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ABSTRACT. The primary objective of the current framework was to synthesize novel mononuclear 1:1:1 
complexes involving FeLG, CoLG, NiLG, CuLG, and ZnLG, where the ligand (L) is identified as 4-[(4-oxo-4,5-
dihydro-1,3-thiazol-2-yl)hydrazono]methylphenyl-4-methylbenzenesulfonate, and glycine (G) serves as the co-
ligand. Comprehensive characterization of the investigated complexes was achieved through various analytical 
techniques, including FTIR, UV-Vis spectroscopy, elemental analysis, mass spectra, magnetic susceptibility 
measurements, molar conductivity assessments, and thermogravimetric analysis (TGA). The determination of 
stoichiometry was performed employing the molar ratio technique, revealing the octahedral geometry inherent in 
the isolated metal complexes. Employing a density functional theory (DFT) approach, the molecular structures of 
the designated compounds were theoretically elevated, and quantum chemical descriptors were derived to provide 
a deeper insight into their electronic properties. Furthermore, the inhibitory potential of these compounds against 
fungal strains and pathogenic bacteria prevalent in the Arab environment was evaluated using the disc diffusion 
method, emphasizing their role in combating diseases affecting humans, animals, and plants. Notably, the metal 
complexes exhibited superior antibacterial activity, as evidenced by a higher activity index. Molecular docking 
investigations were conducted to ascertain the inhibitory effects of the compounds on the 1FJ4 protein, with ZnLG 
emerging as the compound with the highest binding affinity. These results suggest the promising candidacy of these 
compounds as antimicrobial agents, particularly in the context of combating bacterial and fungal infections. 
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INTRODUCTION 
 

The fundamental reason for now restrictive the application of antibiotics in treating microbial 
illnesses is the advent of drug-resistant microbial pathogens [1, 2]. Complexes of Schiff-base have 
become increasingly significant in medicine as potential substitutes for conventional antibiotics 
[3, 4]. They gained a lot of significance because of the wide range of biological, analytical, and 
industrial implementations [5, 6], they have as well as their substantial function in organic 
synthesis and catalysis [7, 8]. In recent years, the numerous groups of biologically active 
coordination molecules have given a lot of attention to mixed transition metal complexes, with 
interest growing as a result of their adaptability and wide range of biological applications, such 
as in the treatment of cancer and antiviral, antimicrobial, and fungicidal components [9, 10]. 

Mixed ligand complexes are different from normal complexes and are more likely to have 
various biological characteristics [11] since they contain at least two diverse kinds of ligands with 
similar metal ions [12]. 

Recently, complexes based on amino acids have gained attention as an auspicious class of 
bioactive substances with wide potential for use as therapeutic medicines, diagnostic tools, and 
pathological examinations [13]. The twenty naturally occurring amino acids that makeup proteins, 
a chemical species that performs numerous biological tasks [14]. Numerous biological functions, 
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including oxygen transport, electron transfer, and oxidation, are carried out by complexes of 
transition metals that incorporate amino acids in peptides and proteins. 

The addition of an amino-acid as a co-ligand may alter the coordination geometry, 
hydrophobicity, and planarity of produced complexes [15]. Additionally, mixed-ligand complexes 
are crucial components of metalloenzymes' catalytic centers. As a result, metalloenzyme models 
can be created by studying the interactions of amino acids and their mixed-ligand complexes with 
different transition metals.  

Since Schiff-base complexes are novel materials with advantageous traits that can improve 
their biological function inside cells, their production and properties have drawn a lot of interest. 
Chemotherapy makes extensive use of such systems. In light of the above mentioned information, 
an effort has been completed to create novel complexes based on mixed ligands with favorable 
biological characteristics. Subsequently, a new series of metal: ligand: co-ligand (1:1:1) 
complexes will be produced and characterized. Both the new drugs' in vitro antibacterial efficacy 
and their molecular docking valuation against the 1FJ4 protein will be evaluated. Additionally, 
molecular and electronic structure DFT examination was researched.  

