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Abstract 

(Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-Bis(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-ylidene)-

adipohydrazide was synthesized and characterized using nuclear magnetic resonance (1H-NMR, 
13C-NMR) and Fourier Transform Infrared spectroscopy (FTIR). The synthesis of chromene 

derivatives has garnered significant interest due to their wide range of biological activities and 

applications in medicinal chemistry, particularly pharmaceuticals. The current study highlights 

recent advancements in chromene derivatives and their role in the corrosion inhibition of carbon 

steel (CS), which was studied using electrochemical polarization techniques and 

electrochemical impedance spectroscopy (EIS) in a saline solution (3.5% NaCl) and an inhibited 

saline solution containing 200 ppm of the inhibitor over a temperature range of 303–323 K. The 

highest inhibition efficiency (IE%) of the synthesized inhibitor was 95.26% at 303 K. An atomic 

force microscope (AFM) was used to examine the surface morphology of the CS in both free 

and inhibited solutions. Kinetic and thermodynamic parameters of the transition state, including 

the apparent activation energy (Ea*), pre-exponential factor (A), activation enthalpy (∆H*), 

activation entropy (∆S*), and Gibbs free energy of activation (∆G*), were estimated. 

Additionally, a significant portion of the study explores molecular docking with CDK2 and 

includes comparisons to anticancer drugs. The prepared compound showed potential as a drug 

for breast cancer, although further studies are required to validate its efficacy. 
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1. Introduction 

Acid hydrazide derivatives are chemical compounds synthesized by modifying hydrazine 

hydrate, a highly reactive and toxic molecule. Their development has become essential with 

advancements in science. These compounds are considered important in many industries, 

including agriculture and healthcare. 

Drug development is a priority in modern scientific research across many industrial 

fields in general, and in pharmaceutical chemistry in particular. One scientific approach 

involves the production of numerous synthetic chromene derivatives, followed by analysis 
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of the relationship between chemical structure, physical activity, and biological activity, in 

order to identify the most effective drug candidates. The synthesis of chromene derivatives 

has attracted significant interest due to their wide range of biological activities and 

applications in medicinal chemistry (pharmaceuticals), materials science, physics and 

organic electronics. Therefore, our research efforts focus on finding new synthetic chromene 

derivatives with unique physical properties, which are becoming an area of growing interest 

in both pharmaceutical and chemical compounds. Various chromene derivatives have 

demonstrated anti-breast cancer [1], anti-inflammatory [2], antibacterial [3], antiviral [4], 

antioxidant properties [5], as well as activity in molecular docking studies [6]. The use of 

several chromene derivatives to enhance melanin production in the skin has also been 

demonstrated. Based on the available literature, there are multiple methods for preparing 

chromene from its raw materials. One such method described in this research involves the 

reaction of quercetin, a ketone compound, with adipohydrazide. In this context, the search 

for simple, efficient and inexpensive reaction systems for synthesizing new chromene 

derivatives and evaluating their physical and biological properties represents an important 

area of research. Recent studies have focused on studying this class of compounds within 

organic chemistry, especially regarding their biological and physical applications. 

As a result, the current study provides an overview of recent advancements in the 

application of quercetin derivatives to enhance the surface properties of various metals, 

especially in relation to corrosion inhibition. Metals and their alloys undergo significant 

corrosion when exposed to sodium chloride solutions [7]. Corrosion is an undesirable and 

destructive process for materials caused by the effects of corrosive environments on 

materials [8]. One of the easiest ways to prevent corrosion is to use a corrosion inhibitor. 

Chemically active organic compounds containing heteroatoms and/or π-electrons, as well as 

certain inorganic compounds, are commonly used as corrosion inhibitors [9]. Numerous 

organic compounds have been found effective in preventing metal corrosion in aggressive 

solutions. Chromene, a compound with delocalized electrons, heteroatoms, and polar 

functional groups, demonstrate these corrosion-inhibiting properties [9]. This effectiveness 

is ascribed to the formation of chemical and/or physical bonds between the metallic surface 

and molecules with high electron density, leading to the development of a protective, 

corrosion-resistant layer [10–13]. Moreover, molecular docking technology has been used 

to predict interactions between molecules and to evaluate the potential use of these 

compounds as drugs by studying the bonding between the proteins and the resulting 

molecules [14–16]. 

