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Abstract 
    The present work focuses on the synthesis and characterization of four hydrazone derivatives. The structures of the synthesized compounds were determined through spectroscopic techniques via., EI‑MS, &1H‑NMR. The experimental results demonstrate that the obtained compounds successfully synthesize and screened for DPPH free radical scavenging activity, ferrous ion-chelating activity, ferric ion reducing activity, total antioxidant activity, and hydroxyl radical scavenging activity. Density Functional Theory (DFT) calculations were carried out by the Gaussian 09 package by using a hybrid density functional B3LYP (at 6-31G, 6-311G, and 6-31G++(d,p) basis sets) to investigate the electronic, molecular structures and provide useful spectroscopic and structural information.  The computational data obtained from 1H NMR calculations were quite compatible with the experimental results. DFT calculations optimized the molecular geometry and estimated the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy of these compounds. Additionally, the charge transfer within the molecule and favorable sites for the electrophilic and nucleophilic attack was explored. Furthermore, the frontier molecular orbital (FMO) calculations were used to calculate different reactivity parameters, i.e., ionization potential, electron affinity, electronegativity, chemical hardness, chemical softness, and electrophilicity index.
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1. Introduction
   Azomethines (HC = N) or imines (C = N), also known as Schiff base was first introduced by Hugo Schiff in 1864 1,2. Various Schiff bases ligands have played an essential role in coordination chemistry 3–5, owing to their capability to form stable complexes with many transition metals. These systems have numerous applications for biological systems such as anticancer, antifungal, antiviral, antimalarial, anti-HIV, antibacterial, and antileishmanial 6–11. One of the remarkable applications of Schiff base compounds is their use as an effective corrosion inhibitor 12,13. The inhibitor molecule acts as a nucleophile and interacts with the electrophilic metal center through oxygen and nitrogen atoms which contains electrons pairs for sharing. The presence of different moieties on the benzene ring provides multiple absorption sites for the inhibitor molecule 14. Besides, their remarkable catalytic activity and their influential role as therapeutic agents have been added to their significance.
    Kumar et al. 15 have been reported Schiff base derivatives of 2-(2-aminophenyl) benzimidazole and 2-(4-aminophenyl) benzimidazole, synthesized from cyclo-condensation of phenylenediamines and carboxylic acids under acidic conditions and at high temperatures environments. All the synthesized derivatives were tested for their antimicrobial activities against S. aureus, B. subtilis (ATCC-6633), E. coli (ATCC-11775), and P. aeruginosa (ATCC-10145). T.J. Khoo et al. 16 synthesized two Schiff base ligands, by reacting S-4-picolyldithiocarbazate with pyridine-2-carboxaldehyde and 4-carboxybenzaldehyde. These ligands were then complexed with transition metals salts of Ni(II), Cu(II), Zn(II), Cd(II), and structurally characterized by various physicochemical and spectroscopic methods. All compounds were screened for their antioxidant, antimicrobial and cytotoxic activities. It has been reported that these complexes were more potent than their corresponding ligands. Additionally, antioxidant activities were more effective and comparable with commercially available butylatedhydroxytoluene (BHT). Most recently, M. Jafari and M. Salehi 17 reported the DFT approach and antioxidant activity of Schiff base metal complexes of 2-aminopyridine. The molecular structure of these metal complexes i.e., cobalt (II) 1 and Zinc (II) 4 were determined by single X-ray diffraction studies. Moreover, the electronic and structure properties of the metals complexes were studied by using DFT calculations.
   In the present work, the novel 2,4-Dinitrophenylhydrazone compounds were synthesized successfully in a series of reactions (as new Schiff base derivatives). The structures of these novel compounds were determined through spectroscopic techniques and confirmed by DFT calculations. Also, the theoretical analysis obtained well coincides with the experimental results. Moreover, all the synthesized compounds were studied concerning their biological activities, which can be explained further in detail.    
[bookmark: _Toc428318709][bookmark: _Toc428096806][bookmark: _Toc398670575]Experimental procedure 
[bookmark: _Toc428096795][bookmark: _Toc428318698]General procedure for the synthesis of 2,4-Dinitrophenylhydrazone
      The novel 2,4-Dinitrophenylhydrazone base compounds were synthesized in a series of reactions. In the process, an equimolar solution of 2,4-dinitrophenylhydrazine (1mm) with terephthalaldehyde (1mm) was refluxed for 2.5 hrs in the catalytic amount of acetic acid and ethanol as a solvent as shown in (Fig. 1). The progress of the reaction was monitored by TLC. On completion, the afforded product was further purified through recrystallization.
   In the second step, different substituted aromatic aldehydes were refluxed with hydrazine hydrate in the presence of ethanol for 1 hr, as shown in (Fig. 2).
    In the last step, different aromatic aldehydes were reacted with (E)-4((2-(2,4-dinitrophynl)hydrazono)methyl)benzaldehyde in the presence of ethanol 3 to 5 hrs at a refluxed temperature, resulted in the formation of different compounds. The obtained compounds were purified and recrystallized with ethanol. The structures of the synthesized compounds were determined by using spectroscopic techniques like 1H-NMR and EI-Spectrometry and confirmed by DFT calculations. Four different compounds were successfully synthesized by using the following value of R, as shown in table 1. The more detailed experimental procedure for the biological activities of these compounds can be seen in section 1.4 in detail.
      
