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The current study involves the synthesis of the coordination complex of Ni(II) with derivatives of 8-Hydroxyquinoline in
DMSO solvent in order to study their microbial properties. The physical properties of complexes such as color, solubility,
melting point, molar conductivity were studied. The low value of molar conductivity shows the non-electrolytic nature of
the complex. The synthesized complex was characterized quantitatively and qualitatively by using elemental analysis,
FTIR spectroscopy, UV-visible spectroscopy, mass spectroscopy and powdered XRD. The spectroscopic data confirm the
chelation of metal to Nitrogen and Oxygen atoms of 5,7-dibromo-8-hydroxyquinoline (HDBQ) and suggest square planar
geometry of synthesized complexes. Antimicrobial activities of ligand and synthesized complex were performed against
Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhi, Klebsiella pneumonia, Escherichia coli, Fusarium
oxysporum, Rhizoctonia solani, Macrophomina phaseolina and Macrophomina spp. Significant effects on the tested
microbes is recorded. In silico studies further confirms that the complex synthesized and studied in the present work exhibit
promising antibacterial activity which will contribute in the development of new antimicrobial drugs.
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Introduction

Ligands with nitrogen and oxygen donors may
result in the development of wuseful inorganic
substances with remarkable physical characteristics.'
The coordination chemistry of Nitrogen and Oxygen
containing heterocyclic organic compounds produced
from benzene, and its derivatives are of broad concern
because of their miscellaneous biological behaviors,
interesting spectral, magnetic, catalytic and structural
properties and medical applications. They generate a
large group of compounds with a wide range of
therapeutic behaviors and are present in many natural
products and medicines.” They are reported to possess
a broad range of biological application, possibly due
to their involvement in the donor sites of bioactive
drugs.” Their pathogenic activity is increased on
complexation with various transition and toxic
metals.*” Large numbers of these compounds have
been manufactured and monitored for
pharmacological activity.* ' They demonstrate a

* Author for Correspondence
E-mail: maria.ashfaq@uok.edu.pk

variety of different biological activities as they can
behave as bactericides, fungicides, anticarcinogens,
antiparasitic, antihelmintic and anti-inflammatory,
anti-HIV, anti-viral, anti-diabetic, anti-cancer, anti-
oxidant, anti-convulsant, anti-inflammatory, anti-
proliferative, antihypertensive and analgesic. Metal
ions increase the activities of these compounds on
coordination." ™ Besides their biological
significance, they form stable complexes with
different transition metals."” Bioactive and stable
metal complexes with active metal centers are useful
as biological probes.'® Significant advancement has
been made in curing several diseases using transition
metal complexes as drugs. Based on this
development, it is crucial to investigate the biological
characteristics of these complexes in order to find
novel compounds with therapeutic value. Nickel plays
a vital biological role as a cofactor in key enzymes,
and contributes to various therapeutic applications.
Nickel complexes exhibit diverse biological activities,
with some serving as potential alternatives to cisplatin
in cancer therapy. 8-Hydroxyquinoline, a compound
based on the medicinally important quinoline
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structure, possesses a wide range of therapeutic
properties. Its derivatives have demonstrated
effectiveness as  antimicrobials,  antioxidants,
anticancer, anti-inflammatory, antineurodegenerative,
antimalarials, and antituberculosis agents.''* Given
the biological importance of nickel and its complexes,
and the medicinal relevance of 8HQ derivatives, this
study focuses on synthesizing and characterizing
nickel(Il)  complexes with DBHQ ligands.
Computational methods, known as in silico studies,
allow researchers to investigate metal complexes
virtually. This includes predicting their structure,
stability, and potential biological activity, eliminating
the need for initial lab experiments. A key technique
within these studies is molecular docking. This
method predicts how molecules, like drugs, will bind
to target proteins. By simulating these interactions,
docking helps determine the strength and nature of the
binding, crucial for understanding biological
processes and designing new drugs.

