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This paper presents a theoretical analysis of the L-Lysine molecule using the DFT (density functional theory) method
with a 6-311++G(d,p) basis set, a quantum-mechanical atomistic simulation method. The research encompasses
the analysis of optimized chemical structure, vibrations, FMO, ELF, NLO, RDG, etc,, to study the molecule’s intensive
properties, stability, and other biological activities. IR and UV spectra were analysed for the spectrochemical study,
and the VEDA program was used to determine the PED values. The chemical reactivity of the molecule was identi-
fied through analysis of the Frontier molecular orbitals, Fukui, and molecular electrostatic potential. The electron
localization function and reduced density gradient were determined to understand bonding and electronic structure.
The temperature dependence on the properties of the molecule was estimated. The optical properties of the mol-
ecule were discussed by analyzing the non-linear optical property. The feasibility of the molecule as a therapeutic
drug was examined using the drug likeness concept. Molecular docking analysis was conducted to acquire the best
ligand-receptor complex and to study the molecule’s biological activity.
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Introduction

L-lysine is an essential a-amino acid required for pro-
tein synthesis and various physiological processes. It
plays a critical role as a precursor for proteins and con-
tributes to numerous health benefits, including collagen
formation, antibody production, enzyme and hormone
synthesis, anxiety relief, surgery recovery, and muscle
protein building [1]. As the human body cannot pro-
duce lysine, it must be obtained through diet. However,
lysine deficiency leads to several disease states, such
as anemia, connective tissue defects, protein-energy
malnutrition, and metabolic disorders [2-4]. Despite
its well-known biological significance, there remains
a need to explore its multifunctionality and diverse
applications in industrial and medicinal fields. In par-
ticular, lysine’s growing role in biotechnology, and
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nanotechnology, and its potential to enhance health
outcomes remains underexplored. This study inves-
tigates the structural and functional aspects of lysine,
focusing on its role in health, metabolism, and emerg-
ing applications in nanotechnology and biomaterials.
The purpose of this work is to bridge the gap between
lysine’s essential biological functions and its broader
applications, which could have significant implications
in medicine and industry.

The chemical structure of lysine, or L-Lysine (com-
monly referred to as (25)-2,6-diaminohexanoic acid
[DAHA]), is C6H14N202. This aliphatic compound
consists of a protonated amine group (NH;), a carbox-
ylic group (COO-), and a lysyl side chain ((CH2)4NH2).
DAHA is symbolized as Lys or K and is a positively
charged, dibasic amino acid due to its second primary
amino group. These unique structural features allow
DAHA to participate in intermolecular charge transfer,
giving it distinct functional properties. The lysyl side
chain differentiates DAHA from other amino acids, con-
tributing to its biological and biochemical roles. Notably,
lysine is abundant in histones, essential proteins for DNA
packaging, with lysine-rich variants such as H1, H2A,
and H2B [5].

Historically, Heinrich Drechsel, a German chemist,
first isolated DAHA from casein [6]. DAHA is synthe-
sized industrially as monohydrochloride (DAHA-HCI)
through fermentation using Corynebacterium, followed
by HCI neutralization and crystallization. Alternatively,
fluidized bed granulation can synthesize it as carbonate
granules, where carbon dioxide produced during fermen-
tation neutralizes the DAHA solution [7].

Metabolically, DAHA is converted into acetyl-CoA, an
essential intermediate for ATP production. Its deriva-
tive, allysine, is a key component in synthesizing col-
lagen and elastin, critical for connective tissue integrity
[8]. DAHA supplements are widely used to reduce the
frequency of cold sore outbreaks by controlling the her-
pes simplex virus (HSV) [9]. Beyond its health benefits,
lysine has emerging applications in industrial and tech-
nological fields. For example, DAHA’s role as a crystal
growth inhibitor is being explored in producing nano
zeolites, an area of growing industrial importance. Fur-
thermore, combining DAHA with L-arginine enhances
collagen production and bone-forming cell activity, dem-
onstrating its relevance in bone health and regenera-
tive medicine. The findings highlight lysine’s significant
potential in traditional health supplements and advanced
fields such as tissue engineering and nanomaterials. In
athletics, DAHA is a protein supplement aiding muscle
recovery after stress. These findings highlight lysine’s
multifunctionality and its significance in industrial chem-
istry, medicinal chemistry, and cosmetics [10-12].
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Studies on DAHA remain limited, leaving many of
its valuable properties unexplored. This work investi-
gates DAHA’s molecular characteristics using quantum
chemical methods, integrating theoretical and experi-
mental analyses such as FTIR and UV-Vis spectroscopy.
Computational calculations were conducted to analyze
its structure, with docking assays assessing its poten-
tial as a drug candidate or precursor. Key properties
were explored and compared with experimental results,
including vibrational modes, NLO, MEP, ELF, FMO, and
thermodynamic variables. The study provides a compre-
hensive understanding of DAHA’s characteristics and
builds upon recent studies examining biologically active
compounds, their structures, spectral data, and pharma-
cological potential [13-20].

Experimental details

A Perkin Elmer Spectrum FTIR instrument with a KBr
beam splitter obtained FTIR spectra for solid-state
DAHA in the 4000-550 cm™! range. Using methanol as
the solvent, a UV-1280 multifunctional spectrometer
encompassing the ultraviolet range of 200-800 nm was
used for UV-Visible analysis.

Computational methods

Density functional theory (DFT) is a crucial compo-
nent of contemporary theoretical physics and a tool for
characterizing molecules. The current study employs
GaussView 5.0 and Gaussian 09W [21] to calculate the
quantum chemical parameters. The B3LYP functional
and the 6-311++G(d,p) basis set were used to deter-
mine the optimal geometry corresponding to the low-
est energy [22, 23]. The optimized structure was used
to analyze the molecular structural parameters, wave
numbers, and highest occupied molecular orbital-lowest
unoccupied molecular orbital, Non-Linear Optical, and
Frontier Molecular Orbital Analysis. The VEDA program
calculated the vibrational PED (potential energy distri-
bution) [24]. The scaling factor of 0.9614 was applied to
the frequencies to calculate the vibrational spectra of
the molecule accurately [25]. TD-DFT method with the
mentioned basis set was utilized to study the UV-Vis in
the gaseous phase. All graphs and figures were created
using Origin8.0 software and Multiwfn programs [26,
27]. The Atomistica thermo online tool provides the ther-
modynamic properties of the molecule. The swiss ADME
program [28] analyzed the molecule’s drug similarity and
ADME characteristics. Molecular docking was examined
using Autodock-Vina, and the interactive visualization
and docking results were analysed using the UCSF Chi-
mera program [29]. Koopman’s theorem [30] was utilised
to calculate the ionisation potential (IP) and the electron
affinity (EA), i.e,, EA=—E; jp0 And IP=— Ejom0.
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Result and discussion