Table 1. Shows the value of R for synthesized compounds.
	Compounds
	R
	Reaction time (hrs)
	Compounds
	R
	Reaction time (hrs)

	Compound 1
	

	5.0
	Compound 2
	

	4.0

	Compound 3
	

	3.0
	Compound 4
	

	3.5




Material and measurements
          The novel 2,4-Dinitrophenylhydrazone compounds were prepared by using the experimental procedure as described in the aforementioned section 1.1. The Nuclear magnetic resonance (NMR) and Electron impact mass spectra (EIMS) were used for the structure evaluation, respectively, performed on Advance BrukerAM 300 MHz and Finnigan MAT-311A, Germany. The energy value used for MS determination is around 70 eV by using mass spectrometry. The melting point of the synthesized compounds whose average value was measured in a range of 239-241 ◦C. Additionally, all these compounds were studied by DFT calculations using the G09 package of Gaussian software. The detailed procedure for computational calculations will be discussed later in section 1.5.
Characterization data
[bookmark: _Toc398670557][bookmark: _Toc428096796][bookmark: _Toc428318699] (1E,2E)-1-(2,3-diethoxybenzylidene)-2-(4-((E)-(2-(2,4-dinitrophenyl)hydrazono)methyl)benzylidene)hydrazine (Compound 1)
    The compound 1 was synthesized with the reaction time of 5 h by using the chemical reaction as shown in Fig. 3.  Mass fragmentation was performed by mass spectrometer with energy of 70 eV which breaks the compounds into molecular ion (M+) and other fragments. All the fragments were detected by detector with respect to their m/z ratio. Furthermore, the fragmentation was observed on polar region of compound.  The experimental results on the basis of 1H NMR and MS are, Yield: 0.25 g (65%); 1H NMR (500 MHz, DMSO-d6) δ 11.57 (s, 1H), 8.89 (d, J = 1.9 Hz, 1H), 8.84 (s, 1H), 8.51 (s, 1H), 8.38 (dd, J = 7.5, 2.0 Hz, 1H), 7.98-7.87 (m, 2H), 7.68 (d, J = 8.5 Hz, 2H),  7.60 (d, J = 8.5 Hz, 2H), 7.23 – 7.10 (m, 3H), 4.10 (q, J = 8.0 Hz, 4H), 1.45 (t, J = 8.0 Hz, 3H), 1.34 (t, J = 8.0 Hz, 3H); MS: m/z (rel. abund. %) 382 (M+, 19), 200 (20), 86 (40), 69 (100); Anal. calcd. for C15H15BrN2O3S (383.26): C, 47.01; H, 3.94; Br, 20.85; N, 7.31; O, 12.52; S, 8.37; Found: C, 47.00; H, 3.94; N, 7.32.
[bookmark: _Toc398670562][bookmark: _Toc428096801][bookmark: _Toc428318704](E)-1-(2,4-dinitrophenyl)-2-(4-((E)-((E)-(3-nitrobenzylidene)-hydrazono)methyl)benzylidene)hydrazine (Compound 2)
   The compound 2 was obtained with the reaction time of 4 h according to Fig. 3. The experimental results on the basis of 1HNMR and MS as, Yield: 0.21 g (63%);1H NMR (500 MHz, DMSO-d6) δ 11.57 (s, 1H), 8.86 (d, J = 1.9 Hz, 1H), 8.79 (s, 1H), 8.57 (s, 1H), 8.35-8.20 (m, 4H), 7.85 (d, J = 7.5 Hz, 1H), 7.74 (t, J = 7.5 Hz, 1H), 7.68 (d, J = 8.5 Hz, 2H),  7.60 (d, J = 8.5 Hz, 2H); MS:m/z (rel. abund. %) 336 (M+, 16), 200 (10), 86 (47), 69 (100); Anal. calcd. for C15H16N2O5S (336.36): C, 53.56; H, 4.79; N, 8.33; O, 23.78; S, 9.53; Found: C, 53.53; H, 4.81; N, 8.33.
(E)-1-(2,4-dinitrophenyl)-2-(4-((E)-((E)-(4-nitrobenzylidene) hydrazono) methyl)benzylidene)hydrazine (Compound 3)
   In a similar way, the compound 3 was synthesized with the reaction time of 3 h. The experimental results on the basis of 1HNMR and MS as, Yield: 0.18 g (59%);1H NMR (500 MHz, DMSO-d6) δ 11.57 (s, 1H), 8.86 (d, J = 1.9 Hz, 1H), 8.57 (s, 2H), 8.39-8.23 (m, 5H), 7.68 (d, J = 8.5 Hz, 2H),  7.60 (d, J = 8.5 Hz, 2H); MS:m/z (rel. abund. %) 304 (M+, 12), 200 (20), 86 (44), 69 (100); Anal. calcd. for C15H16N2O3S (304.36): C, 59.19; H, 5.30; N, 9.20; O, 15.77; S, 10.54; Found: C, 59.18; H, 5.29; N, 9.22.