 

EXPERIMENTAL 
 
Chemicals and solvents  
 
All of the chemicals employed in this study were of the highest purity possible and were of 
analytical reagent grade (AR). Ethyl bromoacetate, Fe(III) chloride, Ni(II) chloride, Co(II) 
chloride, Zn(II) chloride, Cu(II) chloride, and glycine were among the compounds used. Organic 
solvents such as acetonitrile, ethanol, and dimethylformamide (DMF) were spectroscopically free 
from BDH. 
 
Synthesis 
 
HL-ligand preparation  
 
The target metal complexes were synthesized according to the previously reported method with 
slight modification [2, 16]: the starting ligand was simply prepared via the treatment of compound 
4-[(carbamothioylhydrazono) methyl] phenyl 4-methylbenzenesulfonate with ethyl bromoacetate 
to give the corresponding ethyl 4-{[(4-oxo-4,5-dihydro-1,3-thiazol-2-yl)hydrazono] 
methyl}phenyl 4-methylbenzenesulfonate, Scheme 1.  
 
Preparation of the mixed-ligand complexes 
 
The target metal complexes were synthesized according to the previously reported method with 
slight modification [17, 18]: by mixing 20 mL of the metal salt (0.03 mol) with a mixture of 
equivalent amounts (0.03 mol) of hot solution ethanol (20 mL) of glycine (HG) and the Schiff-
base ligand (L) (M: G: L ≡ 1:1:1 molar ratio). The mix was refluxed in a water bath for 8 hours at 
80 °C. The resultant product was filtered and repeatedly cleaned with an H2O-ethanol solution 
(1:3). The produced complexes were dried in desiccators over anhydrous calcium chloride, and 
finally re-crystallized from the water-ethanol mixture (water: ethanol = 1:3). 
 
Characterization  
 
FT-IR spectra were performed using a model 8101 Bruker FTIR in the 4000-400 cm-1 range. The 
molar magnetic susceptibility of powdered materials was calculated by means of the Bartington 
(model 4320) susceptibility device. Using a Jenway conductivity meter, the molar conductivities 
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of 10-3 M solutions of the synthesized compounds in DMF were determined. From ambient 
temperature to 600 oC, the solid complexes underwent TG and DTG thermogravimetric tests. 
Using a Jenway UV-Vis spectrophotometer, the compounds were subjected to a UV-Vis scan   
(10-3 mol/L acetonitrile solution). 
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Scheme 1. Preparation of the ligand (L) and corresponding metal complexes. 

DFT modeling 

For the ligands and metal complexes, respectively, the hybrid correlation functional (B3LYP) [19] 
in combination with the 6-311 (d, p) [20] and LANL2DZ basis sets [21] were used to optimize 
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the geometry of the subject compounds [22]. The ELUMO (lowest unoccupied molecular orbitals) 
and EHOMO (highest occupied molecular orbitals) energies were exploited to estimate quantum 
chemical strictures: ionization potential (IP), energy gap (ΔE), chemical potential (µ), 
electronegativity (χ), softness (σ), chemical hardness (η), nucleophilicity index (Nu), electron 
affinity (EA), maximum electronic charge (ΔNmax), and electrophilicity index (ω) [23, 24]. 
 
Antimicrobial in vitro testing 
 
The in vitro antimicrobial evaluation of the ligands free and their mixed-ligand complexes utilized 
three fungus strains, two gram-positive and two gram-negative bacteria strains, and two gram-
negative bacteria strains. These used strains are Escherichia coli (-ve), Pseudomonas aeruginosa 
(-ve), Staphylococcus aureus (+ve), Aspergillus flavus, Bacillus cereus (+ve), Trichophyton 
rubrum, and Candida albicans. These strains are frequent pollutants in the Arab environs.  Disc 
diffusion route was used [25].  

