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Introduction 

The search for innovative molecular combinations to develop novel antimicrobial and antiviral agents has attracted 

substantial global attention in recent years [1, 2], primarily due to the escalating concern over the rapid emergence of 

antibiotic-resistant bacteria. This alarming trend is further intensified by the significant lack of newly developed 

antibiotic classes, resulting in what is widely referred to as an “antibacterial crisis” [3]. Similarly, fungal infections are 

emerging as a major cause of morbidity and mortality, particularly among immunocompromised individuals. The 

increasing prevalence of mycoses is largely attributed to the progressive development of resistance to antifungal agents 

used in clinical practice, along with the limited diversity of available antifungal drug classes, which significantly 

restricts therapeutic options [4]. 

In biological systems, metal ions such as zinc and copper play indispensable roles in maintaining normal 

physiological functions [5]. Transition metals including copper, iron, and manganese participate in a wide range of 

biochemical processes, encompassing electron transfer, enzymatic catalysis, and structural stabilization. These metals 

are commonly localized at the active sites of proteins and enzymes, where they facilitate essential cellular reactions [5]. 

Despite their vital importance, deregulations of these essential metals during normal biochemical processes has been 

associated with the onset and progression of various pathological conditions, including cancer [6]. Cellular functions 

require these “trace metals” only in minute but strictly regulated concentrations, as both deficiency and excess can 

disrupt cellular functions. In recent years, substantial progress has been achieved in exploiting transition metal 

complexes for therapeutic applications in the treatment of several human diseases. The ability of transition metals to 

adopt multiple oxidation states and to coordinate with negatively charged biomolecules underlies their diverse reactivity 
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and biological activity. These distinctive chemical properties have fostered the development of metal-based drugs with 

promising pharmacological potential and unique therapeutic advantages over purely organic compounds [5]. 

In the present study, the synthesis and characterization of the ligand and its corresponding metal complexes were 

accomplished using various spectroscopic techniques. The antimicrobial activity of the synthesized compounds was 

evaluated against bacterial strains E. coli and B. megaterium, while antifungal activity was assessed against C. albicans 

and A. niger. Furthermore, the nuclease activity of the complexes toward calf thymus (CT) DNA was investigated using 

the gel electrophoresis technique. 

Experimental 
Apparatus and reagents 

All chemicals used in this study were of analytical reagent (AR) grade and of the highest purity available. The reagents 

included phenol, zinc chloride, sodium carbonate, ammonia, malonic acid, phosphorus oxychloride (Spectrochem), 

ethanol, hydrochloric acid, glucose, nutrient broth, agarose (Merck), and yeast extract (Helini Biomolecules). Calf 

thymus DNA (CT-DNA) was procured from Genei Chemical Company, India. CT-DNA solutions were prepared in 

Tris–HCl/NaCl buffer (pH 7.2) and showed an A260/A280 ratio of approximately 1.8–1.9, confirming the absence of 

significant protein contamination [7]. Double-distilled water was used to prepare all buffer solutions. Stock solutions 

were stored at 4 °C and used within four days.  

Melting points were determined in open glass capillaries using a liquid paraffin bath and are uncorrected. The molar 

conductance of the metal complexes was measured using a Systronics conductivity bridge. UV–Vis spectra were 

recorded on a Shimadzu UV-1800 spectrophotometer (Shimadzu Pvt. Ltd., Japan). IR spectra were measured on a 

Shimadzu 435-IR spectrophotometer in the frequency range 4000–400 cm⁻¹ using the KBr pellet technique. Mass 

spectra were obtained on a GCMS-QP2010 spectrometer using the electron ionization (EI) method. 1H NMR spectra 

were recorded on a Bruker NMR spectrometer operating at 300 MHz.  

