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Abstract. The motive of present article is to attract attention on conformational analysis and electronic
features of 4-carboxy-3-fluorophenylboronic acid compound via computational method. To comply this,
density functional theory (DFT) in combination with Becke 3-parameter Lee-Yang-Parr (B3LYP) functional
was considered to identify possible conformers and hence the ground state conformation. The stability
reaction of formation quantum theory of atoms in molecules (QTAIM), natural bond analysis (NBO) and
thermodynamical stability of dimerization of 4-carboxy-3-fluorophenylboronic acid is computed by using
DFT/6-31G(d, p) method. The Eigen value of highest occupied molecular orbital (HOMO), lowest
unoccupied molecular orbital (LUMO), and related energy bandgap were computed at B3LYP. In addition
to these, thermodynamic properties and nonlinear properties (NLO) are also computed. Study of NLO
(nonlinear optical behavior) reveals the nonlinear properties of the title molecule. The UV-Vis spectra of title
molecule were calculated by time dependent density functional theory (TDDFT/6-31G(d, p)) on optimized
geometry by same level theory. The biological activity of title molecule is computed by PASS online server
which predict 4000 types of biological activities, counting pharmacological effects, mechanisms of action,
toxic and adverse effects, interaction with metabolic enzymes and transporters, influence on gene expression,
etc. The title molecule showed good activity against antineoplastic (0.914), peptidyl transferase inhibitor
(0.969), aminoacylase inhibitor (0.960), sugar-phosphatase inhibitor (0.913), ribulose-phosphate
3-epimerase inhibitor (0.896), antiviral (0.862), TP53 expression enhancer (0.860). To determine anti-
inflammatory potential, we have performed docking of title molecule with drosophila, which is a muscleblind
like splicing regulator 1 (MBNL1) protein, by using Swiss dock online server.
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INTRODUCTION

The boronic acid moiety has essentially been a part of various biologically
important compounds. It does not exist naturally; still it has appeared since 1860 in
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the literature [18]. Stability, exclusiveness and handy reactivity shown by boronic
acids, made it a key precursor in numerous areas, including acid catalysis, formation
of C-C bond, carbohydrate analysis, asymmetric synthesis, molecular sensing,
metal-catalysis, and as an enzyme inhibitor, therapeutic agents, and a novel material
[13, 46, 57]. From last decade boron pay lot of attention in drug designing area due
to its useful biological activities [15]. Edward Frankland was firstly synthesized
boronic acids in 1860 [18, 19]. The boronic acids can be utilized as building blocks
and synthetic by product [23]. The versatile reactivity, stability, and low toxicity of
boronic acids play important role in by product in synthetic chemistry [8, 24]. In
drug designing, boronic acid is further decomposed into boric acid, the finally
removed by the human body [49]. Boronic acids have unique physicochemical and
electronic characteristics [58]. One of important use of boronic acid is in treatment
of various types of cancer cells, like breast cancer [54]. In early period of 19th
century, boric acid (B(OH)3) was used as minor antiseptic. Now a day, boron-based
drug show much therapeutic potential attention [2, 6]. In 2003, boronic acid-
containing drugs [22] was approved by the U.S. Food and Drug Administration
(FDA). The crisaborole [16] and vaborbactam [35] are utilized in treatment of atopic
dermatitis and bacterial infections, respectively. Other boron containing drugs are
also under clinical trial [3]. The trigonal [52], tetragonal covalent [23] with nucleus
loving residue, e.g. serine, lysine, tyrosine, are present in target proteins with boronic
acids. The two hydroxyl groups with four lone pairs with two hydrogen bond
presents on boronic acids which provides more opportunities to bind with amino acid
residues. The interacting hydrogen bonds are small, however high interacting energy
of boronic acid with target protein increase the binding affinity of the inhibitor with
boronic acid [49, 55]. The boronic acid shows extra interaction property to interact
with metal ions in enzymes [11]. The diversity of boronic acid derivatives of
different organically significant materials has been produced to aim at a possible two
split attack on cancer as anti-metabolites [11, 54]. The moiety of boronic acid has
also been fused with amino acids and nucleosides as anti-viral agents, anti-tumor [1].
Many authors have been reported molecular structure as well characteristics of
phenylboronic acid, and also for its by-products for years [45, 56]. The crystal
structure of phenylboronic acid has been studied by Rettig and Trotter [45].
Literature investigation divulges no comprehensive theoretical or experimental DFT
study of 4-carboxy-3-fluorophenylboronic acid (4C3FPB) so far. In ongoing
communication, we mainly focused on the detailed conformal analysis using
DFT/B3LYP calculations for 4C3FPB. Furthermore, the entropy, heat capacity, and
enthalpy were examined at room temperature and their variations with the
temperature have been plotted. In addition to these, energy of HOMO and LUMO,
and NLO (first order static hyperpolarizability f and related other properties like Aa.
and <oy features of 4C3FPB were also calculated. The biological activities of
4C3FPB on optimized geometry, by using same level theory, are also calculated,
however docking of 4C3FPB has been done by appropriate protein. The binding
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strength are calculated by using binding affinity full fitness score. The present
communication explores various possibilities of 4C3FPB appropriate binding with
suitable protein. We hope our research opens new pathway in therapeutic industry.