Optimized molecular geometry

DFT, B3LYP attained the equilibrium molecular structure
of the DAHA and the basis set 6-311++ G(d,p). DAHA is
a neutral molecule with a single spin, a C1 point group,
and a dipole moment of 5.8381 Debye. Table 1 presents
the optimized bond lengths (BL) and bond angles (BA)
of DAHA, as listed in Table 2. These values were deter-
mined experimentally from the CIF file [31] and theoreti-
cally using B3LYP/6-311++ G(d,p), B3LYP/6-31+G(d),
B3LYP-D3, and CAM-B3LYP, analyzing 22 BL and 39
BA. Figure 1 shows the optimized structure of DAHA.
It is an aliphatic compound with two amino groups and
a carboxylic acid group. It follows a linear structure. The
DAHA molecule has 2 N-C, 5 C-C, 2 C-0, 4 N-H, and
9 C-H bonds. All C-C bonds have similar lengths and
are also closely proximate to the exact C—C BL (1.54 A).
Among all the C-C bonds, the C1-C2 bond that binds
to the most electronegative oxygen atom has the more
considerable bond length (1.547 A). The C1-O3 has
a bond length of 1.203 A, which indicates the presence
of a double bond, whereas C1-O4 has a BL of 1.339 A,
which is more remarkable since the OH group is present,
suggesting that there is a single bond. All the C-H bond
lengths are almost equal. Among all these, the C17-H20

Table 1 Optimized geometrical bond lengths of DAHA
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bond has a slighter higher BL (1.1 A). This is due to the
electron-releasing amino group, which induces an elec-
tron cloud and causes a longer bond length of nearer
C-H bond. C-N bonds in the DAHA are almost equal in
length and close to the exact value (1.47 A). All four N-H
bonds are practically equal and around 1 A. CAM-B3LYP
demonstrates the best agreement with experimental val-
ues, accurately predicting key bond angles (C2-C1-03,
03-C1-04) and bond lengths (C1-C2, C1-03, Cl-
04). B3LYP-D3 effectively accounts for dispersion, while
B3LYP/6-3114++ G(d,p) and B3LYP/6-31+G(d) follow
similar reliable trends. Overall, CAM-B3LYP provides
the highest accuracy in reproducing molecular geometry.
As the DAHA molecule is linear and has a flexible side
chain, the steric hindrance is generally minimal com-
pared to the amino acids with bulkier side chains. There
was a significant correlation between the computed
results and experimental results.

Vibrational studies

DAHA is a linear molecule with 24 atoms, producing 66
possible vibrational modes. The theoretically and experi-
mentally recorded IR spectra are depicted in Fig. 2a, b.
The Multiwfn program was used to plot the spectra.
Table ST1 lists experimental wave numbers, computed

Parameter B3LYP/6-311++G(d,p) B3LYP/6-31+G(d) B3LYP-D3 CAM-B3LYP Experimental
Bond length A
c1-C2 1.55 1.55 1.55 1.54 153
C1-03 1.20 1.21 1.20 1.20 1.25
C1-04 1.34 134 1.34 1.33 1.25
C2-N7 148 148 148 147 148
C2-H6 1.09 1.09 1.09 1.09 091
N7-H11 1.01 1.02 1.02 1.01 1.01
N7-H12 1.02 1.02 1.02 1.01 0.89
C2-C5 1.54 1.54 1.53 1.53 152
C5-H9 1.10 1.10 1.10 1.09 1.06
C5-H10 1.09 1.10 1.09 1.09 1.09
C5-C8 153 1.53 1.53 1.52 152
C8-H15 1.09 1.10 1.09 1.09 .11
C8-H16 1.09 1.10 1.09 1.09 1.02
c8-C14 153 1.53 1.53 1.53 1.53
C14-H18 1.09 1.10 1.10 1.09 1.18
C14-H19 1.09 1.09 1.09 1.09 1.07
C14-C17 153 1.53 1.53 1.53 152
C17-H20 1.10 .11 1.10 1.10 1.04
C17-H21 1.09 1.09 1.09 1.09 1.04
C17-N22 147 147 147 146 1.48
N22-H23 1.02 1.02 1.02 1.01 0.82
N22-H24 1.01 1.02 1.01 1.01 097
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Table 2 Optimized bond angles of DAHA
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Parameter B3LYP/6-311++G B3LYP/6-31+G(d) B3LYP-D3 CAM-B3LYP Experimental
Bond angle (°)
C2-C1-03 122.99 122.89 122.89 122.84 116.74
C2-C1-04 114.01 114.20 114.07 114.03 117.73
03-C1-04 122.98 122.88 123.01 123.11 125.49
C1-C2-C5 111.04 111.06 110.99 110.84 109.79
C1-C2-Hé 104.47 104.89 10447 104.57 117.31
C1-C2-N7 109.39 109.13 109.48 109.49 109.72
C5-C2-H6 108.69 108.78 108.74 108.72 103.87
C5-C2-N7 11517 115.10 115.06 114.93 111.75
H6-C2-N7 107.48 107.29 107.51 107.73 104.24
C2-C5-C8 113.81 113.29 11338 113.59 114.64
C2-C5-H9 108.59 108.66 108.61 108.65 106.06
C2-C5-H10 107.82 108.09 108.04 107.86 108.98
C8-C5-H9 109.99 109.96 110.01 110.01 115.66
C8-C5-H10 110.12 110.30 110.30 110.23 103.51
H9-C5-H10 106.22 106.25 106.24 106.22 107.68
C2-N7-H11 11249 112.15 112.29 112.81 10848
C2-N7-H12 111.54 111.12 111.31 111.79 103.52
H11-N7-H12 107.77 107.33 107.66 108.65 123.97
C5-C8-C14 112.88 112.69 112.29 112.75 110.99
C5-C8-H15 110.08 109.05 109.98 110.09 116.72
C5-C8-H16 108.92 109.05 109.01 108.08 113.53
C14-C8-H15 108.97 108.99 109.01 108.99 105.00
C14-C8-H16 109.55 109.62 109.63 109.56 108.28
H15-C8-H16 106.24 106.28 106.26 106.26 101.47
c8-C14-C17 113.26 113.02 113.07 11312 111.56
C8-C14-H18 109.24 109.21 109.25 109.12 109.69
C8-C14-H19 110.17 110.14 11013 110.24 11643
C17-C14-H18 109.10 109.23 109.25 109.12 104.89
C17-C14-H19 108.49 108.59 108.62 108.49 105.19
H18-C14-H19 106.35 106.42 106.39 106.36 108.37
C14-C17-H20 109.07 109.05 108.97 109.06 114.35
C14-C17-H21 109.27 109.26 109.19 109.20 11213
C14-C17-N22 110.71 110.58 110.66 110.65 110.88
H20-C17-H21 106.68 106.75 106.68 106.71 97.84
H20-C17-N22 11342 113.57 113.51 113.35 105.91
H21-C17-N22 107.54 107.47 107.68 107.72 115.06
C17-N22-H23 110.85 110.58 110.77 111.22 107.25
C17-N22-H24 1117 111.01 111.25 111.67 108.39
H23-N22-H24 107.11 106.91 107.14 107.61 96.62

