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ABSTRACT 

 In this study, we prepared 4-chlorophenylazoquinoline, 

a derivative of 8-hydroxyquinoline, with Mn(II), Co(II), 

Ni(II), Cu(II), and Zn(II) ions to create metal complexes. 

We used various physical and spectroscopic methods to 

characterize the compound and its metal complexes, 

including molar conductivity measurements, melting 

point analysis, elemental analysis, electronic absorption 

spectroscopy, mass spectrometry, magnetic resonance 

spectroscopy, infrared spectroscopy, and 

thermogravimetric analysis. The octahedral geometry of 

all prepared complexes has been confirmed.  To assess 

the antimicrobial activity, we examined two types of 

bacterial strains and two types of fungal strains. The 

antimicrobial activity of the prepared compounds was 

observed, and the higher increase was observed in the 

copper complex. The compounds were studied 

computationally after optimizing the angles, lengths, 

and bonds using the basic set 6-31G(d,p)/LANL2DZ. 

The molecular docking study of the compounds with the 

Alzheimer's disease protein 4BDT showed significant 

activity in binding to the amino acids of HL, C1, C2, C3, 

C4, and C5 compounds, with affinity energies of -6.4, -

6.9, -6.9, -6.7, and -7.2 kcal.mol-1 for the compounds, 

respectively. To evaluate the safety of the prepared 

compounds in different drug designs, we employed the 

ADMET study, reducing the risk of failure in advanced 

drug design stages. The results of the ADMET showed a 

relative decrease in the toxicity and carcinogenicity 

factor. However, there are indications of metabolic risk 

and cellular uptake, requiring further study. 

Cite this article. Abduljalil N, Bufarwa S, Belaidi M, El-Seifat R, Saleh A, El-ajaily M. Synthesis, Characterization, Antimicrobial 

Activity, DFT, Molecular Docking, and ADMET of 4-Chlorophenyazolquniolin-8-ol and Its Metal Complexes. Alq J Med App Sci. 

2024;7(3):566-582. https://doi.org/10.54361/ajmas.247320  

 

INTRODUCTION 

Various structures in medical literature are defined by a chemical composition with multiple binding properties [1,2]. 

These structures can offer potent and precise ligands for various biological targets by altering the makeup of functional 

groups or incorporating specific groups [3]. The field of drug discovery and development has seen numerous published 

papers focusing on the identification of diverse and heterogeneous structures with biological significance [4,5]. One 

important heterogeneous compound that has garnered significant attention as a versatile drug is 8-hydroxyquinoline, the 
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most widely utilized quinoline in medical applications, which acts as an excellent scaffold group by forming chelation 

complexes with metal ions. 8-hydroxyquinoline is known for its antimicrobial properties and has a variety of other 

medical uses, including the treatment of neurodegenerative diseases and herpes. Ketolidinyl halogens are antiamoebic, 

have antifungal properties, and have been widely used to treat intestinal infections. One notable compound is clioquinol, 

which has been utilized in treating diarrhea for 30 years. It is undergoing phase II trials for the treatment of Alzheimer's 

disease. While there are potentially effective chemical treatments, the overuse and misuse of antibiotics have led to their 

ineffectiveness against certain bacteria. Consequently, researchers are exploring alternative compounds as potential 

antibiotics [5]. Azo dyes are utilized in industries such as textiles, paints, and foams, and have also demonstrated 

effectiveness in various biological applications [6,7]. Specifically, they have shown promise as solar cells [8], catalysts 

[9), robust corrosion gurd [10], removal of heavy elements from the aquatic medium [11], antimicrobial [12],  antifungal 

[13], antioxidant, and cytotoxic agents [14]. Currently, their compounds are being examined for their potential as agents 

against pathogens. In this study, we synthesized a chlorine-containing azo derivative of 8-hydroxyquinoline and 

characterized the compound and its metal complexes using various physical and spectroscopic methods. Antimicrobial 

and antioxidant activities were conducted for the compounds and compared with some standard drugs. Additionally, we 

conducted computational studies on the compound and its complexes, optimizing angle lengths, bonds, energy 

calculations, and quantitative parameters. Furthermore, molecular docking of the compounds with a bacterial protein 

was performed to compare the experimental results with the theoretical findings. 