In this study, (Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-bis(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-ylidene)adipohydrazide was synthesized and characterized using nuclear 

magnetic resonance (1H-NMR, 13C-NMR), Fourier Transform Infrared (FTIR) spectroscopy. 

Also, its efficacy as a corrosion inhibitor for carbon steel (hereafter CS) in a 3.5% NaCl 

solution was investigated within the temperature range of 303–323 K through docking 

studies. The surface morphology of CS was examined using atomic force microscopy (AFM) 

in both the free and inhibitor solutions. 
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2. Experimental Part 

2.1. Synthesis of (Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-bis(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-ylidene)adipohydrazide 

Saoud et al. [17] converted an acid into an ester using benzene sulfonic acid (BSA). Then, 

acid hydrazide (adipohydrazide) was synthesized from the corresponding ester in the 

presence of hydrazine hydrate [8]. Finally, a solution of quercetin (0.2 mol) in 20 mL of 

absolute ethanol was prepared, and adipohydrazide (0.1 mol) was added gradually in small 

portions. Then, acetic acid was added as a catalyst. The mixture was then refluxed for 11–

12 hours. After cooling, the precipitate was filtered and washed with cold ethanol. The 

desired product was purified by flash column chromatography using ethyl acetate: hexane 

[6:1] as the eluent, yielding a yellow precipitate with a 78% yield and a melting point (m.p.) 

of 268–270°C. IR (KBr, Ʋmax/cm–1), (3400–3180) cm–1 OH, (3049–3014) cm–1 CH-

aromatic, (2972–2885) cm–1 CH-aliphatic, 1650 cm–1 (C=O) amid, 1600 cm–1 (C=N), 

(1583–1400) cm–1 C=C; 1H NMR (400 MHz, DMSO-d6) δ, ppm; 1.38 (t, 4H, COCH2CH2), 

1.82 (t, 4H, COCH2CH2), 4.85 (bs, 8H, OH), 6.55 (s, 2H, CH-aromatic), 6.94 (s, 2H, CH-

aromatic), 7.08 (s, 2H, CH-aromatic), 7.08–8.29 (m, 4H, CH-aromatic), 9.54 (bs, 2H, NH), 

11.58 (bs, 2H, OH); 13C NMR (75 MHz, DMSO-d6) δ, ppm; 29.72 (2C, COCH2CH2), 37.72 

(2C, COCH2CH2), 101.87 (2C, CH-aromatic), 109.69 (2C, CH-aromatic), 110.70 (2C, CH-

aromatic), 118.64 (2C, CH-aromatic), 121.45 (2C, CH-aromatic), 125.39 (2C, CH-

aromatic), 128.52 (2C, C), 148.84 (2C, C–OH), 151.98 (2C, C–OH), 154.23 (2C, C–OH), 

155.89 (2C, C), 156.78 (2C, C),159.50 (2C, C=N), 163.14 (2C, C–OH), 163.77 (2C,  

C–OH), 167.80 (2C, C=O). 

 

Figure 1. Chemical structure of chromene derivative. 
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2.2. Metal sample 

This study was carried out using the CS, with its composition detailed in Table 1. 

Table 1. Chemical composition of CS. 

 C% Si% Mn% S% P% Cu% Ni% Cr% Fe% 

Carbon 

steel 
0.36–0.42 0.15–0.30 1.00–1.40 0.05 0.05 0.50 0.20 0.20 96.88–97.49 

 

2.3. Electrochemical techniques 

2.3.1. Electrochemical polarization technique 

The electrochemical polarization technique utilizes a cell in which three electrodes are 

immersed in a corrosive solution (3.5% NaCl). These electrodes include the working 

electrode (CS), the reference electrode (saturated calomel electrode (SCE)) and the auxiliary 

electrode (platinum electrode). All corrosion parameters were evaluated for CS in both 

uninhibited and inhibited 3.5% NaCl solutions containing 200 ppm of the synthesized 

inhibitor over a temperature range of 303–333 K. In this method, the corrosive solution 

(3.5% NaCl) was first added to the corrosion cell. The reference electrode was then filled 

with the same corrosive solution, followed by insertion of the CS into the working electrode 

holder to measure its corrosion rate. Then the OCP was determined. The corrosion current 

density was subsequently measured by using a potentiostat apparatus, where the potential 

was measured as a function of current. This was achieved by analyzing the current-potential 

data using the potentiostat software. 

