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CATALYTICACTIVITY OF BURKINA PHOSPHATES
FOR CHALCONE SYNTHESISIN GREEN SOLVENT

Abstract: The Claisen-Schmidt condensation is a key catalgaction used in chemical synthesis, developed
during the 20th century. This condensation can dréopmed with or without toxic solvents in the praese of
a catalyst. This study focused on using a greevesbl water - for the Claisen-Schmidt condensateaction,
enhanced by catalysts derived from simple natunalsphate (NPc), potassium-impregnated natural piadsp
(K-NP), and zinc-impregnated natural phosphate NB)- The research highlighted a significant improeat in
the catalytic activity of these catalysts when usedwater. Optimal reaction conditions were esti#d,
considering factors such as catalyst quantity ti@ainetics, solvent volume, catalyst reuse, trainfluence of
the metal ions employed. The stability of thesealgats was demonstrated through multiple reactigries,
indicating their potential for reuse. The resut#tgealed that the developed catalysts were higligcife for the
Claisen-Schmidt condensation reaction, achievingar&able yields of 74 % for NPc, 96 % for Zn-NPd &8 %
for K-NP under specific conditions while utilisingater as the green solvent.

Keywords: catalyst, green solvent, natural phosphate, datalgtivity, Claisen-Schmidt reaction

I ntroduction

Heterogeneous catalysis is crucial in chemical ggses, facilitating a shift toward
cleaner (green) chemistry. Green chemistry focuseslesigning products and processes
that minimise the use of hazardous substances.rddetecous catalysis is strategically
important in the search for more environmentallierfdly and economically efficient
synthesis processes, both in terms of atom ecormmyenergy consumption [1, 2]. Unlike
homogeneous catalysis, which promotes excellentacometween reactants and catalysts
but is difficult to remove from the final produdteterogeneous catalysis offers advantages
that address recycling challenges - an importgmectof green chemistry.

From a practical standpoint, homogeneous-phasdytiataeactions have several
drawbacks, including catalyst deactivation and tiwahirecycling methods, which hinder
their scalability in industrial applications. Theseu of heterogeneous catalysts can
potentially enhance the environmental outcomesndfistrial production and streamline
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organic synthesis processes. The development ofetheeterogeneous catalysts is
significantly advancing both fundamental and apphiesearch [3].

Supported catalysts, a subset of heterogeneougstataith active materials dispersed
on a solid support, are particularly promising dogheir selectivity, atom economy, and
remarkable catalytic activity. The processes invgthese catalysts fall within the realm
of green chemistry, which aims to protect the esrvinent [4, 5]. Rock phosphate (NP) has
shown utility as a catalyst in various chemicalctiEms. Over the years, research has
explored phosphate-catalysed reactions, includhmy hydration of nitriles to amides,
transesterification, chalcone synthesis, 5-arylnyoia synthesis, Michael addition,
oxidation of cycloalkanones angtketols, and Suzuki-Miyaura coupling, among others
[6-8]. Much work has focused on Claisen-Schmidtdamsation, particularly in chalcone
synthesis, due to its importance in various apptios [9].

Chalcone is a key intermediate in preparing flavdsio and isoflavones,
making it highly valuable in pharmaceutical and Ibgical fields for its
anticancer, anti-inflammatory, antitumor, and amtiierial properties [10-13]. Typically,
Claisen-Schmidt condensation for chalcone synthesiploys solvents like ethanol,
methanol, hexane, and acetonitrile, yielding gasiilts [14-17]. However, the use of toxic
organic solvents presents significant environmentalllenges, generating waste in fine
chemistry and posing serious health risks.

To address these issues, alternative methods tweesliance on toxic solvents are
essential. Water, as a non-toxic solvent, is higifective in overcoming some of these
problems [18]. Water is environmentally friendlygsdy recyclable, and eliminates from
the final product without significant reactivity,aking it an ideal choice in many chemical
processes.

We aim to develop heterogeneous catalysis usini pbosphate from Burkina Faso,
despite its limited applications due to its weakviseacid or base characteristics. Several
techniques have been explored to enhance the tatalgtivity of natural phosphates,
including impregnating them with metal ions suchza$’, Cu**, Cc*, Ni**, and K [19].
This process alters the surface characteristighe@fphosphates, thereby improving their
catalytic performance.