harmonic oscillator wave numbers, IR intensities, and
the PED assignment values of the DAHA molecule [32,
33]. The computed vibrational modes distributions were
obtained through the B3LYP/6-311++G and VEDA
program. It includes both the scaled and unscaled data
of theoretical calculations. Stretching frequencies, in-
plane and out-plane bending frequencies and torsional

vibrations are symbolised as v, 3, and T, respectively [34].
To minimise the unscaled wave number, a scaling factor
of 0.961 is multiplied by the unscaled values. The distri-
bution of vibrational modes is given in descending order.
PED assignments show 23 stretching, 22 bending, and 21
torsional vibration modes. The experimental FT-IR val-
ues were determined in the solid phase of the molecule,
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Fig. 1 Optimized structure of the DAHA molecule in the gas phase
at the 6-311++G(d,p) level of theory
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Fig. 2 aTheoretical FT-IR spectrum, b Experimental Infrared spectra
of DAHA

and the graph was plotted using the FT-IR instrument.
For both experimental and theoretical FT-IR, the R?
value is 0.999, which shows a strong correlation between
both values. Some of the significant vibrations are given
below.

NH, group vibrations
In DAHA, the two NH, groups exhibit N-H IR vibra-
tions: one involves stretching the N-H bonds, and the
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other consists in bending the H-N-H bonds. NH,
group possesses three characteristic absorption bands
in IR. Two are stretching vibrations, which affect sym-
metric and antisymmetric stretching with frequencies of
3300 cm ™! and 3500 cm ™}, respectively. One is the bend-
ing vibration mode with frequencies of 1590-1650 cm™
[35]. Theoretical frequencies were computed using
B3LYP/6-3114++G, and the IR spectra were acquired
through the Multiwfn program. According to the cal-
culated values, N-H bonds show a stretching band at
3460 cm™', 3437 cm™!, 3376 cm™! and 3361 cm™. Vibra-
tions at 3437 cm™! and 3361 cm ™" have a theoretical PED
contribution of 99%. The table shows that the intensity
of IR is zero at 3437 cm™, 3376 cm™, and 3361 cm™%. A
peak at 3460 cm™ is shown in the IR spectra. H-N-H
bending vibrations are computed at 1596 cm™' and
1593 cm™! with 75% and 78% of PED contributions. An
intense peak is observed at these wave numbers in the
IR spectra. N—H bonds’ torsional vibrations are obtained
computationally at 282 cm™! and 25 cm™.

COOH group vibrations

The DAHA exhibits an acid group in its linear structure,
contributing to some peaks in the IR spectra. The car-
bonyl group is affected by substituting the neighbouring
group, whose electrical and physical properties and con-
jugation [36]. The acid group vibrations consist of stretch-
ing and bending modes of O—H, C=0, and C-O bonds.
Generally, Carboxylic acid O—H stretch shows a robust
and comprehensive band at 3300 cm™'-2500 cm™!, and
O-H bend is observed at 1440-1395 cm™. The absorp-
tion pattern observed at this peak is sharp and broad
but will superimpose upon the sharp C-H stretching
bands. Hence, they are indistinguishable from each
other. The B3LYP/6-3114++G computed theoretical cal-
culation lists a stretching vibration at 3330 cm™' with
a theoretical PED contribution of 97%. The bend vibra-
tion of C—O—H shows a band at 1360 cm™' with a PED
value of 74%, the carbonyl C=O stretch generally occurs
at 1760-1690 cm™}, and the C—O stretch is obtained at
1320-1210 cm™. The theoretical calculations give a fre-
quency of 1761 cm™, which indicates the stretching of
C=0. The PED contribution of this stretching is 87%.
Similarly, a Stretch of C-O is obtained at a frequency of
1156 cm™! with 47% PED contribution. In-plane and out-
of-plane bending modes of OCO vibrations are too weak
705 cm™'. The bands of these stretching are more evident
in the FT-IR plots.

CH and CH, vibrations

Typically, C-H bond stretching is noticed between 2800
and 3300 cm™. This band frequency also varies in alkane,
alkene, and alkyne. The DAHA molecule has 9 C-H
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bonds, showing peaks in the IR spectra. The calculated
vibrational bands for C-H stretching are 2966 cm™},
2940 cm™, 2916 cm™, 2915 cm™}, 2905 cm ™, 2890 cm™,
2883 cm™!, 2877 cm™! and 2823 c¢cm™!. The vibrational
band for HCH bending was formed at 1461 cm™,

1447 ¢cm™!, 1433 cm ™! and 1430 cm™

CCvibrations

Generally, CC vibrations are seen at 1300-800 cm™.
Theoretical stretching vibrational bands for C—C stretch-
ing are 1018 cm™!, 1001 cm™, and 935 cm™ with a PED
value of 40%, 32%, and 25%, respectively. Bending vibra-
tions of C—C-C bonds are theoretically perceived at
85 cm™! with a PED value of 54%.

CN vibrations

The titled molecule has two CN bonds that exhibit
stretching vibrations, resulting in peaks in the IR spec-
tra. Generally, C-N single bonds possess a stretching
frequency of 1200-1350 cm™ [37]. Theoretical vibra-
tional stretching bands are seen at 2823 cm™?, 1068 cm™,
1048 cm™ and 1031 cm™'. The bending vibrational fre-
quency of the H-N-C bond is 1371 cm™ with a PED

value of 120%.

UV spectra and frontier molecular orbital analysis

The UV spectra of the DAHA were recorded experimen-
tally in methanol and estimated theoretically in gaseous
form, DMSO, and methanol. The theoretical assessment
was done using TD-DFT by the B3LYP method, and the
-3114++G (d, p) basis set was utilized with PCM (polariz-
able continuum solvation model). The combined spectra
of UV DAHA molecules in different solvents are depicted
in Fig. 3a, and the experimentally portrayed spectra are
shown in Fig. 3b. Experimentally, the maximum pho-
ton absorption in methanol is observed at a wavelength
(Amax) of 256 nm, while computational calculations
show peaks at 221 nm in DMSO and methanol and
229 nm in the gaseous phase. These results indicate mini-
mal changes in absorption peaks across solvents.

