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INTRODUCTION

Designing new Schiff base ligand precursors has gained
significant interest in recent years owing to their versatile struc-
tures and diverse physico-chemical properties [1]. Their ability
to act as stabilizing agents makes them valuable in the synthesis
of metal complexes across different oxidation states. Their struc-
tural flexibility and ability to form stable metal complexes with
d-block elements make them privileged and ideal ligands to
study in coordination chemistry [2]. Schiff base ligands when
incorporated with hetero atoms like N, O and S effectively
produce a effective coordination environment, significantly
influencing the chemistry and reactivity of associated metal
complexes [3]. Moreover, the multidentate nature of ligands
also ensures chelation, which often leads to enhanced stability
and unique structural properties in the resulting metal comp-
lexes [4]. This metal-ligand interaction also controls and enhan-
ces the biological, chemical and electrochemical activities of
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New biologically active complexes of VO, Co™ and Cu" were synthesized and characterized by CHNS, FTIR, mass, magnetic susceptibility, |
DRS and EPR techniques. The ligand precursor was synthesized by the reaction between o-phenylenediammine and thiophene-2-carbaldehyde, |
which was subsequently coordinated with metal ions (VO", Co" and Cu") to synthesize the complexes with the general formula
[M(C3H2uN,S,)]X; [M = VOV, Co" and Cu"™; X = Cl, SO;7]. The coordination process followed a 2:1 (ligand-to-metal) stoichiometry for |
VO(IV), Co(Il) and Cu(II) complexes. Structural analysis suggested a square pyramidal geometry for vanadium, an octahedral arrangement |
for cobalt and a square planar configuration for copper. Additionally, DFT-based computational methods were performed to evaluate key |
quantum chemical parameters and some biological descriptors of the ligand and its metal complexes. The antibacterial screening against |
E. coli, S. aureus, B. subtilis and P. aeruginosa showed that all the metal complexes displayed significantly enhanced antimicrobial activity |
compared to the uncoordinated ligand. To gain further insight into protein-ligand interactions, in silico docking analyses were performed
and the ADME study was used to confirm their drug-like properties, reinforcing their potential as bioactive agents. I
|
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the metal centres [3,5]. The presence of both N and O donor
atoms and halogen groups in Schiff base metal complexes enh-
ances their appeal due to their promising antibacterial prop-
erties [6]. It is widely recognized that the coordination of these
ligands with metal ions can greatly enhance their antibacterial
effectiveness [7]. Schiff bases represent an important category
of bioactive compounds that have attracted considerable atten-
tion from medicinal and pharmaceutical chemists because of
their diverse pharmacological activities [8,9] such as antiviral
[10], anticancer [11,12], antibacterial [13], antioxidant [14],
antifungal [15], anticonvulsant [16], antidiabetic [17], anti-
inflammatory [18], efc. Despite that Schiff bases are also utilized
in catalysis [19], designing molecular magnets [20], solvent
extraction of different metal ions [21] and optical and memb-
rane sensors [22,23]. The latest research also highlights that
Schiff base metal complexes with Cu(II), Co(I) and VO(IV)
demonstrate significantly better antibacterial performance,
against diverse bacterial strains [24-31].
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To combat the emerging microbial infectious diseases, there
is a strong need for the development of novel antimicrobial
scaffolds. In this context and keeping in view the medicinal and
other applications, new copper(Il), cobalt(Il) and vanadium(I'V)
complexes containing o-phenylenediammine and 2-thiophene
carboxyaldehyde moieties have been synthesized and charact-
erized. The antibacterial potential of these metal complexes
were evaluated against selected bacterial strains. DFT methods
were employed to determine the geometric structures of the
ligand and its corresponding metal complexes. Molecular doc-
king simulations were also performed to predict atomic-level
interactions between a ligand molecule and a known target
protein, offering insights into small molecule binding behaviour
at protein active sites and elucidating essential biochemical
processes.