 

METHODS 
Chemicals  

All chemicals used are of high purity and analytical grade, including manganese (II) chloride (MnCl2. 4H2O; %98; 

Aldrich); Cobalt chloride (CoCl2.5H2O; %97; Aldrich), nickel chloride (NiCl2.5H2O; %98; Aldrich), copper(II) chloride 

(CuCl2.5H2O; %99; Aldrich), zinc chloride (ZnCl2; %98; Aldrich), 8-hydroxyquinoline (C9H7NO; %98.5; Aldrich), p-

chloroaniline (C6H4NH2Cl; %98; Aldrich). 

   

Appearance  

The following methods were used in the experiments: Magnetic susceptibility calculations were performed at room 

temperature using the Faraday method (Faraday balance). Molar conductivity measurements of the compounds were 

obtained in dimethyl formaldehyde (DMF) solution at room temperature using a Jenway 4510 conductivity meter. 

Elemental analysis was conducted using a Perkin-Elmer 2400 CHN analyzer. Metal content was determined using a 

Thermo Scientific iCE 3300 atomic absorption spectrometer with an autosampler. FT-IR spectra were recorded using a 

Thermo Scientific 6700 and a KBr disk. Electronic spectra were obtained using a Beckman Coulter DU 800 spectrometer 

with dimethyl sulfoxide (DMSO) as the solvent. Mass spectra of the compounds were performed by a direct input unit 

(DI-50) with a Shimadzu QP-5050 GC-MS. 1H NMR spectra were recorded using a Bruker Avance III high-performance 

NMR spectrometer at 400 MHz, with DMSO-d6 as the solvent.  ESR spectra of the powder complexes were recorded at 

room temperature using a Jeol JES-FE 2XG spectrometer. Most of the analyses were conducted by the microanalysis 

team at Cairo University, Giza, Egypt. 

Biological assays for antimicrobial and antioxidant activity were performed at the Department of Microbiology, Omar 

Al-Mukhtar University.  Anti-tuberculosis activity was evaluated at the Faculty of Veterinary Medicine in collaboration 

with the Animal Health Center in the Preventive Medicine and Public Health Laboratory. 

 

Figure 1. Preparation of 4-chlorophenylazoqinulinol-8-ol. 
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Synthesis 

Synthesis of 5-(p-chlorophenylazo) quinoline 

A solution containing 13.3 mmol of 5-chloroaniline in 40 ml of ethanol and 20 ml of 2 M HCl was cooled in an ice salt 

bath. It was azotized with (20 ml, 10.73 mmol) of sodium nitrite solution. The cooled diazonium solution was slowly 

added to a solution containing (1.55g, 10.73 mmol) g of 8-hydroxyquinoline while continuously stirring in 100ml 

ethanol and 602 mg potassium hydroxide. The product was recrystallized in ethanol multiple times [14,15]. 

 

Synthesis of solid complexes 

The complexes were prepared by mixing a hot, saturated alcohol solution containing 0.001 mole of a metal ion dissolved 

in hot ethanol, mixed with the required amount of the investigated ligand (0.001 mmol), and forming 1:1 complex (16). 

The pH of the solution was kept at 6.5-7.5 by adding (1:10) a dilute ammonia solution. The reaction mixture was heated 

in a steam bath with occasional stirring for 4 hr, and then evaporated to dryness. The resulting complexes were 

recrystallized in ethanol. It was then filtered by suction, washed with ethanol until a colorless filtrate was obtained, 

suction-filtered, and finally kept in a vacuum desiccator [14,15]. 

 

Biological activity   

Antimicrobial activity 

The compounds' efficacy for antimicrobial activity was tested using the agar diffusion method (16, 17). Under identical 

concentrations and conditions, the compounds were compared with standard drugs such as ciprofloxacin, tetracycline, 

and amphotericin. The antimicrobial activity was evaluated against B. subtilis, S. aureus, E. coli, and P. aeruginosa 

(Gram-negative) strains, as well as two strains of fungi, A. flavus and C. albicans [18].  

 

Computational studies 

The computational studies mentioned below were conducted on the organo-complex and its active anti-tuberculosis 

metal complexes to support and corroborate the in vitro findings. 

