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Abstract

In order to create novel transition metal-based
coordination compounds, Schiff bases based on the
sulpha drug reacted with various 2-hydroxy-
benzaldehyde derivatives. The antibacterial properties
and spectroscopic attributes of the synthesized ligands
and their heterochelates were extensively examined.
The structural characterization of the ligands was
accomplished  through  'H-NMR, IR, Mass
spectrometry, UV-Vis spectroscopy and elemental
analysis, while the heterochelates' structures were
validated using IR spectroscopy.

In vitro evaluations were conducted to assess the
activity of the ligands and heterochelates against Gram
+ve bacteria (S. aureus, B. subtilis), Gram -ve bacteria
(E. coli, P. aeruginosa) and against fungi A. niger. The
findings underscore the promising nature of
coordination compounds based on transition metals
and highlight the necessity of further exploration in this
field.

Keywords: Sulpha Drug, Schiff Base, Transition Metal
Complexes, Antimicrobial Study, Antifungal Study.

Introduction

Since many types of bacteria and fungi that are resistant to
drugs have emerged globally, which are resistant to
antimicrobial agents due to structural mutations, many
infectious and contagious diseases have spread in the
modern era, necessitating the use of medications to prevent
them. Sulfonamides are a well-known type of synthetic drug.
They are analogous para-aminobenzoic acid and block an
enzyme called dihydropteroate synthetase (DHPTS), which
is crucial in the folic acid metabolism of bacterial cells334°,
Most sulfa drugs work by preventing bacteria from
reproducing, as they inhibit a key enzyme required for
producing proteins and nucleic acids within bacterial
cells?31,

Organic molecules with -conjugated systems are incredibly
versatile, allowing for a variety of substitutions and
functions, making them important in biochemistry3>3 and
organometallic chemistry. Sulfonamides with a free amino
group are especially easy to modify because of free amine
group which opens the door to many biomedical uses®.

https://doi.org/10.25303/2910rjce054065

Sulfonamides that include imino or hydrazino-modified
groups have also shown to be effective at inhibiting CA
isozymes®:. Imino groups (-CR=N-) are produced when
primary aromatic or aliphatic amines condense with
aldehydes or ketones to make Schiff bases. The above
compounds are known to be adaptable pharmacophores that
are essential for a range of pharmacological actions. Their
bioactivity is mostly dependent on the azomethine group.

Whether derived from natural or synthetic sources, Schiff
bases have shown potent antibacterial, antitubercular,
antifungal, antiparasitic, antiviral, antioxidant, anticancer,
analgesic and anti-inflammatory qualities®5. They are
hence widely used and appreciated scaffolds in medicinal
chemistry. Whether in their free form or as ligands in metal
complexes, Schiff base complexes are regarded as one of the
most well-known stereochemical models in main group and
transition metal coordination chemistry due to their
permeability and structural complexity. Numerous metals
from the periodic table, primarily from the d-block, as well
as a range of organic ligands, ideally with proven
bioactivities, have been explored as a result of the work. As
a result of their readily available basic components, ideal
synthesis conditions and controllable density, Schiff bases
have been shown in numerous studies to be effective
binders*.

Schiff bases made from substituted salicylaldehydes (2-
hydroxybenzaldehydes) are proven antibacterial
agents®1":2122 1t has been demonstrated that the biological
effects of Schiff bases of various sulphonamides are
similar't1628 In commercial medication development,
heterocyclic compounds especially those with nitrogen and
sulphur atoms are regarded as an essential class?*2.
Antibacterial'?, antitumor®,  diuretic’”,  anti-carbonic
anhydrase (anti-CA)%, hypoglycemic?, anti-thyroid'® and
protease inhibitor!? properties are among the many uses for
sulphonamides and their Schiff base-derived derivatives.
When given as metal complexes, several medications show
changed pharmacological and toxicological characteristics.

