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ABSTRACT: In this study, the structural, spectroscopic, and electronic properties of N-(2,3,5,6-
Tetrafluoropyridin-4-yl) formamide compound were investigated theoretically using the DFT/B3LYP
method and 6-311++G(d,p) basis set. The obtained results were compared with geometric structure
and 1H-NMR data known in the literature and were seen to be compatible. Characters of
intermolecular interactions were explained by Hirshfeld surface analysis and molecular electrostatic
potential map analysis. Electronic properties of the N-(2,3,5,6-Tetra-fluoropyridin-4-yl) formamide
compound were calculated considering frontier molecular orbital analysis. ADME study, conducted
according to Lipinski's five criteria, revealed drug similarity properties of the N-(2,3,5,6-
Tetrafluoropyridin-4-yl) formamide compound. In the last part of this study, the effect of nucleophilic
substitution reactions on biochemical interactions between the perfluorinated compound and target
protein was tested by molecular docking method using the Carbonic Anhydrase | (AWR7) enzyme.
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INTRODUCTION
N-(2,3,5,6-Tetrafluoropyridine-4-yl)formamide

compound contains polysubstituted pyridine and
formamide groups, which are commonly used in
biochemical applications. Pyridines are cyclic structures
formed by the replacement of a methyl group in the
benzene ring with a nitrogen atom. Polysubstituted
pyridines, by adding different groups to pyridines are
important compounds used in many areas of chemistry.

Polyfluorinated pyridine groups are compounds used
in pharmaceutical chemistry due to their unusual properties.
It is also used in the synthesis of biologically active
compounds because of the presence of strong electron-
withdrawing fluorine atoms in the aromatic ring.
The pyridine rings are assumed to interact with the
nitrogen atom they traditionally have in the active sites of
enzymes [1]. In this context, the polyfluoropyridines

* To whom correspondence should be addressed.
+ E-mail: alpaslan.bayrakdar@igdir.edu.tr
1021-9986/2023/8/2348-2450 13/$/6.03

2438

Research Article



Iran. J. Chem. Chem. Eng.

are an interesting field of study in areas such as
supramolecular chemistry [2], dye chemistry [3], and
electrochemical sensor synthesis [4], mainly due to
aromatic nucleophilic displacement reactions of the
fluorine atom [5]. Another functional group in the structure
of the title compound is formamides. The Formamides are
intermediates used in the synthesis of organic substances
in many areas, such as herbicide chemicals [6], pesticides [7],
and compounds with antifungal activity [8]. In addition,
it is known that formamides are widely used in the
synthesis of quinolones [9], which is a large synthetic
antimicrobial group, and organic compounds [10] used
in the treatment of bladder cancer.

In the literature, there are experimental studies
in which halogen atoms are added as substituents
on the benzene ring of amide groups to improve their
inhibitory potential [11-13]. These studies showed that
the biological activities of carbonic anhydrase inhibitors
vary significantly with the amide groups into which
different halogen atoms are incorporated. In other words,
binding affinities of polyfluorinated derivatives have been
reported to be greater than those of non-fluorinated ones [14].
In vitro and in silico studies are continuing so that newly
synthesized compounds containing these bioactive
molecules can be used in drug designs[14-17]. N-(2,3,5,6-
Tetrafluoropyridin-4-yl)formamide compound containing
perfluorinated pyridine and amide groups, which are
biochemical groups, is the first molecule synthesized that
contains a formamide functional group attached to
a perfluorinated pyridine ring in its crystal structure [18].
Therefore, in this study, it was aimed to theoretically
investigate the electronic and pharmacological properties
of the title compound, which is thought to be
biochemically active.

The perfluorinated heteroaromatic compounds are
reactive to the nucleophilic attack because of their
electron-deficient structure, and in principle, all fluorine
atoms can be displaced by nucleophiles[19]. The nucleophilic
substitution reaction is a class of organic reactions in which
one nucleophile replaces another [20, 21]. On the other hand,
it is known that nucleophilic substitution reactions
originating from fluorine atoms in the structures
of chemical compounds play a unique and important role
in the addition of various groups to polyfluoroaromatic
compounds. On the other hand, it is known that
nucleophilic substitution reactions originating from
fluorine atoms in the structures of chemical compounds
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play a unigue and important role in the addition of various
groups to polyfluoroaromatic compounds [22]. In
nucleophilic substitution reactions, the reactivity or
strength of the nucleophile is called its nucleophilicity.
Therefore, in the nucleophilic substitution reaction,
a stronger nucleophile replaces a weaker nucleophile
in the compounds.