COMPUTATIONAL DETAILS

The initial geometry C3FPB molecule is designed, and initial geometry is
optimized by using combination of DFT [32] and hybrid B3LYP functional [7, 31, 50],
as well as basis set 6-311++G(d, p). The various properties of 4C3FPB are obtained with
computational techniques which offers a decent explanation on moderate-sized
molecules. In this work, Gaussian 09 program package [20] was involved to perform all
types of calculations and outcomes were analyzed with molecular visualization program
Gauss view 5.0 [19]. The stability in geometry of title molecule was resolute using PES
(potential energy scan) via changing torsional angles C4-B10-O13-H14 and C4-B10-
011-H12 at B3LYP/6-31G(d) level of theory. The stability of dimer of title molecule is
also studied by using thermodynamical parameters of reaction and QTAIM analysis of
most stable dimer. The variation in electronic properties of dimer and monomer are also
studied by using several chemical reactivity parameters based on energy of HOMO,
LUMO molecular orbital. The UV-Vis spectrum for optical absorption of title molecule
is calculated by using TDDFT (time dependent DFT) on optimize geometry of title
molecule. The vibrational analysis of the title molecule is compared with its dimer which
also has been done on its optimized geometry by using the same level theory. The
assignment of vibrations is calculated by using Gauss View 6.0 program. The
overestimation in calculated frequencies has been observed due to vibrational analysis
done on single molecule with harmonic approximation. To compare with observed
vibrational spectra scaling of calculated frequencies is required. The biological activity
of title molecule is calculated by using PASS online server. The initial input of the
optimized geometry of title molecule was uploaded in SIMILI code. The ALOGPS 2.1
program based on electro topological indices [28, 54, 55] are used to calculate transport
properties like log P and log S of title molecule. The prediction of target protein for
docking with title molecule has been done by using Swiss Dock online server [59]. The
docking of title molecule with predicted protein MBNL1 was also performed by Swiss
Dock online server. The strength of docking of title molecule with target drug are
determined by full fitness score (FF) binding affinity, length of H-bond, etc.

ESTIMATION OF VARIOUS NONLINEAR OPTICAL PROPERTIES (NLO)

The finite field approach was considered to calculate various nonlinear optical
properties, e.g. dipole moment (n), mean polarizability <o, anisotropy of the
polarizability (Aa), and total first static hyperpolarizability B [30, 47]. This method
proposes orthodox tactic for computing hyperpolarizability [12]. These properties
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play an important role to elucidate a reaction of molecular system in an applied
electric field. In terms of variables x, y and z, the dipole moment u, mean
polarizability «a», the polarizability (anisotropy) Aa, and first order static
hyperpolarizability § are computed by using following equations:

n= /u%+u§+u% (1)

Oyt Oyy+azy

== 2
Bx = Bxxx t+ Bxyy + Bxzz 3)
By = Byyy + Byzz + Byxx (4)
Bz = Bzzz + Baxx + Bzyy (5)

in this system: for polarizability o, 1 a.u. = 0.1482x1072* e.s.u. (electrostatic unit),
and for hyperpolarisability B, 1 a.u. = 8.6393x10* e.s.u.

RESULTS AND DISCUSSION

POTENTIAL ENERGY SCAN AND GEOMETRY OPTIMISATION

Potential energy scan

The 4-carboxy-3-fluorophenyl boronic acid has three substituents group
B(OH) group (with two —OH group joined with boron), —-COOH group at ortho
position and at meta position F (fluorine) atom. The three substituents (F, COOH
and B(OH).) on the ring are selected such that four stable isomers of the title
molecule (Fig. 1) are possible. The four-probable geometry of 4-carboxy-3-
fluorophenylboronic acid are analyzed by position of hydrogen (—OH group)
whether they are pointed toward or away from the ring. To explain conformational
analysis of 4-carboxy-3-fluorophenylboronic acid, the PES scan is performed in
between phenyl ring and B(OH)2 group system. To envisage the stable ground state
conformer of 4-carboxy-3-fluorophenylboronic acid (4-C3FPB), a 3-D potential
energy surface (3D-PES) scan was executed by changing torsional angles C4-B10-
013-H14 and C4-B10-O11-H12 in the steps of 10° from -180° to +180° at
DFT/B3LYP/6-31G(d) method. Throughout the scan, entire geometrical structures
were concurrently comfortable, except two designated dihedral angles. To find
conformational flexibility inside the title molecule, dihedral angles C4-B10-O13-
H14 and C4-B10-O11-H12, which are the relevant torsional angles related to
torsional profiles of the PES scan, are plotted in Fig. 1. The conformers which are
stable — trans-trans (minima points A), trans-cis (minima points B), cis-trans (minima
point C), and cis-cis (minima point D) are reflected on PES (Fig. 1).
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Fig. 1. Four stable conformers of 4C3FPB along with their energies.

The position of the OH group in the title molecule is represented by trans-
conformer (headed away from the ring) and by cis-conformer (headed toward the
ring). Energy values attained from outcome of the PES scan discloses that the
conformers at minima point B and point C in trans-cis and cis-trans alignment are
much stable in comparison with conformer at minima A and minima D in trans-trans
and cis-cis alignment, according to —OH position. The energy deviation among two
lower conformers (trans-cis and cis-trans) is 0.00006 Hartree only at DFT/B3LYP/6-
31G(d). The lesser energy conformer is cis-trans conformer; so further 2D PES
scan has executed on cis-trans conformer by varying dihedral angle C3-C4-B10-O13
from —180° to +180° in steps of 10°, to check the orientation of complete boronic
acid group along phenyl ring.