Effective suppression of carbonic anhydrase (CA) isozymes
has also been shown for sulphonamides with imino or
hydrazino-modified groups®2. The biological properties of
metal complexes depend on how easily the bond between the
metal ion and the ligand can be broken. It is essential to
comprehend the coordination behaviour and the interaction
between ligands and metals in biological systems. We have
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started a program®*15 aimed at creating and designing
different metal-based sulphonamides in order to investigate
their structural and biological characteristics, given the
varied chemistry of sulphonamides as ligands. Structures
containing sulphur are present in many pharmaceuticals and
natural products®®, where they serve important functions and
exhibit a variety of biological effects”?,

Sulphur has been a small, ring-shaped atom for a long time
and it is a component of more than 362 FDA-approved drugs
that contain nitrogen, oxygen, or sulfur®. Sulfones,
sulphonamides and molecules with C-S linkages are used to
achieve this. In addition to this work, we synthesised two
Schiff base ligands derived from 4-Amino-N-(6-
methoxypyrimidine-4-yl)benzenesulfonamide and
salicyldehyde derivatives (Figure 1). The ligand further used
for complexation with molybdenum, tungsten, vanadium
and zirconium ions. The suggested complexes' structures are
shown in figure 2 and their antibacterial and antifungal
properties against A. niger fungal species as well as two-
Gram positive and two-Gram negative bacterial strains (B.
subtilus, S. aureus and P. aerugenosa, E. coli) are further
examined. The results suggested moderate to significant

Where, R= Br (L1)
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activity towards the various tested species. The electronic
properties of Ligand Ly and L», calculated using DFT at the
def2-TZVP level, reveal a HOMO and LUMO energy
followed by docking studies.

Material and Methods

All of the raw materials, reagents and solvents used in the
research were sourced from a local supplier, were incredibly
pure and were used immediately without any further
processing. The reaction's progress was assessed using 60
F-254 silica gel plates and Merck pre-coated aluminum
sheets in thin-layer chromatography (TLC). An optimized
solvent system was used as the mobile phase and results
were visualized under iodine vapor and ultraviolet light. An
AvanceNeo Ascend 400 MHz equipment was used to record
1H-NMR spectra in DMSO-d6 solution at a neighboring
research center and a Perkin-Elmer spectrometer operating
in the 4000—400 cm™ range was used to capture infrared (IR)
spectra. Additionally, FT-IR spectra were measured using a
Nicolet-400D spectrophotometer equipped with a KBr pellet
method. The UV spectra were collected using the UV-Vis
spectrophotometer V-750.
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Figure 2: Proposed structure of Heterochelates
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General procedure of ligands (L1 and L>): By reacting 10
mmol of 4-Amino-N-(6-methoxypyrimidine-4-yl)
benzenesulfonamide with an equimolar amount of 5-bromo-
2-hydroxybenzaldehyde (Li1) and ethyl-2-(3-formyl-4-
hydroxyphenyl)-4-methylthiazole-5-carboxylate  (L2) in
methanol while stirring continuously at 35°C, ligand L; and
L. were synthesized. Using a hexane/ethyl acetate (7:3)
combination as the mobile phase, thin-layer chromatography
(TLC) was used to track the reaction's progress and verify
that all of the starting ingredients had been consumed within
30 minutes. After everything was finished, the solid product
was separated by filtering, completely cleaned with ethanol,
dried at 60°C and then stored for later use.

General procedure of heterochelates: A basic procedure
was used to manufacture and separate each heterochelate.
Warm metal salt solution made in DMF was added drop by
drop to the corresponding ligand solution in 1:2 metal to
ligand molar ratios while being continuously stirred.
Following four hours of heating at 70°C, the mixture was
allowed to cool overnight at room temperature. A densely
colored product emerged after cooling at room temperature
and was allowed to dry in desiccators.

Physical and Spectral
heterochelates

Li: M.F.-C17H16N404S; yield 89%; M. W. 463.31; Orange
color; FT-IR (KBr, cm™); 3360 v(—-OH), 1593 v(C=N), 1153
v(SO2); 'H-NMR (400MHz, DMSO-d%); &(ppm); 3.85
(3H,s,-OCHgs); 12.40 (1H,s,-CH); 6.37-8.91 (9H,c,Ar-H);
Elemental Analysis Found (%) C, 46.64; H, 3.22; N, 12.07
Calculated for C17H16N404S; C, 46.66; H, 3.26; N, 12.09.

Data of ligands and its

[(L1)2M00O2]: M.F.-C3sH28Br.MoNgO10S2; yield 79%;
M.W. 1052.55; Orange; Elemental Analysis Found (%) C,
41.06; H, 2.65; N, 10.64; Mo, 9.15; Calculated for
CssH28BroMoNgO10S2; C, 41.08; H, 2.68; N, 10.65; Mo,
9.12.

