 1.171.35.19.
The collected data were solved, and the structures
were refined by direct methods (SIR92) using
SHELXL-97. The structure of the molecule is drawn
using ORTEP-3
2.4 Hirshfield surface analysis
Based on the single-crystal X-ray diffraction results,
the Hirshfield surfaces and 2D fingerprint plots were
generated using Crystal Explorer17.5. The contact
distance, which is normalized, is obtained from the
equation:
dnorm ¼

di  rvdW
de  rvdW
i
e
þ
vdW
r
rvdW
e
i

Where de is the distance of any point to the nearest
exterior atom, di is the interior, and Van der Waals
radii, respectively.32–34 The sum of di and de, if shorter
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Figure 1. Synthesis method of the Complexes.

than the sum of Vdw (Van der Waals radii), is the
closest contact, gives a negative value of dnorm, and is
observed as red color in the Hirshfield surfaces. The
intermolecular distance equal to Van der Waals radii
with dnorm equals to zero is observed as white color.
The intermolecular distance longer than Van der
Waals radii with dnorm of positive value is observed
as blue colour. A 2D fingerprint plot of di vs de shows
the different types of intermolecular interactions.
2.5 Photocatalytic activity
The two complexes 1 and 2 are evaluated for photocatalytic activity by the degradation of methyl orange,
Methylene blue, and congo red dyes. The dyes were
taken at a concentration of 10 mg/l in water. 20 mg of
the compounds were dispersed in 100 mL of aqueous
dyes and are kept under UV light. The samples are
collected at an interval of 30 min at first and later at

60 min and are centrifuged and analyzed by UV-VIS
spectrophotometer.35,36
2.6 Biological activity
2.6a DNA
Binding
activity: A
UV-Visible
spectrophotometer does the spectroscopic absorption
to determine the binding strength of CT-DNA with
metal complexes. The absorption spectra of the metal
complexes with and without CT-DNA are observed
from 250-350 nm. The absorbance ratio of 1.8-1.9 at
260/280 nm indicates that the DNA is sufficiently free
of protein.37 Stock solutions of CT-DNA were freshly
prepared in Tris-HCl/NaCl buffer and stored at 4 8C.
The DNA concentration per nucleotide was
determined from the molar absorption coefficient of
6600 M–1 cm–1 at 260 nm. The stock solution of the
metal complexes was prepared by using 5 mM
Tris.HCl buffer in 50 mM NaCl at a pH 7.2.
Increasing amounts of DNA are added, keeping the

Figure 2. Experimental and simulated pattern of complex 1 and complex 2.
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Figure 3. SEM images of Complex 1 at 200 lm, 20 lm, 10 lm & EDX Spectrum of Complex 1.

complex solution concentration fixed, and UV–Vis
absorptions are taken after each addition. Before
measuring, the complex-DNA solutions are
incubated for 30 min at room temperature. An equal
amount of DNA was added to both complex and
reference solutions to eliminate DNA absorbance
while measuring. Then the absorbance is taken after
the addition of CT-DNA to the complex.
2.6b DNA cleavage activity: The DNA Cleavage
activity is performed using pBR322 plasmid DNA
with metal complexes through gel electrophoresis.38
The electrophoresis was carried on an agarose gel at a
constant voltage under an electric field’s influence.
This method involves incubating freshly prepared
samples from the stock solution of complexes in
DMSO, with pBR322 plasmid DNA in 0.1 lg/
LlinTris-HCl buffer (0.05 M, pH7.4), at 37 C for
2 h. The gel is loaded with DNA, samples, and buffer
and allowed to move up to 75% of the gel with
constant voltage (80V). Then it is destained and
viewed under transilluminator and photographed.
2.6c Test of anti-bacterial activity: A collection of
four organisms, including Gram-positive and Gramnegative organisms, were used for this antibacterial

activity, such as Escherichia Coli, Pseudomonas
aeruginosa, Bacillus cereus, Streptococcus aureus.
The compounds are tested for antibacterial activity
following a standard procedure using nutrient agar as a
medium.39
2.6d Molecular docking: Molecular docking is
done to know the effectiveness of the inhibition of
bacteria on the complexes basing on the binding
energies. The molecular docking is done by
downloading the bacterial proteins from PDB. The
downloaded proteins are 1WXH (E.coli), 2DHN
(S.aureus), 5NCD (B.cereus). The docking is done in
Pymol software and the visualization in Discovery
Studio using the optimized structure obtained from
Gaussian.