2.3.2. Electrochemical impedance spectroscopy (EIS) 

Electrochemical impedance spectroscopy (EIS) is one of the most effective techniques for 

determining the resistivity of corrosion products, electrolyte solutions, or materials in 

electrochemical systems. CS was evaluated in both uninhibited and inhibited 3.5% NaCl 

solutions containing 200 ppm of the synthesized inhibitor over a temperature range of 303–

333 K. The impedance test was conducted after allowing the sample to stabilize until its 

potential became constant. The test employed a saturated calomel electrode (SCE) as the 

reference electrode, CS as the working electrode, and platinum as the auxiliary electrode. 

Also, the impedance test was undertaken with a 10 mV amplitude at the frequency range of 

0.01 to 1 MHz. 

2.4. Atomic Force Microscope (AFM) 

Atomic Force microscopy (AFM) imaging of an insulated structure at atomic resolution 

involves a cantilever with a sharp tip (probe) at its end, which is used to scan the surface of 

the specimen. Scanning is a dynamic process, and since the tip is in mechanical contact with 
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the surface of the CS, the attractive force between the tip and the surface is detected. This 

attractive force arises from van der Waals interactions between the surface and the tip [18]. 

2.5. Molecular Docking 

2.5.1 Computational details 

Avogadro software [19] was used to build and optimize the structures of the prepared 

molecules and drugs. When molecular docking was required, molecular files were converted 

to the Structure Data File (SDF) format using the Open Babel software [20]. Protein 

structures were obtained from the NCBI database in PDB format, and then cleaned and 

prepared using AutoDock4 [21]. The preparation process involved the removal of existing 

inhibitors and water molecules, as well as structural repair and optimization. 

For the docking process, the protein was uploaded in PDB format, while the ligand 

molecules (inhibitor, drug, or the prepared compound) were uploaded in SDF format to the CB-

Dock2 website [22]. The docking process started with a cavity search, followed by selecting the 

desired cavity, where the docking calculations were performed. CB-Dock2, ChimeraX [23] 

and Autodock4 were used to visualize and analyze the molecular docking results. 

3. Results and Discussion 

3.1. Characterization of (Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-bis(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-

4H-chromen-4-ylidene)adipohydrazide 

Esterification was carried out by reacting adipic acid with absolute ethanol, which also acted 

as the solvent, in the presence of benzenesulfonic acid (BSA). Subsequently, acid hydrazide 

was synthesized from the corresponding ester using a normal hydrazination process. Finally, 

the hydrazide was reacted with quercetin in ethanol to yield the desired hydrazide (Schiff 

base) in high yield [24, 25]. The sequence of these step is illustrated in Scheme (1). 

The collected data were consistent with the proposed structure. The IR spectra exhibited 

a new signal for the imine group (C=N) at 1600 cm–1, while the carbonyl group of the 

hydrazones appeared at 1650 cm–1. In the 1H NMR spectrum, the compound showed the 

disappearance of the NH2 peak, while a new peak appeared at 9.54 ppm due to NH. The 

hydroxyl group adjacent to the C=N moiety appeared as a broad signal at 11.58 ppm, while 

another OH group was observed at 4.85 ppm. Moreover, two distinct CH2 groups appeared, 

i.e., the CH2 group adjacent to C=O appeared at 1.82 ppm due to four protons and the other 

CH2 group appeared at 1.38 ppm due to four protons. 

The 13C NMR spectra displayed new carbons of aromatic from quercetin, along with a 

distinct peak from adipohydrazide. The signals at 29.72 ppm and 37.72 ppm were assigned 

to the CH2 groups- one adjacent to C=O and the other adjacent to another CH2 group. The 

aromatic carbon signals were observed in the range of 101.87–128.52 ppm, while carbons 

bearing hydroxyl groups appeared in the range of 148.84–154.23 ppm. Moreover, two 

characteristics signals at 159.50 ppm and 167.80 ppm were attributed to the C=N and C=O 

groups, respectively. 
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Scheme 1. Synthesis route of (Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-bis(2-(3,4-dihydroxyphenyl)-3,5,7-

trihydroxy-4H-chromen-4-ylidene)adipohydrazide. 