Currently, diverse bioactivities of the N and O
heterocycles derivatives and their metal complexes
have not been fully discovered. Keeping this in view,
the current work focuses on the synthesis of new
complexes containing N and O heterocyclic
compounds with some metal ions. The complex will
be characterized by IR and UV and mass
spectroscopy. The biological properties of the
complex will be examined. The investigation would
be beneficial to understand the type of interactions of
heavy metals with N and O heterocyclic organic
derivatives  having biological and industrial
applications.

Experimental

Materials and Methods

Nickel Chloride (NiCl,, 127.87 g/mol, purity 98%),
5,7 dibromo 8-Hydroxyquinoline (CyHsBr,NO,
302.95 g/mol, purity 97%), DMF (C;H;NO, 73.09
g/mol, purity 98%), DMSO (C,HsOS, 78.14 g/mol,
purity 98%), Sodium hydroxide (NaOH, 40 g/mol,
purity 97%) and Hydrochloric acid (HCI, 36.5 g/mol,
purity 97%) were purchased from Aldrich and used
without further purification.

Synthesis of Complex

A solution of 4 mmol of the free ligand
(5,7-dibromo-8-hydroxyquinoline, HDBQ ) in 30 cm?
DMSO was added into 4 mmol NiCl,.6H,O in 30 cm?
(yellow colored solution formed upon addition). The
mixture was continuously stirred at ambient

temperature for two hours and then the solution was
kept aside until yellow precipitates formed.
The complex was separated from the reaction mixture
by filtration, and washed, dried and then was used for
further characterization and biological assay.
The percent yield of the complex was calculated.

Physical Measurements

The digital balance of Mettler model no. College
150 was used for weighing of chemicals, which have
least count of £ 0.1 mg. The magnetic Stirrer of
model No. 78-1 Magnetic Hot Plate was used for
stirring and heating the mixture for the formation of
complex. The Melting point of complex was taken on
the melting point apparatus of Stuart model
no. SMP10. The molar conductance of the complex
was recorded on a digital direct reading conductivity
meter (Jenway, 4510). UV—vis spectrum in the region
of 200800 nm and FTIR in the IR region of 400-
4000 cm' of synthesized complex was recorded on
UV spectrophotometer of Shimadzu model No. UV-
1800 and FT-IR spectrophotometer of Shimadzu
model No. IR Prestige -21 using KBr pellets. The
mass spectrum of the complex was recorded on the
JEOL 600H-1 spectrometer. The Costech ECS
Elemental was used for the elemental analysis of the
synthesized complex. Powder XRD XPERTPRO,
having CuKa (L = 1.5405 A) as anode) was
used for the characterization of the complex. The
diffractogram was scanned in the range 10 to 80° with
a scan speed of 6°/min. The tube voltage and tube
current was adjusted to 30 mA and 40 kV,
respectively.

Antimicrobial Screening

Ligand and its metal complex were tested for
antibacterial potential using disc diffusion method.
The refreshed bacterial cultures of Pseudomonas
aeruginosa, Staphylococcus aureus, Salmonella typhi,
Klebsiella pneumonia, and Escherichia coli with pre-
adjusted turbidity were used to make lawns in nutrient
agar plates. Absolute DMF was employed to dissolve
metal complexes. Every test was performed with two
replicates. The data were analyzed using analysis of
variance (ANOVA) in Minitab version 15, with
statistical significance set at P < 0.05. Dimethyl
sulfoxide (DMSO) and dimethylformamide (DMF)
served as solvent controls for each dilution.

Antibacterial activities of Ni(DBQ), were
determined by agar well diffusion assay. Log phase
bacterial  cultures  (including:  Pseudomonas
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aeruginosa, Staphylococcus aureus, Salmonella typhi,
Klebsiella pneumonia and Escherichia coli) with a
cell density of approximately 1.5 x 10% CFU/ml was
spread on Muller’s-Hinton Agar (MHA) petri plate
with the help of cotton swab. The wells were made on
inoculated MHA plate and 50 pl of sample was
poured in their respective wells. MHA plates were
incubated at 37°C incubator for 24 hours.
Antimicrobial potential was observed by determining
the zone of inhibition.

