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Synthesis, Characterization, Antioxidant Activity and
Conformational Study of 4-Hydroxychalcone

André Luis Kerek @, Thiago de Castro Rozada @, and Barbara Celania Fiorin*

The objective of this work was to develop a synthesis, characterization, and conformational study of 4-
hydroxychalcone. The chalcone was obtained using Claisen-Schmidt reaction. The product was characterized by
FTIR and NMR spectroscopy. The latter technique was extremely important to verify the presence of the vinyl
double bond formed in the reaction and to determine its #rans configuration. The antioxidant activity of 4-
hydroxychalcone showed a satisfactory result when compared to antioxidants already reported in the literature,
with 63.4% inhibition of the DPPH radical. Also, theoretical calculations were performed to determine
conformational preference. The s-cis (b) (52.0%) and the s-c/s (a) (35.0%) conformers showed less energy when
compared to s-frans conformers, due to the higher stabilizing effect of electron delocalization involving the =
orbitals resulting from the higher planarity of s-c/s conformers. However, the s-cis (a) conformer showed greater
stabilization energy (510.37 kcal mol™) in relation to the s-c/s (b) conformer (505.32 kcal mol™), this fact might be
explained by the hydroxyl group interaction with the aromatic ring B, as observed by the NBO calculations.
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1. Introduction

Chalcones, with a general structure 1,3-diphenyl-2 propen-
1-one [1] are a,B-unsaturated ketones that are found in the
main plant structures, such as roots, leaves and flowers, being
a natural precursors of flavonoids. There are different
methods to obtain chalcones via synthetic routes with the
purpose to produce compounds with interesting
pharmacological properties [2]. The most common method is

Claisen-Schmidt condensation with acid or basic catalysis [2,
3]. After synthesized, the products are characterized by
Fourier transformed infrared (FTIR) and nuclear magnetic
resonance (NMR) spectroscopy. Also, analysis to verify
possible pharmacological activity, such as antioxidant,
antibacterial, antifungal, anticancer, among others are
performed [4]. The conformational behavior of chalcones is
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also investigated by theoretical calculations with the density
functional theory (DFT), which provides data to explain
electronic and structural properties, such as relative energy of
conformers, dipole moment, molecular vibrations, among
others. These data can be correlated with the results obtained
experimentally [5]. Therefore, the aim of this work was to
synthesize, characterize, investigate antioxidant activity, and
develop a conformational study of 4-hydroxychalcone.

2. Results and Discussion

To characterize the chalcone obtained, IR and 'TH NMR
were performed. By FTIR, bands were found at 1650 and 1611
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cm, related to C=0 and C=C bonds, respectively, besides the
band near 3200 cm-?, which refers to the hydroxyl group linked
to the aromatic ring, as shown in Fig. 1 (A). Through the H
NMR spectrum, it was possible to analyze the stereochemistry
of 4-hydroxychalcone with respect to vinyl double bonding. A
doublet signal at 7.80 ppm from a-carbonyl vinyl hydrogen and
with coupling constant Juanp of 15.66 Hz and a doublet signal
at 7.44 ppm which corresponds to B-carbonyl vinyl hydrogen
and with the coupling constant Jugw« of 15.65 Hz,
characterizing the formation of the chalcone trans isomer,
according to the data presented in the literature [6]. Fig. 1
shows the FTIR (A) and 'H NMR (B) spectra of 4-
hydroxychalcone.
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Fig. 1. FTIR with 64 scans, 4 cm™ resolution and 400-4000 cm™ range (A) and '"H NMR in 400 MHz with CDCls as a solvent (B) of 4-

hydroxychalcone spectra.

Regarding the antioxidant activity, the method of inhibiting
the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used to
verify the antioxidant activity of the compound. The reduction
in DPPH was accompanied by absorbance decrease at 517
nm and the chalcone was estimated in the percentage of
radical inhibition. The chalcone under study presented the
best radical inhibition with a concentration of 200 mmol L7,
with an inhibition percentage of 63.4%, being considered a
good result when compared with quercetin, a compound that
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presents excellent antioxidant activity according to the
literature [7, 8], which in this study showed an inhibition
percentage of 97.5%.

Regarding the conformational study, two minimum energy
structures were found (Fig. 2). The s-cis (b) conformer
presented low energy and a population of 52.0% and the s-cis
(a) presented a 35.0% population at equilibrium, with a AE=
0.23 kcal mol, in relation to the lowest energy conformer.
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However, the s-cis (b) conformer showed, through NBO
calculations, greater stabilization energy, which can be
explained by the ring B interaction with hydroxyl. While the s-
trans (c) conformer showed a population of 6.4% (AE= 1.24

(b)
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kcal mol™) and the s-trans (d) conformer 6.6% (AE= 1.22 kcal
mol). The greater stability of the s-cis conformer is due to its
higher planarity, which allows a better electron delocalization
involving the i and 1* orbitals.

