International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

DFT Calculation and in silico ADMET Studies of
Syringaldehyde 4-hydroxy-3,5-
Dimethoxybenzaldehyde (6-chloropyridazin-3-yl)
Hydrazone Hydrate

U. Muhammed Rafi

Post-Graduate and Research Department of Chemistry, The New College, University of Madras, Chennai 600 014, India
Corresponding Author Email: muhammedraffifat]gmail.com

Abstract: This study presents an analysis of 3-Chloro-6-(4-hydroxy-3,5-dimethoxybenzylidenehydrazinyl)pyridazine, employing a
multifaceted approach that integrates NMR spectroscopy, Density Functional Theory (DFT) and in silico pharmacokinetic analysis, to
explore their nuclear resonance, electronic and pharmacokinetic properties. Utilizing DFT analysis with the B3LYP functional and the
6-311++G(d,p) basis set, molecular geometries were optimized, offering insights into the molecular structure and stability of the compound.
Frontier Molecular Orbital (FMO) analysis revealed the stability level of the compound. The band gap energy and chemical reactivity
parameters were also computed. Chemical potential and hardness analyses highlighted stronger binding affinity for the compound,
suggesting stronger potential interactions. In silico ADME study was also performed and the results suggested the presence of high drug-
likeness of the synthesized compound. This study underscores the promising role of this compound in providing a solid foundation for

future drug development and optimization efforts.
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1. Introduction

Pyridazine has wide applications in drug design [1],
agrochemical activities [2] and has also been used as ligands
in coordination chemistry. There have been numerous
systems such as acyclic ligands [3], coordination polymers
T4], cryptands [5] and also macrocycles [6] in which
pyridazine units have been incorporated. Pyridazine
derivatives have been the subject of extensive study in recent
years, and the results have demonstrated a broad spectrum of
pharmacological actions, including antidepressant [7], COX-
2 inhibitor [8] and anticancer properties [9, 10]. The
introduction of new substituents or functional groups at
various positions on aromatic or heteroaromatic fragments of
a potential drug may cause changes in its molecular shape,
allowing for optimal receptor binding, as well as changes in
its physicochemical properties, which affect drug distribution
and metabolism [11]. When compared to pyridine systems,
the distinct electronic ligand characteristics can be expected
to result in a distinct chemical behavior. Pyridazine's two N-
donor atoms reduce its electron donor capabilities in
comparison to pyridine; this is demonstrated by the
significantly lower pKa values (2.24 for parent pyridazine and
5.25 for pyridine) [12]. With the recent discovery of
compounds that may be used as medicines, pyridazines and
their derivatives have drawn a lot of attention due to their
structural significance in a number of physiologically active
compounds [13, 14]. Antimicrobial activity against Gram
(+ve) (Staphylococcus aureus and Streptococcus faecalis) and
Gram (-ve) (Escherichia coli and Pseudomonas aeruginosa)
bacteria was shown by 1-[4-(2-methoxybenzyl)-6-
arylpyridazin-3(2H)-ylidene]hydrazines during screening
[15]. In comparison to the common medications nevirapine
and delavirdine, diarylpyridazine derivatives  with
substituents of 2,6-dibromo-4-methyl and p-CN were found

to be highly effective in inhibiting HIV-1 (Human
Immunodeficiency Virus type 1) IIIB in MT-4 cells [16].

The current research has focused on a heterocyclic compound
containing a pyridazine unit, which is a part of our research
on the synthesis of pyridazine compounds, exhibiting
biological and pharmacological activities. Single crystal X-
ray diffraction analysis has already determined the crystal
structure of the compound and reported in the literature [17].
Theoretical calculations based on the DFT approach were
used to compare the structural parameters and to obtain
additional information on the reactivity descriptors of the
compound. Recently, in silico ADMET profiles are often used
to ascertain whether a compound can get to its target site,
hence pharmacological profile of the compound was
evaluated through an analysis of drug-likeness, bioactivity
and Lipinski's violation of 5.