EXPERIMENTAL

Chemicals o-phenylenediammine and 2-thiophenecarb-
oxyaldehyde were purchased from Aldrich. The metal salts
like copper(Il) chloride, cobalt(IT) chloride hexahydrate, vanadyl
sulfate and the solvents viz. ethanol, methanol, hexane and
ethylacetate were procured from CDH and used as such. The
purity of Schiff base ligand was assessed through thin-layer
chromatography analysis. A mixture of pure hexane and ethyl
acetate was used as a solvent for TLC and column chromato-
graphy. The infrared spectral data were recorded over the range
of 400-4000 cm™ on a Shimadzu IR Spirit Fourier transform
infrared spectrometer. Diffuse reflectance spectra (DRS) were
obtained by utilizing a Shimadzu UV-2600 double-beam spectro-
photometer in the 200-1200 nm range with BaSO, as standard.
CHNS analysis was conducted using a Thermo-Scientific Flash
2000 instrument. The vanadium content was determined using
the gravimetric approach, while the back titration method was
employed for assessing the metal content in the copper and
cobalt complex. Electron spin resonance (ESR) spectra of
vanadyl and manganese complexes were performed at room
temperature on a JES FA200 instrument.

Synthesis of ligand precursor: The Schff base ligand
was synthesized by condensation of o-phenylenediammine and
2-thiophene carboxaldehyde. An ethanolic solution of 2-thio-
phene carboxaldehyde (2.24 g, 20 mmol) was slowly added
to an ethanolic solution of o-phenylenediamine (1.08 g, 10 mmol)
(Scheme-I). The reaction mixture was subjected to reflux for
30 h. The resulting yellowish-brown solution was concentrated

NH,

by evaporation and subsequently cooled in an ice bath. The
yellow-brown precipitate formed was isolated by filtration,
washed multiple times with hot ethanol followed by methanol
MeOH and then dried in an oven. The purity of the ligand was
preliminarily observed by applying TLC (ethyl acetate: hexane
2:8).

Synthesis of metal complexes: The metal complexes were
synthesized following an identical procedure (Scheme-II). An
ethanolic solution of the respective metal salt (5 mmol) was
added dropwise to a vigorously stirred ethanolic Schiff base
ligand solution (5 mmol). The resulting mixture was refluxed
for 1-2 h in a water bath and then allowed to cool. Coloured
precipitates of the metal complexes formed, which were colle-
cted by filtration, washed thoroughly with hot ethanol followed
by methanol and then dried in an oven at 80 °C.

In vitro antibacterial study: The antibacterial properties
of Schiff base ligand and its corresponding metal complexes
were evaluated utilizing the agar well diffusion assay. This
involved testing against two Gram-positive bacterial strains,
S. aureus and B. subtilis, along with two Gram-negative strains,
E. coli and P. aeruginosa. To perform the assay, agar plates
were inoculated with bacterial cultures and wells of approxi-
mately 6-8 mm in diameter were punched using sterilized cork
borers. A fixed concentration of the test compounds dissolved
in DMSO was then added into each well. Following incubation
at 37 °C for a designated duration, the antimicrobial efficacy
was determined by measuring the inhibition zone diameters
around the wells, expressed in millimeters. The antimicrobial
performance of the synthesized metal complexes was assessed
relative to the standard antibiotics such as ciprofloxacin and
cephalosporin.

DFT calculations: Computational analyses were cond-
ucted using the GAUSSIAN 09 software [32], with molecular
structures visualized through GaussView. The optimization of
ground-state geometries was carried out using theoretical
analysis conducted through DFT employing the B3LYP hybrid
functional, utilizing the 6-311G (d,p) basis set 6-311G (d,p)
for elements (C, H, N, O and S) and the Lanl.2DZ effective
core potential was applied for transition metals such as Co,
Cu and V [33]. To verify that the structures correspond to global
minima, optimizations ensured the absence of negative vibra-
tional frequencies. The solvent environment was incorporated
through the conductor like polarizable continuum model within
both DFT and TD-DFT calculations. In addition, Gauss Sum

NH H H
2 [0) Ethanol \C: N=—C -~
AN o,
/ S 40h
H Z N\

.
S

N,N'-(1,2-Phenylene)-
bis(1-(thiophen-2-yl)methanimine)
(2TH-OPDA)

Scheme-I: Synthetic route of ligand (2TH-OPDA)
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Scheme-II: Preparation of Cu*, Cu** and VO** complexes

[34] was employed to determine the fractional contributions
of molecular orbitals from different atomic groups, while the
spectral analysis was performed using Chemissian [35].