The DFT method is a very popular method for
the calculation of molecular structure and electronic
properties of compounds recently[23-26]. In this study,
the contributions of the regions in the N-(2,3,5,6-
Tetrafluoropyridin-4-yl)formamide compound to the
interactions resulting from the nucleophilic substitution
reaction were investigated theoretically by Frontier
Molecular Orbital (FMO) and Molecular electrostatic
potential (MEP) analysis methods. Also, since
intermolecular interactions are important parameters
in crystal formation, the relative contributions of these
interactions are investigated by Hirshfeld Surface (HS)
analysis [27]. The analyzes made for the title compound
gave very instructive results to explain the behaviour
of the parts in the molecular structure.

In the last step of the study, ADME studies were conducted
to elucidate the pharmacological properties of the title
compound and drug similarity properties were revealed. In
addition,  potential targets of the N-(2,3,5,6-
Tetrafluoropyridin-4-yl)formamide for molecular docking
study were investigated by the virtual scanning method
and their interactions with the target protein group
were investigated by molecular docking study. Molecular
docking studies are an effective in silico tool for
interpreting interactions between receptors and ligands [28].
Recently, molecular docking studies have proven to be
an important computer-based method for the screening,
discovery, and prediction of receptor-ligand binding
of bioactive compounds [29]. In this study, evidence
for the contribution of nucleophilic substitution reactions
of perfluorinated compounds to binding in molecular
docking studies was investigated theoretically.

EXPERIMENTAL AND THEORETICAL SECTION
Experimental method

The N-(2,3,5,6-Tetrafluoropyridine-4-yl)formamide
compound was synthesized and  crystallized by
Newell et al. [18]. Crystal data, data collection,
and structure improvement details are summarized
in the related article.
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Fig. 1: a) Theoretically calculated optimized molecular structure. b) The most stable structural geometry obtained experimentally. c)
The Comparison of the experimental and the optimized structure of the title compound
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Fig. 2: The correlation graphs between theoretical and experimental optimized structure parameters of the title compound. a)
correlations between bond lengths, b) correlations between bond angles

Computational method

In this study, theoretical calculations such as the
determination of the most stable geometry of the title
compound, the H-NMR study, the frontier molecular
orbital analysis, and the molecular electrostatic potential
map were calculated theoretically with the help of the
Gaussian09 package program, which uses quantum
chemical calculation methods [30]. Theoretical
calculations were conducted at the B3LYP level of the
Density Functional Theory (DFT) using the 6-311++G(d,p)
basis set containing diffused and polarized functions.
Hirshfeld surface analysis of the compound mentioned in
the title was carried out using the Crystal Explorer 3.0
software [31]. The drug similarity properties for the title
compound were examined via the SwissADME open-
access web tool [32].

In addition, target proteins with which the title
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compound can interact were predicted by virtual scanning
with the SwissTargetPrediction tool, an open-access web
tool. Before the molecular docking study, AutoDock
Tools-1.5.6 [33] was used in the preparation of target
proteins. Molecular docking studies were carried out using
PyRx version 0.8. The BIOVIA Discovery Studio
software [34] was used to analyze the results after
the molecular docking procedure. Molecular docking
studies were carried out using PyRx version 0.8.

RESULTS AND DISCUSSION
Molecular structure

The most stable molecular structure of the N-(2,3,5,6-
Tetrafluoropyridin-4-yl)formamide compound, which is
the first step of the theoretical calculations, was calculated
with the help of the B3LYP method and the 6-
311++G(d,p) basis set. In the optimization process, the
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Table 1: Optimized geometrical parameters of title compound: bond length (A) ° and bond angles (°) and bond torsions (°) in

