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Abstract 

Two new transition metal complexes of general formula [ML2]Cl2 (where, L= Knoevenagel condensate β-

diketone ligand, obtained by the condensation reaction of acetylacetone and cinnamaldehyde and M 

=Cu(II), and Co(II)) were prepared by stencil synthesis. They have been characterized by elemental 

analysis, molar conductance measurements, UV-Vis. and FT-IR spectral studies. These complexes show 

higher molar conductance values, supporting their electrolytic nature. Geometry of the metal complexes 

was examined and recognized as square planar. The binding properties of metal complexes with calf 

thymus DNA, explored by electronic absorption spectra and viscosity measurement, reveal that the 

complexes have the ability to interact with DNA by intercalative mode. The binding constant values (Kb) 

clearly signify that the copper(II) complex have more intercalating ability than cobalt(II) complex. The in 

vitro antibacterial and antifungal assay indicates that these complexes are good antimicrobial agents 

against various pathogens. It has been investigated by Minimum Inhibitory Concentration (MIC) method. 

The results exposed that the synthesized complexes were forceful against all the microbes under 

exploration. 

Keywords: β-diketone ligand; square planar; calf‐thymus DNA; intercalative mode; MIC method. 

 

1. Introduction 

Metal ions coordinated with β-diketones have been widely investigated to their manifestation of 

novel structural features, unusual magnetic properties and relevance to biological process. Till 

now β-diketonated complexes [1] have continued to attract considerable attention from both 

theoretical standpoints concerning the mode of bonding and their general reactivity as 

coordinated ligands. The coordinating ability of β-diketones has been well established. Organic 
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chemists are also preparing a large number of β-diketones continuously.     β-diketones exist in 

keto-enol equilibrium as revealed by thermodynamics and spectroscopic examinations. The 

hydrogen atom of –CH2– group is activated by the adjacent C=O groups and a conjugated system 

is arised by a prototropic shift.  

Under appropriate conditions the enolic hydrogen atom of β-diketones can be replaced by 

a metal cation to produce a six member chelate ring, thereby shifting the keto-enol equilibrium in 

favour of the enolic form. The keto-enol tautomerism of a wide variety of β-diketones has been 

studied over many years by techniques such as Schiff base bromine titration [2], exchange with 

deuterium [3], polarographic measurements, energy of enolisation [4], UV-Vis., IR [5], Raman 

and NMR spectroscopy [6]. Simultaneously conjugation and chelation through non-polar 

solvents and hydrogen bonding are responsible for the stability of the enol form over that keto 

form. 

β-Diketones, a versatile ligand system, have been long known to form complexes with 

almost every metal ion and metalloid. Curcumin, an analogue of β-diketones, occurring in 

natural colouring pigment of Curcuma longa, is known as an antioxidant, food additive and as an 

anti-inflammatory agent. It has a diketone moiety with a highly conjugated side chain [7]. 

Condensation of the active methylene group of the β-diketone with an aldehydic group gives a 

non-enolisable Knoevenagel condensate, which can effectively react with metal(II) ions to form 

Knoevenagel condensate metal complexes. Among the most studied ligands, diketone 

compounds have deserved special attention due their flexibility, facile preparation, and ability to 

stabilize the oxidation states of the metal. Diketone can coordinate with metal atom via oxygen 

atom of C=O double bond, leading to more stable complexes. These complexes have specific 

activities of pharmacology and physiology. They have wide applications in various fields such as 

illness treatment, biochemical reaction and biological regulator [8].  

Keeping the above requisites in our mind, we herein report the synthesis and structural 

characterization of Cu(II) and Co(II) metal complexes containing Knoevenagal condensate        

β-diketone ligand are described. These complexes have been characterized by physicochemical 

and various spectral techniques. Their DNA binding analysis has been carried out via electronic 

absorption titration and viscosity measurements. Further, all the synthesized compounds were 

screened for their in vitro antimicrobial activity against various bacterial and fungal strains. 
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2. Experimental protocols 

2.1 Materials and Methods 

The chemicals involved in this work were of AnalaR grade and were used without further 

purification. However, the solvents were purified by the standard procedure. Acetylacetone and 

cinnmaldehyde were SD fine products and used as supplied. All the metal salts were received 

from E.Merck. Elemental analysis (C, H and N) data were obtained using a Perkin-Elmer 240 

elemental analyzer. Vibrational spectra were performed on FT IR–Shimadzu model IR-   

Affinity-1 spectrophotometer using KBr discs. The room temperature molar conductivity of the 

complexes in DMSO solution (10
-3

 M) was measured using a deep vision 601 model digital 

conductometer. The absorption spectra were recorded by using Shimadzu model UV-1601 

spectrophotometer at room temperature in DMSO solution. 

