Evaluating the antibacterial activity of transition metal complexes derived from 4(4-sulpophenylazo) pyrogall
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Background: A new azoic reagent was prepared by reacting the diazonium salt of sulfadiazine with pyrogallol. This reagent's chelated complexes with the metal ions Ag(I), Ni(II), and Co(II) were made. Methods: Thin-layer chromatography (TLC) with a toluene-methanol (2:3) solvent solution was used to confirm the dye's purity. In an open capillary tube, the pure dye's melting point was determined to be between 165 and 167 °C. Gram-negative bacteria were used to investigate and assess the compounds' antibacterial properties. Results: The results demonstrated the potent antibacterial activity of some of these compounds. Using the agar diffusion technique, the biological effect of this ligand and its metal complexes on the growth of two bacterial species was investigated as antibacterial agents against Salmonella and Klebsiella pneumoniae, which cause a variety of common diseases. We found that this ligand and its metal complexes differed in their biological activity in inhibiting bacterial growth. Conclusion: According to the study, the resulting ligand and metal complexes have biological activity and could potentially be used as pharmaceuticals in the medical field, comparable to drugs such as ampicillin.
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Introduction: 
In recent years, interest in the synthesis and research of organic reagents has increased. Many of these organic reagents have received significant attention due to their synthetic ability, sensitivity, and unique complex-forming properties. The synthesis of a new ligand with unique properties and novel interactions is undoubtedly the most important step in the formation of metal complexes. Heterocyclic ligands containing pyrimidine rings are found in both synthetic and natural substances, including parabutic acid, furanal, tannin, vitamin B1, and nucleotide bases involved in the structure of RNA and DNA[1-3]. Due to their multiple biological and therapeutic properties, these new ligands have been used as antifungal, antiviral, anti-inflammatory, anticancer, antihypertensive, and antihistamine drugs, and are also used in thyroid medications and leukemia treatments [4- 6]. Many pharmacologically and biologically active molecules contain heterocyclic rings with a thiazole ring. Compounds containing benzothiazole and sulfonamide derivatives have been used in therapeutic applications as antifungals [6, 7], anti-inflammatory agents [8], anti-HIV agents [9], anticancer agents [10], carbonic anhydrase inhibitors [11], diuretics, hypoglycemic agents [12], antithyroid agents [13], antimalarials, and others. Due to their potent biological activity, metal complexes containing nitrogen and sulfur chelating ligands in their structures have attracted considerable interest due to their fascinating physical and chemical properties, as well as their biological activity. Nitrogen and sulfur atoms are essential for the coordination of metals in the active sites of many metal complexes [14]. From a theoretical and practical point of view, azo compounds containing the -N=N‒ group are one of the most studied classes of organic reagents. Aromatic compounds are essential for the manufacture of dyes, potions, and pharmaceuticals due to the azo bond they contain. [15-17]. A wide range of medications for the treatment of coughs and allergies, among other conditions, are based on sulfonamides. Notably, sulfonamides are not found in sulfonamide and sulfite medications, and their effects differ from those of sulfonamides. [18,19]. Sulfadiazine, one of the most important antibacterial sulfonamides, is classified by the World Health Organization (WHO) as an essential sulfonamide. [20]. Salmonella and Klebsiella pneumoniae are Gram-negative bacteria; Klebsiella pneumoniae is a facultative, non-motile, lactose-fermenting anaerobic bacterium belonging to the Enterobacteriaceae family. [21] It can colonize the lips, skin, gastrointestinal tract, and respiratory flora without causing any symptoms. It is known to cause hospital- and community-acquired infections [22]. Klebsiella pneumoniae can form biofilms, which is how invasive infections arise, especially in immunocompromised individuals, and colonize the gastrointestinal, respiratory, and urinary tracts [23]. It can also adhere to medical equipment and form biofilms by inhibiting antibacterial agents [24, 25]. Foodborne pathogenic bacteria pose a significant threat to public health worldwide. In particular, Salmonella is the fourth leading cause of diarrheal disease worldwide and the second most important foodborne pathogen affecting Europe, the United States, and Brazil [26–29]. The foods most closely associated with the transmission of Salmonella to humans are poultry meat and poultry products [30]. 
