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Chalcones are phenolic compounds belonging to the flavonoid family, recog-
nized for their multiple biological properties, including antioxidant, anti-in-
flammatory, antibacterial, antifungal, antiviral, and anticancer activities. This
bioactive versatility has generated increasing interest in medicinal chemistry,
where they are explored as promising sources of new therapeutic agents. The

present study focused on the synthesis of an (E)-chalcone via Claisen-Schmidt
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condensation, catalysed by natural phosphates from Burkina Faso, followed
by an in-depth structural characterization using spectroscopic analyses (FT-
IR, 'H NMR) and crystallographic analysis by single-crystal X-ray diffraction.
The FT-IR spectra highlight the characteristic bands of the main functional
groups, particularly C=0, C=C, and Csp*-H, confirming the presence of a
well-established conjugated system. The trans (E) configuration of the a,5-
unsaturated double bond is validated by the high coupling constant observed
in '"HNMR. Furthermore, crystallographic analysis reveals that the compound
crystallizes in the orthorhombic system within the Pca2; space group, with a
spatial organization mainly governed by the planarity of the aromatic rings.
This structural feature may be advantageous for the design and development
of new potent therapeutic agents, building on previously established strategies.
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1. Introduction

Chalcones constitute a class of a,f-unsaturated carbonyl compounds of natural or
synthetic origin, exhibiting a wide range of pharmacological and industrial appli-
cations. These molecules play a key role as privileged intermediates in the biosyn-
thesis of flavonoids and in the synthesis of various biologically active heterocyclic
compounds [1] [2]. Their therapeutic use is rooted in a millennia-old tradition
based on the use of plant resources for the treatment of various diseases. Contem-
porary studies have demonstrated multiple pharmacological properties, including
anticancer [3]-[5], antifungal [6], anti-inflammatory [7], antidiabetic, chemopre-
ventive, antioxidant [8], and antimicrobial activities [9]. These features have gen-
erated increasing interest within the scientific community, driving intensive research
into organic synthesis strategies and structural modifications of these compounds
[10]. Chemists regard these compounds as a promising field of investigation, con-
ducive to the development of new therapeutic entities and innovative functional
materials [11].

Moreover, in a societal context marked by growing awareness of environmental
pollution issues, the adoption of green synthetic methods has become a major pri-
ority in chemical research [12]. Traditionally, chalcones are synthesized via con-
densation reactions catalysed in basic or acidic media. Although these compounds,
belonging to the class of a,f-unsaturated ketones, are readily accessible through
classical routes, an increasing number of new synthetic approaches have recently
been developed [1] [13]. These methodological advances stem both from the sus-
tained interest in their versatile biological properties and from the recent devel-
opment of innovative catalysts associated with optimized reaction conditions,
combining enhanced efficiency with environmental compatibility. In this context,
heterogeneous catalysts have emerged as preferred tools in both industrial pro-
cesses and fundamental research. Their ability to selectively activate chemical re-
actions while remaining insoluble in the reaction medium offers major opera-
tional advantages, particularly in terms of recovery, reuse, and waste reduction.
Among these catalysts, those derived from natural phosphates stand out for their
potential to promote more sustainable processes [14]. Reactions catalysed by these
phosphates have been investigated from various perspectives, highlighting their
versatility and efficiency [15]-[18]. These transformations include, in particular,
the hydration of nitriles to amides, a key step in amine chemistry [19]. Transester-
ification, essential for biodiesel production, has also been widely studied. Further-
more, the synthesis of chalcones, important intermediates in the production of
bioactive compounds, illustrates the relevance of natural phosphates as cata-
lysts.

In this context, numerous studies have focused on the Claisen-Schmidt con-
densation, with chalcone synthesis being the most commonly investigated reac-
tion due to its importance in organic chemistry and pharmacology. Since 2010,
the scientific literature on Claisen-Schmidt condensations has grown significantly,

reaching a peak in 2012 with an average of more than 200 publications per year until
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2018 [20]. This trend reflects increasing interest in carbon-carbon bond formation,
leading to compounds of biological and pharmacological importance, which are
crucial for the development of new therapeutic agents. Furthermore, the adoption
of heterogeneous catalysis has reinforced the relevance of these reactions within
the framework of green chemistry. Despite the large number of studies devoted to
chalcones, an in-depth analysis of their structure after synthesis catalysed by nat-
ural phosphates remains insufficiently explored. This gap in the scientific litera-
ture highlights the need for further fundamental research in this area. Numerous
works have been devoted to the characterization and understanding of the prop-
erties of these compounds, as well as to the optimization of synthesis processes.
Crystallization and determination of crystal structure are essential steps in such in-
vestigations.

