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ABSTRACT

Chalcones are important intermediates in the bith&gis of biologically active
compounds such as flavonoids and their derivativethis paper, a new chalcong-2-
(2'-Hydroxy-3,4',6'-trimethoxyphenyl)-3-(phenyl)-prop-2-en-1-one ~ (HYHENYL)
was synthesized by the condensation reaction ofs&lieSchmidt in basic medium
between the 2-hydroxy-3,4,6-trimethoxyacetophen@&MCX) and benzaldehyde.
The molecular structure of this chalcone was datexdh by Nuclear Magnetic
Resonance, and characterized by infrared and Raspettroscopy, at room
temperature. Its electrochemical behavior was alsduated. Vibrational wavenumber
and wavevector have been predicted using the DBemsinctional Theory (DFT)
calculations and their normal modes were analyreteims of the potential energy
distribution (PED). Furthermore, DFT calculationeres carried out to obtain the
molecular orbitals and the electrostatic surfac@.nidectronic absorption spectrum of
HYTPHENYL was measured and compared with that alethifor the HTMCX
compound. Additionally, analysis of the antimicralbactivity and antibiotic resistance
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modulation was carried out to evaluate the antdr&dtpotential of the HYTPHENYL

chalcone.

Keywords: NMR; Vibrational spectroscopy; UV-VIS; DFT; Voltanetric study,

Antimicrobial activity; Chalcone.

1. Introduction

The chalcones and their derivatives have recegredt attention because of
their simple structure and the diversity of pharatagical activities that they present
[1-10]. Among them, we can mention anti-cancerl[#,13], antioxidant [12], anti-HIV
[14], antibacterial [15, 16], antimalarial [17],tamfective [18], anti-inflammatory [18]
activities, inhibitors of tyrosine phosphatase A Mycobacterium tuberculosis [19],
and antifungal [20].

Recently, we have published a paper on antimiaeiad modulatory activities
of the compound 2-hydroxy-3,4,6-trimethoxyacetopmen(G,0sH14, hereafter named
HTMCX) isolated of the stem bark @roton anisodontus [21]. The results from the
work of Ref. [21] indicated that this natural comapd, when associated with amikacin
antibiotic, presents synergism agaiRstudomonas aeruginosa 03 andStaphylococcus
aureus 358. These results corroborate with other reparthe literature that combine
natural products with antibiotics against bactéoialecrease microbial resistance [22].
Furthermore, the synthesis of analogues [23, 2d]darived from the natural products
[24] may enable the discovery of new active sulzgtanIn this context, we have
synthesized a new chalcone from natural product BXKMAIso, very recently, we have
reported a complete study of the structural andatibnal properties of this natural
product [25].

In this paper, a new chalcond&-2-(2-Hydroxy-3,4',6'-trimethoxyphenyl)-3-
(phenyl)-prop-2-en-1-one (€0sH1g, hereafter named HYTPHENYL) was synthesized
by the condensation reaction of Claisen-Schmid{ jA6basic medium between the
natural compound HTMCX and benzaldehyde. The mtdeairucture of this chalcone
was determined by Nuclear Magnetic Resonance, &adacterized by infrared and
Raman spectroscopy, at room temperature. Its etdwmical behavior was also
evaluated. Vibrational wavenumber and wavevectarevwedicted using the Density

Functional Theory (DFT) calculations and their nalrmodes were analyzed in terms



of the potential energy distribution (PED). Furthere, DFT calculations were carried
out to obtain the molecular orbitals and the etetatic surface map. Electronic
absorption spectrum of HYTPHENYL was measured andpared with that obtained
for the HTMCX. Additionally, analysis of the antionobial activity and antibiotic

resistance modulation was carried out to evalulée antibacterial potential of the
HYTPHENYL chalcone. Literature survey reveals thatthe best of our knowledge
neither the structural, electrochemical and vibrsl properties of chalcone
HYTPHENYL nor the study of antimicrobial activitynd modulatory antimicrobial

activity for the HYTPHENYL compound were reportegty Beyond a complete
characterization of the material, our study pototshe potential use of this chalcone in

synergy with antibiotics as antimicrobial agent.

2. Materials and methods

2.1 Synthesis of the chalconeHY TPHENYL

The chalcone synthesis is as shown in Figure &.sfarting materials were the
natural product 2-Hydroxy-3,4,6-trimethoxyacetoppen  (HTMCX) (@) and
benzaldehyde2) commercially obtained from Sigma-Aldrich. The ldwee derivative
(3) was prepared by stirring a solution of HTMCX caypd(1) (0.20g; 0.62 mmol),
EtOH (10 mL), NaOH (0.25g; 6,5 mmol), and benzajakeh(0.1093g; 1.03 mmo(R)
at room temperature for 2 h. The NMR data confinat the product of this synthesis is
the chalcone B-1-(2-Hydroxy-3,4',6'-trimethoxyphenyl)-3-(phenyl)-prop-2-en-1-one
(HYTPHENYL).

