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Abstract
(E)-1-(2,3-dimethoxybenzylidene)hydrazine (2,3-DMBH) was synthesized by a condensation reaction.
Fourier transform infrared (FT-IR), ' H nuclear magnetic resonance (NMR), and ?C NMR spectra were
recorded for this compound. The synthesized compounds were evaluated as potential drug candidates
through ADME (absorption, distribution, metabolism, and excretion) analysis and Lipinski’s rule
verification. Molecular docking studies against six proteins using AUTO DOCK software showed
promising results. Among them, 2,3-DMBH exhibited strong binding affinities, particularly with 3ERT
(-5.44 kcal/mol), followed by 5F90, 7E9B, and 3EWD. These findings suggest that 2,3-DMBH is a
promising drug candidate. Furthermore, analysis of nonlinear optical (NLO) properties shows that the
molecule has considerable NLO activity and it strongly indicates that the compound possesses
electronic properties. Highest occupied molecular orbital-lowest unoccupied molecular orbital
(HOMO-LUMO) analysis proved that the compound possesses chemical stability. Mulliken population
analysis for the compound shows the presence of intermolecular hydrogen bonding. Molecular
electrostatic potential (MEP) diagram of the compound shows the electrophile and nucleophile activity.
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INTRODUCTION

Schiff bases play a crucial role in medicine due to their diverse biological activities. They exhibit
antimicrobial, anticancer, antioxidant, anti-inflammatory, and antiviral properties. Additionally, Schiff
bases form metal complexes that enhance their therapeutic potential, including applications in
neuroprotection, epilepsy treatment, and diabetes management. Their ability to interact with enzymes and
cellular components makes them valuable for drug development and disease treatment [1-3]. 2,3-
Dimethoxybenzaldehyde is an organic compound. It consists of a benzaldehyde core substituted with two
methoxy (-OCHs) groups at the second and third positions. This compound is widely used as an
intermediate in organic synthesis, particularly in the production of pharmaceuticals, agrochemicals, and
fragrances. The presence of methoxy groups enhances its reactivity, making it useful in Schiff base
formation and other chemical transformations [4—7]. Additionally, it exhibits potential biological
activities, including antimicrobial and antioxidant properties. Hydrazine hydrochloride plays a crucial role
in organic synthesis, particularly in the preparation of Schiff bases, pharmaceuticals, and heterocyclic
compounds. As a strong reducing and nucleophilic agent, it facilitates reactions such as hydrazone
formation, cyclization, and condensation. In medicinal chemistry, it serves as a key intermediate in drug
synthesis, contributing to the development of anticancer, antibacterial, and antifungal agents [8-10].

In Schiff bases, nonlinear optical (NLO) responses are typically influenced by various substituents,
including electron-donating or electron-withdrawing groups [11]. These compounds are widely utilized
due to their broad applications, ease of synthesis, and versatility in NLO research [12-15]. Computational
methods play a crucial role in current scientific research by enabling accurate modeling, prediction, and
optimization of materials and biological compounds. In the study of Schiff bases and NLO properties,
computational techniques such as quantum mechanical calculations, particularly density functional theory
(DFT), help predict molecular structures, electronic properties, and stability. These methods allow
researchers to analyze polarizability, hyperpolarizability, and electronic transitions that influence NLO
behavior [16-18]. Additionally, computational tools facilitate drug discovery by predicting Schiff base
interactions with biological targets through molecular docking and dynamics simulations [19-22]. They
also aid in exploring reaction mechanisms, optimizing synthetic routes, and designing advanced materials,
including metal-Schiff base complexes for catalysis and electronics. By providing cost-effective, time-
saving, and precise insights, computational studies significantly enhance experimental research and the
development of novel compounds with improved properties [23-28].