Antifungal activities of Ni(DBQ), were determined
by agar well diffusion assay. Fungal -cultures
inoculum was prepared by inoculating them
(including: Fusarium oxysporum, Rhizoctonia solani,
Macrophomina phaseolina, and Macrophomina spp.)
into the Sabouraud’s Dextros Broth (SDB) and
incubated at room temperature for 72 hours. Fungal
inoculum was spread on Sabouraud’s Dextros Agar
(SDA) petri plate with the help of cotton swabs. The
wells were made on inoculated SDA plate and 50 pl
of sample was poured in their respective wells. SDA
plates were incubated at room temperature for 72
hours. Antimicrobial potential was observed by
determining the zone of inhibition. Amoxyclav,
Streptomycin and Gentamicin served as the positive
control for comparing the efficacy of the ligand and
the synthesized metal complex.

Docking Protocol

Molecular docking simulations were performed
according to the reported literature'”* using
AutoDock Vina software (version 1.1.2)*'* to predict
the binding affinity and interactions of (DBHQ) and
its Nickel metal complex with the target protein, S.
aureus nucleoside diphosphate kinase (PDB ID:
3Q89). The Protein Data Bank was used to retrieve
the “pdb” file (www.pdb.org). After the removal of all
the het-atoms and the ligand, the Autodock tools were
used to convert the protein to pdbqt format (1.5.6)
(Morris et al. 2009).” The Marvin sketch (5.8.3)
was used for two dimensional chemical structures
of DBHQ and its Nickel complex
(http://www.chemaxon.com) and these structures
were then converted to 3D format by the Open Babel
(ver 2.3.1).** Finally, “Autodock Tools” (Trott et al.
2010) was used to prepare the final pdbqt format of
the molecules. The following parameters were used to
perform the docking simulation: size x = 20; size
y = 20; size z = 20; center x = 52.504760; center
y = —25.474320; center z = 2.718240. The binding
site on the protein was defined using the coordinates

of the cytidine-5'-diphosphate binding site, which is
known to interact with the S. aureus NDPK.” Twenty
separate docking experiments were carried out for
each compound with the docking parameters set to
their default settings.

Results and Discussion

The structural characterization of the synthesized
Ni(DBQ), complex was performed by the
combination of spectroscopic analysis (FT-IR, EI-MS,
UV-vis), physical measurements (conductivity,
solubility) and elemental analyses.

The physicochemical data of synthesized metal
complexes is given in Table 1. The analytical data
shows the molecular formula of the metal complex is
in good agreement with the calculated elemental
values of C, H, N, and metal. The yellow color
complex is produced in good yield. The complex is
insoluble in water, methanol and ethanol, while
soluble in DMF and DMSO. Melting points were
applied to portray synthesized complexes. The
synthesized complex was air stable with the melting
point. The molar conductance of the metal complex in
DMSO (Table 1) solution falls in the range of
0.02356 S/Cm*/mol. Low value of molar conductivity
shows less dissociation of complex in solvents
indicating that the complex behaves as non-
electrolyte.”®

Electronic Spectra

The electronic spectra furnish the details about the
electronic structure of the ligand and its metal
complex. The UV visible spectra of free ligands and
complexes was measured in DMSO shown in

Table 1 — Physico-analytical data and elemental analysis of

Ni(DBQ), complex
Complex Mol formula  5,7-dibromohydroxyquinolinenickel(IT)
[Ni(CoH4Br,NO),]
Molar mass g/mol 663(664.3)
Color Yellow
Melting point (°C) Decompose at 165°C
Yield (%) 44.40
Molar conductance 0.02356

(S/Cm?*/mol) /DMSO
Elemental analysis (%) Calculated (Found)