 

Generation and optimization of compounds 

The molecular editor GaussView 6.0 was utilized to generate and optimize the three-dimensional structure of the organic 

ligand and its metal complexes. To obtain the optimization of exchange and correlation functions, B3LYP was employed 

with the basic set 6-31G(d,p)/LANL2DZ. 

 

Obtaining the three-dimensional structure of the target 

The target structure for pfndh was obtained from the Protein Data Bank (PDB) (www.rcsb.org) to serve as the intended 

target. 

 

Molecular Docking 

The importance of molecular docking lies in its ability to predict how compounds will fit into the active sites of target 

molecules, as well as to foresee the binding aspects of specific interactions. Using the AutoDock tool [19], we conducted 

molecular docking on an organic ligand and its complexes with a specific target of the Mycobacterium tuberculosis 

structure (PDB ID: 4BDT) obtained from the Protein Data Bank. 

 

DFT analysis 

The analysis of molecular properties and chemical reactions to predict how compounds interact is mostly done using 

theoretical methods. These methods are commonly used to determine the molecular structure of synthesized compounds 

because they are efficient and accurate. As a result, some theoretical studies have been conducted to gather more 

information on the computational calculations of prepared compounds. Related areas have also been studied using 

density functional theory (DFT). The study of the relationship between geometry and electronic properties of chemical 

compounds, including the highest occupied molecular orbitals (HOMO) and lowest unoccupied molecular orbitals 

(LUMO), is crucial, as well as some quantitative parameters. Additionally, the bond lengths and angles of prepared 

compounds have been calculated computationally [20,21]. 
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ADMET Analysis 

The AdmetSAR web server was used to predict the absorption, metabolism, and carcinogenicity of the ligand and its 

metal complexes. The structures of the compounds were uploaded to the server and drug-like compounds were evaluated 

based on their ADMET properties. 

 

RESULTS AND DISCUSSION 
Chemistry 

Metal complexes of Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) were prepared in the solid state. They are soluble in some 

organic solvents, such as DMF and DMSO, but insoluble in water [22]. The low molar conductivities of the compounds 

were measured in 10-3 M DMF solution at room temperature, indicating that they are nonelectrolytes. The thermal 

stability of the compounds up to 253 °C was determined by TGA. The octahedral geometry of the N and O atoms of the 

quinoline ligand in the compounds was determined using different spectroscopic methods [15,23].  

 
Table 1. Physical features of ligand (HL) along with its complexes 

Compound 
Molecular 

Formula 
M.wt Color Yield% Λm μeff 

M.p 
oC 

(Cal.) Found% 

C H N M 

HL C15H10NOCl 283 Orange 83 - - 132 
(63.40) 

63.99 

(3.87) 

4.15 

(14.79) 

14.27 

- 

- 

C1 C15H16N3MnO5Cl 408.7 Brown 72 6.2 5.91 184 
(42.30) 

42.64 

(3.99) 

3.89 

(9.87) 

9.43 

(12.91) 

12.76 

C2 C15H15N3CoO4Cl2 431 Brown 79 6.2 3.07 188 
(40.45) 

39.69 

(3.82) 

3.67 

(9.43) 

9.46 

(13.24) 

13.43 

C3 C15H15N3NiO4Cl2 430.8 Red 78 6.2 2.03 174 
(48.49) 

48.98 

(4.58) 

4.21 

(11.31) 

11.45 

(15.81) 

15.65 

C4 C15H16N3CuO5Cl2 417.3 Brown 76 6.2 1.33 181 
(43.05) 

43.34 

(4.00) 

4.09 

(10.00) 

10.16 

(15.20) 

15.14 

C5 C15H16N3ZnO5Cl2 419.9 Orange 75 6.2 0.00 195 
(42.86) 

42.34 

(4.04) 

4.22 

(10.00) 

9.84 

(15.57) 

15.42 

 

Mass Spectra 

The mass spectrometry of the substituent ligand and its complexes was performed at 70 eV at 220 °C, Figure 2 shows 

the mass spectra of the organic ligand. The results showed that the HL, C1, C2, C3, C4, and C5 had mass spectra at 281, 

405.8, 430.6, 428, 415.9, and 417.5 respectively. 