Molecular geometry

The lowest energy structure of 4C3FPB obtained after conformational analysis
was once again optimized at higher basis set 6-311++G(d, p) with same level of
theory. Figure 2 depicts the optimized geometry of 4C3FPB with labelling scheme
of atoms which contains the optimized geometric parameters like lengths, angles and
torsional angles related to bonds. The crystal structure of molecules under
investigation are unavailable, thus optimized structure of 4C3FPB was compared
with some other molecular systems having identical groups, like phenylboronic acid
and 3-fluorophenylboronic acid [45, 56]. In 3-flurophenylboronic acid [56], bond
lengths of C—C (ring) were detected between 1.365-1.406 A, and from 1.378 to 1.404
A for the phenylboronic acid [45]. In the present study, the bond lengths C4-C5, C3-
C4, C1-C2 varies between 1.399-1.406 A, and are longer than bond lengths C2-C3
(1.386 A), C5-C6 (1.387 A). The reason for this is partial double bond character.
Literature [45] shows that the O—B bond length for phenylboronic acid is 1.362 A
and 1.378 A. Similarly, itis 1.343 A and 1.366 A in context of 3-fluorophenylboronic
acid [56]. These distances were computed at 1.364 A (013-B10) and 1.371A (O11-
B10) that presents a fair association with architecturally like compounds.
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Bond length C—B are observed at 1.568 A for phenylboronic acid [45] and
1.562 A for 3-fluorophenylboronic acid. In the current study, bond length C-B is
calculated as 1.573 A for 4C3FPB. Theoretical calculation shows that C—H bond
lengths for 4C3FPB are almost equal to C—H bonds for 3FPBA [56].
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Fig. 2. Optimized geometric structure of 4C3FPB.

X

The bond length C-X, where X may be F, Cl, Br, etc., demonstrates an
extraordinary escalation when replaced X at the position of hydrogen atom. In present
work, the C—F bond length is computed as 1.346 A at B3LYP/6-311G++(d, p),
showing good coherence with similar molecule [56]. A noteworthy deviation in bond
angles C-B-0 and also in O-B-O from the predicted value 120 ° angle is detected
with a reason of acquiring sp2 hybridized state by boron. Resonance interaction among
vacant p orbital of boron and oxygen lone pairs may perhaps restrict H10 and H11
(both) of boronic group to remain in plane of O-B-O. All computed geometric
parameters are in a sound coherence with consistent experimental data. The C-C-C
bond angles of six-member ring were generally perceived in the range 117.60-123.90
in degree for 3-fluorophenylboronic acid [56], and are in better association (excluding
some) with the standard angle in degree (120.00) for the ring. Moreover, C1-C6-C5,
C3-C4-C5 and C2-C1-C6 bond angles of title compound diverged more from
standard value; it is due to the attached heavy atom/group like fluorine atom,
carboxylic and boronic group. Anyone can effortlessly observe from above data that
calculations of the angles in 4C3FPB are consistent and proximate to associated
experimental data of structurally analogous compounds [45, 56].

DIMER FORMATION OF 4C3FPB

Dimer geometry

To study dimer of title molecule we have designed four possible conformer
(Fig. 3) by placing first unit with respect to second unit and design geometry of dimer
optimized by using DFT/6-31++G(d, p) method. In first conformer oxygen (—-C=0) of
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first unit with—HO of second unit and vice versa. After geometry optimization by using
DFT/6-31++G(d, p) method, the optimized geometry having an energy
of —1180.347 a.u. However, in second conformer, both units are placed perpendicular
to each other and after optimization by same level theory the optimized energy
is —1121.254 a.u. The third conformer is similar with the second, except second unit
rotate 180°. After geometry optimization, calculated energy of third conformer
is —1089.687 a.u. In forth conformer (helps to understand the stability based on energy
of isomers) both units are placed parallel in such a way that F atom of first unit interact
with hydrogen of the second unit and vice versa. However, optimized energy of conf-04
(conformer-4) is slightly higher than conf-01. The minimum energy corresponds to
conf-01; that means that the most probable geometry of conformer of dimer of title
molecule is first one.
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Fig. 3. Various conformer of dimer along with optimized energy.

QTAIM analysis

At bond critical point (BCP), inter and intra molecular interaction in any
chemical system is calculated by using quantum theory in atom (QATIM) analysis
with help of some topological parameters. In nonbonding interaction electron density
(pgcp) and Laplacian (V2pgcp) should lies in between 0.002-0.040 a.u., and 0.024—
0.139 a.u. respectively [31]. Based on above criteria, two nonbonding interaction
appears 037-H14, H38-019 in dimer formation (Fig. 4). Several topological
parameters like electron density pgcp, Kinetic energy G(r), potetial energy V(r) and
total energy H(r) (r represents the position vector of the molecule) at BCP in dimer
are calculated and listed in Table 1. The nature of nonbonding interaction is
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determined by Laplacian V2p(r). The V2p(r) > 0 and p(r) are of order of 102 for
both interactions which indicate that both interactions are closed shell H-bonding
[5]. The value of Vp(r) very close to limit of nonbonding interactions however p(r)
varies from 0.057-0.058 a.u. The value of total energy is the sum of kinetic and
potential energy; that means H(r) = V(r) + G(r) at BCP. The value of H(r) is an
important factor to know about nature of chemical bonds. In this calculation, V(r) >
G(r); that means H(r) < 0, and shows in both interactions sharing of electrons
dominates means less ionic nature. One important parameter magnitude of ratio of
potential energy to kinetic energy | (a critical concept in determining the balance of
forces that keep the molecule in stable) is found to be greater than one (Table 1); this
again establish its covalent nature [50]. The value of | greater than one indicates that
for both interactions (nature of nonbonding interactions and nature of chemical bond)
calculated and found VZpgcp > 0 and H(r) < 0 again shows their covalent nature. The
strength of interaction energy is computed by using following equation [14].