comparison with experimental data

4 Bond Lenghts (A) Bond Angles’ Dihedral Angles’ I
Atoms Cal. Exp.” Atoms Cal. Exp.” Atoms Cal. Exp.”
F1-C9 1.332 1.341 (3) C9-N6-C13 1175 116.0 (2) F1-C9-C10-F2 0 -0.6(3)
F2-C10 1.346 1.348 (3) H8-N7-C11 115.8 118 (2) N6-C9-C10-C11 0 -0.7 (4)
F3-C12 1.346 1.343 (3) H8-N7-C14 113.6 113 (2) C13-N6-C9-C10 0 -0.8 (4)
F4-C13 1.333 1.335 (3) C11-N7-C14 130.6 128.9 (2) N7-C11-C12-F3 0 -1.1(4)
05-C14 1.205 1.218 (3) F1-C9-N6 117.6 116.7 (2) F2-C10-C11-N7 0 -1.3(3)
N6-C9 1.313 1.316 (3) F1-C9-C10 118.9 118.9 (2) C14-N7-C11-C12 0 -15.2 (4)
N6-C13 1.31 1.313 (3) N6-C9-C10 1235 124.4 (2) F3-C12-C13-N6 180 ~178.2 (2)
N7-H8 1.015 0.87 (3) F2-C10-C9 121.3 121.0 (2) C11-C12-C13-F4 -180 -178.9 (2)
N7-C11 1.384 1.390 (3) F2-C10-C11 118.5 118.9 (2) N6-C9-C10-F2 -180 ~179.1 2)
N7-C14 1.395 1.366 (3) C9-C10-C11 120.2 120.1 (2) F2-C10-C11-C12 180 ~179.3 (2)
C9-C10 1.382 1.365 (3) N7-C11-C10 118.1 118.0 (2) C13-N6-C9-F1 -180 -179.4 (2)

C10-C11 1.405 1.396 (3) N7-C11-C12 126.6 126.5 (2) C9-N6-C13-F4 180 ~179.5 (2)

Cl1-C12 1.401 1.394 (3) C10-C11-C12 115.3 115.4 (2) C9-C10-C11-N7 180 -179.8 (2)
C12-C13 1.388 1.376 (4) F3-C12-C11 121.2 121.1 (2) C10-C11-C12-C13 0 -2.303)
C14-H15 1.095 0.95 F3-C12-C13 119.7 119.8 (2) C9-N6-C13-C12 0 0.7 (4)
C11-C12-C13 119.2 119.1 (2) C11-C12-C13-N6 0 0.9 (4)

F4-C13-N6 117.5 116.3 (2) C14-N7-C11-C10 180 167.0 (2)

F4-C13-C12 118.1 118.7 (2) C10-C11-C12-F3 180 176.8 (2)

N6-C13-C12 124.4 125.0 (2) F1-C9-C10-C11 180 177.9 (2)

05-C14-N7 121 120.2 (2) C11-N7-C14-05 -180 179.0 (2)

05-C14-H15 124.2 119.9 N7-C11-C12-C13 -180 179.8 (2)
N7-C14-H15 114.8 119.9 F3-C12-C13-F4 0 2.0(3)

\_ C9-C10-C11-C12 0 22(3) )

* Experimental data are taken from ref [18].

the initial geometry was created with the help of the
Gaussview molecular imaging program based on the
geometry obtained from the X-ray diffraction analysis and
optimized by the DFT method with no restrictions. The
calculated optimized structure of the molecule mentioned
in the title is presented in Fig. la, the experimental
structure found by X-ray results is presented in Fig. 1b, and
the overlap state of the experimentally and theoretically
found molecular structures is presented in Fig. 1c.
Experimental and theoretical parameters, such as bond
lengths, bond angles, and dihedral angles of the optimized
structure, are presented in Table 1. The optimized structure
of the title compound is nearly planar. Deviation values of
F1, F2, F3, F4, and N6 atoms attached to the cyclic
structure were found as 0.0557, -0.0529, -0.1030, 0.0383,
and 0.0459 A, respectively, with the help of SHELXL
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software [35].

The correlation values between the experimental and
theoretical optimization parameters of the title compound
were found to be 0.099 for bond lengths and 0.81 for bond
angles are given in Fig. 2a and Fig. 2b, respectively.

A potential energy surface analysis was performed
to show the orientation of the polysubstituted pyridine and
formamide groups in the structure of the title compound
and to determine the conformational minimum and
maximum energy of the molecule. Potential energy surface
scanning around C14-N7-C11-C12 was theoretically
performed with DFT/B3LYP level and 6-311++G(d.p)
basis set. During the scanning process, the dihedral angle
at C14-N7-C11-C12 was rotated in 36 steps from
0° to 360° in increments of 10°.