The present study highlights the synthesis of chalcones via Claisen-Schmidt con-
densation, a well-established chemical process known for its ability to generate com-
plex aromatic compounds. The objective of this study is, on the one hand, the con-
trolled synthesis of chalcones in the presence of a heterogeneous catalyst based on
natural phosphate, and, on the other hand, their in-depth physicochemical char-
acterization. This dual approach aims to establish a precise correlation between the
molecular structure of the compounds and their properties, using a set of advanced
analytical techniques. In this perspective, the adopted synthetic strategy involves
catalysts based on natural phosphates from Burkina Faso. These materials, recog-
nized for their abundance, eco-friendly nature, and catalytic efficiency, fit within
an approach focused on the valorisation of local resources and sustainable chem-
istry. We will explore the optimal experimental conditions as well as the advantages
of using these natural catalysts, which not only facilitate the reaction but also con-
tribute to more environmentally friendly synthetic methods.

By analysing the obtained results, this study aims to establish a relationship be-
tween the unique properties of the synthesized chalcones and the characteristics
of the natural phosphates used, thereby opening the way for potential applications
in the pharmaceutical and agrochemical fields. Structural analysis, carried out by
single-crystal X-ray diffraction, is particularly emphasized, as this technique pro-
vides precise information on the atomic arrangement and molecular configura-
tion of the synthesized chalcones [21]-[23]. This approach not only deepens the
understanding of the properties of these compounds but also opens new perspec-
tives for their development and application in various fields, such as medicinal
chemistry and agrochemistry. Indeed, the synthesis of chalcones catalysed by nat-
ural phosphates could lead to the discovery of new therapeutic agents, given the
promising biological properties of these molecules. Furthermore, this method proves
to be an effective complement to analyses performed by infrared spectroscopy and
nuclear magnetic resonance (NMR) on the synthesized chalcones. By integrating
X-ray diffraction techniques, a more comprehensive view of the molecular struc-
ture can be obtained, allowing correlations between structural features and ob-

served biological activities. This synergy between different analytical methods
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strengthens our understanding of chalcones and promotes their use in innovative

applications.

2. Experimental
2.1. Origin of the Sample

The sample used in this study originates from the Kotchari phosphate deposit,
located 70 km northeast of Arly and 40 km south of Diapaga, in eastern Burkina
Faso. Kotchari lies between 11°30" and 11°55' north latitude and between 1°25" and
2°00' east longitude, within the rural commune of Tansarga, in the southern part
of Tapoa Province (Figure 1). The phosphate rocks are mainly composed of car-
bonate-fluorapatite (francolite), (Cas(PO4).5(COs)osF); hydroxylapatite, a pentacal-
cium tris(phosphate) hydroxide, (Cas(PO4, CO3);(OH)); as well as alpha-quartz
(a-Si0,) [24].
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Figure 1. Location of the sample collection site.

2.2. Thermal Activation of Natural Phosphates

The collected natural phosphate was subjected to mechanical pretreatments struc-
tured in several stages. First, a preliminary crushing step was carried out to reduce
the initial particle size of the material from the centimeter scale to the millimeter
scale. This size reduction was performed using a jaw crusher to ensure fragment
homogeneity. The resulting material was then ground using a ROC IMPACT ball
mill to reach a micrometric particle size, thereby increasing the specific surface area

of the particles, which is essential for catalytic applications.
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The particle size distribution was determined by differential sieving using a col-
umn of standardized sieves (AFNOR X11-501). The selected fraction, ranging
from 63 to 125 um, complies with international standards for heterogeneous cat-
alysts (ISO 3310-1) and was isolated for further studies. This size range optimizes
surface properties while minimizing mass transfer effects during catalyzed reac-
tions.

Subsequently, the phosphatic material was subjected to calcination at 900°C for
two hours, followed by a washing step aimed at removing a large portion of organic
matter as well as residual carbonates. A water leaching step was then performed to
extract lime and magnesia formed during calcination. The treated sample was dried
in an oven for six hours to eliminate any residual moisture.

A portion of the pretreated natural phosphate was then subjected to a second
calcination at 900°C for two hours in a furnace to activate the material, hereafter
referred to as the catalyst. This treatment ensures the dehydration and decarbon-
ation of the precursors and promotes the formation of stable crystalline phases. Af-
ter cooling, the material was ground and sieved (<80 um), yielding a catalyst with

optimal structural and textural properties for catalytic applications.

2.3. Synthesis of Chalcone

The synthesis of chalcone was carried out by reacting acetophenone (2 mL, 1.7 x
1072 mol) with benzaldehyde (1.8 mL, 1.7 x 102 mol) in 5 mL of distilled water. The
experiments were performed at room temperature in the presence of 1 g of catalyst
(Scheme 1).