 

 

Figure 2. This is a figure. Schemes follow the same formatting. 
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HL C1 

  

C2 C3 

  
C4 C5 

Figure 3. FT-IR spectra of ligand and its complexes. 

 

FT-IR spectra 

Absorption bands of azoquinoline derivatives have been reported in previous studies. Moreover, the stretching of CO 

and the deformation of OH lead to strong absorption bands in the low-frequency region. In the infrared spectra of the 

complexes (Table 2, figure 3), the band observed at 1404 cm-1 assigned to νN=N in the free ligand (HL) shows no shift 

upon complex formation, indicating that it is not a center of chelation. In the complexes, a band was observed within 

the range 3133-3448 assigned to the vO–H of coordinated water and water of hydration. For the C1 and C4 complexes, 

broadband appeared at 3547 and 3443 cm-1 respectively, corresponding to the OH- of neutralization. The observed bands 

at 1565-1586 cm-1 for vC=N, 1460-1467 cm-1 for vC=C, and 1236-1256 cm-1 for vC-O are shifted to lower wave 

numbers due to complexes, indicating that it is a center of chelation. The metal complexes' spectra show bands ranging 

from 505–586 and 409–480 cm-1, which are likely due to the stretching frequencies of (M→N) and (M–O) bonds, 

respectively. In simpler terms, these bands likely come from the coordination and covalent bonding between the donor 

atoms N and O and the central metal ion [24,25]. 
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Table 2. Characterization of the infrared spectra of the ligand and its complexes.  

 OHphenlic OHcoordnate C=C C=N N=N M-N M-O 

HL 3366 - 1461 1577 1404 - - 

C1 - 3420 1465 1573 1401 524 461 

C2 - 3312 1462 1573 1401 529 464 

C3 - 3422 1465 1578 1400 525 455 

C4 - 3444 1460 1582 1400 504 444 

C5 - 3419 1466 1571 1403 517 463 

 
1HNMR spectra 

The 1H NMR spectra of the ligand exhibit a singlet signal at (3.37) ppm which is assigned to the CH3 protons of the 

solvent. The signals observed in Figure 4 at 6.95–6.67 ppm is assigned to the protons of the pyridine ring and those 

observed at 8.92-7.07 ppm are assigned to the protons of the aromatic ring. For Zn-L (C5) complexes in Figure 5, the 

single peak observed at 9.44 ppm in the free ligand corresponding to the OH group disappeared due to complexation. 

This resulted in the appearance of a new signal in the region of 3.61 and 3.48 ppm, corresponding to coordinated water 

molecules for the C5, respectively. All other signals observed in the free ligand are still present with some up-field shift, 

which may be due to complexation. Table 2 shows the 1H NMR spectra data for the HL and C5. 

 
Table 3. This is a table. 1H NMR data in ppm for the organic ligand and its zinc complex 

Compound 1HNMR (DMSO-d6- 300 MHZ) 

HL 
δ 9.44 OH, δ 9.03 -7.56 Aromatic C-H protons, δ 7.43-7.28 Pyrdine 

ring C-H, δ 3.66 H2O solvent protons, δ 2.50 DMSO protons 

C5 
δ 8.78 -7.56 Aromatic C-H protons, δ 6.89 -6.85 Pyrdine ring C-H, δ 

3.61H2O of coordination, δ 2.51DMSO protons 

 

 
 Figure 4. 1H NMR spectra of ligand (HL). 
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Figure 5. 1H NMR spectra of C5 

 

Electronic absorption and magnetic moment 

The electronic absorption spectra of the investigated ligand (HL), as shown in Figure 6, exhibit two bands at 380 nm 

(26316 cm-1) and 390 nm (25641 cm-1). The first band may be assigned to the π-π* transition within the phenyl 

moiety,(26) and the second band may be ascribed to the n-π* transitions within the -N=N- followed by intramolecular 

charge (C.T.) or interligand transitions within the ligand. The electronic absorption spectra of the divalent Cu metal ions 

with the investigated ligand complex (C4) are displayed in Figure 6. These spectra show two absorption bands at 220 

nm (45454 cm-1), 380 nm (26316 cm-1), and a shoulder at 470 nm (21276 cm-1). These bands can be attributed to charge 

transfer 2A2g→2T1g transitions. It was suggested that an octahedral configuration exists around the central metal ion [20, 

27]. 