 

2.2 Synthesis  

2.2.1 Synthesis of Knoevenagel Condensate β-diketone Ligand (L) 

  The Knoevenagel condensate β-diketone ligand (3-(cinnamyl)-pentane-2,4-dione) was 

synthesized by the same procedure as reported earlier by us [9]. i.e., acetylacetone (1.0 g, 10 

mmol) was mixed with cinnamaldehyde (1.3 g, 10 mmol) and piperidine (0.05 mL) in ethanol 

(50mL). The reaction mixture was stirred thoroughly for a period of 3 h with occasional cooling. 

Yellow colored crystalline solid was obtained after kept in refrigerator for two days, which was 

filtered and washed with ethanol followed by an excess of petroleum ether to remove any 

unreacted reagents. Washing was repeated for three times and the compound was recrystallized 

from ethanol.  Schematic route for the synthesis of (L) is given in Scheme 1. 

 

2.2.2 Synthesis of Knoevenagel condensate β-diketonate complexes 

The complexes were prepared by mixing the appropriate molar quantity of ligand and the 

corresponding metal salts using the following procedure. A solution of metal(II) chloride in 

ethanol (2 mmol) was stirred with an ethanolic solution of cinnamidene-4-aminoantipyrine (L), 

1:2 molar ratio, using magnetic stirrer at ambient temperature for 30 min, then refluxed for      

ca. 3 h. Then the volume of the reaction mixture was reduced to one-third in water bath and 

cooled.  The solid product formed was filtered and then recrystallized from ethanol and dried in 

vacuo.  
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2.2.3 Absorption spectrophotometric titration 

In order to compare the binding strength of the metal complexes with CT DNA 

quantitatively, the intrinsic binding constant (Kb) was noted by observing the occurrence of 

changes in the absorbance of the complexes due to the increase of DNA concentration. 

Absorption titration experiment was performed by maintaining the concentration of the metal 

complex as constant (50 µM), whereas the CT DNA was varied between 30 and 180 µM. The 

absorption data assisted to determine the intrinsic binding constant (Kb) from the ratio of slope to 

the intercept from the plot of [DNA]/(εa − εf) vs [DNA] by the following equation (1):  

             [DNA]/(εa - εf) = [DNA]/(εb - εf) + 1/[Kb(εb - εf)]       ------------------ (1)                                                                         

where [DNA] is the concentration of DNA in base pairs, the apparent absorption coefficients εa, 

εf and εb correspond to Aobs/[complex], extinction coefficient for the free complex and the 

extinction coefficient of the complex in the absolutely bound form respectively [10]. These data 

can fit to Eq. (1), with a slope equals to 1/(εb - εf) and y-intercept equals to 1/[Kb (εb - εf)], 

whereas ratio of the slope to the intercept gives Kb.   

 

2.2.4 Viscosity measurements 

Viscosity measurements have been conducted using Ostwald viscometer, immersed in a 

thermostated water-bath maintained at a constant temperature at 30.0 ± 0.1°C. CT DNA sample 

of approximately 0.5 mM was prepared by sonicating in order to minimize the complexities 

arising from CT DNA flexibility [11].  Flow time was measured with a digital stopwatch thrice 

for each sample and an average flow time was calculated. The data were presented as (η/η0)
1/3 

versus the ratio of the concentration of component to that of CT DNA ([Complexes]/               

[CT DNA]). η and  η0 refers to the viscosity of CT DNA solution in the presence and absence of 

complexes respectively. Viscosity values have been obtained after correcting the flow time of 

buffer alone (t0), η = (t – t0)/ t0 [12]. 