At the end of the reaction, the mixture was heated to approximately 60°C to en-
sure complete dissolution of the product. The heterogeneous catalyst was removed
by filtration. The filtrate containing the chalcone was then cooled in an ice bath
under stirring for one hour, promoting precipitation. The precipitate was collected
by vacuum filtration, washed with ice-cold water and then with cold ethanol (5 mL)
to remove impurities, and air-dried.

Finally, the crude product was purified by recrystallization in 5 mL of ethanol.

o o o
@*CH:, ©/N\H 1) Cat. Natural Phosphate O F O
+ —_— >

2) H,O/solvent
acetophenone benzaldehyde E-chalcone

up to 74 % yield
for 14 hours

Scheme 1. General method for the synthesis of chalcone.

2.4. Characterization Methods

Scanning electron microscopy (SEM)
The morphology of the different powdered samples was examined using a Mi-
crospec-WDX 600/OXFORD microscope. The operating voltage was set at 20 kV,
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allowing magnifications of up to 30,000x. The samples, previously ground to a par-
ticle size below 100 pm, were mounted on double-sided adhesive tape fixed onto
the sample holder. The assembly was then coated with a thin layer of gold (Au/Ag)
to render it conductive before observation.

Specific surface area measurement

To measure the specific surface area, the sample was pretreated. This pretreat-
ment consisted of degassing and dehydrating the phosphate at 250°C for 24 hours
to remove all previously adsorbed gases. Nitrogen was used as the probe gas in
this study. An N, adsorption-desorption isotherm was obtained. The measure-
ments were carried out at 77 K, corresponding to the boiling temperature of ni-
trogen.

The specific surface area and total pore volume of the different materials were
estimated from the N, adsorption-desorption isotherms at the boiling tempera-
ture of liquid nitrogen (77 K). The surface area of the phosphate was determined
using a Bel Sorp-max instrument controlled by Bel Japan Inc. software.

X-ray photoelectron spectroscopy (XPS)

The XPS spectra of our samples were recorded using an ESCALAB 250 spec-
trometer (Thermo Electron), equipped with a monochromatic Al Ka radiation
source (1486.6 eV), operating at a power of 150 W (15kV, 10 mA). Measurements
were carried out directly on powdered samples deposited on a sample holder, with
an analysis area of approximately 500 pm in diameter, in an ultra-high vacuum
chamber (pressure < 2 x 107° Torr). The analysis depth ranges between 3 and 10
nm.

Infrared spectroscopy (IR)

Fourier transform infrared (FT-IR) spectroscopy analysis was carried out using
a Thermo Fisher Scientific spectrometer, equipped with attenuated total reflectance
(ATR), in the frequency range of 400 - 4000 cm™.

Proton nuclear magnetic resonance (*H NMR)

Nuclear magnetic resonance (NMR) experiments were carried out using a Bruker
Avance 600 MHz spectrometer for 'H NMR. Chemical shift values were expressed
in parts per million (ppm) on the delta (J) scale, while coupling constants (J) were
measured in hertz (Hz).

X-ray diffraction (XRD)

Single-crystal X-ray diffraction is a technique that provides precise information
on atomic arrangement, based on the interaction of X-rays with the crystal lattice.
A suitable single crystal was carefully selected and analysed using a Bruker D8
VENTURE diffractometer (Mo-Ka, A = 0.71073 A) equipped with a PHOTON II
CPAD detector, with an angular scan range in §from 2.4° to 30.5°.

A total of 30,161 reflections were measured, of which 3276 were identified as
independent, with a reproducibility factor R(int) of 0.070. Refinement was carried
out on F? using the SHELXL-2018/3 program, applying an empirical weighting
scheme [25]. Non-hydrogen atomic parameters were refined freely with anisotropic
displacement parameters, while hydrogen atoms were positioned using a geomet-

ric model and refined under constraints.
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The R, factor was 4.3% for significant reflections (I > 20(I)), and the weighted

factor wR, was 10.8%, with a maximum residual electron density of 0.26 eA=>. The

absolute structure was determined from 949 Bijvoet reflection pairs, with a Flack

parameter x = 0.1 (8), confirming the assigned configuration [26].

Details of the crystal data and refinement are presented in Table 1.

Table 1. Crystalline data and structure refinement.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system

Space group

CisH120
208.25
100 (2) K
0.71073 A
Orthorhombic

Pca2,

Cell dimensions

Volume
zZ
Density (calculated)
Absorption coefficient
F(000)

Crystal size

a=11.4211(4) A
b=12.7451 (4) A
c=7.4518 (3) A
1084.71 (7) A3
4
1.275 mg:m™?
0.08 mm™!