Eint =% | Viscp | (6)

where Ein is the energy of interaction of molecules of dimer and Vp is the potential
energy at bond critical point. The value of Eiy is calculated in kcal/mol, which is
obtained by conversion of 1 a.u. energy into kcal/mol by a conversion multiplier of

627.51.
Table 1

Various topological parameter of dimer at bond critical points (BCP)

V()
Bond PBCP V2ppcp Ggcp Vacp | ) | Hgcp Eint
(a.u.) (a.u.) (a.u.) (a.u.) (or 1) (a.u.) (kcal/mol)
037-H14 0.057 0.131 0.0526 -0.0726 1.380 -0.020 22.78
H38-019 0.058 0.131 0.0525 -0.0726 1.380 -0.021 22.78

By calculation, we have found that the value of interaction energy of dimer for
both molecules are > 12 kcal/mol, which shows that both interactions are fall in weak

PRostzont

Fig. 4. QTAIM picture of dimer: The small red dots represent the ring critical points (RCP), and other
point are atoms (red — O, black — C, brownish white — H, pink — B).
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Nonbonding orbitals analysis (NBO) of dimer

The nonbonding orbitals analysis (NBO) of any system is an important tool to
determine nonbonding interaction in molecule. The NBOs provides an effective basis
for examining charge transfer or conjugative interaction in any chemical system [9].
The value of second order interaction energy E(2) provides intensity among electron
donors and electron acceptors, The charge transfer from one unit (1) to unit (2) due to
n1(037) — [c*(013-H14)], n3(019)— [c*(H38-032]) stabilized dimer of title
molecule up to 61.88 kcal/mol and 45.66kcal/mol respectively proves interaction O37—
H14 and H38-019 (c* shows antibonding charge density).

Thermodynamical stability of 4C3FPB dimer formation reaction

Let us check stability of dimer formation of title molecule by using DFT/6-
31G(d, p) method.
Adsorption energy for the reaction is given by the following equation:

E.q = E(dimer) — 2 E (4-carboxy-3-fluorophenylboronic) @)

The computed electronic energy for reaction (E,4 < 0) means that dimerization
of title molecule proceeds in forward direction. The Ke thermodynamical
G

A

equilibrium constant for dimerization is calculated by exp RrRT. The intended
equilibrium constant for dimerization indicate that dimerization of title molecule is
highly favored at T = 300 K.

The computed thermodynamical parameters for dimerization reaction at
T = 330 K are listed in Table 2. The computed Gibbs free energy (AG), enthalpy
(AH), and entropy (AS) for dimerization of title molecule are negative. It indicates
that dimerization of 4-carboxy-3-fluorophenylboronic is exothermic and spontaneous
at T =300 K.

Table 2

Various calculated thermodynamical parameters of dimer formation reaction at T = 300K

SN Parameter Title molecule Dimer Reaction
1 Electronic energy (a.u.) —590.001827 —1180.04582 -1.14737
2 Gibbs free energy (a.u.) -590.038136 -1180.0996 -0.63477
3 Enthalpy (a.u.) -589.990874 —1180.02455 -1.16467
4 Entropy (kcal/mol) 99.471 159.995 29.35
5 Keg - - 4889.5

ELECTRONIC PROPERTIES

The highest occupied molecular orbitals (HOMO) and lowest unoccupied
molecular orbitals (LUMO) are useful molecular orbitals to determine nature of
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electronic properties of any chemical system. The HOMO and LUMO are known as
frontier molecular orbitals. The energy required to transfer electron from HOMO to
LUMO are known as energy band gap of any system. Moreover, LUMO and HOMO
regulates the approach of molecular interaction with external species. Key
descriptors of reactivity — ‘hardness and softness’ are generally associated with the
HOMO-LUMO energy gap. A hard molecule exhibits vast LUMO-HOMO gap, and
is anticipated to be less reactive in terms of chemical reactivity; that means that
hardness is directly linked with chemical stability. A less energy gap of LUMO-
HOMO, on other way, designates a soft molecule [17]. Several electronic reactivity
descriptors of monomer and dimer of 4-carboxy-3-fluorophenylboronicare
calculated and listed in Table 4 by using DFT/6-31G(d, p) method.

g -8 - RS
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Fig. 5. HOMO LUMO plot of monomer and dimer of 4C3FPB.

The three-dimensional plots of frontier molecular orbitals compositions are
revealed in Fig. 5 predict that HOMO is homogeneously distributed over the whole
molecule except boronic acid and carboxylic group; however, in dimer HOMO is
distributed over whole molecule except carboxylic group of both interacting units.
The LUMO spreads over whole molecule in both monomer and dimer. The HOMO
energy monomer lies lower energy than dimer, however, LUMO shifted higher
energy in dimer as compared with monomer coequally calculated band gap in dimer
(4.59 eV) is less than band gap of monomer (6.71 eV). The enhance reactivity in
dimer as compared with monomer is due to polarity arise by nonbonding interaction
of both units. The negative eigen value of HOMO and LUMO are known as
ionization potential and electronegativity. The chemical potential [42] is equal to



11 Study of 4-carboxy-3-fluorophenylboronic acid by using density functional theory 223

negative of absolute electronegativity (y); however absolute electronegativity (y) is
negative average of ionization potential and electronegativity. Maximum hardness
[44] theorem states that highest possible energy gap in between HOMO and LUMO
energy means the highest value of g (absolute hardness) and correlates with the
stability [38]. Chemical hardness measures the difficultness of reaction of the title
molecule with molecules of other chemicals. Similarly chemical softness measures
the easiness of reaction of title molecule with molecules of other chemicals.
According to quantum theory, mixing of ground state wave function with excited
state wave function gives optical polarizability. The exciting energy from ground
state to excited state is inversely proportional to mixing coefficient. The chemical
hardness any system is half of energy gap in between HOMO and LUMO energies.
One important point noticed that amount of a chemical system's acceptance to
deviations in electron distribution is defined by global chemical hardness and is
associated to its stability as well as chemical reactivity. The global softness is reverse
of global hardness and vice versa. The calculated global hardness of monomer is
greater than that of dimer, and calculated global softness of monomer is smaller than
that of dimer of the title molecule. The computed values of global softness and global
hardness of monomer and dimer of title molecule establish their chemical stability.

