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HIGHLIGHTS

e A chalcone was synthesized by Claisen-Schmidt condensation reaction.
e Structural, electronic and reactivity properties were obtained using DFT.
e ADMET studies were made.

e Antimicrobial activities assays were done.

e Molecular docking studies were carried out.
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Abstract

Chalcones are open-chain flavonoids characterized by two aromatic rings joined by a
three-carbon a,B-unsaturated carbonyl system. Over the last several years, chalcones have
instigated the interest of chemical and pharmacological researchers due to their simple
chemical structure and varied biological activities. Here, we performed the electronic
properties, of  the chalcone, (E)-1-(2-hydroxy-3,4,6-trimethoxyphenyl)-3-(4-
methoxyphenyl) prop-2-en-1-one synthesized by Claisen-Schmidt condensation reaction.
The density functional theory method was used with the B3LYP/6-311++G(d,p) level of
theory to compute the structural, electronic, and reactivity properties of the chalcone. In
addition, microbiological tests were performed to investigate the modulator potential and
efflux pump inhibition on Staphylococcus aureus multi-resistant strains. The spectroscopic
data analyses allowed drawing the molecular structure of the chalcone synthetized with
subsequent confirmation using the quantum chemical calculations. The addition of
chalcone to the growth medium caused a synergic effect by reduction of the minimum
inhibitory concentration (MIC) values for ciprofloxacin strain. Docking results showed that
the chalcone docks in almost the same way as the antibiotic against a MepA model.
Druglikeness criteria based on the rules of Lipinski and Veber evaluated that the chalcone
has the ideal physicochiemical and pharmacokinetic properties to be a good candidate for
drug orally. The results confirm the structure of the synthesized chalcone and revealing that

the compound can be used as a possible inhibitor of the Mep A efflux pump.

Keywords: Chalcone, ATR-FTIR; UV-Vis; Fukui, efflux pump
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1. Introduction

The search for new drugs is increasing due to the rapid growth of bacterial
resistance that has become a medical concern today [1-3]. The bacterial resistance comes
from factors such as selectivity (low plasma membrane permeability), adherence of the
drug to the cell wall, its expulsion by efflux pumps, and the action of enzymes minimizing
or inhibiting the antibiotic action [4, 5]. Among bacterial pathogens, S. aureus, despite
being present in the skin and nasal mucosa, is capable of causing many infections and
diseases both in animals and in humans since skin infections [6], toxic shock syndrome [7],
to sepsis [8]. These opportunists reach debilitated people in hospitals and are difficult to
treat. Fighting these infections has become a difficult problem for health worldwide due to
the growth of bacterial resistance to antibiotics [9]. In this sense, there are current interests
in finding new antimicrobial agents [10].

Understanding the mechanism of action and metabolism of the biologically active
molecules depends, to a large extent, on the analysis of its reactivity, which is determined
by intermolecular forces, that is, lipophilic, polar, electrostatic, and stereo interactions,
which depend on the characteristics of each molecule (electronic, Steric or conformational,
energetic and thermodynamic [11, 12]. It is precisely at this point that molecular modeling
techniques can make their contribution to the study and development of active molecules
because through it you can have a detailed description of the structure, intermolecular
interactions, and, if applicable, chemical reactions between the ligand and
biomacromolecuies with chalcones [13-16].

Also, the electronic properties with respect to the frontier molecular orbitals, the
quantum reactivity descriptors, the Fukui functions (electronic and condensed), and the
molecular electrostatic potential were applied to characterize the reactive electrophilic and
nucleophilic sites, which is extremely important because in previous studies the higher
reactivity and electrophilicity of a synthetic chalcone, can be responsible for intermediated
interactions with the bacterial cell wall and when combined with the gentamicin drug
proved to be more efficient [17].

Previous studies showed that synthetic chalcones associated with antibiotics had

obtained increasingly satisfactory results in containing resistant pathogen [18-24].
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Chalcones are precursors to flavonoids and isoflavonoids [25, 26], but they can also be
obtained by synthesis [23, 27]. This class of compound has aroused much interest due to
the broad spectrum of pharmacological activities that they present, including antimicrobial
[23, 28], antioxidant [29], antinociceptive [30, 31], antiparasitic [32], antitumor [33], and
antiproliferative activities [34].

In this work, the chalcone (E)-1-(2-hydroxy-3,4,6-trimethoxyphenyl)-3-(4-
methoxyphenyl) prop-2-en-1-one (Ci9H2006) was synthesized by Claisen-Schmidt
condensation reaction. The molecular structure was characterized by spectroscopy methods,
and the Density Functional Theory was used to determine the electronic and reactivity
properties. In addition, microbiological tests were performed to investigate the modulator

potential and efflux pump inhibition on S. aureus multi-resistant strains.

2. Material and methods

2.1 Spectroscopic methods: NMR, FTIR, UV-vis

The chemical reagents were purchased from Sigma-Aldrich. *H and *C NMR
spectra were obtained using a Bruker Spectrometer, model Avance DPX-500, operating at a
frequency of 500 MHz for hydrogen and 125 MHz for carbon, respectively. The spectra
were measured in CDCls, and chemical shifts are reported as ¢ values in parts per million
(ppm) relative to CDCls. The attenuated total reflectance Fourier transform infrared
spectroscopy (ATR-FTIR) was performed using a Bruker vacuum infrared spectrometer
VERTEX 70V. The measurements were recorded at room temperature in the range 400 to
4000 cm™, with a resolution of 2 cm™ and accumulating 60 scans per spectrum. The UV-
Visible absorption spectrum of the compound was obtained using a GENESYS 10S UV-
Vis spectrophotometer (Thermo Scientific, Waltham, MA, USA) in the wavelength range
of 210 to 400 nm with spectral resolution (1.8 nm). The samples were prepared at a
concentration of 0.1 mmol L™ using ethanol as a solvent to perform the absorption
measurements in the UV-Vis region. All absorption measurements were carried out at room

temperature in quartz cells with 1 cm optical path.
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2.2 Synthesis of the chalcone

The compounds 2-hydroxy-3,4,6 trimethoxyacetophenone (2 mmol) and
Anisaldehyde (2 mmol) were placed in a volumetric flask (25 mL). Then 5 mL of ethanolic
NaOH (50%) solution was added and mixed with stirring for 48 h at room temperature. The
progress of the reaction was checked by TLC (n-hexane: ethyl acetate, 2:1). After 48 h, the
reaction mixture was neutralized with dilute HCI (10%) and ice water added. The product
was obtained as a yellow solid filtered under reduced pressure, washed with cold water, and

recrystallized from ethanol [27, 35] (Scheme 1).