2.2 NMR data of thechalconeHYTPHENYL

'H-NMR showed peaks & 3.96 ppm (s) and 3.85 ppm (s) corresponding to
hydrogen atoms from three methoxy groups. The easms ady 6.01 (s) is due to the
only hydrogen atom bound to the aromatic ring, tedone aby 13.94 (1H, s) is due to
a chelated phenol hydroxyl group. Additionally, gignals aby 7.79 and 7.88 ppm are
attributed to hydrogena and p, respectively.*C-NMR and DEPT 135° allowed to
recognize signals for three methoxy groupsdat60.94, 56.26 and 56.22 ppm, sSix
aromatic quaternary carbon atoms with peakd:at59.6 (C-47), 158.8 (C-6"), 158.7
(C-2), 131.2 (C-57), 107.1 (C-1") and 135.7 (C4i¥ aromatic methines carbon &t



130,3 (C-4), 129.1 (C-3/5)c 128.6 (C-2/6) and 87.4 (C-3"). Additionally, thgreal at
d¢c 193.5 ppm suggests the presence of one conjugatbdnyl group and the signals at
8¢ 127.7 andc 142.8 ppm should be associated with &-3jhe NMR spectra of theC
(125 MHz) and'H (500 MHz) in (CDC}, 8, ppm, J/Hz) are presented in the
Supplementary Material on Figure S1 and Figurer&ectively.

2.3 Raman, IR, UV-VIS measurements

FT-Raman spectra were taken using a Bruker RFS160R system and a
D418-T detector, with the sample excited by mednf® 1064 nm line of a Nd:YAG
laser. FT-Raman spectrum was collected from sangaeBned in screw cap standard
chromatographic glass vials, at a nominal resalutb4 cm' accumulating 60 scans

per spectra and using a laser power of 150 mW.

The infrared spectra were obtained by using a G&6/FT-IR spectrometer. In
order to record IR spectra we have grinded the Eampan agate mortar to minimize
scattering on the particle surface and prepareéllatpith KBr by mixing it with the

sample until a uniform mixture was obtained.

The UV absorption spectra of the HTMCX and HYTPHENcompounds were
recorded in ethanol on a GENESYS™ 10S UV-Vis spgttotometer.

2.4 Computational method

Calculations using DFT were carried out with thauSsian09 programme
package [27].The B3LYP functional was used with the 6-31 G(dpais set. The
molecular structure of HYTPHENYL used as the infiles for Gaussian was drawn in
the ChemSketch program [28] by means of the datairdd from NMR data. The
structure was optimized and the wavenumbers andtibraic displacements for each
mode were then calculated. At the optimized stmestuof the molecules, the
calculations do not furnish any imaginary frequentiie wavefunctions of electron
densities were obtained for the optimized structfrélYTPHENYL compound. The
wavefunctions generated were usém molecular electrostatic potential (MEP)
calculations. Furthermore, DFT calculations wergied out to obtain the Kohn-Sham
orbitals and the Highest Occupied Molecular Orbi(ldlOMO) and the Lowest
Unoccupied Molecular Orbital (LUMO), as well as tf@lowing quantum chemical
parameters: vertical ionization energy, verticaction affinity, chemical potential,

electronegativity,global hardness and electrophilicity index. To stamct the MEP



surface and the shape of HOMO and LUMO orbitals, @memcraft program [29] was
utilized. Theoretical Raman frequencies were scal@dugh least-square fits as
suggested by Rauhut and Pulay [30]. For the HYTPMENoOmMpound we used the
scaling factor of 0.9626 for frequencies below 2@D0", and for frequencies above
2000 cnt, the scaling factor was 0.9440. The descriptiorthef normal modes of
vibration were made based on the potential eneigfyiltlition (PED) calculated using
the program VEDA [31]. The calculated vibrationahwenumbers were adjusted to

compare with experimental Raman and infrared frequs.
2.5 Electrochemical measurements

The electrochemical investigation of chalcone HHBENYL was performed
with a conventional three-electrode cell in pAutolab Il potentiostat (Metrohm
Autolab BV, Utrecht, the Netherlands) coupled t&@ microcomputer, using NOVA
2.1.3. software. The working electrode was a glasspon electrode, GCE, (Metrohm
Autolab BV) of 3 mm diameter, the counter electroglas platinum coil, and the
reference electrode was Ag/AgCl,"@B.0 mol %), all contained in one-compartment
electrochemical cell with a volumetric capacity 2.0 mL. It was used a volume of
10.0 mL. 0.25 mmol E of HYTPHENYL and 3.0 mmol © of acetophenone HTMCX
stock solutions, prepared by dissolving 7.9 mgQ@0 inL of ethanol and 33.9 mg in 10
mL of ethanol + 40 mL of Sorensen buffer, pH 6.@8&pectively. Both solutions were
stored in amber flask (to avoid photochemical degtian) and maintained in the

refrigerator during one week maximum.

Cyclic voltammograms were recorded between -4@D1&00 mV, the scan rate
varied from 10 to 100 mVs Nitrogen was used to degas the solution, ancdheion
was covered with a nitrogen blanket during expenitsicAll measurements were carried
out at room temperature (251 °C) and at least in triplicate, and the mean valas w

considered.

The oxidation procedure was performed using thekssolutions 0.25 mmolt
of HYTPHENYL, and 3.0 mmol £ of HTMCX in phosphate buffer (PBS), pH 7.14,
and Sorensen buffer, pH 6.96. The oxidation pedkndt disappear and cell current did
not decrease. The oxidized compounds were stittrelactive, with an oxidation peak

at a less positive potential. In all reported ekpents, the results obtained with GCE in



the presence of the HYTPHENYL and HTMCX were conmggawith those obtained
with reference blank electrode operated underdhgesconditions.