Therefore, the proper synthesis and development of new Schiff bases are essential. Building on our
previous studies, we have synthesized a Schiff base through the methanolic condensation of 2,3-
dimethoxy benzaldehyde with hydrazine hydrochloride. Hydrazine derivatives have diverse biological
applications, including anticancer, antimicrobial, antitubercular, antioxidant, and anti-inflammatory
properties [29]. They are used in chemotherapy, tuberculosis treatment (isoniazid), and neurological
disorders (monoamine oxidase [MAQ] inhibitors). Additionally, they exhibit antiviral potential and
enhance drug delivery through metal complexes, making them essential in pharmaceutical research and
drug development. The evaluation of a Schiff base's NLO activity, resulting from substituting an
aldehyde with a hydrazine derivative, may involve both computational simulations and experimental
techniques. Computational studies are integral to NLO research, as they offer deep insights into the
underlying mechanisms and facilitate the identification, design, and optimization of new materials with
enhanced nonlinear optical properties. The NLO characteristics of the final product are influenced by
the choice of aldehyde, which determines the overall molecular structure. This study focuses on the
synthesis, characterization, and comparative analysis of Schiff bases derived from substituted hydrazine
compounds, aiming to elucidate the structure-property relationships that govern their NLO and
biological behavior.
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Scheme 1. Synthetic route of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).

MATERIALS AND METHODS
Synthetic Route

Approximately 0.498 g of 2,3-dimethoxybenaldehyde and 0.315 g of hydrazine hydrochloride were
dissolved using methanol until the mixture becomes homogenous, and then few drops of acetic acid
were added. The reaction mixture was stirred for up to 2 to 3 hours, after which the reaction mixture
was filtered, and the filtrate was allowed to undergo slow evaporation process. After 2 days, orange
colored crystals were obtained. The obtained product was characterized by spectroscopic techniques.
Scheme 1 shows the synthetic route of (E)-1-(2,3-dimethoxybenzylidene) hydrazine.

Characterization Techniques

The synthesized product was characterized by spectroscopic techniques such as Fourier transform
infrared (FT-IR) spectroscopy, nuclear magnetic resonance (NMR) analysis, ultraviolet (UV) spectra
and theoretical studies like AUTO DOCK, absorption, distribution, metabolism, excretion, and toxicity
(ADMET), and density functional theory (DFT) studies.

RESULTS AND DISCUSSION
FT-IR Spectrum

The FT-IR spectrum was captured in the 4000 to 400 cm™' wavenumber range, as shown in Figure 1
and tabulated in Table 1. The presence of HC=N bond is confirmed by the band at 1621.50 cm™'. The
peak of the -NH stretching vibration is observed at 3384.40 cm™. The peak at 3087.66 cm™! is attributed
to the vibrations of aromatic C-H bonds. Stretching vibrations of C-O groups are found at 1266.21 cm™
!. The crystal structure of 2,3-DMBH correlates well with all of the detected FT-IR bands.

NMR Spectrum
'H-NMR Spectral Data

Four signals are obtained for the protons with aromatic rings of both hydrazine hydrochloride and
2,3-dimethoxy benzaldehyde moiety in the region of 6.945 to 7.678 ppm. The singlet signal detected at
8.999 ppm was an azomethine proton (HC=N) bond between the hydrazine hydrochloride and 2,3-
dimethoxy benzaldehyde. -NH proton that generates singlet signal at 2.104 ppm. The methoxy protons
appeared at 3.835 and 3.848 ppm which correlates to six protons. Figure 2(a), and Table 2 show the 'H-
NMR spectrum of 2,3-DMBH.

BC-NMR Spectral Data

There are six signals in *C-NMR that arise between 115.33 and 127.42 ppm and correspond to the
aromatic carbons of both hydrazine hydrochloride and 2,3-dimethoxy benzaldehyde moieties. The
signal at 54.84, 60.92 ppm is related with methoxy carbon (OCH3). The signal at 157.08 ppm correlated
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with carbon atom in azomethine (HC=N). Figure 2(b) and Table 3 show the 2,3-DMBH *C-NMR
spectrum.

UV Absorbance Spectrum

UV-visible spectrophotometer is an essential equipment to provide the valuable factors about optical
transparency, optical energy band gap and electronic band structures of the materials as well as the
spectroscopic absorption of UV and visible light involves advancement of the electrons ¢ and 7 orbital
from the ground state to the higher energy state [30-32]. The spectrum of optical transmittance for the
2,3-DMBH crystal with 2 mm thickness has been plotted within the range of 190 to 900 nm using a
Perkin Elmer Lambda 35 UV—Vis spectrometer. The transmittance spectrum of the title material is
active in the UV—visible region and acquires maximum transparency of about 66% in the visible and
near IR regions with the lower cut-off wavelength being at 390 nm as shown in Figure 3. The optical
energy band gap of the grown crystal is determined from the relation:

(ahv)? = A(Eg — hv)

where Ej is the optical band gap of the given crystal and A is a constant. The band gap of the material
was obtained by plotting the variation of (ahv)?versus hv in the fundamental absorption region is shown
in Figure 4. The energy band gap plot is drawn which is obtained by extrapolating the linear Tauc plot
measure to the equivalent energy axis [33]. From this method, the value of optical energy band gap is
found to be 4.69 eV. The high-energy band gap of the 2,3-DMBH crystal confirms the large
transmittance in the visible region and defect concentration is less in the grown crystal [20]. The value
of energy band gap and lower cut-off wavelength shows that the grown title material is suitable for the
photonics and optical applications.
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Figure 1. Fourier transform infrared (FT-IR) spectrum of (E)-1-(2,3-dimethoxybenzylidene) hydrazine
(2,3-DMBH).

Table 1. Vibrational frequency assignment for (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-

DMBH).
Functional Group Aromatic C=N C-O0 -NH:2
Frequency (cm™) 3087.66 1621.5 1266.21 3354.40
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Figure 2. (a) "H-NMR spectrum of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).
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Figure 2. (b) *C-NMR spectrum of the (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).
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Table 2. "H-NMR table of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).

Functional Group

-NH: | Aromatic proton

Azomethine (HC=N)

-OCH3

Chemical shift (ppm)

2.104 6.945-7.678

8.999

3.835,3.848

Table 3. *C-NMR spectrum table of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).

Functional Group

Aromatic carbon

Azomethine (HC=N)

OCH3;

Chemical shift (ppm)

115.33-127.42

157.08

54.84, 60.92
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Figure 3. Ultraviolet (UV) absorbance spectrum of the (E)-1-
(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).
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Figure 4. Tauc plot of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).

ADMET Properties

Energy hv(eV)

4.4 4.6 4.8 5.0

Drug development and research is a time-consuming and expensive procedure that comprises illness
selection, identification of target and confirmation, lead generation and optimization, clinical trials, and
preclinical trials [27]. Recently, in silico procedures for new entities at the molecular level have been
authorised by the version. Prediction of in silico process is increasingly important in development of
pharmaceutical research. Only 59 (64%) of the new medicines evaluated utilizing the ADMET
characteristics were approved by the US Food and Drug Administration (FDA) in 2018. The Swiss
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ADME program is quite useful for assessing the ADMET qualities and classifying the preliminary drug
development process. The software mentioned here saves time, saves money, and decreases pollutants
[28]. The synthesized compounds 2,3-DMBH was analyzed and compared with metformin and a detail
report of the bioavailability of synthesized compound 2,3-DMBH is displayed in Table 3 and Figure 4.
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Figure 4. (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH) oral bio availability radar in
ADME (absorption, distribution, metabolism, and excretion) prediction.

Table 4. Complete ADMET (absorption, distribution, metabolism, excretion, and
toxicity) profile of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH),
including pharmacokinetics, physicochemical properties, lipophilicity, water
solubility, drug-likeness, and medicinal chemistry.

Parameters 2,3-DMBH
Formula CoH12N202
Molecular weight (g/mol) 180.20 g/mol
Num. of heavy atoms 13