In the same experimental conditions, the antibacterial and antifungal effectiveness of the 
compounds under investigation were evaluated in comparison to the conventional antibiotic 
Clotrimazole [26]. The activity index (AI%) was calculated using the following equation, AI% = 
(IZt/IZs)x100.  IZt and IZs are rersented the inhibition zone produced by the test compounds and 
the standard compound, respectively [27]. 

 
 Molecular docking examination 
 
A computational model of ligand-protein receptor binding was established utilizing the molecular 
operating environment (MOE). To initiate the process, a high-resolution crystallographic structure 
of the E. coli (pdb ID: 1FJ4) was obtained from the Protein Data Bank [28]. Prior to the docking 
procedure, a series of meticulous steps were undertaken to prepare the protein, encompassing the 
removal of solvent molecules and co-ligands, addition of hydrogen atoms, rectification of the 
protein chain, and identification of active sites [29]. Furthermore, the compounds under 
investigation underwent optimization for docking through energy minimization, energy adaption, 
calculation of atomic charges, and assessment of binding energy. Within this domain, a diverse 
array of structural conformations was scrutinized to evaluate the stability of hydrogen bonds and 
van der Waals interactions. Subsequently, from a pool of thirty ligand-receptor poses, five 
conformers that best accommodated the ligand molecule within the protein's active pocket, with 
the most favorable scoring energy, were selected [30]. The assessment of the ligand and metal 
complexes' affinity towards the protein was conducted by computing the binding free energy and 
scrutinizing the hydrogen bonds formed between the ligand and the amino acid residues. This 
comprehensive computational analysis provided detailed insights into the potential interactions 
and binding affinities of the compounds with the target protein, offering valuable information for 
understanding their therapeutic implications. 
 

RESULTS AND DISCUSSION 
 
Structure configuration of the ligand  
 
The prepared ligand was characterized using FT-IR, elemental analysis, 1H-NMR, and 13C-NMR 
spectra as previously reported by our group [2, 16]. The infrared (IR) spectra of the ligand (L) 
revealed the disappearance of the –NH2 group and the emergence of new bands associated with 
the amidic –C=O group at approximately 1725 cm−1. In the 1H-NMR spectrum obtained in 
deuterated dimethyl sulfoxide (DMSO-d6), various signals were observed, including the 
exchangeable singlet signals from the –NH group at δ 11.96 ppm, which disappeared upon 
deuteration, the -N=CH– group at δ 8.38 ppm, the aromatic proton signals ranging from δ 7.77 to 
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7.12 ppm, and the signals from the active methylene and methyl groups at δ 3.90 and 2.43 ppm, 
respectively. Furthermore, the 13C-NMR spectra of the molecule indicated the presence of the 
>C=O group at δ 174.53 ppm, as well as signals from the –CH2 and –CH3 groups at δ 33.49 and 
21.64 ppm, respectively. 
 
Structure configuration of the complexes 
 
Molar conductance and elemental analysis 
 
The produced complexes were soluble in common organic solvents such as acetone, DMF, and 
DMSO but insoluble in H2O. The findings of the microanalysis for the metal complexes' carbon, 
hydrogen, and nitrogen revealed a good covenant between the calculated and discovered values, 
which supported the suggested formula for the titled metal complexes, Table 1. The values of 
molar conductivity for prepared complexes were rather low, demonstrating that they were not 
electrolytes, Table 1. 
 
Binding mode and FTIR spectra 
 
The method of ligand interaction with metal ions was demonstrated using the FTIR spectrum data. 
By comparing the IR spectra of the metal complexes and those of the free ligands, it was possible 
to locate the coordination places that might be involved with chelation, Table 1.  

 
Table 1. FTIR of the prepared ligands and corresponding complexes. 