Table 3

Calculated electronic parameters in of monomer and dimers of title molecule

Species HOMO LUMO AEgap X 48 n S ®
(eV) @& | @ | &) | @ | ev | @ | @v
Monomer —8.96 —2.25 6.71 561 | -5.61 3.35 0.149 4.70
Dimer —6.58 -1.99 4.59 429 | 4.29 2.28 0.218 4.02

x — absolute electronegativity, p — chemical potential, n — chemical hardness, s — chemical softness,
o — electrophilicity.

UV-VIS SPECTRA OF 4C3FPB

The TDDFT method is utilized to calculate optical spectra (UV-Vis) of title
molecule on optimized geometry by using DFT/6-31G(d, p) method. The TDDFT
calculation are done up to sixteen excited energy state. In UV spectra (Fig. 6), six
absorption peak appears. The electronic transition energy and transition molecular
orbitals along with % contribution of orbital and maximum wavelength and
oscillatory strength are listed in Table 4. The most intense peak calculated at 168 nm
due to SO—S4 with oscillatory strength (f = 1.098 cm™) having electronic transition
energy of 2.626 eV. The transition corresponds to H-1—L contribute 81 %. Two less
intense peak appears at 161 nm with f = 0.339 cm™ and 214 nm with f = 0.339 cm
due to transition in between SO—S5/S2 with a transition energy of 2.636 eV and
3.716 eV, respectively.
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Table 4

Calculated electronic transitions: state transition energy E, oscillatory strength,
i.e. f, and Amax Of title molecule

70,000

E;(tcal tt:d (eE/) f(cm™) i:Liu(lr?:r?;j Transition orbital’s
SOSI 2634 | 0135 216 H-1>L(41 %), HoL (85 %)
S0—S2 2.636 0.339 214 H-1—L (81 %)
S0—S4 3.281 1.098 168 H-1—-L (13 %), H—>L+1 (84
S0-S5 3716 | 0614 161 H-1—L+1 (88 %)
S0-S8 3718 | 0.148 139 H-3—L(55 %), H3—L+2 (11 %), H-1—L+2
(19 %)
S0-S35 | 3852 | 0.129 120 H-4—LUMO (69 %), H-4L+2 (~20 %)
UV-Vis Spectrum
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Fig. 6. UV spectrum of title molecule (wave number and oscillatory strength
in vertical axis are in cm™).

NLO analysis

Nonlinear optical (NLO) effects ascend from the interactions of
electromagnetic fields in several media to reform different fields with amended
frequency, amplitude, and phase, or other propagation features from the applied field
[53]. NLO is a state-of-the-art of present-day research considering its vital use in
explicates the pivotal roles of optical switching, logic, memory and optical
modulation and frequency shifting, for evolving technologies in the areas like
broadcastings, and signal processing [4, 22]. NLO methods are also well-thought-
out as unique structure-sensitive methods to understand the molecular structures and
assemblies. Meanwhile the prospective of organic materials for NLO devices have
been proven. The density functional theory provides important information in
between electronic structure and NLO response. To explore the NLO features of a
molecular system, archetypal molecule like urea is used for comparative task
frequently as an edge value. Some important nonlinear optical parameters of title
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molecule are calculated and listed in Table 5. The intended values of y, <a» and ptotal
for the titled molecule are 2.2711 D, 16.3361 x 10 e.s.u. and 1.1984 x 10’ e.s.u.
by same level theory. The 4C3FPB comprises huge Bwwm Value higher than urea
(0.1947x107%° e.s.u.), which specifies, title compound can be a decent aspirant for
NLO material. Theoretical calculations are more valuable to resolve of specific
components of B tensor there after founding the real values of . Supremacy of
specific components demonstrates significant delocalization of electronic charge in
respective directions. The extreme values of hyperpolarizability in Bxxx direction are
perceived that refers that electron cloud is delocalized in that side more.

Table 5

The computed values of , a, B (a.u.) for 4-carboxy-3fluorophenylboronic acid

o Parameters | B3LYP/6-311++G(d, p)
e x -1.7914
R by 1376
58 bz 0.2345
U 2.2711
Olxx 157.133
> Olxy -3.054
£ ayy 114.321
|3 Olxz 0.136
= oz —0.173
E’ Ozz 59.238
[ 16.3361 x 102 e.s.u
Aa, 81.9984 x 10** e.s.u.
Brxx 179.012
Brxy -39.933
ga_ Bryy —47.996
25, Byyy —47.802
e £ B 6.939
% ﬁ ;\ Bxyz 5.067
55 By 4318
S _8_ Bxzz —31.064
1z Byzz ~13.436
(I Bzzz 5.427
Btotal 143.1922 a.u.
Brotal 1.1984 x 100 e.s.u.

