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In this study, crystallographic, molecular geometry, surfaces (MEP, Hirshfeld and Frontiers Orbitals-HOMO and
LUMO), molecular docking with carbonic anhydrase II-5AML protein, drug-likeness, ADME and vibrational
assignment analyses of the molecule were studied in detail and the results were carefully analyzed. The theo-
retical studies were carried out in DFT/B3LYP/6-311++G(d,p) quantum chemical method and basis set with the

Gaussian 09 W package program. Potential energy distributions (PED) were used in conjunction with the VEDA 4
tool to get the vibrational assignments of the title chemical with %10 precision. In solid phase, the FT-IR
experimental spectrum was collected at 4000-400 cm ™. Due to the affinity and binding energy of the title
molecule to protein active sites, the results showed that our molecule is a potent potential inhibitor of carbonic

anhydrase II.

1. Introduction

Schiff bases are the compounds carrying imine or azomethine
(-C=N-) functional group [1,2]. These are the condensation products of
primary amines with carbonyl compounds and were first reported by
Hugo Schiff [1]. Schiff bases belong to a widely used group of organic
intermediates important for production of specialty chemicals, e.g.
pharmaceuticals, or rubber additives and as amino protective groups in
organic synthesis [3]. They have a wide range of biological functions,
including antimalarial, antiprotozoal, antitumor, antifungal, antibacte-
rial, analgesic, anti-inflammatory, antioxidant, cardiovascular, antitu-
bercular, and used as local painkillers, as well as they have extensive
applications in organometallic chemistry, catalysis, removal dyes [4].
Among the various hetero-atom containing compounds, Schiff bases are
quite effective because of the presence of a nitrogen atom, and several
such compounds have been reported in the literature as potential
corrosion inhibitors for metals and alloys in an acidic medium [5,6]. The
growing popularity of Schiff bases as corrosion inhibitors is primarily
based on their low toxicity and convenience of synthesis from very
inexpensive starting materials [5,6]. Bis-Schiff bases have gained an
importance as anti-tumor agent [7]. Recently, 4,5,6,7-tetrahydrobenzo
[d]thiazole-based Schiff-bases were screened for their in vitro
anti-cancer activity against the cell lines MCF-7 and HepG2 [8].
Bis-Schiff bases of pyrazoles, were investigated for their in vitro
anti-proliferation activity toward three human carcinoma cell lines, and
the results indicated that these compounds were promising [9]. A series
of bis-pyrimidine Schiff bases were synthesized and screened for its
anticancer potentials. The molecular docking study was carried to find
the interaction between active molecules with receptor. The results
showed that some of these Bis-Schiff’s bases are potent anticancer
molecules [10]. Based on the above considerations and further to our
efforts in synthesis and study new bio-active Schiff bases [11-13] we
reported herein the synthesis of new bis-Schiff base namely 2,2-((1e,
1'e)-((3,3"-dimethyl-[1,1"-biphenyl] 4,4’ diyl)bis(azanylylidene))bis
(methanylylidene))diphenol.

It is evident from the theoretical and experimental research on
molecules done thus far that the title compound has not been studied.
For the first time, molecular docking studies with SwissTarget analyses
(to predict its binding affinities and specificities by docking simulation,
to understand its important intermolecular interactions with two
different protein targets) and highest occupied molecular orbital
(HOMO)-lowest unoccupied molecular orbital (LUMO), Hirshfeld, and
molecular electrostatic potential analysis were carried out. Finally, the
drug similarity and drug potential of the molecule we are working on has
also been investigated for the first time.

2. Experimental and computational method details

Using a PerkinElmer Spectrum Two FT-IR spectrometer, the Fourier
transform infrared (FT-IR) spectrum (400-4000 cm™1) was acquired in
the solid phase at ambient temperature at intervals of 4 cm™'* Without
any restrictions for the computational process, the molecular geometry

was extracted from the X-ray diffraction experimental output (*cif file
output). Gaussian 09 W software was utilized [14]. The density func-
tional theory (DFT) approach was used to do theoretical calculations of
the chemical under investigation [15,16]. One of the most popular
exchange-correlation functions, B3LYP, which combines Lee, Yang, and
Parr’s correlation function [17] and Becke’s three-parameter exchange
function [18], was employed in the DFT computations. Using the
improved structure, the harmonic vibrational frequencies were calcu-
lated at the same theoretical level. Both the molecular visualization
application GaussView5 [19] and the program VEDA 4 [20,21] were
used to assign vibrational bands. Using Crystal Explorer 3.1 [22], the
Hirshfeld surface analysis was carried out over the cif* file. The drug
likeness and ADME analysis were carried out online with SwissADME
[23], after the molecular docking studies involving the title molecule
were completed using the software Auto Dock Vina [24].