2. Experimental Section
2.1 Materials and instrumentation

The compound (1) was synthesized by following the
procedure as described in the literature [17]. Bruker Avance
spectrometer was used to record NMR spectra of the
compound using DMSO-d; as solvent (400 MHz for 'H and
100 MHz for '3C NMR) at room temperature and chemical
shift values were expressed in J values (ppm) relative to
tetramethyl silane (TMS) as an internal standard.

'H NMR (400 MHz, DMSO-de): 8 11.579 (s, 1H, NH), 8.765
(s, 1H, azomethine —CH=N), 8.005 (s, 1H, phenolic proton),
7.614 —7.684 (d, 2H, Arpe,—H), 6.966 (s, 1H, Ar—H), 3.819 (s,
6H, OCH;). 3C NMR (100 MHz, DMSO-ds): § 159.41,
148.64, 143.16, 137.67, 130.34, 125.48, 116.24, 104.48,
56.49.

Volume 14 Issue 6, June 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWWw.ijsr.net

Paper |D: SR25627141017

DOI: https://dx.doi.org/10.21275/SR25627141017

1821


http://www.ijsr.net/
mailto:muhammedraffi@gmail.com

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

2.2 Computational details

The molecular orbital calculations of the compound were
carried out by employing the density functional theory (DFT)
at B3LYP level and 6-31G (d,p) basis set [18] using the
Gaussian 03 software package in the gas phase [19].

2.3 Prediction of pharmacokinetic parameters

Pharmacokinetic  properties (Absorption, Distribution,
Metabolism and Excretion) of the compound was calculated
through SwissADME (http://www.swissadme.ch/index.php),
Molinspiration  (https://molinspiration.com/cgi/properties)
and admet SAR prediction tool
(http://Immd.ecust.edu.cn/admetsar1/predict/) web portals
[20-22].

3. Results and discussion

3.1 NMR spectroscopy

(o] c% TN
H H

The 'H and 3C NMR spectrum are shown in (Fig. 1 & 2).
The appearance of a signal around 8.765 ppm is due to
formation of the imine moiety and a peak at 4.40 ppm not
observed suggest the disappearance of the primary amine
group. The aromatic protons of the pyridazine and phenolic
rings were observed as a quartet in the region 7.614-7.684
ppm and as a singlet at 6.966 ppm, respectively. The presence
of two methoxy substituents and a phenolic hydroxyl group is
evidenced by a singlet peak at 3.819 ppm and at 8.005 ppm,
respectively. The *C NMR spectrum of the compound was
characterized by the presence of a characteristic signal at
159.41 ppm for the azomethine carbon (C=N) and absence of
a signal at 198 ppm corresponding to an aldehyde group. The
spectrum was further characterized by the peaks in the range
of 148.64—104.48 ppm due to carbons of phenyl ring and by
the peaks at 56.49 ppm corresponding to methoxy carbons.
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Figure 1: 'H NMR spectrum of the compound (1).
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Figure 2: 3C NMR spectrum of the compound (1).

3.2. Molecular geometry

The compound (1) was optimized through the B3LYP / 6-
31+G(d,p) level of calculation in the gas phase. As the
crystallographic data of the compound (1) was available [17],
the important bond length and bond angle parameters of the
compound obtained from DFT calculations were compared
with the crystallographic data. The compound under
investigation corresponds to C/ point group symmetry. The
computational and experimental values of the selected
structural parameters including bond lengths and bond angles
are listed in Table 1, and the optimized geometry structure of
the compound is shown in Fig. 3. The identified bond lengths
were good reliable with the experimental parameters and the
deviations could take place due to the intramolecular
hydrogen bonding interactions. In general, the calculated
bond lengths are typically longer than the experimental data
because the former are optimized in the gas phase while the
latter are in a tight crystal lattice. It was concluded that the

sequences of B3LYP functional with both 6-31+ G(d,p) basis
sets have produced compatible results with the experimental
values. The compound has been computed to have a dipole
moment of 6.79 B.M.
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Figure 3: The optimized geometry structure of the
compound (1) utilizing B3LYP / 6-31+G(d,p) level of
calculation.