3. Results and Discussion
3.1 Characterization
3.1a PXRD analysis: PXRD is performed to know
the bulk purity of the molecular species. Powder XRD
patterns for complex 1 and complex 2 matched with
their simulated pattern obtained from the SCXRD,
indicating their phase’s purity.40 Powder XRD for
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Figure 4. SEM images of Complex 2 at 200 lm, 20 lm, 20 lm & EDX Spectrum of Complex 2.

Figure 5. TGA & DTG graphs of Complex 1 and 2

Complexes 1 and 2 show sharp, intense peaks below
30 is shown in Figure 2.
3.1b SEM and EDX: SEM analysis is used for
knowing the change in surface morphology. EDX
gives information about the elemental distribution.

The complexes showed images of particle size of
20 lm. Complex 1 showed an irregular pattern of
particle size up to the range of 10 lm while complex 2
showed homogenous particles with a particle size up
to 20 lm. EDX spectrum for complex 1 shows the
presence of copper with weight 3.72% and atomic

30
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Figure 6. a. ORTEP of Crystal structure of Complex 1. b. p-p- stacking interactions.

0.79% and for complex 2 shows the presence of cobalt
with weight % 5.48 and atomic % 1.30 (Figures 3, 4).
3.1c TGA analysis: Thermogravimetric analysis is
used for studying the decomposition and thermal
stability of a sample. The data published for thermal
analysis for pyrazine tetrazole complexes up to
600 C40 matches the present data. The thermal
behavior of complexes involves a three-step process

during weight loss. The first step involves the loss of
water molecules coordinated to the metal complex. The
second step corresponds to the decomposition of a
cyano-pyrazine group leaving the cyano group on the
metal atom and liberating the pyrazine (ligand) moiety.
The third step after the ligand moiety departure gives
the metal oxide left as a residue (Figure 5).
In complex 1 at 120–130 C, there is a loss of 10%
weight due to the loss of a water molecule.
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Table 1. Crystal data and structure refinement parameters for complex 1.
Formula

C10 H8 Cu N12 O2

Formula weight(M)
T(K)
Wavelength(Mo Ka) (Å)
Crystal system,
space group
Lattice constants
a(Å)
b(Å)
c(Å)
a(8)
b(8)
c(8)
V(A3)
Z
Calculated density q (Mg m-3)
Absorption coefficient l(mm-1)
F(000)
Crystal size (mm)
Theta range for data collection (8)
Limiting indices

398.02
293(2)
0.71073
Monoclinic
C 1 2/c 1’
13.013(4)
7.334(2)
16.897(5)
90
101.807(10)
90
1578.5(8)
4
1.675
2.105
785
0.20 x 0.15 x 0.15 mm
2.45 to 25.00
-16 B h B 16;
-8 B k B 9;
-21 B l B 19
10747 / 1558 [Rint = 0.0311]
99.9
Semi-empirical from equivalents
0.7653 and 0.6635
Full-matrix least-squares on F2
1730 /0/123
R1 = 0.0299a, wR2 = 0.0837b,c
R1 = 0.0357a, wR2 = 0.0873b,c

Reflections collected/unique
Completeness to h(%)
Absorption correction
Maximum and minimum transmission
Refinement method
Data/restraints/parameters
Final R indices [I [ 2r(I)]
R indices (all data)

Table 2. Bond Lengths [Å] and Angles [] for complex 1
Bond length [Å]

Figure 7. Hydrogen bond network of complex 1.