 

  
HL C4 

Figure 6. This is a figure. Schemes follow the same formatting. 

 

TGA and DTA studies 

The TGA and DTA analysis methods offer more opportunities for screening metal complexes [28]. This study aims to 

gather information on the thermal stability of divalent transition metal complexes (5-(p-chlorophenylazoquinolin-8-ol), 

determine the position of water molecules (if present) as either inner or outer sphere, and propose a general scheme for 

the thermal decomposition of these complexes. The thermogram shows a decrease in sample weight with a simultaneous 

linear increase in temperature. In this study, heating rates were controlled at 10 °C/min, and weight loss was observed 

up to 1000 °C. The weight loss of each complex was calculated based on TG curves (Figure 7), and the results are 

recorded in Table 4, taking into account the proposed stoichiometry. The TG curves illustrate the decomposition of the 

organic part of the chelated complexes. This process continues until a constant weight is reached, at which point metal 

oxide (MO) residues are formed as the final product of the complexes. In the [Mn-L4] (C1)] complex, the only water 
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molecule was ejected within the temperature range of 99-110 °C, resulting in a weight loss of 4.53% (Calculated: 

4.23%). Then, in the temperature range of 110-301 °C, a weight loss of 63.02% (calculated: 64.00%) was observed, 

which corresponds to the loss of two phenyl groups, three carbon atoms, one chloride atom, and two oxygen atoms. 

Finally, in the temperature range of 301-564 °C, a weight loss of 17.23% (calculated: 17.39%) was observed, which 

corresponds to the loss of three nitrogen atoms and two oxygen atoms. The metal content at the end of the thermogram 

was calculated from the remaining metal oxide and was found to be 16.45% (calculated: 16.67%). In the case of the C1, 

the DTA curve shows an endothermic peak at 196 °C, indicating the removal of the hydration water. There are also two 

exothermic peaks on the DTA curve at 460 °C, corresponding to the removal of the coordinated water, and at 631 °C, 

indicating the decomposition of the organic matter and the formation of an intermediate species, followed by the 

rearrangement of the decomposed species. When the temperature rises above 631 °C, combustion occurs, followed by 

the removal of carbon from the organic matter, leaving behind a metal residue such as MnO.  

 
Table 4. Tg and DTA analysis of the decomposition of C1 

Complex (ligand-metal) M.wt Temp (ºC) Caltd loss% Found loss% Assignment 

C1 425.5 

99-110 

110-301 

301-564 

564-1063 

4.23 

64.00 

17.39 

16.67 

4.53 

63.02 

17.23 

16.45 

H2O 

C15H15-Cl-O2 

N3- O2 

MnO 

 

 
Figure 7. Thermogravimetric and differential thermal analysis curves of   C1. 

 
Computational studies 

DFT analysis  

The two main orbitals critical to chemical stability are the highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) [29]. The HOMO orbital can donate an electron, while the LUMO orbital can 

accept an electron. [16,30]. Table 5 and Figure 8 show the energies of the HOMO and LUMO orbitals obtained from 

the calculations of compounds C1, C2, and C3, along with additional parameters such as the HOMO-LUMO energy gap 

(Eg), absolute electronegativity (ᵞ), chemical potential (Pi), absolute hardness (ɳ), absolute softness (σ), overall 

electronegativity (ω), overall softness (S), and additional electronic charge (∆Nmax). The energy gap Eg is essential for 

predicting the stability of a compound, with a lower value indicating higher reactivity. Among the compounds, C3 was 

found to be the most reactive, with the energy gap values of C1, C2, C3, and C4 being 2.65, 2.86, 2.83, 2.45 and 3.04 

eV, respectively  [31]. 
Table 5. The calculated quantum chemical parameters of the complexes 