440
0.4 x 0.27 x 0.25 mm?

Theta range for data collection 2.4°-30.5°
-16<h<16
Index ranges -18<k<18
-10<1<10
Reflections collected 30,161

Independent reflections
Refinement method
Data/restraint/parameters
Goodness-of-fit on F?
Final R indices

Largest diff. peak and hole

3276 Rint = 0.070
Full-matrix least-squares on F?
3276/1/146
1.02
R1 =0.043, wR. = 0.108

—-0.27¢ A3

3. Results and Discussion

3.1. Catalyst Characterization

The image of raw natural phosphate (Figure 2) shows a heterogeneous structure,

consisting of an assembly of irregular agglomerates and fine particles, characteristic

of a material rich in mineral impurities and organic matter [27].
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In contrast, after calcination, the calcined phosphate exhibits a more homo-
geneous morphology with more well-defined grains. This results from the decom-
position of carbonates, the removal of impurities during thermal treatment, and the

stabilization of crystalline phases [28].

Figure 2. SEM image (500x) before (1) and after (2) catalyst preparation.

Table 2 shows a significant decrease in calcium (Ca) content after calcination
(48.2% > 39.66%). Calcination may reduce the surface concentration of certain
calcium-containing impurities following post-calcination washing [29]. As the main
element of the phosphate phase, variations in calcium content directly reflect struc-
tural modifications and material density, particularly those induced by calcination,
which can affect the compactness of the crystal lattice and the exposure of active
surfaces.

The phosphorus (P) content decreases slightly after calcination (22.21% > 19.23%),
indicating good stability of phosphorus during the treatments [29] [30]. The sili-
con (Si) content increases significantly after calcination (21.68% > 25.57%), which
may result from better exposure of silicate phases at the surface or from element
redistribution induced by thermal treatment.

Moreover, iron (Fe) and aluminum (Al) contents also increase after calcination,
rising from 2.74% to 4.99% and from 5.04% to 7.77%, respectively. These changes
may be explained by a relative concentration effect following the mass loss of other

elements or by improved detection due to structural reorganization.

Table 2. Surface composition of raw phosphate and catalyst in atomic percent (at.%).

Elements Raw phosphate (at.%) Catalyst (at.%)
Ca 48.20 39.66
P 22.21 19.23
Si 21.68 25.57
Fe 2.74 4.99
Al 5.04 7.77
K 0.13 0.84
DOI: 10.4236/gsc.2026.163005 76 Green and Sustainable Chemistry
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The specific surface area and pore volume of the raw phosphate (Table 3) are
167.33 m*/g and 0.14 cm’/g, respectively, indicating a porous texture favourable
for catalytic activity [31]. However, after calcination at 900°C (catalyst), a noticeable
decrease in these values was observed, with the specific surface area reduced to
140.99 m*/g and the pore volume to 0.12 cm’/g.

The decrease in specific surface area can be interpreted as a consequence of pro-
gressive particle fusion. Under the effect of heat, the mobility of solid species in-
creases, promoting particle agglomeration and grain sintering, which leads to crys-
tal growth. This compaction process results in a reduction in the number of acces-
sible pores and, consequently, a significant loss of specific surface area [32].

From a thermodynamic perspective, calcination provides the energy required to
overcome kinetic barriers that maintain amorphous or mesoporous structures. The
system then tends to minimize its free energy by favouring crystal growth and struc-
tural reorganization, leading to matrix densification and the gradual disappearance
of micropores. This phenomenon may cause pore closure or reorganization, thereby
limiting the accessibility of adsorption sites.

Moreover, certain amorphous phases, characterized by a high specific surface area,
may transform into denser crystalline phases, further contributing to the decrease
in surface area. This drastic reduction is generally attributed to the progressive dis-
appearance of micropores, structural reorganization, and crystal growth induced
by temperature, all of which lead to matrix densification.

This transformation, well documented by H. H. Lim et a. (2001), A. K. Ozer et
al. (2006), and T. F. Al-Fariss et al, highlights the decisive influence of calcination
conditions on the evolution of porous texture and, consequently, on the adsorption
properties and potential catalytic activity of these materials [33]-[35].

Itis important to note that although this reduction may appear unfavourable,
it can also lead to improved thermomechanical stability of the catalyst. Indeed,
larger grain size enhances resistance to erosion and degradation under reaction
conditions. However, it remains essential to strike a balance to preserve optimal

catalytic activity.

Table 3. Measurement of specific surface area, pore volume, and pore diameter.

