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Abstract 

In this paper, we report the synthesis and the structure–activity relationship study of three hydrazone 

analogs; the Schiff base hydrazone SBH and 2, 4-dinitrophenylhydrazones H1 & H2 derived from 

(E)-chalcones, to identify the active fragment of each structure. This identification has been carried 

out following in vitro biological evaluation, which revealed that the analogs H1 and H2 showed 

significant antibacterial activity, due to their (E)-chalcone fragments characterised by proton NMR 

data, and demonstrated by the docked view with emphasis on the involvement of these moieties in the 

interaction with the DNA gyrase, and thus contributes to the pharmacophore modeling. While SBH 

exhibited the highest free radical DPPH scavenging power that was associated to both hydrogen 

bonding and conjugated push−pull chromophores, which were elucidated by respectively; reported 

vibrational assignments and absorption spectra. The DFT optimizations gave rise to non-planar and 

distorted structures around the hydrazone group with comparable geometrical parameters. The 

chemical descriptors predict comparable biological activities, while the BDE necessary for the H-

abstraction indicated a best antioxidant activity for the Schiff base hydrazone SBH compound.  

 

Keywords: Schiff base; Hydrazones; Spectroscopic analysis; Biological activities; Bond dissociation energy; 

molecular docking. 
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Graphical abstract 

SYNOPSIS : 2, 4-Dinitrophenylhydrazone analogs with (E)-chalcone and/or push-pull 

moieties were synthesized and characterized. The in-vitro and in-silico studies were carried 

out both to find the structure-activity relationship and to model the pharmacophore. 

 

 

1 Introduction 

Hydrazones and their derivatives with structure R1R2C=NNR3R4,1 constitute an important 

and versatile class of compounds that have found great utility in organic synthesis.2 In 

arylhydrazone products, the presence of an amino group with properties are similar to those 

of aromatic amines but having a more labile proton and lower toxicity make them promising 

antioxidants.3 In addition, it is well known that the hydrazone group is known to play an 

important role in antimicrobial activity.4–6 

Furthermore, Schiff base hydrazones are very widely used organic compounds. They have 

gained increasing interest in medicinal chemistry,7 industrial and pharmaceutical fields due to 

the presence of an azomethine proton –N=CH–.8–10 These compounds possess remarkable 

biological properties, such as antifungal, antibacterial, antimalarial, antiproliferative, anti-

inflammatory, anticonvulsant, antiviral and antipyretic activities.11–14 The anticancer potential 

of these compounds has also been investigated to some extent. Indeed, vanillin 

semicarbazone has shown pronounced anticancer properties. 15 
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Due to the simplicity of their synthesis conditions, various chemical libraries can be designed 

to discover the potential of these molecules.16  

In this work, the Schiff base hydrazone SBH was synthesized in the presence of vanillin (4-

hydroxy-3-methoxybenzaldehyde) and DNP (2,4- dinitrophenylhydrazine). The latter was 

also the reagent for the synthesis of two analogs H1 and H2, derived from E-chalcones. The 

structures of the products were characterised using FTIR, Raman, UV-vis, and 1H & 13C 

NMR. The antibacterial and antioxidant activities were evaluated. A DFT investigation using 

the chemical descriptors is employed to give an in-depth insight into the chemical reactivity 

and the antioxidant potency based on various research works.17–19 This approach also aims to 

study the structure-activity relationship and identify pharmacophores potentially responsible 

for these activities. This was done through molecular docking study. 

 

2 Experimental  

2.1 General procedures and materials 

Chemicals were purchased from Sigma-Aldrich and Carlo Erba. The melting point was 

measured on a Kofler bench and confirmed with a Barnstead Electrothermal BI 9100 digital   

device apparatus. Infrared spectra were performed with a Bruker-RAM II FT–IR 

spectrometer. The UV-Visible spectra were recorded on a SHIMADZU UV/Vis/NIR 16A 

spectrophotometer. The 1H and 13C NMR spectra were obtained in CDCl3 and DMSO-d6 on a 

Brüker Avance III (500/300 MHz for 1H and 100/75 MHz for 13C) using TMS as an internal 

standard. The in vitro anti-radical activity test was carried out by determining the ability to 

scavenge the free radical DPPH, using a Spectronic Unicam type as a monochromatic 

spectrophotometer. 

 

2.2 SBH, H1 and H2 hydrazone analogs Synthesis  

The synthesis of hydrazones H1 and H2 starts with the preparation of (E)-chalcones C1 and 

C2; (E)-1-phenyl-3-(p-tolyl)prop-2-en-1-one and (E)-3-(4-chlorophenyl)-1-(naphthalen-1-

yl)prop-2-en-1-one, respectively, by mixed aldol reaction of equimolar aromatic ketones and 

substituted benzaldehydes (Scheme 1). These carbonyl products serve as intermediates in the 

next step. 
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For the synthesis of the 2,4-dinitrophenylhydrazone derivatives SBH, H1 and H2, the 

procedure described in reference20 was used 

To an acidic solution of DNP (2) (Brady's reagent21  prepared by carefully adding a few drops 

of concentrated sulfuric acid to a suspension of 2,4-dinitrophenylhydrazine in 10 mL of 

methanol), an ethanolic solution of chalcones C1, C2 or vanillin (1) was gradually added. 

The equimolar mixture consisting of 0.7 mmol of the latter and of DNP, was kept under 

stirring and heating at reflux (90-100 °C) for about 7-11 hours. The progress of the reaction 

(Scheme 1) was monitored by TLC until the disappearance of the reagents. 

The hydrazone precipitated from each reaction was isolated by filtration; after allowing the 

reaction mixture to cool at room temperature, it was washed with ethanol and purified by 

recrystallization from ethanol.  

