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I. INTRODUCTION 
 

The relentless rise of antimicrobial resistance (AMR) 

against conventional organic drugs represents one 

of the most pressing global health challenges of the 

21st century, driving the urgent quest for novel 

therapeutic agents with alternative mechanisms of 

action [1]. In this context, metallodrugs, particularly 

complexes of noble metals, have resurged as a highly 

promising frontier in medicinal inorganic chemistry 

[2, 3]. Beyond the well-established platinum-based 

chemotherapeutics, complexes of gold and silver 

have garnered significant interest due to their 

unique biological properties, including potent 

antimicrobial, anticancer, and anti-inflammatory 

activities [4, 5]. 

 

Gold(I/III) complexes have demonstrated remarkable 

efficacy, often targeting enzymes like thioredoxin 

reductase, which is crucial for cellular redox 

homeostasis [6]. Silver, historically known for its 

antimicrobial properties, has seen a modern revival 

in the form of silver coordination complexes, which 

offer sustained release of Ag⁺ ions that disrupt 

microbial membrane integrity and interfere with 

DNA replication [7]. The biological activity of these 

metal ions can be profoundly enhanced and their 

toxicity profiles modulated through coordination 

with carefully designed organic ligands. Schiff bases 

and their derivatives are a privileged class of such 
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ligands, prized for their synthetic accessibility, 

structural diversity, and versatile coordination 

modes [8]. 

 

Oxime-hydrazones, which combine an oxime (–

NOH) functionality with a hydrazone (–NHN=CH–) 

moiety, represent a particularly interesting subclass. 

This hybrid ligand framework offers multiple 

potential donor sites (N, O), allowing for the 

formation of stable chelates with various metal ions 

[9]. The presence of these pharmacophoric groups is 

often associated with a broad spectrum of 

bioactivities [10]. Benzilmonoxime, a precursor for 

such ligands, provides a rigid aromatic scaffold 

conducive to interaction with biological targets. 

 

Building upon this rationale, we herein report the 

synthesis and comprehensive characterization of a 

novel ligand, benzilmonoximehydrazide, and its 

subsequent complexation with gold(III) and silver(I) 

ions. The choice of these metals is motivated by their 

distinct and potent biocidal properties. The 

synthesized compounds were rigorously 

characterized using a suite of spectroscopic and 

analytical techniques. Furthermore, their bioactivity 

was evaluated through in vitro antimicrobial assays 

against a panel of pathogenic bacterial and fungal 

strains, aiming to explore the synergistic effects 

between the organic ligand and the noble metal 

centers for the development of new 

metalloantimicrobial agents. 

 

II. EXPERIMENTAL 

 
Materials and Methods 

All chemicals, including benzil, hydroxylamine 

hydrochloride, hydrazine hydrate, silver nitrate 

(AgNO₃), and gold(III) chloride trihydrate 

(HAuCl₄·3H₂O), were of analytical reagent grade and 

were purchased from Sigma-Aldrich and were used 

as received. Solvents (ethanol, methanol, 

dimethylformamide (DMF), dimethyl sulfoxide 

(DMSO)) were purified by standard distillation 

methods. 

 

Melting points were determined in open capillary 

tubes on a Stuart® SMP50 apparatus and are 

uncorrected. Elemental analysis (C, H, N) was 

performed on a EuroVector EA3000 Series CHNS 

analyzer. Molar conductivity of 10⁻³ M solutions in 

DMSO was measured at 25 °C using a Mettler Toledo 

SevenExcellence™ conductivity meter. Infrared 

spectra (4000–400 cm⁻¹) were recorded on a 

PerkinElmer Spectrum Two FT-IR spectrometer using 

KBr pellets. ¹H and ¹³C Nuclear Magnetic Resonance 

(NMR) spectra were acquired on a Bruker Avance 

NEO 400 MHz spectrometer using DMSO-d₆ as the 

solvent and tetramethylsilane (TMS) as an internal 

standard. Electronic spectra (200–800 nm) were 

obtained from methanolic solutions using a 

Shimadzu UV-2600i UV-Vis spectrophotometer. 

 

Synthesis of the Ligand (H₂L):  

The synthesis was adapted from literature 

procedures with modifications [11, 12].  