Specific surface area

Samples B.ET. (mg) Pore volume (cm’/g) Pore diameter (nm)
Phosphate brut 167.33 0.14 2.10
Catalyseur 140.99 0.12 2.13

The detailed analysis of the XPS spectrum of the catalyst (Figure 3) reveals the
presence of several characteristic chemical species likely to play a key role in the
physicochemical properties of the material. The predominant peak located at 532
eV (O 1s) indicates a high concentration of oxygen-containing groups, mainly as-
sociated with hydroxyl (-OH) and carbonyl (C=0) functionalities.

This high oxygen content is of great importance, as it governs surface chem-

ical interactions and can significantly influence the reactivity of the material in
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heterogeneous catalysis. Oxygen plays a crucial role in the adsorption and desorp-
tion processes of reactants, directly affecting the efficiency and kinetics of catalytic
reactions. An oxygen-enriched surface promotes the formation of active bonds
with reactive species, which can not only accelerate chemical transformations but
also improve product selectivity [36] [37]. This behavior is particularly important
in catalytic systems where surface reactivity is a key factor in optimizing overall
catalyst performance.

Furthermore, the presence of a fluorine signal (F 1s, ~685 eV) suggests structural
incorporation of fluorine into the matrix, supporting the hypothesis of carbonate-
fluorapatite (Cas(PO,).5(COs)osF) formation. The detection of iron (Fe 2p, 710 eV),
although weak, indicates the presence of metallic traces, likely in the form of iron
oxide (Fe,O;). Aluminum (Al 2p, 75 eV) is most likely present as alumina (AL,Os3).
Even at low concentrations, these impurities may influence the material’s proper-
ties, particularly in terms of chemical reactivity and thermal stability.

The presence of phosphorus (P 2s, 190 eV) indicates the incorporation of phos-
phate groups ( PO, ) and/or P-O bonds, which are key elements in modulating
surface properties and chemical interactions of the material [38]. These phosphate
groups also open promising prospects in heterogeneous catalysis and biomedical
applications due to their ability to interact with metal ions or biomolecules. Indeed,
phosphate groups exhibit a strong interaction capacity with metal ions and biomol-
ecules, which can enhance catalytic efficiency and support the development of bi-
ocompatible materials. This versatility highlights their key role in the design of func-
tional materials adapted to complex environments [39].

The Si 2p peak at 155 eV suggests the presence of silicon in a specific chemical
state, potentially associated with phosphate groups or other structures within the
catalyst matrix. The identification of these chemical species within the catalyst un-
derscores its potential for advanced applications, particularly in heterogeneous ca-

talysis and multifunctional systems.
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Elemental ID and Quantification

Name Peak BE Atomic %
O1s 532.2 58.46
Si2p 103.0 12.76
Cls 285.1 10.32
Al2p 74.7 7.01
Ca 2p® 347.7 4.03
P2p 133.7 3.09
Fe 2p 712.4 1.52
F1s 685.3 1.25
Mg 1s 1305.1 0.99
K 2p? 293.6 0.56

Figure 3. XPS spectrum of the catalyst.

3.2. Characterization of the Synthesized Product

The synthesized product obtained after recrystallization appears as yellow crystals
(Figure 4). This morphological characteristic generally indicates a homogeneous
chemical composition and a high degree of purity. Furthermore, the melting point
of 54°C, which is in line with the expected values for this type of compound, con-
firms the quality of the product obtained and the effectiveness of the purification
process used.

A single-crystal X-ray diffraction study was carried out to analyze the structure

of this compound.

Figure 4. Synthesized product

3.3. FT-IR Spectrum

Figure 5 shows the FT-IR spectrum of the synthesized product, highlighting a char-
acteristic band at 1662 cm™ corresponding to the stretching vibration of the car-
bonyl group (C=0) [40] [41]. The band observed at 1604 cm™ confirms the pres-
ence of an olefinic carbon-carbon double bond (C=C), while the band at 1500 cm™!
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is attributed to an aromatic C=C bond [40].

In addition, the spectrum reveals two weak absorption bands at 3240 and 3195
cm™, associated with Csp*-H bonds [42]. The FT-IR analysis confirms that the ob-
tained product is a chalcone, based on the characteristic bands related to its func-
tional groups (C=0, C=C, and Csp*-H).

The low multiplicity and moderate intensity of the bands corresponding to the
stretching vibrations of aliphatic C-H bonds, observed at frequencies above 3000
cm™', may be attributed to a decrease in electron density on the carbon atoms [43]
[44]. This decrease is accompanied by a reduction in the dipole moment associated
with these bonds, resulting in weaker infrared absorption.