This research focuses on minimising solvent usehialcone synthesis, prioritising
water as the solvent while ensuring high yields ammintaining the critical features of
durability, stability, recyclability, and selectiyiof the heterogeneous catalyst employed.
To achieve this goal, we propose a strategy forragigg natural phosphates from
Kotchari, Burkina Faso, involving the impregnatioiithe phosphates with metal ions like
Zn** and K, based on findings in the literature regardingrtledfectiveness in various
catalytic reactions [9, 17]. The objective is teate hybrid catalysts that leverage the
activity and selectivity of transition metal comypds while benefiting from the stability and
ease of separation offered by the support.

Materials and methods
Materials

Phosphate rock

The natural phosphate rocks (NP) used in this reBeariginate from Kotchari,
located in the eastern region of Burkina Faso. mtie@racterisation has been documented
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in scientific studies [20]. These rocks are prityadomposed of carbonate-fluorapatite
(francolite), represented by the formulasBaDy), 5(COs)q.sF; pentacalcium tris(phosphate)
hydroxide (hydroxylapatite), with the formula R0, CO;)5(OH); and alpha silicon oxide
(alpha quartz), denoted asSiO.. They exhibit high purity [20].

Trace amounts of certain elements, including Cd,&a Ce, Cr, Li, Pb, and Zn, are
also present in these phosphates. The activityetdrbgeneous catalysts primarily occurs
at the surface of the solid material. The apasticicture of the Kotchari rock phosphate
is particularly conducive to generating significaiarges on its surface. Previous studies
have demonstrated that Kotchari phosphate predemtynacomprises phases such
as fluorapatite and hydroxylapatite, which havenbsgccessfully tested in the synthesis of
chalcones, showcasing their effectiveness. Thetéuwes make Kotchari phosphate
an excellent candidate for applications in heteneges catalysis.

Chemical products

The solutions and solid products used in the erpent were obtained from Merck and
utilised without purification. Distilled water sexgt as the solvent. All reactions occurred
at room temperature.

Preparation of phosphate-based catalysts
Calcined natural phosphate (NPc)

The natural phosphate (NP) collected was firstteds washed, dried, and then sieved
into different particle sizes. The fraction smalttan 80 pm was selected for catalyst
preparation. Next, the NP was calcined at 900 °C2fdours, followed by washing to
remove most of the organic matter and carbonateslifhe and magnesia generated during
the calcination process were subsequently washéu wéater. Afterward, the resulting
sample was oven-dried for 6 hours and then recadciat 900 °C for 2 hours, which
activated the NP and produced NPc.

Preparation of the Zn-NP catalyst

Zn-NP was prepared using an impregnation methadt, Hi.4 g of phosphate calcined
at 900 °C (NPc) and 0.6 g of ZnCsalt were added to 25 mL of distilled water.
The mixture was stirred for 2 hours and then evafgor under a vacuum. The resulting
solid was dried at 120 °C for 24 hours to yield ¢agalyst (Zn-NP) [21].

Preparation of the K-NP catalyst

An aqueous solution of potassium iodide (KI) abaaentration of 0.1 M was prepared
by dissolving it in 200 mL of distilled water. Th#lution was then mixed with 20 g of
treated NPc. The resulting mixture was stirred oight and subsequently filtered. After
filtration, the material was dried at 80°C for 2dubhs. To activate the product, the K-NP
was calcined at 500 °C with a heating rate of Z5&r minute for a duration of 3 hours
[22].

Catalyst characterisation

The mineralogical composition of catalysts deriiedm natural phosphates from
Kotchari (NPc, Zn-NP, K-NP) was determined using ¥iray diffraction (XRD) method.
This powerful, non-destructive technique analydes drystalline structure of materials,



12¢ J.B. Zoungrana, B. Sorgho, C. Bakouan, R.D. Ouegiral.F. Gonon, B. Guel and P. Blanchart

providing information about the phases presentha samples. Powder X-ray diffraction
patterns of the catalysts were recorded on a Briyker diffractometer using Cu K
radiation ¢ = 1.5406 A).

