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Abstract: The complex of 3-formyl chromone derivative ligand with the Cu(II) complex was isolated in the 

solid form. Which have been characterized using FTIR spectrums. The FTIR  spectrum shows bands for 

characteristic frequencies  at 1604 cm
-1

 indicates C=O group, belongs to pyrone ring. The frequency at 510 to 

596 cm
-1

 and band at 916 to 964 cm
-1

 indicates the M-O and M-O=C- in pyrone ring respectively. The UV-Vis 

spectroscopy shows that carbonyl of aldehyde group and carbonyl of pyrone ring of chromone of ligand shows 

n- π*and π–-π* transition and complex shows electronic absorption at 369nm due to the   
2
B1g →

2
B2g 

transition. Thermo Gravimetric Analysis (TGA) of complexes and ligand was carried out to determine the 

procedural and decomposition temperatures. The temperature range in which decomposition occurs in the 

range between 209°C to 350°C. The magnetic properties were determined from Gouy balance method. The 

number of unpaired electron found in complex of Cu(II)-3-formylchromone derivative was one and it has dsp2 

hybridization. The complex is soluble in DMSO. The molar conductance of the complex are measured in DMSO 

at a concentration 10
-3

M.The ligand and their copper complexes were screened for antimicrobial activities by 

the agar well diffusion technique using DMSO as solvent. The complexes were checked for their biological 

activity by using, Escherichia coli, and Bacillus subtilis bacteria. 

Keyword: Chromone derivative, Copper 3-formylchromone, Biological Screening. 

 

I. Introduction: 
Chromones constitute one of the major classes of naturally occurring compounds. The most of 

chromones are found to be biologically active agents [1]. Some of the biological activities attributed to 

chromones derivatives include, neuroprotective, HIV-inhibitory, antimicrobial, antibacterial, antitumor, 

antifungal, antialergic, antiviral, anti-inflammatory, anticancer activities[2-3].The chromones are synthesized by 

the cyclodehydration of 1-(O-hydroxyaryl)- 1,3 diketones or by VilsmeierHaack reaction[4].We are interest in 

the synthesis of 3-formyl chromones derivatives is because of their pharmaceutical and chemical importance 

They have comfortable precursor in Vilsmeier Haack reaction and it gives good yield[5].They form co-

ordination complex with transition metal ion like Cu(II).They form  attractive intermediates which may lead to 

form the complexes [6]. The literature survey show that there is no work found to be done on chromone metal-

chelate complexes. Therefore we are interest in the co-ordination complexes of chromones with transition metal 

ion like Cu(II) ion. The present study has to be done to understand the characteristic nature and application of 

biological active metal-chromones complexes [7].Characterization of ligand and their metal complexes using 

spectroscopic methods like FTIR, UV-visible and thermal methods like Thermogravimetric analysis (TGA), 

Magnetic susceptibility measurement by Gouy balance methods. The percent purity of complex was determined 

by simple volumetric methods. The some of the metal-chromone complexes show the antimicrobial activity was 

checked by well diffusion methods and the inhibition zone was measured in mm-scale [8-9].  

   

II. Experimental  
2. Materials and Methods:  

Metal salts (CuCl2.H2O), Phenol, Acetic anhydride, Pyridine, Anhydrous Sodium Sulphate, Anhydrous 

AlCl3, Aryl Acetate, Acetophenone, Dimethylformanide (DMF), POCl3,   dimethylsulfoxide (DMSO) and 

ethanol all were of A. R. grade quality and were from BDH and Merck chemicals.  

Infrared spectra were recorded in KBr disc on a IRAffinity -1  FTIR-Spectrophotometer Shimadzu in 

the range 4000-400 cm
-1

 .The electronic spectra were obtained using UV-1800 Shimadzu Spectrophotometer at 

26°C in 10
-3

 concentration DMSO solvent .Elemental analysis was done on C,H,N,O using Perkin Elmer 

analyzer. Magnetic properties were determined from Gouy balance method using analytical single pan balance 

and magnetic field was provided by electromagnet (Em-10) auto transformer .The metal percentage in complex 

was determined using the simple volumetric estimation. The solubility of the prepared complex was checked 
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using solvent DMSO, acetonitrile, water and ethanol. The conductivity of metal complexes was measured in 

DMSO medium (0.001M) using Conductivity Bridge, Model Systronics type 304 and a dip type cell which in 

calibrated with KCl solution. Thermo Gravimetric Analysis (TGA) was recorded on TGA-50, Shimadzu 

Thermogravimetri analyzer having TGA-50 H thermal analyzer detector. 