Table 1: BALYP/GEN and B3LYP/LANL2DZ Bond lengths (A), Bond angles (°) and Torsion angles (°) of the compound (1)

p " Experimental | Theoretical P N Experimental | Theoretical
arameters values [17] values arameters values [17] values
Bond length (A) Bond angle (°)
C(1)-N(1) 1.301(3) 1.325 N(D-C(1)-C(2) 124.45(18) 124.35
C(1)-C(2) 1.394(3) 1.405 N(1)-C(1)-CI(1) 115.48(14) 116.53
C(1)-CI(1) 1.7391(19) 1.816 C(Q)-C(H)-C1(1) 120.06(16) 119.11
C(2)-C(3) 1.364(3) 1.381 C(3)-C(2)-C(1) 117.15(19) 117.17
C(2)-H(2) 0.9300 1.082 C(3)-C(2)-H(2) 121.4 122.02
C(3)-C) 1.401(3) 1.414 C(1)-C(2)-H(2) 121.4 120.80
C(3)-H(3) 0.9300 1.081 C(2)-C(3)-C) 117.61(17) 116.98
C(4)-N(2) 1.341(2) 1.357 C(2)-C(3)-H(3) 121.2 122.90
C(4)-N(3) 1.354(2) 1.374 C(4)-C(3)-H(3) 121.2 120.11
C(5)-N4) 1.278(2) 1.299 N(2)-C(4)-N(3) 113.43(16) 113.94
C(5)-C(6) 1.461(2) 1.457 N(2)-C(4)-C(3) 121.84(17) 123.10
C(5)-H(5) 0.9300 1.095 N(3)-C(4)-C(3) 124.73(15) 122.59
C(6)-C(11) 1.392(2) 1.414 N(4)-C(5)-C(6) 122.67(16) 122.43
C(6)-C(7) 1.396(2) 1.403 N(4)-C(5)-H(5) 118.7 120.96
C(7)-C(8) 1.385(2) 1.400 C(6)-C(5)-H(5) 118.7 116.61
C(N-H(7) 0.9300 1.084 C(11)-C(6)-C(7) 120.11(14) 119.53
C(8)-0(1) 1.371(2) 1.388 C(11)-C(6)-C(5) 122.13(15) 121.55
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C(8)-C(9) 1.387(2) 1.399 C(7)-C(6)-C(5) 117.76(15) 118.92
C(9)-0(2) 1.3660(18) 1.385 C(8)-C(7)-C(6) 119.90(15) 121.41
C(9)-C(10) 1.399(2) 1.411 C(6)-C(7)-H(7) 120.0 121.13
C(10)-003) 1.3639(18) 1.398 C(7)-C(8)-C(9) 120.37(15) 119.04
C(10)-C(11) 1.385(2) 1.385 C(8)-C(9)-C(10) 119.54(13) 119.34
N()-NQ) 1.3502) 1.356 0(3)-C(10)-C(11) 125.42(14) 125.9
NG)-N4) 1.3776(18) 1.370 0(3)-C(10)-C(9) 114.13(13) 112.23
Torsion angle (°) C(11)-C(10)-C(9) 120.45(14) 121.86
N(1)-C(1)-C(2)-C(3) 1.1(3) 0.01 C(10)-C(11)-C(6) 119.62(14) 118.78
CI()-C(1)-CQ2)»-CB3) | -177.79(14) | -179.98 C(10)-C(11)-H(11) 120.2 122.06
C(1)-C(2)-C(3)-C(4) 0.73) 0.003 C(6)-C(11)-H(11) 120.2 119.16
C(2)-C(3)-C(4)-N(2) -0.603) 20.016 | H(12A)-C(12)-H(12B) 109.5 110.04
N(4)-C(5)-C(6)-C(11) 1.3(3) 0.599 0(3)-C(12)-H(12C) 109.5 110.77
N(@)-C(5)-C(6)-C(7) | -179.92(16) | -178.87 | H(12A)-C(12)-H(12C) 109.5 109.96
C(11)-C(6)-C(7)-C(8) 0.3Q2) 0.546 | H(12B)-C(12)-H(12C) 109.5 109.83
C(5)-C(6)-C(7)-C(8) | -179.14(15) | -179.97 O(1)-C(13)-H(13A) 109.5 110.36
C(6)-C(7)-C(8)-C(9) 0.4(3) 0.368 | H(13A)-C(13)-H(13B) 109.5 109.92
0(1)-C(8)-C(9)-0(2) -0.92) 1.65 O(1)-C(13)-H(13C) 109.5 11112
C(7)-C(8)-C(9)-0(2) | 178.79(15) 178.06 | H(13A)-C(13)-H(13C) 109.5 109.84
O(1)-C(8)-C(9)-C(10) | -179.39(15) | -177.61 | H(13B)-C(13)-H(13C) 109.5 111.02
0(2)-C(9)-C(10)-0(3) 0.5Q2) 1.209 C(1)-N(1)-N(2) 118.87(15) 119.40
0(2)-C(9)-C(10)-C(11) | -179.64(15) | -178.11 C(4)-N(2)-N(1) 120.06(16) 118.99
C(3)-C(9)-C(10)-C(11) | -1.2(2) 1.16 C(4)-N(3)-N(4) 121.33(16) 121.40
0(3)-C(10)-C(11)-C(6) | -178.81(15) | -179.27 C(8)-0(1)-C(13) 118.43(15) 119.64
C(9)-C(10)-C(11)-C(6) 1.4Q2) -0.246 C(9)-0(2)-H(20) 109.9(16) 108.32
C(7)-C(6)-C(11)-C(10) | -0.6(2) -0.603 C(10)-0(3)-C(12) 117.62(13) 118.81