2.6 Microbiological characterization
Bacterial Material

The microorganisms used in sensitivity to HY TPHHNYatural product testing
were obtained from American Type Culture Collect{&iCC) by means of National
Institute for Quality Control in Health (INCQS, btsto Nacional de Controle de
Qualidade em Saude) from Oswaldo Cruz Foundatit@@RUZ, Fundacdo Oswaldo
Cruz), Health Ministry, Brazil. The bacterial stitaiused wer&scherichia coli 27 and
Saphylococcus aureus 358. All strains were maintained on heart infusagar (HIA,
Difco Laboratories Ltd.). Before the tests, thaists were grown for 18 h at 35 °C in
broth brain heart infusion (BHI, Difco Laboratorietsl.).

Antimicrobial Activity Test

The initial solution was prepared by dissolving iy of the crystalline
compound HYTPHENYL in 1.0 mL of dymethilsulfoxid®MSO-Merck, Darmstadt,
Germany) obtaining an initial concentration of 1§/mL. This initial solution was then
diluted in a volume of 5.0 mL to be used in all mlmological testsAfterwards, an
aliquot of the initial solution was dissolved in to a final concentration of 1024

ug/mL.

The drugs used in the antimicrobial activity tesiere the amikacin and
gentamicin antibiotics (Sigma Co., St. Louis, USA)l drugs were diluted in sterile
water, to concentration 5000 mg/mL. For the evabmaof the effect of the compound
HYTPHENYL as modulators of resistance to the antibiit was used the amikacin and
gentamicin aminoglycosides (Sigma Co., St. LouiSAYJas well as the bacterial strains

Escherichia coli 27 andStaphylococcus aureus 358.

Minimal inhibitory concentration (MIC) was detemed in a microdilution
assay as described previously [32-34]. MIC wasngefias the lowest concentration at
which no bacterial growth was observed. For theluaten of the HYTPHENYL

compound for antibiotic resistance-modifying adtiviMIC of the antibiotics was



determined in the presence or absence of the HY NPHECompound at sub-inhibitory
concentrations CIM/8 (1.024g/mL).

The antibacterial effect of the compound HYTPHENaihd the modulation of
antibiotic activity (both measured by the MIC) wererformed using microtiter plates,
using the methodology described by Coutinho e{38]. A growth positive control
containing broth and microorganism was used in st well of each column.
Microplates were incubated for 24h at 35 + 2 °Cre&azurin reagent was used to
indicate the presence of uninhibited bacterial ghogpink colour) or inhibition (blue

colour).

3. Results and discussion

3.1. Molecular structure

Figure 2 shows the molecular structure of HYTPHENYhis structure is
compatible with our NMR data reported in the TalilleThe base structure of the
HYTPHENYL molecule comprises two six-membered arbenangs. The ring A is
formed by the atoms G1C2, C3, C4, C5 and C6 and the ring B is formed by the
atoms C1, C2, C3, C4, C5 and C6. These two aromiaiis are joined by a three
carbon a,B-unsaturated carbonyl system. Therefore, the mtdecstructure of
HYTPHENYL is characteristic of a chalcone substai3&3.

3.2. Quantum chemical parameters

The frontier molecular orbital theory developed IKgnichi Fukui in 1950's
plays a key role in the understanding of the chahrigactivity [37]. The HOMO is the
outermost orbital containing donor electrons. LUNKDinnermost orbital containing
free places to accept electrons. The chemical hehat HYTPHENYL molecule can
be predicted by the following parameters: HOMO ggetUMO energy, energy gap
(AE= E.umo- Enomo), Vertical ionization energy (I = +bmo), vertical electron affinity
(A = —=E.umo), chemical potentialy( = —(I + A)/2), electronegativityy = —u ), global
hardnesst( = (I — A)/2) and electrophilicity indexa( = p?/2n) [38-40]. These quantum
chemical parameters for the optimized geometriegshef HYTPHENYL and HTMCX
compounds are given in Table Zhe graphical structures of HOMO and LUMO
molecular orbitals of HYTPHENYL compound are shoiunFigure 3. The values of
the energy gap, hardness and chemical potentials@aler in the HYTPHENYL



compound than the values found for the HTMCX commuby25]. Therefore, the
lowering in these chemical parameters indicatesth®areactivity of the HYTPHENYL
compound is greater than that observed in the HTM@Xpound. Consequently,
HYTPHENYL compound presents higher electrophiliamtters than the HTMCX
compound as noted in the values of electrophilizitiex of these molecules (4.01 eV
for HYTPHENYL against 2.68 eV for HTMCX).

The experimental UV absorption spectra of the HYERNL and HTMCX
compounds are shown in Fig. 4. Comparing thesetrspa® see that Peak 1 remains
essentially unchanged, whereas Peak 2 might havénténsity decreased due the
formation of the enone chain §€Ca-C=0) of the HYTPHENYL chalcone, and Peak 3

corresponds to the new moiety (ring B).

The electrostatic surface map for HYTPHENYL compmuisgiven in Figure 5.
In this image, blue and pink regions indicate pesiand negative charge distributions,
respectively. In the blue regions are spread dweihiydrogen atoms and methyl groups
comprising the electrophilic sites of the compoithdTPHENYL. Whereas, the pink
regions, where the oxygen atoms are concentragetharnucleophilic sites. Therefore,
the charge distribution in the electrostatic swefagap for HYTPHENYL compound
shows the existence of the sites where should otiwairintra and intermolecular
interactions. The polar nature of this molecule barexamined by the dipole moment
presented by it. The theoretical calculations shibthat the value of the dipole moment
for the HYTPHENYL compound is 3.90 Debye (D) whileat of dipole moment of
HTMCX was 4.02 D [25]. Therefore, the HTMCX compaluris only slightly more
polar than the HYTPHENYL compound.