The slight variations in Amax arise from differences in
solvent polarity and solute—solvent interactions. Metha-
nol, a polar protic solvent, stabilizes the excited states
more effectively than DMSO (polar aprotic) or the gas-
eous phase, leading to minor shifts in absorption wave-
lengths. This highlights the limited solvent sensitivity of
the molecule’s absorption behavior despite the stabiliz-
ing effects of solvents on electronic transitions. The A,
Band gap, Excitation energy, and oscillatory strength with
the different HOMO—LUMO transition in percentage
were demonstrated in Table 3. The highest transition is
shown by those with more oscillatory strength values [38,
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Fig. 3 a Combined UV-visible spectra, theoretical-gas phase, DMSO,
and methanol, b experimental-methanol of DAHA molecule

39]. By using FMO analysis, the Compound’s other reac-
tivity and chemical stability can be ascertained [40].
FMO study is used to understand the reactiveness
and stability of molecules. It consists of the analysis of
the HOMO and LUMO, which will act as nucleophilic
and electrophilic regions of molecules, respectively. The
HOMO and LUMO energy gap are the lowest energy
possessed by the electrons in a molecule. It determines
the compounds’ stability, chemical activity, molecules’
colour, and other characteristics [41, 42]. Figure 4 shows
the HOMO (- 5.347 eV) and LUMO (- 1.756 eV) dia-
gram of the DAHA molecule, with a HOMO-LUMO
energy gap of 3.591 eV. The HOMO is predominantly
around the NH, attached to the C17 carbon. The red part
denotes the positive region, and the green indicates the
negative area. The LUMO is predominantly around the
COOH group and NH, group attached to the C, carbon.
The HOMO-LUMO energy gap can compute ioniza-
tion energy, electro negativity, electron affinity, chemical
hardness and softness, and chemical potential shows the
DAHA molecule’s computed properties: the ionisation
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Table 3 Comparison of electronic properties of DAHA attained experimentally and calculated by TD-DFT/B3LYP method

Solvents Experimental TD-DFT B3LYP /6-311++G(d,p)
Wavelength Wavelength Band gap (eV) Energy Oscillatory Assignments
Amax (NM) Armax (NM) (em™) strength
(f)
Gas - 204 6.08 49061.87 0.01 H—L1+2(91%)
229 538 43356.31 0.01 H—L+1(68%)
211 5.89 47474.58 0.01 H-1—>1(41%)
DMSO - 221 561 45217.84 0.02 H—L+1(75%)
196 6.31 5092824 0.01 H—L+3(71%)
198 6.27 50574.16 0.01 H—L+2(25%)
Methanol 256 221 561 4521058 0.02 H—L+1(75%)
196 6.31 50912.92 0.01 H—L+3(71%)
198 6.27 50550.77 0.01 H—L+2(25%)
HOMO-=-5.346ev HOMO-1=-5.888ev HOMO-2=-6.251ev
29
2 ? 2
) » i B
@9 ‘5 o 4 >
o s 4
ENERGY GAP ENERGY GAP ENERGY GAP
(-3.590ev) (-5.212ev) (-5.712ev)
LUMO=-1.756ev LUMO+1=-0.676ev LUMO+2=-0.539%ev

Fig. 4 HOMO-LUMO diagrams and bandgap energy of DAHA calculated using the 6-311++G(d,p) level of theory

potential is — 5.347 €V, the electron affinity is — 1.756 €V, From these values, Chemical reactivity descriptors
the electronegativity is — 3.551 eV, and the chemical were procured using the formula,

hardness is -1.795 eV. The value of chemical hardness
and electronegativity gives molecules stability and bio-
logical characteristics. The electrophilicity index of the

Electronegativity(y) = HOMO + LUMO/2,

molecule, approximately — 3.512 eV, characterizes its Chemical potential(1) = —(HOMO + LUMO)/2,
electrophilic nature and suggests its potential bioactivity
[43]. The chemical softness of the molecule, being signifi- Chemical hardness() = (HOMO—LUMO)/2,

cantly low at — 0.557 eV, implies the non-toxic nature of
the DAHA molecule (Shown in Table 4).
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Chemical softness(o) = 1/n,

Electrophilicity index () = x?2 /21.

Electron localization function (ELF) and localized orbital
locator (LOL)

The ELF quantifies the chance of locating the same spin
electron at a specific region concerning the reference
electron [44]. It is a method for assessing the probabil-
ity of electron pairs in a multi-electronic system and the
extent of spatial localization of the standard electron. The
localized electrons are those confined to a specific region
within the molecule. The nature of electrons in nuclear
systems can be qualitatively understood using this tech-
nique. ELF, rooted in Pauling’s repulsion principle, sug-
gests that similar particles in the same space will repel
each other, with values from 0 to 1 [45]. ELF value of 1
shows the most intense Pauling repulsion, where local-
ized electrons are more concentrated and form a broad
area in the ELF projection diagram. ELF value nearer to
0 indicates the space with minimum Pauling repulsion.
This diagram helps us to understand molecules’ stability,
molecular bonding, chemical structure, resonance exten-
sion, and reactivity. Figure 5a is the 3D graphical repre-
sentation of ELF values with a coloured map and surface
map with a projection of the ELF of the DAHA mol-
ecule. In colour-filled maps, the Colour gradient shows
the range of ELF values. The highest value is displayed in
red, then orange, yellow, and green, while the lowest ELF
value is visualized in blue. The region of the H-atom with
a single electron is represented by the red area, indicating
the highest Pauling repulsion. The oxygen-surrounded
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area is depicted in orange, where the repulsion is less and
resonance occurs. The carbon and nitrogen-surrounded
area is in blue, indicating minimum Pauling repulsion.

The surface map with projection is illustrated in Fig. 5b.
The broad area on the map denotes the most localised
electrons, and the narrow part of the figure shows the
resonance or delocalised electrons. The high ELF value
C-H covalent region indicates a substantial level of elec-
tron localization. The areas surrounding the valance and
inner shell of C, N, and O have a lower ELF value where
delocalisation of electrons is possible.