[bookmark: _Toc398670564][bookmark: _Toc428096803][bookmark: _Toc428318706](E)-1-(2,4-dinitrophenyl)-2-(4-((E)-((E)-(2-nitrobenzylidene)-hydrazono)methyl)benzylidene)hydrazine (Compound 4)
    Finally, the compound 4 was prepared with the reaction time of 3.5 h according to Fig. 3. The experimental results on the basis of 1HNMR and MS as, Yield: 0.27 g (54%);1H NMR (500 MHz, DMSO-d6) δ 11.57 (s, 1H), 8.86 (d, J = 1.9 Hz, 1H), 8.83 (s, 1H), 8.57 (s, 1H), 8.29-8.69 (m, 3H), 7.72 (td, J = 7.5, 2.0 Hz, 1H), 7.67 – 7.55 (m, 5H); MS:m/z (rel. abund. %) 316 (M+, 05), 97 (29), 86 (53), 69 (100); Anal. calcd. for C16H16N2O3S (316.37): C, 60.74; H, 5.10; N, 8.85; O, 15.17; S, 10.14; Found: C, 60.71; H, 5.11; N, 8.86.
Biological activities
     The antioxidant activity of the obtained compounds was determined using the stable DPPH free radical as previously reported 18.  The synthesized compounds at different concentrations (50, 100, 200, and 400 µM), were mixed with an ethanolic solution containing 510 µl of 85 µM DPPH radical. The mixture solutions were incubated for 30 min at room temperature, and the decrease in absorbance was measured by using a UV spectrophotometer at 518 nm. Ascorbic acid at the same concentrations of drugs was used as a positive control. The experiment was carried out in triplicate. Percentage inhibition of the drugs as well as ascorbic acid was calculated by using the relation; DPPH Inhibition effect (%) =  (Ac – As / Ac) × 100, where  "AC" and  "AS"  are absorbance reading of the control and sample, respectively. The ferrous ion chelating activity of the synthesized compounds was determined followed a standard method reported by Puntel and his co-workers 19. The various concentrations (50, 100, 200, and 400µM)  of the obtained compounds were mixed with 0.2 ml of 3.6 mM ferrous sulfate, 0.3ml  of 100 m MTris-HCl (pH=7.4), 0.1 ml of 9 mM O-Phenanthroline and diluted up to 3.0 ml with ultra-pure distilled water. The obtained solution/mixtures were incubated for 10 minutes and the decrease in absorbance was determined by using a UV spectrophotometer at 510 nm. EDTA (Ethylenediaminetetraacetic acid) at the same concentrations utilized as a reference standard and without Schiff bases complexes sample mixture as control. The Fe2+ chelating capacity was calculated by using the formula; Chelating effect (%) is equal to (Ac – As / Ac) × 100. The ferric reducing power of these compounds were determined as reported previously 15. Different concentrations (50, 100, 200 and 400µM) of the obtained  compounds, 0.2 ml of 3.6 mM ferric chloride, 0.3ml of 100 mMTris buffer (pH=7.4), 0.1 ml of 9 mM O-phenanthroline and diluted up to 3.0 ml with ultra-pure distilled  water was shaken vigorously and incubated at room temperature for 10 min. The increase in absorbance was measured at 510 nm using a UV spectrophotometer. Ascorbic acid at the same concentrations was utilized as a reference standard and without compounds sample mixture as control. The Reducing Power comparable with Ascorbic acid was calculated by using the formula; Reducing Power (%)   =  (As – Ac / As) × 100. The total antioxidant capacity of these four compounds was evaluated by phosphomolybdenum assay reported by Saha et al 20. The reagent solution containing various concentrations (50, 100, 200, and 400µM) of compounds aliquot in ethanol, 0.7 ml of 0.6 M sulphuric acid, 1.0 mM ammonium molybdate, 1.0 ml of 28 Mm potassium phosphate, and ultra-pure distilled water was incubated at 95 °C for 90 min. After cooling to room temperature the increase in absorbance of the chemical mixture was measured at 695 nm using a UV spectrophotometer. The reducing power of drugs was calculated by using the formula; Reducing Power (%) = (As – Ac/As) × 