At 300–315 C, there is a sudden decrease in the graph
due to cyano-pyrazine decomposition and liberating
the pyrazine moiety, leaving the cyano group on the
metal atom, which is further oxidized to give the final
residue as a metal oxide. The metal residue left is 16%
at 593 C.

Bond angles []

Cu1

N3

1.9863(16)

N1

Cu1

N1

180.00(7)

Cu1
Cu1

N1
O1

2.0552(17)
2.448

N3
N1
O1

Cu1
Cu1
Cu1

N3
N3
O1

180.0
98.89(7)
180.0

In complex 2 at 220–240 C occurs the loss of water
molecule. At 360–385 C, there is a gradual decrease
in the graph releasing the ligand (pyrazine) group. The
cyano group on the metal is oxidized to give metal
oxide 25% as residue at 593 C.
3.1d Description
of
crystal
structure:
XRD analysis
Copper complex crystallizes in the monoclinic
space group C12/c, ORTEP view of complex 1
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Figure 8. Hirshfeld surfaces of complex 1 mapped with
(a) d norm and (b) shape index.
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Figure 10. Optimized structure of Complex 1.

Figure 9. Fingerprint plot of all C-N, N-N, H-H, and N-H contact percentages for complex 1.

showed in Figure 6a. In a copper complex, PT ligand
coordinated to a metal atom in a bidentate fashion
through N of pyrazine (the bond length of Cu–N is
2.055Å) and N of tetrazole (the bond length of Cu–N

is 1.986Å). Copper metal surrounds two PT ligands,
and two water molecules fulfil octahedral geometry.
Two PT ligands are in one plane, and two water
molecules are nearly perpendicular to the ligand plane.

J. Chem. Sci. (2022)134:30
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Figure 11. HOMO–LUMO band gap of complex 1 and 2.

These results are well-matched with reported similar
copper complexes.41 The crystal data and structure
refinement parameters for complex 1 are given in
Table 1.
Copper complex shows strong intermolecular p-pstacking interactions between the pyrazine and

tetrazole (with face-face radius ca. 3.851 Å). Complex
shows another intermolecular p--p- stacking interactions between the tetrazole and tetrazole (with faceface radius ca. 3.506 Å) (Figure 6b).
In the copper complex, mainly O–H  N type of
strong intermolecular hydrogen bonds are present

30
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Figure 12. Electrostatic potential for complex 1.