52,0%

Fig. 2. Structures of s-cis (a and b) and s-trans (c and d) conformers of 4-hydroxychalcone conformational equilibrium calculated at MO6-

2X level.

Table 1 presents the energies of the m—m* orbital
interactions grouped by the orbitals that are interacting. The
s-cis (a) conformation presented greater stabilizing effect
(510.37 kcal mol) in relation to trans conformation (496.52
(c) and 499.71 (d) kcal mol™, respectively). Among the main
orbital interactions that contribute to stability, the following
stand out: the Ticac3 interaction, of vinyl bond with the m*c-o
interaction of carbonyl and their reciprocal interaction, with a
contribution of 24.34 kcal mol to the s-cis (a) conformer, and
20.85 (c) and 20.92 (d) kcal mol" to the s-trans. Another
interaction that contributes significantly to the stabilization of
the molecule is the Tringa interaction with m*c-o, with
stabilization energy of 18.42 kcal mol for s-cis (a) and 13.92

kcal mol for s-trans conformers. This results from the largest
dihedral angle between them, due to the repulsion that Hg has
with H in ortho of ring A. This repulsion leaves the dihedral
angle farther away from 0 or 180 degrees that would increase
the overlap between m — 1* orbitals. The s-cis (b) has the
lower energy and the largest population but its stabilization
energy is lower in relation to the s-cis (a) conformer. This can
be explained by the fact that the difference in hydroxyl
stereochemistry of aromatic Ring B, with the s-cis (a)
conformer showing more electronic repulsions when
compared to the s-cis (b) due to its position in relation to the
hydrogens of aromatic carbons.

Table 1. Hyperconjugative interactions (kcal mol”) calculated at M06-2X/6-311G++(2d,2p) level.

Interactions* Conformers
s-cis (a) s-cis (b) s-trans (c) s-trans (d)
Tlc=0 — Tt*c2-c3 3.86 3.86 5.49 5.51
Tlc2-c3 — Tlc-0 24.34 24.35 20.85 20.92
Tlc=0 — Tl*Ring-A 4.70 4.70 3.68 3.67
TlRing-A — Tt*c=0 18.42 18.49 13.92 13.94
Tlc2-c3 — T*Ring-B 11.87 12.14 12.03 11.88
TlRing8 — TU*c2-c3 20.28 20.31 18.83 18.84
Within Ring A 168.11 168.05 169.68 169.69
Within Ring B 168.43 162.02 162.14 166.60
LPo1s 50.11 50.07 48.61 48.57
LPo2s 40.14 41.33 41.29 40.09
ZTOTAL (keal mol ') 510.37 505.32 496.52 499.71

3. Material and Methods

The synthesis of 4-hydroxychalcone was performed by the
Claisen-Schmidt method, with basic homogeneous catalysis,
using a sodium hydroxide solution. In a round bottom flask, 4-
hydroxybenzaldehyde (0.01 mmol), acetophenone (0.01
mmol), 10 mL methanol and the catalyst were added. The

Published by Federal University of Mato Grosso do Sul | www.orbital.ufms.br

reaction mixture was stirred at room temperature for a period
of 24 hours, according to the methodology described by
Yazdan et al. [3]. The TH NMR characterization was performed
using Bruker 400MHz AVANCE Il spectrometer, using
approximately 20 mg of the compound in CDCls, with TMS as
the internal reference and probe temperature maintained at
around 25 °C. The IR analysis was performed using a
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Shimadzu FTIR Prestige-21 spectrometer, with the samples
being prepared in a potassium bromide tablet (KBr). The
operating conditions of the equipment were 64 scans, 4 cm-’
resolution and the range analyzed was 400-4000 cm".

The antioxidant activity was evaluated by the DPPH radical
methodology, after a 30-minute reaction period according to
the methodology described by Hamlaoui et al. [9], with
different concentrations of chalcone and later comparison
with a quercetin standard solution.

Conformational equilibrium was investigated through
theoretical calculations using the Gaussian 09 [10] program
for the optimization of structures and NBO 5.9 [11] for the
analysis of stereo-electronic effects, at MO06-2X/6-
311G++(2d,2p) level.

4. Conclusions

With the procedure adopted, it was possible to obtain 4-
hydroxychalcone, confirmed by 'H NMR and FTIR
spectroscopic analyses. Regarding the antioxidant activity,
the chalcone under study presented a satisfactory result when
compared to antioxidants already described in the literature.
Theoretical calculations made it possible to verify the
geometries involved in the conformational equilibrium, with
the s-cis structure being the most stable, which is due to its
greater planarity in relation to the s-trans conformer.
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