Synthesis of 4-hydroxy-7-methyl-2H-chromene-2-one (1) 

The ligand was synthesized according to the reported procedure of Shah et al. [8] with slight modification. o-Cresol 

(0.1 mol) and malonic acid (0.1 mol) were added slowly to a mixture of phosphorus oxychloride (40 mL) and freshly 

fused zinc chloride (40 g) under constant stirring. The reaction mixture was heated on a water bath at 60–70 °C for 8–

12 h. After completion of the reaction (monitored by TLC using solvent system ethyl acetate and hexane ratio 6:4), the 

mixture was poured onto crushed ice with continuous stirring. The resulting solid was filtered and treated with hot 

saturated sodium carbonate solution. The filtrate obtained was gradually acidified with concentrated hydrochloric acid 

until neutralization, leading to the formation of a precipitate. The solid product was collected by filtration, washed 

thoroughly with water, dried and recrystallized from methanol to afford the pure compound. The yield is found out to 

be about 78%. 

Synthesis of 4-hydroxy-7-methylpyrano[3,2-c]chromene-2,5-dione (2) 

A mixture of phosphorous oxychloride (40ml) and freshly fused zinc chloride (40g) was prepared and malonic acid 

(0.1mole). 4-hydroxy-7-methyl-2H-chromene-2-one (0.1mole) were added to this mixture and heated on water bath at 

60-70oC for 18-22 h. After completion of the reaction, the mixture was poured onto crushed ice with continuous stirring. 

The resulting solid was filtered and treated with hot saturated sodium carbonate solution. The filtrate obtained was 

gradually acidified with concentrated hydrochloric acid until neutralization, resulting in the formation of a precipitate. 

The solid product was collected by filtration, washed thoroughly with water, dried, and recrystallized from methanol to 

afford the pure. The yield is found out to be about 73%. 

Synthesis of 3-acetyl-4-hydroxy-7-methyl-pyrano[3,2-c]chromene-2,5-dione (LIII) 

Acetyl derivatives were prepared by acetylation of different derivatives in presence of acetic acid and phosphorous 

oxychloride [9-14]. Glacial acetic acid (5ml) and phosphorous oxychloride (4ml) were used to dissolve 4-hydroxy-2-

methylenepyrano[3,2-c]chromene-2,5-dione (1g) and gently refluxed for 4-5 hrs. After completion of the reaction, the 

mixture was poured onto crushed ice so the solid product of 3-acetyl-4-hydroxy-7-methyl-pyrano[3,2-c]chromene-2,5-

dione was obtained. To obtain purity, product was dried and recrystallized from glacial acetic acid. The yield is found 

out to be about 71%. 
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Synthesis of 4-hydroxy-7-methyl-3-(3-oxobutanoyl)pyrano [3,2-c]chromene-2,5-dione (LIX) 

Acetyl derivatives, on its further reaction with ethyl acetate in presence of sodium, give acetoacetyl derivatives 

acetylation of different derivatives in presence of acetic acid and phosphorous oxychloride [9-14]. A solution of 3-

acetyl-4-hydroxy-pyrano[3,2-c]chromene-2,5-dione (1.0 g) in ethyl acetate (25 mL) was added to pulverized sodium 

(1.0 g), and the reaction mixture was refluxed for 8 h. After completion of the reaction, the mixture was carefully 

decomposed with crushed ice and extracted with diethyl ether. The aqueous layer was acidified with dilute acid to afford 

substituted 4-hydroxy-7-methyl-3-(3-oxobutanoyl)pyrano[3,2-c]chromene-2,5-dione as a precipitate. The solid product 

was filtered, washed with water, dried, and recrystallized from acetone to obtain the purified compound. The yield is 

found out to be about 69%. 