A LOL is also analyzed to study localized electrons, and
the nature of bonds depends on the kinetic energy den-
sity [46]. It describes the localized orbital overlaps and
the molecule bonding regarding electron density. The
LOL ranges from 0 to 0.8. LOL, a value below 0.5 signi-
fies the region of delocalized electron. Figures SF1 a and
b show the LOL diagram of the DAHA molecule. Similar
to ELF, the localization of electrons is more in the region
indicated in red, mainly hydrogen atom-surrounded
areas, and the delocalization of electrons is more in blue-
shaded regions around carbon and nitrogen in the LOL
diagram.

Reactivity descriptors analysis

Molecular electrostatic potential analysis

MEP gives a three-dimensional representation of the
dispersion of molecular charge, aiding in comprehend-
ing molecular interaction and bond structure. It is also
defined as an electric potential or voltage felt by a posi-
tive test charge at various points in a molecule. The dif-
ferently charged regions of molecules are depicted on
the map with different colors. In addition to displaying
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Fig. 5 ELF (a) Colour-filled map (b) Shaded surface map with projection of DAHA
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Fig. 6 Molecular electrostatic potential (MEP) diagram of DAHA

charges, these color gradients visualize the shape and size
of the molecule. Hence, in organic chemistry, these MEP
maps are essential in determining the behavior of com-
plex molecules [47-49]. Figure 6 shows the MEP diagram
of the DAHA molecule. The color gradient in the map
illustrates the electron density distribution at different
regions of the DAHA. The red color indicates the region
with a more negative charge, where an electrophilic
attack (most substantial repulsion) is more possible,
and the blue color indicates the more positively charged
region (most potent attraction) while there is a nucleo-
philic attack. In the electrostatic potential map of DAHA,
more red appears in the region where the COOH group
is attached, indicating higher electron density around the
03 and O4 atoms of the molecule. Conversely, a more
blue color surrounds the hydrogen atoms of the NH3
molecule. H11 and H12 atoms attached to the N7 have
a more positive charge in the molecule, that is, less elec-
tron density is observed in this region. DAHA molecules
have an electrostatic potential range of — 6.18 x 1072 (red)
to+6.18x 1072 (blue) in eV. The green color lies between
the blue and red range, predominantly representing the
neutral areas of the molecule. The color gradient from
blue to red indicates the dipole moment direction. In
addition to the MEP, other reactivity descriptors such as
electronegativity, chemical hardness, and electrophilicity
index. These properties were calculated at the molecule’s
lowest energy geometry, ensuring that the descriptors
reflect the most stable configuration of DAHA. This
allows for a more accurate prediction of the molecule’s
reactivity and interaction potential. The MEP diagram
was created using the software Gauss View 5.0. It gives a
better understanding of the various reaction sites of mol-
ecules and their structural character.

Population analysis
The atomic charges of a molecule are significant in calcu-
lating various properties. The nuclear charge distribution

Page 9 of 18

in the molecule can be analyzed through Mulliken charge
distribution [50]. Table ST?2 illustrates atomic charges in
the DAHA molecule, indicating whether each atom car-
ries a positive or negative charge. These atomic charges,
along with other reactivity descriptors such as the Fukui
function, electronegativity, chemical hardness, and
electrophilicity index, were analyzed together to gain a
comprehensive understanding of the molecule’s reac-
tivity. By including a range of reactivity descriptors, it
can better predict the molecule’s potential for interact-
ing with other compounds, which is essential for drug
design and molecular engineering. The Mulliken charges
of the DAHA molecule range from — 0.45 to 0.45. The
color-mapped Figure SF2, also with charge, is given. Red
denotes more negative charge, and green indicates more
positive charge. Table ST2 shows that atoms C1, C2, O3,
04, C5, N7, C14, C17, and N22 have negative charges,
and other atoms possess positive charges. The more
negative charge is for the C17 atom, about — 0.45, where
the NH; group is attached. As amine is an electron-
donating group, a considerable increase in the negative
charge on the neighboring C17 atom occurs. The most
positive charge is for the H13 atom, 0.295 a.u, which is
attached to the resonating carboxyl COO- group. Also,
the N7 nitrogen atom forms an intramolecular hydrogen
bond with the H13 atom. All the localized H-atoms of
the DAHA have positive charges. Delocalized lone pair
electrons cause a slight negative charge on the carboxyl
COO- group.

The Fukui function characterizes the variation in the
density of electrons in the frontier molecular orbital
due to slight variations in the total electrons [51, 52]. It
is important in determining the electrophilic and nucle-
ophilic behavior of a system. The Fukui function uses
density functional theory to detect the DAHA’s greatest
nucleophilic and electrophilic centers. Table 5 and Fig. 7
summarize the Mulliken charges at different bond orbit-
al’s, their Fukui functions, and the corresponding local

Table 4 Calculated energy values of DAHA by B3LYP
/6-311++G(d, p)

Parameters Value (eV)
E(HOMO) —5.346
E(LUMO) - 1.756
lonization potential —5.346
Electron affinity 1.756
Energy gap —3.590
Electronegativity —3.101
Chemical potential 3.101
Chemical hardness —2449
Chemical softness —0408
Electrophilicity index —1.963
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Table 5 Mulliken charge distribution, Fukui function, and local softness corresponding to (0,1), (-1,2), and (1,2) charge and multiplicity

of DAHA
Atom Mulliken atomic charges Fukui functions Local softness
N N-1 N+1 fr, fr_ Af fry Sr fr, Srfr. Sr.fr,

l —0.131 -0.123 0.032 0.163 -0.008 0.171 0.078 -0.091 0.005 -0.044
(@) -0.266 -0.280 1.549 1.815 0.014 1.801 0915 -1.011 -0.008 -0.510
03 -0.269 -0.093 -031 -0.042 -0.176 0.134 -0.109 0.023 0.098 0.061
04 -0.168 -0.095 -0.196 -0.028 -0.073 0.045 -0.051 0.016 0.041 0.028
5 -0.352 -0.372 -0.162 0.19 0.02 0.17 0.105 -0.105 -0.011 -0.058
N7 -0.386 -0.305 -0378 0.008 -0.081 0.089 -0.037 -0.004 0.045 0.021
c8 0.080 0.079 0452 0372 0.001 0.371 0.187 -0.207 -0.001 -0.104
C14 -0.361 -0.382 -1.294 -0.933 0.021 -0.954 -0456 0.520 -0.012 0.254
c17 -0450 -0.498 0.887 1.337 0.048 1.289 0.693 —-0.745 -0.027 -0.386
N22 -0.331 -0.130 -0.522 -0.191 -0.201 0.01 -0.196 0.106 0.112 0.109

softness. The negative value of function denotes the mol-
ecule’s gaining of electrons. The electron addition and
subtraction to the molecule changes the whole electron
system, producing changes in the density of electrons at
different sites. Fukui function scrutiny is based on the
electron density (p(r)) and number of electrons (N
as it implies that