 

2.2.5 Antimicrobial Screening  

The in vitro antimicrobial actions of the synthesized L and its metal complexes were 

tested against perceptive organisms such as one Gram-positive bacteria (Staphylococcus aureus) 

and one Gram-negative bacteria (Escherichia coli) and three fungi (Aspergillus niger, Fusarium 

solani and Curvularia lunata) by broth microdilution method [13]. The growth of bacteria and 
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fungi is accelerated in the medium of nutrient agar and potato dextrose respectively. At 37 °C, 

the fungal stains were incubated for 48 h and bacterial stains were incubated for 24 h. Under this 

condition, the data were collected in terms of MIC (Minimum Inhibitory Concentration). MIC is 

the minimum concentration of an antimicrobial substrate, which can inhibit the visible growth of 

microorganisms as a result of overnight incubation. These are critical in diagnostic laboratories 

to ensure the resistance of microorganisms towards antimicrobial agents as well as to follow the 

activity of new antimicrobial agents. 

 

3. Results and Discussion 

The Knoevenagel condensate Cu(II) and Co(II) complexes were synthesized and 

characterized by various physicochemical studies and samples were identified to be stable in air 

and moisture. The Knoevenagel condensate ligand (L) is soluble in common organic solvents, 

but the complexes are soluble only in DMF and DMSO. The complexes have been characterized 

by the microanalytical data, IR and UV-Vis. spectra. Physical characterization, microanalytical 

and molar conductance data of the complexes are given in Table1.  The analytical data of the 

complexes accord well with the formula [ML2]Cl2;where M=Cu(II) and Co(II). The high 

conductance of the chelates supports their electrolytic nature.  

 

3.1   FT-IR spectroscopy 

The IR spectra deduce the essential information on the structure and functional group of 

the ligands as well as the ligation sites involved in coordination with metal atom. The spectra of 

the ligand and their metal complexes were recorded in the region 400-4000 cm
-1 

and shown in 

Fig.1. The spectrum of L shows absorption band in the region 1652 cm
-1

, a characteristic feature 

of the υ(C=O)  stretching mode. This band is shifted towards lower frequencies in the spectra of 

metal complexes1620-1640 cm
-1

 indicating the role of the carbonyl oxygen in coordination with 

metal ion [14]. The coordination of the carbonyl oxygen was further supported by the appearance 

of new band around 520-550 cm
-1

 which are due to υ(M–O). This band was not identified in the 

spectrum of L [15]. 

 

3.2 Electronic Spectroscopy 
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The geometry of these metal complexes has been deduced from electronic spectral data 

of the complexes. Electronic spectra of Schiff base ligand (L) and its metal(II) complexes were 

recorded at room temperature in DMSO medium in the range of 200 – 1100 nm. The absorption 

spectra of L and its respective metal complexes are given in Fig.2. The absorption spectrum of 

the L exhibits two characteristic bands at 35,842 and 29,412 cm
-1

 which correspond to the 

intraligand charge  transfer  transitions  of  π→π* and n→π* respectively. These two transitions 

are shifted due to the complex formation, either bathochromic or hypsochromic shift. In case of 

copper(II) complex, a strong absorption d-d band appeared at 19,608cm
-1

 is assigned to 

2
B1g→

2
A1g transition, which is characteristic of square planar geometry [16]. Moreover, a d-d 

band at 16,502 cm
-1

 detected in cobalt complex represents the 
1
A1g → 

1
B1g transition, which also 

infers the square planar geometry [17].   

Based on the above spectral data, the proposed structure of the Knoevenagel condensate 

complex is shown in Fig.3. 

 

3.3 DNA binding studies - Absorption Spectrophotometric Titrations 

 For the determination of binding mode of these metal complexes with DNA, 

electronic absorption spectroscopy has been used widely [18]. Thus the absorption spectra of 

these complexes in the absence or presence of calf thymus DNA (CT DNA) at different 

concentrations were measured. The intercalation or electrostatic interactions among the metal 

complex and DNA lead to hypochromism and bathochromic shift. This indicates the intercalative 

binding mode, due to the strong intercalation between the metal complexes and the base pairs of 

DNA, whereas the hyperchromic shift indicates the breakdown of the secondary structure of 

DNA [19]. With the increase of [DNA], the absorption intensity of the complex decreases 

(hypochromic effect) and the λmax values shift to red region (bathochromic shift) [20].  This 

occurs while the binding induces a strong stacking interaction between the planar aromatic 

chromophoric groups of the ligand with DNA base pairs.  