 

 

 
Analytical data of SBH  
(E)-4-((2-(2,4-dinitrophenyl)hydrazono)methyl)-2-methoxyphenol : Red powder (yield 
93.9%, m.p. 272-273 °C); IR (υ, cm-1) : 3308-3388 (O–H), 3272 (N–H), 3076-3112 (C–H 
sp2), 2974 (C–H sp3), 1590 (C=N), 1489-1542 (C=C aromatic), 1453 (N–H), 1386 (N–O), 
1257 (C–O); UV (λmax, nm) : 228, 308, 389 (π→π*) in CH2Cl2 ; 1H NMR (300 MHz, DMSO-

d6, δ ppm, J Hz): δ 11.57 (s, 1H), 9.71 (s, 1H), 8.85 (d, J = 2.6 Hz, 1H), 8.56 (s, 1H), 8.34 
(dd, J = 9.7; 2.7 Hz, 1H), 8.08 (d, J = 9.7 Hz, 1H), 7.39 (d, J = 1.9 Hz, 1H), 7.17 (dd, J = 8.2; 

Scheme 1. Synthesis of SBH, H1 and H2 hydrazone analogs. 
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1.9 Hz, 1H), 6.87 (d, J = 8.1 Hz, 1H), 3.86 (s, 3H); 13C NMR (75 MHz,  DMSO-d6, δ ppm) : δ 
150.20, 149.62, 148.16, 144.68, 136.51, 129.65, 128.97, 125.25, 123.13, 122.62, 116.75, 
115.62, 109.61, 55.68. 

Analytical data of H1 
(Z)-1-(2,4-dinitrophenyl)-2-((E)-1-phenyl-3-(p-tolyl)allylidene)hydrazine : Orange–red 
crystals (yield 92%, m.p. 179 °C); IR (υ, cm-1): 3275 (N–H), 3027-3095 (C–H sp2 ), 2915 (C–
H sp3), 1611 (C=N), 1587 (C=C alkene), 1492-1518 (C=C aromatic), 1444 (N–H), 1364 (N–
O); UV (λmax, nm): 233, 25, 305, 400 (π→π*) in CH2Cl2;  1H NMR (500 MHz, CDCl3, δ ppm, 

J Hz): δ 11.11 (s, 1H), 9.06 (d, J = 2.6 Hz, 1H), 8.34 (dd, J = 9.6; 2.6 Hz, 1H), 8.11 (d, J = 
9.6 Hz, 1H), 7.70-7.63 (m, 3H), 7.38-7.31 (m, 4H), 7.21-7.13 (m, 3H), 6.53 (d, J = 16.2 Hz, 
1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3, δ ppm): δ 154.57, 144.89, 143.02, 140.79, 
139.29, 136.64, 132.36, 130.34, 130.19, 130.03, 129.74, 128.96, 128.75, 127.67, 123.68, 
116.91, 115.60, 21,63.  

 
Analytical data of H2 
(Z)-1-((E)-3-(4-chlorophenyl)-1-(naphthalen-1-yl)allylidene)-2-(2,4-dinitrophenyl) 

hydrazine : Orange crystals (yield 57.9%, m.p. 265°C); IR (υ, cm-1) : 3267 (N–H), 3005-3097 
(C–H sp2), 1612 (C=N), 1590 (C=C alkene), 1506-1516 (C=C aromatic), 1489 (N–H), 1362 
(N–O); UV (λmax, nm) : 229, 271, 305 399 (π→π*) in CH2Cl2; 1H NMR (300 MHz, CDCl3, δ 

ppm, J Hz): δ 10.81 (s, 1H), 8.97 (d, J = 2.5 Hz, 1H), 8.35 (ddd, J = 9.6 ; 2.6 ; 0.8 Hz, 1H), 
8.18-8.10 (m, 2H), 8.03 (dd, J=7.9; 1.3 Hz, 1H), 7.72 (dd, J = 8.3 ; 7.0 Hz, 1H), 7.63-7.55 
(m, 2H), 7.52-7.41 (m, 3H), 7.36-7.27 (m, 4H), 6.42 (d, J = 16.3 Hz, 1H); 13C NMR (75 

MHz, CDCl3, δ ppm) : δ 156.51, 144.07, 138.39, 137.67, 135.05, 134.55, 134.25, 131.10, 
130.05, 129.87, 129.75, 129.31, 129.19, 128.59, 128.53, 127.97, 127.32, 127.04, 126.02, 
124.49, 123.48, 116.58. 

 

2.3 Biological activity 

2.3.1 Antibacterial test procedure 

The antibacterial activity of the nitrogenous synthesized products H1, H2 and SBH was 

carried out using the agar disk diffusion method;22 against Escherichia coli, Staphylococcus 

aureus and Pseudomonas aeruginosa. The concentration range of the solutions prepared in 

DMSO was: 0.5; 1; 2; 4 and 8 mg/mL. 

2.3.2 Antioxidant test procedure 

The determination of the free radical scavenging capacity of each solution of the three 

synthesized compounds H1, H2 and SBH in DMSO,23 was measured according to the 

method described in references24, 25. 
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2.4 Computational methods 

Density functional theory (DFT) calculations were performed in water using the Amsterdam 

Density Functional (ADF.2021) program26 developed by Baerends and co-workers27–31. The 

electron correlation was treated within the Local Density Approximation (LDA) in the 

Vosko-Wilk-Nusair parametrization.32 All studied structures were optimized at the hybrid-

type B3LYP functional (Becke’s three-parameter hybrid exchange functional coupled with 

the Lee-Yang-Parr non-local correlation functional).33, 34 The numerical integration procedure 

used for the calculations was developed by te Velde et al.31. The atom electronic 

configurations were described by a triple-z Slater-type orbital (STO) basis set for H 1s, C 2s 

and 2p, O 2s and 2p, N 2s and 2p, and Cl 3s and 3p augmented with a 3d single-ζ 

polarization for C, O, N and Cl atoms and with a 2p single-ζ polarization for H atoms. Full 

geometry optimizations were carried out using the analytical gradient method implemented 

by Versluis and Ziegler.35 Frequency calculations36, 37 were performed to confirm that the 

optimized structures are at local minima on the potential energy surface (PES). 

Representation of the molecular orbitals and molecular structures was done using ADF-GUI. 