The carbonyl group (C=0) is distinguished by its strong spectroscopic sensitiv-
ity, due to charge transfer between electron donors and acceptors within this group
[45]. This results in an intense absorption band in the infrared spectrum. This be-
haviour is also related to its high dipole moment, characteristic of a highly polar bond,
reinforced by multiple bonding and possible 7- 7interactions between carbon and
oxygen orbitals.

Furthermore, the band observed in the region between 1620 and 1500 cm™, at-
tributed to the C=C group, is consistent with theoretical values [44]. It indicates
effective conjugation between the C=C double bond and the carbonyl group (C=0),
promoting electron delocalization within the conjugated system [46] [47].

The presence of conjugated 7-systems in the structure of chalcones plays a fun-
damental role in their activity, facilitating electron delocalization required for the
absorption of reactive oxygen species and interaction with bacterial targets.

In contrast, the peaks below 1000 cm™ correspond to out-of-plane bending vibra-
tions, also known as wagging vibrations [13]. These vibrations occur when bond

angles change without significant variation in interatomic distances.
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Figure 5. FT-IR spectrum of the synthesized product.
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3.4.'H NMR Spectra

The "H NMR spectrum (500 MHz, DMSO-de) of the synthesized product (Figure
6) shows seven signals corresponding to seven distinct protons. This spectrum
reveals the presence of aromatic protons, with characteristic multiplets and doublets

in the range of 7.48 to 8.17 ppm.
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Figure 6. '"H NMR spectrum (600 MHz) of the synthesized product.

A multiplet at 7.48 ppm corresponds to three aromatic protons (H3, H4, H5),
indicating meta and para couplings. A doublet of doublets at 7.59 ppm (J = 8.41 and
7.01 Hz) is assigned to protons H3’ and H5’, typical of meta positions on an aromatic
ring. An isolated multiplet at 7.68 ppm corresponds to proton H4’, located at the
para position.

Two well-resolved vinylic doublets are observed: one at 7.76 ppm (J = 15.61 Hz),
attributed to Ha, and the other at 7.95 ppm (J = 15.68 Hz), attributed to HA. In
addition, multiplets at 7.90 ppm (2H) correspond to protons H2 and H6, while
those at 8.17 ppm (2H) are assigned to protons H2’ and H6’, located at meta and
ortho positions, respectively (Figure 7).

The "H NMR spectrum of chalcone clearly shows two characteristic doublets cor-
responding to the vinylic protons Ha and Hf. The large coupling constant (~15
Hz) suggests a trans configuration of the C=C double bond between Ha and HS,
thus confirming the presence of a symmetric aromatic system as well as a trans
a,f-unsaturated double bond [48].

This trans configuration is particularly favourable for the synthesis of (E)-
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chalcone derivatives, which are recognized for their significant potential as anti-
cancer, antibacterial, and antifungal agents [49]-[51]. In general, cis isomers are
less stable than trans isomers [52], due to increased steric repulsion, conforma-
tional differences, higher potential energy, and distinct physical properties.

This difference in stability is of particular importance in organic chemistry, as it
influences both the reactivity of compounds and their potential applications. These
properties make such compounds promising candidates for further investigations

in pharmaceutical research.

Figure 7. Structural representation of (E)-chalcone.

3.5. Crystal Structure

Figure 8. Molecular structure of a chalcone monomer.
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The analysis of the molecular structure reveals the presence of various character-

istic types of bonds, including aromatic rings, single and double bonds, as well as

interactions involving hydrogen atoms (Figure 8).

The molecular structure is characterized by the presence of two nearly parallel
benzene rings, where the intermolecular hydrogen bond of the type C9-H9---O1 is

represented by a dashed line. Figure 9 illustrates the molecular arrangement in
the (a, b) plane, while bond lengths and bond angles are given in Table 4 and Table

5, respectively.

Figure 9. Molecular packing in the (a, b) plane.

Table 4. Bond lengths (A).

Atoms
C10-C11
C10-C15
C10-C9
01-C7
C2-C3
C2-C1
C2-H2
C1-Cé6
C1-C7
C9-C8
C9-H9

Bond length
1.398 (3)
1.402 (3)
1.462 (3)
1.227 (2)
1.385 (3)
1.397 (3)

0.9500
1.393 (3)
1.498 (3)
1.336 (3)