F(r) = p(r)/Nelectron -

electron) )

From Table 5, it is clear that there are two types of
Fukui functions, f * (r) and f ~ (r) £ * (r) indicates the
electron addition to a system (f * (r) =py,1(r) — pn(1)),
which represents the nucleophilic reaction, and the f ™ (r)
indicates the electron removal to a system (f * (r) = py(r)
— pn-1(r)) which signifies the electrophilic reaction [53].
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Fig. 7 Graph showing Mulliken atomic charges of DAHA

The reactions occur at the sites with large values of both
functions. The atoms with Af>0 are the spots for nucleo-
philic attack, and the table predicts the order C2>C17
>C8>C1>C5>03>N7>04>N22. The atom C14 has a
negative value of Af (— 0.954), a possible site for electro-
philic attack. Fukui function analysis determines the local
softness, which is significant in biological studies, ligand
docking, drug discovery, and protein folding [54]. These
reactivity descriptors, calculated using the molecule’s
most stable geometry, provide insights into DAHA’s
potential reactivity and suitability as a candidate for fur-
ther drug development studies.

Thermodynamic properties

Thermodynamic properties of the DAHA were deter-
mined at various temperatures using the Atomistica
Thermo Online tool, as shown in Table ST3. The tem-
perature increase causes an increase in molecules’
vibrational, rotational, and electronic energies. These
molecular energy variations result in changes in the
Internal energy, Entropy, Enthalpy, Gibbs free energy, and
Heat capacities [55, 56].

At 100 K, the values of entropy (S) and heat capacities
at constant volume (Cv) and steady pressure (Cp) are
75.358, 20.293, and 22.280 kJ/mol, respectively, which
increase to 196.695, 98.987, and 100.974 kJ/mol, respec-
tively, when the temperature rises to 1000 K. From Fig-
ure SF3a, it is clear that there is a study increase in the
S, Cv, and C,, with an increase in temperature. At 100 K,
the values of internal energy (U), enthalpy (H), and Gibbs
free energy (G) are — 496.98, — 496.98, and — 496.99 cal/
mol K, respectively, and at 1000 K, they become -496.89,
-496.89, and -497.19 cal/mol K, respectively. U and H
increase with temperature, but G decreases with tem-
perature. This is clear from the Figure SF3b. The values
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of thermodynamic properties imply the thermodynamic
stability of the DAHA. The thermodynamic properties
and temperature dependence are deduced using quad-
ratic regression calculations. A quadratic regression
method calculates the correlation coefficient R? for ther-
modynamic properties. The R* values for internal energy,
enthalpy, Gibbs free energy, and entropy are 0.9998,
0.9998, 0.9999, and 0.9999, respectively. The quadratic
regression equation calculated are

G = —0.000000077T2 — 0.0001189T — 496.9781667,
H = 0.0007531T2 — 1.2499577T — 0.0043333,

S = —0.000042372 + 0.1797151T 4 58.8885,

U = 0.0014296T2 — 1.8000679T — 23.4102414,

Cp = —0.00005237T2 4 0.1468731T + 6.6821667,

Cv = —0.0000523T2 + 0.1468731T + 6.6821667.

The thermodynamic properties determine the con-
ditions required for a chemical reaction. Furthermore,
thermodynamic properties define the bonding interac-
tion mode through non-covalent interactions, including
hydrophobic effects, hydrogen bonds, electrostatic con-
tacts, and van der Waals interactions. They also give the
progress of a reaction and its stability [57]. Figure SF4 (a,
b, ¢, d, e, and f) displays plots of equations.

Reduced density gradient (RDG)

RDG analysis studied the various non-covalent contacts
in molecules based on the reduced density gradient. It
helps to examine intra- and inter-non-bonded interac-
tions within a molecule [58]. RDG is based on electron
density, highlighting the low electron density regions.
These regions indicate the non-covalent interaction [59,
60].

The gradient iso-surfaces and scatter graphs of the
DAHA are shown in Fig. 8. Figures were plotted using the
Multiwfn programme. The scatter graph is RDG versus
sign(A2)p plot. The greatest eigenvalue of the matrix of Hes-
sian is denoted as A2, where sign(A2)p is the second eigen-
value of electron density. The value and sign of sign(A\2)p
provide information on the nature of interaction [61]. RDG
ranges between -0.035 a.u and 0.020 a.u. Positive and nega-
tive sign values (A2)p specify the repulsive and attractive
interaction, respectively, whereas nearly zero value is for
weak interactions. Scatter spectra are splits into red, green
and blue colours. The red spikes of RDG isosurface show
the repulsion due to steric hindrance observed in the mole-
cule, mainly by the carboxyl group. From the scatter graph,
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the red form ranges between 0.02 a.u and 0.04 a.u, showing
the strong repulsive contribution. The blue spikes manifest
the strong attraction due to the H-bonding of the Amino
group, N-H...O. Its contour ranges from — 0.04 a.u to
— 0.02 a.u, confirming the existence of strong H-bonding.
The green areas demonstrate the van der Waals interaction.
Consequently, interacting areas in the structure of DAHA
are shown using RDG graphs.

Non-linear optical analysis (NLO)

Non-linear optical analysis describes the nonlinear
responses of the polarization density to the electric field of
light. Insulating crystals form second-order NLO materials.
A non-centrosymmetric molecule usually shows non-lin-
ear behavior when it interacts with electromagnetic radia-
tion. Dipole moments of the materials are proportional to
the higher powers of the field intensity. NLO properties are
related to polarizabilities and hyperpolarizabilities. Hence,
for a nonlinear response, hyperpolarizability is always
nonzero [62—64]. Highly polarizable molecules possess
strong NLO potential, with organic compounds being the
primary focus for NLO materials due to their more efficient
response than inorganic ones. Those materials with lower
HOMO-LUMO energy gaps show better NLO properties.
The substituents, molecular configuration, pi-conjugation
system length, and type of compound are responsible for
the NLO properties. The non-linear optical materials are
used in various optoelectronics and other optical devices
[65-67].