2.1. Synthesis part

A mixture of (2 mmol) salicaldehyde with (1 mmol) of 3,3-dime-
thylbiphenyl-4,4'-diamine in 25 ml of ethanol was refluxed for 7 hr. The
mixture was cooled and the precipitate was collected, dried and
recrystallized from Dioxan to afford the title compound as an orange
crystals with m.p. = 209-211 °C. All chemical reagents used were pur-
chased from Fluka, Sigma-Aldrich chemicals and were then used
without any purification.

2.2. Crystallographic analysis

A fitting optically clear single crystal sample of size 0.72 x 0.32 x
0.06 mm was chosen by means of MITUTOYO 377-972 A Stereo Mi-
croscope for the analysis of single-crystal X-ray diffraction. Data
collection was performed on a STOE IPDS 2 (STOE & Cie GmbH Hil-
pertstrasse 10 64295 Darmstadt | Germany) diffraction measurement
device by the rotation method using monochromatic Mo K-a radiation (A
=0.71073 A) at 293 K.

The crystal structure was solved by direct methods using SHELXS-97
[25] and molecular skeleton of compound was revealed. All
non-hydrogen atoms were refined with anisotropic parameters by ANIS
command. H atoms were placed geometrically at distances of 0.93 A
(CH), 0.96 A (CH3) from the parent C atoms and at distance of 0.820 A
(OH) from the parent O atoms. The molecular geometry was refined by
full-matrix least-squares methods on F? utilizing SHELXL-2018/1 [26].
Details of crystal data, data collection and refinement are given in
Table 1. The following programs were used in analysis: ORTEP-III [27]
for the molecular visualization and PARST [28,29] for the identification
of hydrogen bondings in the WinGX crystallographic software package
[27] were used in crystal structure determination.

3. Molecular geometry

The title compound, 2,2"-((1E,1'E)-((3,3-dimethyl-[1,1-biphenyl] —
4,4'-diyl)bis(azanylylidene))bis(methanylylidene))diphenol,
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Table 1

Crystallographic data for the compound.
Chemical formula CogH24N204
Formula weight 420.49

F(000) 888
Radiation, graphite monochr. MoK, (1 = 0.71073 A)

Crystal system Orthorhombic

Space group Pnaz;

a, b, c(A) 34.284 (4), 4.6907 (4), 13.3935 (15)
o B,y () 90

Volume (A%), Z
Crystal dimension (mm)

2153.9 (4), 4
0.72 x 0.32 x 0.06

Temperature (K) 293

Degie (mg m~3) 1.297

Measured reflections 9408

Independent reflections 3627

No of reflections with I>2 o(I) 1636

0 range (°) 1.2-24.6

Range of h, k, 1 -40<h<39, —4<k<5, —15<1<15

Refinement on Jod
Calculated weights w = 1/[6%(F2) + (0.0991 P)?]
where P = (F2 + 2 F%)/3

Number of refinement parameters 292
N 0.87
R [F? > 26(F9)] 0.075
wR (F%) 0.195

(Ap)max (€ A73), (Ap)min (e A7) 0.34, —0.20

CogH24N30o, an ORTEP-3 [27] view with the atomic numbering is
shown in Fig. 1a.

The single crystal X-ray diffraction studies indicated that the com-
pound crystallizes in the orthorhombic lattice in space group Pna2; (Hall
symbol P 2¢ —2n and H-M symbol n a 21). It has the unit cell dimensions:
a=34.284 (4) A, b =4.6907 (4) A, c = 13.3935 (15) A, a=p=y=90° and
number of formula units in the unit cell Z = 4.

The molecular structure is contained two Schiff base, two hydroxyl
and two methyl groups in addition to the four benzene rings. The Schiff
base (N=C) bonds are 1.249 (11) A for N1=C7 and 1.268 (12) A for
N2=C22, which agrees with lengths published in literature 1.277 (3) A
[30], 1.288 (4) A [31],1.278 (3) and 1.275 (3) A [32], etc. The C—CHg3
bond length of 1.512 (13) A of C13—C14 and the C—OH bond length of
1.369 (12) of C1—O01 A are too close to the C-CHs bond length of 1.526
(13) A in C20—C21 and the C-OH bond length of 1.391 (12) A in
C28—02, respectively. Despite close to seeming planar of molecular
structure of compound, the dihedral angles between the plane A
(C1/2/3/4/5/6), the plane B (C8/9/10/11/12/13), the plane C
(C15/16/17/18/19/20) and the plane D (C23/24/25/26/27/28) are
5.34° (A/B), 15.68° (A/C), 10.21° (A/D), 10.39° (B/C), 5.92° (B/D) and
7.01° (C/D).