Num. of aromatic heavy atoms 6

Num. of rotatable bonds 3

Num. H-bond acceptors 3

Num. H-bond donors 1

Molar refractivity 50.78
Topological polar surface area (TPSA) [A]2 56.84

Log posw [ILOGP] 1.71

Consensus Log poaw 1.24

Log s [ESOL] -1.89

GI absorption High

BBB permeant Yes

P-gp substrate No

CYP1A2 inhibitor No

CYP2C19 inhibitor No

CYP2C9 inhibitor No

CYP2D6 inhibitor No

CYP3A4 inhibitor No

Log kp [skin permeation cm/s] -6.50

Lipinski Yes, 0 Violation
Ghose Yes

Veber Yes

Muegge No; 1 Violation: MW <200
Bioavailability score 0.55
Lead-likeness No; 1 Violation: MW <250
Synthetic accessibility 1.93
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ADME, which stands for absorption, distribution, metabolism, and excretion is an efficacy scale of any
drug and Swiss ADME is a reliable online tool for estimating how chemically similar drug is to be a
medicine and how it functions in the body [34, 35]. The ADME prediction of complex and ligands were
researched to better understand, how changes in a structure affects the complex biological function. The
six physicochemical variables, namely size, solubility, lipophilicity, flexibility, polarity, and saturation
are being investigated by bioavailability radar (BR) makes the scientific studies within a short period of
time [36], used to measure how similar incredible organic compounds is became as a medicine.
Lipophilicity of a molecule is referred to as ligand permeation (log Pow), a feature that permits drugs to
pass the cell’s lipid bilayer membrane to reach the site of action and this determines its drug-like behavior
and the octanol-water partition coefficient is widely used to calculate how much a ligand travels across a
membrane. The fingerprint plots of compound 2,3-DMBH were used to explore the physicochemical
properties of the drug candidates [37], and the full ADME properties are shown in Table 4 and Figure 4
and the pink region represents the ideal range for each compound characteristic.

Gastrointestinal Absorption and Brain Penetration Prediction [BOILED-Egg]

Some pharmaceutical ingredient developing attempts have been gastrointestinal absorption. The
BOILED-Egg model provides a rapid, reproducible, straightforward, and statistically better method for
calculating the high gastrointestinal absorption and high brain permeability of tiny compounds used in
drug discovery and development [38]. Our compound 2,3-DMBH exhibit better pharmacokinetic and
bioavailability characteristics, as seen in the approximated BOILED-Egg graphic (Figure 5).

Molecular Docking Studies

The selection and prioritization of target proteins for studies based on a disease and data mining
methods by searching through literature and databases by which we obtained docking results with a
greater number of proteins by searching through literature and database by which we obtained docking
results with a greater number of proteins [39]. Our compound, have good binding affinity towards the
proteins, which we have chosen from the PDB by its coded namely 3ERT, IQSG, 3EWD, 7E9B, 4NXI,
and 5P90. The selected six types of target proteins were docked and found to have useful binding energy
and the results obtained given in Table 5. The ligands frequently interact with the proteins via a variety
of interactions, including as pi-alkyl interactions, pi-pi contacts, and pi-donor hydrogen bond interactions.

Molecular Docking Analysis of 3ERT (Anti-tumor Protein)

The human estrogen receptor alpha ligand binding domain was docked with the synthesized compound
2,3-DMBH 3ERT in complex with 4-hydroxytamoxifen. Compound 2,3-DMBH had a good binding
energy (-4.43 kcal/mol) and a strong interaction with pi-pi stacked, pi-pi T-shaped, conventional hydrogen
bonding at an angle of 2.88 A, and pi-alky! distance at a distance of 3.83 A. Figure 6 shows the 2D and
3D image of compound 2,3-DMBH.

Molecular Docking Analysis of 3EWD (Anti-malarial Protein)

Crystal structure of adenosine deaminase mutant (delta Asp172) from plasmodium vivax in complex
with MT-coformycin, 3EWD was docked with the compound 2,3-DMBH. In this compound 2,3-
DMBH was found to provide a good binding energy (—4.43 kcal/mol) due to strong interactions with
acceptor-acceptor, pi-sigma, conventional hydrogen bonding in the angle of 2.28 A and pi-donor
distance at 4.91 A. The docking results of 2D and 3D images are given in Figure 7.

Table 5. Binding energy data of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-
DMBH) against different types of protein and the data will be compared with
standard drugs.

Ligands 3ERT 3EWD 7E9B 5F90
Binding Energy | Binding Energy | Binding Energy | Binding Energy
(kecal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
2,3-DMBH -5.44 -4.43 -4.59 -4.71
Regorafenlb - - -5.98 -
S-flurourocil - - - -2.99
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Figure 5. (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH) blood brain barrier (BBB)
permeability (BOILED-Egg).
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Figure 6. Docking images of compound (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH)

against 3ERT.

Molecular Docking Analysis of 7E9B (Anti-cancer Protein)
Structural basis of HLX10 PD-1 receptor recognition, a promising anti-PD-1 antibody clinical

candidate for cancer immunotherapy 7E9B was docked with synthesized derivative 2,3-DMBH.

In this compound, 2,3-DMBH was found with very good binding energy (-4.59 kcal/mol) owing to
the strong interactions like acceptor-acceptor, pi-stacked, conventional hydrogen bonding in the angle

0f 2.50, 2.17 A and pi-anion distance in 3.96 A. The 2D and 3D images are given in Figure 8.
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Figure 7. Docking images of compound (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH)
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Figure 8. Docking images of compound (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH)
against 7E9B.