Ni 8.884 (8.86)
C 32.58 (32.63)
H 1.22 (1.22)
o) 4.82 (4.83)
Br 48.20 (48.24)
N 48.20 (48.24)
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Figs 1 & 2 and data is represented in Table 2.
The spectra of ligand showed three ligand-centered
(LC) charge-transfer peaks at 276, 354 and 406nm,
which resulted from n- 7* and n-m* transitions.”” >’ In
complex the absorptions observed at 271, 354 and 416
nm are due to MLCT and intra-ligand transitions.
While a weak absorption at 618 nm is assigned to the
spin-allowed d-d transition’*°?® suggesting a
square-planar nickel (II) complex.”*?*

FT-IR Spectra

FT-IR spectra are the most potent techniques for
detecting functional groups. The IR spectrum
(Table 3) of free ligand (HDBQ) shows bands in the
region of 1047.36 cm™', 3417.86 cm ™', 1571.99 cm™'
and 1269.16 cm ' which are ascribed to C-O

276.14nm 1.175

Absorbance

354nm 0.154 406.8nm 0.101

T

0
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Wavelength (nm)

Fig. 1 — Electronic Spectra of HDBQ (10> mol/dm®) in DMSO
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Fig. 2 — Electronic spectra of synthesized Ni(DBQ), complex:
(a) 107° mol/dm®, (b) 10~ mol/dm® in DMSO

1,13,35

O-H stretching,”® C=N stretching
133136 204 C-N

stretching
(azomethine group of quinolone)
stretching vibrations.*®

In Ni(DBQ], complex shifting of bands are
observed confirming the formation of complexes. The
peaks appeared at 1053.13 cm', and 1554.63 cm™'
are assigned to C-O stretching and C=N stretching
vibrations. The C-O band in the complex underwent
to a high frequency indicating formation of M-O
bond.*® The stretching vibrations of the azomethine
C=N group of quinoline shifted to lower frequency
suggesting that this group of heterocyclic ring is
involved in the bond formation with nickel(Il)
jon.”?'% The bands observed in the region of
450-600 cm ™' in complex were assigned to M-N and
M-O vibrations, indicating that ligand behave as
bidentate and coordinate to nickel(Il) ion through N
and O atom >2830-33.35.36

Mass Spectra

The mass spectra of complex [Ni(DBQ),]"* showed
a molecular ion peak at m/z = 664 confirming the
complex formula (Scheme 1). The measured
molecular mass of the complex is consistent with the
expected mass and the mass spectrum of the complex

(Fig. 3).

Powder X-Ray Diffraction Analysis

Powder X-ray diffraction was carried out for
Ni(DBQ), complex and spectra is presented in Fig. 4.
The prominent peaks of the XRD spectrum have been
indexed and examined by wusing a computer
programme from X-pert highscore. The spectrum and
related data illustrate the 20 wvalue, the relative
intensity and interplanar distance (d-values) of each
peak mentioned in Table 4. By comparing the X-ray
diffraction spectra of complex with HDBQ,” it is
clearly observed the appearance of many new peaks,
which confirmed successful synthesis of NiDBQ
complex. The diffraction data was used to determine
the mean crystallite size (D) of the complex by
Scherrer equation

Table 2 — Electronic spectral data of the HDBQ and Ni(DBQ), complex

Compounds Izre;lf)s Absorbance
276.4 1.175
HDBQ 354 0.145
406 0.101
271 3.037
Ni(HDBQ), 354 0.442
416 0.374

618 0.043

) € .
(ecm™) (L/mol/cm) Assignments
35971 21691 7 to ¥
28248 2677 7 to ¥
24582 1865 ntom*
36900 65051 LF
28248 9468 LF
35971 8011 MLCT
16207 9.2105 d-d Transition
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Table 3 — IR Spectral data of HDBQ and Ni(DBQ), Complex

Characteristics IR frequency(cm’™)
Bands HQBQ Ni(DBQ)»
(C-0) 1047.35 1053.13
OH 3417.86
(C=N) Quinoline 1571.99 1554.63