The analysis results by means of the PARST [28,29] showed that
there are considerable six intramolecular and two intermolecular in-
teractions, details of which are provided in Table 2. Intramolecular in-
teractions have formed S- type hydrogen bonding motifs (Fig. 2). The
bondings and motifs are as follows:

e S(6) motifs: O1—H1eeeN1 and O2—H2eeeN2

o S(5) motifs: C14—H14AeeeN1 and C21—H21AeeeN2

e S(4) motifs: 1- O1—H1leeeN1, C14—H14AeeeN1, C14—H14AeeeO1
and 2- 02—H2eeeN2, C21—H21AeeeN2, C21—H21Aeee02.

In here;

e N1 and N2: bifurcated acceptor atoms
e C14 and C21: bifurcated donor atoms (via H14A and H21A)
e O1 and O2 bifurcated donor/acceptor atoms

plays a role in S(4) motif formations. The crystal structure is stabilized
by two C-HeeeOpydroxyl, in which the atom O2 in the molecule at (—x-+1,
—y+2, z+1/2) acts as hydrogen-acceptor, via atom H17, to atom C17 in
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the molecule at (%, y, z) and atom O1 in the molecule at (—x+1/2, y+1/
2, z—1/2) acts as hydrogen-acceptor, via atom H9, to atom C9 in the
molecule at (x, y, z). There are no any C—Heeer and n—n stacking (face-
to-face) interactions in the crystal structure.

The quantum mechanical computational modeling calculations were
carried out using B3LYP/6-311++G(d, p) level of Density Functional
Theory (DFT) method. The *.gjf file obtained from the *.res file was used
as the input geometry. The optimization was conducted with default
spin, solvent-free on the ground state. The ball and bond type drawing
for the calculated molecular structure are presented in Fig. 1b. The
electronic structure parameters for the theoretical molecule were sum-
marized as follows: E(RB3LYP): —1341.76485050 a.u.; dipole moment:
1.3076 debye; entropy: 186.541 cal/mol-K; heat capacity: 107.807 cal/
mol-K.

The optimized geometry shows that the Schiff base bond lengths
calculated as 1.28896 and 1.28909 A are longer than from X-ray data.
The molecule is not planar which can be seen from the torsion angles:
143.56615° (C7/N1/C8/C13), —142.39385°(C22/N2/C19/C20),
—141.17659° (C10/C11/C16/C17) and —140.81961° (C15/C16/C11/
C12). The calculated D—H, H—A, D—A lengths and D—HeeeA angle for
the intra-molecular bondings are listed in Table 2.

The DFT/B3LYP/6-311++G(d, p) geometry has been compared
with the X-ray molecular structure by the correlation (RZ) and super-
imposition (root-mean-square-RMS) methods. According to the some
selected structural parameters are listed in Table 3, the computed R? (R-
squared) values are 0.8598 (y=0.8064x+0,2738) for bond lengths,
0.7734 (y=0,8572x+16,757) for bond angles, 0.9991
(y=0,8119x+33,324) for torsion angles at 6-311++G(d, p) level. The
overlap of molecular skeletons using by the atom-by-atom superimpo-
sition method are given in Fig. 1¢, which red and black colors have been
represented the X-ray molecular structure and theoretical geometry,
respectively. RMS results obtained after 21 iterations of the minimiza-
tion process: 0.524 (RMS Error), 0.189 (RMS Gradient) and 0.0005
(RMS Move). Both R? and RMS values demonstrate DFT/B3LYP/
6-311++G(d, p) geometry fits so well X-ray molecular structure.

4. Surface studies
4.1. MEP surface

To determine the reactive regions for electrophilic (electron-rich,
most electro negative electrostatic potential) and nucleophilic attack
(electron-poor, most positive electrostatic potential), the molecular
electrostatic potential surface (MEPS) were calculated with Gaus-
sian09W [14] and viewed with the Gauss-View 5.0 [19] software by
using the gaussian checkpoint file (*.chk). The MEPS were mapped for
molecule as shown in Fig. 3, where is in the energy (a.u) range of the
map color, from —3.922 e-2-3.922 e-2, corresponds to red and blue
colors, respectively.

The red regions represent electron-rich regions, while the blue re-
gions represent electron-poor regions. Order of increasing electron
density is blue < green < yellow < orange < red. In Fig. 3, the red re-
gions are located above the atoms O1 and O2 in MEPS. These regions are
in good agreement with the atoms O1 and O2, which play the role of
acceptors in hydrogen bondings.