between the nitrogen of tetrazole and the oxygen atom
of a coordinated water molecule. A view of the
hydrogen bond network of the copper complex is
shown in Figure 7. Selected hydrogen bond lengths
and angles are listed in Table 2.
The complex is well stabilized due to the existence
of intermolecular p– p-, p-– p-and Hydrogen bonding
interactions.
3.1e Hirshfield surface and void analysis: The 2D
fingerprint plot resulted from the analysis of Hirshfield
surfaces for the copper complexes from the CIF data
obtained from the Crystal Explorer 17.5 is shown in
Figures 8 a & b. The dnorm, three-dimensional curved
shape, and shape index for complex 1 showed different
color mapping results from the different
intermolecular interactions in the crystal. The
intermolecular packing of the copper complex is
stable due to H-bonding interactions, which represent
the red spots mapped over surfaces of dnorm. The red
spots which are large in the copper complex are due to
intermolecular hydrogen bonding (N…H) interaction
between H of a water molecule and N of tetrazole, as
shown in Figure 8a. An essential tool used to
distinguish between H-bonding acceptor and donor is
shape-index mapping. In a shape index, large blue
color area (near to square planar) indicates an
H-bonding donor, and a large red color lobes area
indicates an H-bonding acceptor (Figure 8b, square
box donor and circle acceptor in shap e index). The
copper complex in a fingerprint plot shows an
important characteristic of Hydrogen bonding
interactions (the % of N…H contact is 44.1%), the
N...H interactions are represented by a spike in the
bottom [left (donor), right (acceptor)]. Another
significant interaction is in a copper complex is the
H…H interaction (the % of H…H contacts is
25.1%), which reflected in the middle of the
scattered point of the 2-D fingerprint plots. 2-D
fingerprint plots of tetrazole-copper complex,
remarkable interactions are C-N (the % is 11.4)
and N-N (the % is 4.8).42
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3.1f DFT: For the copper complexes, DFT theory
calculations were carried out at the B3LYP level43,44
with the basis set 6-31g(d,p) by using Gaussian9
program.45 The vibrational frequency calculations
were performed simultaneously; no imaginary
frequencies were observed, which indicates that the
copper complex was fully optimized. The electrostatic
potential surface (ESP) was calculated at the same
level and visualized using GaussView 5 (Figure 10).
The frontier molecular orbitals (FMOs) approach
plays a vital role in understanding the reactivity of
kinetic stability, energy levels, and molecular
reactivity.
For the copper complex (1), calculated molecular
energies of the HOMO is -6.895 eV for a orbital, 7.128 eV for b orbital, and energies of the LUMO is 2.66 eV for a orbital, -.2779 eV for b orbital. The
HOMO–LUMO bandgap of the copper complex is
4.235 eV for a orbital and 4.349 eV for b orbital.
For the cobalt complex (2), calculated molecular
energies of the HOMO is -6.672 eV for a orbital, 6.284 eV for b orbital, and energies of the LUMO is 2.708eV for a orbital, -2.718eV for b orbital. The
HOMO–LUMO bandgap of the copper complex is
3.964 eV for a orbital and 3.566 eV for b orbital
(Figure 11).
The electrostatic potential of complexes 1& 2 show
similar properties. The negative region appeared at N
of tetrazole on the electrostatic potential, shown in red,
corresponds to hydrogen bond acceptors. In contrast,
the positive region that appeared at water molecule on
electrostatic potential, shown in blue, corresponds to
hydrogen bond donors. These results confirm a strong
intermolecular hydrogen bond between N of tetrazole
and coordinated water molecules (Figure 12).

M1 N3
M1 N1
M1 O1

Exp

Cu - Complex

Co - Complex

1.9863(16)
2.0552(17)
2.448

1.948
2.08
2.45

1.9237
1.9922
2.2951

M= (Cu, Co)
3.1g Photocatalytic activity: Complexes 1 and 2
are dispersed in aqueous dye solutions and are
irradiated under UV light. At certain time intervals,
5ml of the supernatant layer of the dye is taken,
centrifuged, and are tested for absorbance by UV-Vis
Spectrophotometer. Here we have taken an average of

J. Chem. Sci. (2022)134:30
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Figure 13. Absorption spectra of Methylene Blue (MB), Methyl Orange (MO), Congo Red (CR) solutions with the
presence of Complex 1 and 2.

4hours to determine the degradation efficiency of the
dyes when mixed with complexes 1 and 2. The
degradation of dyes is measured by observing the

absorbance at their characteristic absorption peaks. For
methylene blue, it is at 664 nm, for methyl orange at
464 nm, and congo red at 498 nm. Figure 13 shows the

30
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source and at the interface a charge separation occurs.
This generates holes that are reduced by electrons thus
reducing their band gap. This results in the photocatalytic reduction of organic dyes.48
3.2 Biological activity

Figure 14. Degradation percentage of three dyes of
Complex 1 and 2.

absorption spectrum of complex 1 and 2 with three
different dyes. For methylene blue, complex 2 (91%)
showed better degradation than complex 1 (76%). In
methyl orange, complex 1 (90%) degraded well
compared to complex 2 (78%). For Congo red, both
complexes 1 and 2 showed better degradation up to
90% (Figure 14).46
The degradation of dyes by the metal complexes is
attributed mainly due to the presence of N-containing
ligands and the metal complexes. N-containing ligands
form p-p transitions by light absorption, which induces shift of absorption band to higher wavelengths
allowing more radiation for degradation of dyes.47 The
metals in the complexes absorb photons from the light