Step 1: Synthesis of Benzilmonoxime.  

Benzil (2.10 g, 10 mmol) was dissolved in 30 mL of 

hot ethanol. A solution of hydroxylamine 

hydrochloride (0.76 g, 11 mmol) and sodium acetate 

(1.0 g) in 10 mL of water was added dropwise with 

stirring. The reaction mixture was refluxed for 2 

hours. Upon cooling, the precipitated product was 

filtered, washed with cold water, and recrystallized 

from ethanol to yield benzilmonoxime as a white 

solid.  

 

Step 2: Synthesis of Benzilmonoximehydrazide (H₂L).  

Benzilmonoxime (2.24 g, 10 mmol) was dissolved in 

30 mL of ethanol. Hydrazine hydrate (0.75 mL, 15 

mmol) was added dropwise, and the mixture was 

refluxed for 6 hours in the presence of two drops of 

glacial acetic acid as a catalyst. The progress of the 

reaction was monitored by TLC. The resulting solid 

product was cooled to room temperature, filtered, 

washed thoroughly with cold ethanol, and dried 

under vacuum. The pure product was obtained as a 

pale-yellow solid after recrystallization from a 

mixture of ethanol and DMF (3:1). Yield: 78%; m.p.: 

192–194 °C. 

 

Synthesis of Metal Complexes General 

Procedure:  

A hot methanolic solution (15 mL) of the metal salt 

(AgNO₃ or HAuCl₄·3H₂O, 0.5 mmol) was added 

slowly to a stirred hot methanolic solution (20 mL) of 

the ligand H₂L (1.0 mmol). The reaction mixture was 
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stirred under reflux for 4–5 hours. The resulting 

precipitates were collected by hot filtration, washed 

repeatedly with hot methanol followed by diethyl 

ether, and dried in a desiccator over anhydrous silica 

gel. [Ag(L)]ₙ (Silver Complex): Obtained as a light-

sensitive off-white solid. Yield: 70%. [Au(L)Cl] (Gold 

Complex): Obtained as a yellow solid. Yield: 65%. 

 

Antimicrobial Activity Assay:  

The in vitro antimicrobial activity of the ligand and 

its metal complexes was evaluated against two 

Gram-positive bacteria (Staphylococcus aureus 

ATCC 6538, Enterococcus faecalis ATCC 29212) and 

two Gram-negative bacteria (Escherichia coli ATCC 

25922, Pseudomonas aeruginosa ATCC 27853) using 

the agar well diffusion method [13]. Antifungal 

activity was assessed against Candida albicans (ATCC 

10231) and Aspergillus brasiliensis (ATCC 16404). 

Samples were dissolved in DMSO to prepare stock 

solutions of 1000 µg/mL. Wells (6 mm diameter) 

were bored in Mueller-Hinton agar (for bacteria) and 

Sabouraud Dextrose Agar (for fungi) plates seeded 

with a standardized microbial inoculum (1.5 × 10⁸ 

CFU/mL). Each well was loaded with 50 µL of the test 

solution (50 µg/well). Ciprofloxacin (10 µg/well) and 

Fluconazole (20 µg/well) were used as positive 

controls, while DMSO served as the negative control. 

The plates were incubated at 37 °C for 24 h (bacteria) 

and 25 °C for 48–72 h (fungi). The antimicrobial 

potency was assessed by measuring the diameter of 

the zones of inhibition (mm) around the wells. All 

assays were performed in triplicate. 

 

III. RESULTS AND DISCUSSION 

 
The novel ligand, benzilmonoximehydrazide (H₂L), 

was synthesized through a sequential two-step 

procedure involving the oximation of benzil followed 

by condensation with hydrazine hydrate. The ligand 

was obtained as a stable, pale-yellow crystalline solid 

with a yield of 72%. The silver and gold complexes 

were synthesized via reaction of the ligand with 

AgNO₃ and HAuCl₄·3H₂O, respectively, in methanol, 

yielding [Ag(L)] and [Au(L)Cl] complexes (Figure 1). 