Fig. 3 provides information on the molecular energy
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Table 2: Absorption wavelength (1), excitation energies (E),
and oscillatory strength (f) of the title compound and the major
contributions for transitions derived from calculation in
different media using DFT/B3LYP/6-311++G(d,p) method

4 N-(2,3,5,6-Tetrafluoropyridin-4-yl) formamid
Parameters Parameters
Eromo (eV) -8.04 X (eV) 5.17
ELUMO (eV) -2.31 n (CV) 2.86
AE (eV) 5.73 S (eVv?Y) 0.18
1 (eV) 8.04 o (eV?Y) 38.30
A (eV 2.31 L -5.17
\_ (eV) 3 p(ev?) 5 )
Dihedral Angle, C14-N7-C111C12 (°)
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Fig. 3: Conformational analysis of the title compound by PES scan

distribution of rotation according to the selected torsion
angle. As can be clearly seen from Fig. 3, the most stable
conformations corresponding to the global minimums
were calculated as 0°(-814.1582 Hartree), -180° (-814.1582
Hartree) and 360° (-814.1582 Hartree). On the other hand,
the global maximums of the molecular structure were
calculated as 90° (-814.150 Hartree) and 270° (-814.150
Hartree). It was observed that these values were consistent
with the X-ray results given in Table 1.

Frontier molecular orbital analysis

Molecular orbital analysis plays a very important role
in understanding the reactivity of chemical compounds.
Especially the HOMO [Highest Occupied Molecular
Orbital] and LUMO [Least Occupied Molecular Orbital]
orbitals, also called frontier molecular orbitals, are very
useful in understanding the characteristic and electronic
properties of the compound. In molecules, the regions
where the HOMO orbitals are localized act as an electron
donor, while the regions where the LUMO orbitals
are localized act as an electron acceptor. In other words,
the HOMO orbital reflects the nucleophilic ability
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of the molecule, and the LUMO orbital reflects
the electrophilic ability of the molecule.

The small energy gap between the HOMO-LUMO
orbitals means that the molecule has good polarizability
and high chemical reactivity. When two reactants
compound approach each other to react, the HOMO of one
molecule symmetrically excites the LUMO of the other.
As the reaction progresses, there will be a transfer
of charge from the HOMO of one molecule to the LUMO
of the other. Parr et al. proposed the electrophilicity index
as a quantitative measure of energy reduction due to
the maximum electron flow between the donor and acceptor
orbitals [33]. The chemical reactivity and electronic
properties of the title compound were investigated
by frontier molecular orbital analysis. For the calculation,
the optimized structure obtained using the DFT/B3LYP
level and the 6-311++G(d,p) basis set was used. As a result
of the theoretical calculation, Enomo and Eiumo and the
descriptive properties of the title compound calculated
accordingly, such as chemical hardness (), chemical
potential (i), chemical softness (S), electronegativity (),
and electrophilic index (w) are listed in Table 2.

The HOMO-LUMO orbital shapes of the title
compound are mapped in three dimensions (3D) and where
the molecular orbitals are localized is shown in Fig. 4a.
The HOMO energy (Enomo) was calculated as -8.04 eV,
the LUMO energy (ELumo) -2.31 eV, and the energy gap
(AE) 5.73 eV. The HOMO-LUMO energy gap plays
an important role in predicting the charge transfer within
the molecule, chemical reactivity, biological activity, and
stability of the compound [36-39]. The smaller the gap
value is, the more chemically active the molecule is, and
it is termed a soft molecule. The biological reactivity of
soft molecules is higher than that of hard molecules [40].
As can be clearly seen from Table 2, the HOMO-LUMO
energy range is less than 10 eV. This means that the title
compound is a soft molecule [41]. Also, the energy gap
is used to prove bioactivity from Intramolecular Charge
Transfer (ICT) as it isa measure of electron conductivity [42].
As can be clearly seen from Fig. 4a, the HOMO and
LUMO orbitals are localized almost throughout the
molecule. Total Electronic State Density (TDOS) and
Partial Density of State (PDOS) graph diagrams of the title
compound calculated with the help of GaussSum 3.0
software [43] are given in Fig. 4b. PDOS essentially
presents the composition of the fragment orbitals that
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Fig. 4: a) Frontier molecular orbitals (HOMO and LUMO) for N-
(2,3,5,6-Tetrafluoropyridin-4-yl)formamide. b) The calculated
partial electronic density of the states plot for the title molecule

contribute to the molecular orbitals. As can be seen from
the PDOS plot in Fig. 4b, 87% of the contributions to
the HOMO orbitals came from the ring region, while 13%
came from formamide. On the other hand, while 71%
of the contributions to the LUMO orbitals came from
the ring region, 29% came from formamide.