2.3 Quantum chemical computational calculations

The quantum chemical calculations were used extensively to support the
experimental data during the structural characterization of a newly synthesized molecule
using the density functional theory (DFT) method. From a previous work from our group,
three DFT methods were compared for the characterization of a chalcone acetamide
derivative (PAAPFBA) [17], and all the methods used were accurate to describe the
structural and electronic properties of a chalcone derivative molecule. Hence, due to the
low computational cost, the title chalcone was geometrically optimized using the exchange-
correlation functional B3LYP at the 6-311++G(d,p) basis set [36, 37], which was the same
method used in other work of our group to describe the structural and electronic properties
of the chalcone derivative (2E,4E)-1-(2-hydroxy-3,4,6-trimethoxyphenyl)-5-phenylpenta-
2,4-dien-1-one (cinnamaldehyde) [38]. The quantum chemical calculations were carried out
using the Gaussian 09 [39] software and the Gauss View 5 [40] to draw the input molecule.
The optimization was done with chloroform as an implicit solvent using the IEF-PCM
solvation model [41-43] available in Gaussian 09. Conformational analysis was carried
from the optimized structure to obtain the potential energy surface (PES). Next, the
fundamental vibrational modes were computed at the same level of theory together with the

thermodynamic properties at 298.15 K and 1 atm of pressure. The absence of negative
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frequencies implies that the simulated molecule can be used to describe the structural and
electronic properties of the newly synthesized chalcone. The infrared spectrum was
obtained from the optimized molecular geometry, and the theoretical wavenumbers were
scaled by 0.983 for below 1700 cm™ and by 0.958 for above 1700 cm™ [44]. The
theoretical assignments of the highlighted band from the experimental infrared spectrum
were done using the potential energy distribution (PED) with the VEDA [45] software, and
only the PED > 10% were considered. Then, the *H and *3C NMR spectra were calculated
using the GIAO method [46-48] available in Gaussian 09 to obtain the theoretical isotropic
shielding for the carbon (o) and hydrogen (o) atoms. Tetramethylsilane (TMS) was used
as a reference compound to calculate the theoretical chemical shifts as follows: &, =
Oc(rms) — Oc and Sy = oyrms) — ox. The frontier molecular orbitals (FMO) were
calculated from the optimization calculation to -understand the electronic density
distribution over the entire molecule and the energy values of those molecular orbitals were
used to compute the global quantum reactivity descriptors: the HOMO-LUMO energy gap
(AE;4p, equation 1) [49]; From the Koopmans’ theorem [50], the ionization potential (I,
equation 2) and the electron affinity (A, equation 3); According to the works of Chermette
[51] and Iczkowski and Margrave [52], the electronegativity (y, equation 4); From the
Pearson’s Hard and Soft Acid and Base (HSAB) theory [53] and according to the Janak
theorem [54], and the work of Szentpaly [55], the global hardness (1, equation 5) and the
global softness (S, equation 6) introduced in the work of Yang and Parr [56]; the
electrophilicity index (w, equation 7) according to the work of Parr and Szentpaly [57]; the
nucleophilicity index (e, equation 8) from the work of Chattaraj [58]. The trial version of

the ChemCraft [59] software was used to render the frontier molecular orbitals.

AEgap = Erymo — Enomo (1)
I = —Eyomo (2)

A= —Eymo (3)
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To complete the understanding of the reactivity of chalcone, the following Fukui
functions are applied: Electronic [60] (equations 9 — 12) and condensed [61] (equations 13
— 15) to the nucleophilic (f* and £;}), electrophilic (f~ and f,), and radical (f~ and f)
attack; and the local quantum descriptors: the dual descriptor [62] (Af, equation 16) and the
multiphilic index [63] (A, equation 17) to characterize the nucleophilic and electrophilic
sites of the molecule. The electronic Fukui functions were obtained using the Multiwfn [64]
software, and the isosurfaces were rendered using the VESTA [65] software. The molecular
electrostatic potential (MEP) was computed at B3LYP/6-311++G(d,p) computational level
to complete the local analysis of the chemical reactivity of the chalcone. The Gabedit

program [66] was used to compute the MEP.

r= o)., ”
fT= viumo (10)
f~ = Vhomo (11)
£0 Viumo t VHomo (12)
2
fi = q(N+1) — qx(N) (13)
fii =a(N) —qpe(N—1) (14)
£ = qx(N +1) — q (N —1) (15)
2
Af = fid = f (16)

Aw = w.Af (17)
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Where the g, (N + 1), qx(N), and g, (N — 1) are the Hirshfeld charge population
[67] on the atom k of the anionic, neutral, and cationic species.

Finally, the UV-Vis spectrum was calculated using the Time-Dependent Density
Functional Theory (TD-DFT) using the CAM-B3LYP [51] at 6-311++G(d,p) level of
theory in ethanol as an implicit solvent and the electronic transition was assignment using
the GaussSum 3.0.1 [68, 69].

2.4 Assays for modulation of the antibiotic resistance and evaluation of efflux pump
inhibition by MIC reduction

Antimicrobial activity of the chalcone was evaluated against S. aureus K2068,
which are resistant to ciprofloxacin due to overexpression of the MepA genes encoding the
MepA efflux pumps. The SA-K2068 strains were provided by Dr. Glenn W. Kaatz, John
Dingell VA Medical Center, Detroit, MI, USA. Evaluation of the modulatory effect on the
resistance to antibiotics was performed according to previously described [70]. Briefly, 150
uL of each suspended bacterial inoculum in saline solution, corresponding to 0.5 of the
McFarland scale, were added to microtubes (2mL) together with 1350 uL of Brain heart
infusion (BHI) as a control. In tests, 150 pL of each suspended bacterial inoculum in saline
solution, corresponding to 0.5 of the McFarland scale, were added together with EPIs
(MIC/8) and completed with brain heart infusion. These were then transferred to 96-well
microtiter plates, and 100 pL of the antimicrobial drug and ethidium bromide serial
dilutions were performed (1:1). The plates were incubated at 37 °C for 24 h, and bacterial
growth was assessed by using resazurin. MIC was defined with antibiotics and ethidium
bromide concentrations ranging from 0.5 to 512 pg/mL. The MIC of controls was assessed

using the antibiotics and ethidium bromide alone [71].

2.5 Docking procedure
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The MepA model was generated by retrieving the protein sequence for the NCTC 8325
strain from the Uniprot database. Then, the SWISS-MODEL [72] service was used to build
the homology model. Of all the 50 templates generated, the one with the best Global Model
Quality Estimation score was based on the structure of the multidrug and toxic compound
extrusion transporter of the Bacillus halodurans (PDB-ID: 5C6N). For the docking
procedure, which was carried out using the Autodock Vina [73] software, the grid box was
defined as a 126Ax126Ax126A box around the geometrical center of the model, with
spacing = 0.431 e exhaustiveness = 8. Partial Gasteiger charges were added to ligand
atoms, non-polar hydrogen atoms were mixed while all other parameters were kept at their

default values. The best results were chosen based on the binding score.

2.6 Evaluation of physicochemical properties and drug-likeness criteria

Calculations of physical and chemical properties, which include acid dissociation
constant (pKa), molecular weight (MW), consensus partition coefficient (Clog P), hydrogen
bond donor (HBD) and acceptor (HBA) count, distribution coefficient at pH 7.4 (log
Dph7.4), solubility coefficient at pH 7.4 (log Sgiz.4), topological polar surface area (TPSA),
number of rotatable bonds (Nrot) were performed using the plugins provided in the
MarvinSketch® code [74]. To validate the “drug-likeness” criteria [75], the
bioavailability radar was used, generated on the SwissADME web-server [76], which uses
an algorithm based on a filter that combines the descriptors of the “rule of five” of Lipinski
etal. [75] (MW<500, log P<5, H-bond donors<5 ¢ H-bond acceptors<10) and the rule by
Veber et al., (2002)" (TPSA<140 e rotatable bonds<10), establishing the parameters of
lipophilicity = (-0.7<log P<5.0), size  (150g/mol<MW<500g/mol), polarity
(20A2<TPSA<130A2), insolubility (-6<log S<0), unsaturation (0.25<Fraction Csp3<1) and
flexibility (O<Num. Rotatable bonds<9) as a determining spatial spectrum for good oral

bioavailability.
2.7Virtual screening of pharmacokinetics properties
Molecular descriptors of structure-activity relationship (QSAR) of the properties of

absorption, distribution, metabolism, and excretion (ADME) were used to evaluate the
pharmacokinetic behavior of chalcone. Through the MW, log P, and TPSA descriptors,
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statistical evaluation was made for the models of human intestinal absorption (HIA) [77],
human adenocarcinoma colon cells permeability (Caco-2) [78], blood-brain barrier
penetration (BBB) [79] and P-glycoprotein substrate (Pgp) [80].