26  

The total enthalpy (H) of ArOH or ArNH compounds is calculated at the same level as that 

used for geometry optimizations and vibrational frequencies and is determined in conjunction 

with the equation below: 

H = E + ZPE +   ∆Htrans + ∆Hrot + ∆Hvib + RT   

The BDEs (bonding dissociation enthalpies) are obtained from ∆H298, taking into account the 

ZPE (Zero Point Energy) and the contributions of the translational (∆Htrans), rotational (∆Hrot) 

and vibrational (∆Hvib) degrees of freedom in the heat of reaction at 298 K. These are the 

standard temperature correction terms calculated using equilibrium statistical mechanics with 

the harmonic oscillator and rigid rotor approximations. The BDEs at 298 K, 1 atm are 

calculated as follows using the method adopted in previous works:38, 39 

BDE = [{H(ArO•) + H(H•)} – {H(ArOH)}] for H-abstraction of O–H with regard to the 

hydrogen atom transfer mechanism:  ArOH + R•→ Ar–O• + R–H. 

 BDE = [{H(ArN•) + H(H•)} – {H(ArNH)}] for H-abstraction of N–H with regard to the 

hydrogen atom transfer mechanism: Ar–NH–N=CH–Ar + R•→ Ar–N•–N=CH–Ar + R–H. 

The solvent effect using the Conductor-like Screening Model for Realistic Solvent (COSMO-

RS) developed by Klamt and co-workers40 was introduced in the single point DFT 
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calculations, where the Cartesian coordinates were extracted from the geometry 

optimizations. 

 

2.5 Molecular Docking study 

In complement to the in vitro evaluation of the SBH, H1, and H2 antibacterial activity, a 

molecular docking analysis of the inhibitory activity of these three compounds against the 

bacterial enzyme DNA-gyrase was carried out. The 3D structure of the targeted enzyme was 

downloaded from the PDB (Protein Data Bank) database (https://www.rcsb.org/) with the 

identifier ID: 4URO. The 3D structure of the enzyme resolved by the X-Ray diffraction 

method with a resolution of 2.59 Å, includes the S. aureus DNA gyrase subunit B in complex 

with the antibiotic Novobiocin co-crystallized in the ATP-binding site pocket of the enzyme. 

The 3D structure of the target protein was prepared for the molecular docking process by the 

Chimera 1.05 program, where a first step of purification of the structure was carried out by 

removing all solvents and water molecules. The hydrogen atoms and Gasteiger charge were 

then added and the final structure was saved in Mol2 format. On the other hand, the cif 

format of the molecules H1 and H2, along with the cdx format of SBH have been converted 

to Mol2 format using the Open Babel program. The total energy of the three analogues has 

been minimized for their molecular docking. The molecular docking procedure was carried 

out using the Autodock Vina program, known for its precision and speed.41 To validate the 

docking process, the structure of the antibiotic Novobiocin was retrieved from the PubChem 

database (https://pubchem.ncbi.nlm.nih.gov/) and used in a preliminary docking step at the 

level of the same geometric site where the co-crystallized ligand is located. The Root-Mean-

Square Deviation (RMSD) value between the two co-crystallized and docked ligands was 

calculated to estimate the degree of precision of the docking process used in this study. The 

binding energy obtained from Novobiocin was used as a reference, and only the compounds 

with scores lower than this reference have been considered as potential inhibitors of the 

biological activity of DNA gyrase. 

 

2.5.1 Drug-likeness and ADMET profiling 

The Drug-likeness and ADMET (absorption, distribution, metabolism, and excretion) 

profiling of the three synthetic molecules SBH, H1 and H2 were in silico evaluated based on 
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different biological and physicochemical parameters, in particular the validation of the 

Lipinski rule of five, Viber and Ghose rules using the online program SwissADME 

(http://www.swissadme.ch/index.php). In addition, the toxicological behavior of the three 

compounds was studied using the ADMETLab2.0 program (https://admetmesh.scbdd.com/) 

to analyze some important criteria such as carcinogenicity, mutagenicity, cardiotoxicity, and 

hepatotoxicity. 

2.5.2 Pharmacophore modeling  

A pharmacophore can be defined as a molecular model that describes the spatial correlation 

of ligand functional elements. Once created, the model can be used to test the inhibitory 

performance of a chemo library against a specific target.42 Different pharmacophoric features 

with specific biological activity can construct a pharmacophore, including hydrogen 

donors/acceptors, hydrophobic atoms, and aromatic rings.42 In this study, the pharmacophore 

model was generated from H1 and H2 using MOE 2015.10 software. Both compounds were 

energy-minimized using MMFF94x force field and were used for the construction of a 

training set database. Then, their functional features were aligned to generate common feature 

pharmacophore models using the Polarity-charge-hydrophobicity (PCH) scheme tool. Finally, 

the best model with the lowest RMSD value has been selected. 

 

3 Results and discussion 

3.1 Spectroscopic analysis  

FT-IR, and UV-Vis spectra were plotted using OriginPro 9.0 SR2 software,43 while 1H NMR 

spectroscopic data were processed using MestReNova software (Mestrelab research) version: 

12.0.2- 20910.44 

3.1.1 Vibrational assignments  

Analysis of the infrared spectrum of the SBH Schiff base sample (Figure 1); reveals that the 

(CH=N) stretching vibration was observed between 3076 and 3112 cm-1.45 The presence of 

the absorption band at 1590 cm-1 is characteristic of the imine group (C=N); which turns out 

to be relatively low in frequency compared to those in H1 and H2 infrared spectra (1611 and 

1612 cm-1, respectively) (Figure 1), means that the (C=N) nitrogen could form a strong 
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intermolecular hydrogen bond;46 with a proton-donating azomethine, amino and/or hydroxy 

groups of the SBH structure. It is also supported by the formation of an intramolecular 

hydrogen bond between the imine nitrogen and the aromatic (dinitrophenyl) carbon atom as 

acceptor and donor of a proton, respectively.  

In addition, Fig. 1 shows absorption bands appearing around 3272 cm-1 and in the interval 

3308-3388 cm-1, which can be attributed to (N–H) and (O–H) stretching vibrations in SBH, 

respectively. However, the broad (O–H) absorption band confirms our postulate about the 

presence of an intramolecular hydrogen bonding,47 which contributed to improve the 

antioxidant potential by enhancing the π-delocalization in the aromatic ring;48, 49 according to 

the structure-activity relationship study mentioned in section (3.3). 