  HG L FeLG CoLG NiLG CuLG ZnLG 

Elemental analysis 
Found (calc.) % 

C --- 52.43 
(52.08) 

35.11 
(35.42) 

37.81 
(37.29) 

37.08 
(37.31) 

37.26 
(37.01) 

35.37 
(35.86) 

H --- 3.88 
(4.15) 

3.28 
(3.91) 

4.57 
(4.12) 

4.44 
(4.12) 

4.30 
(4.09) 

4.02 
(4.28) 

N --- 10.79 
(10.18) 

8.98 
(8.70) 

9.07 
(9.16) 

9.41 
(9.16) 

9.31 
(9.09) 

8.51 
(8.80) 

M --- --- 8.42 
(8.67) 

9.39 
(9.63) 

9.18 
(9.60) 

10.11 
(10.31) 

10.14 
(10.28) 

conductivity µv,  Ω−1cm2mol−1 --- --- 8.98 9.48 10.16 9.95 9.08 

IR spectra υ (-OH) 3326 --- 3433 3435 3423 3442 3444 

υ (-NH2) 3280 --- 3109 3112 3110 3116 3111 

υ (-CH=N) --- 1652 1622 1620 1623 1628 1627 

υ (-COO)asymetric 1576 --- 1591 1588 1598 1584 1588 

υ (-COO)symetric 1412 --- 1419 1420 1423 1422 1418 

υ(C=N) thiazole --- 1597 1522 1527 1525 1530 1528 

υ (M-O) --- --- 538 520 529 535 530 

υ (M-N) --- --- 430 434 440 435 440 

UV-vis. λmax 230 240, 315 434 531 565 590 395 

Magnetic µeff  (B.M) --- --- 5.74 4.42 3.08 1.85 Dia 

Stoichiometry M : L : G --- --- 1:1:1 1:1:1 1:1:1 1:1:1 1:1:1 

 
Strong evidence for the group's (-CH=N) participation in chelation with the metal ion was 

supplied by the fact that the azomethine group's (1652 cm-1) stretching vibration changed to a 
lower wavelength range after coordination with the Schiff-base ligand (L), Table 1 [31]. When 
coordinated, the (C=N) thiazole ring of the pristine ligand at (1597.0 cm-1) was moved to lower 
wave numbers, providing strong evidence that it participated in chelation with the metal ion.  
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The -NH2 group for the glycine co-ligand (HG) was observable at a wavelength of 3280.0   
cm-1 and migrated to lesser wave numbers upon coordination, as shown in Table 1. This is strong 
evidence that it took part in the chelation process with the metal ion. The stretching vibrations of 
υsym(COO) and υasym(COO) were altered to inferior values, indicating cooperation with metal ions 
[32].  

The presence of an extensive peak in the complexes at more than 3400 cm-1 has formerly been 
ascribed to the H2O molecules' υ(-OH) groups. The complexes' spectra show new bands in the 
areas 430-440 and 520-538 that are attributed to υ(M-N) and υ(M-O), respectively, Table 1. 

 

Magnetic measurements and electronic spectra 
 

Based on the data presented in Table 1, the UV-Vis spectra of the synthesized compounds indicate 
a notable bathochromic shift in the typical ligand peak, accompanied by the appearance of distinct 
peaks in the metal complexes. This observation serves as compelling evidence for the formation 
of complexes between the metal ions and the ligands. The emergence of new peaks in the spectra 
suggests a significant alteration in the electronic structure of the compounds upon complexation, 
signifying the successful coordination of the metal ions with the ligands. One of the best ways to 
understand the transition metal complexes’ structural geometry is to use the effective magnetic 
moment, μeff = 2.830 (((Xg*Mwt)-(diamagnetic rectification*T))0.5 [33]. 

Based on the UV-Vis spectra, the FeL complex exhibits bands at 434 nm, which would be 
consigned to the 6A1g → T2g(G) transitions in the octahedral geometry of the FeL complex. The 
measured µeff of FeL complex at room temperature is 5.74 B.M., which would be ascribed to 
d5 high spin (t2g

3 eg
2) electron configuration, suggesting an octahedral geometry for the FeL 

complex, Table 1. 
The electronic scale of the CoL complex, revealed a peak at 531 nm, which is assignable to 

4T1g(F) → 4T2g(F) conversion, indicating an octahedral geometry. The estimated µeff of the CoL 
complex at 25 °C is 4.42 B.M., which would be ascribed to d7 high spin (t2g