4.2. Hirshfeld surface

Hirshfeld surface analysis [33] was performed to investigate inter-
molecular interactions and to determine the contribution of these in-
teractions to the packing of the crystal structure. Hirshfeld surface is
mapped using the normalized contact distance (dporm) Which is defined
in terms of external (d.) and (d;) internal distances, and the van der
Waals (vdW) radii of atoms [33] and is visually represented utilizing a
color scheme of red, white, and blue. In this scheme, shorter contacts are
depicted in red, contacts around the van der Waals separation are
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Fig. 1. a) A view of the title compound showing the atom-numbering scheme at the 50% probability level. b) Theoretical (DFT/B3LYP/6-311+-g(d, p)) molecular

structure. ¢) Atom-by-atom superimposition of the optimized structure DFT/B3LYP/6-311++g(d, p) (red) over the X-ray structure (black) for compound.

Table 2

Hydrogen-bond geometry @A, °.
D—HeeeA D—H HeoeA DeeeA D—HeeeA

X-ray DFT X-ray DFT X-ray DFT X-ray DFT

02—H2eeeN2 0.82 0.99 1.85 1.74 2.567 (7) 2.636 146 147.65
Ol1—HleeeN1 0.82 0.99 2.02 1.74 2.566 (8) 2.637 123 147.66
C21—H21Aeee02 0.96 1.09 2.69 3.43 3.640 (9) 4.093 173 119.41
C21—H21AeeeN2 0.96 1.09 2.31 2.84 2.810 (9) 2.856 112 79.70
Cl14—H14AeeeN1 0.96 1.09 2.32 2.83 2.807 (10) 2.857 111 80.43
C14—H14AeeeO1 0.96 1.09 2.69 3.43 3.643 (9) 4.076 171 120.18
C17—H17eee02' 0.93 1.08 2.98 3.616 (8) 127
C9—H9eeeO1" 0.93 1.08 2.66 3.458 (9) 145

Symmetry codes: (i) —x+1, —y+2, z+1/2; (ii) —x+1/2, y+1/2, z—1/2.
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Fig. 2. Intramolecular hydrogen bonding motif formations.

Table 3
Some selected bond distances, bond angle, torsion angles.

Structural parameters
Bond distances (A)

X-ray Diffraction DFT/B3LYP/6-311+-+G (d, p)

C1—01 1.369 (12) 1.342
C1—C2 1.392 (15) 1.400
C5—C6 1.403 (14) 1.408
C6—C7 1.453 (13) 1.450
N1—-C7 1.249 (11) 1.289
N1—C8 1.420 (11) 1.408
Cc8—C9 1.373 (12) 1.401
C12—C13 1.365 (13) 1.393
C10—C11 1.388 (13) 1.401
Cl1—C16 1.480 (10) 1.482
Cl16—C17 1.396 (12) 1.401
C19—C20 1.403 (12) 1.411
C19—N2 1.444 (11) 1.408
C20—C21 1.526 (13) 1.508
N2—C22 1.268 (12) 1.289
C22—C23 1.432 (13) 1.450
C28—02 1.391 (12) 1.342
C25—C26 1.364 (15) 1.401
Bond angles (°)

C2—C1—01 120.2 (11) 118.7
C6—C1—O01 118.9 (9) 121.8
C6—C7—N1 123.7 (9) 122.6
C7—N1—C8 123.5 (8) 121.1
C13—C8—N1 117.2 (8) 118.5
C1—O1—H1 109.5 107.4
C9—C8—N1 124.1 (9) 121.9
C10—Cl11—C12 113.7 (8) 117.7
C11—C16—C17 121.6 (7) 121.2
C18—C19—N2 126.3 (8) 122.0
C28—02—H2 109.5 107.4
C19—N2—C22 120.8 (9) 121.2
N2—C22—C23 120.2 (9) 122.6
C22—C23—C24 120.0 (10) 119.8
C22—C23—C28 124.1 (9) 121.4
C23—C28—02 118.9 (9) 121.8
Torsion angles (°)

01—C1—C6—C5 179.0 (11) 179.7
C14—C13—C8—C9 178.8 (10) 178.4
C19—N2—C22—C23 179.2 (8) 176.4
C7—N1—C8—C9 5.0 (14 40.3
N2—C22—C23—C24 179.2 (9) 179.5
02—C28—C27—C26 179.2 (9) 179.7
C10—C11—C16—C15 9.8 (11) 38.3

represented in white, and longer contacts are displayed in blue [33-36].