Additionally, ATR-FTIR (Attenuated Total ReflectionFourier Transform Infrared)
analyses were conducted in the solid state by prepahe samples in KBr pellets.
The analysis of the FTIR spectra complements trsulte obtained from the X-ray
diffraction.

Catalytic test

To investigate the activity of these heterogeneoatalysts, catalytic tests were
conducted using a mixture of acetophenone (1.7 hared an aldehyde (1.7 mmol) in
various volumes (0, 3, 5, and 10) mL of distilledter as the solvent. Different masses of
catalyst (0.1, 0.3, 0.5, 0.8, and 1) g were emplpyecluding NPc, Zn-NP, and K-NP.
The mixture was stirred at room temperature throughhe reaction. After the designated
reaction time, the catalyst was removed by filnatiThin layer chromatography (TLC) and
UV-Vis spectrometry (type DSE 190) were used tolym®aspecific characteristics of the
synthesised product. TLC was particularly utiligeddetermine the time required to reach
the completion of the chemical reaction.

Results and discussion

Characterisation of catalysts
Powder X-ray diffraction

Figure 1 presents X-ray diffraction patterns fowrghosphate (NP), calcined
phosphate (NPc), and calcined phosphates imprefynégth zinc (Zn-NP) and potassium
(K-NP). The diffractograms for NPc, Zn-NP, and K-NMRow no significant differences
compared to NP, indicating that Zn@hnd Kl are well-distributed on the phosphate sugrfa
without altering the NP structure. There are nongles in the angular positions or
broadenings of the peaks, which suggests that tiistat order remains intact. This
observation aligns with the findings of Zahouilyadt [23], who confirmed the structural
stability of rock phosphate after impregnation wéitt* and K ions.

Additionally, Bazi et al. and Mahato and Krithiga,their study of metal-doped Santa
Barbara Amorphous-15 (SBA-15) catalysts, also fothad wet impregnation methods do
not disrupt the structure’s geometry [24, 25]. Tharity and size of all peaks following the
treatment of rock phosphate are a result of theelement of phosphate phases (francolite
and hydroxylapatite) without compromising the caystructure [26].

However, a decrease in the intensity of certairkpéa noted after impregnation with
Zn* (20 = 20.85°, 26.68°, 36.55°) and"K20 = 20.84°, 26.65°, 36.54°, 50.27°) in the
diffractograms for Zn-NP and K-NP. This reductiomyrindicate a uniform deposition of
the metals on the solid surface, which acts asaarhing layer for X-rays. The decrease in
peaks at 2 = 20.86° and 26.54°, associated with alpha siliogide (alpha quartz), along
with the increase in peaks at 2 31.92°, 33.05°, and 34.22°, which correspond to
phosphate phases such as carbonate-fluorapatitgnc@lite) and penta-calcium
tris(phosphate) hydroxide (hydroxylapatite) [20liggests a reduction in impurities or
undesired elements in the material, thereby enhgnthe catalytic activity of rock
phosphate [23].



Catalytic activity of Burkina phosphates for chalesynthesis in green solvent 12¢

In summary, adding potassium and zinc ions to NBgificantly affects the solid’s
surface without damaging any crystalline phases.
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Fig. 1. X-ray diffraction spectra of NP, NPc, Zn-NdhdK-NP

Fourier transforminfrared spectrometry (FTIR) study

The FTIR spectra of NPc, Zn-NP, and K-NP, as itatstd in Figure 2, reveal
a prominent band near 1033 ¢nalong with bands between 500 ¢rand 600 crit. These
features are attributed to the POgrouping in phosphate phases [27, 28]. The bands
correspond to the antisymmetric stretching vibratimodes of the P-O groups [20],
confirming the formation of apatite phases [29]eHpectra indicate the presence of apatite
phases, specifically carbonate-fluorapatite 5(B@y),s(C0Os)osF) and penta-calcium
tris(phosphate) hydroxide (g0, COs)3(OH)), regardless of the support used [20].
This suggests that the NPc, Zn-NP, and K-NP catalyere designed to maintain the
phosphate phases responsible for their catalyticityc

The impregnation of Zi and K metal ions onto the phosphate surface (NPc) may
alter the vibrational frequencies of the bonds,cluttielps explain the peak shifts observed
in the range of 500 cthto 640 cr. Additionally, the interaction of the impregnateths
with the surface may lead to a decrease in thengitie of certain peaks, resulting
in an overall reduction of peak intensities follogiimpregnation. These findings suggest
a uniform deposition of ions on the phosphate serfahile preserving the crystalline
phosphate phases.