5 eg
2) electron 

configuration, suggesting the CoL complex has an octahedral geometry, Table 1. 
The electronic spectrum of the NiL compound, exhibits bands at 565 nm, which may be related 

to the 3T1(F) → 3T1(P) transitions, indicating octahedral geometry around the nickel(II) center, 
Table 1. The calculated μeff of NiL compound is 3.08 B.M., back to d8 (t2g

6 eg
2) electron 

configuration, suggesting an octahedral geometry, Table 1. 
The electronic spectrum of the CuL compound, exhibits bands at 590 nm, which may be 

associated to the 2B1g → 2A1g transitions, indicating octahedral geometry around the copper(II) 
center, Table 1. The intended μeff of CuL compound is 1.85 B.M., back to d9 (t2g

6 eg
3) electron 

configuration, signifying an octahedral geometry, Table 1. 
The electronic spectrum of the ZnL compound, exhibits a band at 395 nm, which might be 

ascribed to the LMCT (L→M). The diamagnetic character of the ZnL complex would be 
attributed to the octahedral geometry of the ZnL complex, Table 1. 

 

Stoichiometry of the prepared complexes 
 

The stoichiometry of the prepared metal complexes that were created in solution as a result of the 
reaction of the metal ion with the researched ligands was established using the molar ratio 
spectrophotometric technique [34]. Two linear parts of the molar ratio plot's graph overlap at a 
molar ratio of  ≈1 which shows how the complex formed in a 1:1:1 ratio (M:L:G). 
 

Thermogravimetric analysis of the synthesized metal complexes  
 

Studying the thermal behavior of metal complex compounds targeted to enhance the complex 
building's development by calculating the amount of coordinated and uncoordinated H2O 
molecules. The prepared complexes exhibited four degradation stages, Table 2. The 1st 
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degradation stage led to establishing (calc.) a percentage of weight loss of 8.60 (8.39), 7.38 (7.76), 
6.37 (5.59), 6.18 (5.59), and 8.93 (8.39) %, indicated the removal of three, two, two, two and two 
hydrated H2O molecules for FeLG, CoLG, NiLG, CuLG, and ZnLG, respectively. Whereas, the 
2nd degradation stage led to weight-loss calculation of 27.14 (26.71), 15.98 (15.53), 32.88 (33.46), 
21.9 (21.12), and 27.84 (27.25) %, suggested the elimination of (C5H11NOCl2), (C5H10NO), 
(C8H10N3O2Cl), (C8H10NO), and (C6H8N2O2Cl) for FeLG, CoLG, NiLG, CuLG and ZnLG, 
respectively. The thermal decomposition continues for the third and fourth steps leading to the 
removal of the residual organic moiety leaving the metal oxide as metallic rest, Table 2. 

Table 2. Thermal degradation data of the prepared complexes. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mass spectra 
 
The suggested molecular formula of the metal complexes [Fe(L)(G)(Cl)2].3H2O, 
[Ni(L)(G)(H2O)(Cl)].2H2O, [Co(L)(G)(H2O)(Cl)].2H2O, [Cu(L)(G)(H2O)(Cl)].2H2O and 
[Zn(L)(G)].3H2O, was established by comparing m/z values with their molecular formula 
weights. The spectra of FeLG, CoLG, NiLG, CuLG, and ZnLG complexes exhibited the 
molecular-ion peak (M+) at m/z at 643.32, 610.41, 609.43, 615.14, and 636.55 g mol-1, which is 
worthy covenant the complexes formula weights (644.30, 611.93, 611.69, 616.55, and 636.42). 
The additional peaks in the spectrum corresponded to different metal complex constituents. It is 
important to note that the outcomes of the mass spectra correlate well with the C, H, and N 
findings and the proposed formula. 
 