Synthesis of metal complexes 

Metal(II) salt solutions (0.1 M) were prepared by dissolving ferrous ammonium sulphate and the chlorides of cobalt(II), 

nickel(II), and copper(II) in distilled water and were standardized using 0.1 M EDTA solution. The standardized metal 

solution (10 mL) was added slowly to the ligand solution (20 mL) with constant stirring. The reaction mixture was 

heated on a water bath at 100 °C for 2 h. The pH of the solution was maintained at 10.5–11.0 by the dropwise addition 

of ammonium hydroxide solution during the reaction. The resulting precipitates were filtered, thoroughly washed with 

distilled water followed by ethanol to remove unreacted materials, dried under vacuum, and recrystallized from 

dimethyl sulfoxide (DMSO) to afford the corresponding metal(II) complexes. The yield is found out to be about 65-

71%. 

Common structures of metal complexes are shown in Figure 1 and overall reaction scheme is given in Figure 2. 

 

 
Figure 1 Structure of metal complexes 

Antimicrobial activity 

Quantitative antibacterial assay 

Different concentrations of the test compounds were evaluated for antimicrobial activity. The compounds were prepared 

at appropriate concentrations in a suitable growth medium and incubated with the test microorganisms under standard 

conditions. The lowest concentration of the compound that completely inhibited visible microbial growth was recorded 

as the minimum inhibitory concentration (MIC, mg mL⁻¹). 
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Figure 2 Reaction scheme 

Qualitative antimicrobial assay 

The in vitro antimicrobial activity of the synthesized compounds was evaluated by the agar well diffusion (agar cup) 

method. Antibacterial screening was carried out against the Gram-negative bacterium Escherichia coli and the Gram-

positive bacterium Bacillus megaterium using nutrient agar as the growth medium. Antifungal activity was assessed 

against Aspergillus niger and Candida albicans using glucose yeast extract (GYE) medium. Stock solutions of the test 

compounds were prepared in dimethyl sulfoxide (DMSO). Sterile agar plates were inoculated with the respective test 

microorganisms, and wells were made using a sterile borer. Aliquots of the test solutions at varying concentrations were 

carefully dispensed into the wells using a micropipette. The inoculated plates were incubated at 37 °C for 24 h in the 

case of bacterial strains and for 48 h for fungal strains. DMSO served as the control. Antimicrobial activity was 

determined by measuring the diameter of the clear zones of inhibition around the wells, expressed in millimeters (mm). 

Gel electrophoresis 

DNA cleavage activity of the metal complexes was evaluated by agarose gel electrophoresis using calf thymus DNA 

(CT-DNA) in the presence of H₂O₂ as an oxidizing agent. The reaction mixture consisted of CT-DNA (5 μL, 4 × 10⁻⁴ 

μg μL⁻¹), test compound (12 μL, 1000 ppm), and H₂O₂ (2 μL, 35%). The mixtures were incubated at 35°C for 30 min 

prior to electrophoresis. The samples were subsequently subjected to electrophoresis on a 0.8% agarose gel using Tris–

acetic acid–EDTA (TAE) buffer (pH 8.3) at a constant voltage of 50 V for 2 h. Following electrophoresis, the gel was 

stained with ethidium bromide (1 μg cm⁻³) and visualized under UV illumination. Gel images were recorded using a 

Sony (India) camera. 

Result and Discussion 

All the synthesized compounds were found to be stable at room temperature. They were insoluble in water, methanol, 

and ethanol but readily soluble in dimethylformamide (DMF) and dimethyl sulfoxide (DMSO). The analytical data 
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were consistent with the proposed stoichiometry and are summarized in Tables 1 and 2. Elemental analyses of the metal 

complexes indicated a metal-to-ligand (M:L) ratio of 1:2 for all divalent metal ions. As most of the metal complexes 

decomposed or charred above 270 °C, melting points could not be determined. The low molar conductance values of 

the complexes suggested their non-electrolytic nature [15]. 