DAHA, an organic molecule containing heteroatoms,
exhibits promising NLO properties, as explored in the
NLO analysis. To analyse the dipole moment (i), static
polarizability (e), and first-order hyperpolarizability () of
the DAHA molecule, the Polarization properties were esti-
mated computationally using B3LYP/6-3++G (d, p) func-
tion within DFT technique. The given Table 6 shows the
dipole moment (py Hy p) polarizability (ayy axy Oyy 0xz
Oyz and 9z7) and hyperpolarizability (Bxxx Byyy Bzzz Bxyy

Bxxy Pxxz Bxzz Byzz Byvz ana Pxyz) coefficients obtained
from the Gaussian frequency output file. For a better

understanding of NLO responses, dipole polarizabilities
are essential. The average polarizability or static polariz-
ability (er,) exhibits three major components (oryy otyy and
ay,), and the First-order hyperpolarizability or static sec-
ond-order polarizability () has ten components. The equa-
tion for the calculation of a, and  are given:

ag = (axx + ayy +azz),

Brot = [ (Bxxx + Bxyy + Bxzz)*
+ (Byyy + Bxxy + Byzz)?
+ (Bzzz + Bxxz + Byyz)*),
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Fig. 8 2D and 3D isosurface of DAHA generated using the 6-311++G(d,p) basis set

To compare the DAHA’s NLO values, the Urea’s NLO
threshold values were studied using DFT with function
B3LYP and -311++G (d, p) basis set [68, 69]. The mol-
ecules’ total static dipole moment is 12.2549 D. A Higher
dipole moment reflects a high degree of intermolecular
interaction. The more significant contribution of dipole
moment is along the X direction. The static polarizabil-
ity (o) of DAHA — 10.87 X 107** esu was less compared

with urea 0.9771 x 1072, The First-order hyperpolariz-
ability (B) was 1.752 x 1073 esu for DAHA, it is more
than that of urea 0.927 x 107, By, shows the largest
value, mainly contributing to the hyperpolarizability
and charge transfer, which is major along the x direc-
tion. The computed o and P units are in atomic units. It
is converted to esu as (a:1 a.u.=0.1482 x 107** esu,
la.u.=8.6393 X 107 esu). The values of polarizability
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Table 6 The calculated dipole moment (D), polarizability (), first-order hyperpolarizability, (3., values of the DAHA molecule

Parameters B3LYP/6-311++G(d,p) Urea Parameters B3LYP/6-311++G(d,p) Urea
Hy 8.7347 -0.806 Buocx 164.5451 23.748
Hy 8.0445 1543 Brvy 35.1255 44220
My -3.0290 -0.008 B2z ~5.9980 -1.062
uD) 122549 -1.741 Buvy 3.9851 -55.468
Qlyy -98.1134 37.245 Brxy 53.2645 17.376
Qlyy -205323 -0.194 Bz -536373 -0.489
Qyy -53.9168 37.988 Bxzz 0.6682 -19.037
Qyz ~1.0862 0.052 Byzz 74760 33.038
ay; -2.8356 -0.063 Bz 2.1061 -0.531
0z -68.0395 24012 Bxvz 153534 0.034
ages.u) -10.87 x 107 09771 x 1075 Bior (€5.U) 1.752x 107 0927 x107%°

and hyperpolarizability are considered for further NLO
analysis.

Biological assessment

Drug likeness

Drug likeness is a concept that assesses whether a spe-
cific compound possesses the essential properties to be a
feasible medication for therapeutic applications. It con-
sists of a set of properties that indicate the propensity of
a chemical compound to be considered a drug candidate.
Its main goal is to find the molecules with a better chance
of being absorbed, distributed, metabolized, and elimi-
nated (ADME) safely and effectively treating a particu-
lar disease. Some rules exist to determine drug-likeness
based on a specific compound’s structural, physicochem-
ical, and pharmacokinetic properties. Lipinski’s rule of
five consists of some standards of medicinal chemistry
and drug analysis to evaluate the drug-likeness of small
organic molecules. Other rules like Veber’s, Ghose’s,
MDDR, BBB, and CMC 50 are extensions of Lipinski’s
rule [70, 71].

Drug likeness analysis was implemented on the DAHA
and its derivatives. The SMILES notation of the DAHA
molecule was obtained from PubChem, and the Swiss
ADME site was utilized for the analysis. Table 7 provides

Table 7 ADME properties of DAHA

the analyzed results. According to Lipinski’s rule, for
higher chances of becoming a successful oral drug, the
H-bond donor (HBD) and H-bond acceptor (HBA)
should possess a value less than or equal to 5 and 10,
respectively [72]. Molar refractivity should be between
40-130, and Topology polar surface area (TPSA) should
be less than 140 A2 From Table 7, it’s clear that the val-
ues of HBD, HBA, MR, and TPSA of the DAHA mole-
cule and its derivative fall under these ranges. The TPSA
values of all compounds come under a range between
85.16 and 126.64, and Molar refractivity is related to the
size and flexibility of a molecule, which can influence its
ability to interact with biological targets. A compound
with an optimal molar refractivity value is likely to have
favorable pharmacokinetic properties, such as absorp-
tion and distribution, contributing to its overall efficacy
as a drug candidate. In the context of DAHA, the MR
values fall within a range of 38.14 to 55.98 cm?®/mol, sug-
gesting that these compounds possess suitable molecular
characteristics for potential drug development. The bio-
availability of DAHA and its derivatives is 0.55. GI (Gas-
trointestinal), Bioavailability, BBB (blood—brain barrier),
and CYP1A2 are the drug-likeness properties related to
absorption, distribution, and metabolism. All the com-
pounds have high GI absorption and no BBB permeant.

Derivative HBD HBA MR TPSAA? Glabsorption BBBpermaent CYP1A2 LogKp (cm/s) Lipinski Bioavailability
inhibitor violations score

DAHA 3 4 3814 8934 High No No -9.36 Yes 0.55

L-lysine acetate 4 6 5164 12664 High No No -1149 Yes 0.55

L-lysine hydrochloride 3 4 4511 89.34 High No No -9.01 Yes 0.55

L-Lysinamide 3 3 3928 9513 High No No -8.19 Yes 0.55

L-lysine diisocyanate 0 6 5598  85.16 High No No -532 Yes 0.55
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The DAHA and its derivatives follow Lipinski’s rule of five
and exhibit anti-herpes simplex viral and anti-osteoporo-
tic activity [73, 74]. The compounds’ high gastrointesti-
nal absorption and favorable pharmacokinetic properties
(as indicated by the drug-likeness analysis) support their
potential as oral therapeutics for osteoporosis.