Interpretation of a complex structure 
 
From the correspondence of all the earlier findings, the Schiff ligand (L) participates as a neutral 
bi-dentate ligand via thiazole Nitrogen and azomethine group, whereas, the co-ligand (HG) 
glycine participates as a mono-negatively bi-dentate co-ligand thru the carboxylates group, and    
-NH2 group, with a metal ion to form M:L:G (1:1:1) as [Fe(L)(G)(Cl)2].3H2O, 

Compounds  TG range  
(oC) 

DTG peak  
(oC) 

Mass loss (%) Assignment Residue 

found calculated 

FeLG 30 -  134 97 8.60 8.39 3 H2O 

1/2 Fe2O3 

134 – 350 290 27.14 26.71 C5H11NOCl2 

350 – 520 470 37.19 37.73 C11H3N2O3S 

520 – 610 575 14.17 13.51 C3H5NS 

CoLG 30 – 107 75 7.38 7.76 2 H2O + CH2 

CoO 

107 – 315 250 15.98 15.53 C5H10NO 

315 – 520  463 48.98 48.68 C10H4N3O3ClS2 

520 – 608 576 11.89 11.34 C3H5O2 

NiLG 30 – 128 88 6.37 5.59 2 H2O 

NiO 

128 – 318 248 32.88 33.46 C8H10N3O2Cl 

318 – 478 398 31.96 31.06 C8H10NO3S 

478 – 599 555 13.98 13.35 C3H2OS 

CuLG 30 – 113 74 6.18 5.59 2 H2O 

CuO 

113 – 317 250 21.9 21.12 C8H10NO 

317 – 515 413 41.33 41.85 C7H8NO4ClS2 

515 – 625 595 15.67 14.75 C4H3N2O 

ZnLG 30 – 130 81 8.93 8.39 3 H2O 

ZnO 

130 – 332 254 27.84 27.25 C6H8N2O2Cl 

332 – 482 421 38.88 39.44 C10H8NO3S2 

482 – 598 550 11.26 11.02 C3H5NO 
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[Co(L)(G)(H2O)(Cl)].2H2O, [Ni(L)(G)(H2O)(Cl)].2H2O, [Cu(L)(G)(H2O)(Cl)].2H2O and 
[Zn(L)(G)].3H2O for the FeLG, CoLG, NiLG, CuLG and ZnLG, complexes correspondingly, 
Scheme 1.  
 
DFT modeling 
 
In the lack of X-ray crystal information, molecular modeling is a technology that is becoming 
increasingly important for the structural analysis of coordination compounds since it provides 
additional structural details and energy-minimized conformation [35]. 

Optimization of FeLG, CoLG, NiLG, CuLG and ZnLG complexes provided octahedral 
geometry around the Fe(III), Co(II), Ni(II), Cu(II), and Zn(II) center, as; [Fe(L)(G)(Cl)2], 
[Co(L)(G)(H2O)(Cl)], [Ni(L)(G)(H2O)(Cl)], [Cu(L)(G)(H2O)(Cl)], and [Zn(L)(G)], respectively, 
Figure 1.  
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Figure 1. 3D structure of ligand and complexes.  
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The frontier molecular orbitals (FMOs), HOMO, and LUMO play a significant role in 
understanding the chemical steadiness, reactivity, optical, and electrical characteristics of a certain 
molecule (LUMO) [12]. The named complexes' atomic orbital LUMO-HOMO configuration is 
shown in Fig (2). Consequently, the electrons are predominantly distributed through the molecule. 
By using HOMO-LUMO energies, ionization potential (IP), energy gap (ΔE), electrophilicity 
index (ω), electronegativity (χ), chemical potentials (μ), Softness (σ), Chemical hardness (η), 
nucleophilicity (Nu), and electron affinity (EA) have been intended [36]. 

HOMO-LUMO energies are recognized as an interesting field in the study of kinetic stability, 
biological activity, polarizability, chemical reactivity, and softness-hardness of a molecule. The 
HOMO exemplified the outermost electron-containing orbital and served as an electron 
contributor. The LUMO substituted for the inmost vacant orbital as an electron acceptor. As a 
result, a molecule's susceptibility to attack by nucleophiles or electrophiles is determined by its 
HOMO and LUMO orbitals, respectively [37]. The ∆E, which is the difference between EHOMO 
and ELUMO, is a sign of the molecules' reactivity. As a result, the smaller ∆E is the molecule that 
is more responsive to docking. Therefore, the examined compounds' overall reactivity is ZnLG > 
CuLG > CoLG > NiLG > FeLG > L > HG.  