100. The scavenging activity of these novel compounds for hydroxyl radicals was measured with a Fenton reaction mechanism reported by Li 21. The reaction mixture of various concentrations as mentioned earlier for all compounds containing, 0.1 ml of 7.5 mM O-phenanthroline, 0.5 ml of 0.2 M phosphate buffer ( pH 6.6), 0.1 ml of 7.5 mM ferrous sulfate and 0.1 ml of  H2O2 (0.1%) and diluted up to 3 ml with distilled water. The reaction mixture incubated at room temperature for 30 min and the absorbance was measured at 510 nm using a UV spectrophotometer. The reaction mixture without Schiff bases complexes has been used as control and without Schiff bases complexes and H2O2 as a blank. The DPPH radical scavenging activity of Schiff base complexes and ascorbic acid were calculated by using the relation; Scavenging power (%) =  (As – Ac/ Ab– As) × 100. All the obtained compounds significantly enhanced the biological activities will be discussed later in detail can be seen in section 2.
Computational Methods
[bookmark: _GoBack]    All the computational calculations have been carried out with Gaussian 09 program 22. The geometry optimizations were performed using a hybrid density functional B3LYP 23 with different basis set 6-31G, 6-311G, and 6-31G++(d,p)  in the gas phase 24. The fundamental vibrational analysis was carried out to confirm true minima without imaginary frequency at the same level of density functional theory. The potential energy surface scan was performed at B3LYP/6-31G in the gas phase for all compounds around the dihedral angle D(C26-N27-N28-C34) to confirm the lowest energy structure. The theoretical 1H NMR calculations were performed in dimethyl sulfoxide (DMSO) solvent by Gauge-Invariant Atomic Orbital (GIAO) with B3LYP/6-31G(d) method, that's providing an effective prediction of chemical shift (δ). The highest occupied molecular orbitals (HOMO), lowest molecular orbitals (LUMO) energies, and electronic calculations of the compound were determined in the gas phase by the time-dependent density functional theory (TD-DFT) method at B3LYP/6-31G. The energies gap for HOMO-LUMO could be expressed as follows:			
                                       ΔEgap = ELUMO – EHOMO
Result and discussion
Geometry optimization
      In order to understand the chemical nature of the obtained compounds, all the geometries were fully optimized as shown (Fig. 4((a),(b),(c) &(d))) by using hybrid density functional B3LYP with three basis sets in the gas phase as shown in table 2. The frequency calculations were used to analyze the true minima for all optimized geometries. The C=C bond length of sp2 carbon was computed from 1.39 Å to 1.41 Å, whereas in sp3, C-C bond length was calculated as 1.51 Å. The aromatic C-H bond length was noted as 1.08 Å. However, the sp3 C-H bond length was computed as 1.09 Å. The bond angles were computed in the range of 119.0º to 121.9º, whereas the experimental value of sp2 hybridized atoms shows the bond angle in a range of 120º. The computed bond lengths and bond angles were compared with experimental reported structures and their root means square deviation (RMSD) was calculated to evaluate the difference between the computed and experimental values, as shown in the table.2. A good correlation was observed for bond length with an RMSD value of 0.022, 0.033, and 0.019 with 6-31G, 6-311G, and 6-311++G(d,p) basis set. Moreover, 6-31G and 6-311G++(d,p) give more accurate results than 6-311G.
Table 2. Selected geometrical features of optimized compounds at B3LYP with 6-31G, 6-311G, and 6-311G++(d,p) basis sets. 
	Bond length (Å)
	                                               Calc at 
	Exp