 

 

 

 

3.1.2 Electro-absorption spectra and solvatochromic behavior 

In the electronic absorption spectra of synthesized SBH (Figure 2A & B); recorded in 

dichloromethane and ethyl acetate (0.5×10-4 M), the most intense band is located in the short-

wavelength region whose maximum is at 228 nm in CH2Cl2 and 252 nm in AcOEt, 

corresponding to the π→π* transition associated with aromatic rings.50 

Figure 1. Infrared spectra of SBH, H1 and H2 synthesized hydrazones.   
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Despite the weak π-delocalization of the phenylhydrazone moiety in the Schiff base structure, 

it gives rise to a band characterized by a very little hypsochromic effect of ~ 5 and 4 nm in 

previous solvents in the same order, compared to the corresponding band in the H1 and H2 

absorption spectra, respectively. This may indicate the participation of non-

bonded electron pairs of both hydroxyl and methoxy electron donating auxochromes in the 

mesomeric effect in this molecule.  

 

 
  

 

 

Furthermore, Fig. 2A & B shows large long wavelength absorption bands between 399 - 400 

nm in CH2Cl2 and 392 - 394 nm in AcOEt, associated with the intramolecular charge transfer 

(ICT) character in 2, 4-dinitrophenylhydrazone-based donor-acceptor analogs. 

However, the push-pull chromophores in the pi-conjugated H1, H2 and SBH structures are 

characterized by different strengths and orientations, which are reflected in the positions of 

the absorption bands relative to each other. Indeed, the corresponding band in the absorption 

spectrum of the Schiff base hydrazone SBH is blue-shifted in CH2Cl2 and AcOEt (0.5×10-4 

M) (Figure 2A & B), but shows a bathochromic effect in DMSO (25μg/mL) as follows 

(408.5 nm : H2, 411.5 nm : H1 and 416 nm : SBH) (Figure 3), compared to those associated 

with H1 and H2;  this is due to the (D-π-A) arrangement in which the ICT complex originates 

from the hydroxyl and methoxy electron donor groups and extends to the two electron-

withdrawing nitro groups of the SBH structure. Thus, the electronic excited state exhibits a 

higher stabilization in the polar aprotic solvent (DMSO) in the visible region.  

Figure 2. UV-Visible spectra of SBH, H1 and H2 (A) in CH2Cl2 (0.5×10-4 M); (B) in AcOEt 

(0.5×10-4. M). 
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In addition, the absorption bands attributed to the (D-π-A) transition of the ICT 

chromophores of the three synthesized 2,4-dinitrophenylhydrazone analogs are red-shifted 

towards the visible region with increasing solvent polarity, reaching maxima from 400 to 416 

nm in DMSO at 25 and 50μg/mL; as can be seen in Figures 2 A & B and 3. These results 

show that DMSO is the suitable solvent that can promote the kinetics of the reaction between 

the DPPH radical and the antioxidant,51 resulting in a radical R’• (Scheme 2); which can be 

stabilized by π-electron delocalization.  

 

   

 

 

3.1.3 1H NMR spectroscopic analysis 

The 1H NMR spectrum of the Schiff base; 4-((2-(2,4-dinitrophenyl) hydrazono) methyl)-2-

methoxyphenol SBH recorded in DMSO-d6 (Figure 4), shows two singlets shifting to the 

weak field at δ= 11.57 and 9.71 ppm, attributed to the OH and NH protons, respectively. On 

the other hand, the protons of the methoxy group resonate as a 3H integrating singlet at 3.86 

ppm. It has been reported that a methoxy substitution at the ortho-position relative to the 

hydroxyl significantly increases the antioxidant efficacy.52  

Figure 3. Absorption bands attributed to the electronic (D-π-A) transition of SBH, H1 and H2. 
reactants. 
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While the 1H NMR spectra of H1 (Figure 5A) and H2 (Figure 6A) in CDCl3 show that the 

proton of the NH group resonates at δ =11.11 and 10.81 ppm (singlets) for H1 and H2, 

respectively.  

 

 

 

 

Figure 5A also reveals that the doublet at 6.53 ppm (J = 16.2 Hz) and the multiplet at around 

7.70-7.61 ppm are attributed to the protons of the ethylenic group =CH of the H1 hydrazone 

derivative. In order to find the coupling constants of the last signal, which has a rather 

Figure 4. 1H NMR spectrum of the synthesized hydrazone SBH in DMSO-d6. 
reactants. 

Figure 5. (A) 1H NMR spectrum of H1 hydrazone in CDCl3 (B) Simulated 1H NMR 
spectrum of H1 hydrazone. 
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complex multiplicity, it was simulated and refined up to the theoretical/experimental 

superposition (Figure 5B). Indeed, the vinyl proton in question shows the same multiplicity 

(doublet) at 7.65 ppm,53 with a coupling constant of the same order (J ≈16 Hz). This value 

confirms the (E) stereochemistry of the double bond.54 

However, Figure 6A & B of hydrazone H2 indicates that the ethylenic protons resonate at 

around 6.42 ppm (d; J = 16.3 Hz) and 7.58 ppm (d; J = 16.5 Hz). The values of the coupling 

constants confirm the E-stereochemistry of the double bond, which is responsible for most 

biological activities.55  

 

 

 

 

3.2 Quantum chemistry analysis 

3.2.1 Optimized structures  

The optimized structures of H1, H2, and SBH without symmetry constraints are shown in 

Figure 7. The common characteristic for all compounds is that they are built around the 

C=N–NH– hydrazone group and have a common part (C6H4)(NO2)2(HN2). In order to 

understand the origin of the modifications that occurred on the molecular structures and the 

electronic properties, the chemical bonding and electronic structures are discussed for all 

three compounds. Indeed, the structures sketched in Figure 7 show distorted structures around 

the hydrazone –HN–N=C group. The SBH structure is the less distorted with regard to the 

dihedral angle between the phenyl rings 1 and 2 which are oriented to each by less than 10°, 

whereas, the H2 structure is the more distorted marked by dihedral angles of 25, 54, and 75° 

Figure 6. (A) 1H NMR spectrum of H2 hydrazone in CDCl3 (B) Simulated 1H NMR spectrum of 
H2 hydrazone.  
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between 1 and 3, 2 and 3 and 1 and 2 rings, respectively. However, the H1 structure is 

moderately distorted, where the three rings are oriented to each by an angle of about 25°. In 

H1, H2, and SBH compounds the N–N and C=N bond distances of the hydrazone group are 

1.368 and 1.297, 1.360 and 1.297 and 1.357 and 1.287 Å, respectively, are consistent with  

N–N single bond and C=N double bond in each case. These bond distances clearly show that 

the three structures are not sensitive to the substituents attached to the hydrazone group.  