 

Figure 2. 1H-NMR of (Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-bis(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-ylidene)adipohydrazide. 
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Figure 3. 13C-NMR of (Nˊ1Z,Nˊ6Z)-Nˊ1,Nˊ6-bis(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-ylidene)adipohydrazide. 

3.2. Corrosion parameters 

The corrosion parameters were determined based on the data presented in Table 2 and 

Figure 4. The corrosion potential (Ecorr) and corrosion current density (icorr) were determined 

by extrapolating the cathodic and anodic Tafel lines to their intersection point for CS in both 

uninhibited and inhibited solutions. The cathodic (βc) and anodic (βa) Tafel slopes were 

calculated form the potentiodynamic polarization curves shown in Figure 4. Table 2 presents 

the values of Ecorr (mV), icorr (mA/cm2), anodic (βa) and cathodic Tafel slopes (βc) (mV/Dec), 

polarization resistance (Rp) (Ω/cm2) and inhibition efficiency (IE%). The IE% values were 

calculated as follows [26]: 

 corr 0 corr

corr 0

( ) ( )

( )
% 100

i i

i
IE


  , (1) 

where (icorr)0 and (icorr) are the corrosion current density for CS in the absence and presence 

of the inhibitor, respectively. 



 Int. J. Corros. Scale Inhib., 2025, 14, no. 2, 905–929 912 

  

 

Table 2. Corrosion parameters for CS in blank (3.5%NaCl) and inhibitor (200 ppm) solutions at temperature 

range 303–323 K. 

Sample 
T 

(K) 

–Ecorr 

(mV) 

icorr 

(mA/cm2) 

βc 

(mV/dec) 

βa 

(mV/dec) 

Rp 

(Ω/cm2) 
IE% 

Blank 

(3.5%NaCl) 

303 671.3 0.0876 148 94 284.4 – 

313 739.7 0.1242 221 103 244.8 – 

323 510.6 0.1292 216 84 202.7 – 

333 649.4 0.1817 111 110 163.7 – 

200 ppm 

(inhibitor) 

303 533.2 0.0042 152 104 6458 95.26 

313 658.4 0.0108 320 335 6604 91.33 

323 641.1 0.0121 190 233 3778 90.66 

333 835.7 0.0263 72 67 835.7 85.55 

Based on the analysis of the curves in Figure 4 and the electrochemical parameters in 

Table 2, it can be observed that the corrosion rate increases when rising temperature in both 

uninhibited and inhibited solutions. Nevertheless, after the saline solution is inhibited by 

chromene, there is a reduction in corrosion current densities. Based on the data presented in 

Figure 4, there is no clear trend in corrosion potential with increasing temperature. Table 2 

shows the anodic (βa) and cathodic (βc) Tafel slopes, which were determined from their 

respective Tafel regions. At all temperatures, the values of anodic and cathodic Tafel slope 

(βa and βc) exhibit variation. In the cathodic reaction, these variations are attributed to 

changes in the rate-determining step, shifting from the charge transfer to electrochemical 

desorption or chemical deposition. Similarly, changes in the rate-determining step are also 

observed in the metal dissolution reaction [27, 28]. At 303 K, the IE% of the inhibitor 

(chromene derivative) reaches 95.26%. This high efficiency can be attributed to the fact that 

these molecules have a rich electronic density since they contain heteroatoms, aromatic 

rings, and π-electrons. In fact, this density facilitates the adsorption of the inhibitor onto the 

metallic surface by forming inhibitor-Fe complexes, which protect its surface [16]. The 

polarization resistance (Rp) was calculated using the rearranged Stern-Geary equation [29]: 

 a c
p

a c corr

β β

2.303(β β )i
R




  (2) 

The Rp values increase in presence of the inhibitor due to the near-complete coverage 

of CS and due to the more conductivity of the bare metal [30]. 
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Figure 4. Tafel plot for CS in A) free solution, B) inhibitor solution at temperature range 

(303–333) K. 