Two more important criteria that affect the chemical reactivity index are softness and 
hardness. A molecule's inclination to interact with another molecule could be interpreted using 
the hard-soft-acid-base (HSAB) route; hard acids like to interact with soft acids and hard bases 
with soft bases. Soft biological species include cells, proteins, and so on. Consequently, soft 
molecules could interact with biological compounds more readily than hard compounds. 
Therefore, biological performance rises with rising softness and falls with diminishing values of 
hardness [38]. Therefore, the order of reactivity has to be ZnLG > CuLG > CoLG > NiLG > FeLG 
> L > HG. 

Consequently, the reactivity sequence can be established as ZnLG > CuLG > CoLG > NiLG 
> FeLG > L > HG, as indicated by the experimental findings. This order of reactivity reflects the 
relative tendencies of these metal complexes to undergo specific chemical reactions. The 
electrophilic activity of these complexes is influenced by their high electrophilicity index value 
and low chemical potential value [39]. These characteristics contribute to their propensity to 
engage in electrophilic reactions, thereby influencing their chemical behavior and reactivity in 
various contexts. 
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Figure 2. HOMO-LUMO constructions of the investigated ligands and complexes.  
 

Proteins and substrates both contain partial charges, which is a key factor in how quickly a 
substrate and protein dock [40]. Understanding the 3-dimensional structural and topological 
characteristics of substrates can be done with the use of the molecular electrostatic potential 
(MEP) diagram. MEP shows which aspect of molecular geometry—the influence of nuclei or 
electrons—is prevailing.  

Different MEP diagram values are represented by various colors, ranging from blue to red. 
The negative (red) and positive (blue) parts of the MEP, respectively, are related to nucleophilic 
and electrophilic reactivity [41]. The red colors exemplify portions of the surface that are 
negatively charged (i.e., those areas where accepting an electrophile is most promising). The rise 
in the negative charge of a molecule indicates the interaction of its key sites in interactions with 
electrophiles. 

For the aforementioned compounds, an MEP diagram has been built up at the theoretical level 
of the optimal shape, Figure 3. Due to their availability of electrons, the glycine oxygen moiety is 
where the majority of the negative regions (shown red) occur in the substance substrates. These 
regions are also prime targets for electrophilic assault. The coordinated H2O moiety, which may 
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serve as an H-bond donor in protein-substrate intermolecular attractions, is the focus of more 
positive areas (blue), on the other hand, Figure 3. 
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Figure 3. MEP structures of the investigated ligands and complexes.  
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In vitro antimicrobial screening 
 
In comparison to their free ligands, the novel FeLG, CoLG, NiLG, CuLG, and ZnLG complexes 
showed greater augmentation in their antibacterial activity with high activity index (%).  

FeLG, CoLG, NiLG, CuLG, and ZnLG complexes are more inactive than their pristine 
ligands, Table (3), could be described according to the chelation concept [42]. According to this 
theory, chelation diminishes the polarity of the metal ion by partially sharing its positive charge 
with contributor groups and maybe delocalizing electrons all around the ring. Accordingly, the 
complex becomes more lipophilic and is therefore more likely to pass through the lipid film of 
the cell membrane. The complex can obstruct a microorganism's binding centers, disturbing 
metabolic paths and the cell's respiration process. This prevents protein synthesis, which limits 
the organism's ability to expand further and leads to the extinction of microorganisms. 
Additionally, the activity index of the aforementioned compounds varied between 30.00% and 
50.00 for free ligands and climbed to be between 60.00% and 94.44% for metal complexes, Table 
3.  

Table 3. Antimicrobial activity data of the studied ligands and corresponding complexes. 
 