Mep’s analysis

Molecular Electrostatic Potential (MEP) is a
significant tool to predict electrophilic and nucleophilic
attacks in biological interactions. Also, Molecular
electrostatic potential maps are considered reliable
hydrogen bond descriptors. The increasing order of
electrostatic potential is defined by the color orange
from red to blue. The green color indicates the region
where the potential is neutral. In this work, calculations
over the optimized structure were performed to interpret
and predict regions of relative reactivity for nucleophilic
and electrophilic attack by visualizing the MEP surfaces
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Fig. 5: MEP map of N-(2,3,5,6- Tetrafluoropyridin-4-yl)formamide

of the title compound in the gas phase. The MEP diagram
of the title compound three-dimensionally is shown
in Fig. 5. Electron density values on the MEP range from
—b5.658e-2 to +5.658e-2 from the negative region to the positive
region of the compound. Negative regions (red) of the MEP
map are related to electrophilic attack reactivity, while positive
(blue) regions are related to nucleophilic attack reactivity.
As can be clearly seen in the MEP pattern of the title
compound presented in Fig. 5, the potential site for
nucleophilic attack is on the hydrogen atom (H8) attached
to the nitrogen atom in the formamide group, which has
a positive potential (blue region). The most negative regions
(red-yellow regions) that determine the nucleophilic region of
the title compound are located on the carbonyl oxygen atom
(O5) in the formamide group and the nitrogen atom (NG6)
in the polyfluoropyridine ring. Therefore, fluorine atoms
on the electron-poor aromatic ring prepare the ring for
nucleophilic attack due to its electron-withdrawing properties.
The calculated MEP pattern revealed the negative and positive
portions of the title compound. These reactive areas provide
evidence of the position to be considered for molecular docking
of the studied molecule.

Hirshfeld surface analysis

Hirshfeld Surface Analysis (HSA) is an analysis method
that visualizes intermolecular short and long interactions
with a color scale on the molecule [44]. The color codes
on the surface in red, white, and blue represent contact zones
that are shorter, equal, and longer than the sum of
the Van der Waals radii, respectively. In addition, two-
dimensional dnorm fingerprint patterns prepared by using
atomic coordinates with the help of HSA allow the
determination of contribution rates from atoms
to intermolecular interactions. de and di axes appearing
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Fig. 6: Front (a), rear (b) views of Hirshfeld surface mapped on dnorm and(c) Shape index
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Fig. 7: Percentage contributions of interatomic contacts to the
Hirshfeld surface
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in the dnorm surface plot represent the outer and inner
distances, respectively, of a point on the HSA to the
nearest atoms.

In this study, Hirschfeld surface analysis including
dnorm surfaces, shape index, and 2D Fingerprint Plots (FP)
was performed by the Crystal Explorer 3.0 program
in order to verify intermolecular interactions and provide
quantitative data on the relative contributions to surface,
and are given in Fig. 6a-c and 7, respectively. The dark red
dots seen in the hirshfeld surface map in Fig. 6a and b
represent strong hydrogen bonds caused by acceptor and
donor atoms, while other intermolecular interactions
are represented by light red dots. The Hirshfeld surface
formed using the shape index property was employed
for the determination of the m---m stacking interactions
in the crystal packing. Fig. 6¢ shows the shape index
contour surface plot of the title compound generated
in the range of -1 to 1 A. The shape index is a dimensionless
surface feature used to identify complementary pairs of
red-hollows and blue bumps in maps where molecular
surfaces converge [45, 46]. The blue triangle regions
symbolize hydrogen donor groups and the red triangle
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regions symbolize hydrogen acceptor groups. n-—m
interactions are usually indicated by adjacent red and blue
triangles on the shape index map [47], as is the case with
the cap molecule. These triangles form a kind of "bow-tie"
on the map, indicating the presence of m-m interactions
(marked in the ellipse, Fig. 6¢).