0.9500

Atoms
C7-C8-H8
C5-C4-C3
C5-C4-H4
C3-C4-H4
C5-C6-Cl
C5-C6-H6

C11-C10-C15
C11-C10-C9
C15-C10-C9

C3-C2-C1
C3-C2-H2

Bond length
120.1
119.79 (19)
120.1
120.1
120.46 (19)
119.8
118.33 (18)
122.87 (18)
118.79 (17)
120.42 (18)
119.8
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Continued
C14-C15 1.388 (3) C1-C2-H2 119.8
C14-C13 1.390 (3) C13-C14-H14 119.9
Cl4-H14 0.9500 C9-C8-C7 119.79 (18)
C8-C7 1.484 (3) C5-C4-C3 119.79 (19)
C11-C10-C15 118.33 (18) C5-C4-H4 120.1
C11-C10-C9 122.87 (18) C3-C4-H4 120.1
C15-C10-C9 118.79 (17) C8-H8 0.9500
C3-C2-Cl1 120.42 (18) C4-C5 1.385 (3)
C3-C2-H2 119.8 C4-C3 1.391 (3)
C1-C2-H2 119.8 C4-H4 0.9500
C6-C1-C2 119.02 (17) C6-C5 1.387 (3)
C6-C1-C7 123.02 (17) C6-H6 0.9500
C2-C1-C7 117.91 (17) C12-C13 1.388 (3)
C8-C9-C10 127.43 (19) C12-Cl1 1.389 (3)
C8-C9-H9 116.3 C12-H12 0.9500
C10-C9-H9 116.3 C15-H15 0.9500
C15-C14-C13 120.13 (18) C3-H3 0.9500
C15-C14-H14 119.9 C5-H5 0.9500
C13-C14-H14 119.9 C13-H13 0.9500
C9-C8-C7 119.79 (18) Cl1-H11 0.9500
C9-C8-H8 120.1

Table 5. Bond angles (°).

Atoms Bond angle Atoms Bond angle
C3-C2-C1-C6 -0.4 (3) C9-C8-C7-Cl1 -158.82 (19)
C3-C2-C1-C7 ~178.05 (19) C6-C1-C7-01 ~174.6 (2)

C11-C10-C9-C8 122 (3) C2-C1-C7-01 2.9 (3)
C15-C10-C9-C8 168.7 (2) C6-C1-C7-C8 2.7 (3)
C10-C9-C8-C7 179.30 (19) C2-C1-C7-C8 -179.80 (18)
C2-C1-C6-C5 -0.3 (3) C3-C4-C5-C6 -1.0(3)
C7-C1-C6-C5 177.19 (19) C1-Ce6-C5-C4 1.0 (3)
C13-C14-C15-C10 -0.1(3) C11-C12-C13-C14 1.3(3)
C11-C10-C15-C14 1.3 (3) C15-C14-C13-C12 -123)
C9-C10-C15-Cl14 -179.54 (18) C13-C12-C11-C10 -0.1 (3)
C1-C2-C3-C4 0.5 (3) C15-C10-C11-C12 -12(3)
C5-C4-C3-C2 0.2 (3) C9-C10-C11-C12 179.7 (2)
C9-C8-C7-01 (3)
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The combined analysis of these results provides a comprehensive understand-
ing of the molecular structure, which is essential for predicting its chemical behav-
iour and interactions in various contexts.

The synthesized compound crystallizes in the orthorhombic system, belonging
to the space group Pca2,. This crystalline configuration, determined from diffrac-
tion data, provides the basis for analyzing molecular interactions and the overall
conformation of the compound in the solid state. The study of internal geometric
parameters thus allows a better understanding of the factors contributing to the
stability and organization of the crystal lattice [53].

The aromatic rings adopt a nearly parallel conformation, forming an angle of
11.70° between their mean planes, indicating a slight inclination within the crystal
packing. This deviation from coplanarity suggests a certain structural flexibility,
which may promote intermolecular interactions such as 7-wstacking or C-H---7
interactions.

The a,f-unsaturated keto group adopts a syn-periplanar (-sp) conformation, as
evidenced by the torsion angle of 18.4 (3)" measured for atoms C9-C8-C7-O1. This
nearly coplanar spatial arrangement facilitates electron delocalization between the
double bond and the carbonyl group. Moreover, the olefinic double bond C9=C8,
with a length of 1.336 (3) A, exhibits an E configuration. This geometry is consistent
with sp? hybridization of the involved carbon atoms, as confirmed by proton nuclear
magnetic resonance (‘H NMR) spectroscopic data, which show a coupling constant
characteristic of the -CH=CH- motif.

The C-H--- winteractions observed in the crystal lattice confirm the involvement
of aromatic rings in structural cohesion. Two significant contacts are identified:
C12-H12---Cg2 (where Cg2 denotes the centroid of the benzene ring formed by
atoms C10 to C15), with an H---Cg distance of 2.71 A and a C-H---Cg angle of 133",
and C15-H15.--Cg2, characterized by an H.--Cg distance of 2.70 A and an angle of
144°.