Table 1 Analytical and physical data of the synthesized compounds 

 

Table 2 Physical characterization, analytical and molar conductance data of metal complexes 

 

Absorption Spectra 

Electronic spectroscopy was employed as an important tool for structural characterization of the synthesized 

compounds. UV spectra were recorded in the range 200–800 nm using DMSO as the solvent. The compounds exhibit 

absorption bands in the region 250–350 nm, attributed mainly to π→π* transition at 268 nm and n→π* transition at 

338 nm. In general, absorption of UV–visible radiation by organic molecules involves electronic transitions such as 

σ→σ*, n→σ*, n→π*, and π→π*, corresponding to excitation of electrons from the ground state to higher energy 

antibonding orbitals; transitions involving unsaturated centres (n→π* and π→π*) typically occur at longer wavelengths. 

The positions of the absorption bands for the synthesized derivatives were found to be nearly identical, indicating 

that substitution with acetyl or acetoacetyl groups did not significantly alter the position of band. Minor shifts in band 

positions were observed and may be attributed to differences in molecular weight. The electronic spectra of the metal 

complexes were recorded on a Shimadzu UV-1800 spectrophotometer using DMSO as solvent. The complexes 

displayed two prominent bands in the range 266–332 nm along with a weak band in the visible region at 741–749 nm. 

IR Spectra (DMSO, cm⁻¹) 

Ligands: 3440 (OH) (enolic) [16], 1080 (C–O), 2932 (C-H), 1491–1550 (C=C), 667-730 (=C–H aromatic), 1723 (C=O 

cyclic), 1163–1294 (C–O–C), 1606–1612 (C=O α,β-unsaturated acetyl ketone), 1294–1330 (monodentate acetate 

coordination) 

Metal Complexes: ~3440 (OH) (enolic almost unaffected), 2924 (C-H), 1448 (C=C), 848 (=C–H aromatic), 1681(C=O 

cyclic, coordination of carbonyl oxygen to metal), 1086-1253 (C–O–C), 1609-1612 (C=O α,β-unsaturated acetyl 

ketone), 476–486 (M–O vibrations, confirming metal–oxygen bonding) [17] 

  

Sample                                      Substitution Molecular Molecular Melting Rf Colour

Code R1 R2 R3 R4 Formula Weight Point  (
o
C) Value

1 H H H CH3 C10H8O3 176 208-210 0.69 Ligth Orange

2 H H H CH3 C13H8O5 244 108-110 0.66 Brown

L
III H H H CH3 C15H10O6 286 86-88 0.64 Brown

L
IX H H H CH3 C17H12O7 328 102-104 0.61 Dark Brown
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1H NMR Spectra (500 MHz, DMSO-d6) 

Ligands: δ 2.258–2.795 (s, CH₃), δ 6.527–7.616(m, Ar–H), δ 9.924 (s, –OH), δ 1.98 (s, –COCH₃), δ 4.1(s, –

COCH₂COCH₃) 

Metal Complexes: δ 2.357-2.550 (s, CH₃), δ 7.241-7.392 (m, Ar–H), δ 10.287 (s, –OH), δ 1.772(s, –COCH₃), δ 4.8 (s, 

H2O) 

Mass Spectra  

The mass spectrum of compounds was recorded by GCMS-QP2010 spectrometer (EI method). The spectra were 

acquired in positive chemical ionization mass spectrometry. In each case, well-defined molecular ion (M⁺) and base 

peaks were observed in the mass spectra. The observed molecular ion peak values were in good agreement with the 

calculated molecular weights, thereby confirming the proposed molecular formulae of the synthesized compounds. 