The Hirshfeld surface mapped with dpory, for the title compound and
fingerprint plots were generated with the Crystal Explorer 21.5 [37]
software by using the crystallographic information file (CIF) obtained
from crystal structure solution. Surface (Fig. 4) was monitorized with
the following details: fixed color scale of —0.1175 (red) to 1.4181 A
(blue); 529.55 A% volume; 479,19 A2 area; 0661 globularity; 0606
asphericity. For the compound, there are eight red spots in dporm Surface
(Fig. 4).

The 2-D representation of a Hirshfeld surface, known as the finger-
print plot, is depicted in Fig. 5a and Fig. 5b shows the percentages of all
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interactions observed. The H:--H/H---H interaction type holds the
highest percentage contribution at 56.1%, followed by C.--H/H:--C
(17.3%), C---C/C---C (12.3%), and O---H/H---O (9.7%). In particular,
contributions from H---H/H---H and C---H/H---C contacts are represented
by sharp spikes plot, as shown in Fig. 5a.

4.3. Frontier orbital surface

The terms LUMO (Lowest Unoccupied Molecular Orbital) and HOMO
(Highest Occupied Molecular Orbital), also known as FMOs (Frontier
Molecular Orbitals), are crucial for the analysis and interpretation of a
wide range of molecular properties, including global reactivity de-
scriptors, charge transfers, polarizability, hardness, softness, excit-
ability, basicity, and acidity [38-43]. Theoretically, the molecule under
examination was computed LUMO and HOMO energy values of
—6.235eV, —8.822¢eV, and a |HOMO-LOMO| energy band gap of
2.587 eV. According to Costa et al. [44], organic semiconductor mate-
rials need an energy band gap (JHOMO-LOMO]) of less than 3 eV. With
an energy band gap of 2.587 eV, our compound in this study can be
exploited as an organic semiconductor material in this regard. In addi-
tion, other theoretical global descriptors depending on the HOMO and
LUMO energies are listed in Table 4. Accordingly, ionization potential
8.822, electron affinity 6.235, chemical hardness 1.293, chemical soft-
ness 0.387 eV, electronegativity 7.529 eV, chemical potential
—7.529 eV, electrophilic index 21.912 eV and maximum charge transfer
index 5.821 eV were calculated.

Finally, the HOMO and LUMO distributions of the molecule are given
in Fig. 6. As can be seen from Fig. 6, HOMO distributions were distrib-
uted almost everywhere in the molecule, while LUMO distributions were
similar except for the methyl groups at the top and bottom of the
molecule.

5. Molecular docking study

Molecular docking has grown in importance recently for medication
development. The atomic-level interaction between a small molecule
and a protein may be described using this method, which also allows us
to define the behavior of small molecules in target protein binding sites
and clarify important biochemical processes. This topic has been the
subject of several theoretical studies [45-47]. In this section, molecular
docking between the title ligand and the human carbonic anhydrases
II-PDB: 5AML-A chain was carried out using the AutoDock Vina tool
[24]. The target (PDB: 5AML) that will be worked on in this instance was
selected by looking at the percentage distributions in Fig. 7 and reading
through the pertinent literature [48-50], using the online SwissTarget
database [51]. The protein data bank provided the X-ray structure of
carbonic anhydrase II (PDB: 5AML-A chain) [52] and polar hydrogens
were added after the heteroatoms were removed. The optimized struc-
ture of the ligand was calculated by using DFT-B3LYP/6-311++G(d,p).
Everything was prepared using the Discover Studio Visualizer 4.0 (DSV
4.0) [53] (both ligand and receptor). Here at first, the active residues of
the PDB: 5AML-A chain were labeled as: THR200, THR199, LEU198,
PHE131, VAL121, HIS119, HIS96, HIS94, GLN92, ASN67, ASN62 for
hCAIl /PDB: 5AML. The grid parameters were designed with the
following active regions included: hCAII /PDB: 5AML; 32x40x 32 A® x,
y,z dimensions; 0.375 A space; and —5.915, 5.359, 16.391 x,y,z centers.
Table 5 showed the interaction’s rmsd 1.b and rmsd u.b values, as well as
the final molecular docking scores. Additionally, 3D (a), 2D (b) shapes of
the docking and the position of the molecule within the protein were
indicated in Fig. 8. The best docking score was obtained in first mode
using the binding energies=—8.8 kcal/mol from Table 5. The inhibition
constant of the docking was computed as 0.354448 pM using the Ki=exp
(G/RT) equation ("’G-binding energy, R-gas constant=1.9872036x107>
kcal/mol, and T-temperature=298.15 K’’). According to the Fig. 8(b),
the conventional hydrogen bonding between THR199 residue and H3
atom (according to the numbering format of the optimized structure)
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3.922¢-2

-3.922¢-2

Fig. 3. The Molecular Electrostatic Potential Surface (MEPS) for the optimized geometry [DFT/B3LYP/6-311++G(d, p)].