Molecular Docking Analysis of 5F90 (Anti-breast Cancer Protein)

Crystal structure of a crenomytilus grayanus lectin in complex with Gb3 allyl, namely 5f90 protein
was docked with 2,3-DMBH. In this, the compound exhibited very good binding energy (—4.71
kcal/mol) because of the strong interactions pi-stacked, conventional hydrogen bonding in the angle of
2.29 A and pi-anion distance in 5.40 A (shown in Figure 9).

DFT Studies
Figure 10 illustrates the 2,3-DMBH optimized structure obtained by the basis set B3LYP/6-311++
(d,p) with numbering of atoms [40].

Frontier Molecular Orbital Approach
The frontier orbital concepts suggest that the crystal possesses chemical stability. The highest
occupied molecular orbital (HOMO) functions as an accepting and donating electron in the lowest

© STM Journals 2025. All Rights Reserved 10



Emerging Trends in Chemical Engineering

Volume 12, Issue 2
ISSN: 2349-4786

unoccupied molecular orbital (LUMO). The hues red and green, respectively, represent the positive and
negative phases [41]. The HOMO-LUMO energy gap for 2,3-DMBH is 4.504 eV. It displays the
existence of high and constant excitation energies. The Enomo is associated with a molecule's ability to
disperse electrons, or ionization energy. The ability of a molecule to attach to an electron is known as
Erumo. The energy level of Enovo-Erumo indicates whether a molecule is more likely to absorb or donate
electrons. The HOMO-LUMO diagram, which shows a summary of the findings is shown in Figure 11.
The fragmented HOMO-LUMO energy gap indicates that 2,3-DMBH is an excellent NLO material.

Interactions
- Conventional Hydrogen Bond
E Carbon Hydrogen Bond

VAL
A:146

[ o
|:] Pi-Alkyl
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A:149
<
ALA
A:150
H-Bonds i
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Figure 9. Docking images of compound (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH)

against SF90.

Figure 10. Optimized structure of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).
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Figure 11. Highest occupied molecular orbital-lowest unoccupied molecular orbital (HOMO-LUMO)
diagram of (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).

Molecular Electrostatic Potential

A 3D molecular electrostatic potential (MEP) plot for 2,3-DMBH is displayed in Figure 12.
Investigating nucleophile and electrophile reactivity is beneficial. The electrophile activity of 2,3-
DMBH is shown by the negative area (red color), while the nucleophile activity is represented by the
positive part (blue color) [42]. Various hues in the sequence of red, orange, yellow, green, and blue,
ranging from (deepest red) to (deepest blue), represent the MEP at the molecule's surface. The color
blue represents the strongest attraction, whereas the color red represents the most repulsion. For
electrophilic assaults on atoms O and N, which are shown by the color red in Figure 12, the majority of
electronegative atoms are located.

Mulliken Atomic Charge of 2,3-DMBH

Figures 13 and 14 display the Mulliken atomic charge distribution for 2,3-DMBH that has been
gathered via B3LYP/6-311++ (d,p). Massive, negatively charged atoms are contributors of electrons,
whereas positively charged atoms are receivers of electrons. N or O-H atoms may result in the
generation of an intermolecular hydrogen connection [39].

Nonlinear Optical Properties

Because of its strong laser harmonic activity, quick NLO response, low insulation constants, rapid
electron cloud movement from donor to acceptor, and high NLO susceptibilities, we target this kind of
molecule [37, 43—46].

Figure 12. Molecular electrostatic potential (MEP) diagram of
(E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH).
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Figure 13. Mulliken atomic charge distribution diagram of (E)-1-(2,3-dimethoxybenzylidene)
hydrazine (2,3-DMBH).

Figure 14. Mulliken atomic charge distribution diagram of (E)-1-(2,3-dimethoxybenzylidene)
hydrazine (2,3-DMBH).