Molecular docking: Molecular docking simulations for
the lead compounds were conducted using AutoDock4 [36],
employing the Lamarckian genetic algorithm to determine
binding strength across multiple conformations. AutoDock
Tools (ADT) was employed to carry out docking protocols and
related computational tasks. Crystal structures of bacterial
targets, including DNA gyrase B (1KZN) and thymidylate kinase
(4QGG), were collected from the Protein Data Bank (https://
www.rcsb.org/), were utilized with a resolution of 1.90 A to
explore the antimicrobial potential of the ligand and its corres-
ponding metal complexes [37]. During protein preparation,
water molecules were removed to prevent unintended inter-
actions with the docked conformers. Molecular interactions
were examined and displayed in 2D and 3D formats with the
aid of BIOVIA Discovery Studio 2016 [38].

RESULTS AND DISCUSSION

The ligand precursor was synthesized by refluxing a 1:2
molar ratio of o-phenylenediammine and 2-thiophene carbox-
aldehyde in absolute ethanol (Scheme-I). Synthesis of the Cu*,

Co* and VO* complexes was achieved using an equimolar
(1:1) ratio of metal ion to ligand, as outlined in Scheme-II.
The ligand shows solubility in methanol and warm ethanol,
while both the free ligand and its metal complexes are soluble
in solvents such as DMF and DMSO. Table-1 summarizes their
physical parameters and analytical findings.

"H NMR and infrared spectra: The ligand was analyzed by
NMR spectroscopy in DMSO-d; at room temperature (Fig. 1).
The peaks at 8 3.36 ppm were attributed to DMSO H,O protons.
The peaks in the range 8 5.9-7.8 ppm correspond to 12 protons
due to four phenyl protons, six thiophene protons and two azo-
methine hydrogen. The key IR spectral profiles of the ligand
and its corresponding metal complexes are tabulated in Table-
2. The IR spectrum of the ligand displays a prominent peak at
1581 ¢cm™, corresponding to C=N stretching, which undergoes
a shift of 15-30 cm™ in the metal complexes. This spectral
shift indicates the coordination of the azomethine nitrogen to
the metal ions (Fig. 2). Furthermore, a band at 844 cm™, attrib-
uted to the C-S stretching vibration of the thiophene group,
remains largely unchanged in the complexes, indicating that
the sulfur atom remains non-coordinated [39]. The involvement
of the azomethine nitrogen in metal ion coordination is additi-
onally supported by the appearance of metal-nitrogen bands

TABLE-1

PHYSICO-CHEMICAL CHARACTERIZATION OF THE LIGAND AND ITS CORRESPONDING METAL COMPLEXES

Elemental analysis (%): Calcd. (Found)