Compound HOMO LUMO Eg ꭓ ɳ σ Pi S ω ΔN 

C1 -5.03 -2.37 2.65 3.7 1.33 0.752 -3.7 0.376 5.146 2.78 

C2 -5.43 -2.57 2.86 4 1.43 0.699 -4 0.349 5.594 2.79 

C3 -5.69 -2.86 2.83 4.27 1.42 0.704 -4.27 0.352 6.419 3.01 

C4 -5.86 -3.41 2.45 4.64 1.23 0.813 -4.64 0.406 8.752 3.77 

C5 -5.41 -2.37 3.04 3.89 1.52 0.658 -3.89 0.328 4.976 2.56 
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 Mn Co 

  
Ni Cu 

 
Zn 

Figure 8. Molecular orbital distribution plots of HOMO, LUMO state, and MESP of the compounds 
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Mn Co 

 

 

Ni                                                                                               Cu 

 
Zn 

Figure 9. Optimization geometry of compounds 

 

Table 6. The selected angle length (Ao) of complexes 

C1  C2  C3  C4  C5  

C1-C2 1.443 O1-C3 1.33 C1-C2 1.445 C1-C2 1.479 C1-C2 1.45 

C1-C6 1.414 O1-Co40 1.95 C1-C6 1.398 C1-C6 1.457 C2-N16 1.364 

C1-O15 1.338 N2-C4 1.38 C1-O15 1.326 C1-O14 1.274 C4-N17 1.397 

C2-C3 1.425 N2-Co40 1.96 C2-N16 1.367 C2-C3 1.419 O31-Zn40 2.101 

C2-N16 1.385 C3-C4 1.45 C4-N17 1.403 C9-N15 1.299 O32-Zn40 2.176 

C3-C4 1.441 C3-C8 1.41 C9-N16 1.322 O14-Cu39 2.519 C26-Cl29 1.757 

C3-C11 1.429 C4-C5 1.42 O15-Ni40 1.854 N15-Cu39 2.128 O15-Zn40 2.09 

O15-Mn40 2.002 C6-N28 1.41 N17-N18 1.266 N16-N17 1.319 N16-Zn40 2.122 

N16-Mn40 1.991 C12-N27 1.43 N18-C19 1.412 N17-C18 1.41 N17-N18 1.268 

N17-N18 1.3 C15-Cl29 1.82 C26-Cl29 1.755 C25-Cl28 1.812 - - 

N18-C19 1.427 N27-N28 1.3 O30-Ni40 1.941 O29-Cu39 1.922 - - 

C26-Cl29 1.823 Cl3-Co40 2.41 O32-Ni40 1.95 O31-Cu39 2.015   

O30-Mn40 2.077 O31-Co40 2.21 Cl39-Ni40 2.217 O32-Cu39 1.887 - - 

O31-Mn40 2.111 O33-Co40 2.28 - - - - - - 

O32-Mn40 2.108 O35-Co40 2.01 - - - - - - 

O33-Mn40 2.036 - - - - - - - - 

 

Molecular Docking  

a molecular docking study was conducted using AutodockVina to simulate the docking of designed compounds as 

potential Alzheimer drugs with the target amino acids of the protein (PDB ID: 4BDT) (Figure 10). The study aimed to 

verify the binding properties of these compounds [32,33]. Table 7 summarizes the binding affinity and type of binding 

between the compounds and the active sites in the protein's amino acids. The study revealed that the compounds formed 

hydrophobic interactions via Pi-alkyl bonding with the major residues of the aromatic ring of the pyridine moiety. 

Additionally, Pi-anion binding was observed only in compound (C2), where it interacted electrostatically with amino 

acid through the aromatic ring of the pyridine moiety. Based on the binding affinity values, it was found that compound 

(C4) exhibited the highest binding capacity with the protein of target compared to the other compounds as shown by 

docking studies. 
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Figure 10. Predicted positions of the following molecules from docking analysis: (a) H2L; (b) C1; (c) C2; (d) C3; (e) C4, 

and their binding interactions with amino acids. 