13C J.B. Zoungrana, B. Sorgho, C. Bakouan, R.D. Ouegiral.F. Gonon, B. Guel and P. Blanchart

4.0 - PO4*" —NPc

3.5 1

2.5 1

2.0 1

Absorbance [-]

1.0 f1

0.5 - - N

O-O T T T T 1
2000 1700 1400 1100 800 500

Wavenumber [cm 1]

Fig. 2. Infrared spectra of NPc, Zn-NP, and K-NP

Effect of catalyst quantity

The catalysts prepared (NPc, Zn-NP, K-NP) wereuatall for their effectiveness in
forming C-C bonds through the Claisen-Schmidt casdéon reaction. Different quantities
of each catalyst (0.1, 0.3, 0.5, 0.8, 1.0) g wested over a duration of 14 hours, with the
results illustrated in Figure 3.

It was noted that small amounts of K-NP and Zn-N&teasufficient to facilitate the
formation of C-C bonds, in contrast to NPc. Sigmifit yields were achieved starting from
certain catalyst amounts; for instance, using 08 §-NP resulted in a yield of 96.56 %,
while 0.8 g of Zn-NP produced a yield of 88.89 #hilhe case of NPc, a minimum of 1 g
was necessary to attain a yield of 74.08 %.

These quantities (0.3 g and 1 g) are comparabksotoe literature values, such as
2.5 g of NP for a yield of 75 % in methanol [30datD0 mg of K-NP for a yield of 98 % in
methanol [22]. Increasing the amount of catalysbitised yields at 98 % for K-NP (0.8 g)
and 96 % for Zn-NP (1.2 g). A larger catalyst qitgnpromotes the formation of
intermediates with acetophenone, facilitating a eneffective nucleophilic attack on
benzaldehyde, which enhances the observed yieldsvetsely, for NPc, a decrease in
yield was recorded after using 1 g, suggesting dha¢xcessive amount of NPc negatively
impacts chalcone synthesis. This observation hgptdithe significance of catalyst quantity
as a critical factor in the synthesis process.
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Study of reaction Kinetics

To analyse reaction progress, 1 g of each catélrt, Zn-NP, K-NP) was used, and
the progress of the reaction was monitored thrahighlayer chromatography (TLC) every
30 minutes after an initial 2-hour period, for datoduration of 14 hours. The results,
presented in Figure 4, indicate a rapid progressiahe reaction with the K-NP complex,
followed by NPc, and finally, Zn-NP. These findindemonstrate the significant impact of
metal ions (ZA, K" on the phosphate surface and their catalytic viagtiin
Claisen-Schmidt condensation. After 4 hours, foromabf product was observed for all
three catalysts. Within the first six hours, K-NBhigved a yield of 81.75 %, and NPc
reached a yield of 51.1 %, while the Zn-NP comméerined a yield of 66.41 % starting
from 8 hours onward.

The yields of the NPc (74.08 %) and K-NP (98 %pbats stabilise after 10 hours of
reaction, while the yield of the Zn-NP catalyst.(@1%) stabilises after 12 hours. Although
the reaction with the Zn-NP catalyst is slower careg to the NPc catalyst, it produces
better results, achieving a yield of 94.05 % intcast to 74.08 % for NPc. The slower
reaction rate with the Zn-NP complex may be attdduo the small size of zinc, which has
an ionic radius of 74 pm, compared to 138 pm faagsium. Additionally, the Kion has
a van der Waals radius of 275 pm, significantlygéar than the 139 pm of Zh
The Van der Waals radius indicates the optimaladist at which the attractive and
repulsive forces between atoms balance each ofhese findings suggest a relationship
between catalytic activity and the size of the insti@ported on phosphates.