3.3 Frontier molecular orbitals (FMOQOs) analysis

The highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) make up the Frontier
Molecular Orbitals (FMOs). FMOs have an important role in
the study of electrical and optical properties of a compound.
The HOMO-LUMO gap quantifies the chemical stability of
molecules and a larger gap implies that a molecule is more
stable and therefore less reactive [23]. The DFT calculation
was done using B3LYP functional, supplemented with the
standard 6-31G (d,p) basis set in gas phase, which computed
the Enomo value has —7.57 eV, while ELumo value has —5.02
eV, and the band gap, AE value has 2.55 eV for the compound
(Fig. 4). The compound exhibited a small HOMO-LUMO
energy gap, indicating its semiconductor nature, as the
observed band gap matches with the well-established band
gap energy of semiconductors (<3 eV) [24].

Using Koopman’s theorem, the Exomo and Erumo values can
be applied to determine the global chemical reactivity
descriptors such as chemical potential (x), hardness (7),
softness (S) and electrophilicity index (w) , which were
deduced from ionization potential (IP = —Enomo) and electron
affinity (EA = —Erumo) values and the calculated chemical
reactivity descriptor values were summarized in Table 2.
Further, the compound has high chemical potential and
electrophilicity index value, which indicates that the
compound to be chemically and biologically active.
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Figure 4: Frontier molecular (HOMO and LUMO) plots of
the compound (1) obtained by the B3LYP / 6-31+G(d,p)
method.

Table 2: Calculated HOMO—-LUMO Energy Gap, Chemical
potential (1), chemical hardness (#), softness (S) and
electrophilicity (w) values of the compound (1) calculated

by the DFT method.
Parameters Values Parameters Values
(eV) (eV)
Energy band gap | 2.55 | Chemical Hardness 1.27
lonization potential | 7.57 Chemical potential —6.29
Electron affinity 5.02 Softness 0.39
Electronegativity | 6.29 | Electrophilicity index | 15.54