2. Material and methods: 
 2.1 Synthesis of 4(4-sulfophenylazo) pyrogallol
In order to diazotize 5.44 g (0.02 mmol) of sulfadiazine, 5 ml of concentrated hydrochloric acid and 5 ml of NaNO₂ that had been made by dissolving an amount equal to 0.02 mmol were added. For 30 minutes, the diazotized reaction was conducted at 0–5 °C with vigorous stirring. Next, 2.52 g (0.02 mmol) of pyrogallol was placed in a beaker, and the produced diazotized solution was added drop by drop. By adding a cooled solution of concentrated sodium hydroxide and regulating its range from 5.0 to 6.0, the pH of the mixture was raised while the coupling reaction was kept at (0–5) °C. A colorful precipitate generated from the resultant solution. After diluting the mixture with the proper amount of deionized water, it was placed in an ice bath and stirred constantly for one hour. It was then left overnight, filtered, and allowed to dry. Following purification with 100% ethanol, the final product was examined by TLC on silica gel plates with a solvent ratio of 2:3 methanol to toluene [33,34].
2.2. Preparation of Solutions for Analytical Application of 4-SPAP .
In a 50 mL volumetric flask, 0.1930 g of 4-SPAP was dissolved in 100% ethanol to create this. To get the right concentration, the stock solution was diluted with 100% ethanol to create new working standard solutions.
2.2.1. 4-SPAP Stock Solution (0.01 M) :                                                                     
2.2.2. Preparation of metal complex: 
The metal complex Ni(II) and Co(II) was prepared in a molar ratio [L:M] 2:1 by adding 0.386 g (0.002 mol) of the ligand dissolved in 30 mL of absolute ethanol with continuous stirring to 0.1 g (0.001 mol) of (NiCl₂•6H₂O) and (CoCl₂•6H₂O), dissolved in 30 mL of buffer solution at pH 7. Similarly, the silver(I) (AgCl) complex was prepared in a molar ratio [L:M] 1:1 by adding 0.1930 g (0.001 mol) of the ligand dissolved in 30 mL of absolute ethanol with continuous stirring to 0.07 g (0.001 mol) of AgCl dissolved in 30 mL of buffer solution at pH 7. The reaction mixture of each complex was then heated for 30 min At 60°C, a precipitate was observed to form. The precipitate was filtered and washed several times with distilled water and then with a small amount of ethanol to remove unreacted organic matter and recrystallized with absolute ethanol.
2.2.3 Preparation of the culture medium
According to the supplier's instructions, 38 grams of Mueller Hinton agar were dissolved in 1000 milliliters of boiled distilled water in a glass bottle and thoroughly mixed until completely dissolved. The culture medium was then placed in a pressure vessel at 121 degrees Celsius and 15 pounds per inch of pressure for 15 minutes. The medium was then poured into sterile glass dishes (Petri dishes) at a rate of 15-20 milliliters per dish and allowed to solidify completely before being placed in an incubator set at 37 degrees Celsius for 24 hours to make sure the dishes were free of contamination.
2.2.4 Preparation of the solutions
For each ligand and its metallic complexes that were investigated, the preparation of solution (4-SPAP) ligand solutions and their metallic complexes under investigation involved dissolving 0.01 grams of each molecule in five milliliters of pure DMSO.
2.2.5 Biological activity method:
The germs were dispersed across the plates and onto the Mueller-Hinton agar surface using a loop. Furthermore, three 6 mm-diameter holes were bored into these plates. utilizing an alcohol-sterilized cork drill, being careful to leave an appropriate space between each hole to avoid the inhibition zones overlapping. The prepared solutions were added to these holes using a fine pipette in a volume of 0.1 ml, and they were then incubated for 24 hours at 37 °C. The chemicals' inhibitory zone was then measured using a millimeter ruler.
