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INTRODUCTION 
The coordination chemistry of transition metals 

with azo ligands is of interest due to the observation of 

several interesting properties [1-8]. The -acidity and metal 
binding ability of azo nitrogen have drawn attention to the 
exploration of the chemistry of metal complexes 
incorporating azo ligands. Thus, the synthesis of ligands 
incorporating azo function in different backbone is an 
inspiring field of research. Notable examples of these 
ligands are arylazobenzene [9], arylazooxime [10], 
arylazophenol [11], arylazopyridine [7, 8, 12], 
arylazoimidazole [13], arylazopyrimidine [14], arylazoaniline 
[15]. 

 
Copper is second to iron in its usefulness in life 

and society. The metal and its compounds are used in every 
sphere of life. The potential role played by copper ions, 
present in the active sites of many metalloproteins having 
the CuN2S2 chromophore [16], has stimulated to design 
new ligand frame having N, S donor sets and their copper 
complexes as models for providing a better understanding 
of the biological system [17]. The copper(II)-N, S chelates 
have antineoplastic activities [18-20] and efficient 
photosensitizer to cleave DNA [21]. 

 
Acetylacetone and its derivatives have many 

applications. They are directly used in the complex 
synthesis or functionalized by condensation or coupling 
reaction with other functional groups [22-30]. Because of 
potential application of acetylacetonato metal chelates, the 
chemists are trying to functionalise this molecule to 
synthesise newer derivatives and their metal complexes. 
Wehave undertaken a programme to insert thioarylazo (R-
S-C6H4-N=N-) function into acetylacetone to synthesise 
hitherto unknown, 3-((2-(alkylthio) phenylazo)-2,4-
pentanedione. 

 
Antibacterial activity of the ligands and the 

complexes are studied against standard bacteria Bacillus 
subtilis UC564, Escherichia coli TG1, Staphylococcus aureus  

 
Bang25, Pseudomonas aeruginosa C/1/7, Salmonella typhi 
NCTC62, Salmonella paratyphi NCTC A2, Shigella dysenteriae 
8NCTC599/52, Streptococcus faecalis S2, Vibrio cholerae DN7 
and Mricococcus luteus AGD1 with a stander gentamicine.   The 
antibacterial activity of the synthesized compounds are 
discussed in this work. 

 

MATERIALS AND METHODS 
Materials and measurements 

Acetylacetone (Hacac), 2-aminothiophenol, 
iodomethane (MeI), iodoethane (EtI), CuCl2. 4H2O, 
NH4SCN, NaN3 were purchased from E. Merck, India. All 
other chemicals used of A.R. quality and were used as 
received. The organic solvents were purified and dried by 
standard methods [31]. 3-(2-(alkylthio) phenylazo)-2,4-
pentanedione and their copper complexes {HL1, HL2, 
Cu(L1) Cl (1a), Cu(L2) Cl (1b), Cu2(L1)2(N3)2 (2a), 
Cu2(L2)2(N3)2 (2b), Cu2(L1)2(SCN)2 (3a), Cu2(L2)2(SCN)2 
(3b)} (shown in scheme-1) were prepared and 
characterized by the reported procedure [32-34]. 

 
UV-VIS spectra were recorded using Perkin-

Elmer Lambda 25 UV-VIS spectrophotometer (Fig. 1) and 
infrared spectra were obtained from Perkin-Elmer 
Spectrum RX1 instrument. Microanalyses were collected 
from Perkin-Elmer 2400 CHN elemental analyzer. 1H-
NMR spectra were recorded from Brucker 300 MHz FT-
NMR. Molar conductance (ΛM) were measured in a 
Systronics conductivity meter 304 model using ca.10-3 M 
solutions in acetonitrile. 

 
Antibacterial Assays 

Microorganisms: The microorganisms were used 
in this study included Bacillus subtilis UC564, Escherichia coli 
TG1, Staphylococcus aureus Bang25, Pseudomonas aeruginosa 
C/1/7, Salmonella typhi NCTC62, Salmonella paratyphi NCTC 
A2, Shigella dysenteriae 8NCTC599/52, Streptococcus faecalis S2, 
Vibrio cholerae DN7 and Mricococcus luteus AGD1. They were 
obtained from Division of Microbiology, Dept. of 
Pharmaceutical Technology, Jadavpur University, Kolkata-
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700 032, West Bengal. The bacterial strains were grown in 
blood agar or McConkey agar plates at 37°C and 
maintained on nutrient agar slants. 

 
Preparation of Inoculums: Suspension of 

organism was prepared as per McFarland Nephelometer 
standard [35]. A 24-hour old culture was used for the 
preparation of bacterial suspension. Suspension of 
organism was made in a sterile isotonic solution of sodium 
chloride (0.9% w/v) and the turbidity was adjusted such 
that it contained approximately 1.5x108 cells/ml. It was 
obtained by adjusting the optical density of the bacterial 
suspension to that of a solution of 0.05ml of 1.175% of 
barium chloride and 9.95 ml of 1% sulphuric acid. 