2.8 Evaluation of the multi-target bioactivity

To evaluate bioactivity, the code SMILES [
COc2ccc(C=CC(=0)c1c(0)c(0OC)c(0C)cclOC)cc2] was generated, using the plug-in
JSME molecular editor [81], deployed on the web-server Molinspiration
(https://molinspiration.com/) and submitted to interaction simulation with main human
biological targets: G-protein coupled receptor (GPCR), ion channel modulator, a kinase
inhibitor, nuclear receptor ligand, protease inhibitor, and enzymie inhibitor. The simulation
is based on the test of similarity of the “drug-likeness™ properties of known compounds
deposited in the server database, and the results are available in scores, where values above
0.5 indicate strong interaction with the specified target, between 0.2 and 0.5 moderate

interactions and for values less than 0.2 low interaction potential.

2.9 Acute oral toxicity prediction model
For the prediction of Acute oral toxicity, the LabMol web-server LabMol

(http://stoptox.labmol.com.br) was used, which has its algorithm based on the structure-

activity relationship (QSAR) of the acute oral toxicity model in bees, meeting the
guidelines of the Organization for Economic Cooperation and Development (OECD) and
the Registration, Evaluation, Authorization, and restriction of chemical substances
(REACH). For this test, results with a confidence index of 70% have closer proximity to
the acute toxicity indexes in bees and are expressed in a contribution map by the toxic
fragments, where the green-colored region is the positive contribution and the region

colored red the negative contributions to this class of toxicity.

2.10 Statistical Analysis

All bacteriological tests were performed in triplicates. Data were analyzed using a two-
way ANOVA followed by Bonferroni’s post-hoc test (where p<0.05 was considered
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significant). The geometric mean of the triplicates was used as the central data + standard

error of the mean. The GraphPad Prism 5.0 statistical program was used for the analysis.
3. Results and discussion
3.1 Conformational analysis

Chalcones may exist in two isomeric forms, E- (trans) or Z- (cis). The E-isomer is
the thermodynamically most stable form in most cases [82]. The title chalcone possesses
the trans form. It is clearly known that there are differences in the structural conformations
of chalcones, especially between some of their dihedral angles [83].

The relaxed PES scan of the title chalcone calculated at the B3LYP/6-311++G (d,p)
level for the dihedral angle 6 (C6-C1-CB-Ca) with step variation of 15° is shown in Figure
1. The dashed red line in the plot in this figure corresponds the zero energy. The potential
energy curve shows three minimum energy structures, two global minima around -180 °
and + 180 °, and a local minimum at 0°. The conformations at -180 ° and + 180 are
equivalent, and correspond the configurations | and Ill, while the conformation at 0°
corresponds the configuration il. According to our calculation, the configuration I is more
stable than configurations Il and 1 by 1.23 kJ/mol. It is also noted that the conformers I, II
and Ill presented the ‘isomeric form E- (trans). Figures. 2 shows the lower energy

conformers of the title chalcones.

3.1 NMR data

The "H NMR spectrum of this chalcone showed signals at 8 3.78 - 3.91 ppm relative
to the hydrogens of methoxy groups. These signals can also be observed in the
13C NMR spectrum at 8¢ 55.5 to 60.9 ppm. The signals at 8 7.24 and 7.75 ppm (J = 14.6
Hz) were attributed to doublets referring to a,p-unsaturated hydrogens, whose coupling
constant (J) confirms the stereochemistry E, in the 3C NMR, these signals are observed at
d¢c 142.9 (CP) and 128.4 (Ca) being related to olefinic carbons o and B, respectively. The
singlet observed at oy 5.93 ppm refers to hydrogen attached to the carbon 5' whose signal is
observed at 8¢ 87.3ppm in the *C NMR spectrum. The signal at 8¢ 193.3 ppm concerns to
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a,B-unsaturated carbonyl group. The ketone absorbs 203.8 ppm, however, the presence of
a, B unsaturation, causes a displacement to the high field, and the probable cause is the
delocalization of charge by the benzene ring or by the double bond that makes carbonyl
carbon less electron deficient. In addition, the signs at o¢c 159.5 (C-4"), 158.7 (C-2"), 158.6
(C-67), 130.3 (C-3"), and 107.1 (C-1") refer to the non-hydrogenated carbons present in ring
A of the chalcone. The signals at 6y 7.53 (d, J = 8.4 Hz, H-2/6) and 7.89 ppm (d, J = 8.4
Hz, H-3/5) are related to the signs at 125.2 (C-2/6) and 130.3 (C-3/5) in the *C
NMR spectrum, and the signs at oc 131.0 (C-4) and 130.7 ppm (C-1) refer to the non-
hydrogenated carbons present in ring B (Table 1). This chalcone has two aromatic rings
linked by a three-carbon a,B-unsaturated carbonyl system. The ring A is formed by the
atoms C1’, C2', C3', C4’, C5'" and C6', and the ring B is formed by the atoms C1, C2, C3,
C4, C5, and C6. The molecule was drawn according to this experimental result, and the
geometrical optimization calculation carried out wusing the B3LYP/6-311++G(d,p)
computational level in chloroform as an implicit solvent. The optimized structure for the
chalcone is shown in Figure 2. The *H and *NMR were theoretically calculated at the same
level of theory as the optimization. The theoretical results for the calculated chemical shift
were displaced in Table 1. To understand the correlation between the experimental and
theoretical data, the linear fitting was made using the experimental and calculated chemical
shifts for the *H and **C NMR (Figure 3). The linear correlation was computed with the
coefficient of determination (R?) of 0.98669 with the linear equation of y = 0.94812x +
0.77857. This result shows an excellent agreement between the experimental and
theoretical data; hence the chalcone had its molecular structure confirmed to be the same as
in Figure 2.

The molecular structure of the chalcone was described to the in the global minimum of
energy due to the absence of any imaginary frequency in the vibrational spectrum; hence
the simulated molecule describes the real molecule of the chalcone. The molecule is not
planar: the ring A is about 54.161° out of the plane delimited by the o,B-unsaturated
carbonyl. The O18, C8, Ca, and Cp structure (o,B-unsaturated carbonyl) is almost planar
with a little deviation of -1.081°. The ring B is in the same plane as the structure previously
describes with an angle of only 0.112°. The four methoxy groups showed bond length for
the carbon (ring)-oxygen sigma bond of 1.38151 A (C3-027), 1.35811 A (C4-028),
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1.36371 A (C6'-024), and 1.35837 A (C4-041). The hydroxyl group showed a bond length
of 1.35693 A (C2'-023), and the carbonyl group value of 1.22753 A (C8-010). The n-bond
between the carbon atoms Co and CP demonstrate the bond length of 1.34848 A, and the
bonds Co-H12 and CP-H14 the values respectively of 1.08240 A and 1.08747 A. The
bonds C8-C1', C8-Ca, and CPB-C1 have a bond length of 1.50254 A, 1.47647 A, and
1.45611 A, respectively. For the methyl groups, the bond lengths are 1.44312 A (027-
C29), 1.09379 A (C29-H31), 1.08916 A (C29-H30), and 1.09052 A (C29-H32); 1.42931 A
(028-C33), 1.08798 A (C33-H34), 1.09370 A (C33-H35), and 1.09349 A (C33-H36);
1.42683 A (024-C37), 1.08816 A (C37-H38), 1.09408 A (C33-H39), and 1.09397 A (C37-
H40); 1.42929 A (041-C42), 1.08794 A (C42-H43), 1.09377 A (C42-H44), and 1.09375 A
(C42-H45). For the ring A, the unique C-H bond showed a bond length of 1.07783 A. For
the ring B, the four C-H bonds have the bond length of 1.08345 A (C2-H21), 1.08352 A
(C3-H22), 1.08129 A (C5-H25), and 1.08486 A (C6-H20). Finally, the carbon-carbon
bonds in the rings A and B are described by the following bond lengths: for the 1.40420 A
(C1'-C2), 1.39896 A (C2'-C3'), 1.39864 A (C3'-C4'), 1.39976 A (C4'-C5), 1.39723 A (C5'-
C6'), and 1.40792 A (C6'-C1") respectively in the ring A; for the 1.41173 A (C1-C2),
1.38091 A (C2-C3), 1.40589 A (C3-C4), 1.39800 A (C4-C5), 1.39287 A (C5-C6), and
1.40295 A (C6-C1) respectively for ring B.