As seen in Fig. 6a, dark red dots on the dnorm surface
of the title compound indicate that strong hydrogen bonds
have occurred between Neee H-O and Oees H-N atoms.
On the other hand, in Figs 6a and 6b, it is seen that
the interactions between FeeeC and NeeeC cause light red
dots on the dnorm surface. Hydrogen bonds and other
contacts made by atoms in the structure of the title
compound are shown in the two-dimensional fingerprint
patterns presented in Fig. 7a-i, along with their
contribution to the Hirschfeld surface. FeeeF short contact
made the greatest contribution to the Hirshfeld surface
with 27.5% (Fig. 7b). The contributions from the FeeeF
contact and other contacts to the Hirshfeld surface are
given in Fig 8. The data presented in Figs. 7a-i and 8
provide qualitative evidence for the existence of various
hydrogen bonds and intermolecular interactions in the crystal
structure of the title compound. A pair of sharp spikes
appearing in Fig. 7d indicate the presence of hydrogen bonds
between N7-H8¢+¢05’ and O5¢+*H8'-N7’ atoms.

H-NMR

NMR spectroscopy is a useful technique for the structural
analysis of organic compounds [48]. The 'H-NMR
spectrum of the title compound was calculated by the
B3LYP/6-31G++(d,p) method using TMS as a standard.
The exhibition of two signals at § 7.7 and 9 ppm in
the 'H NMR (CDCI3) spectrum of the title compound
was assigned to the NH and OH protons, respectively.
On the other hand, the theoretical *H-NMR shift values were
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Fig. 8: Two dimensional fingerprints graphs for the title compound. The di and de along x and y represent the nearest adjacent nuclei
internal and external from the three dimensional Hirshfeld surface. (a) Total contribution, (b) Fee*F, (c) FeeeH/He***F, (d)
CeeoH/H?*+C, (¢) O***H/H***O, (f) N***C/C***N, (g) Fo*oN/Ne*eF, (h) O***C/C***0 and (i) F+++0/0+*F inter-atomic contacts

calculated as 7.3 ppm for NH and 9.4 ppm for OH
by the DFT method. The correlation between the calculated
and experimentally obtained spectrum values was calculated
as R?=0.987. This result indicates a consistency between
experimental and theoretical *H-NMR results.

Druglikeness and ADME studies

For a compound to be evaluated as a drug, its interaction
with the target protein and its activity in living organisms
should be examined. Therefore, an Absorption,
Distribution, Metabolism, and Excretion (ADME) study
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is performed to examine the ligands' interaction with living
organisms. The physicochemical data of the title
compounds for the ADME study were searched using
the SwissADME online server. SwissADME is a free,
user-friendly web tool that is widely used for the analysis
of physicochemical properties, pharmacokinetics, and
relevance to medicinal chemistry in the synthesis of
existing drugs or new drug molecules.

There are different criteria such as Lipinski, Ghose
Veber, and Egan in the literature regarding whether or not
a compound shows drug similarity. In this study, we will

2445



Iran. J. Chem. Chem. Eng.

Bayrakdar A. et al.

Vol. 42, No. 8, 2023

Table 3: Lipinski's Rule of Five for ADME analysis of the title compounds

4 Accepted range N-(2,3,5,6-Tetrafluoropyridin-4-yl)formamid )
Lipinski's five criteria Calculated Decision
Molecular mass (Da) (MW) <500 194.09 v
Hydrogen band donor (HBD) <5 1 N
Hydrogen band acceptor (HBA) <10 6 v
LogP <5 1.16 v
b) h
ALA
Rec‘eptor A:121
cavitics PHE A\flA A"a. AH:'954
A:91 >
= HIS
. A96
LEU —('2“

Interactions

[] vander waals

[ ] carbon Hydrogen Bond
] Halogen (Fluorine)

J

Fig. 9: a) Molecular docking interactions between N-(2,3,5,6-Tetrafluoropyridin-4-yl) formamide and the binding sites of 4WR?7. b)
Residual interactions between N-(2,3,5,6-Tetrafluoropyridin-4-yl)formamide and 4WR7

evaluate drug similarity characteristics according to
Lipinski's criteria, which is one of the most frequently
encountered criteria in the literature. Lipinski's five criteria
were developed by Christopher Lipinski to predict the oral
bioactivity of molecules. According to the Lipinski
criteria, it can be defined as the chemical structure
limitations on the molecular weights (<500), hydrogen-
bond acceptor (<10) and hydrogen-bond donor (<5)
numbers, and lipophilicity (log P or clog P) (<5) of
compounds [49]. The drug similarity properties
calculated for the compound are given in Table 3. As can
be clearly seen in Table 3, there is no violation of the
Lipinski criteria. This means that there is nothing to
prevent the title compound from being an orally active
drug in humans.