Fig. 4. The Hirshfeld surface of compound mapped with dyorm.

was found as 2.91 A. Additionally, as seen from the Fig. 8, van der
Waals, carbon-hydrogen, n-alkyl, n-cation, © donor hydrogen, n-c and
n-n-T shaped interactions and their bond lenghts were shown. When the
molecular docking and inhibition constant results obtained are evalu-
ated, we can say that the molecule we are working on is a good carbonic
anhydrase II inhibitor.

6. Drug-likeness properties and ADME

It’s common knowledge that the variety of physicochemical char-
acteristics that commercially available medications contain character-
izes "drug-likeness." The rule of five, or Ro5, was first introduced in 1997
and is sometimes referred to as a "drug-like" rule. However, its main goal
was to address oral drugs’ poor solubility and permeability, as it set

de ALL

N

d,
0.6 0..\8"i.0 1214 16 1.8 2.0 22 24 26 2.8

a)

H/H---N

limits on molecular weight (MW) of less than 500, lipophilicity (cLogP)
of less than 5, the H-bond donor count (sum of OH+NH groups) of less
than 5, and the H-bond acceptor count (sum of O-+N atoms) of less than
10 [54,55]. For our compound, these quantities were obtained by using
SwissADME web server [23] as follows: MW=420.50 g/mol, number of
rotable bond=5, number of H-bond acceptor=4, number of H-bond
donor=2, molar refractivity=133.25 A%, TPSA (topological polar sur-
face area)=65.18 AZ, MLOGP=4.29. Within the limits established ac-
cording to these values, when the rules established by Lipinski were
tested, it was seen that there was only one violation, which occurred in
the MLOGP value. This is a very good result in terms of drug-likeness. In
second step, the bioavailability radar (a) and boiled-egg shape (b) of the
title compound was obtained as seen in Fig. 9 by using the same

Table 4

Some global reactivity descriptors computed for the title compound.
Parameters Values
Erumo (eV) -6.235
Enomo (€V) -8.822
Energy bandgap |Enomo- Erumo 2.587
Tonization potential (I) 8.822
Electron affinity (A) 6.235
Chemical hardness 1.293
Chemical softness 0.387
Electronegativity 7.529
Chemical potential -7.529
Electrophilicity index 21.912
Max. Charge transfer index (ANmax.) 5.821

C--NIN---C; _C---0l0---C;
12,3

H--HIH---H;
56,10

0,2

C---HH---C;

17,30

b)

Fig. 5. a) Fingerprint plot of the compound, b) the percentage of contacts.
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Fig. 6. LUMOs and HOMOs plots of the compound.

Target Classes

26.7%
13.3%
. 6.7%
6.7%
6.7%
40.0%
B Oxudoreductase B Lyase B Nudear receptor
Ligase Family A G protein-coupled receptor Enzyme
Common Uniprot Known
Target ChEMBL ID Target Class Probability* actives
name
(3D/2D)
Dihydroorotate dehfdrogenase DHODH Q02127 CHEMBL1966 Oxidoreductase .: 0/2
Carbonic anhydrase XI CA12 043570 CHEMBL3242 Lyase [ | 0/11
Carbonic anhydrase IX CA9 Q16790 CHEMBL3594 Lyase . o/n
Estrogen receptor beta ESR2 Q92731 CHEMBL242  Nuclear receptor .: 0/24

Fig. 7. SwissTarget results for our ligand.

database [23].

Six physicochemical variables were considered for a quick assess-
ment of drug-likeness using the bioavailability radar (Fig. 9(a)). These
properties were lipophilicity, size, polarity, solubility, flexibility, and

Table 5
AutoDockVina results of the binding affinity and RMSD values of different poses
in 5AML-A chain inhibitor of the title compound.

Mode Affinity rmsdLb. rmsdu.b. saturation. When these boundaries are tested as shown in Fig. 9(a), only
(keal/mol) the saturation point and a very small part of the lipophilicity point of our

1 8.8 0.000 0.000 molecule are excluded. For the purpose of drug development and dis-
g :Z:g g:zg; 1(1):‘5‘23 covery, the BOILED-Egg model provides a quick, simple, reproducible,
4 86 8.681 10.869 and statistically unprecedented robust way to predict small molecule
5 8.4 0.462 12.389 passive gastrointestinal absorption and brain access [23,56,57]. For our
6 -8.3 8.674 13.457 compound, the boiled egg model was obtained as in Fig. 9(b). According

7 -8.0 2.193 2.933 to the obtained graph, the molecule was detected as PGP+ (P-glyco-
g ;z 2:24212 E:(l); protein blue) exactly at the border of the gray and white region.
10 7.8 9.652 12.043 Blue-colored points correspond to substances that are thought to be

P-glycoprotein (PGP+) substrates and are therefore actively pumped up
from the brain or the gastrointestinal lumen [23].
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Fig. 9. The bioavailability radar (a) and the boiled-egg shape (b) of the title compound.