C-N 1269.16 1300
M-N — 584.43
M-O — 437.84

3r
Br
v

I
Br — I
\ ’N\*N' _0
Br Ve
NCL6H,0  , 5 1O DMSO  Br o =N 3
N/ A\ —_— e

Br
Scheme 1 — schematic diagram for the synthesis of Ni(DBQ),
complex
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Fig. 3 — Mass spectrum of Ni(DBQ), complex
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Fig. 4 — Powdered XRD spectrum of Ni(DBQ), complex
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where, h is 0.9 constant, A is X-ray wavelength
(1.5406 A®), 0 is Bragg diffraction angle, and f is the

Table 4 — XRD data of Ni(DBQ), complex

20 B d-spacing Relative
©) ©) (A) Intensity (%)
12.199980 0.196800 7.25493 45.79
18.369940 0.295200 4.82976 22.95
19.933110 0.344400 4.45440 26.65
20.766130 0.246000 4.27755 55.46
21.845290 0.246000 4.06862 62.95
21.845290 0.492000 3.88985 21.34
24.287280 0.196800 3.66479 100.00
25.282220 0.295200 3.52278 51.39
26.577390 0.295200 3.35397 19.67
28.811000 0.344400 3.09884 61.36
31.478760 0.295200 2.84204 34.17
32.867980 0.295200 2.72502 16.79
34.476140 0.246000 2.60150 33.97
35.707600 0.393600 2.51456 22.38
37.878970 0.295200 2.37526 22.28
39.666480 0.787200 2.27225 13.46
41.616680 0.246000 2.17017 35.87
44.762350 0.196800 2.02470 32.92
47.537090 0.787200 1.91279 13.38
51.361270 0.295200 1.77900 10.35
54.595650 0.984000 1.68101 12.08

full width at half maximum of the diffraction peak.
The particle size was estimated by the sharp
characteristic peak of the complex with the highest
intensity. The crystallite size of the complex is found
to be 43.1087 nm.

Antimicrobial Screening

The ligand and complex were tested as shown in
Fig. 5 (a-e) against gram positive bacteria
Staphylococcus aureus and gram negative bacteria
Pseudomonas  aeruginosa,  Salmonella  typhi,
Klebsiella pneumonia and Escherichia coli. The zones
of inhibition were measured and the following criteria
were applied'? ; low activity (1-7 mm), moderate
activity (7-10 mm), high activity (11-15 mm), very
high activity (>16), and no activity (0). *'

The zone of inhibition of synthesized complex
against Staphylococcus aureus, Salmonella typhi,
Klebsiella pneumonia and Escherichia coli bacterial
strains were observed in the range of 11-15 mm
which indicates its high activity as compared to
Pseudomonas aeruginosa.

Data given in Table 5 showed that complex show
better activity than the ligand towards all strains. The
nickel (II) complex exhibited the highest antibacterial
activity against Klebsiella pneumoniae. The ligand
and its metal (II) complexes were evaluated for their
bacterial growth inhibition efficacy in comparison to
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standard antibiotics (Amoxyclav, Gentamicin, and
Streptomycin). Notably, both the ligand and its
metal (II) complex demonstrated inhibitory effects
against Pseudomonas aeruginosa and Salmonella

/

Fig. 5 — Zone of inhibition of Ni(DBQ), complex against: (a-¢)
bacterial strains (a) Pseudomonas aeruginosa, (b) Staphylococcus

aureus, (c) Salmonella typhi, (d) Klebsiella pneumonia
(e) Escherichia coli; (f-1) fungal strains (f) Fusarium oxysporum,
(g) Rhizoctonia solani, (h) Macrophomina phaseolina and
(i) Macrophomina spp.

857

typhi strains resistant to Amoxyclav. Overall, the
inhibition zone measurements revealed that the
metal complex possessed superior bactericidal
activity compared to the ligand* and outperformed
Amoxyclav against the tested bacterial strains.

The examination of antifungal activity as shown in
Fig. 5 (f-i) of ligand, its metal complex against
antifungal pathogens, including Fusarium oxysporum,
Rhizoctonia  solani, Macrophomina phaseolina,
Macrophomina spp. revealed that the complex show
pronounced antifungal activity (Table 5). The zone of
inhibition of synthesized complex against Fusarium
oxysporum, Rhizoctonia solani, Macrophomina spp.
fungal strains were observed in range of >16 mm
which indicates its very high activity while complex
also has significant activity against Macrophomina
phaseolin.