[(L1)2WOZ]Z M.F.-CsstgBl’zNgOloSZW; yield 77%; M.W
1140.43; Brown; Elemental Analysis Found (%) C, 37.89;
H, 245, N, 9.80; W, 16.14; Calculated for
CssH28BraNsO10S;W; C, 37.91; H, 2.47; N, 9.83; W, 16.12.

[(L1)2VO]: M.F.-C36H2sBr2NgOgS,V; yield 81%; M.W
991.54; Brown; Elemental Analysis Found (%) C, 43.59; H,
2.83; N, 11.27; V, 5.17 Calculated for CssH2sBraNgOgS,V;
C,43.61;H, 2.85; N, 11.30; V, 5.14.

[(Ll)zer]Z M.F.-CsestBl’stOgSQZr; yleld 76%; M.W.
1031.82; Brown; Elemental Analysis Found (%) C, 41.88;
H, 271; N, 10.82; Zr, 8.88; Calculated for
CgeHngr2N809SZZr; C, 41.91; H, 2.74; N, 10.86; ZI', 8.84.

Lo: M.F.-CstzstOeSz; yield 81%; M. W. 553.61; Pink
color FT-IR (KBr, cm™); 3360 v(—OH), 1593 v(C=N), 1153
v(SO2); 'H-NMR (400MHz, DMSO-d®); &(ppm); 3.86
(3H,5,-OCHs); 1.27 (3H,s,-CH3); 2.65 (3H,t,-CHs); 4.25
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(2H,9,-CH); 12.96 (1H,s,-CH); 7.06-9.06 (8H,c,Ar-H);
Elemental Analysis Found (%) C, 54.21; H, 4.17; N, 12.62;
Calculated C2sH23N506S2 C, 54.24; H, 4.19; N, 12.65.

[(Lz)zMOOz]Z M.F- C50H44MON10014S4; yield 81%; M.W.
1233.16; Brown; Elemental Analysis Found (%) C, 48.67;
H, 358; N, 11.33; Mo, 7.81; Calculated for
CsoHasMON10014S4; C, 48.70; H, 3.60; N, 11.36; Mo, 7.78.

[(Lz)zWOz]: M.F- C50H44N10014S4W; Yield 83%; M.W.
1321.04; Red; Elemental Analysis Found (%) C, 45.44; H,
3.32; N, 10.58; W, 13.96 Calculated for CsoHasN10014S4sW;
C, 45.46; H, 3.36; N, 13.60; W, 13.92.

[(Lz)zVO]Z M.F- C50H44N10013S4V; Yield 87%; M.W.
1172.15; Red; Elemental Analysis Found (%) C, 51.20; H,
3.74; N, 11.93; V, 4.39; Calculated for CspH44N10013S4V; C,
51.23; H, 3.78; N, 11.95; V, 4.35.

[(L2)2ZrO]: M.F- CsoHaN10013SaZr; yield 79%; M.W.
1212.43; Brown; Elemental Analysis Found (%) C, 49.51;
H, 361; N, 1153; Zr, 7.55; Calculated for
CsoH4N10013S4Zr; C, 49.53; H, 3.66; N, 11.55; Zr, 7.55.

Results and Discussion

NMR spectra of ligands: The experimental part contains
the 'H-NMR data for L; and L,. The spectra of ligand L
show that the Ar-H is obtained as a complex peak in the
aromatic region in the range of 6.37-8.91 dppm and the peak
for the —OCH3s proton is obtained as a singlet at 3.85 dppm,
while the singlet for the —CH proton is obtained at 12.40
dppm. It can be seen from the ligand L, spectra that the
proton for -OCHs has a singlet peak at 3.86 6ppm. While the
singlet for the -CH proton is produced at 12.96 dppm and the
Ar-H are obtained as a complex peak in the aromatic region
in the range of 7.06-9.06 dppm, the peak for the -CH3 proton
is acquired as a singlet at 1.27 dppm and the triplet quartet
system is detected, confirming the presence of the
-OCH2CHjs group. It is challenging to definitively attribute
each signal to a specific aromatic, -NH, or -OH proton in the
'H NMR spectra of both ligands since the signals of these
protons were mixed with aromatic protons and were very
tightly spaced out in the spectrum. Nonetheless, the number
of protons precisely matches the compound's chemical
formula, which was further supported by mass spectra.