 

2.1. Synthesis of Ligand: 6-chloro 5, 7 dimethyl-4oxo-4H-chromene-3-carbaldehyde: 

The ligand 3-formyl chromone was synthesized by the vilsmeir –Haack reaction [10-11].The synthesis 

of 3-formylchromone derivative was perform by three steps. The first step is the synthesis of 4-chloro-3, 5, 

dimethylphenyl acetate from 1mole of 4-chloro-3, 5 dimethylphenol by reacting with 1.15 mole acetic 

anhydride in presence of 5ml dry pyridine. (scheme.1a) by reported method [12-13].  

The second step is preparation of acetophenone derivative that is 1(3-chloro-6-hydroxy-2,4 

dimethylphenyl) ethanone (1b.) from 4-chloro-3, 5, dimethyl phenyl acetate (1a.) by using 1.25 mole of 

anhydrous AlCl3 in large one neck round bottom flask attach with air condenser. Then in it adding the 1 mole of 

aryl acetate rapidly .The exothermic reaction was occurs with evolution of HCl gas .After complete evolution of 

HCl gas the whole reaction mixture kept in oil bath and reflux it at temperature in between 140 ºC -150 ºC for 2 

hours. Then the reaction mixture allowed to standing over-night. The complex thus formed was breaked by 

adding ice cold water in round bottom flask. The separated product was filtered and recrystallised from aqueous 

alcohol. These  is a Fries reaction (scheme.1b) by literature method [13-14].The last step is the  synthesis of 3-

formyl chromones derivative by taking the 25ml dimethylformide in 250 ml round bottom flask with magnetic 

needle .which was kept in ice bath then adding  15ml POCl3 drop wise. The temperature was maintained below 

20°C.The whole reaction mixture was stirred on magnetic stirrer for about 1hr to get pink formylating complex 

[15]. Then 0.05 mole 1(3-chloro-6-hydroxy-2,4 dimethylphenyl) ethanone (Scheme.1b.) dissolved in minimum 

amount of DMF. Then it was added (1b.) in to the pink formylating complex maintaining temperature of the 

mixture below 20°C. Then reaction mixture was stirred for 2 hrs. Then the reaction mixture was allowed to 

stand at room temperature for overnight .The reaction mixture was poured in to the crushed ice with vigorous 

stirring.The product was precipitated as yellow solid of 6-chloro5,7dimethyl-4-oxo-4H-chromene-3-

carbaldehyde , filtered and recrystallized from acetic acid: ethanol having 1:1ratio. (Scheme.1c). 

Scheme-1: 
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2.3. Synthesis of Cu (II) -6-chloro 5, 7 dimethyl-4-oxo-4H-chromene-3-carbaldehyde complex: 

            The ligand 0.225 gm. of 6-chloro-5,7 dimethyl-3-formyl-chromones was dissolved in 25 ml acetic acid: 

ethanol(1:1) and reflux .To this reflux ligand solution an 25ml  ethanolic solution of appropriate Cu(II) salt 

solution (2.02 gm ) added drop by drop with continuous stirring and the resulting reaction mixture was further 

refluxed for 3 hrs and allow to stand  for overnight . The dark olive green solid was separate out, and it was 

filtered, washed with ethanol. The complex was dried at room temperature in vacuum (Scheme-2). 

Scheme-2: 
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2a.Bis(6-chloro-5,7-dimethyl-4oxo-4H-chromene-3-carbaldehyde)Cu(II) chloride complex

 
  

2.4 Antimicrobial Activity:  

The strains of bacteria used were Escherichia coli and B. subtilis. The identity of all the strains was 

confirmed. A bacterial suspension was prepared and added to the sterilized medium before solidification. The 

media with bacteria was poured into sterilized Petri dishes under aseptic condition. The weight 100ug/ml of 

ligand and copper complexes in DMSO solvent were placed on the surface of the culture and incubated at 37
0
C 

for 24 hours [16-17]. The zones of inhibition was formed by these complexes was recorded in mm by scale. 