Moreover, the average C–C bond distances within the phenyl rings in all compounds are 

about 1.400 Å (Table 1), consistent with a bond order of 1.5, corresponding to delocalized π-

systems as found in previous works56–64, but somewhat longer than those encountered in the 

phenyl rings of about 1.392 Å, due to the electron-withdrawing effects of the NO2 nitro 

groups attached to the phenyl ring 1. The B3LYP functional results reproduce well the 

experimental parameters for related compounds. Natural atomic populations65 obtained by the 

NBO program66, 67 have an important role in affecting dipole moment, molecular 

polarizability, electronic structure, basicity behavior, and so on. Indeed, the carbon atoms of 

sp3 hybridization of methyl groups bore the most negative charges of -0.59, while the C(4) 

and C(7) carbon atoms of the 5-membered ring and phenyl ring 1, respectively, both attached 

to the –HN–N– group carry the most positive charges of +0.19 and +0.20, respectively. 

 

 

 

 

Figure 7. The lowest optimized structures of H1, H2 and SBH compounds. Atom colors: 
carbon (grey), oxygen (red), nitrogen (blue) chlorine (green) and hydrogen (white).  
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The natural populations have negative charges in the ranges -0.25 − -0.27 and -0.34 − -0.36 

for the N(N=C) and N(NH) atoms belonging to the hydrazone, respectively, indicating that 

the hydrazone acts as a withdrawing group.  

It is worth to note that the nitrogen atoms of each nitro NO2
 group linked to the phenyl ring  

carry the average charge of +0.57, due to their bonding to oxygen atoms with relatively large 

electronegativity attaining the average charge of -0.42. The MOs located in the vicinity of the 

HOMO and LUMO levels are plotted in Figure 8, separated by large HOMO-LUMO gaps of 

3.03, 2.99, and 3.08 eV. The orbitals’ energies are in accordance with their characters and 

their atomic localizations as shown in Figure 8. The HOMOs of the SBH, H1, and H2 

compounds are mainly localized on the C=N double bond of the hydrazone group, the carbon 

atoms of different phenyl exhibit πC-C bonding character and localized on the N atom of the 

hydrazone group corresponding to its lone pair. Based on the above discussion, the hydrazone 

group and the phenyl ring 2 could play a donor role, however, the phenyl ring 1 and the nitro 

groups play an acceptor role, by the nucleophilic and electrophilic characters, respectively. 

The HOMOs’ and LUMOs’ energies and their energy gap have a tight relationship with the 

chemical activity and kinetic stability of the molecules68–71 and are used to determine the 

bioactivity from intramolecular charge transfer. The HOMO-LUMO gaps elucidate that the 

charge transfer interactions taking place within the H1, H2, and SBH compounds are 

responsible for the molecular reactivity.68–71 
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 H1 H2 SBH 
HOMO-LUMO gap (eV) 3.08 2.93 2.99 

Bond length (Å) 
Average O-N (NO2) 1.243 1.269 1.249 
N-N 1.360 1.357 1.368 
N-H 0.916 0.954 0.942 
N-C ring 1 1.357 1.360 1.351 
N-C (hydrazone) 1.297 1.297 1.287 
Average C-C ring 1 1.402 1.401 1.400 
Average C-C ring 2 1.395 1.406 1.396 
Average C-C ring 3 1.396 1.394 - 

Natural populations (NPA) 
Average N (NO2) +0.54 +0.55 +0.56 
N (N=C) -0.26 -0.27 -0.25 
N (N-H) -0.35 -0.37 -0.36 
Average O -0.40 -0.41 -0.42 
 

Table 1. Selected geometrical and energetic parameters of the H1, H2 and SBH compounds obtained 
by B3LYP, HOMO-LUMO gaps are in eV. The bond distances are given in Å and angles in (°). 

 

Figure 8. HOMOs (top) and LUMOs (bottom) for H1, H2 and SBH compounds. Contour 
values are of ±0.06 (e/Borh3). 
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3.2.2 Molecular properties 

The HOMO-LUMO gaps, the chemical hardness (η),72, 73 the chemical potential (µ), and 

electrophilicity (ω)74–76 as chemical descriptors are calculated in order to establish a 

comparative study in relation to their possible biological activities. These chemical 

descriptors are essential for the determination of the chemical stability and the chemical 

activity of molecular species.68, 69 

Despite the slight differences obtained from the HOMO-LUMO gaps and the HOMOs’ and 

LUMOs’ energies, the values of electrophilicities in eV differ slightly obeying the increased 

order: H1  (7.42) < SBH  (7.64) < H2 (7.95) as shown in Table 2. 

The H1, H2, and SBH compounds could be recommended as a blood thinner in conjunction 

with their dipolar moment values of 7.88, 8.58, and 9.09 D (Table 2), respectively; following 

the same increased order as established for the electrophilicity indicating that H1 is the less 

polarized inversely to H2 which is the more polarized. 

Values collected in Table 2 reveal that the global reactivity descriptors are sensitive to the 

substituents attached to the hydrazone group.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular property H1 H2 SBH 

EHOMO -6.321 -6.328 -6.275 

ELUMO -3.244 -3.392 -3.282 

HOMO-LUMO gap 3.08 2.97 2.99 

Ionization potential (IP) 6.321 6.328 6.275 

Electron affinity (EA) 3.244 3.392 3.282 

Chemical hardness (η) 1.54 1.485 1.495 

Chemical potential (µ) -4.7825 -4.860 -4.7785 

Electrophilicity (ω) 7.42 7.95 7.64 

Dipolar moment  7.88 9.09 8.58 

 BDE and spin density 

N–H 
66.3 

(0.3775) 
60.7 

(0.3765) 
62.7 

(0.36) 

O–H - - 
59.3 

(0.59) 

Table 2. The molecular properties (HOMO and LUMO energies, HOMO-LUMO gap, 
Ionization potential (IP), Electron affinity (EA), Chemical potential and electrophilicity in 
eV and the dipole moment in Debye) calculated for the H1, H2 and SBH compounds 
obtained by B3LYP functional. BDEs are given in kcal/mol and spin densities are in 
parentheses. 
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3.3 Antibacterial and antioxidant test results & structure- activity relationship 