 
Drug solution: The compounds (10 mg) HL1, 

HL2, Cu(L1) Cl (1a), Cu(L2) Cl (1b), Cu2(L1)2(N3)2 (2a), 
Cu2(L2)2(N3)2 (2b), Cu2(L1)2(SCN)2 (3a), Cu2(L2)2(SCN)2 
(3b) were screened for their antibacterial activity. All the 
drugs were dissolved in 4% of DMSO to get the 
concentration of 1mg/ml, which were used as stock 
solution. Evaluation of the activity was carried out by agar 
dilution technique using nutrient agar medium. 

 
Assay: Sensitivity tests were performed by disc 

diffusion method, as per NCCLS [36] protocol. The 
Mueller Hinton agar plates, containing an inoculum size of 
106cfu/ml of bacteria were used. Prepared drug solution 
impregnated discs at concentrations of 0–500µg/ml were 
placed aseptically on sensitivity plates with appropriate 
controls [37].  All the plates were then incubated either at 
37oC overnight. The sensitivity was recorded by measuring 
the clear zone of growth inhibition on agar surface around 
the discs. 

 
Determination of Minimum Inhibitory Concentration 
(MIC) 

MIC was determined by agar dilution methods 
[38]. Previously prepared drug dilutions (0–500 µg/ml) of 
the crude drug, with appropriate antibiotic control were 
prepared in Mueller Hinton Agar [39]. For agar dilution 
assay previously prepared sensitivity plates, using serial 2-
fold dilutions of the drug and control antibiotics as above, 
were spot inoculated (2×106 cfu per spot). The inoculated 
plates were then incubated at 37°C for 24 h. The lowest 
concentration of plate which did not show any visible 
growth after macroscopic evaluation was considered as the 
MIC. 

 
Determination of minimal bactericidal concentration 
(MBC) 

MBC was determined by broth dilution methods. 
Previously prepared drug dilutions (0–200 µg/ml) of the 
crude drug 2a and 2b in Mueller Hinton broth were used. 
The mixtures were then incubated at 37°C for 18 h with 
shaking on a platform shaker at 200 rpm. The drug 
concentration (10 µg/ml for Shigella dysenteriae, Salmonella 
paratyphi and Micrococcus luteus for 2b but in 2a, 25 µg/ml for 
Bacillus subtilis and Mricococcus luteus) was added to the mid-
logarithmic phase of growth and aliquots of 1.0 ml were 
withdrawn at intervals for the determination of OD540 and 
colony count [38]. The lowest concentration of the tube 

which did not show any visible growth after colony count 
was considered as the MBC [40]. 

 
Determination of zone of inhibition 

The medium was prepared by dissolving all the 
ingredients in distilled water and subjected to sterilization in 
an autoclave at 121ºC for 15 minutes. The Petri plates were 
washed thoroughly and sterilized in hot air oven at 160ºC 
for 1 ½ hours. 30 ml of sterile molten agar medium was 
seeded by organisms (about 2 ml according to Mc Farland’s 
standard [41]), in semi hot conditions (40ºC) was poured 
aseptically in sterile Petri plate and allowed to solidify at 
room temperature. Bores were made on the medium using 
sterile borer and 0.1 ml of the diluted drugs (50 µg/ml and 
100 µg/ml) were added to respective bore and 0.1ml of the 
standard Streptomycin at a concentration of 50μg/ml and 
100µg/ml were taken as standard. The Petri plates seeded 
with organisms, containing extracts and the standard were 
kept in refrigerator at 4ºC for 1 hour to facilitate the 
diffusion of the extracts and the standard in to the media. 
After diffusion the Petri plates were incubated at 37 ± 1ºC 
for 24 hours in a incubator and zone of inhibition was 
observed and measured using a scale [40]. 

 

RESULTS AND DISCUSSION 
Synthesis and formulation 

2-(Alkylthio) phenyldiazonium chloride is coupled 
with acetylacetone in Na2CO3 solution and orange-yellow 
precipitate so obtained is purified by repeated crystalisation 
from aqueous ethanol (1:1, v/v) mixture. The purity of the 
product is checked by elemental analyses and Mass 
spectrometry. The ligands are abbreviated 3-(2-(alkylthio)-
2-phenylazo)-2,4-pentanedione, (R = Me, HL1; Et, HL2) 
(Scheme 1) 
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The reaction between methanolic solution of 
CuCl2.2H2O and HL in 1:1 mole ratio has isolated shining 
dark green crystals of [Cu(L)Cl]n (1). The reaction of 
CuCl2.2H2O, HL, NaN3 or NH4CNS in 1:1:2 mole ratio has 

isolated [Cu(L)(-X)]2 (X = N3 (2); CNS (3)). The 
composition of the complexes is supported by 
microanalytical and mass spectrometric data. The 
complexes are sufficiently soluble in chloroform, 
dichloromethane, acetonitrile, DMF, DMSO but insoluble 
in hexane, benzene, toluene. They are non-conducting in 
solution of acetonitrile, DMF etc. At room temperature the 
effective magnetic moments are 1.73 (1a), 1.80 (1b), 1.55 
(2a), 1.64 (2b), 1.60 (3a) and 1.55 BM (3b) per copper 
centre. The subnormal moment data may be due to 
magnetic exchange between Cu(II) (d9) centres via bridging 
Cl or pseudohalide (N3, NCS). 