 

III. Result And Discussion: 
The analytical data along with some physical properties of the ligand and its Cu (II) complex are 

summarized in Table1.The complex is stable at room temperature. The complex show Metal: ligand ratio 1:2 

stiochiometry.  

 

Table-1: The physical properties and analytical data of the ligand and their metal complex 

  d*=Decomposition 

 

3.1. Infrared Spectra: 

  In order to study the bonding mode of ligand to metal in the complex, IR spectrum of the free ligand was 

compared with the spectra of the metal complex (fig.1) .The free ligand exhibits IR band at, C=O (1703 cm
-1

) 

belong to aldehyde group of pyrone ring [18] .The frequency 1648 cm
-1

indicate C=O belong to cyclic carbonyl 

group which are present to pyrone ring that is cyclic ketone [19]. The frequency 916-946 cm
-1

indicate enone 

system in resonance with aldehyde and conjugated double bond In the IR –spectra of complex (fig.1b.) the band 

of C=O  was shifted from 1703 cm
-1

to 1718 cm
-1

by two unit indicate bonding toward metal [20-21] .The another 

 

Sr. 

No 

 

Compound 

 

Color 

Melting 

Point 0C 

 

Yield % 

C, H, N Analysis found  

(Calc. %) 

 

Molar Conductivity 

cm2 Ω−1 mol−1 

C H O M  

1  
 (1a.) [C10H11O2Cl] 

White 68°C 88.80 60.46(60
.45) 

5.58 
(5.52) 

16.11 
(16.09) 

 
-------- 

------- 

2   

(1b.) [C9H8ClO] 

White 66°C 57.51 64.49 

(64.41) 

4.81 

(4.81) 

9.55 

(9.34) 

 ------- 

3    
(1c.)Ligand 

[C12H9O3Cl] 

 

Yellow  
162°C 

 
73.46 

60.90 
(60.84) 

3.83 
(3.81) 

9.55 
(9.50) 

 
------- 

------- 

4  
[Cu(C12H18 O3Cl)2]Cl2 

Dark 
Olive 

green 

 
194  d* 

 
68.23 

45.40 
(45.10) 

3.17 
(3.13) 

25.20 
(24.98) 

 
10.01 

(10.00) 

 
  76.4 
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band of frequency 1648 cm
-1

 was found to decrease by 44cm
-1

 unit to word  1604 cm
-1

 .That was attributed to 

donation of electron from  C=O   group of cyclic ketone .The frequency was decreased by 60-81 cm
-1

unit to word     

 877cm-1 to 857cm
-1

. The infrared of prepared complexes have shown weak bands in the range of 510-593cm
-1 

[22-23]. This was attributed to the M-O. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                    

Fig.1.IR-Spectra of Cu(II)-Ligand (Scheme.2) 

 

3.2. Electronic Spectra:  

  The electronic spectrum (fig.2.) of the complex was measured at 26°C in 10
-3

 concentration DMSO solvent. 

The electronic spectral data of Cu (II)-3-formyl chromones derivative showed in the range at 369 nm due to the 
2
B1g →

2
B2g transition. Which is compatible with this complex having square planer geometry [24] .This is 

supported by Magnetic moment value of complex. The electronic spectra of ligand was shown the 381nm-284 

nm indicate n–π* and π–π* transition [25-26].  

 

 
                                            Fig.2.Electronic spectra of Cu (II) –Ligand complex          

 

3.3. Thermogravimetric Analysis (TGA): 

     The thermogravimetric data was used to determine the decomposition temperature. The TG curves for Cu 

(II)-3-formyl chromones derivatives shown in Fig.3.During this period of non-isothermal heating rate 5°C / min 

up to the 1000°C.  The sample undergoes some changes in air atmosphere [27]. The thermo gram of Metal-

chelates shows decomposition occurs in to two steps .Fig.3a.The metal –ligand complex stable up to 190 °C. 