Fig.4 represents the absorption spectra of Cu(II) and Co(II) complexes in the absence and 

presence of CT DNA in the UV region. With the increase in DNA concentration, the MLCT 

transition band of [CuL]Cl2 complex exhibits 4.4% hypochromism at 339 nm and 

bathochromism of 3 nm. Further the intense absorption bands with maxima (λmax) at 268 for 

[CoL]Cl2 exhibit hypochromism of about 2.6% and bathochromism of 2 nm. Therefore, these 
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spectral characteristics suggest a mode of binding that involves the stacking interaction between 

the aromatic chromophore with DNA base pairs. These shifts confirm that the metal complexes 

interact with DNA by intercalation via strong stacking interaction between the aromatic rings of 

the complexes and base pairs of DNA [21]. 

The intrinsic binding constants (Kb) of the metal complexes with CT DNA have been 

estimated by monitoring the shift in the intraligand band with increasing concentration of DNA 

by the above equation (2). The Kb values are entered in Table 2. The determined intrinsic binding 

constants for [CuL2]Cl2 and [CoL2]Cl2 are 5.4 × 10
4
 and 4.1 × 10

4
 respectively. Obviously, the 

observed Kb value of the present complexes is lower than that for a classical intercalator, such as 

EB [22] and higher than those of some Schiff base metal complexes [23] indicating that the 

present complexes strongly bind with DNA through an intercalation mode into the double helix 

structure of DNA.  

 

3.4. Viscosity measurements 

  To further investigate the nature of binding of complexes to DNA viscosity 

measurements were carried out. Viscosity measurements are proved to be slightest ambiguous to 

support a complex-DNA binding model, and are very much sensitive to length change [24]. It is 

regarded as most crucial way of evaluating the binding mode of complexes with DNA in solution 

and can provide strong evidence for intercalative binding mode. In the case of classic 

intercalation mode of the metal(II) complexes and CT DNA, resulting in the lengthening of the 

DNA helix and subsequently increased viscosity. On the other hand, the binding of a compound 

completely in DNA grooves by way of partial and/or non-classic intercalation, under same 

conditions, causes a bend (kink) in the DNA helix, reducing its effective length and, as a result, 

the viscosity of DNA solution is decreased or remains unchanged, i.e. groove binders and 

electrostatic interaction do not lengthen the DNA molecules [25]. The viscosity effects of 

complexes are given in Fig.5. The relative viscosity of DNA is increased with the addition of 

complexes. The results expose that the complexes could bind to DNA by intercalation mode. 

 

3.5 Antimicrobial screening 

The minimum inhibitory concentration (MIC) values, measured in antimicrobial studies 

of the synthezised compounds are given in Table 3. The ligand and all its complexes have 
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inhibitory action against all microorganisms. The metal complexes exhibit higher inhibition 

against all microorganisms tested compared to the free ligand. The rate of antimicrobial activity 

of the metal complexes depends on the following five principal factors [26, 27]. They are (i) the 

chelate effect, (ii) the nature of coordinated ligands, (iii) the total charge of the complex, (iv) the 

nature of the ion neutralizing the ionic complex and (v) the nuclearity of the metal center in the 

complex. The increased activity of the metal chelates than the bare ligand can also be explained 

on the basis of chelation theory [28]. This theory states that chelation reduces the polarity of the 

metal ion by the partial sharing of its positive charge with donor groups and possible π electron 

delocalization over the whole ring. This results in increasing lipophilic character of the complex 

and favors the penetration of the complex through the lipid layer of cell membrane. The complex 

may block the binding sites of microorganisms; consequently it disturbs the metabolism 

pathways and respiration process in the cell, and thus blocks the synthesis of proteins, which 

restricts further growth of the organism and resulting in the extinction of microorganisms. 

 

Conclusion 

A Knoevenagel condensate ligand has been prepared by the condensation of 

cinnamaldehyde and acetylacetone and its complexes of Cu(II) and Co(II) have been synthesized 

and characterized by microanalytical data, IR and UV-Vis. spectra. The data show that they have 

composition of the type [ML2]Cl2 where M= Cu(II) and Co(II). The spectral data of the 

complexes suggest square planar geometry around the central metal ion. These complexes show 

higher conductance values, supporting their electrolytic nature. In vitro CT DNA binding studies 

was performed by employing UV-vis. absorption titration method and viscosity measurements. 