 

Table 7. Bonding affinity of compounds   

Title 1 Bonding affinity  

HL -6.4 

C1 -6.9 

C2 -6.9 

C3 -7.0 

C4 -6.7 

C5 -7.2 

 

ADMET Studies  

Many chemical compounds cannot be used as drugs for several reasons [34]. The most important of these reasons are 

insufficient absorption or distribution, high levels of toxicity, or excretion. All of these factors are known as ADMET. 
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To determine whether an organic compound and its manufactured metal complexes have a toxic effect, they must be 

carefully tested. The AdmetSAR web server calculated the ADMET parameters, including pharmacokinetic, 

pharmacodynamic, and human intestinal absorption parameters. Azoquinoline ligand and its metal complexes (II) show 

promising pharmacokinetic properties for human intestinal absorption (Table 8). Negative values indicate low P-

glycoprotein and CYP2D9 inhibitory activity. The ligand and its metal complexes also show similar values for oral 

toxicity. Additionally, they are considered safer than some drugs that disrupt liver function because they show negative 

results for hepatotoxicity. Although the positive parameter values are moderate, they still pose a risk as a drug design. 

 
Table 8. ADMET parameter of the ligand and its complexes 

Compound Model Result Probability 

Absorption 

HL Human Intestinal Absorption HIA+ 0.8920 

C1 Human Intestinal Absorption HIA+ 0.8914 

C2 Human Intestinal Absorption HIA+ 0.8915 

C3 Human Intestinal Absorption HIA+ 0.8919 

C4 Human Intestinal Absorption HIA+ 0.8920 

C5 Human Intestinal Absorption HIA+ 0.8926 

Distribution 

HL Subcellular localization Mitochondria 0.5382 

C1 Subcellular localization Mitochondria 0.5384 

C2 Subcellular localization Mitochondria 0.5387 

C3 Subcellular localization Mitochondria 0.5387 

C4 Subcellular localization Mitochondria 0.5387 

C5 Subcellular localization Mitochondria 0.5387 

Metabolism 

HL CYP450 2C9 Inhibitor Non-inhibitor 0.7106 

C1 CYP450 2C9 Inhibitor Non-inhibitor 0.7104 

C2 CYP450 2C9 Inhibitor Non-inhibitor 0.7108 

C3 CYP450 2C9 Inhibitor Non-inhibitor 0.7103 

C4 CYP450 2C9 Inhibitor Non-inhibitor 0.7109 

C5 CYP Inhibitory Promiscuity Low CYP Inhibitory Promiscuity 0.8004 

Toxicity 

HL Acute Oral Toxicity III 0.5664 

Carcinogenicity (Three-class) Non-required 0.4843 

C1 Acute Oral Toxicity III 0.5666 

Carcinogenicity (Three-class) Non-required 0.4844 

C2 Acute Oral Toxicity III 0.5667 

Carcinogenicity (Three-class) Non-required 0.4843 

C3 Acute Oral Toxicity III 0.5661 

Carcinogenicity (Three-class) Non-required 0.4843 

C4 Acute Oral Toxicity III 0.5668 

Carcinogenicity (Three-class) Non-required 0.4848 

C5 Acute Oral Toxicity III 0.5663 

Carcinogenicity (Three-class)  Non-required 0.4848 

 

Antimicrobial activity 

The study tested compounds for their antibacterial and antifungal activities against six microorganisms, including B. 

subtilis, S. aureus, E. coli, P. aeruginosa, A. flavus, and C. albicans as shown in Table 5. The compounds showed 

moderate to good antibacterial activity compared to standard drugs. However, C3 showed more significant activity 

against C. albicans. The compounds also showed higher activity against bacterial strains, sometimes higher than 

standard drugs. This could be due to the chelation theory [35,36]. 
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Table 9. Antimicrobial activity of the investigated complexes 

Compound B. subtilis  S.aureus A.flavus C.albicans 

HL 30.8 4 12.5 6 

C1 14.8 4 12.7 1.6 

C2 14 6.9 17 9 

C3 16.8 4.7 33.9 15.8 

C4 17.6 4 3.9 14.7 

C5 12 6 15.5 5 

Tetracycline  2 1 2 2 

Amphotericin B 1 4 1 15 

 

 
Figure 12. Antimicrobial activity of the compounds and standard drugs 

 

CONCLUSION 
The research involved the preparation and characterization of 4-chlorophenylazoquinoline and its metal complexes. 