VIBRATIONAL ANALYSIS

Title molecule has 19 atoms, so it contains 3N-5 (=52) modes of vibration. In
52 modes of vibration N-1 (18) are stretching modes and rest are bending modes.
The whole vibrational spectra of title molecule divided in two parts above 1000 cm™
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are called functional group region, and below 1000 cm are called fingerprint region.
The calculated frequencies are containing some higher values as compared with
observed values. Due to ignorance of anharmonicity of electron-electron correlation,
molecular interaction in calculated result is omitted; however, these effects are
observed in experimental result. To compare calculated frequencies with observed
ones, we have scaled calculated frequencies by 0.96 [37]. The scaled frequencies, IR
intensity and modes of vibration for monomer and dimer are listed in Table 6 and
Table 7. Some selected scaled modes of vibrations for monomer and dimer are
discussed below.

—C—-H modes of vibration

The —CH group present on benzene ring so —CH stretching modes appear in
vibrational analysis. In general C—H stretching vibrations appear in the region 3000—
3100 cm, which is the typical region for identification of the C—H stretching
vibration [37]. In the present study, C—H stretching vibrations are calculated at
3415cm™? to 3382 cm? for monomer with significant intensity; however,
corresponding stretching modes appears at 3384 cm™ to 3415 cm™ with higher
intensity in dimer. In the middle region of the spectra, some bending modes appear
incorporate with —C=C stretching modes of vibration. In plane —CH bending modes
start appearing from 1792 cm in monomer, however corresponding bending modes
start appearing from some lower frequency 1328 cm™ in dimer. In dimer, -CH in-
plane bending modes appear at 809 cm™ with significant intensity. In lower the
frequency region of the spectra, -CH out of plane bending modes appear at 816 cm
and 702 cm in monomer and dimer, respectively.

—O—H modes of vibration

The —OH group is present in title molecule, so O—H stretching modes of
vibration appears in calculations. In general, —-OH stretching modes of vibration
appears in between 3700-3800 cm [37]. In our calculation —OH stretching modes
of vibration appears at 3889 cm™ in monomer, however corresponding stretching
modes appears in dimer at 3944 cm. Noted that polarization appears in dimer due
to nonbonding interaction in dimer, in which —OH group involved so corresponding
—OH stretching modes appears at lower frequency region with significant intensity.
In lower frequency region, some mixing band along with —OH bending modes
appears at 407 cm and 1066 cm™ in monomer and dimer respectively.

—C=0 modes of vibration

The carbonyl absorption modes of stretching vibration appears due to vibration
of both C and O atoms with equal amplitude, hence shown significant intensity. In
dimer, —C=0 group involves in nonbonding interaction, so in dimer —C=0 stretching
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modes of vibration appears at lower frequency region with significantly high
intensity. In monomer, the —C=0 stretching modes appears at 1941 cm™, however
corresponding modes appear at 1838 cm ™ in dimer.

—C=C modes of vibrations

The substitution of heavy substituent, the band tend to shift somewhat lower
wavenumber and greater the number of substituents on the ring broader the
absorption region [37]. The semi-circle stretching, known as C—-C aromatic stretch,
in monomer are lying in between 1307 cm™ to 1725 cm, however corresponding
aromatic stretching modes in dimer lies in between 1304 cm™ to 1792 cm™. The
C-C stretching modes may be according with opposite quadrant of ring stretching,
however superseding quadrants contract which is followed by literature [37]. At
lower frequency region, CC in plane bending modes appear in both monomer and
dimer with significant intensity. At lower frequency region some out of plane CCC
bending modes which is described in such a way that every carbon of sextant going
up out of the plane while intervening carbon of sextant going down of plane are
appearing in both monomer and dimers are also supported by literature.

Boron including modes of vibration —B(OH). group attach benzene ring
so —BC, —BO are present on title molecule. The —BO stretching modes of vibration
appears at some lower frequency region due to greater reduced mass. The calculated
—BO stretching modes of vibration appears at 1497 cm with significant intensity in
monomer however corresponding frequencies calculated at 1496 cm in dimer. The
other —OBO bending modes appear at 62.27 cm™ in monomer, however
corresponding modes appear at 62.41 cm in dimer. The other modes of vibration
along with mixing of other modes vibration for dimers are listed in Table 6.

Table 6

Calculated frequencies, scaled frequencies, IR intensity and vibrational assignment
of dimer of 4C3FPB

Calculated Scaled IR intensity _
S.N. wavenumber wavenumber Assignment
-1 -1 (au)
(cm™) (cm™)

1 3948 3790 22.2124 v(v(017-H18, 015-
H16)+v(035-H36, 033-H34))

2 3948 3790 215 vas(0(017-H18, O15-
H16)+u(035-H36, 033-H34))

3 3944 3786 20.2685 Vas(035-H36, 033-H34)

4 3944 3786 18.5783 vas(017-H18, 015-H16)

5 3292 3160 5802.13 vas(013-H14, 032-H38)
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16

1859

1785

1105.499

Bin(H14-013-C12, H38-032-
C30)+v(019-C12, 037-C30)

1597

1533

426.7321

Bin(H14-013-C12, H38-032-
C30)

1554

1492

224.3089

Bin((C12-C2, H8-C3, C4-H9,
C1-H7, C6-H10, C5-
B11)R1+(C22-C30, C21-H27,
H26-C20, C24-H29, C23-H28,
C25-B31)R2+(H18-017-B11,
H34-033-B31) vas(015-B11,
035-B31)

1497

1437

653.41

Bin(H8-C3, C4-H9, C1-H7,
C6-H10)R1+(H27-C21, C20-
H26, C24-H29, C23-
H28)R2)+vas((C2-C3, C6-C5),
(C1-C2, C5-C4))R+vas(C2-
C12, C5-B11)