7. Vibrational assignments

The amount of vibrations in polyatomic molecules varies based on
their chemical structure and atomic number. The literature [58,59]
states that a system containing N atoms has 3 N-6 vibration modes.
3 N-6=3*56-6=162 indicates that there are 162 vibrational modes and
56 atoms in the molecule. The vibrational modes of 82 of these 162
vibrations (other vibrational modes are not included because they
involve out-of-plane motion) and their theoretical assignments and
corresponding experimental values were given in Table 2. Fig. 10 also

displayed experimental FT-IR spectra (a) and theoretical (b). All vibra-
tional frequencies were computed using the Gaussian 09 W package
program [14], and the estimated harmonic frequencies were scaled by
0.9614 (B3LYP) for the 6-311++G(d,p) basis level [60]. Here, theo-
retical vibrational mode assignments for isolated molecules in the
ground state and gas phase were carried out with the use of the VEDA4
program [20,21]. Based on the findings, we may conclude that experi-
ment and theory are now in excellent agreement. The phase difference is
the only cause of the variations. Generally, the OH stretching vibrations
are seen between 3500 and 3300 cm ', The chemical environment has a
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‘ —— Experimental FT-IR

(a)

Transmittance

— B3LYP—II] m
z
=
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Wavenumbers (cm™)

Fig. 10. The Experimental (a) and theoretical (b) spectrum of the title compound.

significant impact on this absorption, especially when OH groups are
present in intramolecular or intermolecular hydrogen bonds [61,62]. In
our molecule these OH bands could not be observed in experimental
FT-IR, but these modes were calculated at 3090 and 3085 cm™! with
DFT/B3LYP/6-311++G(d,p). Table 6

In the literature, the aromatic C-H ring’s stretching vibrations are
often seen between 3100 and 3000 cm™!. The bands in this region are
not significantly affected by the type of substituent [63,64]. In our study,
aromatic C-H stretching modes were computed at 3074, 3068, 3063,
3062, 3048, 3047, 3044, 3043, 3037 and 3036 em™! with
DFT/B3LYP/6-311++4G(d,p). These aromatic stretchings were
observed at 3061 cm ™! in experimental FT-IR spectra. In our molecule,
vCH (C23-H24 and C7-H8) modes were calculated at 2919 and

2918 cm ™! with DFT/B3LYP/6-311++G(d,p), also this mode were
assigned at 2937 cm™! in experimental FT-IR spectra. For the aliphatic
C-H groups (e.g., CH3), the asymmetrical and symmetrical stretching
vibrations were assigned at 3000-2905 cm™! and 2870-2860 cm !,
respectively [63,65]. In our system, asymmetric vCH3 modes were
calculated at 2987, 2986, 2961 and 2960 em~! and symmetric vCH3
modes was calculated at 2913 cm 1. These modes were observed at
2980 and 2916 cm™! in experimental FT-IR spectrum, respectively.

8. Conclusions

The following is a quick description of the outcomes that were
assessed during this study:



Y. Sert et al. Colloids and Surfaces A: Physicochemical and Engineering Aspects 687 (2024) 133444

Table 6
Observed and calculated some important vibrational frequencies of A3 compound with 6-311++G(d,p).
Vib. No. Experimental B3LYP Assignments
121 3090 VOH(98) in the 026-H27
Vo 3085 VOH(94) in the 02-H3
V3 3061 3074 VCH(100) in the ring
Va 3074 VvCH(100) in the ring
Vs 3068 VCH(198) in the ring
Ve 3068 VCH(100) in the ring
vz 3063 VCH(95) in the ring
Vg 3062 VCH(90) in the ring
Vo 3048 VvCH(87) in the ring
Vio 3048 VCH(100) in the ring
V11 3048 VCH(98) in the ring
V12 3047 VvCH(99) in the ring
Vi3 3044 VCH(92) in the ring
Vig 3043 VCH(90) in the ring
V15 3037 VCH(90) in the ring
V16 3036 VvCH(94) in the ring
V17 2980 2987 vasymCH3(95) in the C4sH47 45,49
Vig 2986 vasymCH3(90) in the Cs3Hsg 55,56
V1o 2961 vasymCH3(92) in the C46H47,48,49
V2o 2960 vasymCH3(86) in the Cs3Hsa 55,56
V21 2937 2919 VvCH(92) in the C23-H24
Voo 2918 VvCH(95) in the C7-H8
Va3 2916 2913 vsymCH3(92) in the C46Ha7 48,40
Vag 2913 vsymCH3(81) in the Cs3Hsy 55,56
Vas 1596 1599 vCC(54) in the ring+8HOC(24) in the H27-026-C50
1253 1598 vCC(51) in the ring+8HOC(18) in the H3-02-C9
Vay 1598 vCC(50) in the ring+6HOC(11) in the H3-02-C9
Vag 1597 vC—=N(46) in the N1-C7/N6=C23+3HCN(11) in the H8-C7-N1/H24-C23-N6
Vag 1575 1573 vCC(37) in the ring+8HCC(11)
V3o 1568 vCC(29) in the ring+8HCC(12)
V31 1547 vCC(21) in the ring+8HCC(11)
V32 1557 1546 vCC(20) in the ring+8HCC(18)
Va3 1538 VCC(28) in the ring+8HCC(10)
V34 1523 vCC(19) in the ring+6HCC(10)+8HOC(11)
Vss 1480 1479 SHCC(20)+8HOC(11)+tHCCC(10)
V3e 1474 SHCC(10)+8HOC(10)+tHCCC(10)
%% 1469 S8HCC(12)+8HOC(11)+tHCCC(10)
V3g 1448 1455 THCCC(70)
V39 1437 THCCC(47)
Va0 1435 THCCC(67)
Va1 1416 1432 vCC(40) in the ring+8HOC(12) in the H27-026-C50
Vao 1431 vCC(30) in the ring+8HOC(10) in the H27-026-C50
Va3 1426 THCCC(80)
Vagq 1426 THCCC(85)
Vas 1398 SHCC(56)+8HOC(25) in the H27-026-C50
Vae 1397 S8HCC(44)+8HOC(17) in the H27-026-C50
Va7 1395 S8HCC(40)+8HOC(11) in the H27-026-C50
Vag 1360 1363 THCHH(89)
Vag 1362 THCHH(92)
Vso 1356 S8HCC(49)+vCC(22) in the ring
Vs1 1321 1341 SHCC(39)+vCC(12) in the ring
Vs2 1340 SHCN(80)
Vs3 1303 SHCN(69)
Vsq 1302 vCC(78) in the ring
Vss 1283 vCC(71) in the ring
Vse 1271 1267 vCC(60) in the ring
Vs7 1265 vOC(60) in the 026-C50/02-C9
Vsg 1265 vOC(56) in the 026-C50,/02-C9
Vsg 1260 SHCC(68)
Voo 1246 SHCC(49)
Vo1 1225 1238 SHCC(71)
V62 1217 SHCC(44)
Ve3 1217 SHCC(62)
Vea 1206 SHCC(60)
Ves 1204 SHCC(71)
Voo 1172 1178 SHCC(78)
Vo7 1174 SHCC(69)
Ves 1159 SHCC(60)
V6o 1148 1144 SHCC(72)
V70 1120-1052 1132 SHCC(58)
Vo 1132 SHCC(82)
V72 1101 SHCC(40)
V73 1097 SHCC(56)
V74 1095 SHCC(24)

(continued on next page)
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Table 6 (continued)

Colloids and Surfaces A: Physicochemical and Engineering Aspects 687 (2024) 133444

Vib. No. Experimental B3LYP Assignments

V75 1094 SHCC(48)

V76 1043 THCCC(70)

V77 1031 1019 THCCC(58)

Vg 1018 THCCC(53)

V79 1011 THCCC(70)

Vgo 1010 THCCC(62)

Vs1 989 980 SHCC(24)+7tHCCC(10)
Va2 961 970 SHCC(36)+tHCCC(14)

Crystallographic analysis was conducted.

e The newly synthesized molecule was subjected to both theoretical
and experimental vibrational analysis using the 6-311+-+G(d,p)
basis set and the B3LYP functional. Gaussian 09 W was used to
calculate the harmonic wavenumbers, and VEDA 4 was used to
assign the associated wavenumbers.

The crystal structure and molecular packing most likely interactions
were identified by Hirshfeld surface analysis.

MEP analysis was used to identify the most positive and most
negative locations on the whole molecule. Additionally frontier
molecular orbital analysis was conducted over the optimized
structure.

The title chemical may have inhibitory effect against carbonic
anhydrases II, according to the molecular docking data (PDB ID
5AML). Compared to carbonic anhydrases II, it was found to be more
effective based on theoretical in silico-based docking scores.
Drug-Likeness properties and ADME analysis of the molecule were
researched in detailed.
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