3.3. Vibrational analysis

The HYTPHENYL molecule has 41 atoms, thereforedhsre 123 degrees of
freedom, excluding the three rotational modes aedliree translational movements are

expected 117 vibrational modes.

The experimental and theoretical FT-Raman spexftgzolycrystalline samples
of HYTPHENYL is shown in Figure 6, whereas the R dpectrum of HYTPHENYL

is shown in Figure 7. A complete assignment ofibeational modes of HYTPHENYL



is presented in the Table 3. The calculated wavéenmwalues, not scaled, are given in
the first column, while the calculated and scaleyy@numbers are given in the second
column. The third and fourth columns show the expental FT-Raman and the
experimental FT-IR wavenumbers, respectively, aheé tast column lists the

assignments with the percentage contribution oPEP for each vibrational mode.

The Raman and infrared spectra for the HYTPHENYmpBle present some
bands which are also characteristic of HTMCX whatexpected, since HTMCX
compound is the precursor for the synthesis of HNMERYL compound whose ring A
of HTMCX compound is preserved in the synthesisthim Supplementary Material in
Figure S3 is shown the comparative between the Raamal infrared bands of the
HYTPHENYL and HTMCX compounds.

The FT-IR spectrum of HYTPHENYL shows intense smittance bands in the
wavenumber range of 1800-400 ¢nFrom the FT-Raman spectrum we observe that
modes below 200 cthare associated with external modes and others iwitnal

modes as discussed below.

The assignment for HYTPHENYL compoustiows that most of the bands
observed through FT-Raman and FT-IR spectroscopyesimonds to a mixture of
vibrational modes. Also, it is ascertained that¢his a good correspondence between
the scaled and experimental Raman and infraredsbamasional vibrations and out of
plane deformations are observed in throughout regibscaled wavenumbers lower
than 1000 cil in the vibrational spectra of HYTPHENYL. It is aloted that in this
region there is predominance of vibrations charatte of the ring A in both HTMCX
and HYTPHENYL compounds.

In the region of scaled wavenumber between 10@01&31 cnit of the Raman
and infrared spectra of HYTPHENYL is observed thedpminance of the stretching
modes of carbon-carbon and carbon-oxygen atoms.eleny in this region is also
possible to observe a marked localization of bemdirodes of the methyl group. In
fact, wagging vibrations and anti-symmetric bendifghe of methyl group are clearly
observed in this compound. A very strong infrareahd which is associated with
wagging vibration of the methyl groups of the malecwas observed at 1419 ¢pand
three strong infrared bands observed at 1439, a4551468 cnl are associated with
the anti-symmetric bending of methyl groups of HHENYL.



The carbonyl (C=0) stretching vibrations of HYTPR¥A. molecular structure
appear associated with stretching modes of carbdma group. In the HTMCX
compound these modes are restricted to two vibratimodes observed in both Raman
and infrared spectra which are localized at scat@denumbers 1595 and 1619tn®n
the other hand, in the HYTPHENYL compound the caghdC=0) stretching mode
appears associated with the ketone grogiCf€ and is observed in both Raman and
infrared spectra at scaled wavenumber 1429.dinis noteworthy that the stretching
modes of the €O carbonyl in the IR spectra have lower intendignt those observed

in other classes of organic compounds.

In the wavenumber region higher than 2800"anfi both Raman and infrared
spectra of the HYTPHENYL are expected the vibrai@ssociated with stretching
modes of CH, methyl and OH groups. For examplethi& infrared spectrum of
HYTPHENYL the bands seen at 3113 and 2972' ame associated respectively with
the stretching modes of CH andHCstretching according to the assignment done en th
bases of DFT calculation. In this region of the Ranspectrum the profile of bands
appears with low intensity but even in this manisepossible to note the presence of
several bands. A complete description of all maggsearing in the Raman and infrared

spectra is given in Table 3.
3.4. Voltammetric behavior of the HYTPHENYL

The electrochemical behavior of the HYTPHENYL wstadied using cyclic
voltammetry at a GCE, which has been the workirgtebde of choice in analogous
studies [41]. In the Sorensen buffer, pH 6.96 ar@ @&ectrode, the HTMCX and
chalcone derived HYTPHENYL give one well-definecbdit peak (B = 0.67 V) in
the first cycle curve. Oxidation is an irreversilplocess confirmed by the absence of
cathodic peak on reverse sweeps. Cyclic voltammmagrdor the HTMCX and
HYTPHENYL compounds are shown in the Figure 8.

From the second scan, another anodic pegl) (& registered at 0.12 V and the
decreasing of the anodic peak current (a)EOn the reverse sweep, a reduction peak
appears at & = 0.06 V only if the second cycle curve has bemmsed beforehand, no
other peak appears between —0.4 and +1.0 V, imdictat the final oxidation product
is reduced in the cathodic peak.E however, it cannot be further oxidized in that

range of potential.



By the first cycle curves of cyclic voltammogranasiodic peak voltage {F)
values give well-defined peaks, while its half-pealtage (&) was calculated as the
voltage at which the current equaled half of theximam anodic peak current. For the
HYTPHENYL, the anodic peak potentials,gf} and half-peak potentials {f are 0.67
V, and 0.041 V, respectively, as is shown in Figlire

More details about the process involved in thedaneak are obtained by
studying the dependence of the experimental cuftemdtion &) on the scan rate and
concentration of the HYTPHENYL. TH¢ may be defined ¥ = I,/(Av*? c), where A
is the working electrode area, in Gm corresponds to the potential scan rate in*y s
and c represents the bulk concentration of HYTPHENYmol L™. This parameter is

more sensitive to the electrode processes [42, 43].