This technique indicates that the Knoevenagel condensate metal complexes bind to DNA via 

intercalation mode. The binding constant (Kb) values clearly signify that the copper complex has 

more intercalating ability than cobalt complex. The minimum inhibitory concentration (MIC) 

values of the compounds against the growth of microorganisms are interesting to observe that in 

all the cases, the synthesized complexes have higher antimicrobial activity than the free ligand. 
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Figure captions 

 

Scheme1. Schematic route for the synthesis of Knoevenagel condensate ligand (L) 

 

Fig.1. IR spectra of (a) Knoevenagel condensate ligand and (b) its copper complex 

 

Fig.2. UV-vis. spectra of L and its (a) Cu(II), (b) Co(II) complexes in DMSO 

 

Fig.3. Proposed structure of the Knoevenagel condensate complex; where M=Cu(II) and Co(II) 

 

Fig.4. Absorption spectra of  (a) Cu(II) and (b) Co(II) complexes in the absence (dashed line) 

and presence (solid line) of CT DNA in 5 mM Tris-HCl/50mM NaCl (pH = 7.2) at 25
0
C. Arrow 

indicates the changes in absorbance upon increasing the DNA concentration 

 

Fig.5. Effect of increasing amounts of [EB], Cu(II) and Co(II) complexes on the relative 

viscosity of CT DNA. Plot of relative viscosity (/o)
1/3 

 vs [Complex]/[DNA]. 
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Scheme 1. Schematic route for the synthesis of Knoevenagel condensate ligand (L) 
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Fig.1. IR spectra of (a) Knoevenagel condensate ligand and (b) its copper complex 
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Fig.2. UV-vis. spectra of L and its (a) Cu(II), (b) Co(II) complexes in DMSO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

International Journal of Scientific Research and Review

Volume 8, Issue 4, 2019

ISSN NO: 2279-543X

Page No: 466



 

 

Fig.3. Proposed structure of the Knoevenagel condensate complex; where M=Cu(II) and Co(II) 
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Fig.4. Absorption spectra of  (a) Cu(II) and (b) Co(II) complexes in the absence (dashed line) 

and presence (solid line) of CT DNA in 5 mM Tris-HCl/50mM NaCl (pH = 7.2) at 25
0
C. Arrow 

indicates the changes in absorbance upon increasing the DNA concentration 
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Fig.5. Effect of increasing amounts of [EB], Cu(II) and Co(II) complexes on the relative 

viscosity of CT DNA. Plot of relative viscosity (/o)
1/3 

 vs [Complex]/[DNA]. 
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Table Captions 

Table 1. Physical characterization, analytical and molar conductance data of the synthesized 

compounds 

 

Table 2. Electronic absorption parameters for the interaction of CT DNA with synthesized 

complexes 

 

Table 3. Minimum inhibitory concentration of the synthesized ligand (L) and its complexes 

against the growth of bacteria and fungi (μM) 
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Table 1. Physical characterization, analytical and molar conductance data of the synthesized 

compounds 

 

Compound 

Yield 

(%) 
Colour 

calc  (Found) % Formula 

weight 

m 

 M C H 

L 

(C14H14O2) 
   77 Yellow 

 

- 

78.4 

(77.3) 

6.59 

(6.12) 
      214 --- 

[CuL2]Cl2 

[C28H28CuO4]Cl2 
   78   Blue 

12.9 

(11.9) 

68.3 

(67.5) 

5.74 

(5.12) 
      492    108 

[CoL2]Cl2 

[C28H28CoO4]Cl2
 

68    Pink 
12.1 

(11.2) 

68.9 

(67.8) 

5.79 

(5.17) 
       487    109 
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Table 2. Electronic absorption parameters for the interaction of CT DNA with synthesized 

complexes 

 

 

 

 

 

                                                  
a
H% = [(Afree - Abound) /Afree] × 100 

 

  

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Complex 
λ max 

Free        Bound 
∆λ 

(nm) 
a
H% 

 

Kb×10
4
 (M

−1
) 

 

[CuL2]Cl2 339 342 3 4.4 5.4 

[CoL2]Cl2 268 270 2 2.6 4.1 
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Table 3 Minimum inhibitory concentration of the synthesized ligand (L) and its complexes 

against the growth of bacteria and fungi (μM) 

 

 

 

Compound 
         Minimum inhibitory concentration  ( × 10

4 
μM) 

S.aureus E.coli A.niger F.solani C.lunata 

   L           25.5        22.4 25.2 26.2 28.2 

[CuL2]Cl2 7.6 6.8 7.2 6.2 8.1 

[CoL2]Cl2 9.4 9.2 9.0 9.8 9.6 
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