Effect of water volume on catalysts

The solvent is a crucial factor in heterogeneotalysis, playing an important role in
the partial or complete activation of the catalystictive phases and facilitating the
homogeneity of the reaction [31-33]. In organic thgsis, the choice of solvent is
significant as it can reduce the heating time.

We investigated the impact of varying volumes ofteweon reaction yield at room
temperature, utilising 1 g of each catalyst (NPg;NP, K-NP). The results after 14 hours
of reaction time are illustrated in Figure 5. Ie thbsence of a solvent, the reaction yields
ranged from 60 % to 76 % across all three catalyjégably, the Zn-NP catalyst exhibited
a lower yield compared to NPc when the water volwwes less than 3 mL. This
discrepancy may be attributed to the non-electyicsdutral surface of Zn-NP, which could
hinder the formation of nucleophiles with acetopime® thereby reducing the reaction
yield.

With the addition of 3 mL to 5 mL of water, yieldaproved, reaching 98 % for K-NP,
94 % for Zn-NP, and 74 % for NPc. These volumes[3to 5 mL) are considered optimal
as they enhance the solvation of the reagents rasrdaise contact between the catalyst's
active sites and the substrates, resulting in beitecomes compared to solvent-free
synthesis.

However, for K-NP, Zn-NP, and NPc, a decline inlgiavas observed with the
addition of more than 5 mL of water. This reducticould be due to the formation of
a water film on the catalyst surfaces, which impatteir hydrophobicity and the
accessibility of reagents to the active sites, tomight be because of the dispersion
phenomenon that interferes with reagent-catalystragtions. Additionally, water can
function as a co-catalyst at specific volumes. #s ha substantial influence on the
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Claisen-Schmidt condensation reaction and can garded as an effective solvent under
optimal conditions.
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Fig. 5. Effect of water volume on catalysts in cloale synthesis

Catalyst reuse

A catalyst becomes increasingly valuable when it loa easily recovered and reused.
The activity of the catalyst during reuse is ilhaséd in Figure 6. To prepare the catalyst for
reuse, it is washed with dichloromethane and theedd Notably, the Zn-NP catalyst
exhibits a significant drop in yield after the thicycle of use. In contrast, both the K-NP
and Zn-NP catalysts maintain a yield of at leas®8@ntil the fifth cycle, while the yield
for NPc decreases to 51 %. This decline in catabgtivity over multiple reuse cycles may
be attributed to factors such as catalyst defonatilogging of active sites, accumulation
of by-products, or other phenomena related to cbaiméactions [17].

Effect of metal ions

The analyses indicate that the impregnation of N®h K* and zZA* ions has
a significant impact on its surface properties.HBoir* and K ions enhance the number of
active sites (acidic or basic) on NPc by formingNMR and K-NP complexes. Notably,
impregnation with K ions yields better results compared to®ZrThis observation is
attributed to the types of bonds formed by the Zh-&hd K-NP complexes during the
chalcone synthesis reaction, rather than the eleetativity of the metal ions, as Zn
(electronegativity 1.65) is more electronegativanti’ (electronegativity 0.82). A more
active surface leads to higher yields.
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Fig. 6. Catalyst reutilisation

Fig. 7. Observation of agglomeration in the reactioxture after the addition of acetophenone

The creation of a substantial number of Lewis aifds during the impregnation of
Zn** and K on phosphates is a critical factor influencing dlcomes for both Zn-NP and
K-NP complexes [22, 34]. The metal ioné Knd Z&" react with water (HOH) to form
a basic substance that facilitates the catalytiactten of chalcone. After adding
acetophenone, agglomeration is observed in thdioeamixture (as shown in Figure 7),
which may indicate the formation of bonds betweegt@henone and the catalyst surface.