Typical results for different concentrations acdrsrates are’ 1.1 A (V/syY?

cm? L mol™. The estimated number (with 10 % of error) of etmts exchanged in the
overall electrode process can be calculated bygusie experimenta¥ value and
comparing with model compounds that exchange odetwaa electrons measured with
the same working electrode in similar experimeotelditions.

Potassium ferrocyanide was selected as a modeinelectron exchange =
0.68 A (V/sy¥?cni? L mol™, and 1,4-hydroquinone as a two-electron exchanggein
[38], W = 1.4 A (V/s)*? cmi® L mol™. The value ot 01.2 A (V/s)*? cm L mol™
indicates that the overall electrode process fomfAMENYL involves two electrons per
molecule. These data lead to the conclusion théhenSorensen buffer, pH 6.96, the
oxidation of HYTPHENYL may comprise two successioee electron transfers at
similar formal potential. Thus being’£0 E%, only one peak is detected in the first

anodic scan [44].

A proposed oxidation mechanism for the HYTPHENYdmpound involves the
formation of a phenoxyl radical resulting from tbee-electron abstraction from the
2-hydroxyl group followed by abstraction of"Hon. Subsequently, this phenoxyl
radical most probably forms a dimer. [45]. Theadiuction of another aromatic ring B
on structure of the HTMCX seems to affect the otala capacity of the
HYTPHENYL, because this compound is more easilydiaed (Ep, = 0.67+ 0.04 V)
than HTMCX compound (= 0.92+ 0.02 V), Figure 8.



A plausible explanation for this observation isitthhe presence of electron-
donating phenyl group (ring B) increases the etecttensity of the ring thus increasing
the strength of the hydrogen bond between the lggir@f the hydroxyl group and the
oxygen of the carbonyl &D), hindering the removal of hydrogen. Finally, @aod
linearity (r = 0.990) for the relationship of thaaalic peak current and square root of
scan rate was achieved, which indicates diffusiomtrol of HYTPHENYL oxidation

on the GCE surface.
3.5. Antimicrobial activity and modulatory antibiotic activity

The MIC of the HYTPHENYL compound was 10g2d/L for all bacterial strains
tested, thereby no antibacterial activity was detbcrevealing it as inactive against the
microorganisms tested. However, modulatory actiatyantibiotics was observed to
HYTPHENYL compound against strains Bbcherichia coli 27 andSaphylococcus
aureus 358.

In the determination of MIC, an effect is regardasl synergistic when a
favorable contribution is observed in the actiontlod antibiotic associated with the
compound, with a decreasing in the MIC. On the otihend, an antagonistic effect
happens in reverse, that is, occurs an increasitigei MIC on account the action of the

antibiotic associated with the compound.

The MIC of the amikacin aminoglycoside in the prese of the HYTPHENYL
compound in the MIC/8 concentration (128§/mL), against strains dEscherichia coli
27 and Saphylococcus aureus 358 showed a significant inhibitory effect with
significance with p < 0.01 on the bacterial growdk,can be seen in Figure 10. These
results indicate that the HYTPHENYL compound shovegdergistic effects against

these bacteria strains when it is associated witlkacin antibiotic.

It is worth mentioning that chalcone derivativeséddeen used in preparation of
drug for providing antibacterial activity againstam-positive bacteria, preferably
methicillin-resistant Saphylococcus aureus [46]. In the MIC of the gentamicin
aminoglycoside in the presence and absence of ¥iEPHENYL compound in the
MIC/8 concentration (128g/mL) is observed a synergy against strairEsgherichia
coli 27 and no effect on the bacterial growth was detkcagainst strain of

Saphylococcus aureus 358, as can be seen in Figure 11.



Recent studies have shown that the natural proddd1ICX (which is the
precursor of synthesis of HYTPHENYL compound) présesynergism against strains
of Pseudomonas aeruginosa 03 andStaphylococcus aureus 358 in the association with
the amikacin aminoglycoside [21]. On the other hareffect on the bacterial growth
was detected against strains Egcherichia coli 27 and Staphylococcus aureus 358

when the natural product HTMCX was associated tghgentamicin antibiotic [21].

Therefore, the combination of this new chalcone TRMENYL with the
gentamicin and amikacin aminoglycosides may beulisiefr the treatment against

strains ofEscherichia coli 27 andStaphylococcus aureus 358.

4. Conclusions

In this work a novel chalcone HYTPHENYL was syrdized by the
condensation reaction of Claisen-Schmidt in basiediom between the natural
compound HTMCX and benzaldehyde and its moleculaiccture was determined by
Nuclear Magnetic Resonance. Additionally, we hagported for the first time the
vibrational spectra of polycrystalline samples fHPHENYL by FT-IR (between 400
and 3200 cnl) and FT-Raman (between O and 3200‘gnspectroscopy. DFT
calculations were performed, using the Gaussiapa@8age with the B3LYP functional
and 6-31G(d,p) basis set, in order to obtain infdrom about the normal modes of
vibrations, allowing a complete assignment, ancesdwuantum chemical parameters
of the HYTPHENYL chalcone. From the voltammetriadst was possible to obtain an
understanding for the electrochemical mechanismgmeous medium of the HTMCX
and HYTPHENYL. Antimicrobial and modulatory antibio activities of the
HYTPHENYL compound were investigated. Significanbdulatory activity of the
antibiotics tested was observed for HYTPHENYL agtastrains oEscherichia coli 27
and Saphylococcus aureus 358. The HYTPHENYL showed synergistic effects agai
these bacteria strains when associated with anmlkadibiotic. Other synergistic effect
could be observed fdEscherichia coli 27 in the presence of HYTPHENYL with the
gentamicin antibiotic. It is important to note thiat previous results, HTMCX did not
show antimicrobial modulatory activity agairtstcherichia coli when associated with
the gentamicin antibiotic. Therefore, these resdksnonstrate that HYTPHENYL



compound presents potential antimicrobial actigityl may contribute to the control of

Escherichia coli andStaphylococcus aureus bacterial resistance.
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CAPTION FOR THE FIGURES:

Figure 1: Scheme of the synthesis of the HYTPHENYL chalcone.