The highest activity of complex was observed
against Macrophomina spp. The metal complex is
observed to be the better antifungal agent against all
strains as compared to ligand and standard drug
(Carbendazim).

The increase in biocidal activity can be explained
on the basis of chelation theory. Studies indicate that
structural motifs containing an additional (C=N) bond
with nitrogen and oxygen donor systems can inhibit
enzyme activity by deactivating them through metal
coordination. Furthermore, ligands with such donor

Table 5 — Antimicrobial screening data of HDBQ, Ni(DBQ),Complex and standards
Zone of inhibition (mm)) against bacterial strain

Pseudqmonas Staphylococcus Salmonella typhi Klebsiella pneumonia  Escherichia coli
aeruginosa aureus
HDBQ 4+5.657 12 +0.000 11+4.243 12 +2.828 11+£1414
Ni(DBQ), 6 + 8.485 14+ 0.000 14 +£2.828 15+1.414 11+1.414
DMSO — — — — —
DMF — — — — 5+7.071
Amoxyclav*! — — 8
Gentamicin®' 14 10.5 9
Streptomycin®?
(2(5) ug/gisc) 10 8 ?
Zone of inhibition (mm)against fungal strain
Fusarium oxysporum  Rhizoctonia solani M;;’;O;; ﬁ?;:éna Macrophomina spp.
HDBQ 10 + 0.000 08 + 0.000 09 + 0.000 10 £ 0.000
Ni(DBQ), 18 +0.000 16 + 0.000 12 +0.000 20 £ 0.000
DMSO — — — —
DMF — — — —
Carbendazim™ 9 7 10

(20 pg/disc)

(-)* As expected no zone of inhibition was observed for DMSO and DMF; The values are the arithmetic mean of the zone of inhibition +

standard deviation
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systems may suppress enzyme production, as
enzymes dependent on these functional groups for
activity are particularly vulnerable to metal-ion-
induced deactivation upon chelation. Chelation of
metal causes reduction in the polarity of metal ions by
sharing its partial charge with the donor atom of
ligand. Furthermore, it enhances the delocalization of
n-electrons across the entire chelate ring, thereby
increasing the complex's lipophilicity. This improved
lipophilicity facilitates stronger interactions with the
lipid membrane and blocks metal-binding sites in
bacterial enzymes. According to Overton's concept of
cell permeability, the lipid bilayer selectively permits
the passage of lipid-soluble compounds. Thus,
lipophilicity serves as a critical determinant of
bactericidal efficacy. Heterocyclic ligand (free or
complexes with metal) possessing multifunctional
groups will be able to interact with nucleic bases or
metal ions present in living systems. Thus
complexation can be adopted to control biological
growth. This supports that complex can behave as
active biocidal agent.***

A solvent control test was performed, adding
DMSO and DMF to the test medium using the same
protocol as the main experiment, to confirm their
neutrality on bacterial growth. The antibacterial
activities were calculated as mean + SD of three
replicates.

Docking Study

The capacity of Staphylococcus aureus, a versatile
human pathogen, to cause a wide range of infections,
including skin and soft tissue infections, pneumonia,
and serious bloodstream infections, makes it a
substantial public health problem. Targeting
important enzymes inside the bacterium's metabolic
pathways is a viable technique in the context of
antibacterial medication development. One such
enzyme, S. aureus nucleoside diphosphate kinase
(NDK), is a major role in nucleotide metabolism,
which is required for bacterial reproduction and
survival. The transfer of phosphate groups between
different nucleoside diphosphates is catalyzed by
NDK, which affects the cellular pool of nucleotide
triphosphates necessary for DNA and RNA synthesis.
As a result, reducing NDK activity in S. aureus can
disrupt important cellular processes, making it a
promising target for the development of new
antibacterial medicines. Furthermore, the emergence
of drug-resistant strains of S. aureus highlights the
critical need for novel treatment techniques, stressing

the necessity of investigating targets such as S. aureus
NDK in the search for effective antibacterial
medicines. Because this enzyme 1is restricted to
bacteria and differentiates greatly from its human
equivalent, medicines that precisely block the
bacterial enzyme without impacting human
nucleoside diphosphate kinase might be developed.
This selectivity in possible antibacterial medicines
might result in lower toxicity and fewer adverse
effects.