Finally, the thermodynamics properties were computed at 298.15 K and 1 atm of
pressure to complete: the structural description of the chalcone using B3LYP/6-
311++G(d,p) computational level in chloroform as an implicit solvent. The calculated
values of the thermodynamic properties Internal Energy (U), the Heat Capacity at constant
volume (C,), Enthalpy (H), Entropy (S), and Gibbs Free Energy (G) were respectively
239.639 kecal.mol™, 92.406 cal.molK™ 703.771 kcal.mol™, 175.04 cal.mol®.K™, and
651.583 kcal.mol™. The Zero-Point Energy (ZPE) and the Electronic Energy (Eo) were
respectively 223.900 kcal.mol® and -1,187.683697 Hartree. For comparison, the
thermodynamics properties Internal Energy, Enthalpy, Entropy, and Gibbs Free Energy for
the chalcones previously studied [17, 38] are respectively 181.231 kcal.mol™, 532.4667
kcal.mol™, 148.9 cal.K™mol™, and 488.072 kcal.mol™ for the PAAPFBA chalcone [17];
239.837 kcal.mol™, 704.866 kcal.mol™, 173.234 cal.K™mol™, and 653.217 kcal.mol™ for

the cinnamaldehyde chalcone [38]. The molecular structure of the chalcone is more similar
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to the cinnamaldehyde chalcone; hence the values for the thermodynamics properties are
similar. However, the PAAPFBA chalcone has a fluorine atom bonded in ring B and an
acetamide group bonded in ring A and the values for the same properties are different from
the values obtained to the HPHENYL and cinnamaldehyde chalcones, which shows how

the ligands in both phenyls ring A and B can change the properties of the entire molecule.

3.2 Infrared analyses

The ATR-IR absorbance spectrum of the chalcone is presented in Figure 4. We
highlighted 18 bands in the infrared spectrum, assigned with the help of the DFT
calculations, and listed in Table 2. The linear fitting was made using those highlighted
infrared bands. The result is shown in Figure 5. The coefficient of determination (R?) has a
value of 0.99812, with the linear equation y = 0.9945x + 5.9665. This result shows an
excellent agreement of the experimental values and the theoretical wavenumbers.
Therefore, the theoretical model for the liquid phase using chloroform as solvent is reliable
and complement the understanding of the ATR-FTIR spectrum of the title chalcone.
Infrared spectra of 2-bromo-4-chlorobenzaldehyde in solid phase and in n-hexane,
cyclohexane, chloroform, benzene, toluene as non-polar solvents and ethanol, 2-propanol,
methanol as polar solvents were investigated by Parlak and Ramasami [84]. They showed
that the theoretical infrared spectra in solutions show excellent agreement with the
experimental data in solid phase, mainly for the carbonyl stretching mode.

The bands of wavenumbers at 3119, 2933, and 2832 cm™ in the experimental infrared
spectrum of the title chalcone are associated with stretching modes of the groups, CBH14
(97%), asymmetrical stretching in the methyl group C37H39 (48%) and C37H40 (51%),
and symmetrical stretching of the methyl group C37H39 (46%) and C37H40 (44%),
respectively, whereas the infrared band at 1619 cm™ is associated with the mixture of
carbonyl stretching mode (C8=018) with Ca-Cp stretching mode. The C-C stretching
modes of the ring B are observed in the infrared spectrum at 1547 cm™ with the movement
of the atoms C4-C5 mainly (PED = 21%) and the CaCp stretching (PED = 12%).

The ATR-IR absorbance bands observed at 1507 cm™' corresponds to a combination of
the bending modes of the H21C2C3 (14%), H20C6C5 (14%), H22C3C4 (14%), and
H26C5C6 (15%), whereas the infrared band at 1468 cm™ corresponds to the bending modes
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of the H39C37H38 (16%), H34C33H36 (22%), H35C33H34 (29%), H38C37H40 (30%).
The more intense infrared band located at 1415 cm™ is associated with the stretching modes
of the C3'C2’ (16%), C2°C1’ (16%), 023C2’ (18%) in ring A. At 1333 and 1290 cm™ there
are mixed vibrational modes for the bending and stretching of the following group of atoms
respectively: H21C2C3 (10%), H12CaCp (11%), H14CBCa (15%), and CBCa (11%) at
1333 cm™; H21C2C3 (11%), H14CBCo (18%), and CBC1’ (14%) at 1290 cm™. The band at
1210 cm™ is associated with the bending and stretching modes of the groups H7C5'C4’
(14%) and O27C3' (26%), respectively. Stretching modes of the carbon-oxygen bonds
028C33 (11%) and 028C4’ (17%) are observed in the band at 1151 cm™. A strong infrared
band, which is associated with the stretching of the methoxy group 024C37 (16%), 023C2’
(20%), is observed at 1117 cm™. Stretching and bending modes of the 027C29 (23%),
CAC5C6 (12%), and C2C3C4 (21%) are observed at 992 cm .

At 828 cm™ it was observed mixed modes between the out of plane deformations and
two torsions respectively in the ring B for the group of atoms 041C3C5C4 (10%),
H22C3C4C5 (10%), and H21C2C3C4 (13%). Out of plane deformation and torsion of the
ring A respectively are observed in the waveriumbers 678 (028C5'C3'C4’ with PED = 13%
and 024C5'C1'C6’ with PED = 14%) and 588 cm™ (H25023C2°C3’ with PED = 82%),
whereas the mode at 425 cm™ has low intensity and corresponds to bending modes of the
C33028C4' (13%) and C6C1Cp (15%). Therefore, the vibrational analysis allowed us to
obtain information on the main infrared bands of the chalcone.

3.3 Electronic Properties analysis

The Frontier Molecular Orbitals (FMO) for the title chalcone were calculated using
the B3LYP/6-311++G(d,p) computational level, and they are shown in Figure 6. The
Highest Occupied Molecular Orbital (HOMO) is related to the molecule’s ability to donate
electronic density (nucleophilic character), while the Lowest Unoccupied Molecular Orbital
(LUMO) is related to the molecule’s ability to accept electronic density (electrophilic
character). The HOMO is mainly spread over the phenyl group of the ring A due to the n-
bonds, also is spread over the oxygen atoms of the methoxy groups (024, 027, and 028),
in the m-bond between the carbon atoms CaCp, in the oxygen atom (O18) of the carbonyl
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group, in the m-bonds of the phenyl group in the ring B, and in the oxygen atom (041) of
the methoxy group. Besides, the LUMO is mainly spread over the n* antibonding positions
of the phenyl group in the ring B, the bond between the CaCp, and the oxygen atom (O18)
of the carbonyl group. There is a little contribution of the n* antibonding for the ring A.
Hence, the region of the molecule responsible for donating electronic density is the ring A,
the ring B, and the olefin group (CaCp), while the region responsible for accepting
electronic density is the ring B and the a,p-unsaturated carbonyl group. The electronic
transition between the HOMO and the LUMO is T — 7*.