Figure 2. Molecular structure in ball and stick model withora numbering for
HYTPHENYL.

Figure 3: The frontier HOMO and LUMO orbitals for the HYTPHEM chalcone.

Figure 4. Experimental UV absorption spectra of the HYTPHEN¥hd HTMCX

compounds.
Figure5: The electrostatic surface map for the HYTPHENY LIcbae.

Figure 6: Experimental and theoretical FT-Raman spectrtn@fHYTPHENYLIn the
spectral range from 3200-2600 ¢rand 18000 cA.

Figure 7: Experimental FT-IR spectrum of the HYTPHENYL inetlspectral range
from 3200-2500 ciit and 1800-400 cih

Figure 8: Cyclic voltammograms recorded on GCE il )(Sorensen buffer, pH 6.96,
with (O) HYTPHENYL 25 pmol L* and 0) HTMCX 300 pmol L™. Experimental
conditions: Rita = Eina = —0,40 V; k1 = 1,20 V; K, = —0,40 V. Scan rate: (A) 10
mVs® and (B) 100 mVs.

Figure 9: Cyclic voltammograms recorded on GCE iffl(blank, HYTPHENYL 25
umolL™ with (O) PBS, pH 7.14, and{) Sorensen buffer, pH 6.96. Experimental
conditions: Ritar = Einas = 0,40 V; K1 = 1,00 V; B, = —0,40 V. Scan rate: (A) 10
mVs® and (B) 100 mVs.

Figure 10: Minimum inhibitory concentration (MIC) of amikaciaminoglycoside in

the presence and absence of the HYTPHENYL compaural MIC/8 concentration



(128 ug/mL) towardsEscherichia coli 27 and Staphylococcus aureus 358. Statistically
significant value with **p<0.01.

Figure 11: Minimum inhibitory concentration (MIC) of gentanmicaminoglycoside in
the presence and absence of the HYTPHENYL compaural MIC/8 concentration
(128 ng/mL) towardsEscherichia coli 27 and Staphylococcus aureus 358. Statistically

significant value with ***p<0.001.

CAPTION FOR THE TABLES:

Table 1: *H and**C NMR data for the HYTPHENYL chalcone (in CR§I1J in Hz.
Chemical displacemendg anddy are in ppm.

Table 2: Quantum chemical parametéos the optimized geometries of HYTPHENYL and
HTMCX compounds (eV).

Table 3. Calculated vibrational wavenumbers unscaled aateddy the scale factors
0.9626 (20 crit to 2000 crif) and 0.9440 (2000 chmto 4000 crif), experimental
Raman and transmittance band positions and assignohevibrational modes for the
HYTPHENYL.

SUPPLEMENTARY MATERIAL

Figure S1: NMR spectrum of*C (125 MHz) in (CDC, &, ppm, J/Hz) for
HYTPHENYL.

Figure S22 NMR spectrum of'H (500 MHz) in (CDC}, &, ppm, J/Hz) for
HYTPHENYL.

Figure S3: Comparative between the Raman and infrared bahtlse HYTPHENYL
and HTMCX compounds.



Table 1: *H and **C NMR data for the chalcone HY TPHENYL (in CDCI3), J in Hz.
Chemical displacements dc and &y are in ppm.

(o 6¢ 6y
1 107.1
2’ 158.8
3 131.2
4 159.6
5’ 87.4 6.01 (s)
6’ 158.7
MeO-3 60.9 3.85 (s)
MeO-4 56.3 3.96 (s)
MeO-6 56.2 3,96 (s)
Cc=0 193.5
1 135.7
2/6 128.6 7.60 (dd, ) =7.53;1.77
Hz)
3/5 129.1 7.43 (m)
4 130.3 7.42 (m)
Co 127.7 7.79 (d, J = 15.60 Hz)
o 142.8 7.88 (d, J = 15.60 Hz)




Table 2: Quantum chemical parameters for the optimized geometries of HY TPHENYL and

HTMCX compounds (eV).

Compound | Enomo | ELumo | AE | A u X n [A)
HYTPHENYL -5.59 -2.02 3.57 5.59 2.02 -3.81 3.81 1.79 4.01
HTMCX* -5.67 -1.23 4.44 5.67 1.23 -3.45 3.45 2.22 2.68

*Dataof HTMCX were taken from Ref. [25].




