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Abstract  

Herein we describe the determination of binding parameters of the interaction of N'-

ferrocenylmethyl-N'-phenylacetohydrazide (FcA) and  N'-ferrocenylmethyl-N'-phenyl-

propionohydrazide (FcP) derivatives with chicken blood double-stranded DNA (cb-ds DNA) 

in phosphate buffer (PB) solution at physiological pH 7.2 by electronic spectroscopy and 

molecular docking calculations. The results indicated that both FcA and FcP bind DNA in 

groove binding mode, values of binding constants and binding free energy obtained from 

electronic spectroscopy measurements and molecular docking calculations were in good 

agreement.    
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1. INTRODUCTION 

The study of the interaction between organometallic compounds and DNA can be considered 

as a powerful means for the evaluation of pharmacological activity of these compounds [1-3]. 

The interaction is studied by different techniques such as cyclic voltammetry [4], electronic 

spectroscopy [5], infrared spectroscopy [6] and molecular docking [7].  
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Ferrocene derivatives bearing two nitrogen atoms in their molecular structures can be of great 

interest in the field of pharmacology.  Starting from this fact, the interaction of two ferrocene 

derivatives: N'-ferrocenylmethyl-N'-phenylacetohydrazide (FcA) and  N'-ferrocenylmethyl-

N'-phenylpropionohydrazide (FcP) (figure 1) with chicken blood double-stranded DNA in 

phosphate buffer solution at physiological pH 7.2 was studied using electronic spectroscopy 

and molecular docking calculations.  

 

 

Fig.1. Structure of N'-ferrocenylmethyl-N'-phenylacetohydrazide (R = Me) and N'-

ferrocenylmethyl-N'-phenylpropionohydrazide (R = Ph) 

 

2. EXPERIMENTAL 

2.1. Chemicals and Reagents  

All the chemicals were of analytical grade and were used without any further purification. 

 

2.2. Synthesis 

N'-ferrocenylmethyl-N'-phenylacetohydrazide and N'-ferrocenylmethyl-N'-phenylpropiono-

hydrazide were synthesized from the reaction of the well-known quaternary salt N,N,N-

trimethylammoniomethylferrocene iodide [8] and phenylacetohydrazide and 

phenylpropionohydrazide respectively. The two obtained compounds gave spectroscopic data 

in accordance with reported methods [9]. 

 

2.3. DNA extraction  

DNA was extracted from chicken blood by Falcon method [10]. The purity of DNA sample 

was determined using the ratio of the absorbance A260/A280. The obtained ratio was equal to 

1.97, indicating the purity of DNA [11]. The concentration of the extracted DNA was 

measured by electronic spectroscopy at 260 nm using the molar extinction coefficient of 6600 

M
-1

·cm
-1 

[12].  
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2.4. Apparatus and Procedures 

UV experiments were carried out on a UV-Vis spectrometer, (Shimadzu 1800, Japan). The 

spectroscopic response of 1mM of both studied compounds in 0.1M aqueous buffer phosphate 

solution (KH2PO4/K2HPO4) at pH 7.2 was first recorded without DNA and then in the 

presence of gradually increasing concentration of DNA solution, all experiments were 

conducted at 298 K. 

  

3. RESULTS AND DISCUSSION 

3.1. UV-Visible Spectroscopic Study 

Measurement of the binding constants and binding free energies of FcA and FcP with DNA 

was achieved by recording the electronic specter of a solution of 1mM of FcA and FcP in 0.1 

M aqueous buffer phosphate solution in the absence and presence of gradually increasing 

concentration of DNA solution at pH 7.2. The electronic specters are presented in the 

following figure 2 which illustrates that the absorbance of both FcA and FcP decreases with 

the gradual increase of DNA concentration.  
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Fig.2. UV-Vis absorption spectra of 1 mM of FcA (a) and FcP (b)  in the absence and 

presence of DNA  

 

The binding constants were obtained from the variation in absorbance values by increasing 

DNA concentration using the following equation (1) [13]. 
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where [DNA] is the DNA concentration (μM), K is the binding constant (M
-1

), A0 and A are 

the absorbance of ligand in the absence and presence of DNA, respectively, and G (M
-1

cm
-1

) 

and H G  (M
-1

cm
-1

) are their respective extinction coefficients.  