10

1495

1435

804.7365

Bin(H8-C3, C4-H9, C1-H7,
C6-H10)R1+(H27-C21, C20-
H26, C24-H29, C23-H28)R2,
H16-015-B11, H36-035-B31,
H14-013, H38-032)+vas((C5-
B11-017, C25-B31-033)

11

1124

1079

535.5659

Bout(013-H14, 032-H38)

12

1033

992

386.3101

Bin(H16-015-B11-017-H18,
H36-035-B31-033-H34)

13

1028

987

44.3736

Bout((H)R1, (H)R2)

14

956

918

684.3377

Bin(H18-017, H16-015, H36-
035, H34-033)

15

809

7

127.9913

Bout((H8, HI)R1, (H29, H26)R2,

C12-013-H14, C30-032-H38)

16

702

674

376.9706

Bou((H7, H8)R1-BLL, (H27,
H28)R2-B31, H16-015-B11-
017-H18, H34-033-B31-035-
H36)

17

609

585

174.3161

Bou(H9-C4, C6-H10, C12-C2,
H14-013)

18

567

544

423.6407

Bou(H16-015, H18-017,
(H)R1, H34-033, H36-035,
(H)R2)

19

481

462

205.6319

Bou(H16-B11-H18, (H)R1,
H34-B31-H36, (H)R2)

20

470

451

84.7

Pin(H18-017-B11-015-H16,
H34-033-B31-035-
H36)+v(C2-C12, C22-
C30)+Pin(C1-C2-C3, C21-
C22-C23)
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Table 7
Calculated frequencies, scaled frequencies, IR intensity and vibrational assignment
of monomer of 4C3FPB
SN Calculated Scaled IR intensity )
wavenumber wavenumber Assignment
(cm) (cm) (av.)
1 3948 3790 115.9964 v(017-H18, 015-H16)
2 3944 3786 20 vas(017-H18, O15-H16)
3 | 3889 3734 109.5757 v(013-H14)
4 | 3385 3250 3.0541 vas(C3-H8, C4-H9)
5 3382 3247 1.1298 vas(C1-H7, C6-H10)
6 | 1941 1864 331.0315 BC'R(Z';'“'OB'CH'CZ)R*“(Olg'
7 | 1792 1720 3.7638 Bin(H8-C3-C4-H9, H7-C1-C6-
H10)R+v(C3-C4, C1-C6)R+u(C2-
C12, C5-B11)
8 | 1726 1656 17.0806 Bin(C12-C2, H8-C3, C4-H9, C1-
H7, C6-H10)R+vas((C2-C3, C6-
C5), (C1-C2, C5-C4))R+vas(C2-
C12, C5-B11)
9 | 1684 1617 15.6049 Bin(C12-C2, H8-C3, C4-H9, C1-
H7, C6-H10)R+uvas((C2-C3, C6-
C5), (C1-C2, C5-C4))R+vas(C2-
C12, C5-B11)
Bin(C12-C2, H8-C3, C4-H9, C1-
10 | 1556 1494 123.1663 H7, C6-H10)R+vas((C3-C4, C1-
C6)R+Bin(C2-C12, C5-B11)
in(O13-H14, C1-H7, C3-H8, C4-
11 ] 1497 1437 2293418 ﬂg(, C5-B11-017)+v(015-B11)
Bin(H14-013-C12-019, C1-H7,
12 | 1494 1434 584.1663 C6-H10, B11-015-H16, B11-017-
H18)+v(C5-B11)
Bin(H14-013, C1-H7, C3-
13 | 1286 1234 172.4008 H8)+0(C2-C12)
14 | 1171 1125 141.6599 v(013-C12, C1-C6, C3-
C4)+Bin(H18-017, H16-015, H14-
013)
15 | 1034 992 169.3322 Bin(H18-017, H16-015)+v(B11-
017, B11-015)
16 | 956 918 349.3556 Bin(H18-017, H16-015)
17 | 816 783 147.4118 Bout(H9-C4,C6-H10, C12-C2, H14-
013)
18 | 704 676 139.0726 Bout(H9-C4,C6-H10, C12-C2, H14-
013, C5-B11)
19 | 614 589 273.7613 Bout(C2-C5)R+Bou(H14-013, H18-
017, H16-015)
20 | 558 536 102.5634 Bout(C2-C5)R+Bou(H14-013, H18-
017, H16-015)

Abbreviations for modes of vibrations: fBin = in plane bending, Bout = out of plane bending,
® = wagging, T = twisting, v = symmetric stretching, vas = antisymmetric stretching.
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THERMODYNAMIC PROPERTIES

The various thermodynamical parameters at temperature range 100—700 K are
computed and listed in Table 8 by using same level theory. The thermodynamic
functions are growing with temperature due to the evidence that the molecular
vibrational intensities rise with temperature [45]. The correlation graphs are shown
in Fig. 7.
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Fig. 7. Correlation charts of heat capacity, entropy, and enthalpy vs temperature for 4C3FPB.

The correlation equations between thermodynamic functions specific heat
capacity at constant pressure of molecule (Com), entropy of molecule (Sm), change in
enthalpy (AHm), and temperatures were fitted by quadratic formulas and correlation
factor are given below.