The proposed reaction mechanism (illustrated inifei@) reveals that the reactivity of
the catalyst is closely linked to the charactarsstof the ions and their ability to interact
with the surface [35]. The NPc surface featuresugsoof oxygen (=O or -OH), and the
Zn*" ion, with 28 electrons, can capture four electionblets [36]. When oxygen, acting as
a neutral ligand on the NPc surface, binds t6"Zin allows zinc to achieve an electronic
configuration similar to that of the noble gas ko (with 36 electrons), potentially
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enhancing the stability of the Zn-NP complex. Samiil, the potassium ion KK which is
formed by the loss of an electron from a potassatom, attains a more stable electronic
state similar to that of argon (a noble gas). Ipooating the K ion into the NPc sites on
the surface could improve the basic resistanchektNP catalyst, enhancing its stability.
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Fig. 8. Proposed reaction mechanism for chalconthsgis [35]

The efficiency and catalytic stability of the K-N#ad Zn-NP catalysts may stem from
the surface interaction between the basic sitéé¢Raf (specifically the oxygen in phosphate
PO,> and calcium oxide CaO) and the Lewis acid sitgsasented by Kand Zi" ions.
The basic sites on the calcined phosphate (NPg) glerucial role in extracting protons
from acetophenone. Additionally, the carbonyl grafpacetophenone interacts with the
acid sites of the Kand Zi* ions present in the K-NP and Zn-NP complexes, whic
activates the carbonyl for nucleophilic attack leypbaldehyde.

Comparison of catalyst activity

Table 1shows the results of chalcone synthesis by thes@iaSchmidt condensation
reaction using various phosphate catalysts destitbthe literature.

Table 1
Comparison of chalcone synthesis with phosphatgysas (solvent water)
Compound Catalyst Time[h] Yield [%] References

i KINP 10 70 [17]

Ve NP 24 12 [30]

O O HAP 1 80 [37]

NPc 12 74 Present work

K-NP 98
Zn-NP 96

Hydroxylapatite (HAP); natural phosphate (NP); gstam/phosphate (K/NP)

The results indicate that the K-NP, Zn-NP, and MBtalysts are among the most
efficient options when used in a water-based reactolvent. The K-NP and Zn-NP
catalysts achieved yields of at least 74 % at roemperature within a reaction time of less
than 12 hours, using only 1 g of catalyst. Thestea@ues are very promising and suggest
new opportunities for exploring the use of theselgats in other organic syntheses while
adhering to environmental standards and the pilegipf green chemistry.
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Product characteristics

The product obtained is yellow with a melting point 65 °C, higher than the
theoretical value given in the literature (56-50, Teflecting the purity of the product
obtained [9]. Thin-layer chromatography (TLC) gaee frontal ratio (Rf) of 0.75,
confirming the purity of the product. The experita@rJV-Vis absorption spectrum of the
product obtained in ethanol solution is shown iguFé 9. This spectrum is characterised by
two Amax bands between 215 nm - 245 nm (band I) and bet@&@mm - 400 nm (band II)
which have been attributed to m*-and n —x* transitions respectively [38-41]. These
absorption bands can be attributed to the Ph-C=DPdmCH=CH- moiety of the chalcone
molecule.
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Fig. 9. UV-Vis spectrum of synthesised chalcone

Conclusion

The synthesis of chalcones has been achieved thrGlagsen-Schmidt condensation
in water, utilising catalysts derived from Kotchestck phosphate. The results indicate that
Kotchari rock phosphate, when supported by potassind zinc, serves as an effective
catalyst for Claisen-Schmidt condensation reactiofibese heterogeneous -catalysts
demonstrate high catalytic activity in pure waterasolvent and can be recovered and
reused without significant loss of effectiveness.

Additionally, the diversification of metal ions hahown that these catalysts can
facilitate the formation of chalcones with varyinglectron-withdrawing and
electron-donating groups, highlighting their veitggt The findings pave the way for
potential new applications in organic chemistrytipalarly in the synthesis of compounds
with notable properties in the pharmaceutical aintbgical fields.



Catalytic activity of Burkina phosphates for chalesynthesis in green solvent 137

Our ongoing research aims to further investigate applicability of these catalysts

in a range of organic synthesis reactions. Furtbeemwe plan to enhance the catalytic
activity of the developed catalysts by reducingrtig@antity during the synthesis process
and simultaneously shortening reaction times.
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