3.2a DNA binding activity: The UV-Vis absorption
spectrum of complexes shows increasing absorbance,
exhibiting bathochromic shift (redshift) and
hyperchromism, as shown in Figure 15. The binding
tendency was determined by monitoring the change of
the
complex’s
absorbance
when
CT-DNA
concentration was increased. Due to the planar
pyrazine tetrazole ring’s pi stacking nature,
synthesized complexes binding nature has become
significant. Bathrochromic shift is observed due to the
binding of complexes to CT-DNA through external
contact (electrostatic or groove binding).
In the electronic absorption spectra, the spectral
features of DNA related to double helix structure
changes when it combines with metal complexes are
referred as hyperchromism and hypochromism.
Hyperchromism refers to the breakage of DNA secondary structure, while hypochromism refers to
intercalation of binding strength.49
The absorption band at 296 nm for complex 1 and
295 nm for complex 2 is observed to be intra-ligand p–
p* transition. Due to the large planar area and more
extended p system, the ligand in the present complexes
is considered as intercalative ligand.50 The

Figure 15. Absorption spectra of complex 1 and 2 with increasing concentrations of DNA.
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Figure 16. Agarose gel (1%) showing the electrophoresis
of 1 lL (0.10 lg/mL) pBR 322 plasmid DNA,2 ll of Tris–
HCl (pH7.4) buffer: Lane 1: Marker; lane 2: DNA
(control);lane 3: DNA ? 1 ; lane 4: DNA ? 1? H2O2;
lane5: DNA ? 2; lane 6: DNA ? 2 ? H202.

hyperchromicity and bathochromic shift show the
intercalative binding mode which involves p stacking
interaction between the aromatic chromophore and
DNA base pair.51 The increase in absorbance values
accounts for the strong interactions between the base
pairs of DNA double helix and the metal complex.52
3.2b DNA cleavage activity: The nuclease activity
of the present pyrazine tetrazole complexes is
investigated on pBR322 plasmid DNA by agarose
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gel electrophoresis in the presence and absence of
H2O2 60-min incubation period shown in Figure 16.
Lane1 is the marker, and Lane 2 is DNA, and other
lanes 3 and 5 contain complexes, and lanes 2 and
4contain complexes with oxidant. In the presence and
absence of oxidants, all complexes showed cleavage
activity at micromolar concentration.53
When DNA is exposed to gel electrophoresis, the
DNA strand which has fast mobility is supercoiled
conformation (Form I). On further increasing concentration of complexes, the supercoiled changes to
nicked circular (Form II) due to cleavage of one DNA
strand. This form shows slow mobility than supercoiled. Later, when both DNA strands are cleaved, a
linear form (Form III) is observed, which is present in
between Form I and Form II.54 In Figure 16, the
complexes showed three forms, out of which Form I
decreases and Form II increases showing that the
complexes are cleaving DNA strands.
In the presence of H2O2 shown in Figure 16, the
complexes showed better cleavage activity in converting DNA from Form I to Form II and Form III.
This is due to the generation of singlet oxygen
involved in the DNA cleavage process, which is
obtained from the reaction of the metal complex,
and H2O2 is involved in the DNA cleavage
process.38

Figure 17. Antibacterial activity of Complex 1 and 2 by Agar well diffusion carried on S.aureus, B.cereus, E.coli, and
P.aeruginosa along with control in different concentrations 25 lL, 50 lL, 75 lL, 100 lL.

30
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Table 3. Diameter of Zone of inhibition (mm) of complexes 1 and 2 with four different
concentrations along with control.
Test Organism

