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Abstract

The aim of this work is to evaluate the catalytic activity of catalysts based on silver nanoparticles in the synthesis of isoxa-
zolone-type heterocycles. The catalysts used in this study were prepared by the impregnation of 2 wt% Ag on commercial sup-
port oxides which are: Al,05, CeO, and MgO. The characteristics of these materials are obtained using the following meth-
ods: inductively coupled plasma atomic emission spectroscopy (ICP), X-ray diffraction (XRD), Fourier transform infrared
(FTIR) spectroscopy, Raman spectroscopy, adsorption—desorption of N,and Diffuse reflectance UV-visible (RD/UV-Vis).
The results of the application of the catalysts Ag—Al, 05, Ag-MgO and Ag—CeO, in the synthesis of the 4-(4-(dimethylamino)
benzylidene)-3-methylisoxazol-5(4H)-one using an aldehyde as the starting molecule, were revealed that all the catalysts had
interested yields up to 60%. However, the Ag—CeO, catalyst showed a yield that goes to 94% respecting the rules of green
chemistry. On the other hand, it turned out that the reaction does not work using a ketone as the starting molecule whatever
the reaction conditions. Finally, the study was closed by a theoretical study of the properties of the molecule obtained.
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1 Introduction

Five-member cyclic oxime esters, comprising at the same
time oxygen and nitrogen atoms, also known as isoxazolo-
nes or more precisely 4H-isoxazol-5-ones, have attracted
a lot of attention recently thanks to their applications in
the pharmacological field as antibacterial, anticonvulsant,
antifungal, antidiabetic, anticancer and also used as fun-
gicides and insecticides in agro-chemistry [1]. Several
methods have been developed to achieve the structure of
the 4H-isoxazol-5-ones derivatives. Recently, homogenous
or heterogeneous catalysts have been applied in the three-
component condensation of B-oxoesters, hydroxylamine
hydrochloride and aromatic aldehydes [1-7]. As shown in
Table 1, homogenous catalysts lead to higher yields but
cannot be recovered and reused at the reaction end. How-
ever, nanomaterials have several advantages and are often
used in organic synthesis [8—12]. The use of heterogeneous
catalysts in organic synthesis is a variant that is becom-
ing increasingly interesting because of the advantages it
presents: i) easy separation of the catalyst from the reac-
tion mixture, ii) simplified recovery and catalyst recycling,
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Table 1 Optimal conditions cited in the literature for the synthesis of a,p-unsaturated isoxazol-5(4H)-ones

Products Conditions Yields (%) References
3-Methyl-4-arylmethylene-isoxazol-5(4H)-ones derivative Time: 30 min; temperature: 70 °C; solvent: H,O; catalyst: 97 [6]
of 4-hydroxybenzaldehyde 12 mmol% of [H-Pyrr][H,PO,]
Time: 130 min; room temperature; solvent: H,O; catalyst: 95 [5]
10 mmol% of potassium phthalimide
3,4-Disubstituted Isoxazole-5(4H)-ones Time: 75 min; room temperature; Solvent: H,O; catalyst: 95 [15]
10 mmol% of Ni(OAc),.H,0
(Z)-4-(3-hydroxybenzylidene)-3-methylisoxazol-5(4H)- Time: 120 min; room temperature; solvent: H,O; catalyst: 90 [7]
one 0.07 g of SbCl,
3,4-Disubstituted isoxazol-5(4H)-one Time: 30 min; temperature: 70 °C; Solvent: H,O; catalyst: 93 [14]
0.005 g of ZnO@Fe;0,
a,pB-Unsaturated isoxazol-5(4H)-ones Time: 30 min; temperature: 70 °C; solvent: H,O; catalyst: 90 [16]
0.05 g of nano-SiO,-H,SO,
Isoxazol-5(4H)-one derivatives Time: 3 min; temperature: 60 °C; solvent: H,O; catalyst: 94 [17]
0.03 g of 6-methylguanamine—CoFe,O,
Time: 3 min; temperature: 60 °C; solvent: H,O; without No reaction
catalyst
Time: 3 min; room temperature; solvent: H,O; catalyst: Trace
0.03 g of 6-methylguanamine—CoFe,O,
Time: 60 min; room temperature; Solvent: H,O; catalyst: 93 [2]
0.03 g of Ag/SiO,
3-Methyl-4- Time: 60 min; room temperature; solvent: H,O; catalyst: 90 [18]
(1-phenylmethylene)-5-isoxazolone 15% mmol of GuHCl
3-Methyl-4-arylmethylene-isoxazol-5(4H)-ones Time: 2.5 h; room temperature; solvent: EtOH; catalyst: 80 [19]
5 mmol% Na,S.9H,0
4-(3-Hydroxybenzylidene)-3-methylisoxazol-5(4H)-one  Time: 55 min; temperature:90 °C; solvent: H,O:EtOH 94 [20]
(9:1); catalyst: 1 mL citrus lemon (lemon juice)
Isoxazol-5(4H)-ones derivatives Time: 3 h; room temperature; solvent: EtOH; catalyst: 78 [4]
0.04 g of Au-Fe/ZrO,
(Z)-4-(4-methylbenzylidene)-3-methylisoxazol-5(4H)-one Room temperature; solvent: EtOH; catalyst: 0.05 g of 89 [3]