Infrared spectra: The comparative IR data of rare earth
transition metals with Schiff base ligands are shown in table
1. For identification purpose of binding mode of metal
complexes and Schiff base ligands, the IR data were
compared. The azomethine group’s v(C=N) is clearly
observed as prominent band between 1577 cm™ and 1593
cm* for Schiff base ligands. This band arises between 1546
cm® and 1563 cm™ in coordination compounds; its lower
energy shift depicts azomethine N coordination. The band
for v(SO,) arises between 1151 cm™? and 1153 cm for
ligands and band arises in between 1126 cm™ and 1155
cm* for heterochelates.
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Table 1
IR Data of Ligands and its Heterochelates
S.N. Compound C=N OH S=0 M-O M-N C=0
1 L1 1593 3360 1153 - - -
2 [(L1)2MoO»] 1560 - 1155 524 605 -
3 [(L1)2WO2] 1558 - 1130 557 614 -
4 [(L1)2VO] 1563 - 1126 549 617 -
5 [(L1)2ZrO] 1558 - 1153 549 607 -
6 L2 1577 3313 1151 - - 1712
7 [(L2)2MoO2] 1553 - 1153 554 638 1710
8 [(12)2WO2] 1546 - 1151 580 637 1710
9 [(L2)2VO] 1546 - 1151 578 638 1710
10 [(12)2ZrOs] 1551 - 1153 555 637 1710
Table 2
Ligands and metals electronic spectra and magnetic moments
S.N. Compound a—n* | LMCT n— m* d-d n Chemical Shift
Amax Amax Amax transition (B.M.)
(nm) (nm) (nm) Amax
(nm)
1 L1 257.8 274.4 354.6 - - -
2 [(L1)2M00>] 257.6 276.2 355 - - Hyperchromic
3 [(L1)2WO2] 258.7 269.8 355.9 - - Hyperchromic
460
4 [(L1)2VO] 259.6 269 351 444 1.70 Hyperchromic
5 [(L1)2ZrO] 257.6 272 359 - - Hyperchromic
435.8
6 L, 257.4 330.8 471.6 - - -
7 [(L2):Mo00>] 257.2 278 332 468.6 - Hyperchromic
8 [(L2)2WO2] 256.8 3344 471 - - Hyperchromic and
Hypsochromic
9 [(L2)2VO] 259 275 336.2 457.6 1.69 Hypochromic and
Hypsochromic
10 [(L2)2ZrO] 257.6 278.4 334.2473 - - Hyperchromic
L2 I
10- L2 Mo L1
2 W L1 Mo
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Lz .5 RN
08 L L]
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Figure 3: UV-Visible overlay spectrum of ligands (L1, L2) and their heterochelates
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Figure 4: Electronic details of Ligand L; (a) Ligand L after geometry optimization
(b) Ligand L; HOMO (c¢) Ligand L; LUMO Electronic details of Ligand L (d) Ligand L, after geometry optimization
(e) Ligand L, HOMO (f) Ligand L, LUMO

UV-Vis spectra: The UV-Vis spectrum of the synthesized
compound was recorded to analyse its electronic transitions
and assess its optical properties. The absorption spectrum
exhibited characteristic peaks at specific wavelengths
mentioned in the table 2, corresponding to n—x*, n—n* or
d-d transitions, indicating the presence of conjugated
systems and lone pair interactions. The intensity and position
of these peaks suggest metal-ligand charge transfer (MLCT)
or other relevant effects. The heterochelate depicts shifts
compared to corresponding ligand shown in table suggest
possible, ligand coordination, or electronic environment.
These findings validate the compound's successful
production and structural soundness, providing insight into
its electronic structure. Figure 3 depicts comparative UV-
Visible overlay spectrum of ligands (Li, L2) and their
heterochelates.

Computational studies: The electronic properties of ligand
L1, calculated using DFT at the def2-TZVP level, reveal a
HOMO energy of -0.1293 eV and a LUMO energy of -
0.2128 eV. Throughout the entire n-conjugated system, the
HOMO and LUMO are widely delocalized, these def2-
TZVP values contribute to a comprehensive understanding
of Ligand Li's electronic structure. Specifically, these energy
levels support the observation that the substituent, present in
Ligand L;, acts as an electron-withdrawing group,
influencing the HOMO and LUMO energies. For ligand L,
DFT calculations at the def2-TZVPP level yielded a LUMO
energy of -0.2201 eV and a HOMO energy of -0.1281 eV.
The def2-TZVPP results further solidify the electronic
characterization of ligand L, providing a consistent picture
of its electronic structure. Figure 4 shows the details of
respective ligands.