Compounds (m.f.) Colour
C H N S M
2TH-OPDA (C,¢H|,N,S,) Brownish-yellow 64.84 (64.80) 4.08 (4.02) 9.45 (9.39) 21.63 (21.58) -
2TH-OPDA-Cu (C;,H,,CL,N,S,Cu) Light green 52.85 (52.80) 3.33 (3.26) 7.70 (7.60) 17.63 (17.57) 8.74 (8.71)
2TH-OPDA-Co (C;,H,sCI,N,0,SCo)  Sky blue 45.12 (45.09) 2.84 (2.77) 6.58 (6.53) 22.58 (22.47) 5.98 (5.92)
2TH-OPDA-V (C;,H,,N,0,S,V) Dark green 49.43 (49.34) 3.27 (3.12) 6.99 (6.92) 23.99 (23.92) 6.35 (6.27)
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TABLE-2
ELECTRONIC AND INFRARED SPECTRAL PROFILE OF LIGAND AND COMPLEXES
Infrared (cm™) Electronic data Magnetic
Ligand/complexes . moment
v(C=N) v(C-S) v(M-N) v(V=0) A (™) Transitions (B.M)
2TH-OPDA 1581 844 - - 38314, 29940 TT—T*; n—>7* =
2TH-OPDA-Cu 1564 841 540 - 15083 ‘B, g—>2A1g, ’B, g—>2B2g, ’B, gezEg 1.80
2TH-OPDA-Co 1566 844 549 - 8764, 12987, 18518 4Tlg—>“’1“2g(F); 4Tlg%“Azg(F) 4T1g—>4Tlg(P) 3.94
2TH-OPDA-V 1551 843 534 973 12180, 16129,22988 ?B,—’E, *B,—’B,; B,—’A, 1.76
RSB SR RIS YABIBIR BB CIBAEBRSBPINB R IXB2 0.8
e ARSI e & oo '
p4 074 — 2TH-OPBA
] — 2TH-OPBA-Cu
— 2TH-OPBA-Co
0.6 — 2TH-OPBA-V
0.5
8 4
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Q
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Fig. 1. "H NMR spectra of ligand
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Fig. 2. IR spectra of ligand and its metal complexes

at 540 cm™, 549 cm™ and 534 cm™ in the Cu?*, Co** and VO**
complexes, respectively. Notably, the vanadyl complex reveals
a characteristic sharp peak at 973 cm™ (V=0) stretching vibra-
tion [40].

Electronic and magnetic study: The electronic profile
of the Schiff base ligand and its corresponding metal complexes
are represented in Fig. 3. The electronic spectra of the Schiff

Wavelength (nm)

Fig. 3. Electronic spectra of ligand and its metal complexes

base ligand displayed distinct peaks at 38314 and 29940 cm™,
corresponding to T—7* and n—7* transitions. These bands
experienced small shifts as a result of coordination with metal
ions (Table-2). In case of the copper complex, a broad envelope
of characteristic d—d electronic transitions was observed at
15083 cm™, which was due to the combination of three ligand
field transitions “B;—>*Ai, *B1;—’By, and *B;,—°E, [41].
Moreover, the magnetic moment value of 1.80 B.M. for the
Cu(II) complex is consistent with a square planar geometry.
In contrast, the Co(II) complex displayed absorption bands at
8764, 12987 and 18518 cm™, corresponding to “T;,(F)—*Ta(F),
T 1(F)—*Ase(F) and *T o(F)—*T)(P) transitions, respectively
[42] confirming its octahedral geometry, which was further
supported by a magnetic moment of 3.94 B.M. The vanadium
complex exhibited three distinct d-d transitions *By,—>"E,,
’B,,—"B); and “B,,—>*A, in the spectral range of 12180, 16129
and 22988 cm™', indicative of a square pyramidal coordination
environment [43], which is consistent with the experimental
magnetic moment value of 1.76 B.M.

Mass spectral study: Fig. 4a-c displays the mass spectra
of the synthesized metal complexes displaying the molecular
ion peaks that closely match the calculated values, confirming
their compositions. For [2TH-OPDA-Cu], a molecular ion signal
was observed at m/z 656.99, corresponding to [CsH,4CuN4S4]",
validating its structure. Similarly, the cobalt complex [2TH-
OPDA-Co] exhibited a molecular ion signal at m/z 687.96,
attributed to [C3HxsCoN4O,S4]*, confirming its formation. Simi-
larly, vanadium complex [2TH-OPDA-V] displayed a signal
at m/z 658.99, corresponding to [C3HxN4OS,V]*, further
supporting its structural identity.
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TABLE-3
ANTIMICROBIAL POTENTIAL OF THE LIGAND AND ITS COMPLEXES WITH MINIMUM INHIBITORY ZONES (mm)

Inhibition zone (mm)

Conc.