Table 6 computes the compound electronic dipole moment, molecular polarizability, and first-order
hyperpolarizability of 2,3-DMBH using the B3LYP/6-311++G (d,p) basis set. 3.9336 Debye, 7.4 x 10~
2 and 6.45 x 107 esu are the computed values for the total molecule dipole moment, polarizability,
and initial hyperpolarizability, respectively. The initial hyperpolarizability parameter of urea has been
found to be 0.13 x 102* esu. The results indicated that the 2,3-DMBH molecule has an initial
hyperpolarizability parameter that is about two times larger than urea's. The ring of aromatics and the
accepting and donating functional substituents, C2-H202, may both be helpful in explaining the high
value of the parameter. The length of the bridge connecting the end groups of the molecules provides
an additional reason for the high value of the initial hyperpolarizability. A longer bridge between the
donor and acceptor groups may enhance the 2,3-DMBH molecule's nonlinear optical characteristics.
This explanation demonstrates that 2,3-DMBH, an organic substance, is a prime example of an NLO
active crystal.
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Table 6. The molecular electric dipole moment p (Debye), polarizability (o),
and first-order hyperpolarizability (Bo) of (E)-1-(2,3-dimethoxybenzylidene)
hydrazine (2,3-DMBH).

Dipole Moment Debye Hyperpolarizability(Bo) | x 1073 esu
Ux 6.4757 Bxxx 76.7203
wy 3.4380 Byyy -4.3049
uz 4.4539 Bzzz -1.2632
UTOTAL 8.5786 Bxyy -2.6337
Polarizability (o) | x 102 esu Bxxy -15.043
OXX -74.93 Bxxz -33.336
ayy -67.43 Bxzz 0.9196
0zz -80.74 Byzz -9.328
oXY -4.95 Byyz 3.2802
oxz -11.31 Bxyz 5.7491
ayz 0-0.29 Bo 6.45393
oo 7.4 %1072

SUMMARY

Using conventional technique, (E)-1-(2,3-dimethoxybenzylidene) hydrazine (2,3-DMBH) was
synthesized at ambient temperature. The synthesized product was characterized by the spectral techniques
like FT-IR, *H-NMR, *C-NMR. The stretching vibrational frequencies at 1621.50 cm™ confirms the
presence of HC=N bond. In the "H-NMR spectrum, the singlet at 8.999 ppm confirms the HC=N proton,
and it correlates the 12 protons of 2,3-DMBH compound. In the *C-NMR spectrum of 2,3-DMBH has
9 signals and it correlates the 9 carbons of the 2,3-DMBH compound. UV-visible spectrum shows the
maximum absorbance at 390 nm. The value of energy band gap at 4.69 eV and lower cut-off wavelength
shows that the grown title material is suitable for the photonics and optical applications. The
effectiveness of the produced compounds as drug candidates was also assessed using ADME
calculations and Lipinski’s rule verification. The molecular docking studies of the synthesized
compounds 3(a-g) against six different proteins (3ERT, 3EWD, 7E9B, and 5F90) were carried out using
AUTO DOCK software and obtained very good promising results. The compound 2,3-DMBH has good
binding value against all the proteins in the order of 3ERT > 5F90 > 7E9B > 3EWD protein with
respective binding energy in kcal/mol of -5.44 > -4.71 > -4.49 > -4.43. From the discussion 2,3-DMBH
has act as a good drug candidate. DFT quantum mechanical studies were used to explain stability, [CT
reactions. From the frontier molecular orbital theory, bandgap between HOMO and LUMO is calculated
and it is 3.25 eV. MEP describes the mapping of nucleophilic and electrophilic activity of 2,3-DMBH
by color codes deepest red to deepest blue. Mulliken charge of electronegativity illustrates ICT reaction
between N—H and O—H. The first-order hyperpolarizability value of 2,3-DMBH was calculated using
quantum mechanical calculations of DFT program in the basis set of B3LYP/6-311++ (d, p). The first-
order hyperpolarizability value of 2,3-DMBH is greater than that of urea value. From this evidence 2,3-
DMBH is a good NLO active crystal and it may be applied to optical and laser safety gadgets.

CONCLUSION

The synthesized Schiff base, (E)-1-(2,3-dimethoxybenzylidene)hydrazine (2,3-DMBH), was
confirmed through spectral and computational studies. It exhibited strong chemical stability, notable
NLO properties, and a suitable energy band gap for optical applications. ADMET analysis and molecular
docking revealed its potential as a drug candidate with good bioavailability and binding affinity. Overall,
2,3-DMBH shows promise for applications in both photonic and pharmaceutical fields.
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