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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), 1H nuclear magnetic resonance (NMR), and 13C 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 (-OCH3) 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 [MAO] 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. S           u    f (E) 1 (                        )           (     M  ). 

 

MATERIALS AND METHODS 

Synthetic Route 
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Characterization Techniques 
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RESULTS AND DISCUSSION 

FT-IR Spectrum 
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NMR Spectrum 
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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 
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Figure 2. ( ) 1  NMR       u   f (E) 1 (                        )           (     M  ). 

 

 
Figure 2. ( ) 1 C NMR       u   f     (E) 1 (                        )           (     M  ). 
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Table 2. 1  NMR        f (E) 1 (                        )           (     M  ). 

Functional Group -NH2 Aromatic proton Azomethine (HC=N) -OCH3 

C           f  (   )  .104 6.945 7.678 8.999  .8 5   .848 

 

Table 3. 1 C NMR       u         f (E) 1 (                        )           (     M  ). 

Functional Group Aromatic carbon Azomethine (HC=N) OCH3 

C           f  (   ) 115.   1 7.4  157.08 54.84  60.9  
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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 Po/w), a feature that permits drugs to 
             ’                                            f                 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] 

S            u        g          v      g            v       g                          . T   
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Molecular Docking Studies 
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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 Å, and pi-alkyl distance at a distance of 3.83 Å. Figure 6 shows the 2D and 
3D image of compound 2,3-DMBH. 

 

Molecular Docking Analysis of 3EWD (Anti-malarial Protein) 
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Figure 5. (E) 1 (                        )           (     M  )                     (   ) 
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Figure 7.    k  g    g    f      u   (E) 1 (                        )           (     M  ) 
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DFT Studies 
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u    u          u            (LUMO). T    u           g              v                         v      
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Figure 10. O            u  u    f (E) 1 (                        )           (     M  ). 
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Figure 11.   g        u          u           –  w    u    u          u            ( OMO LUMO) 
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Molecular Electrostatic Potential 
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Mulliken Atomic Charge of 2,3-DMBH 
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Nonlinear Optical Properties 
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Figure 13. Mu   k              g         u        g     f (E) 1 (                        ) 

          (     M  ). 

 

 
Figure 14. Mu   k              g         u        g     f (E) 1 (                        ) 
          (     M  ). 
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Table 6. T        u                            (     )                 (0)  

    f                               (0)  f (E) 1 (                        ) 

          (     M  ). 
Dipole Moment Debye Hyperpolarizability(β0)  10–30 esu 

μ  6.4757 β    76.7 0  

μY  .4 80 βYYY  4. 049 

μ  4.45 9 β     1. 6   

μTOT L 8.5786 β YY   .6  7 

P              (α0)  10–     u β  Y  15.04  

α    74.9  β       .  6 

αYY  67.4  β    0.9196 

α    80.74 βY    9.  8 

α Y  4.95 βYY   . 80  

α    11. 1 β Y  5.7491 

αY  0 0. 9 β0 6.45 9  

α0 7.4 × 10–   

 

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, 1H-NMR, 13C-NMR. The stretching vibrational frequencies at 1621.50 cm–1 confirms     

          f  C=N     . I      1  NMR       u          g       8.999        f          C=N         

                      1           f      M        u  . I      1 C NMR       u   f      M       

9   g                           9          f          M        u  . UV v             u     w      

     u                 90   . T   v  u   f     g       g      4.69  V       w    u   ff w v    g   

   w           g  w                     u       f                                         . T   

 ff    v       f         u         u         ug            w                 u   g   ME 

    u            L     k ’   u   v   f       . T        u       k  g   u      f                 

     u     (  g)  g            ff               ( ERT   E    7E9       5F90) w             u  u   g 

 UTO  OCK   f w                 v    g            g    u   . T        u        M       g    

      g v  u   g                                     f  ERT > 5F90 > 7E9  >  E           w    

        v        g     g     k         f  5.44 >  4.71 >  4.49 >  4.4 . F            u           M   

             g      ug          .  FT qu   u               u     w    u                          ICT 

         . F        f             u                        g      w     OMO     LUMO        u      

           . 5  V. MEP                     g  f  u                                 v     f      M   

                                        u . Mu   k       g   f          g   v       u        ICT          

   w    N—      O— . T   f                               v  u   f      M   w       u      u   g 

qu   u                 u         f  FT    g                      f   LYP 6  11++ (    ). T   f     

                          v  u   f      M      g                  f u    v  u . F          v           

 M        g    NLO     v                                                       f    g  g   . 

 

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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