(uL) 2TH-OPDA 2TH-OPD-Cu 2TH-OPD-Co 2TH-OPD-V
E.c. B.s. S.a. P.a. E.c. B.s. S.a. P.a. E.c. B.s. S.a. P.a. E.c. B.s. S.a. P.a.
5 — — — — — — — — — — — — — — — —
10 - - - - 11 0 13 11 11 0 13 0 10 0 0 0
20 - - - - 12 12 14 12 12 10 14 0 11 0 11 0
40 - - - - 12 13 14 13 13 11 14 0 11 0 12 12
80 10 11 10 - 13 15 14 14 13 12 14 10 12 0 13 12
100 11 11 11 - 13 15 15 16 13 13 15 12 13 18 17 13
250 11 11 12 - 14 15 15 18 15 14 15 14 14 19 18 13
500 12 12 12 — 20 15 15 20 17 15 15 15 17 21 21 15
E.c. = E. coli; B.s. = B. subtilis; S.a. = S. aureus; P.a. = P. aeruginosa
EPR spectra: Fig. 5 presents the ESR spectra of vanadium JONE INHIBI'HONTABL%; ANTIMICROBIAL
: mm
and copper cc.)n}plexe.s gt ambient .temperature. The copper(.II) POTENTIAL OF C(ON%‘ROL (ANTIBIOTIC)
complex exhibits a distinct four-line pattern due to hyperfine - — -
. . _ . e Control E. coli  B. subtilis S.aureus P.aeruginosa
coupling with the Cu nucleus (I = 3/2), showing significant - -
anisotropy and suggesting a distorted octahedral geometry (g Ciprofloxacin 2837 25.07 22.25 28.32
Cephalosporin 27.74 26.97 24.01 27.55

=2.16, A =74 G) [44]. The vanadyl complex displays a well-
resolved eight-line pattern from hyperfine coupling with the
VO nucleus (I =7/2), with spin-Hamiltonian values (g = 1.99,
A =150 G) characteristic of VO** in a square pyramidal geo-
metry [45]. These spectra confirm the paramagnetic oxidation
states of VO(IV) and Cu(II). ESR parameters for the cobalt(II)
complex could not be determined due to low-resolution splitting.

Biological activities: The antibacterial assessment of the
synthesized metal complexes was evaluated using E. coli, B.
subtilis, S. aureus and P. aeruginosa, with inhibition zones
measured and compared to standard antibiotics, ciprofloxacin
and cephalosporin (Tables 3 and 4). The control antibiotics
exhibited strong inhibition, with ciprofloxacin showing zones
of 22.25-28.37 mm and cephalosporin 24.01-27.74 mm, confir-
ming their high efficacy. Among the tested complexes, copper(II)
complex demonstrated moderate antibacterial activity, with
inhibition increasing at higher concentrations, reaching 20 mm
for E. coli and P. aeruginosa at 500 uUL. The cobalt(IT) complex
showed similar trends but with slightly lower potency, achieving

amaximum inhibition of 21 mm for P. aeruginosa. The vanadyl
complex exhibited the least antibacterial effect, with inhibi-
tion zones ranging from 12 mm at lower concentrations to 21
mm for E. coli at 500 pL. A comparative analysis revealed
that while the copper and cobalt complexes displayed significant
activity, particularly at higher concentrations, they remained
less effective than the reference drug. These results suggest that
although these metal complexes do not match the potency of
conventional antibiotics, they hold potential as alternative
antimicrobial agents, especially when used at elevated concen-
trations. The enhanced potential of metal complexes can be
attributed to chelation, which reduces metal ion polarity and
increases interaction with bacterial cells.

DFT study: Theoretical calculations based on DFT were
conducted to analyze the electronic properties and molecular
stability of the synthesized ligand and its corresponding comp-
lexes. The calculations were performed using the B3LYP func-
tional and the B3LYP/6-31G**/LanL2DZ ECP basis set to

g
W ;
2TH-OPDA-V 2TH-OPDA-Cu
f T T T T T T T T T T T T T T T T T 1 1 I 1 ) 1 I 1
260 280 300 320 340 360 380 400 420 260 280 300 320 340 360 380
Field Field (267.502)

Fig. 5. Room temperature X-band EPR spectra of vanadium and copper complex
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determine optimized geometries, frontier orbital energies and
other quantum chemical parameters. The optimized structures
and molecular orbitals are demonstrated in Fig. 6, while the
key electronic parameters are summarized in Table-5.