3.3. Mechanisms of corrosion inhibition 

Chromene derivatives use a variety of complex mechanisms to prevent corrosion, which can 

be broadly classified into two main categories [31]. The first mechanism involves adsorption 

onto the surface of metals, forming a protective layer that acts as a barrier against corrosive 

agents. This adsorption process is influenced by factors such as the nature of the inhibitor, 

the type of metal, and the properties of the corrosive medium. The second mechanism 

involves the chemical transformation of the adsorbed inhibitors, leading to the formation of 

stable, protective layers, which function as barriers that prevent corrosive substances from 

penetrating the surface of metals, thereby slowing the electrochemical reactions that are 

responsible for corrosion. 
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3.4. Electrochemical impedance spectroscopy (EIS) 

The corrosion behaviour of CS was evaluated in a 3.5% NaCl solution using the EIS, both 

in the absence and presence of the inhibitor. Figure 5 and Figure 6 show the typical 

impedance data in the form of Nyquist and Bode plots, respectively, whereas the equivalent 

circuit model is shown in Figure 7. Table 3 shows the equivalent circuit parameters, which 

include electrolyte resistance (R1), pore resistance (R2), charge transfer resistance (R3), 

coating capacitance (C1), double-layer capacitance (C2) and inhibition efficiency (IE%). The 

inhibition efficiency was computed based on the charge transfer resistance as follows [32]: 

 ct inh ct 0

ct inh

( ) ( )

( )
% 100

R R

R
IE


  , (3) 

where (Rct)inh and (Rct)0 represent the charge transfer resistance in the presence and absence 

of the inhibitor, respectively. 

 

 
Figure 5. Nyquist plot for CS in A) free solution and B) inhibitor solution. 
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Figure 6. Bode plot for CS in A) free solution and B) inhibitor solution. 

 

Figure 7. Equivalent circuit model used to fit EIS data. 
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Table 3. Electrochemical impedance parameters for CS in absence and presence of inhibitor over a 

temperature range of 303–333 K. 

 T (K) R1 (Ohm) R2 (Ohm) R3 (Ohm) C1 (F) C2 (F) IE% 

Blank 

303 K 0.03055 37.08 5.892 6.563·10–4 2.622·10–6 – 

313 K 0.03100 35.82 6.371 7.933·10–4 2.622·10–6 – 

323 K 0.08234 32.55 5.882 6.161·10–4 2.655·10–6 – 

333 K 0.00087 29.69 6.738 7.280·10–4 2.615·10–6 – 

Inhibitor 

303 K 0.2837 49.20 28.26 5.622·10–5 2.385·10–7 79.151 

313 K 0.2865 45.92 28.39 5.477·10–5 2.359·10–7 77.559 

323 K 0.2914 44.49 28.29 5.329·10–5 2.362·10–7 79.208 

333 K 1.473 38.03 28.23 5.993·10–5 2.801·10–7 76.132 

The results show that when the inhibitor is added, Rct values increase. The adsorption 

of the inhibitor molecules on the surface of the CS results in an increase in the double-layer 

thickness, which lowers the double-layer capacitance (C2) [33]. The similarity of the Nyquist 

loops indicates that the corrosion mechanism does not change, regardless of the presence of 

the inhibitor [34]. The values of IE% estimated from EIS decrease with increasing 

temperature, consistent with the trend observed in polarization measurements, except at 

313 K, where the IE% reaches 79.208% [35]. The capacitive loops are not perfect 

semicircles due to the frequency dispersion caused by the surface roughness and 

homogeneities of the CS surface [32]. 

3.5. Atomic Force Microscopy (AFM) 

An AFM study was undertaken to further investigate the surface morphology of CS, as 

shown in Figures 8a and 8b. Owing to the attack of chloride ions, the surface of CS in the 

uninhibited solution exhibits a rough structure with numerous ups and downs, with an 

average surface roughness of 145.7 nm (see Figure 8a). However, the presence of the 

inhibitor reduced the surface roughness to 61.85 nm, resulting in a smoother surface and 

indicating a slower corrosion rate (Figure 8b). These findings suggest that inhibition occurs 

due to the presence of the inhibitor molecules that adsorb onto the surface of CS [36]. 
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A B 

Figure 8. AFM images for a) CS in a blank solution b) CS in an inhibitor solution. 