 
Antibacterial activity 

Antibacterial screening test of the ligands 
HL1/HL2 and their copper(II) complexes against the 
microorganisms has been carried out initially by employing 
disc diffusion method [29]. Drug 2a show prominent 
inhibitory activity against 5 bacterial strains. The results of 
the antimicrobial activity of all drugs as shown in Table 1. 
revealed that in 2a the growth of two organisms (Micrococcus 
luteus and Staphylococcus aureus) had the MIC of 10 µg/ml. But 
here we had seen that 6% of DMSO had no antimicrobial 
activity against of these 10 bacterial strains. Further study to 
determine the action of the drug 2a on two susceptible 
bacterial species at different concentrations showed that the 
growth of these organisms were decreased by increasing 
concentration of the drugs and were completely inhibited at 
their MIC values (Fig. 2). The minimum bactericidal 
concentration (MBC) was always found to be 4- to 8-fold 
higher than MIC values. The results also revealed that the 
drugs exhibited bacteriostatic but bacteriocidal at higher 
concentrations, probably due to interference by the active 
principle(s) of the drugs. Different concentration (50µg/ml 
and100µg/ml) of drug 2a exhibited different zone of 
inhibition in different bacterial stains with respect to 
different concentration of streptomycin (50µg/ml 
and100µg/ml) in Table 2. 

 
 
 

300 400 500 600 700 800 900
0

5000

10000

15000

20000

 

 

500 600 700 800 900
0

500

1000

1500

2000

 

 

E
ps

ilo
n(

M
-1
C

m
-1
)

Wavelength(nm)

E
p

si
lo

n
(M

-1
C

m
-1
)

Wavelength(nm)

 
Figure 1: UV-Vis spectra of  HL2(), Cu(L2)Cl(), 

Cu2(L2)2(SCN)2(), Cu2(L2)2(N3)2() in CHCl3. The 
insert picture show the higher wavelength spectra of 

Cu(L2)Cl(), Cu2(L2)2(SCN)2(), Cu2(L2)(N3)2()for 
showing d-d transition. 
 

 
Figure 2: Effect of drug 2a on two bacteria at different 
concentrations 

 

 
Table 1: Antimicrobial activities of chemically synthetic compound 

Name of bacteria 
Minimum Inhibitory Concentration (µg/ml)                                     . 

HL1 a 
HL2 

b 
Cu(L1)Cl 

1a 
Cu(L2)Cl 

1b 
Cu2(L1)2(N3)2 

2a 
Cu2(L2)2(N3)2 

2b 
Cu2(L1)2(SCN3)2 

3a 
Cu2(L2)2(SCN3)2 

3b 
Gentamicin 

Shigella dysenteriae 500 _ 200 100 25 300 _ 300 2 

Escherichia coli _ 500 _ _ _ 300 _ _ 1 

Salmonella typhi _ _ _ _ _ _ _ _ 1 

Salmonella paratyphi _ 500 _ 300 50 100 _ 300 1 

Bacillus subtilis _ _ _ 50 25 100 _ 300 1 

Pseudomonas aeruginosa _ _ _ _ _ _ _ _ 64 

Streptococcus faecalis _ _ _ _ _ _ _ _ 1 

Micrococcus luteus _ 300 _ _ 10 300 _ 50 4 

Staphylococcus aureus _ _ 100 100 10 200 500 50 1 

Vibrio cholera _ _ _ 300 100 300 _ 100 1 

*no inhibition was found upto 6% DMSO used as control.   
* ‘–’ shows no antimicrobial activity upto 500 µg/ml 
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Table 2: Different concentration of drug 2a exhibit 
different zone of inhibition in different bacterial strains with 
respect to streptomycin  

Name of 
Organisms 

Diameter of the inhibition 
zone (in mm) of drug in 
different concentration 

Diameter of the inhibition 
zone  

(in  mm) of streptomycin 
in different concentration 

50µg/ml 100µg/ml 50µg/ml 100µg/ml 

Micrococcus luteus 15.4±0.28 21±0.88 21 26±0.16 
Staphylococcus aureus 13±0.33 16.5±0.76 18±0.44 23±0.33 
Shigella dysenteriae 8.5±0.28 10±0.16 12±0.16 16±0.44 
Bacillus subtilis 9±0.16 10.5±0.28 17±0.33 20.5±0.28 

*Values are in terms of Mean ± SEM of results done in 
triplicate. 

 

CONCLUSION 
Drugs 2a exhibited better antibacterial activity as 

compared to other five drugs. Among the organisms tested 
Micrococcus luteus and Staphylococcus aureus were more 
susceptible to the above drug. After comparison with 
stander Gentamicin, Micrococcus luteus was more susceptible. 
Further pharmacological and clinical studies are required to 
understand the mechanism and the actual efficacy of the 
drug 2a in treating various infections and skin diseases. 
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