The AE value, representing the HOMO-LUMO energy
gap, plays an essential role in predicting the chemical reactivity
and stability of the molecules. The free ligand exhibited a AE
of 4.21 eV, whereas metal coordination significantly reduced
this gap, enhancing charge transfer potential. Among the metal
complexes, the copper(Il) complex displayed the lowest energy
gap (2.48 eV), suggesting higher reactivity and better electron
delocalization, followed by vanadyl (2.79 eV) and cobalt (2.28
eV). The dipole moment of the copper(Il) complex was also
significantly higher (8.85 D), indicating enhanced polarity,
which may contribute to better solubility and interaction with
biological targets. Several quantum chemical descriptors were
determined based on the expressions provided in eqns. 1-5. The
electrophilicity index (), a key descriptor for biological activity,
was found to be highest for the vanadyl complex (-20.69), follo-
wed by cobalt (-17.09) and copper (-12.86), suggesting their
potential for strong biomolecular interactions. Theoretical results
support the antibacterial activity findings, supporting the role
of electronic properties in biological activity.

®
ELumo = -1.83 eV

I AE =4.21eV

Evomo = -6.04 eV

ELumo = -4.34 eV

IAE =2.28 eV

Enono = -6.62 8V

1

xX= _E(EHOMO+ELUMO) (1)

1
M==x= E(EHOMO +E imo) 2)

1
n= E(EHOMO_ E omo) (3)
1
S=g @)
lvlz

W= % ©)

Docking studies: Docking studies were carried out to eval-
uate the binding interactions between the Schiff base ligand
and its metal complexes with bacterial thymidylate kinase (PDB:
4QGG) and DNA gyrase B (PDB: 1KZN), both of which are
crucial for bacterial survival. The binding affinities and key
docking parameters are summarized in Table-6. The docking
results suggests that metal coordination enhanced the binding
affinity of the ligand, with the copper complex exhibiting the
highest binding energy (-7.19 kcal/mol) against DNA gyrase

ELuwo = -4.05 eV

IAE =2.79eV

Evomo = -6.84 6V

Ewo=-3.32eV @

IAE =2.48 eV

Epomo =-5.79 eV

2TH-OPDA-Co
Fig. 6. Ground state optimized geometry and FMOs of Schiff base and its complexes by DFT/B3LYP method

2TH-OPDA

2TH-OPDA-Cu 2TH-OPDA-V

TABLE-5
CALCULATIONS FOR DFT MOLECULAR ORBITAL ENERGIES
Compd. Energy DM HOMO LUMO Gap X ? n S [0}
2TH-OPDA -959338.33 1.57 -6.04 -1.83 -4.21 3.94 -3.94 -2.10 -1.05 -16.31
2TH-OPDA-Co  -2106151.80 0.64 -6.62 -4.34 -2.28 5.48 -5.48 -1.14 -0.57 -17.09
2TH-OPDA-Cu  -2041634.47 8.85 -5.79 -3.32 -2.48 4.56 -4.56 -1.24 -0.62 -12.86
2TH-OPDA-V -2010843.65 4.03 -6.84 -4.05 -2.79 5.44 -5.44 -1.40 -0.70 -20.69

DM = Dipole moment, AE = energy band gap, EH = energy of HOMO, EL = energy of LUMO, 1 = global hardness, u = chemical potential, x =