	
	6-31 G
	6-311G
	6-311G++(d,p)
	

	C1-C2
	1.39
	1.39
	1.39
	1.39a

	N27-N28
	1.36
	1.42
	1.38
	1.35b

	N28-C34
	1.29
	1.29
	1.28
	1.28b

	C36-C37
	1.41
	1.40
	1.40
	1.45b

	C2-N9
	1.45
	1.45
	1.46
	1.47a

	C6-N29
	1.45
	1.45
	1.47
	1.47a

	C39-N47
	1.47
	1.46
	1.48
	1.47a

	C41-N46
	1.46
	1.46
	1.47
	1.47a

	C38-N47
	1.47
	1.47
	1.48
	1.47a

	N9-O10
	1.26
	1.26
	1.22
	1.21a

	RMSD
	0.022
	0.033
	0.019
	



a Ref 25
b Ref 26
Potential energy surface scan (PES)
     The conformational analysis of a compound is important; the presence of different conformations of a compound is correlated to various properties, i.e., physical, chemical, and therapeutic properties. The conformational stability helps to find the mechanism and the rate of reaction 27. Herein, to find the most stable conformation and transition structure, the potential energy surface (PES) scan was performed around the dihedral angles D(C26-N27-N28-C34) by varying the torsional angle for every 10º rotation for all compounds at B3LYP/6-31G. The shapes of potential energy as a function of torsional angles are given in figure.5.
      The PES curve of compound 1 shows the two stable conformers at dihedral angles 174.03º and 544.03 º with an energy of -1746.17 Hartree. While the transition structure appears as an energy barrier of -1746.14 Ha at an angle of 364.03º. The energy difference between the stable conformers and transition state is calculated as 0.03 Ha and is considered the energy barrier to this rotation. Similarly, for compounds 2, 3, and 4, the two stable conformers were found with the same energy of -1643.00 Ha but with different dihedral angles. The dihedral angles for compound 2 were noted at 179.42º and 539.42º. For compound 3, the dihedral positions were found at 179.42 º and 539.42º, whereas, for compound 4, the dihedral angles were located at 177.65º and 537.65º, respectively. However, the transition structure for these compounds was found at an energy barrier of -1642.98 Ha at dihedral angles 359.42º, 359.42º, and 357.65º. The energy difference between the stable conformers and transition structure is calculated as 0.02 Ha. All the stable conformers with transition structures are shown in figure S1 of the supporting file. 
    Similar PES curves were obtained for compounds 2, 3, and 4 due to the similarities in their chemical structure, and the only difference is the position of NO2. The PES of compound 1 is different, which is due to the presence of OC2H5, which makes it chemically different from other compounds, respectively. 
1H NMR 
    The 1H NMR chemical shifts (δ) were calculated for synthesized compounds at B3LYP/6-31G(d) GIAO method in solvent Dimethylsulfoxide (DMSO) and compared with experimental chemical shifts (δ) as presented in table 3. The chemical shift (δ) values are noted as downfield from TMS, where TMS is used as an internal standard. Good agreement was observed between calculated and experimental 1H NMR values. These chemical shift values are observed downfield in different ranges from TMS. The most downfield chemical shift value is noted for H-13 both experimentally and theoretically as 11.57 and 10.88 ppm, respectively, due to the presence of electronegative atoms and hydrogen bonding. The experimental and calculated chemical shifts of aromatic protons appeared as multiplets in range, as presented in table 3. The experimental chemical shift (δ) for CH2 is noted as 4.10 ppm, whereas; the computed value was noted from 3.7 to 4.22 ppm.
Similarly, the triplet peak for CH3 was observed as 1.34 and 1.45ppm. The computed chemical shift for CH3 was noted in the range of 1.08 to 1.60 ppm. The presence of 1H to C=N was confirmed by singlet peak appearing at 8.28-8.83 ppm downfield as concerned to TMS. The comparison of results is presented in table 3, which revealed that calculated values are in agreement with the experimental ones. 
Table 3. Experimental and calculated 1H NMR chemical shift (δ) values in ppm.
	Atom No
	Compound 1
	Compound 2
	Compound 3
	Compound 4