The results of the in vitro antibacterial test, carried out by the disk diffusion method against 

the reference bacterial strains Staphylococcus aureus, Pseudomonas aeruginosa, and 

Escherichia coli; carried out on SBH hydrazone derived from vanillin, indicate that the latter 

has no activity. On the other hand, it has been observed that its analogs, especially H2; 

exhibit a significant activity against E. coli with a zone of inhibition that has reached 11 mm; 

for a concentration of 8 mg.mL-1 in DMSO. This result is explained by the presence of a 

chalcone moiety in both H1 and H2; known as an antibacterial agent in medicinal chemistry 

and showed up to sixfold stronger antibacterial activities than standard drugs on the market.77, 

78 Especially since these chalcones moieties have (E)-stereochemistry, as shown by our 

spectroscopic results of 1H nuclear magnetic resonance; through the trans vicinal proton-

proton coupling constant 3jHH ≈16 Hz of the vinyl group.54 Indeed, as part of a large research 

program for new effective antimicrobial agents, it has been reported that a considerable 

number of (E)-chalcones have shown good antibacterial properties against Staphylococcus 

aureus, Enterococcus faecalis, and Bacillus subtilis.79, 80
  

However, the results of the antioxidant test carried out in the range of concentrations; 25, 50, 

100, 200, 300, and 400 (μg/mL) (Table 3), using ascorbic acid as a reference, indicate that 

Schiff base hydrazone SBH has the freest radical scavenging activity (68.08%) with an IC50 = 

269.55 µg/mL. That of ascorbic acid was 85.49 µg/mL, after 60 minutes of incubation in the 

dark. While H1 and H2 exhibit moderate antioxidant activity with a free radical inhibition 

percentage not exceeding 36.23 and 9.14% at a concentration of 50 and 400 μg/mL, 

respectively, and after the same incubation time.  

 

 

 
Samples 

Inhibition % 
at different concentrations (μg/mL) 

 

 
IC50 

    (μg/mL) 
25  50 100 200  300  400 

SBH 8.24 12.76 22.61 42.20 57.80 68.08 269.55 
As. Acid           

(Standard) 
 

14.01 
 

25.35 
 

46.98 
 

89.18 
 

96.98 
 

96.45 
 

85.49 

 

Table 3. In vitro antioxidant activity of SBH and Standard after 60 mn. 
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The values of (R2) of the linear and logarithmic trend curves (Figure 9), respectively of the 

Schiff base 2, 4-dinitrophenylhydrazone SBH and the reference ascorbic acid are much more 

satisfactory than those of the test related to the 2, 4-dinitrophenylhydrazone H1-bearing 

chalcone reported by the reference20. This indicates a better agreement between the curve and 

the experimental data.  

 

  

 

The scavenging of the free radical DPPH•; 2,2-diphenyl-1-picrylhydrazyl by the reducing 

agent (antioxidant) took place by a proton donation mechanism.81, 82 The antioxidant ArOH 

or ArNH reacts with the free radical (DPPH•) by transferring a hydrogen atom to it. The 

DPPH• radical is more reactive than the resulting ArO• or ArN• radicals and which are usually 

stabilized by π-electron delocalization and hydrogen bonding.83–87 

The results are in good agreement with the characterized structures of the three synthesized 

hydrazone analogs. Indeed, the proton donating ability of the N–H group in H1, H2, and 

SBH structures, and of the azomethine CH=N and O–H groups of the SBH structure gives a 

DPPH-H molecule (Scheme 2). In this case, the radical R’•  (H1•, H2• or SBH•) arising from 

the electron transfer should also be stable, so that it does not react with the substrate 

molecules.85
 Thus, the antioxidant efficacy is all the greater the more stable this radical is. 

Figure 9. Antiradical activity of SBH, H1 hydrazones and standard ascorbic acid after 60 mn.  



20 

 

The presence of the following parameters; the donor-acceptor system, the optimized 

electronic delocalization in DMSO solution (Fig. 3) and the formation of hydrogen bonds (as 

elucidated in the vibrational assignments section) in the studied hydrazone SBH structure, 

can contribute to promote the stability of its radical SBH•. However, the low antioxidant 

capacity of H1 and H2 stems from the presence of a single amino proton and probably from 

the steric hindrance of the naphthalene-1-yl moiety in the H2 structure.  

 

 

We were also interested in evaluating the H-abstraction from OH and NH of SBH and NH of 

H1 and H2 as shown in Figure 7. The determination of the antioxidant strength for SBH, H1, 

and H2 is based on the BDEs of N–H or O–H bonds, the relative energies between the 

radicals formed, and the localization of the spin densities. The radicals formed after H-

abstraction are noted H1•, H2•, SBH•(OH) and SBH•(NH). The SBH•(OH) radical obtained 

by H-abstraction from OH is 3.5 kcal/mol more stable than its analog SBH•(NH). 

The difference in the antioxidant activity would be related to the π-electron delocalization, 

which leads to a stabilization of the radicals obtained after the H-abstraction. As mentioned 

earlier, the HOMO of SBH is localized on the phenyl ring bearing the alone OH group, which 

corresponds to the orbital containing the removed electron (Figure 8). 

The lower the BDE value, the easier the dissociation of the O-H or N-H bond. To the 

phenolic H(O)– abstraction corresponds the weakest BDE’s value of 59.3 kcal/mol giving 

rise to the most stable ArO• radical, which is computed as 3.4 kcal/mol more stable than ArN• 

obtained from the H(N)– abstraction. This weak energy difference suggests a competition 

between the two isomers, in relationship with the localization of the HOMO (Figure 8) 

encountered in SBH. The H(N)– abstraction leads to a relatively unfavorable radical with 

regard to BDE energies of the N–H bond breakage in the range 60-66 kcal/mol (Table 2), 

which are comparable to previous results of related compounds.88  

The spin density values show that the unpaired electron is mainly located on the atom from 

which the H atom is extracted as summarized in (Table 2) and Figure 10. 

Scheme 2. Free radical DPPH• scavenging. 
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The BDE values show that the H-transfer is more energetically preferred when the OH group 

is attached to the delocalized system like the C6 ring in only SBH compound.  