The binding constant values were obtained from the ratio of the slope to the intercept of the 

plots presented in figure 3 and are reported in Table 1.  
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Fig.3. Plots of 0 0A / ( A A )  vs. 1 / [ DNA]  used to calculate the binding constant of the 

adducts FcA-DNA and FcP-DNA 

 

Table 1. Binding constants and binding free energies of FcA and FcP with DNA  

Adduct Equation K(M
-1

)  -ΔG (KJ.mol
-1

) 

FcA-DNA y = -6×10
-5

x - 0,7585 1.26×10
4
 23.4 

FcP-DNA y = -3.6×10
-5

x - 1,1896 3.3×10
4
 25.8 

 

3.2. Molecular Docking Studies 

Results obtained from electronic spectroscopy experiments were validated by molecular 

docking simulation. The simulation allow the exploration of additional information of the FcA 

and FcP conformation and their orientation in the active site of the DNA, the docking also 

allows visualizing the intercalation pattern of the ligands with DNA. 

3.2.1. Structural optimization 

The chemical structures of FcA and FcP were fully optimized using Gaussian 09 program 

package [14], and the B3LYP level of theory [15,16] with 6-311++G(d,p) basis set. 

Geometries of the complexes were fully optimized by employing the density functional 

theory, without imposing any symmetry constraints.  
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3.2.2. Docking simulations 

The molecular docking studies of FcA and FcP into DNA were carried out using AutoDock 

4.2 docking software [17]. The optimized structures of FcA, FcP and DNA were imported to 

the AutoDock molecular docking software. All docking studies were carried out on a Pentium 

3.30 GHz and RAM 4.00 Go microcomputer MB memory with Windows 7 operating system. 

The crystal structure of DNA (PDB ID: 1BNA) selected from protein data bank 

(http://www.rcsb.org./pdb) [18] was chosen as the receptor. All hydrogen atoms and gassier 

charges were added to the DNA and non-polar hydrogen atoms were merged. The best 

conformation was selected with the lower docking energy [19]. 

At the end of docking runs, diverse binding energies of the ligand were obtained with their 

respective conformations; the stable conformation, which corresponds to the lowest binding 

energy, was chosen as the best pose and was used in the docking analysis.  

The binding energies of the docked structures with DNA are summarized in table 2. The 

binding constants were calculated using equation (2). 

  G RT ln K                              (2) 

where ∆G is the binding free energy in KJ.mol
-1

, R is the gas constant, 8.32 J.mol
-1

K
-1

 and T 

is the absolute temperature, 298K. 

 

Table 2. Binding constant and binding free energy values obtained for FcA –DNA and FcP-

DNA adduct by molecular docking simulation 

 

 

 

 

 

The results indicate that the ligand FcA interact with DNA by the nitrogen atom via a 

hydrogen bond to the hydrogen atom of DT20 :OP1, DT19 :O3, the length of the band is 

equal to 2.073 Å (Figure 4a). However, the ligand FcP is attached to DNA by two hydrogen 

band DA6 :H61 with the length  1.679 Å and  DA6 :N6 with length equal to 2.163 Å. (Figure 

4b). 

 FcA FcP 

-ΔG( kJ·mol
-1

) 21.7 21.0 

K( M
-1

) 6.3×10
3
 4.8×10

3
 

http://www.rcsb.org./pdb
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Fig.4. Docking poses of FcA (a), FcP (b) with DNA (PDB ID: 1BNA) illustrating the 

interactions between DNA and the examined ligands, color codes: DA: red, DC: yellow, DG: 

blue, DT: dark brown, and ligands: green color 

 

4. CONCLUSION 

Electronic spectroscopic assays accompanied by molecular docking calculations were used to 

study the interaction of N'-ferrocenylmethyl-N'-phenylacetohydrazide and N'-

ferrocenylmethyl-N'-phenylpropionohydrazide with DNA. The electronic spectroscopic 

experimental results and molecular docking studies indicate that both ligands possess 

significant binding affinity towards DNA via electrostatic interactions as the dominant mode. 

Furthermore the order of magnitude of binding energies confirms the electrostatic interaction 

of both studied compounds with DNA. These results clearly indicate that both componds can 

cause conformational changes in the structure of DNA, which subsequently slowing down the 

cell replication process and eventually preventing the cell death. 

 

 

 

 

a 

b 
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