The first step was loss of % weight loss 65.884% is attributed with calculated  % weight loss 67.68% indicate 

that two molecules of [C8H8ClO]  and 2 CO was loss from ligand in metal-ligand complex at 190 °C – 209 °C. 

In second step the % Wt. loss was 9.632% was attributed with calculated % Wt. loss 10.28 %  indicate the loss 

of 2[C3H4O] molecules at 288.19°C -329.45°C .The final decomposition  product was CuO residue [28,29-30]. 

The CuO residue stable up to the 1000°C shown in fig.3. 
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Fig.3.Thermogram of Cu (II)-3-formyl chromones derivatives complex 

 

  3.4. Magnetic properties:  

The magnetic susceptibility is the ratio of the intensity of magnetism induced in a substance to the 

magnetizing force of intensity of field to which it is subjected .It provides important electronic structural 

information of the transition metal complexes [31]. The magnetic susceptibility measurements of the complex in 

the solid state were determined by Gouy balance using Hg [Co (SCN)4] as a calibrant. The magnetic moment of 

Cu (II)-3-formyl chromones derivatives has been found to be μeff 1.86 BM., indicative of one unpaired electron 

of Cu(II) ion and suggesting that the square-planar geometry of the complex [32-33] .The complex shows 

paramagnetic in nature due to one unpaired electron .The suggested structure from the all collected  data is  

shown in fig.4. 

 

3.5. Molar Conductance: 

Molar conductance of the complexes are measured in DMSO at a Concentration 0.001M (10
-3

M).The 

observed conductance values 76.4 cm
2
 Ω

−1
 mol

−1
.This indicate the Cu(II)-6-choro-5,7dimethyl-4oxo-4H-

chromene-3-carbaldehyde is 1 : 2 electrolytic behavior . [34-35]. 

 

 

OO

O
H

Cl

O O

O
H

Cl

Cu Cl2

Fig.4.Structure of Bis(6-chloro-5,7-dimethyl-4oxo-4H-chromene-3-carbaldehyde)copper(II) chloride
 

                  

3.6. Antimicrobial activity:  

The antimicrobial activity of synthesized compounds 1c and 2a was determined in vitro against two 

bacterial strains. For this study, the test cultures of bacterial strains Escherichia coli, and Bacillus subtilis were 

maintained in nutrient agar slants at 37°C[36]. The antimicrobial activity of compounds against test bacteria was 

determined by agar well diffusion method using standard antibiotic ciprofloxacin as positive control and DMSO 

as negative control [37]. All the experiments were performed in duplicate. 

In this study the results of investigation showed that all the compounds have moderate   antibacterial 

activity. Compounds 1c and 2a have very good activity against Bacillus subtilis. In case of Escherichia coli both 

the complex shows less activity as compared to ligand. (Fig.5). 
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E.coli            B.subtilis 

Fig: 5- Photograph of Antimicrobial Activity of Ligand & Cu(II)-Ligand  complexes. 

 

Table.2-Antimicrobial Activity of ligand and Cu (II)-3-formyl chromones derivatives. 
Sr. No. Compounds Diameter of Zone of Inhibition (mm) 

E.Coli B.Subtilis 

1  

(1c.) Ligand [C12H9O3Cl2] 

 

18 mm 

 

19 mm 

 

2  

[Cu(C12H18 O3Cl2)2]Cl2 

 

 

17mm 

 

20mm 

 

3 Ciprofloxacin 40mm 35mm 

 

IV. Conclusion: 
The Cu(II) -3-formylchromones derivatives [Cu(C12H9O3Cl)2]Cl2 is found to be totally new and 

unreported .The FTIR  shows the carbonyl oxygen  of pyron and aldehyde carbonyl oxygen donate the electron  

to the metal and form metal-ligand complex . The electronic spectra and magnetic susceptibility was suggested 

that the square planar geometry and paramagnetic in nature. The thermo gravimetric studies indicate that the 

decomposition of complex by two stage and final product was CuO. The antimicrobial activity against E.coli 

shown by both the ligand and its metal complex. The antimicrobial activity against B.Subtilis was shown by 

only the ligand and not the metal –ligand complex. 
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