Molecular docking study

The purpose of a molecular docking study is to
determine the optimal binding positions between Protein
and ligand by examining the interactions between proteins,
which are large molecules, and ligands, which are small
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molecules. Ligands generally interact with amino acid
residues located in the active cavity of target proteins.
For this reason, it is very important to identify the amino
acids in the active site of the target proteins and to define
the region where these amino acids are located as the study
area. Since there is no molecular docking study in the
literature on N-(2,3,5,6-Tetrafluoropyridin-4-yl) formamide
and its derivatives, potential target proteins were determined
by virtual scanning through the SwissTarget Prediction
tool, a web tool with an open-access, user-friendly
interface. In the virtual scan, a protein with PDB code
4AWR7 from the Carbonic Anhydrase 1 (CAI) family
was selected as the target protein for the title molecule.
The carbonic Anhydrase has three conserved histidine
residues (His94, His96, and His119) and a single active
site with a zinc atom coordinated by a water molecule [50].
The optimized structure of the title compound was used
as a ligand in the molecular docking study with PyRx
software. On the other hand, the water molecules, hetatm,
and ligand groups in the structure of the 4WR7 target
protein were cleaned by AutoDockTools-1.5.6 before
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Table 4: Protein-ligand interactions of the title compound with 4WR7

. . AG Conventional Carbonl .
( Protein PDB code Ligand (kcal.molY) H-Bonds (A) H-Bonds (A) Halogen (Fluorine) (A) W
His94(2.30)
) ) His96(2.31) .
Carbonic AR Tetrg‘ll(ch;%&eri i o8 His119(2.24) His94(3.18) His200(3.70)
Anhydrase | Py : Thr199(2.91- His200 (3.30)
4-yl)formamide 2.94)
His200 (2.59)

the molecular docking study. In the next step, polar
hydrogen atoms and Kollman charges were added
to the target protein. Finally, the pre-docking process
was completed by entering the grid parameters to include
the active cavity of the target protein.

Protein-ligand interactions obtained by molecular
docking studies performed with the help of Pyrex
software are given in Table 5 and Fig. 8. It is clearly seen
in both Table 4 and Fig. 9 that the title compound
performs a conventional hydrogen bond interaction with
His94, His96, His119, Thr199, and His200 in the active
cavity of the 4WR7 target protein. Two of the
conventional hydrogen bonds that take place here are
between the active residues Thrl99 and His200 and
fluorine atoms. In addition, the other hydrogen bond
made with Thr99 was realized with the O atom.
On the other hand, the active residue His200 formed
a halogen bond with the fluorine atom.

The presence of the halogen bond is clear evidence
of a net attractive interaction between an electrophilic
region associated with a halogen atom in the structure and
a nucleophilic region in another molecular structure.

CONCLUSIONS

In this study, molecular geometry was successfully
calculated and compared with experimental results.
The optimized structure was used in other theoretical
calculations. From the HOMO-LUMO analysis, the title
compound was found to be a chemically soft and bioactive
molecule. The predicted MEP diagram presented
information about the reactive sites in the molecular
docking study. The non—covalent interactions of the titular
compound are detailed using Hirshfeld surface analysis;
from which it is concluded that H-F/F-H and its contacts
are a notable donor for crystal packaging. The drug-
likeness study demonstrated that the title compound had
a good pharmacokinetic profile. In addition, in silico
molecular docking results showed a good association
between  N-(2,3,5,6-Tetrafluoropyridin-4-yl)formamide

Research Article

ligand and selected 4WR7 protein, with ligand docking
into the active site of the protein. The presence
of a halogen bond between these interactions was also
observed. In this study, it was emphasized that the title
compound is promising in drug designs because
compounds with halogen bonds increase the selectivity
and efficiency at the active sites of target proteins. This
result will make perfluorinated structures interesting
in the synthesis of biologically active compounds and
in pharmacological and medical research.
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