	
	Exp
	Calculated
	Exp
	Calculated
	Exp
	Calculated
	Exp
	Calculated

	Ar-H
	7.10-8.38
	7.39-8.41
	7.60-8.42
	7.63-8.96
	7.60-8.39
	7.44-8.41
	7.55-8.69
	7.40-8.46

	H-33
	8.57
	8.15
	8.57
	8.15
	8.57
	8.08
	8.57
	8.08

	N=CH-35
	8.28
	8.84
	8.79
	7.77
	8.57
	7.78
	8.83
	8.77

	H-13
	11.57
	10.85
	11.57
	10.88
	11.57
	10.89
	11.57
	10.88

	H-7
	8.89
	9.28
	8.86
	9.29
	8.86
	9.31
	8.86
	9.25



Frontier molecular orbitals (FMO) and electronic properties
     The highest molecular orbital (HOMO) and lowest molecular orbital (LUMO) of frontier molecular orbitals (FMOs) were carried out for optimization at the same level of density functional method. The HOMO and LUMO energy levels were used to analyze the electronic densities in a molecule, and its energy corresponds to ionization potential or electron affinity, respectively 28. The energy gap between HOMO and LUMO (ΔEgap) can be used to determine the charge transfer interaction taking in a molecule. The computed HOMO and LUMO energies for the synthesized compound are as shown in figure 6. The FMO calculations help to calculate different reaction parameters i.e., HOMO-LUMO gap, ionization potential (I.P), electron affinity (E.A), electronegativity (χ), chemical hardness (η), chemical softness (S), and electrophilicity index (ψ) as shown in the Table.4 29–31. The HOMO-LUMO gaps for current compounds were calculated as 2.5184, 3.0830, 3.1562, and 3.1111 eV, in which the smaller HOMO-LUMO gap compound 1 indicates the high reactivity compared to other compounds.

Table 4. Global reactivity features of all compounds are computed with B3LYP/6-31G method. EHOMO = Energy of highest molecular orbital, ELUMO = Energy of lowest unoccupied molecular orbital, ΔE = ELUMO-EHOMO energy gap, IP = Ionization energy, EA = Electron affinity, χ = Electronegativity, η = Chemical hardness, σ = Chemical softness, and ω = Electrophilicity index.
	Parameter 
	Compound 1
	Compound 2
	Compound 3
	Compound 4

	EHOMO
	-0.21505
	-0.24077
	-0.24516
	-0.24058

	ELUMO
	-0.12250
	-0.12747
	-0.12917
	-0.12625

	ΔE
	0.09255
	0.1133
	0.11599
	0.11433

	IP
	0.21505
	0.24077
	0.24516
	0.24058

	EA
	0.12250
	0.12747
	0.12917
	0.12625

	χ 
	0.168775
	0.18412
	0.187165
	0.183415

	η
	0.046275
	0.05665
	0.057995
	0.57165

	σ
	16.11148
	15.4491
	15.2383
	15.6010

	ω
	0.30777
	0.2992
	0.3020
	0.2942


Molecular electrostatic potential
   The molecular electrostatic potential (MEP) calculation is associated with charged particles and a useful tool for determining the electrophilic and nucleophilic sites of a molecule 32. The colorized figures as shown ((Fig 7(a),(b),(c)&(d))) are a good indicator on the molecule surface for identifying the electrophilic and nucleophilic site. Moreover, the red and blue color indicates strong repulsion and attraction towards the electrons, respectively. The MEP calculations were carried by the same DFT method as used for FMO calculations.
    The red region as shown in ((Fig 7(a),(b),(c)&(d)))  is occupied by oxygen atoms of the nitro group, which confirm the availability of electrons and a more favorable site for an electrophilic attack. The blue color of the molecule shows the unavailability of electrons and indicates the suitable region for a nucleophilic attack.
DPPH radical scavenging activity
    All the synthesized compounds were screened for in vitro free radical scavenging studies shows a varying degree of scavenging activity with IC50 values in the range of 160.66 ± 13.75µM compared with standard Vitamin C (IC50 = 181.43 ± 18.59 µM) as mention in (Table.5 ). The compound 1 (IC50 = 160.66 ± 13.75 µM), showed that activity values very close to the standard Vitamin C. However the compound 2 (IC50 = 183.92 ± 13.71 µM), 3rd (IC50 = 184.61 ± 13.97 µM), and 4th (IC50 = 192.40 ± 14.14 µM) are found to be comparatively less active than the standard Vitamin C.