The BDE values corresponding to the H-abstraction obey the decreasing order: N–H > O–H. 

It can be concluded that the weakest BDE energy matches up to the best relative antioxidant 

activity for SBH, while the largest energies correspond to the weak antioxidant activities for 

H1 and H2.  

 

 

 

3.4 Molecular Docking study 

Compounds with antibacterial activity generally act by altering one of the key physiological 

elements of the bacterial cell, such as the proteins involved in cell wall synthesis, respiration, 

or DNA processing. Among the latter, the DNA gyrase is an enzyme of the topoisomerases 

class, that is responsible for the unwinding of the DNA molecule during the replication and 

transcription process. Being a component of the replisome complex, DNA gyrase is, 

therefore, crucial for bacterial survival and multiplication, which makes it an excellent target 

for new antibacterial drugs.89 The virtual investigation approach is now considered 

complementary to experimental trialsof biological activity.90 The molecular docking process 

has greatly contributed to the development of drug candidates that are used in the treatment 

of several diseases.91 In view of this, a molecular docking investigation was carried out in 

order to understand the mode of binding and the types of molecular interactions established 

between the compounds SBH, H1, and H2 and the active site gorge of DNA gyrase. This 

analysis provides a molecular basis for the inhibitory potential of these three compounds 

towards DNA gyrase, it is, therefore, essential for the design of drug candidates with 

Figure 10. Spin density plots of H1, H2, SBH (NH) and SBH (OH) radicals. 
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antibacterial activity.  

The molecular docking was preceded by a validation step consisting of re-docking the co-

crystallized ligandNovobiocin in the catalytic site of DNA gyrase. The RMSD score obtained 

by this procedure was 0.561A°, suggesting the precision of the molecular docking process. 

The reference ligand Novobiocin gave binding energy of -7.4 Kcal/mol and interacted with 

residues Asp81, Asn54, Arg144, Asp89, and Ser128 by forming hydrogen bonds and with 

Pro87, Ala98, Ile102, Arg84 by hydrophobic-bonding (Table 4). The SBH, H1, and H2 

analogs were docked in the same catalytic site and their binding affinity and bonding 

interactions are summarized in Table 4. 

The obtained results revealed that the two synthesized compounds H1 and H2 show lower 

binding energies than Novobiocin, and they interact with at least one or more of the key 

active site residues of the target enzyme. The molecule H1 exhibited the highest binding 

energy (-7.7 Kcal/mol) and is, therefore, considered to be the best inhibitor for the gyrase. On 

the other hand, the compound H2 generates binding energy very close to that of H1 with a 

value of -7.5 Kcal/mol. 

The significant antibacterial activity of H1 and H2 may be explained by their strong 

interaction with the key amino acids of the active site by forming five hydrogen bonds with 

Thr173, Ser55, Gly85, Glu58, and Arg84 along with four hydrophobic bonds with Ile86, 

Asn54, Ile175,and Pro87 for compound H1 (Table 4, Figure 12). Whereas, H2 interacts with 

Gly85, Thr173, Arg84, Glu58, and Ser55 by five hydrogen bonds and with Ile102, Ile86, and 

Asn54 by forming four hydrophobic interactions (Table 4, Figure 13). The molecule H1 

mediates also an electrostatic bonding with Arg84 and Glu58, which is similar to the 

interaction mode of the antibiotic Novobiocin (Table 4). 

 

 

 

 

 
Binding 
energy 
(Kcal/mol) 

Hydrogen 
interactions 

Hydrophobic 
interactions 

Van der Waals 
interactions 

Electrostatic 
interactions 

Novobiocin 
(co-crystallized) 

-7.4 
Asp81, Asn54, 
Arg144, Asp89, 
Ser128 

Pro87, Ala98, 
Ile102, Arg84 

Gln91, Gly85, Asp57, 
Thr173, Ser55, Gly125 

Arg84, Glu58 

SBH -6.3 Gly85, Ser128, 
Gly125 

- 
Asp57, Asn54, Ser55, 
Asp81, Thr173, Glu58, 
Gly83, Pro87, Ile86, 

- 

Table 4. Docking result of the co-crystallized, H1, H2, and SBH ligands within the active 
site of the gyrase enzyme. 
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Ile102 

H1 -7.7 
Thr173, Ser55, 
Gly85, Glu58, 
Arg84 

Ile86, Asn54, 
Ile175, Pro87 

Gly125, Asp57, 
Ile102, Val174, Ile51, 
Val79, Asp81, Gly85, 
Arg144 

Arg84, Glu58 

H2 -7.5 
Gly85, Thr173, 
Arg84, Ser55, 
Glu58 

Ile102, Ile86, 
Asn54 

Gly125, Pro87, Ile175, 
Ile51, Asp81, Glu58, 
Gly83, Gly172, Asp57 

- 

 

The docked view of compounds H1 and H2 (Figures 12A and 13A) illustrates the good 

anchorage of these two analogs within the active site gorge of the gyrase. The view also 

shows the involvement of the H1 and H2 (E)-chalcone moieties in the interaction with the 

gyrase by forming hydrophobic binding, which reinforces the stability of the two complexes 

H1-gyrase and H2-gyrase. The mode of binding of the two analogs H1 and H2 may be the 

reason for their higher antibacterial potency observed in the in vitro assays, compared to the 

compound SBH which lacks the ability to form hydrophobic interactions with key residues of 

the gyrase catalytic site and exhibits binding energy of -6.3 Kcal/mol, less important than 

those of the other ligands (Table 4, Figure 11).  