Molecular docking

Molecular docking is a computational technique that is
of great importance in the field of drug discovery. It is
a technique to predict an optimized conformation and
preferred orientation of ligands and receptors to form a
stable complex. The ligand-receptor complex conforma-
tion with minimum free energy is preferred for phar-
maceutical purposes. It predicts the binding affinity, the
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binding site’s geometry, and the drug’s design [75-77].
Molecular docking is conducted using the software
Autodock Vina. Chimera 1.17.3 is used for the molecu-
lar docking of DAHA molecules to visualize the 3D
structure and their interaction and analyze the complex
structure’s binding site and binding energy. The protein
ID of the target is taken from the SwissADME-Target
prediction site and downloaded from PDB (Protein data
bank). Using Chimera 1.17.3, The downloaded proteins
were optimized and cleaned by eliminating more residues
and water molecules [78, 79]. The 3CHO, 3U9W, 5N12,
4MKT, and 2XMB are some hydrolase proteins that were
docked with the DAHA molecule, and the H-bond dis-
tance between the DAHA and the targets (3CHO, 3U9W,
5N12, 4MKT, and 2XMB) were depicted in Fig. 9a and

H-Bonds

cheplor
a «

Fig.9 a DAHA embedded in the active site of 3U9W protein, b 2D molecular docking of DAHA
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SF5. The docking parameters (bond distance, binding
energy, and RMSD reference) were analyzed in Table 8.
The 3CHO, 3U9W, and 5N12 have the highest binding
energy of — 0.5 kcal/mol. And the least binding energy
for 2XMB at — 4.6 kcal/mol. All the proteins have three
residues with a hydrogen bonding ranging from 1.9 to 2.5
(E). The choice of hydrolase enzymes as target proteins
for DAHA docking studies was based on their involve-
ment in key metabolic processes that DAHA could
potentially influence. Hydrolases play significant roles in
the breakdown and synthesis of biomolecules, including
proteins, lipids, and carbohydrates, which are crucial for
various physiological functions. The selection of hydro-
lases aims to explore how DAHA interacts with enzymes
involved in key metabolic pathways, such as protein
degradation, energy metabolism, and neurotransmitter
synthesis, thereby deepening the understanding of its
potential therapeutic applications.

The 2D analysis of molecular docking of DAHA is done
using the Discovery Studio tool, as shown in Fig. 9b and
SF5. It gives a clear-cut picture of the ligand’s interaction
with each protein’s various amino acids and its specific
orientation. In each protein receptor, the table Hydrogen
of the amino group of the DAHA molecule interacts with
amino acids like HIS, GLU, PRO, ALA, ASP, and GLY.
The oxygen atom also interacts with the amino acids
of receptors like GLY, HIS, SER, and TRY. The Hydro-
gen atoms attached to the carbon of the titled molecule
show some interaction with the amino acids TRY and
PHE. The different kinds of interactions are shown in
the diagram with various colors. Most of the interactions
are through conventional Hydrogen bonding. Like Pi-
sigma, alkyl and donor-donor interactions between the
Ligand and the receptor are present. This confirms that
the interaction between the ligand and protein forms a
stable complex structure suitable for drug discovery and
other biological effects [80]. The biological significance of
DAHA has been elaborated in the manuscript, emphasiz-
ing their potential therapeutic applications, particularly

Table 8 Hydrogen bonding and molecular docking with
Centromere-associated protein inhibitor protein targets

Protein (PDB  No of Bond . Binding Reference
ID) Residues distance (A) energy (kcal/  RMSD (A)
mol)

3CHO 3 1.991,2.123 -55 6.641
3U9W 3 2.143,2.487, -55 2.05

2299
5NI2 3 2.180 —-55 282
AMKT 3 2.345 -53 2162
2XMB 2422,2.106 —-46 5561
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in anti-herpes and anti-osteoporotic activities. These
findings highlight the potential of DAHA as a drug candi-
date. This includes investigating their involvement in spe-
cific metabolic and signaling pathways and elucidating
their mechanisms of action at the molecular and cellular
levels. Such studies would provide valuable insights into
the therapeutic potential of these molecules and pave the
way for the development of more targeted and effective
drugs.

Conclusion

This research summarizes the theoretical and experi-
mental analysis of the DAHA molecule. The given com-
pound investigated quantum chemically using Density
Functional Theory (DFT) by B3LYP method with the
6-311G++(d,p), and other calculations were done using
different software. The molecule was described experi-
mentally through FT-IR and UV analysis. The compu-
tationally conducted molecular structure and optical
studies were compared to experimental data with posi-
tive findings were observed when comparing the com-
puted data of the DAHA with experimental data. The
optimization of DAHA was done, and it was found to
be a molecule with singlet spin and a C1 point group
with a dipole moment of 5.8381 Debye. The vibrational
analysis was conducted by examining the FT-IR spec-
tra with a PED assignment using the VEDA program.
The stretching, bending, and torsional vibrations of
groups like NH2, COOH, CH, CH2, CC, and CN were
studied separately. The UV spectra of the DAHA were
determined experimentally in methanol as solvent and
estimated theoretically in gaseous form, DMSO, and
methanol. The absorption peak does not change signifi-
cantly when exposed to different solvents and agrees with
the investigational values. The FMO analysis with dif-
ferent HOMO-LUMO transitions examined the reac-
tivity and stability of DAHA, with a bandgap energy of
— 3.591 eV, highlighting the molecule’s stability. The
ELF and MEP analysis was carried out, and various
color codes were used to study the reactivity and sta-
bility. DAHA molecules have an electrostatic potential
range of -6.18x107% (red) to+6.18x107% (blue). Mul-
liken analysis and Fukui population studies were exam-
ined to determine each atom’s atomic charges and other
electrophilic and nucleophilic characteristics. In given
compound, the electrophilic site is C14 and the nucleo-
philic reactivity order C2>C17>C8>C1>C5>03>N7
>04>N22. Greater stabilization in DAHA molecule as
affirmed by the delocalization of electron of ¢ (O4-H13)
to o* (C1-03) of 6.09 kcal/mol and followed by ¢ (C5-
H10) to o* (C2—N7) of 4.88 kcal/mol and o (C2-H6) to ¢*
(C1-03) of 4.09 kcal/mol. The temperature dependence
on various properties was calculated and plotted using
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the Atomistica thermo online program. The molecule is
an organic molecule with hetero atoms and good NLO
properties. The titled molecule did not show non-linear
optical properties compared to the reference compound
urea. According to the drug-likeness, the molecule and
its derivatives follow Lipinski’s rule of five, showing anti-
herpes simplex viral and anti-osteoporotic activity. The
medical use of the molecule was found using its pro-
tein—ligand approach, and the resulting binding energy is
— 5.5 kcal/mol when it is attached to the proteins 3CHO,
3U9W, and 5N12 suggesting its suitability for further
pharmaceutical applications. This article comprehen-
sively analyzes the DAHA molecule’s geometry, spec-
trometry, electronic state, and biological importance,
providing valuable insights into its potential applications
in various fields.
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