Table 5. DPPH radical scavenging activity
	Compounds
	% Inhibition means (n=3)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]IC50(µM)+SEM

	
	50 (µM)
	100 (µM)
	200 (µM)
	400 (µM)
	

	Compound 1
	14.75
	29.80
	52.07
	77.86
	160.66 ± 13.75

	Compound 2
	10.56
	23.86
	41.98
	73.87
	183.92 ± 13.71

	Compound 3
	10.65
	24.80
	42.07
	75.44
	184.61 ± 13.97

	Compound 4
	9.42
	20.97
	40.11
	74.08
	192.40 ± 14.14

	Vit.C
	14.89
	29.45
	60.33
	98.88
	181.43 ± 18.59


Ferrous ion chelation activity
    The ferrous ion chelation activity was analyzed for all synthesized compounds, the detailed values as shown in table 6. The results indicates that the Compound 2 (IC50 = 187.70 ± 7.77 µM), 3rd (IC50 = 189.68 ± 8.20 µM), and 4th (IC50 = 181.41 ± 9.09 µM) showed the activity values comparable with the standard EDTA (IC50 = 193.57 ± 14.69 µM). Whereas; compound 1 with IC50 value of 199.95 ± 6.42 µM showed less activity than the standard EDTA (IC50 = 193.57 ± 14.69 µM).
Table 6. Ferrous ion chelation activity
	Compounds
	% Inhibition means (n=3)
	IC50(µM)+SEM

	
	50 (µM)
	100 (µM)
	200 (µM)
	400 (µM)
	

	Compound 1
	5.48
	9.49
	15.39
	34.47
	199.95 ± 6.42

	Compound 2
	8.39
	14.35
	21.08
	43.90
	187.70 ± 7.77

	Compound 3
	7.65
	14.80
	22.07
	45.44
	189.68 ± 8.20

	Compound 4
	9.76
	15.97
	28.11
	50.98
	181.41 ± 9.09

	EDTA
	11.26
	22.15
	40.23
	78.25
	193.57 ± 14.69


Ferric ion reducing activity
   The ferric ion reducing activity was examined for all the synthesized compounds, as shown in table 7.  Higher ferric ion reducing activity was noted for Compound 2 (IC50 = 164.06 ± 13.46 µM) whereas; the other three compounds showed weak ferric ion reducing activity values compared with the standard vitamin C (IC50 = 169.80 ± 17.10 µM).
      Table 7. Ferric ion reducing activity
	Compounds
	% Inhibition means (n=3)
	IC50(µM)+SEM

	
	50 (µM)
	100 (µM)
	200 (µM)
	400 (µM)
	

	Compound 1
	11.75
	23.54
	42.39
	69.76
	175.31 ± 12.65

	Compound 2
	13.87
	24.30
	51.24
	73.47
	164.06 ± 13.46

	Compound 3
	11.45
	23.45
	47.57
	70.49
	169.48 ± 13.11

	Compound 4
	11.54
	22.45
	45.25
	72.45
	177.67 ± 13.48

	Vit.C
	16.45
	33.56
	60.35
	94.88
	169.80 ± 17.10


Molybdate ion reducing activity
  The compounds were subjected for Molybdate ion reduction potential, the detailed values as shown in table 8. The compound 2, with IC50 value of 178.46 ± 13.13 µM showed comparable inhibition with the standard vitamin C (IC50 = 179.12 ± 16.72 µM). Rests of the compounds were found to have less reduction potential compared to the standard values. 
       Table 8. Molybdate ion reducing activity
	Compounds
	% Inhibition means (n=3)
	IC50(µM)+SEM

	
	50 (µM)
	100 (µM)
	200 (µM)
	400 (µM)
	