Results:  
We note that the reagent, 4-SPAP, and its complexes showed biological activity against negative bacteria at different rates, as shown in Table (1) and Figures (1,2).
Table (1): Impact of ethanol-dissolved Ligand 4-SPAP and its metallic compounds on Salmonella and Klebsiella pneumoniae.
	Ampicillin
	Ag(I)
	Ni(II)
	Co(II) 
	4-SPAP

	Type of Bacterial
Gram-negative

	15 mm
	7 mm
	10 mm
	8 mm
	11 mm
	Salmonella

	25 mm
	10 mm
	12 mm
	10 mm
	13 mm
	Klebsiella pneumoniae
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Figure (1): demonstrates how 4-SPAP and its metal complexes have biological activity against the pathogens Salmonella and Klebsiella pneumoniae.

[image: ]
Figure (2): Diagram demonstrating 4-SPAP's and its metal complexes' biological action against the pathogens Salmonella and Klebsiella pneumoniae.
Discussion: 
According to research, these microorganisms cause the majority of human and animal diseases. To control these diseases and halt their spread, the development of chemotherapeutic drugs has been of paramount importance. Chemotherapy can be classified into two categories: treatments derived from living organisms, such as penicillin, extracted from the fungus Penicillium [31], and treatments derived from chemical compounds synthesized by scientists. The reagent 4-SPAP, an organic reagent containing the active group -N=N, was found to be highly effective in suppressing a wide range of pathogenic bacteria and fungi after its preparation and biological activity were analyzed. Its solution's ability to break down the cell wall causes fluid to leak into the cell, ultimately leading to cell death. The biologically active reagent is capable of binding to many elements in the cell body, including copper, cobalt, iron, zinc, and manganese ions, thanks to its -N=N- azo group, as well as other active groups, such as the nitrogen atom in the amine (NH) and the hydroxyl group in the pyrogallol molecule. Furthermore, bacterial cells require divalent magnesium and monovalent potassium, which form complexes with these elements; their absence causes cell death [32]. The effectiveness of the prepared compound and complexes was assessed by measuring the diameter of the growth inhibition zone in millimeters around each hole, following an investigation of the biological activity of the reagent (4-SPAP) and its metal complexes on the Gram-negative bacteria Salmonella and Klebsiella pneumoniae. Different virulence factors are used by different strains of pneumococcal bacteria to colonize and propagate throughout the human body, causing a range of illnesses. In recent years, the scientific community has been quite concerned about these bacteria's antibiotic resistance [35]. As demonstrated in Figure 1, the azo 4-SPAP ligand and its produced complexes demonstrated antibacterial activity when tested against two bacterial species: the Gram-positive Staph. aureus and the Gram-negative Klebsiella pneumoniae. The ability of 4-SPAP reagent solutions to dissolve the outer cell wall of bacteria because it contains the active group -N=N- and causes the leakage of cell fluids, which leads to killing the bacteria present within the composition of the biologically active reagent, makes it one of the organic reagents that are highly effective in inhibiting many different types of bacteria and fungi that cause diseases. The nitrogen atom in the (amine) NH and the (OH) group in the pyrogallol molecule with the azo group ( -N = N-) enable it to bind to elements in the cell body, including copper, cobalt, iron, zinc, and manganese ions that the bacterial cell needs, and this leads to cell death as a result of the loss of these elements.
Conclusion: 
4-(4-sulfophenolazo)pyrogallol (4-SPAP) is a brown dye with a melting point of 165–167 °C. It was prepared by the standard nitrogen-fixing method via sulfadiazine-pyrogallol coupling, as well as by the preparation of complexes. In this study, the biological activity of 4-SPAP and its derivatives against two different bacteria was investigated and compared with the antibiotic penicillin. 4-SPAP and its complexes were effective against both Gram-positive and Gram-negative bacteria. In our study, multiple multidrug-resistant Salmonella and Klebsiella pneumoniae strains were detected, justifying the role of the reagent and its compounds as antimicrobials, given its biological importance and its important role in the prevention and control of multidrug-resistant Salmonella and Klebsiella pneumoniae strains. 
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