Various analyses such as molar conductivity, elemental analysis, mass spectrometry, infrared, and thermal studies 

confirmed the octahedral geometry of the prepared complexes. Magnetic resonance spectroscopy data indicated the 

involvement of the phenolic hydroxyl group in the chelation process with the metal ion. The compounds were tested for 

antimicrobial activities and demonstrated effectiveness against the tested bacterial and fungal strains, outperforming 

some standard drugs. Molecular docking of the compounds with Alzheimer's disease protein showed promising affinity 

energy, indicating potential pharmacological effect. Additionally, the compounds were examined for their absorption, 

distribution, metabolism, excretion, and toxicity activities, suggesting potential pharmacological effects with some 

associated risks that warrant further investigation. 
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ل   ADMET والالتحام الجزيئي و  نظرية الكثافة الوظيفية تخليق وتوصيف ونشاط مضاد للميكروبات و

 ول ومجمعاته المعدنيةأ-8-كلوروفينيل أزوكينولي-4

 6, مرعي العجيلي 5, عبد السلام صالح 4, ريم السيفاط  3، مصطفى بلعيدي2بوفروة، صالح 1نجلاء عبد الجليل

 الهيئة الليبية للبحث العلمي، البيضاء، ليبيا 1
 قسم الكيمياء، كلية العلوم، جامعة عمر المختار، البيضاء، ليبيا2

 .الجزائر-زبانة، غليزانقسم الكيمياء، قسم البيئة المعملية والتنمية المستدامة، جامعة أحمد  3
 قسم الموارد الطبيعية وعلوم البيئة، جامعة عمر المختار، البيضاء، ليبيا  4

 قسم صحة الغذاء، جامعة عمر المختار، البيضاء، ليبيا  5
 قسم الكيمياء، كلية العلوم، جامعة بنغازي، بنغازي، ليبيا  6

 

 المستخلص

،  Mn(II)، مع أيونات  هيدروكسةةةي كينولين-8وكينولين، وهو مشةةةتن من كلوروفينيل أز-4في هذه الدراسةةةة، قمنا باعداد 

لتحضةير معددات فلزية  لدد اسةتخدمنا قرق ا فيزيائية وقيةية مختلةة لتوصةي     Zn(II)، وCu(II)، وNi(II)، وCo(II)و

المركب ومعدداته الةلزية، بما في ذلك قياسةةات الموصةةلية المولية، وتحليل ندطة اان،ةةهار، والتحليل العن،ةةري، وقي   

ت الحمراء، والتحليل  اامت،ةةةةال ارلكتروني، وقياط الطي  الكتلي، وقي  الرنين المغناقيسةةةةي، وقي  ا  ةةةةعة تح

الوزني الحراري  تم تأكيد هندسةةة اماني السةةطوم لجميع المعددات المحضةةري  لتدييم النشةةاق المضةةاد للميكروبات، قمنا 

بةحص نوعين من سةةةةاات البكتيريا ونوعين من سةةةةاات الةطريات  لوح  النشةةةةاق المضةةةةاد للميكروبات للمركبات 

معدد النحاط  تمت دراسةة المركبات حاسةوبيا  بعد تحسةين أقوال الزوايا والرواب    المحضةري، ولوحتت الزيادي ا عل  في

,   أظهرت دراسةةة االتحام الجزيئي للمركبات التي G (d,p) \ LANL2DZ*31-6باسةةتخدام المجموعات ا سةةاسةةية  

ا في اارتباق با حماض ا مينية لمركب  4BDTتحتوي عل  بروتين مرض الزهايمر   و   C2و    C1و  HLات نشةةاق ا كبير 

C3    وC4    وC5   كيلو كةالوري   مول للمركبةات عل  التوالي     2 7-و    7 6-و    9 6-و    9 6-و    4 6-، مع قةاقةات تدةار

، مما قلل من خطر الةشةل ADMETلتدييم سةامة المركبات المحضةري في ت،ةميمات ا دوية المختلةة، اسةتخدمنا دراسةة  

ا نسةةبي ا في عامل السةةمية والسةةرقان  ومع ذلك،   ADMETهرت نتائج  في مراحل ت،ةةميم ا دوية المتددمة  أظ انخةاضةة 

 هناك مؤ رات عل  وجود خطر أيضي وامت،ال خلوي، مما يتطلب مزيد ا من الدراسة 
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