3.6. Effect of temperature 

The effect of temperature on the corrosion rate of CS in the absence and presence of the 

inhibitor was investigated over a temperature range of 303–333 K. Figure 9 was used to 

determine the activation energies by applying the Arrhenius equation [37]. 

 a
corr

2.303
log log

E

R
i A   (4) 

Figure 10 was used to determine the activation entropy (∆S*) and activation enthalpy 

(∆H*) values for the corrosion of CS, both in the presence and absence of the inhibitor. The 

transition state equation was expressed as follows [38]: 

 corr * *

2.303 2.303
log log

i R S H

T Nh R RT

  
 

 
   (5) 

In contrast, Gibbs equation [39] was used to estimate the activation free energies (∆G*). 

 ∆G*=∆H*–T∆S (6) 

where Ea is the activation energy, R is the gas constant, A is the Arrhenius pre-exponential 

factor, T is the absolute temperature, h is the Plank constant and N is Avogadro’s number. 

Table 4 presents all of the measured thermodynamic and kinetic parameters. The results 

indicate that the activation energy increases when the inhibitor is present, indicating the 

excellent inhibition efficiency of the synthetic inhibitor. The positive activation enthalpy 

(∆H*) values for CS, both in the absence and presence of the inhibitor, indicates an 

endothermic nature of the transition state process. The negative values of ∆S* for CS in the 

absence and presence of the inhibitor show that the activation complexes in the rate-

determining step represent an association rather than a dissociation, which imply a decrease 

in disorder as the system transitions from reactants to activated complexes [40, 41]. In 

addition, as the temperature increases, the positive values of ∆G*, presented in Table 2, 

exhibit only minor changes. 
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Figure 9. Arrhenius Plots of logicorr against 1/T for CS in absence and presence of inhibitor. 

 
Figure 10. Plots of log icorr/T against 1/T for CS in absence and presence of inhibitor. 

Table 4. Kinetic and thermodynamic of activation parameters for CS in absence and presence of inhibitor 

at temperature range of 303–333 K. 

 
T 

(K) 

Ea 

(kJ/mol) 

A 

(molecule·cm2·s–1) 

∆H* 

kJ/mol 

–∆S* 

J/mol·K 

∆G* 

kJ/mol 

Blank 

303 

18.702 5.2·1024 16.0623 211.769 

80.228 

313 82.346 

323 84.464 

333 86.581 

Inhibitor 

303 
47.509 4.3·1029 44.871 141.449 

42.904 

313 89.145 

323 
47.509 4.3·1029 44.871 141.449 

90.559 

333 91.974 
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3.7. Docking study 

CDK2 is a member of the Cyclin-Dependent Kinase (CDK) family, a group of enzymes that 

regulate and control cell division in eukaryotic organisms. These enzymes are activated at 

specific stages of the cell cycle by binding to Cyclin proteins, in conjunction with ATP, to 

phosphorylate their target substrates [42, 43]. CDK2 has become a key target in research on 

anticancer drugs because of its essential role in cell cycle progression. 

The human CDK2 enzyme, designated as 6OQI in the PDB database, consists of a 

single chain that contains 298 amino acids with the following sequence: 

 

Figure 11. Amino acid sequence that forms CDK2 chain. 

The β-sheets of this enzyme are located in the first half of the beginning of its amino 

acid sequence, while the α-helixes are more predominant in the second half. The binding site 

of the ATP group, following the activation of the enzyme, is located in a deep gap on the 

surface of the protein between the beta sheets and the alpha helices. 

 
 

A B 

Figure 12. (a) CDK2 active site location between β-Sheets zone and α-Helixes, (b) the active 

site occupied by N14 inhibitor obtained from X-ray crystal structure coded by 6OQI in 

PDB[44]. 

Cyclin protein binds to the other side of the active site on the enzyme surface after 

activation, as shown in the figure below: 
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Figure 13. CDK2-complex with cyclin A with EZV inhibitor [45] which is coded by 3F5X in 

PDB database. 

 

Figure 14. Active site cavity identified by CB-Dock2. 

The amino acid segments within the active site that participate in molecular interactions 

with the ATP group or its competing inhibitors are as follows: 

 

Figure 15. Amino-acid segments included in the active site by CB-Dock2. 



 Int. J. Corros. Scale Inhib., 2025, 14, no. 2, 905–929 921 

  

 

In addition to this active site pocket, two other allosteric active sites on the CDK2 

surface affect the tertiary structure of the enzyme by binding to ligands [46]. These allosteric 

sites are not included in this study and will be the focus of future research. 

