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Abstract 

 

In this manuscript, the in vitro antimicrobial activity of the previously synthesized 

coumarin derivative 3- (1- (3-hydroxyphenyl) amino) ethylidene) chroman-2,4-dione (L) and 

its corresponding palladium (II) complex (C) were examined. Their antimicrobial activity was 

screened against four strains of bacteria Bacillus cereus (ATCC 11778) G+; Staphylococcus 

aureus (ATCC 13709) G+; Klebsiella pneumoniae (ATCC 27736) G-; and Escherichia coli 

(ATCC 2592) G-) and three strains of fungi (Aspergillus flavus (ATCC15517); Candida 

albicans (ATCC 10231); Fusarium oxysporum (ATCC 695) using disc diffusion and 

microdilution method. The obtained minimum inhibitory concentration (MIC) values by 

microdilution method for ligand and complex are similar for all tested bacteria and fungi, which 

means that both compounds have a similar antimicrobial effect. On the other hand, analysis of 

zone of inhibition (ZI) values for the tested compounds shows that the complex is generally 

somewhat more active than the ligand.  

 

Keywords: coumarine, palladium(II) complex, antimicrobial activity 

 

 

1. Introduction 

 

Coumarin and its derivatives are a widely present family of molecules in nature. They 

can be accumulated in fruits, vegetables, trees, seeds, and vines [1]. Coumarins have important 

biological activities, some of which include regulation of growth, control of respiration, defense 

against herbivores and microorganisms, and hormonal and signaling role [1]. 

Coumarins show significant activity against various types of microorganisms. Coumarin itself 

does not have a pronounced antibacterial activity, but derivatives with different substituents in 

their structure have a strong effect on a wide range of gram-positive and gram-negative bacteria 

[2]. The most active natural antibiotic from the coumarin group is novobiocin, amoresinol, and 

ostruhin. In addition, some synthetic coumarins, such as 3-acetyl-4-hydroxycoumarin and its 

derivatives, inhibit the growth of some bacteria and fungi [3,4]. Complexes of coumarins with 
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transition metals show significant biological activity [3,4]. A large number of palladium(II) 

complexes have been synthesized and their antimicrobial activity has been examined [3,4].  

In accordance with the above, our research is based on further investigation of the biological 

activities of various coumarin derivatives and the corresponding palladium (II) complexes. This 

paper presents the results of the antibacterial and antifungal activity of the previously 

synthesized 4-hydroxycoumarin derivative and its palladium(II) complex.  

 

2. Experimental 

 

2.1. General procedure for the synthesis of ligands and palladium(II) complex  

 

The synthesis and characterization of the test ligand and its corresponding Pd (II) 

complex have been previously reported [5]. Namely, ligand L was obtained by reacting 3-

acetyl-4-hydroxycoumarin with meta-hydroxyaniline in methanol. The synthesis of 

corresponding palladium complex C was performed by reaction of K2 [PdCl4] and the bidentate 

ligands L in methanol (Fig. 1). 

 

 
Fig 1. The general procedure for the synthesis of the ligand and complex 

 

2.2. Microbiological Assay 

 

The antimicrobial activity of the previously synthesized ligand and the complex was 

examined according to representative laboratory control microbial strains from the American 

Type Culture Collection (ATCC) (Rockville, Md., U.S.A.). The microbiological activity was 

done by disk diffusion and dilution method against 7 microorganisms, three strains of fungi, 

and four strains of bacteria.  

 

2.3. Microbial Strains 

 

The following microorganisms were used for the antimicrobial tests: Aspergillus flavus 

(ATCC15517); Candida albicans (ATCC 10231); Fusarium oxysporum (ATCC 695); Bacillus 

cereus (ATCC 11778)G+; Staphylococcus aureus (ATCC 13709)G+; Klebsiella pneumoniae 

(ATCC 27736) G- and Escherichia coli (ATCC 2592)G-. 

 

2.4. Antimicrobial Activity 

 

The disk diffusion method was used to determine the zone of inhibition [6,7]. 1 cm3 of 

the suspension of microorganisms in physiological solution was homogenized with 9 cm3 of 

dissolved Mueller-Hilton agar and poured into Petri dishes. After that Petri dishes were 

incubated under aerobic conditions at 27˚ C for 96h for fungi and at 37˚C for 48h for bacteria 

[8]. The determination of the minimum inhibitory concentration (MIC) is based on mixing a 

solution of a sample of known concentration with a nutrient medium. This test was performed 

in triplicate. The lowest concentration of the sample, which under these conditions completely 
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inhibited the growth of a certain microorganism, was presented as MIC and expressed in μg/mL. 

Control tests were performed with DMSO in which the substances were dissolved. DMSO was 

found not to inhibit the growth of the microorganisms tested [8]. 

 

3. Results 

 

Comparative analysis of the antimicrobial activity of the ligand and the corresponding 

Pd(II) complex shows that the values of the minimum inhibitory concentration (MIC) are 

similar for all tested bacteria and fungi, which means that the compounds have a similar 

antimicrobial effect (Table 1). Comparing these values with a positive control indicates that the 

test compounds are less active than the standard, only the difference was observed in the case 

of Candida albicans for which the test compounds give almost the same MIC values as 

fluconazole. On the other hand, analysis of the zone of inhibition (ZI) values for the investigate 

compounds shows that the complex is generally somewhat more active than the ligand. By 

comparing the obtained values of the ZI complex with the ZI positive control, it can be clearly 

seen that these values are mutually comparable (Table 1). This suggests that the investigated 

palladium(II) complex shows promising antifungal activity. 

 
Table 1. Antimicrobial activity of the ligand (L), corresponding complex (C) and positive control 

Flukonazole (fungi) and Chloramphenicol (bacteria) 

 

4. Conclusions 

 

Derivative 4-hydroxycoumarin and corresponding Pd(II) complex were tested as 

antibacterial and antifungal agents. In general, the results of antimicrobial activity showed that 

the investigated compounds were less active than the standard, only a difference was observed 

in the case of Candida albicans (ATCC 10231) for which the test compounds give almost the 

same minimum inhibitory concentration (MIC) values as fluconazole. In conclusion, 

preliminary studies, ligand, and complex could be a useful starting point for the development 

of future antifungal agents. 
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