3.4 In silico pharmacokinetics studies

The key parameters in drug discovery are pharmacokinetics
and toxicological studies. The compound (1) complied with
Lipinski's rule of five [25] for the prediction of drug-likeness
of the compound. The drug molecules of higher molecular
weight are not readily transported and have poor absorption
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compared to molecules with low molecular weight [26]. The
compound has a molecular weight of 308.7, which is less than
500 Da and the TPSA value is also low, indicating the
compound can easily cross cell membranes. The high
lipophilicity expressed as LogP is 1.98, which indicates that
the compound has good absorption or permeation across the
cell membrane. The absorption percentage (AB%) was
calculated using the following formula [27];

AB% =109 —(0.345 x TPSA)

The compound possessed AB% greater than 50%, which
indicates the compound to have proper bioavailability,
distribution and circulation by oral route [21, 28]. A positive
drug-likeness score was assessed for the compound (Table 3),
which indicates that the compound can act as a potential drug
candidate.

Table 3: Drug-likeness profiles of compound (1) were evaluated by Lipinski's 'rule of five' using the SwissADME web-server

tool.
Compound Mass |Hydrogen bond | Hydrogen bond | LogP TPSA Absorption percentage | Drug likeness
p (<500) | donor (<5) Acceptor (<10) | (<5) (£140) (AB%) (> 50%) Score (> 0)
1 308.7 2 6 1.98 88.86 78.34 0.55

Molinspiration was employed to determine the activity of the
compound (1) against G-protein coupled receptor ligand
(GPCRL), ion channel modulator (ICM), kinase inhibitor
(KI), nuclear receptor ligand (NRL), protease inhibitor (PI),
and enzyme inhibitor (EI) in addition to verifying the
bioactivity scores of the compound [22]. A bioactivity score
> 0 indicates significant biological activity, while a score
between —0.50 and 0.00 indicates moderate biological
activity, and a score < —5.0 indicates inactivity for the
compound under consideration [29]. The compound
demonstrated moderate biological potential against GPCRL,
ICM, KI and EI (Table 4). Based on the observed values, the
compound was evaluated as a better kinase and enzyme
inhibitor and can be used to develop drugs for diseases caused
by kinase dysregulation, such as cancer, diabetes and
inflammation.

Table 4: Bioactivity scores prediction of the compound (1)

by Molinspiration
Compound| GPCRL| ICM KI NRL PI ElI
1 —0.44 | —0.44 | —033 | —0.98 | —0.82 | —0.25

To understand the physicochemical interactions and drug-
likeness properties of the compound, the ADMET properties
of the compound (1) were predicted using the admetSAR
prediction tool. Table 5 lists the main objectives of the
ADMET study, which indicates that the compound showed
optimal solubility (LogS) with values higher than —4 (> —4)
[21]. The compound has an excellent human intestinal
absorption (HIA) value of 0.88, indicating that it may be
better absorbed from the intestinal tract after oral
administration. The compound also had a better Blood Brain
Barrier (BBB) value of 0.80 and Caco-2 permeability value
of 0.55. The optimal LD50 value indicates that the compound
is not lethal. Finally, the ADMET properties showed that the
compound to be non-AMES toxic and non-carcinogenic in
nature.

Table 5: ADMET prediction profile of the compound (1) through admetSAR.

Compound |Log S (> —4) Blood Brain Human intestinal Caco-2 Ames Carcinogenici LDso (rat acute
P & Barrier (BBB) | absorption (HIA) | permeability | toxicity genielty |y oxicity) (mol/kg)
1 —3.85 0.8 0.88 0.55 Non-toxic |Non-carcinogen 2.42
4. Conclusion Acknowledgements

Using the DFT method, the HOMO-LUMO calculations were
carried out, which indicated the compound (1) to have better
biological activity and the band gap value was within the
acceptable range of organic semiconductors, which indicated
the semiconductor nature of the compound. Pharmacokinetics
profiling using Lipinski's 'rule of five' and ADMET studies
predicted the drug-likeness and nontoxicity of the compound.
The pharmacokinetic evaluation suggested that the compound
might function as a more potent kinase inhibitor, making it a
promising treatment option for cancer. Future research will
focus on synthesis of metal complexes using the synthesized
compound as the ligand and will look into the potential of the
compound and its metal complexes for in vitro biological
studies.
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