Molecular Docking studies: The RCSB protein data bank
provided the crystal structure of the ternary complex of E.
coli dihydropteroate synthetase (DHPS), PDB ID: 1AJO.
Water molecules and non-essential ligands were removed
and check for missing residues if there. Polar hydrogens

https://doi.org/10.25303/2910rjce054065

were added and appropriate charges were assigned using
Auto-Dock Tools. The MMFF94 force field was used to
optimize the ligand's three-dimensional structure, assigned
Gasteiger charges and saved in PDBQT format for docking.
A grid box was used to define the DHPS active site and Auto-
Dock's Lamarckian genetic algorithm (LGA) was used for
docking. Auto-Dock was used to do molecular docking
simulations and the interaction profiles and docking scores
were examined. RMSD (Root Mean Square Deviation)
values were computed to evaluate docking reliability and
known DHEFR inhibitors were redocked to confirm binding
modes in order to validate the docking results (Table 3).

All docking simulations were run under strictly regulated
computational limitations, including high thresholds for
genetic algorithm iterations, elitism settings and lengthy
energy reduction cycles, in order to improve methodological
rigor and guarantee maximum sampling fidelity. By
methodically examining ligand flexibilities across torsional
degrees of freedom, a structure with reduced internal strain
and optimal steric complementarity to the active site
topology of the enzyme was discovered. Simultaneously,
the DHPS macromolecular architecture's electrostatic
potential surface mappings informed by quantum mechanics
clarified the hydrophobic microenvironments and
heterogeneous charge distributions, supporting the spatial
correlation of observed ligand-receptor affinities.

The presence of interactional hotspots and localized binding
microdomains, controlled by complex steric, electrostatic
and van der Waals complementarities, was demonstrated by
subsequent post-docking topological reconstructions using
molecular surface techniques and interactional heatmap
matrices. The ligand frameworks demonstrated
conformational rigidity and reduced entropic penalties
because of their limited rotameric freedom, indicating a
favorable binding enthalpy-driven mechanism, even though
entropic contributions were not explicitly computed using
thermodynamic integration or normal mode analysis.
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Using molecular docking, the binding affinities of ligands
and active residues in the protein's binding cavity were
examined.  Strong binding affinities were found by
molecular docking experiments of ligands with DHPS.
Projected binding energy values for ligand L; and ligand L,
were -8.30 kcal/mol and -7.28 kcal/mol respectively,
indicating a decent drug-protein interaction. The docking
results are mentioned in table 3. Both ligands also interacted
with protein via H-bond interactions, Ligand L; shows H-
bonding interaction with ARG280 (2.068A) amino acid and
GLU150 (2.149 A) for ligand L,. LYS221, PHE190 and
ARG63 contributed to hydrophobic interactions for ligand
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L1 while HIS252 and HIS208 are responsible for
hydrophobic interactions for ligand L, which stabilized the
complex.

Furthermore, Phe190 amino acid shows T-shaped face to
edge n-n staking interaction between thiazole and phenyl
ring in ligand L. In addition to that amino acids ALA151,
PRO64, LYS221 and ARG63 also take part in staking
interaction. In ligand L; PRO15, LEU223 and LYS279 are
involved in stacking interactions. The molecular docking
interactions with ligands are shown in figure 5.

Face Il
(b)

Hydrophobicity

3.00
2.00
1.00
0.00
-1.00

(©) @

lonizability

Basic

Acidic .

(e) U}

60



Research Journal of Chemistry and Environment Vol. 29 (10) October (2025)

Res. J. Chem. Environ.

ASN
A5
Al

s,
A257

SAS

25.0
225
20.0
17.5
15.0
12.5
10.0 &5

Aromatic
Edge

Face Il 'S—
@@

Hydrophobicity

3.00
2.00
1.00
0.00
-1.00

-2.00
-3.00 ,S’

(k)

lonizability SAS

25.0
225
20.0
17.5

% 15.0
12.5

Acidic . S~ 10.0 I
(m) (n)

Figure 5: The molecular docking interaction images of ligand Liand L.: (a) 2D Ligand interaction diagram (L),
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Figure 7: Fragmentation pattern of heterochelate [(L1).ZrO]

Table 3
The Molecular Docking Analysis of synthesized Ligand with Protein
Protein Ligands RMSD Binding Inhibition
energy constant
(Kcal/mol) Ki
1aj0 L1 27.94 -8.30 879.66 nM
L2 37.09 -7.28 4.63 uM
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Table 4
Antibacterial properties of Ligand and its Heterochelates