Finally, the results of the molecular docking analysis corroborate those obtained from the 

antibacterial activity tests carried out in vitro. It can be concluded that the two synthetic 

compounds H1 and H2 possess antibacterial activity by inhibiting DNA gyrase as a potential 

target.  
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 Figure 11. Predicted binding mode for SBH with gyrase. (A) View of the binding cavity, showing SBH as 
cyan sticks, bound to the surface of gyrase (4URO). (B) Profile view of SBH as cyan sticks bound in the 
gorge pocket of gyrase. Key residues for the binding of SBH are shown as green sticks. (C) 3D schematic 
diagram of docking model of SBH showing the hydrogen bonds formed with the gyrase active site. 
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Figure 12. Predicted binding mode for H1 with gyrase. (A) View of the binding cavity, showing H1 as 
cyan sticks, bound to the surface of gyrase (4URO). (B) Profile view of H1 ascyan sticks bound in the 
gorge pocket of gyrase. Key residues for the binding of H1are shown as green sticks. (C) 3D schematic 
diagram of docking model of H1 showing the hydrogen bonds formed with the gyrase active site.  
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3.4.1 Drug-likeness and ADMET profiling 

The pharmacokinetics and drug-likeness properties of the three hydrazone analogs SBH, H1, 

and H2 were evaluated in silico and their results are mentioned in tables 5 and 6. The three 

compounds fit the criteria of Lipinski's rule of five with molecular weights below 500g/mol, a 

number of donor H-bonds below 5, a number of acceptor H-bonds below 10, and a 

lipophilicity coefficient less than 5,92 suggesting the biological availability of the three 

molecules. On the other hand, the solubility of the three compounds in water ranges from 

excellent for SBH with a logS of -3.92, to moderate for H1 and H2 with logS of -5.88 and -

Figure 13. Predicted binding mode for H2 with gyrase. (A) View of the binding cavity, showing H2 as 
cyan sticks, bound to the surface of gyrase (4URO). (B) Profile view of H1 ascyan sticks bound in the 
gorge pocket of gyrase. Key residues for the binding of H1are shown as green sticks. (C) 3D schematic 
diagram of docking model of H2 showing the hydrogen bonds formed with the gyrase active site. 
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7.30, respectively. Additional screening tests were done for the three analogs in order to 

characterize their pharmacokinetics, based on several biological parameters like blood-brain 

barrier penetration (BBB), permeability assay (Caco2), human intestinal absorption (HIA), 

and cytochrome inhibition. Results of these parameters reveal that SBH, H1, and H2 cannot 

cross the brain membrane, therefore do not present any risk of acting on the central nervous 

system. In addition, the three molecules present good absorption through biological 

membranes as shown by Caco2 and HIA parameters, thus promoting their bioavailability as 

active molecules. Concerning their inhibitory potential against cytochrome P45, SBH shows 

a possible inhibition of cytochrome CYP2C19. Similarly, H1 and H2 can have effects on a 

certain class of cytochrome in particular CYP1A2 and CYP2C19. The analysis of the 

toxicological behavior of the three compounds; reveals that these molecules have no 

carcinogenic, mutagenic, or cardiotoxic effect, suggesting their safety for human health. 
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SBH No High High No No Yes No No No No No No Yes 

H1 No Medium Medium No Yes Yes Yes No No No No No Yes 

H2 No Medium Medium No No Yes No No No No No No Yes 
BBB: Blood-Brain Barrier; Caco2: Permeability assay; HIA: Human Intestinal Absorption; hERG: 
human Ether-a-go-go-Related Gene potassium channel; H-HT: Human Hepatotoxicity.  

Table 6. ADMET properties of the three hydrazone analogs SBH, H1, and H2. 
 

Table 5. Drug-likeness properties of the three hydrazone analogs SBH, H1, and H2. 
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3.4.2 Pharmacophore modeling  

The ligand-based pharmacophore modeling approach can be used in complement to 

molecular docking to optimize the drug development process. This method uses data or 

features of a set of compounds known to attach a targeted protein in order to predict other 

compounds with similar features.93 The promising antibacterial activity of the compounds H1 

and H2 observed from the in vitro and in silico analyzes, encouraged us to develop a ligand-

based pharmacophore model from these two training molecules. The developed 

pharmacophore query shown in Figure 14 includes combined features selected from the two 

compounds H1 and H2, which are an acceptor/donor H-bond region and a hydrophobic 

region. The built pharmacophore model provides a comprehensive tool for gaining a better 

understanding of current pharmacokinetic properties and can be used to create molecules with 

improved antibacterial activity. 

 

Figure 14. Pharmacophore model and its mapping to representative compounds. (A) The topological 
features of the model with distances in Angstrom: the magentacontour represents acceptor/donorH-
bond (Acc/Don), green contour represents hydrophobic region (Hyd). (B) H1 mapped with the model. 
(C) H2 mapped with the model. 
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4 Conclusion 

During this work, we were interested in the preparation and the evaluation of the 

biological potential of 2,4-dinitrophenylhydrazone derivatives SBH, H1 and H2 in 

order to study the relationship structure-activity. 

The results of the antioxidant activity are in good agreement with the characterized 

structure and reported spectroscopic investigations of the synthesized compound 

SBH. In fact, this Schiff base 2,4-dinitrophenylhydrazone exhibited a free radical 

scavenging activity rated 68.08% at a concentration of 400 μg/mL, with an IC50 = 

269.55 µg/mL.  

The comparison of the biological properties with the structures of the studied 

hydrazones, confirms that the antibacterial and antioxidant activities are due 

respectively to the (E)-chalcone and 4-(2-hydrazono)methyl-2-methoxyphenol 

pharmacophore fragments, respectively. 

Furthermore, a theoretical investigation is provided based on geometry optimization 

of H1, H2, and SHB compounds, is presented. The findings showed for H2 a 

considerable enhancement of the electrophilicity, a remarkable decrease in chemical 

hardness, and an increase in the absolute values of the chemical potentials compared 

to those of H1 and SHB; predicting the best antibacterial activity correlated with the 

calculated HOMO and LUMO energies and their gap.        

The localization of the spin density relative to the unpaired electron is a good 

indicator of the N–H or O–H bond-breaking preference. The more the spin density is 

delocalized, the more the ease of the H-abstraction; thus, the BDEs and the spin 

densities are strongly related. The obtained BDEs’ values put emphasis on good 

antioxidant potential, particularly for the SHB compound corroborating the 

experimental antioxidant assays.  

The Docking study provides a molecular basis for the inhibitory potential of these 

three compounds towards DNA gyrase.  Indeed, the results of this analysis are 

in accord with those obtained from the in vitro antibacterial activity tests. It can be 

concluded that the two synthetic compounds H1 and H2 possess antibacterial activity 

by inhibiting DNA gyrase as a potential target.  

 



30 

 

 

Supplementary Information (SI)  
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