Compound - 1

E. coli
Staphylococcus
Bacillus cereus
Pseudomonas

25 uL
3.1±024
2.1±0.26
6.3±0.20
3.2±0.45

50 uL
3.4±041
3.0±0.37
6.8±0.32
4.7±0.87

Test Organism

75 uL
4.1±0.08
3.7±0.12
7.2±0.36
5.7±0.16

Control
100 uL
4.5±0.16
4.8±0.43
7.9±0.36
7.1±0.28

Compound - 2

E. coli
Staphylococcus
Bacillus cereus
Pseudomonas

25 uL
2.1±0.26
5.1±0.16
6.6±0.21
6.8±0.32

50 uL
3.0±0.37
5.8±0.32
7.3±0.32
7.3±0.33

75 uL
3.4±0.41
6.3±0.20
8.1±0.50
7.9±0.36

50 uL
3.4–0.41
3.8–0.13
5.8–0.32
4.8–0.33
Control

100 uL
4.3±0.16
7.5±0.36
8.5±0.57
8.5±0.52

50 uL
3.4–0.41
3.7–0.12
7.2–0.31
7.1–0.28

Table 4. Binding energy, hydrogen bond interactions, and hydrophobic interactions of Complex 1
Sl. no
1
2
3

Protein (PDB ID)

Binding Energy (Kcal/mol)

Hydrogen Bond Interaction

Hydrophobic Interaction

1WXH
5NCD
2DHN

-8.2
-7.5
-5.8

Gly46
Lys222, Pro264, Asn266
—

Leu83, Arg142, Asp176
Lys222, Pro264, Val265, His269
Leu7, Lys8, Tyr54, Phe58

Figure 18. Docking images of Complex 1 with a) 1WXH b) 5NCD c) 2DHN bacterial proteins.

3.2c Determination of anti-bacterial activity: The
anti-bacterial activity is evaluated by an agar well
diffusion method. Bacterial strains are collected and
transferred into Mueller Hinton Broth (MHB). They
are incubated at 37 C for 18 h and later poured in
sterile petri dishes containing MHA medium. The
complexes were taken at a concentration of 5 mg/mL
and poured onto the wells of the agar surface medium.
The petri dishes are incubated at 37 C for 24 h. The
diameter of the Zone of inhibition is measured in mm
for each well. Antibiotic Streptomycin with a

concentration of 1mg/ml is used as standard. The
solvent DMSO is taken as a negative control. All the
samples were done in triplicates.
Four different concentrations, 25 lL, 50 lL, 75 lL,
100 lL, are taken from the stock sample solution and
are evaluated for anti-bacterial activity are shown in
Figure 17. Complex 1 and 2 showed very good
antibacterial activity when compared with the standard
drug. Table 3 contains the results of the diameter of
zone of inhibition (mm) values. The strong antibacterial activity of the complexes is due to the metal-
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ligand chelation. The chelating property increases the
lipophilic nature, thus increasing the cell permeability,
which inhibits bacterial growth.55,56
3.2d Molecular docking: The molecular docking is
done for complex 1 on three bacterial proteins. The
proteins taken for the docking are 1WXH (E.coli),
2DHN (S.aureus), 5NCD (B.cereus).57 The binding
energy, hydrogen bond interactions, and hydrophobic
interactions are given in Table 4. Out of the three
proteins, 1WXH has shown - 8.2 kcal/mol binding
energy compared to the other two. 5NCD has given
- 7.5 kcal/mol, and 2DHN gave - 5.8 kcal/mol. The
hydrogen bond interaction and hydrophobic
interactions are evident with the binding amino acid
sites listed in Table 4, and the docking images are
given in Figure 18.

4. Conclusions
A new simple method was found to synthesize complexes 1 and 2 by microwave irradiation. The reported
literature presented only the synthesis method but we
tried to unveil the biological and photocatalysis of the
complexes which is not discussed before. Their
physicochemical properties were discussed by various
techniques. The biological potential of the complexes
were performed with ct-DNA by binding and cleavage
activity with plasmid DNA. Anti-bacterial and
molecular docking studies are conducted for both
complexes. The photocatalytic activity is also exhibited by the complexes. This work gave us an easy
synthesis method and tried to show the pyrazine
tetrazole metal complexes as multifunctional
compounds.
Supplementary Information (SI)
Crystal Data: CCDC- 2062600 contains the crystallographic data of complex 1, and this can be obtained
free of charge via the Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge CB2IEZ,
U.K. or via www.ccdc.cam.ac.uk.
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