To understand the chemical behavior of the chalcone, the quantum reactivity
descriptors were computed at the same level of theory from the energies values of the
HOMO and the LUMO, and they are shown in Table 3. The values of the quantum
descriptors show that the title chalcone has an electrophilic character due to the higher
values of the electronegativity and the electrophilicity index. The LUMO as a spread over
the entire molecule, the extra negative charge. Besides, the molecule has a high ionization
potential, which means it is difficult to donate electronic density. This result is confirmed
by the low value of the nucleophilicity index. The molecule can be classified as a hard
molecule due to the high value of the global hardness in comparison with the global
softness and the high value of the energy gap, which agrees with the difficulty of
electronic-donation of this molecule. Therefore, the chalcone should interact better with
substrates that have a good electronic donation character. Also, in Table 3 is shown the
comparison of the quantum reactivity descriptors computed for the chalcone and the
PAAPFBA [17] and cinnamaldehyde [38] chalcones. The chalcone should be more reactive
than the PAAPFBA and should be less reactive than the cinnamaldehyde chalcone due to
the values of the HOMO-LUMO energy gap. The chalcone has a lower value of
electronegativity; hence this molecule also has the lower electrophilic character,
consequently the higher nucleophilic character, which is proved by the higher value of the

energy value for the HOMO when compared to the others chalcones.

3.4 Fukui functions and local reactivity descriptors analysis

The Fukui functions (Electronic and Condensed) are used to understand how each

atom behaves during a chemical reaction. The quantum reactivity descriptors give an
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overview of the molecule’s reactivity; however, the Fukui functions together with the dual
descriptor (Af) and the multiphilic index (Aw), a more selective analysis can be made on
each atom.

The Electronic Fukui functions for the nucleophilic attack (f*), electrophilic attack
(f7), and radical attack (f°) are shown in Figure 7. The green and the blue colored
represent the positive and the negative signs of the Fukui functions, respectively. The
higher the value of the Fukui function, the higher the propensity for the determined attack
(nucleophilic, electrophilic, or radical). For the nucleophilic attack, the most susceptible
atoms are Ca, CB, O18, C2, C4, C6, and O41. In this case, the molecule behaves like an
electrophilic site; hence the f* function is related to the LUMO. These atoms have mainly
the LUMO spread over them; hence they are most prone to accept electronic density. For
the electrophilic attack, the most susceptible atoms are C1, C2, C3, C4, C5, C6, C8, 041,
Ca, CB, 018, C1’, C3', 024, and 028. The f~ function is related to the HOMO because the
molecule behaves as a nucleophilic site. Despite a larger number of atoms that are
susceptible to donate electronic density, this molecule has a low energy level for the
HOMO and higher ionization potential due to the more delocalization of the electronic
density within the molecule. For the radical attack (f°), the most susceptible atoms are C1,
C2, C3, C4, C5, Co6, 041, Ca, CB, 018, C1', C2', C3, and the hydrogen atoms. The carbon
and oxygen atoms can stabilize the radical due to the resonance effect, and the hydrogen
atoms are lost during the reaction between a radical species.

The results from the calculations of the Condensed Fukui functions, dual descriptor,
and multiphilicindex are shown in Table 4. The Condensed Fukui functions were
computed from the Hirshfeld charge analysis [67] for the anionic (N+1), neutral (N), and
cationic (N-1) species of the title chalcone. According to the results, for a nucleophilic
attack, the most susceptible atoms are C2’, C5', C1, C2, C3, C4, C5, C6, 024, 027, C33,
and C37. For the electrophilic attack, the most propensity atoms are C1’, C2’, C4’, C5’, C6/,
C8, C2, 027, C29, C37, and C42. For the radical attack, the most susceptible atoms are C1’,
C2', C4', C5, C6', C1, C3, C5, 024, 027, 028, C29, C33, C37, and C42. The relation
between the Condensed Fukui functions and the local reactivity descriptors (the dual
descriptor and the multiphilic index) lies in the following fact: if both Af and Aw are

positive, the reactive site has an electrophilic character, and if Af and Aw are negative, the
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reactive site has nucleophilic character. The values in Table 4 show that the electrophilic
sites are in atoms C1’, C2’, C3’, C4’, C5’, C6’, C1, C3, C5, 024, 027, 028, C29, C33, C37,
041, and C42. The nucleophilic sites are in the atoms C8, Ca, CB, O18, C2, C4, and C6.
The negative values for the condescended Fukui functions confirm the analysis made by the
Electronic Fukui Functions that the HOMO is not too available to donate electronic density
since the electronic density is spread over the entire molecule due to the resonance effect,
hence due to the higher nucleophilic character of the chalcone when compared to the
PAAPFBA [17] and cinnamaldehyde [38], the title chalcone can use the inner molecular
orbitals (HOMO-1, HOMO-2, etc.) to donate electronic density during a nucleophilic attack
[85, 86].

3.5 Molecule Electrostatic Potential (MEP)

The Molecular Electrostatic Potential (MEP) was computed at B3LYP/6-
311++G(d,p) level of theory (Figure 8). The MEP has the following color scheme: the red-
colored is related to a negatively charged region, the yellow-colored to a partially negative
charge region, the green-colored to a neutral region, the light blue color to a partially
positive region, and the blue-colored to a positively charged region. The nucleophilic sites
of the molecule are displayed as red to yellow colored regions due to higher concentration
of electronic density. The electrophilic sites are displayed as light blue to blue colored
regions due to the electron deficient. The oxygen atoms from the carbonyl, methoxy, and
hydroxyl groups, the 7 electrons from the phenyl rings, and the & electrons from the CaCp
bond are most susceptible to interact with positive regions of a substrate. The hydrogen
atoms with a partially positive charge are most susceptible to interact with negative regions
from other molecules. These results are directly related to the Fukui functions and the FMO

analysis.

3.6 UV-Vis spectrum analysis

In addition, the spectrum of UV-Vis absorption of chalcone is presented in Figure 9.
Analyzing this spectrum, it is possible to observe the maximum wavelength, Amax, at 375

nm, which corresponds to an energy value of 3.31 eV. For the theoretical characterization,
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the UV-Vis absorption spectrum was computed using the Time-Dependent Density
Functional Theory (TD-DFT) at CAM-B3LYP/6-311++G(d,p) level of theory in ethanol
media. The calculated UV-Vis spectrum is shown in Figure 10. The maximum value for the
absorption wavelength was found at 333.10 nm, which correspondent energy of 3.7221 eV
with an oscillator strength of 0.5846. The electronic transitions which are responsible for
this transition are the HOMO-2—LUMO (6%), the HOMO-4—LUMO (29%), and the
HOMO—LUMO (56%). Hence, the absorption band in the experimental UV-Vis spectrum
of the chalcone is described mainly for the 1 — 7* transition between the HOMO and the
LUMO, and the difference between the experimental and theoretical maximum wavelength

is less than 50 nm.
3.8 Evaluation of the major microspecies

By analyzing the calculated pKa value of chalcone in the order of 7.76, it is possible to
observe the chemical balance between the microspecies of the molecular system of the
substance. The graph expressed in Figure 11 shows the distribution of chalcone
microspecies as a function of pH variation, where it is worth noting that the loaded species
is formed close to the physiological pH levels (approximately 7.4), since the blue curve
shows a trend decreasing the concentration of the neutral species of the compound, while
the concentration of the ionic species shown by the orange curve tends to 100%.
Considering the relations established by the Henderson—Hasselbalch equation and the
calculated value compatible with experimental data from other phenolic hydroxyls, at the
time when pH> pKa, the chemical equilibrium shifts towards the formation of the ionic
species as the most abundant in the system, since such behavior occurs only at high basic
pH levels. Thus, it was possible to identify a concentration of 69.49% associated with

neutral species as the major microspecies at pH 7.4 (Figure 12).
3.9 Evaluation of the physicochemical properties

Chalcones are often mentioned in studies that relate to structure-activity (QSAR). The

predicted and observed antimycobacterial, antibacterial, antituberculosis, and anticancer
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biological activities show a linear trend of fidelity between theoretical molecular
descriptors and the bioactivity performed by these small molecules [75, 87-89]. Directly
associated with lipophilicity and permeability, important descriptors of rational drug
planning such as partition coefficient between n-octanol and water (log Pouw) € topological
polar surface area (TPSA) and topological polar surface area (TPSA) can provide
information on the pharmacokinetic behavior of a given substance, as well as its oral
bioavailability. As a rule, most of the experimental findings involving these two properties
in theoretical screens suggest that compounds with positive values of log P are associated
with compounds with hydrophobic behavior and TPSA<140A? values with compounds
capable of penetrating diverse biological membranes [76, 88, 89]. Thus, the calculated
value of Clog P in the order of 3.61 indicates that chalcone is predominantly lipophilic,
while its TPSA value of 74.22A2 indicates a good capacity for cell permeability (Table 5).