	Compound 1
	9.59
	19.23
	39.30
	74.97
	196.67 ± 14.46

	Compound 2
	10.54
	22.32
	43.54
	70.32
	178.46 ± 13.13

	Compound 3
	9.48
	17.76
	37.65
	73.65
	199.37 ± 14.29

	Compound 4
	8.45
	15.55
	32.45
	65.55
	201.34 ± 12.72

	Vit.C
	13.44
	27.34
	55.47
	89.08
	179.12 ± 16.72




Hydroxyl radical scavenging activity
    All the synthesized compounds were analyzed, and results indicate a varying degree of hydroxyl radical scavenging activity. Compound 2 (IC50 = 170.18 ± 12.27 µM), 3rd (IC50 = 196.27 ± 13.19 µM), and 4th (IC50 = 186.82 ± 13.89 µM) exhibited higher activity as compared to the standard vitamin C (IC50 = 197.84 ± 18.02 µM). On the other hand, compound 1 showed activity close to the standard Vitamin C. Compound 1 (194.92 ± 8.45 µM) is found to be less active compared to the standard Vitamin C.
    Table 9. Hydroxyl radical scavenging activity
	Compounds
	% Inhibition means (n=3)
	IC50(µM)+SEM

	
	50 (µM)
	100 (µM)
	200 (µM)
	400 (µM)
	

	Compound 1
	6.79
	11.23
	23.30
	44.56
	194.92 ± 8.45

	Compound 2
	11.27
	23.26
	43.54
	67.23
	170.18 ± 12.27

	Compound 3
	10.38
	18.36
	35.15
	69.87
	196.27 ± 13.19

	Compound 4
	10.35
	21.45
	42.24
	73.55
	186.82 ± 13.89

	Vit.C
	11.44
	23.34
	48.47
	92.88
	197.84  18.02



Conclusions 
1. Four novel hydrazone structures of 2,4-dinitrophenylhydrazone were successfully synthesized, characterized, and also investigated by DFT calculations. 
2. The DFT calculations were used to calculate the different reaction parameters, .i.e. polarizability, electronegativity, and HOMO-LUMO gap. Furthermore, these results can be concluded that Compound 1 is more reactive than other synthesized compounds in this work.
3. The experimental and theoretical 1H NMR results demonstrate that the optimized geometries are in good agreement with the synthesized compounds.
4. All the synthesized compounds enhanced the biological properties. i.e. (i) The compound 1 showed a good DPPH radical scavenging activity (IC50 = 160.66 ± 13.75 µM), while the other compounds less active compared with the standard vitamin C (IC50 = 181.43 ± 18.59 µM). (ii) The compound 2, 3, and 4 enhanced the ferrous ion chelation activity compared with the standard EDTA. (iii) The compound 2 showed high potential reduction (IC50 = 178.46 ± 13.13 µM) and ferric reducing activity (IC50 = 164.06 ± 13.46 µM) compared to the standard vitamin C respectively, (IC50 = 179.12 ± 16.72 µM) and (IC50 = 169.80 ± 17.10 µM). The rest of the compounds were found to be less active compared with the standard values. (iv)These four novel synthesized compounds were also tested for hydroxyl radical scavenging activity, significantly improved the activity (see detail values in Table. 9) compared to the standard vitamin C.  
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Figure captions:
Figure. 1 Synthesis of (E)-4((2-(2,4-dinitrophynl)hydrazono)methyl)benzaldehyde from the condensation of 2,4-dinitrophenylhydrazine and terephthaladehyde.
Figure. 2  Synthesis of substituted benzaldehydes hydrazones.
Figure. 3  Formation of new compounds of 2,4-Dinitrophenylhydrazone.
Figure. 4 Optimized structure (a), (b), (c) and (d) of synthesize compounds 1 to 4 respectively, at B3LYP/6-31G. 
Figure. 5 Potential energy surface (PES) scan over selected torsional angle D(C26-N27-N28-C34) calculated at B3LYP/6-31G. (a), (b), (c) & (d), respectively for compound 1, 2, 3 and 4.

Figure. 6 Plots of frontier molecular orbitals for the all compounds (1-4) respectively, a, b, c, and d, simulated at B3LYP/6-31G. 
Figure. 7 Plots of molecular electrostatic potential (a), (b), (c) and (d), respectively for compound 1, 2, 3 and 4.
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