electronegativity. S = global softness and ® = global electrophilicity index.
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TABLE-6
DOCKING STUDIES OF LIGAND AND ITS COMPLEXES WITH BACTERIAL DNA GYRASE B AND THYMIDYLATE KINASE
AGhingine)” AGyqw + b + desol AGgee :
Compounds (lsind;)ng fiee ((deﬂlb}fdgsél\)/ (electrolstatic . AG (total S (Lo oy AC e
energy) energy) energy) internal energy) free energy) system energy)
Bacterial DNA gyrase B [1KZN]
2TH-OPDA -5.88 -7.0 -0.07 -0.98 1.19 -0.98
2TH-OPDA-Co -5.43 -6.59 -0.03 -1.51 1.19 -1.51
2TH-OPDA-Cu -7.19 -8.37 -0.01 -1.70 1.19 -1.70
2TH-OPDA-V -6.05 -7.19 -0.05 -2.03 -1.19 -2.03
Thymidylate kinase [4QGG]
2TH-OPDA -4.25 -5.41 -0.03 -0.95 1.19 -0.95
2TH-OPDA-Co -4.93 -6.05 -0.07 -1.51 1.19 -1.51
2TH-OPDA-Cu -5.59 -6.84 -0.06 -1.59 1.19 -1.59
2TH-OPDA-V -4.86 -6.0 -0.05 -1.87 1.19 -1.87

B, followed by vanady! (-6.05 kcal/mol) and cobalt (-5.43 kcal/ due to its favourable electronic structure, strong binding affinity
mol). Similar trends were observed for thymidylate kinase, where and enhanced antibacterial activity. Further modifications and
the copper complex again demonstrated the best interaction in-depth pharmacokinetic studies could enhance its potential
(-5.59 kcal/mol), followed by vanadyl (-4.86 kcal/mol) and as a lead compound for novel antimicrobial agents.
cobalt (-4.93 kcal/mol). The free ligand had the weakest binding
in both cases, indicating that metal coordination improves the
protein-ligand interactions. This work reports the synthesis and characterization new
The 3D docking interaction models illustrate the binding Schiff base metal complexes of vanadyl, cobalt and copper using
conformations of the Schiff base ligand and its complexes with o-phenylenediamine and thiophene-2-carbaldehyde as ligand

Conclusion

the target proteins, while the 2D interaction maps (Fig. 7) high- precursors. Structural analysis confirmed square pyramidal
light the hydrogen bonding and hydrophobic interactions respon- geometry for vanadyl, octahedral coordination for cobalt and
sible for the stability of the complexes within the binding site. a square planar configuration for copper. DFT studies revealed
Moreover, Fig. 8 provides a visualization of hydrogen bond that metal coordination reduces the energy gap and enhances
interactions within the protein-ligand complex. The strong bin- the charge transfer potential. The antibacterial evaluation demon-

ding affinities of the copper and vanadyl complexes suggest strated that all the metal complexes exhibited stronger anti-
their potential as inhibitors of bacterial enzymes, aligning with microbial effects than the ligand alone with the copper complex
the antibacterial activity observed in vitro. showing the highest inhibition against E. coli and P. aeruginosa.

Opverall, the DFT and docking findings contribute toadeeper ~ The cobalt complex also displayed notable antibacterial effects,
comprehension of the electronic nature and bio-interactive whereas the vanadyl complex was the least effective. Molecular
potential of the synthesized metal complexes. The copper com- docking outcomes further supported these findings, indicating
plex emerged as the most promising antimicrobial candidate that the copper complex had the strongest binding affinity with

[

2TH-OPDA 2TH-OPDA-Co 2TH-OPDA-Cu 2TH-OPDA-V
Fig. 7. Molecular docking 2D ligand interaction and its complexes with bacterial thymidylate kinase ad DNA gyrase B
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2TH-OPDA 2TH-OPDA-Co

2TH-OPDA-Cu

2TH-OPDA-V

Fig. 8. Molecular docking hydrogen bonding interaction of Schiff base ligand and complexes with bacterial thymidylate kinase and DNA

gyrase B

bacterial DNA gyrase B and thymidylate kinase, followed by
vanadyl and cobalt complexes. Overall, the results suggest that
metal complexation significantly enhances the biological activity
of ligand. The copper complex, in particular, shows promise
as a potential antimicrobial agent, with strong interactions at
the molecular level and significant in vitro activity. Further,
the structural modifications and pharmacokinetic evaluations
could lead to the development of novel metal-based antimicro-
bial drugs.
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