In the filter that combines the drug-likeness criteria of Lipinski's “rule of five”
(MW<500, log P<5, H-bond donors<5 and H-bond acceptors<10) [75] and Veber's
parameters (TPSA<140 ¢ rotatable bonds<10) [89], the bioavailability radar shown in
Figure 12 shows the ideal physicochemical properties that refine chalcone as a good
candidate for an oral drug [76]. It is verifiable that, despite the violation in the unsaturation
score (INSATU) of type Fsp3 <0.25, the compound does not violate any criteria of the rules
of Lipinski and Veber, satisfying the conditions within the ideal spectrum that combines
lipophilicity properties (LIPO), size molecular (SIZE), polarity (POLAR), flexibility
(FLEX) and insolubility (INSOLU) (Figure 12).

3.10 Virtual screening of pharmacokinetics properties

In a systematic statistical analysis that relates structure to permeability, some
descriptors make it possible to predict intestinal absorption of small molecules, such as the
distribution coefficient (log D), which, directly related to lipophilicity (log P), indicates the
absorption potential in specific pH. In these conditions, the lipophilicity indexes
incorporated into the log D values between 0 and 3 are associated with compounds with
good intestinal absorption. In addition, the model is used to identify anticancer compounds

by permeability in Caco-2 model cells, associated with compounds with log P between 1
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and 10 [77, 90]. The calculated log value Dpn7.4 3.45 indicates that chalcone has a high
intestinal absorption (Figure 13A), while the model indicates that the compound has
moderate permeability potential in Caco-2 cells, which can vary from 20 -70%. In addition,
it is possible to observe that the decrease in the values of log D as a function of the increase
in pH implies in the reduction of the potential for absorption of the compound, behavior
related to ionic species resulting from the chemical balance between the microspecies in
physiological pH, at the same time in there is an increase in the solubility coefficient
evaluated in log S -3.74 at pH 7.4 (Figure 13B) with a moderate concentration of
approximately 0.06 mg / mL, reaching high concentrations that can reach up to 344.36 mg /
mL at high pH levels (Figure 13C).

As activity in the drug distribution stage, the transport of substances in the central
nervous system (CNS) is an analysis of great importance in pharmacokinetic studies, since
only 15% of compounds that penetrate the blood-brain barrier (BBB) perform efflux by
plasma proteins, such as P-glycoprotein (Pgp) [91]. In experimental observations made by
Kelder et al. (1999) [78], compounds with TPSA values TPSA<60-70A2 are more likely to
be active in the CNS by penetrating the BBB in phase Il clinical tests, while the statistical
observations refine compounds as substrates of Pgp those with log P> 0 and MW between
200 and 400 g / mol [79]. Through the filter that combines the two observations to describe
the behavior of chalcone in the CNS, it can be observed that, despite the ellipse formed
between the values of MW and Clog P showing chalcone as a substrate for Pgp, the
substance has a high probability of being inactive in the CNS because it does not permeate
from the BBB (Table 5).

3.11 Evaluation of the multi-target bioactivity

The prediction of toxicological effects is gaining more and more prominence in
pharmacokinetic studies, especially in the identification of toxic fragments that intercalate
between the cyclic structures of DNA molecules in an intracellular environment, resulting
in tumorigenicity. The so-called mutagens are precursors of mutagenicity that involves the
DNA structures of a host in the development of tumorigenic activity in human cells. In this

context, the virtual screening by the interaction with the different human biological targets
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allows to identify the carcinogenic activity of a certain chemical species [79, 92-95]. Thus,
the score of interaction with the target of G-protein coupled receptor (GPCR) in the order
of -0.10 associated with a low index of chalcone interaction with this target, located in the
membranes of human cells, indicating minimal toxicological risk due to modification of
intracellular gene pool (Table 5).

Considered one of the main ion channel modulators, the human Ether-to-go-go-Related
Gene (hERG) ion transporter is associated with the electrical conduction of the system that
surrounds the human heart and in the modulation of cells in the nervous system, and its
inhibition results in complications such as cardiac arrhythmia and cancer events such as
leukemia [96-100], where the inhibition score of -0.08 for chalcone indicates low
cardiotoxic risk (Table 5).

In the stage of phase | metabolism, the cytochrome P450 (CYP450) isoenzymes, in
particular the CYP3A4 and CYP2C9 enzymes, play a fundamental role in the
biotransformation of drugs through O- type oxidation reactions [101]. Physico-chemical
properties such as log Dpn74 and log P are related to CYP450 substrates since the sites of
interaction with these enzymes are predominantly lipophilic [102]. The positive values of
log Dpn74 and log P suggest that chalcone interacts as a substrate of the main CYP450
isoenzymes, while the inhibition score of them evaluated at 0.02 indicates the low
probability of inhibitory actions of these isoenzymes, indicating that the compound is
subject to drug modifications by oxidation of the phenolic hydroxyl (Table 5).

Figure 13D shows the contributions of the structure-activity relationship (QSAR) to the
chalcone acute oral toxicity model. In this model, the green-colored area represents the
positive contributions to the toxicity model, showing the non-toxic molecular fragments,
while the red-colored region indicates the negative contributions. Thus, the toxicity model
of the test indicates, with a 70% reliability index, that the minimum oral dose administered

does not result in toxicity.
3.12 Potential Antibacterial Activity and Evaluation of Efflux Pump Inhibition

The modulating effect of the chalcone on the resistance of the SA-K2068 strain to

ciprofloxacin can be seen in Figure 14. It can be seen that the addition of chalcone in
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subinhibitory concentrations to the growth medium caused a reduction of the MIC values
for ciprofloxacin strain. The synergic effect presented by the chalcone was the same as the
modulating effect observed for CCCP, which is cited in the literature as an inhibitor of the
MepA efflux pump [71]. This effect against the MepA efflux pump is due to the inhibition
of the efflux pump mechanism, which can be proven by similar behavior observed
examining the association of this chalcone with ethidium bromide (Figure 14). Previous
studies showed a similar effect when the DB Thiphene chalcone was tested for the SA-
K2068 strain. DB Thiophene showed a better inhibition potential for CCCP-sensitive efflux
pumps than the standard inhibitor, also acting as a strong inhibitor of efflux pumps in the

Ciprofloxacin test [71].
3.13 Docking Results

In order to better understand the MepA inhibition mechanism displayed by the
chalcone, a docking essay was carried out. Both the chalcone and ciprofloxacin were
individually docked against a MepA model. Figure 15 shows the best poses of both
molecules docked on the binding site of the MepA mode; as can be clearly seen from the
figure, the chalcone docks to the model in almost the same way as the antibiotic. It also
interacts with essentially the same residues. Figure 16 shows the two-dimensional map of
the interactions between the title chalcone and the MepA model. Despite of the HOMO is
mainly spread over the ring A, the ring B makes a 7 interaction with the amino acids
methionine (MET 142) and phenylalanine (PHE 62) since this chalcone has electronic
density to donate, and the LUMO is mainly spread over the ring B; hence this chalcone can
also receive electronic density from the amino acids.