Table 3 Antimicrobial data of ligands & their metal complexes (Conc. in ppm & zone of inhibition in millimeter) 

 

Antimicrobial activity 

The antimicrobial activity of the ligand and its metal complexes was evaluated by determining the minimum inhibitory 

concentration (MIC) using the serial dilution method. The in vitro antimicrobial studies were carried out against 

Escherichia coli, Bacillus megaterium, Aspergillus niger, and Candida albicans. Based on the MIC results, the zones 

of inhibition were further measured (mm) using the disc diffusion method [18–21], and the data are summarized in 

Compound

Conc.(ppm) Zone(mm) Conc.(ppm) Zone(mm) Conc.(ppm) Zone(mm) Conc.(ppm) Zone(mm)

L
III

200 22 200 18 300 21 300 20.5

300 23 300 19 400 21.5 400 21

400 24.5 400 20.5 500 22 500 22

Fe[L
III

(H2O)]2 100 25 100 19.5 200 20 200 19

200 26 200 20 300 21 300 21

300 26.5 300 21.5 400 22 400 22

Co[L
III

(H2O)]2 100 24.5 50 18 200 21 200 20

200 25 100 19.5 300 22 300 20.5

300 25.5 200 21 400 23 400 22

Ni[L
III

(H2O)]2 100 23 100 20 300 22 300 21.5

200 24 200 20.5 400 23.5 400 23

300 25 300 22 500 24 500 23.5

Cu[L
III

(H2O)]2 100 23.5 100 19 200 22 200 20

200 25 200 21 300 24 300 21

300 26 300 21.5 400 25 400 23

L
IX

200 25 200 18.5 300 22 300 22

300 25 300 20 400 23 400 23.5

400 25.5 400 21 500 23.5 500 24

Fe[L
IX

(H2O)]2 100 24.5 100 18 200 21 200 21

200 25 200 19 300 22.5 300 22.5

300 26 300 20.5 400 23 400 24

Co[L
IX

(H2O)]2 50 23 100 18.5 300 22 300 23

100 25 200 20 400 24 400 23.5

200 25.5 300 21 500 24.5 500 25

Ni[L
IX

(H2O)]2 100 25 50 18 200 21 200 22

200 25 100 20 300 23 300 23

300 25.5 200 21 400 23.5 400 24.5

Cu[L
IX

(H2O)]2 100 24 100 19 200 22 200 23

200 26 200 20 300 23.5 300 25

300 26 300 22 400 24.5 400 25

Escherichia coli Bacillus megaterium Aspergillus niger Candida albicans
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Table 3. Comparative evaluation (Figure 3 and Figure 4) indicated that the metal complexes exhibited enhanced 

antimicrobial activity compared with the free ligand. 

The enhanced biological activity of the metal complexes can be rationalized on the basis of Overtone’s concept of 

cell permeability and Tweedy’s chelation theory. According to Overtone’s concept, the lipid membrane surrounding 

microbial cells favours the passage of lipid-soluble substances; therefore, liposolubility plays an important role in 

antimicrobial efficiency. Upon chelation, the polarity of the metal ion is reduced due to partial sharing of the positive 

charge with donor atoms and overlap of ligand orbitals, leading to increased π-electron delocalization over the chelate 

ring. This enhanced lipophilicity facilitates penetration of the complexes through the lipid membrane and interaction 

with cellular targets, including metal-binding sites of enzymes. Consequently, the complexes may interfere with cellular 

respiration and protein synthesis, ultimately inhibiting the growth of the microorganisms. 

 
Figure 3 Comparison of antibacterial data of the LIII, LIX and their metal complexes at 200ppm concentration 

 

 
Figure 4 Comparison of antifungal data of the LIII, LIX and their metal complexes at 400ppm concentration 

DNA Cleavage Studies 

The DNA cleavage efficiency of the complexes compared to the control can be attributed to their strong DNA-binding 

ability. The metal complexes were capable of inducing DNA degradation. The proposed oxidative mechanism involves 

DNA cleavage through hydroxyl radicals, which abstract hydrogen atoms from sugar moieties, leading to the release of 

specific sugar-derived fragments depending on the site of hydrogen abstraction [22]. The cleavage process is inhibited 
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in the presence of free radical scavengers, suggesting that hydroxyl radicals or peroxy species mediate the reaction. 

This process is facilitated by metallocomplex-bound hydroxyl radicals or peroxo species generated from the reaction 

with the co-reactant H₂O₂. 