Table 3: Calculated vibrational wavenumbers unscaled and scaled by the scale factors 0.9626 (20 cm™ to 2000 cm™)
and 0.9440 (2000 cm™ to 4000 cm™), experimental Raman and transmittance band positions and assignment of

vibrational modes for the HYTPHENYL.
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Assignment of vibrational modes for the HYTPHENYL with PED" (%)

1 (C5'C6'C1'C) (10) + T (C6'CL'CCa) (12) + T (C8'04CA'CE) (47)

1 (C5'C6'C1'C) (18) + T (C6'CL'CCa) (26) + T (C8'04CA'CS') (17)

T (CaCBCLC2) (59) + T (CI'CCaCp) (31)

& (CaCBC1) (26) + & (C1'CCa) (19) + & (CCaCp) (28)

T (CA4'C5'CE'CL) (14) + T (C7'O5C6'C5') (33) + 1( CL'04CA'CE) (12)

T (C5'CE'CL'C) (12) + T (CL'CCaCp) (10) + T (CCaCBCL) (15) +y (CBC2CECL) (12)
1 (C2'C3'C4'C5') (20) + T (C7'O5C6'C5') (11) + T (C9'O3C3'CA4) (15)

T (C7’05C6'C5)) (12) + T (C9'03C3'CA) (32)

T (C3'C4'C5'CH') (10) + T (CL'CCaCpP) (23) + T (CY'O3C3'CA) (12)

T (CE'CL'CCa) (22) + T (C7'O5C6'C5) (14)

& (03C3'C2)) (12) + T (HCY'O3C3) (27) + 1 (CYO3C3'CA) (18)

T (C3'CA'C5'CH') (15) + T (C2'C3CA'C5') (15) + T (CAC5'CE'CL)) (19) +y (04C5'CICA)
(12)

3 (C6/C1'C) (16) + 5 (CBCLCS) (11) + 5 (O5CE'C5') (17) + & (CT'O5CH') (14)

5 (04C4'C3) (15) + & (O5C6'C) (16)

5 (C9'03C3) (18) +y (03C4'C2'C3) (22)

T (HC8'04C4') (24) + T (HC8'04CA') (19) + T (HC8'04CA') (15) + T (C2'C3'CA'C5') (13)
& (04C4'C3)) (14) + & (CBCICS) (13) + & (C8'04C4') (16)

T (C6C5CAC3) (14) + T (C3'C4'C5'CH') (30) + T (CCaCPCl) (21)

T (HC7'05C6') (25) + T(HC7'O5C6') (14) + T (HC7'O5CE') (12)

1 (C5'C6/CL'C) (23) + T (C3'CA'C5'CH)) (22)

5 (03C3'C2") (24)

3 (C6/C1'C) (14) + 5 (C8'O4C4) (31)

5 (C2'C3'C4') (10) + & (C3'CA'C5') (16) + & (O3C3'C2) (11)

T (HC2C3C4) (10) + T (HCBC5CA) (12) + T (C6C5CAC3) (33) + T (C5CAC3C2) (20) +
T (C1C2C3C4) (18)

v (C1'C) (12) + & (CA'C5'CB') (16) +5 (C8'04C4') (11)

& (02C2'C1)) (33)

& (C7'05C8) (11)

y (CBC2C6C1) (33)

5 (CaCRCl) (10) + & (CL'CCa) (15)

& (C9'03C3) (23)

v (C3'C4) (18) + v (O4C4') (10) + & (C2'C3'C4') (15)

5 (O1CCa) (26) + 3 (C1C2C3) (18)

T (HC5'C6'CL) (23) + y (O1C3'C1'C2) (22) + y (O2C5'C3'C4') (28)

5 (C6C5C4) (22) + & (CAC3C2) (38) + & (C1C2C3) (13)

v (C1'C) (11) + & (O1CCa) (10) + & (C3'C4'C5) (11)

vy (O1CaCL'C) (15) + y (O5C5'CL'CH') (40)

T (C1C2C3C4) (13) + y (02C3'C1'C2) (13) +y (O3C4C2'C3) (13) +y (O4C5'CICA)
(19)

T (HCAC5CH) (10) + T (C3CA'C5'CH') (10) + T (CLC2C3CA4) (26) +y (02CICL'C2') (13)
y (01CaC1'C) (32)

5 (04C4'C3) (11) + & (O5CE'C5) (21)

v (03C3)) (14) + & (O1CCa) (16) + & (C5CAC3) (10)

T (HC3CACS) (11) + T (HCACS5CS) (10) + T (HC5CAC3) (11) + T (C1C2C3C4) (17) +

y (O1CaC1'C) (13) +y (CRC2C6CY) (13)

T (HC5'C6'CL) (69)

v (CBC1) (10) + & (C5CAC3) (19)

T (HC2C3C4) (24) + T (HCBC5CA) (27) + T (HC3CACS) (21) + T (HC5CAC3) (19)

T (HCaCBCl) (57)

3 (CaCBC1) (11) + & (023CCa) (10) + 3 (CCaCp) (14)

T (HCACRCL) (11) + T (HC2C3C4) (24) + T (HCBC5CA) (22) + T (HCAC5CH) (29)

T (HO2C2'C3) (92)

T (HC2C3C4) (18) + T (HCBC5CA) (15) + T (HC3CACS) (25) + T (HC5CAC3) (33)
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1356
1357
1368
1381
1477
1482
1490
1492
1500
1503
1504
1508
1516
1518
1527
1531
1540
1615
1629
1632
1657
1677
1694
2871
3019
3028
3058
3095
3111
3137
3148
3152
3157
3177
3180
3185
3194

952

962

977

988

998

1006
1017
1069
1073
1114
1127
1132
1133
1145
1164
1172
1177
1193
1194
1201
1226
1271
1282
1305
1306
1317
1329
1422
1427
1434
1436
1444
1447
1448
1452
1459
1461
1470
1474
1482
1555
1568
1571
1595
1614
1631
2710
2850
2858
2887
2922
2937
2961
2972
2975
2980
2999
3002
3007
3015

969vw.