CDK2+Molc. 

The prepared molecule interacts strongly with CDK2 by fitting into the active site cavity, 

showing a remarkable Vina score of –10.2 kcal/mole. The amino acid segments affected by 

this interaction were: 

 

  

Figure 16. Global view of the CDK2-Molc. Docking complex. 

This interaction is mainly hydrophobic in nature, dominated by Van der Waals and 

dipole-dipole interactions, along with some characteristic hydrogen bonding, which differs 

from that observed in other studies [47, 48] that focused on hydrogen bonding interactions 

with Glu81 and Leu83. The two catecholyl side groups are oriented in the same direction, 

allowing the hydrogen bonding with the amino group of Lys129, while the other interacts 

with Glu12 and Glu162. One of the coumarin groups, which lies adjacent to the external 

portion of the protein cavity, interacts strongly with Asp92 and Ile10 through hydrogen 

bonding. However, the other coumarin group, located deep inside the cavity, does not form 

any hydrogen bonding. 
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Figure 17. Detailed 3D interaction graph of the CDK2-Molc. Docking complex. 

As mentioned above, the hydrogen bonding pattern of the studied compound within the 

ATP-competitive cavity is different from those in previous studies, but it has considerable 

binding affinity, which may enhance the specificity and selectivity of the compound. 

Moreover, the water bridges observed in the X-ray-crystallographic complex structure 

of the N14 inhibitor with CDK2 (PDB:6OQI) were not considered in this study. Further 

investigation using solvated MD simulations of the docking complex is required to explore 

their potential role in binding interactions [49].  

To extrapolate the anti-cancer activity of the prepared compound, molecular docking 

studies were undertaken using two FDA-approved breast cancer inhibitor drugs, namely 

Palbociclib with an IC50 of 15 nM [47], and Falvopiridol, with an IC50 of 100 nM [50]. 

Both drugs were docked into the same binding cavity of CDK2 under conditions similar to 

those used for the prepared compound. The Vina score values were –10.0 kcal/mole for 

Palbociclib and –9.6 kcal/mole for Flavopiridol, compared to –10.2 kcal/mole for the 

studied molecule. These results show that the compound has promising anti-cancer potential 

and merits further research. 
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Figure 18. Docking of FDA-approved anti-cancer drugs (A) Palbociclib, (B) Falvopiridol. 

Table 5. DG of tested molecules against Falvopiridol and Palbociclib. 

Ligand RMSD value (Å) Docking score (kcal/mol) 
Interactions 

H. B Pi-interactions 

Compound 1 1.50  –8.81 4 16 

Falvopiridol 0.18 –9.65 4 8 

Palbociclib 0.96 –9.69 4 9 

4. Conclusions 

Within the current study, Schiff bases were synthesized via the condensation reaction 

between acid hydrazide (adipohydrazide) and quercetin. This reaction required an acid 

catalyst (acetic acid) and refluxing for 11–12 hours to facilitate the removal of water 

molecules. The synthesized product was characterized using FT IR, 1H NMR and 13C NMR 

spectra, providing detailed insights into its structure. Moreover, the chemical structure was 

explored via molecular docking studies. 

In a 3.5% NaCl solution, the examined chromene derivative exhibited excellent 

inhibition efficiency for CS. The polarization study indicated that the chromene derivative 

inhibitor acts as a mixed-type inhibitor. EIS analysis demonstrated that the inhibition occurs 

due to the adsorption of the chromene derivative molecules onto the surface of CS, resulting 

in a reduction in double-layer capacitance (C2) and an increase in the charge transfer 
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resistance (R3). Additionally, AFM images demonstrated that the inhibitor molecules form a 

protective layer on the surface of CS, protecting the surface against corrosive ions. 

The increase in the Ea values in the presence of the inhibitor indicated an increase in 

the energy barrier for the corrosion reaction, which showed effective inhibition. Also, the 

positive values of ∆H* showed the endothermic nature of the transition state in the corrosion 

reaction. 

In conclusion, it should be noted that chromene derivative exhibits both anti-corrosion 

properties and biological activity, showing potential for use as a drug for breast cancer. 
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