Compounds  HG L FeL CoL NiL CuL ZnL Clotrimazole 
Pseudomonas 
aeruginosa 
(-ve) 

IZ, nm 8 9 13 17 15 19 17 21 

% 38.10 42.86 61.90 80.95 71.43 90.48 80.95  
Escherichia 
coli (–ve) 

IZ, nm 6 8 12 15 12 16 15 20 
% 30.00 40.00 60.00 75.00 60.00 80.00 75.00  

Staphylococcus 
aureus (+ve) 

IZ, nm 7 9 13 16 13 16 15 19 
% 36.84 47.37 68.42 84.21 68.42 84.21 78.95  

Bacillus 
cereus (+ve) 

IZ, nm 6 7 14 15 15 16 14 20 
% 30.00 35.00 70.00 75.00 75.00 80.00 70.00  

Aspergillus 
flavus 

IZ, nm 6 8 15 17 15 17 17 18 
% 33.33 44.44 83.33 94.44 83.33 94.44 94.44  

Trichophyton 
rubrum 

IZ, nm 7 8 14 16 15 16 15 19 
% 36.84 42.11 73.68 84.21 78.95 84.21 78.95  

Candida 
albicans 

IZ, nm 7 9 15 16 15 17 16 18 
% 38.89 50.00 83.33 88.89 83.33 94.44 88.89  

 
Molecular docking studies 
 
The produced complexes were docked against the antimicrobial target protein in this experiment 
to determine the relationship between in vitro antimicrobial results and inhibitor binding affinities. 
By rating a compound's composition, molecular docking studies enable virtual compound 
screening to determine which molecule has the strongest binding affinity [43]. This approach 
examines how two molecules, such as a substrate and the active site binding of a target receptor, 
fit together in three dimensions like jigsaw puzzle pieces [44]. 

In our example, the named chemicals stand in for the substrate, and E. coli (PDB ID: 1FJ4) 
protein is the target receptor [45]. Figure 4 shows the location of the examined substrates' optimal 
conformation within the binding pocket. 

With strong negative docking scores (S), Figure 4 shows the subject substrates bind with the 
E. coli (KAS I, PDB ID: 1FJ4) pocket via a variety of hydrogen bonds and hydrophobic contacts. 
That shows a robust contact between the active site of the receptor and docked substrates. The 
inhibitory performance ranked as; ZnLG > CuLG > NiLG > CoLG > FeLG > HL> HG. By 
incorporating varied hydrogen bond interactions with THR 302, VAL 270, GLY 305, and THR 
300, the ZnLG compound, which is the most efficient, was successfully docked to the substrate 
binding pocket of E. coli (KAS I, PDB ID: 1FJ4), as shown in Figure 4.  
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Figure 4. 2D, and 3D orientation of the substrate-protein complex. 
 

CONCLUSION 
 
Five new FeLG, CoLG, NiLG, CuLG, and ZnLG complexes were created in this study, and 
physicochemical and spectroscopic methods were used to characterize their structures. According 
to the results, L and HG ligands act as neutral and monobasic bi-dentate NN and ON ligands and 
bind with Co(II), Fe(III), Cu(II), Ni(II), and Zn(II) in a 1:1:1 molar ratio. The complexes adopted 
octahedral geometry, as shown from the spectral, and analytical information. Theoretically, the 
metal complexes' molecular structures were optimized, and the DFT restrictions were computed. 
The antibacterial and antifungal activity of the pristine ligands and their corresponding complexes 
was examined in vitro against fungal strains, and pathogenic bacteria, which are frequent 
pollutants in the Arab environs. The findings showed that compared to free ligands, metal 
complexes showed greater efficacy as antibacterial applicants with lower smallest inhibitory doses 
(MIC). Additionally, molecular docking was applied to determine the examined compounds' 
ability to inhibit E. coli (KAS I, PDB ID: 1FJ4). ZnLG complex demonstrated the strongest 
binding to the target receptor of these substances.  
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