The complexes exhibited good stability at room 

temperature, with solubility in DMSO and DMF but 

limited solubility in water and common organic 

solvents. The molar conductivity values (Λm, 10⁻³ M 

in DMSO) of 15 Ω⁻¹ cm² mol⁻¹ for the silver complex 

and 18 Ω⁻¹ cm² mol⁻¹ for the gold complex indicate 

their non-electrolytic nature, confirming 

coordination of all anions within the metal 

coordination sphere [13]. 

 

Spectroscopic Characterization: 

 FT-IR Spectroscopy:  

The IR spectrum of the free ligand H₂L showed 

characteristic bands at 3215 cm⁻¹ (νN-H), 1672 cm⁻¹ 

(νC=O), 1625 cm⁻¹ (νC=Nₒₓᵢₘₑ), and 968 cm⁻¹ (νN-O) 

[14]. Complex formation was evidenced by 

significant shifts in these vibrational modes. The 

νC=O band shifted to ~1645 cm⁻¹, indicating 

coordination through the carbonyl oxygen. The 

νC=Nₒₓᵢₘₑ band shifted to 1608 cm⁻¹, suggesting 

coordination via the oxime nitrogen. New bands 

appearing at 545 cm⁻¹ and 458 cm⁻¹ were assigned 

to νM-N and νM-O vibrations, respectively [15]. The 

disappearance of the νN-H band in the complexes 

supports deprotonation and coordination through 

the hydrazide nitrogen. 

 

NMR Spectroscopy:  

The ¹H NMR spectrum of H₂L (DMSO-d₆) displayed 

signals at δ 11.18 ppm (s, 1H, NH), δ 10.78 ppm (s, 

1H, NOH), and δ 7.35-7.80 ppm (m, 10H, Ar-H). The 

¹³C NMR spectrum showed characteristic signals at δ 

175.6 ppm (C=O) and δ 154.9 ppm (C=N-OH). 

Significant changes in chemical shifts upon complex 

formation supported the proposed coordination 

modes. Based on analytical and spectroscopic data, 

the silver complex is proposed to adopt a polymeric 

structure with the ligand acting as a tetradentate 

bridge, while the gold complex exhibits a square-

planar geometry with tridentate ligand coordination 

and one chloride ligand completing the coordination 

sphere. 

 

Antimicrobial Activity:  

The antimicrobial screening results (Table 1) 

revealed enhanced activity upon complexation. The 

silver complex showed notable activity against 

Gram-negative bacteria (E. coli: 18 mm, P. 

aeruginosa: 19 mm) and fungi (C. albicans: 17 mm). 

The gold complex demonstrated exceptional broad-

spectrum activity, particularly against Gram-positive 

bacteria (S. aureus: 23 mm, E. faecalis: 22 mm) and 
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fungal strains (C. albicans: 20 mm), outperforming 

the standard drug in some cases. This enhanced 

activity can be attributed to the synergistic effect of 

metal coordination, which increases lipophilicity and 

facilitates microbial membrane penetration [16,17]. 

The superior activity of the gold complex may be due 

to its strong affinity for sulfur-containing enzymes in 

microbial cells [18,19]. 

 

 

Table 1: Antimicrobial activity (Zone of Inhibition in mm) 

Compound S. aureus E. faecalis E. coli P. aeruginosa C. albicans 

H₂L 10 9 8 8 9 

[Ag(L)] 18 17 18 19 17 

[Au(L)Cl] 23 22 20 19 20 

Ciprofloxacin 24 23 25 24 - 

Fluconazole - - - - 21 

IV. CONCLUSION 

 
The successful synthesis and characterization of 

benzilmonoximehydrazide and its silver and gold 

complexes have been demonstrated. Spectroscopic 

techniques confirmed the proposed structures, with 

the ligand acting as a multidentate coordinator. Both 

metal complexes showed significantly enhanced 

antimicrobial activity compared to the free ligand, 

with the gold complex exhibiting particularly 

promising broad-spectrum activity. The remarkable 

bioactivity of these complexes, especially the gold 

derivative, positions them as potential candidates for 

development as antimicrobial agents against drug-

resistant pathogens. The enhanced activity is 

attributed to the combined effects of increased 

lipophilicity through chelation and the intrinsic 

biocidal properties of the noble metals. Future 

studies should focus on determining minimum 

inhibitory concentrations, investigating the 

mechanism of action, and evaluating cytotoxicity 

profiles to further assess their therapeutic potential. 
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