990w
1000m

1027vw

1085s
1117vw

1154vw

1181m

1204m

1242m

1268s

1302vw

1318m

1440w

1460vw

1487s

1554vs

1576m
1596vs

1624vs

2842vw

2882vw

2946vw

2975vw

2988vw
3007vw

964vs
990vs
998vs
1009vs
1025m
1074vs

1123vs

1152vs

1206vs
1246vs
1268vs
1287vs
1317vs

1333vs
1419vs

1439vs

1455vs

1468vs

1558vs

1584s

1629vs

2881m
2915m
2946m

2972m

2986m
3004m

v (O4C4) (31) +v (O3C9) (13)

T (HC3CACS) (23) + 1. (HCAC5CH) (30) + T (HC5CAC3) (17) + T (CEC5CAC3) (10)
& (C6C5C4) (33) + 6 (CAC3C2) (16) + 6 (C5CAC3) (20)

v (O5C7') (32) +v (O4C8) (13) + & (C4'C5'CB) (12)

T (HCaCRCl) (15) + T (HCRCLC?) (70)

v (03C9) (50)

v (C4C3) (21) + v (C5C4) (27)

v (C6C5) (12) + v (C3C2) (19) + & (HC2C3) (10) + & (HCBCS) (12) + & (HCAC3) (15)
v (CCa) (19) + v (04C8) (19)

v (02C2') (16) + v (O5C7') (21)

r (C8'Hs) (26) + T (HC8'04C4') (70)

r (C7'Hs) (26) + T (HC7'O5C8') (70)

r (C9'Hs) (26) + T (HC9'O3C3) (70)

& (HC3C2) (17) + & (HCAC3) (30) + & (HC5C4) (16)

5 (HC2C3) (26) + 5 (HCECS) (19) + & (HC3C2) (13) + & (HC5CA) (15)
r (C9'Hs) (10) + T (HCY'O3C3) (44)

T (HC8'04C4) (27)

v (C1'C) (11) + & (HC5'C6') (18) + & (HCaCp) (13)

v (C1C2) (13) + v (CBCI) (21) + & (HCBCa) (16)

v (04C4') (13) + v (O5C8") (14) + & (HC5'CE') (14)

v (C4C5)) (13) + v (03C3) (24)

v (C2'C3) (17)

& (HCBCa) (17)

v (02C2) (18)

v (CaCp) (13) +v (C1C2) (11) + & (HCRCa) (30)

& (HC2C3) (24) + & (HCBC5) (22) + & (HCAC3) (13)

v (C5'C6') (10) + & (HCaCp) (24)

wag (C9'Hs) (54) + wag (C8'H,) (14)

wag (C9'H;) (10) + wag (C8'Ha) (11) + wag (C7'Hs) (34)

5 (HCAC3) (12) + 3, (CO'Hs) (12)

5 (HCAC3) (10) + 3, (CI'Hs) (22)

8 (C8'Ha) (63) + T (HC8'04C4') (12)

Oas (C9'H3) (19) + 8 (C8'H3) (15) + 84 (C7'Hy) (24)

8 (CT'Ha) (69) + T (HC7'O5CH') (14)

8 (C8'Ha) (62) + T (HC8'04C4') (11)

Oas (C8'H3) (17) + &a (C7'Hy) (33)

5 (HO2C2') (17) + &, (C7'Hs) (10)

8 (CO'Ha) (77) + T (HCY'O3C3) (14)

v (01C) (12) + 8, (C7'H,) (28) + wag (C8'H2) (10)

8 (HC2C3) (17) + 5 (HCECS) (15) + & (HC3C2) (15) + & (HC5C4) (19)
v (O1C) (20) + v (CA'C5) (14)

v (C3C4) (15)

v (C5'C6) (12) + v (C3'C4) (10) + v (C3C4) (10)

v (C6C5') (30) + v (C3C2) (10)

v (C2'C3) (15) + & (HO2C2') (30)

v (CaCp) (44) +v (CO1) (13)

v (O2H) (95)

Ve (C9'Hs) (99)

V¢ (C7'Hs) (100)

V¢ (C8'Hs) (99)

Ve (C7'H3) (100)

Ve (CI'H3) (100)

Ve (C8'H3) (99)

Ve (CO'H3) (99)

Ve (C7'H3) (89)

Ve (CBH) (98)

v (CBH) (56) + v (C2H) (23) + v (C3H) (10)

v (CBH) (37) + v (C3H) (15) + v (C4H) (18) + v (C5H) (19)
v (C2H) (36) + v (C6H) (10) + v (C5H) (35)

v (C2H) (22) + v (C6H) (16) + v (C3H) (19) + v (C4H) (31) + v (C5H) (11)




3203 3024 302Im v (C6H) (47) +v (C3H) (29)

32103030 v (CBH) (21).+v-(C3H).(20).+ v (C4H) (31) + v (C5H) (23)
3255 3073  3058vw v (C5'H) (99)
3281 3007 3113m v (CaH) (99)

*

Only PED values greater that 10 % are gives.

Nomenclature: T = torsion; sc= scissoring; 6 = deformation; &, = anti-symmetric bending, y= deformation out
of plane; dout = deformation out of plane; v =stretching; V.s = asymmetric stretching; vs = symmetric stretching.
vs=very strong ; s = strong; m = medium; w = weak; vw =very weak.
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Resear ch Highlights

Spectroscopic characterization of a new chalcone.
Structure was determined by NMR.

Electrochemical study was carried out.

Density Functional Theory, Raman and infrared studies.

Antibacterial and modulation of antibiotic activity assays.