The binding energy of the best pose of chalcone was -6.8kcal/mol. Although the
binding energy is essentially a ranking system for the poses of the ligand, one could use it
to compare affinities to the model, provided the ligands being compared have similar
molecular weights. With that caveat in mind, the binding energy of the ciprofloxacin
antibiotic was -7.6kcal/mol. The slightly higher affinity of ciprofloxacin could be attributed
to the hydrogen bond between the antibiotic and the Asn205 residue, which is shorted than

the hydrogen bond between chalcone and GIn284. Also, these binding energies are not only



Journal Pre-proof

close to each other, but also on par with those reported on the literature for MepA and
NorA models. Rezende-Junior et al. [103] have reported that the binding energies of

several chalcones to a NorA model are approximately 7 kcal/mol.

4. Conclusion

The analyses allowed drawing the molecular structure of the chalcone synthetized with
subsequent confirmation using the quantum chemical calculations with an excellent linear
correlation between the experimental and theoretical chemical shifts. The spectroscopic
analysis allowed obtaining information of the main infrared bands of chalcone, and together
with the theoretical assignments of the vibrational modes of those band, the Infrared
spectroscopic analysis contributed to confirm the molecular structure of chalcone, and the
electronic characterization identified the regions of the molecule that are responsible to
donate (nucleophilic) and to accept (electrophilic) electronic density. The drug-likeness
criteria based on the rules of Lipinski and Veber evaluated that the compound has the ideal
physicochemical properties for the realization of its active ingredient as an oral drug, and
the low interaction with plasma proteins indicates a molecular fraction of the bioavailable
substance for interactions with specific biological targets in docking tests and molecular
dynamics. The molecular size and lipophilicity models suggest that the substance has a high
probability of being an inactive drug in the CNS, and its transport by Pgp indicates that
there is no risk of toxicity due to residual drug accumulation in the blood. The structure-
activity relationship (QSAR) of chalcone and the low rates of interaction with the targets
GPCR and lon CM suggest that the minimum oral dose administered does not present a
toxic risk to the nervous system and the respiratory system, constituting a good candidate
for drug orally. In addition, the microbiological tests show that the chalcone can be used as
a possible inhibitor of the Mep A efflux pump, also revealing that chalcone can be used as a

base for the design of substances with antibiotic modifying activity.
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Fig. 1. Optimized geometry of the title chalcone obtained at B3LYP/6-311++G(d,p) level
of theory.
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Fig 2. (a) Potential energy profiles of the title chalcone calculated at the B3LYP/6-
311++G(d,p) level of theory for rotation around C6-C1-CB-Ca dihedral angle. The global
and local minima for the optimized structures are indicated by means of open circle, and
half open circle. In (b) and (c) are shown the conformers | and II, respectively, with their
respective dihedral angle (6), and potential energies (E), and with the blue planes
containing the A ring, and the red planes containing the B ring.
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Fig. 3. Experimental ATR-IR and theoretical Infrared spectrum obtained at B3LYP/6-
311++G(d,p) level of theory.
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Fig. 4. Frontier Molecular Orbitals (HOMO and LUMO) calculated for title chalcone at
B3LYP/6-311++G(d,p) level of theory.
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Fig. 5. The Electronic Fukui functions for the nucleophilic attack ("), electrophilic attack (f7), and radical

attack (f°) obtained with isodensity value 0.00072736 of the title chalcone.
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Fig. 6. Calculated Molecular Electrostatic Potential (MEP) for title chalcone at B3LYP/6-
311++G(d,p) level of theory.
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Fig. 7. Experimental UV—-Vis spectrum of the title chalcone
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Fig. 8. Theoretical UV—-Vis spectrum of the title chalcone using the TD-DFT method with
the CAM-B3LYP/6-311++G(d,p) level of theory and ethanol as an implicit solvent.
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Fig. 9. Graph of the distribution of chalcone micro species as a function of pH variation
through the acid dissosiation constant (pKa).
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Fig. 10. Bioavailability radar of the title chalcone L by the druglikeness criteria
(Lipophilicity (-0.7 < log P < 5.0), size (150 g/mol < MW < 500 g/mol), polarity (20A2 <
TPSA < 130 A?), insolubility (-6 < log S < 0), insaturacdo (0.25 < Fraction Csp3 < 1) and
flexibility (0 < Num. Rotatable bonds < 9).
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Fig. 11. Models of structure-activity relationship (QSAR) of chalcone: A - absorption
represented by the log D and pH values, B - solubility class represented by the log S and
pH values, C - water solubility represented by the concentration in mg/mL and pH values
and D - Molecular fragments of the acute oral toxicity model.
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Fig. 12. MICs of the Ciprofloxacin (Cip) and Ethidium Bromide (EB) in the absence or
presence of binary mixture acetophenone (59.14%) and title chalcone (40.86 %), as well as
Chlorpromazine (CPZ) and carbonylcyanide m-chlorophenyl hydrazone (CCCP) against

K2068 (MepA).
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Fig. 13. The best pose of chalcone (pink) and the best pose of ciprofloxacin (blue) on the
binding site of the MepA model.
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Fig. 14. 2D ligand-protein interaction diagram of the title chalcone and the MepA model.
Contact distances are shown in green.
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Scheme 1. Preparation of chalcone. a) NaOH 50 % w v, ethanol, ta 48 h.
OH O 0
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Table 1. 'H and *C NMR data of the experimental and theoretical of title clalcone in
CDCl;. Chemical shifts in &¢c and oy are in ppm.

Chalcone

C dc OH dc (calc) oy (calc)

1' 107.1 119.62645

2' 158.7 158.73965

3 130.3 136.06635

4 159.5 162.63845

5' 87.3 5.93 (s) 89.05915 5.9333417

6' 158.6 163.82965
MeO 60.9 3.78 (s) 57.79455 3.7992417
MeO 56.2 3.86 (s) 57.34895 3.7871417
MeO 55.8 3.90 (s) 57.44635 3.8286417
MeO 55.5 3.91 (s) 62.94755 3.8801417
C=0 193.3 198.28065

1 130.7 134.79935

2/6 125.2 7.53(d, J=8.4 Hz) 133.55165 7.7428417
3/5 130.3 7.89 (d, J =8.4 Hz) 143.30375 7.2150417

4 131.0 124.87655

C. 128.4 7.24 (d, J = 14.6 Hz) 114.79385 7.3393417
Cs 142.9 7.75 (d, J = 14.6 Hz) 171.32305 8.0473417

Table 2. ATR-FTIR experimental frequencies (Vatr-rrir, in cm™), calculated scaled
vibrational wavenumbers (Vo in cm™) by the dual scale factor 0.983 (below 1700 cm™)
and 0.958 (above 1700 cm™) and assignment for some of the vibrational modes for title
chalcone (C19H2006) associated with the bands of the infrared absorbance spectrum show in

Figure 4.