S.N. Compound Gram positive Gram negative Fungi
B.subtilus S.aureus E.coli Paerugenosa A.niger
Reference Nystatin NA NA NA NA 22
Drug 1
Reference Streptomycin 28 29 24 22 NA
Drug 2
Solvent DMSO 0 0 0 0 0
1 L1 0 10 15 2 0
2 [(L1)2M00Os] 2 8 4 2 0
3 [(L1)2WO-] 0 10 11 4 16
4 [(L1)2VO] 0 10 22 5 4
5 [(L1)2ZrO] 0 11 18 4 0
6 L2 17 15 14 6 0
7 [(L2)2M00s] 11 9 10 7 8
8 [(L2)2WO2] 16 14 14 7 0
9 [(12)2VO] 15 10 10 10 2
10 [(L2)2ZrO>] 18 10 11 6 0

Collectively, these findings delineate a nuanced molecular
interaction landscape and provide a foundational framework
for future structure-based lead refinement and advanced
quantum-chemical binding free energy evaluations.

FAB Mass: The molecular formula of the suggested
chemical was verified using the validated mass spectra
(Figure 6) and the molecular ion peak of the coordination
molecule [(L1)2ZrO]. Figure 6 illustrates the trend of
systematic fragmentation. The molecular ion peak initially
appears at m/z=1033. The probable fragmentation pathway
of the molecule is shown in figure 7. The compound's
principal fragmentation results from the loss of a few of
CsHsN20 molecules from species (a), giving rise to species
(b), which has a prominent base peak at m/z=817. More
fragmentation leads to species (c) by losing some of the
ligand molecule (H2NO-S). Species (c) then undergoes
further breakdown to produce a stable species (d), most
likely due to the loss of the ZrO, and the remaining ligand
molecule. All the calculated molecular weights agreed with
the anticipated values from earlier research?: 27,

Biological Screening: The synthesized Schiff base Ligands
Liand L and their heterochelates based on rare earth metals
were screened against four bacterial stains Bacillus subtilus,
Staphylococcus aureus, E. coli, Pseudomonas aerugenosa
bacteria and fungi Aspergillus niger. Heterochelates exhibit
a stronger inhibitory effect than their parent Schiff base
ligands, as demonstrated in the antimicrobial screening
results presented in table 4. Heterochelate [(L2)2ZrO;] is
considerably affected against Bacillus subtilus and
heterochelate [(L2)2WO2] and ligand L. is effective against
Staphylococcus aureus.

Heterochelate [(L1).VVO] is considerably effective against E.
Coli and [(L2)2VO] is moderately effective against
Pseudomonas aeruginosa. [(L1):WO3] heterochelate is
considerably effective against fungi Aspergillus niger. The
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overtone notion'®2° and chelation theory®® can be used to
describe the higher activity of heterochelates than the
ligands.

Conclusion

We investigated the creation of novel Schiff base ligands
from sulfa medication compounds and the heterochelates.
We employed sophisticated methods such as *H-NMR, IR,
UV and mass spectrometry for verification and
characterization in order to guarantee the purity and structure
of these compounds. The effectiveness of these chemicals in
treating bacterial and fungal illnesses was carefully assessed
when they were synthesized. The DFT simulations validate
the impact of electron-withdrawing substituents on the
HOMO and LUMO energies of ligands L; and L, offering a
comprehensive  understanding of  their  electronic
characteristics.

Strong binding affinities of ligands L1 and L, with DHPS are
confirmed by molecular docking experiments, which are
backed by substantial hydrophobic and hydrogen bonding
interactions. Together with n-n stacking, these interactions
support the stability of the ligand-protein complexes,
underscoring their capacity for efficient binding. These
ligands are attractive scaffolds for more logical drug design
and optimization efforts targeting bacterial DHPS,
highlighted by their structural and electrostatic
complementarity as well as their low entropic penalties.

In contrast to Gram +ve bacterial strains like B. subtilis and
S. aureus, as well as Gram -ve strains like E. coli and P.
aeruginosa, the coordination compounds showed notable
antibacterial characteristics and pronounced activity.
Compared to their separate ligands, their antibacterial
actions were really substantially stronger. These results are
intriguing because they raise the possibility that these
substances could be studied further and turned into a new
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class of antibacterial medications based on transition metals
that could combat a variety of dangerous microorganisms.
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