Cpm = 1.88526 + 0.16493 T — 8.55500x10°° T? (R? = 0.99972) (8)
Sm=58.47438 +0.18928 T — 5.88200x107° T2 (R? = 0.99996) 9)
AHm =-0.73825 + 0.1479 T — 4.92700x10°° T2 (R? = 0.99972) (10)

Here R? gives the value of the correlation constant for each egation. The
entropy, enthalpy and specific heat at particular state m shows good correlation with
temperature, however the value of correlation constant for enthalpy and specific heat
have the same value, but slightly less than that of entropy. All thermodynamic facts
bring supportive statistics for the advance study of 4C3FPB. This statistic may be
handy to figure-out some other thermodynamic energy as per relationships of
thermodynamic functions and estimate directions of chemical reactions conferring
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to second law of thermodynamics in thermo chemical field [51]. It is worth-full to
remark here that all thermodynamic calculations were performed in gas phase and
they could not be used in solution.

BIOLOGICAL ACTIVITY AND MOLECULAR DOCKING ANALYSIS

Tetko et al. [52] develop ALOGPS 2.1 program based on electro topological
indices [14, 54, 55] e.g. log P and log S. The predicted value of log P (3.21) indicate
that title molecule has ability to transport through cell membranes, which establish
its pharmacological. The predicted log S (-1.93) of title molecule lies in between
85 % drugs which shows that title molecule has better permeability through
membranes. The PASS is online server which utilizes several biological activities of
title molecule by using SIMILI code of optimized geometry of title molecule. The
validity of calculation of various biological activities are based on prediction of a
complete more than 8500 drugs which biological activity are experimentally known.
The observed biological activities are compared with calculated biological activity
predicted by PASS one by one and accuracy of predicted results are 85 % [27]. The
molecular mechanisms method utilizes by PASS for prediction of 900
pharmacological effects by using e.g. mutagenicity, carcinogenicity, teratogenicity,
and embryo toxicity. In Table 8, several biological activities for Pa > 70 % (i.e. Pa
>0.7) are listed by using PASS online server. From this table, title molecule displays
good activities against antineoplastic (0.914), peptidyl transferase inhibitor (0.969),
aminoacylase inhibitor (0.960), sugar-phosphatase inhibitor (0.913), ribulose-
phosphate 3-epimerase inhibitor (0.896), antiviral (0.862), TP53 expression
enhancer (0.860), etc. The TP5 expression enhancer connected with antitumor
activity so in this way title molecule have capability to project new antitumor drug.
To design new anti-inflammatory in tumor disease this is required to identify the
targets, cell which after repressed can kill the affected cells. For this we have
performed docking of title molecule to suitable protein by using Swiss-Dock web
server [59]. For docking we have uploaded mole2 file of optimized geometry of title
molecule and pdb file of selected protein MBNL1 (Drosophila) on Swiss dock server
[25, 39]. In this process, we have selected all possible conformers of docking with
their relative energies value and lowest energy conformers ranked zero. The best
binding is ordered according to their full fitness (FF) score. To avoid sampling bias
docking is performed over whole surface not any specific region of selected protein.
The docking figure of title molecule with MBNL1 protein is shown in Fig. 8, by
using UCSF chimera. The interaction of title molecule with selected protein are
calculated by using binding affinity, FF score, and H-bond, bond-length along with
amino acids (residue). The hydrogen bond appears in between boron of title molecule
residue glycine (GLY-143) with bond length 2.72 A. The calculated full fitness
score —665.44 a.u. with binding affinity (AG = —6.56 kcal/mol) suggests good
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binding affinity. The docking figure and other calculated parameters shows that title
molecule can utilize anti-infantry agent in future.

Table 8
Several biological activities calculated by PASS for Pa > 0.7
S.N. Biological activity Pa Pi
1 Peptidyl transferase inhibitor 0.969 0.000
2 Aminoacylase inhibitor 0.960 0.001
3 Testosterone 17beta-dehydrogenase (NADP™) inhibitor 0.918 0.004
4 Sugar-phosphatase inhibitor 0.913 0.004
5 Cutinase inhibitor 0.899 0.003
6 Glutamyl endopeptidase Il inhibitor 0.899 0.003
7 Ribulose-phosphate 3-epimerase inhibitor 0.896 0.003
8 Antiviral 0.862 0.003
9 TP53 expression enhancer 0.860 0.003

Note: Pa stands for probability ‘to be active’, and that of Pi is the probability ‘to be inactive’.

Fig. 8. Molecular docking of title molecule with MBNLL1 protein.

CONCLUSIONS

A complete conformational analysis was executed in the forms of 2D and 3D
potential energy scans. The cis-trans structure possesses most stable conformer
among four stable conformers. Theoretically computed optimized geometric data
were matched with the structurally similar compounds in lack of experimental
figures. The QTAIM analysis shows that most stable dimer conformer of title
molecule exists with two nonbonding interactions. The NBO analysis shows that
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charge transfer from nl1(037) — [c*(013-H14)], n3(019)— [c*(H38-032)]
stabilized dimer of title molecule up to 61.88 kcal/mol and 45.66 kcal/mol,
respectively. The thermodynamical reaction parameters for dimerization shows that
dimerization reaction is exothermic and proceed spontaneous along forward
direction. The current communication on 4C3FPB, all together, may communicate
the sound interconnection between the geometric structure and NLO response in the
shape of hyperpolarizability (Bwota). Calculations shows the mean polarizability and
total first static hyperpolarizability (Biot) Of the 4C3FPB as 16.3361x10 e.s.u and
1.1984x107% e.s.u. respectively. The electronic properties and correlations between
statistical thermodynamic factors versus temperature are also established. The large
Bt Value of title compound indicates that this is a bright prospective for NLO
material. The docking of MBNL1 with title molecule shows that title molecule has
potential for anti-inflammatory agent in future.
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