EXP Vatr. DFT Vg

ETIR‘l) (em™) Assignment for some absorbance bands for title chalcone (C19H2006)

cm

3119 3012.795 v (CBH14) (97)

2933 2950.918 Uas(C37H39) (48) + v,5(C37H40) (51)

2832 2889.462  uy(C37H40) (44) + v,(C37H39) (46)

1619 1629.596 v (CaCB) (24) + v (C8018) (17)

1547 1564.356 v (CaCB) (12) + v (C4C5) (21)

1507 B (H21C2C3) (14) + B (H20C6C5) (14) + B (H22C3C4) (14) + B
1512.355 (H26C5C6) (15)

1468 B (H39C37H38) (16) + B (H34C33H36) (22) + B (H35C33H34) (29)
1462.183 + B (H38C37H40) (30)
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1415 1415.884 v (C3'C2") (16) + v (C2'C1’) (16) + v (023C2’) (18)

1333 B (H21C2C3) (10) + B (H12CaCB) (11) + v (CRCa) (11) + B
1318.36 (H14CBCa) (15)

1290 1290.679 B (H21C2C3) (11) + v (CBCY’) (14) + B (H14CBCa) (18)

1210 1234.353 B (H7C5'C4’) (14) + v (027C3’) (26)

1151 1136.358 v (028C33) (11) + v (028C4’) (17)

1117 1114.958 v (024C37) (16) + v (023C2’) (20)

992 1002.139 B (C4C5C6) (12) + B (C2C3C4) (21) + v (027C29) (23)

828 829.4751 v (041C3C5C4) (10) + t (H22C3C4C5) (10) + T (H21C2C3C4) (13)

678 703.887 v (028C5'C3'C4’) (13) + v (O24C5'C1'C6') (14)

588 557.7345 t (H25023C2'C3) (82)

425 411.6313 B (C33028C4") (13) + f (C6C1CB) (15)

Nomenclature: t =torsion; y = deformation out of plane; & = deformation; v = stretching; vas
= asymmetric stretching; vs = symmetric stretching.

Table 3. Calculated quantum reactivity descriptors for title chalcone computed at
B3LYP/6-311++G(d,p) level of theory.

Quantum reactivity descriptor Chalcone PAAPFBA | Cinnamaldehyde
(In thiswork) | (Ref.[17]) (Ref. [38])
HOMO energy (Exomo! €V) -5.96603 -6.58330 -6.06057
LUMO energy (ELymo! €V) -2.19084 -2.68007 -2.69721
Energy Gap (AEgp/ eV) 3.775189 3.903232 3.363354
lonization Potential (I / eV) 5.966034 6.583302 6.060568
Electron Affinity (A/ eV) 2.190845 2.68007 2.697214
Electronegativity (x/ eV) 4.078439 4.631686 4.378891
Global Hardness (n / eV) 1.887595 1.951616 1.681677
Global Softness (S /eV™) 0.529775 0.512396 0.594645
Electrophilicity Index (o / eV) 4.406049 5.496091 5.701061
Nucleophilicity Index (¢ / eV™) 0.226961 0.181947 0.175406

Table 4. Condensed Fukui functions, the dual descriptor (Af), and the multiphilic index
(Aw) calculated from the Hirshfeld charge analysis for the anionic, neutral, and cationic
species of the title chalcone.

Atom f* f- Jis Af A®
C3' -0.01171 -0.05893 -0.03532 0.047228 0.208089
C4' -0.02256 -0.0352 -0.02888 0.012637 0.055679
C2' -0.01691 -0.01906 -0.01798 0.002149 0.009469
Cl -0.00571 -0.04048 -0.02309 0.034768 0.15319

Ce' -0.01533 -0.03728 -0.02631 0.021951 0.096717
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Co' -0.01372 -0.02216 -0.01794 0.008435 0.037165
H7 -0.00959 -0.01433 -0.01196 0.004739 0.02088
C8 -0.09686 -0.01172 -0.05429 -0.08514 -0.37515
Ca -0.0644 -0.04803 -0.05621 -0.01638 -0.07215
018 -0.118 -0.03586 -0.07693 -0.08214 -0.3619
Cp -0.10464 -0.03139 -0.06801 -0.07325 -0.32276
H12 -0.03088 -0.01429 -0.02258 -0.01659 -0.07311
C1 -0.02126 -0.03813 -0.0297 0.016873 0.074343
H14 -0.04153 -0.01647 -0.029 -0.02506 -0.11041
C2 -0.03923 -0.02333 -0.03128 -0.0159 -0.07004
C6 -0.04183 -0.03197 -0.0369 -0.00986 -0.04344
C3 -0.02646 -0.03012 -0.02829 0.003664 0.016144
C5 -0.02567 -0.03105 -0.02836 0.005373 0.023674
C4 -0.04719 -0.03945 -0.04332 -0.00774 -0.03412
H20 -0.02091 -0.01694 -0.01893 -0.00398 -0.01752
H21 -0.0201 -0.0124 -0.01625 -0.00771 -0.03395
H22 -0.01822 -0.01705 -0.01764 -0.00118 -0.00518
H23 -0.0106 -0.02066 -0.01563 0.010062 0.044334
024 -0.00508 -0.04054 -0.02281 0.035455 0.156216
H25 -0.00997 -0.01183 -0.0109 0.001851 0.008156
H26 -0.01631 -0.01629 -0.0163 -1.7E-05 -7.5E-05
027 -0.0065 -0.02923 -0.01786 0.022737 0.10018
028 -0.01272 -0.03242 -0.02257 0.019705 0.086821
C29 -0.0045 -0.01307 -0.00878 0.008572 0.037769
H30 -0.00529 -0.01215 -0.00872 0.006858 0.030217
H31 -0.003 -0.01044 -0.00672 0.007445 0.032803
H32 -0.00383 -0.00845 -0.00614 0.004617 0.020343
C33 -0.00546 -0.0115 -0.00848 0.006042 0.026621
H34 -0.00609 -0.01078 -0.00844 0.004689 0.02066
H35 -0.00481 -0.01043 -0.00762 0.005614 0.024736
H36 -0.00457 -0.01011 -0.00734 0.005534 0.024383
C37 -0.00699 -0.01325 -0.01012 0.006255 0.02756
H38 -0.00554 -0.01103 -0.00829 0.005494 0.024207
H39 -0.00631 -0.01248 -0.0094 0.006171 0.02719
H40 -0.00823 -0.01425 -0.01124 0.006018 0.026516
041 -0.02538 -0.04163 -0.0335 0.016248 0.071589
C42 -0.00946 -0.01156 -0.01051 0.002094 0.009226
H43 -0.00939 -0.01035 -0.00987 0.00096 0.00423
H44 -0.00841 -0.0109 -0.00966 0.002487 0.010958
H45 -0.00839 -0.01093 -0.00966 0.002533 0.011161

Table 5. Physicochemical and pharmacokinetics properties by the ADMET parameters for
title chalcone

Physicochemical ADMET

Properties Value Properties Value
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MW 344.36 g/mol Absorption HIA High

Clog P 3.61 Caco-2  Moderately

log DpH7.4 3.45 Distribution BBB No

log Sphr.a -3.74 Pgp Yes

Wsol 0.06 Metabolism GPCR -0.10

HBD 1 lonCM  -0.08

HBA 6 Kinase -0.18

TPSA 74.22 A2 Nuclear -0.03

Nrot 7 Protease -0.20

Fsp3 0.21 Enzyme 0.02

Nvio 0 Toxicity Acute Non-toxic
oral

legend: MW (molecular weight (g/mol)), Clog P (consensus partition coefficient), log
DypH7.4 (distribution coefficient at pH 7.4), log Spn7.4 (solubility coefficient at pH 7.4), Wsol
(water solubility (mg/mL)), HBD (hydrogen bond donor count), HBA (hydrogen bond
acceptor count), TPSA (topological polar surface area (A2)), Nrot (number of rotatable
bonds), Fsp3 (fraction Csp3), Nvio (number of violations by the Lipinski and Veber
druglikeness criteria), HIA (human intestinal absorption), Caco-2 (human adenocarcinoma
colon cells), BBB (blood-brain barrier penetration), Pgp (P-glycoprotein substrate),
bioactivity by the GPCR (G-protein coupled receptor), ion CM (ion channel modulator),
kinase inhibitor, nuclear receptor ligand, protease inhibitor and enzyme inhibitor models
and toxicity by the acute oral model.