C-H---rinteractions represent a class of non-covalent interactions that may be
dominated either by electrostatic forces or dispersion interactions, depending on
the acidity of the C-H group. They contribute to the stabilization of the crystal
lattice by ensuring lateral anchoring between molecules through their aromatic rings
[54]-[56].

The bond lengths measured within the two benzene rings-C1-C2 (1.397 A), C2-
C3(1.385A), C3-C4 (1.391 A), C4-C5 (1.385 A), C5-C6 (1.387 A), C6-C1 (1.393
A), as well as C10-C11 (1.398 A), C11-C12 (1.389 A), C12-C13 (1.388 A), C13-
C14(1.390 A), C14-C15 (1.388 A), and C15-C10 (1.402 A)-all fall within a narrow
range between 1.385 and 1.402 A. These values are characteristic of aromatic C-C
bonds, intermediate between single and double bonds, confirming 7-electron de-
localization throughout the ring [57] [58].

This near-equality of bond lengths attests to well-established aromaticity, con-
ferring notable electronic stability to the molecule and playing a key role in the in-

termolecular interactions observed within the crystal lattice.

DOI: 10.4236/gsc.2026.163005

85 Green and Sustainable Chemistry


https://doi.org/10.4236/gsc.2026.163005

J.-B. Zoungrana et al.

These remarkable properties of the synthesized product make it a particularly
attractive scaffold for the design of therapeutic agents targeting specific biomole-
cules. Their ability to interact selectively with major biological targets makes them
promising candidates for the development of new pharmacological entities [59]-
[61]. Several chalcone derivatives have recently achieved pharmacological val-
idation, illustrating their growing therapeutic potential. Among them, butein,
sappanchalcone, and okanin stand out for their strong antioxidant activities [62].
Similarly, certain methylated chalcones have demonstrated notable efficacy in an-
ticancer activity models [63]. Furthermore, dimethylamino-chalcones have shown
significant activity as scavengers of the superoxide anion generated by stimulated
human neutrophils, highlighting their potential role in controlling oxidative stress
and inflammation [63].

The synthesised compound corresponds to the BZYACO structure previously
reported in the literature [64]. This structural identity, confirmed by comparison of
crystallographic data with those in the CSD database, fully validates our synthetic
approach and highlights the remarkable efficacy of natural phosphate as an organic
catalyst for the formation of this molecular entity.

The evaluation of the antibacterial and anticancer activities of this compound

will be the subject of further studies.

4. Conclusions

All the experimental results obtained, combining spectroscopic analyses (FT-IR,
'H NMR) and crystallographic data, allow a rigorous confirmation of the structure
and nature of the synthesized compound, identified as an (E)-chalcone.

As part of this work on the synthesis of chalcones, no biological assays were con-
ducted, as the primary objective focused on the preparation and structural char-
acterisation of the compounds obtained. The evaluation of their potential antibac-
terial and anticancer activities will form the basis for future research, requiring
specialised experimental protocols and technical resources beyond the scope of
this study.

The evaluation of the antibacterial and anticancer activities of this compound
will be the subject of further studies. The FT-IR spectrum highlights characteristic
bands associated with the main functional groups, namely C=0, C=C, and Csp*-
H, indicating a well-established conjugated system. The presence of a strongly po-
lar carbonyl group, as well as a conjugated double bond in a trans (E) configuration,
is corroborated by the high coupling constant observed in 'H NMR, confirming an
a,f-unsaturated geometry.

Crystallographic analysis reveals that the compound crystallizes in the orthorhom-
bic system, with a spatial organization governed by the planarity of the aromatic
rings, the syn-periplanar conformation of the a,f-unsaturated keto moiety, and sta-
bilizing C-H:--rinteractions. The near equality of C-C bond lengths confirms well-
developed aromaticity, contributing to conformational stability.

This architecture, supported by 7-electron delocalization, directly influences the
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physicochemical properties and the bioactive potential of the compound. The trans
configuration, more stable than the cis form, is particularly favourable for pharma-
cological applications, especially anticancer activity.

Thus, this comprehensive study not only provides full structural validation of
the compound but also establishes fundamental insights for exploring its potential
applications in medicinal chemistry, while highlighting the importance of combined
approaches (spectroscopy and crystallography) in the characterization of bioactive
molecules.

Owing to its intrinsic composition, potential thermal stability, and the possibil-
ity of structural modulation through targeted physicochemical treatments, the cat-
alyst offers promising prospects for applications in sustainable processes, particu-
larly in green chemistry. In this respect, this study provides a solid scientific foun-
dation for the development of new catalytic materials derived from local resources
and contributes to a rational and sustainable valorisation of national phosphate

deposits.
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