With binding energies of —6.1 and —6.2 kcal/mol,
respectively (Table 6), the outcomes of the molecular
docking simulations demonstrated that DBHQ and its
metal complex exhibited strong binding affinities for
S. aureus nucleoside diphosphate kinase. The metal
complex exhibited marginally higher binding affinity
than the free ligand (DBHQ), indicating that
coordination of the metal ion to the ligand enhanced
the ligand's binding to the protein.

Both ligand and complex interacted with the S.
aureus nucleoside diphosphate kinase through
multiple interactions (Hydrogen bonds, Electrostatic,
hydrophobic and Van der Waals) with critical amino
residues in the active site, as determined by analyzing
the binding modes of DBHQ and its metal complex.
The hydroxyl group and Nitrogen of DBHQ
specifically created hydrogen bonds with the side
chains of Lys9 and Asnl12, whereas the bromine
atoms formed halogen interactions with His52 and
Phe57, while pi-sigma interactions were also observed
with Thr91 (Fig. 6 a & b). In contrast, the metal
complex formed Pi-cation with the Mg ion, Pi-anion
with Aspl18, Pi-Pi stacked with His52, Pi-alkyl with
Tyr49, His52 and Hisl15, Alkyl interaction with
Leu61 and Van Der Waal interaction with, Lys9,
Glu51, Lys55, Phe57, Thr91, Argl02, Glyll6
(Fig. 9 and 10).

In conclusion, the results imply that both
DBHQ and its metal complex have the potential to
inhibit the activity of S. aureus nucleoside
diphosphate kinase, a key enzyme in nucleotide
metabolism that has been identified as a potential
target for the development of antibacterial drugs.* **
To validate these results and assess the antibacterial
activity of these compounds, additional experimental
research is required.

Table 6 — Binding energies of Ni(DBQ),Complex with
S. aureus nucleoside diphosphate kinase

Compound Binding affinity (kcal/mol)
HDBQ -6.1
Ni(DBQ), —6.2
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Fig. 6 — Docking of (1) in active site S. aureus nucleoside diphosphate kinase: (a) 3D depictions (b) 2D depictions
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Interactions

[:] van der Waals - Pi-Pi Stacked
_ Pi-Cation D Alkyl
[ Pi-anion [ pioakyl

Fig. 7— Docking of (2) in active site S. aureus nucleoside diphosphate kinase: (a) 3D depictions, (b) 2D depictions

Conclusions

The synthesized complex was characterized by IR
spectra, electronic spectra, mass spectra, powdered
XRD and molar conductance. The obtained results
concluded that nickel forms a square planar complex
with  DBHQ. Low value of molar conductivity
indicating the complex behaves as non-electrolyte.
Molecular docking analysis was carried out for
confirming the experimental observations. The
synthesized complex exhibits higher antimicrobial
activity than ligand due to chelation. Since good

antifungal activity have been observed for the
synthesized complex, the further study of biological
activity of the complex will be carried out in more
detail in future. A broader understanding of the
complex’s activity against different pathogens will
improve its potential for clinical applications, which
in turn will facilitate the development of new
treatments for a wider range of infectious diseases.
Thus, there is hope that the studied complex could
reasonably be wused in designing more potent
antibacterial agents for the treatment of some
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common diseases. To overcome the challenge of poor
aqueous solubility various strategies are employed,

including

surfactant addition, cosolvency,

complexation and pH alteration. Among them, the
most effective method of cosolvency will be used in
future to solubilize metal complexes so that it can be
used for wide applications.
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