In the present study, CT-DNA gel electrophoresis experiments were performed at 35 °C using the synthesized 

complexes in the presence of H₂O₂ as an oxidizing agent. At very low concentrations, some complexes exhibited 

noticeable nuclease activity. In contrast, the control experiment using DNA alone showed no significant DNA cleavage 

even after prolonged exposure. This may be attributed to the redox behavior of the metal ions present in the complexes. 

The redox properties of the metal complexes facilitate the oxidation of nucleic acids. In the oxidative DNA cleavage 

mechanism, metal ions in the complexes react with H₂O₂ to generate hydroxyl radicals, which attack the C4 position of 

the sugar moiety, ultimately leading to DNA strand scission [23]. 

As a result of DNA cleavage, a decrease in the intensity of DNA bands was observed in the gel electrophoresis 

images (Figures 5 and 6). A slight increase in complex concentration beyond the optimal level (the concentration at 

which 100% cleavage efficiency was observed) resulted in extensive DNA degradation, leading to the disappearance 

of DNA bands on the agarose gel [24-27]. 

 
Figure-5: Agarose gel (0.8 %) showing the changes in the agarose gel electrophoretic pattern of CT DNA using ligand 

3-acetyl-4-hydroxy-7-methylpyrano[3,2-c]chromene-2,5-dione (LIII) and it’s metal(II) complexes induced by H2O2. 

Lane 1: DNA alone, Lane 2: DNA + LIII, Lane 3: DNA + Fe[LIII(H2O)]2, Lane 4: DNA + Co[LIII(H2O)]2, Lane 5: 

DNA + Ni[LIII(H2O)]2, Lane 6: DNA + Cu[LIII(H2O)]2 

 

 
Figure-6: Agarose gel (0.8 %) showing the changes in the agarose gel electrophoretic pattern of CT DNA using     ligand 

3-acetyl-4-hydroxy-8-methylpyrano[3,2-c]chromene-2,5-dione(LIV) and it’s metal(II) complexes induced by H2O2. 

Lane 1: DNA alone, Lane 2: DNA + LIX, Lane 3: DNA + Fe[LIX(H2O)]2, Lane 4: DNA + Co[LIX(H2O)]2, Lane 5: 

DNA + Ni[LIX(H2O)]2, Lane 6: DNA + Cu[L IX(H2O)]2 

Conclusion 

All metal complexes have lower conductance values (molar conductance <15 mho cm2mol-1; 10-3 M solution); that 

indicates complexes are non-electrolytes in DMF and metal is attached through coordinate covalent bond. All the 

spectral data of the synthesized complexes are in good agreement with the proposed structures (Structure 1 and 2). The 

antimicrobial activity data (Table 3) indicate that most of the metal complexes exhibit higher biological activity 

compared to their corresponding ligands. Figure 3 shows that all the synthesized compounds were active against both 

bacterial strains at a concentration of 200 ppm. Similarly, comparison of antifungal activity data at 400 ppm (Figure 4) 

demonstrates that all compounds exhibited significant activity against both fungal strains. Fe[LIII(H2O)]2 and 

Cu[LIX(H2O)]2 against E. coli (zone of inhibition 26 mm), Co[LIII(H2O)]2, Cu[LIII(H2O)]2 and Ni[LIX(H2O)]2 against B. 

megaterium (zone of inhibition 21 mm) at 200 ppm concentration while Cu[LIII(H2O)]2 against A. niger (zone of 

inhibition 25 mm), and Cu[LIX(H2O)]2 against C. albicans (zone of inhibition 25 mm) shows higher activities. From 
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Figure 3 it can be concluded that Cu[LIII(H2O)]2 and from Figure 4 Cu[LIX(H2O)]2 demonstrates minimun intensity band 

of DNA in the presence of H2O2, it leads to the conclusion that these complexes have highest DNA cleavage ability.  
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