5%Ag/Bentonite

iii) long catalytic life, iv) saving atoms, v) environment
respect [13], vi) helps to diminish cost-effectiveness, and
vii) energy [14]. N. Ameur et al. studied catalysts based
on silver nanoparticles for the synthesis of Isoxazol-5(4H)-
one derivative [3]. The authors varied the supports (titanate
nanotubes and natural Bentonite) and the silver contents
(0.5; 2 and 5 wt%). The best activity (around 89%) was
purchased in the presence of the 5%Ag/Bentonite catalyst
and this was attributed to the large surface area of the cata-
lyst and to the suitable size of the silver nanoparticles (of
the order of 2 nm). In a more recent work, the same team
applied bimetallic catalysts Au—Fe deposited on TiO, and
Zr0, in the synthesis of heterocyclic molecules. The best
yield (about 78%) was completed in the case of the Au—Fe/
ZrO, catalyst [4]. The literature evoked the application of
pyrrolidinium dihydrogen phosphate as a novel catalyst
used as efficient catalyst for the synthesis of 3-methyl-4-ar-
ylmethylene-isoxazole-5(4H)-ones [6]. In the others hand,
the synthesis of isoxazol-5(4H)-one derivatives has been
developed using a ZnO @Fe;0, core—shell catalyst [14].
This multi-compound reaction was carried out in presence
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of catalyst and water as solvent. Authors were attributed the
high activity of the catalyst to its high selectivity, interest-
ing catalytic activity, simple recovery and high stability. In
addition, the application does not necessitate any organic
solvent, dangerous metal catalysts, elevated temperatures
and may be tolerate a large range of substituent’s with dif-
ferent electronic and steric characteristics [14].

The purpose of our study is the study and the applica-
tion of novel catalysts based on silver nanoparticles in the
synthesis of 4-(4-(dimethylamino)benzylidene)-3-methyl-
isoxazol-5(4H)-one. It is important for us to develop a new
inexpensive, fast and efficient green catalytic protocol under
mild reaction conditions, as shown in Fig. 1.

2 Experimental section
2.1 Materials

All reagents are provided from Sigma-Aldrich and are:
aluminum oxide (Alumina, Al,0;, M=101.96 g.mol_l),
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Fig. 1 Synthesis of 4-(4-(dimethylamino)benzylidene)-3-methylisoxazol-5(4H)-one using catalysts

Acetoacetic ester(CH;COCH,COOC,Hs;, M=130.14 g.
mol™"), Cerium(IV) oxide (ceria, CeO,, M=172.11 g.
mol~!), Hydroxylammonium chloride (NH,OH-HCI,
M=69.49 g.mol™!), 4-(Dimethylamino)benzaldehyde,
Magnesium Oxide (MgO, M =40.30 g.mol™!), 4-(Dimethyl-
amino)benzaldehyde (4-[(CH;), N]JC,H,CHO, M=149.19 g.
mol~!),1-[4-(Dimethylamino)phenyl]ethenone (C,,H,;NO,
M=163.22 g.mol~"),Silver nitrate (AgNO,, M=169.87 g.
mol™h).

2.2 Preparation of nanopowders
The catalysts based on the silver nanoparticles are pre-
pared by incipient wetness impregnation at 2 wt% of silver

according to the protocol described in the references [21,
22]. Briefly, the aqueous solution containing the appropriate

Fig.2 NMR'H spectrum

mass of silver nitrates is brought into contact with the sup-
port for 4 h under stirring in the dark. The mixture is sub-
sequently dried overnight at 120 °C. Finally, the obtained
catalysts are annealed at 300 °C under controlled air (N,/O,:
80/20) for 4 h. The used catalysts in this study are named:
Ag—Al,05, Ag—CeO, and Ag-MgO.

2.3 Characterization methods

The studied catalysts were characterized using XRD, ICP,
N, adsorption—desorption, FTIR and Raman spectroscopy.
The amounts of Ag in the catalysts were measured by ICP
chemical analysis. FTIR spectra were recorded on an 8400S
Shimadzu Spectrophotometer using KBr disks. The struc-
ture of materials was determinate using X-ray diffractom-
eter (XRD, Bruker AXS D8-Advanced diffractometer) at a
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Table 2 Textural and structural proprieties of the studied materials

Catalysts  Crystal- SgET (m>. g") Pore size (nm) Pore
lites’ size volume (cc.
(nm) gh
AlL,O4 73.6 03.50 88.11 0.15
CeO, 8.6 83.94 08.16 0.21
MgO 9.7 80.29 14.76 0.38
Ag/AlL,O; 738 06.97 116.52 0.15
Ag/CeO, 8.6 107.50 09.17 0.22
Ag/MgO 9.6 105.59 31.25 0.38

Table 3 Effect of the catalyst on the synthesis reaction of 3-methyl-4-
(4-(Dimethylamino)benzalidene)-isoxazole-5(4H)-one

Entry Catalysts Ag(wt%) TOF Yields (%)
(min~")*10%2
1 Ag/CeO, 1.8 2.0 94
2 CeO, / 1.8 87
3 Ag/AlL,O4 1.5 1.7 80
4 AlL,O; / 1.4 65
5 Ag/MgO 1.8 1.3 64
6 MgO / 1.2 56

scanning rate of 0.04°/6 s in the20 range of 20—80°. The
average crystalline size of the product was calculated by the
Scherer’s equation:

_ kx A !
P * cosf M

where

d is particle size of the crystal, k is Scherer’s constant
(0.9), A is X-ray wavelength (Cu source, 0.15406 nm), f is
the width of the XRD peak at the half height and 6 is the
Bragg’s diffraction angle.

The Raman measurements were determinate by Raman
spectrometer LabRam Infinity. The excitation wavelength
of 785 nm was chosen for Raman measurements. The BET
surface areas were determined by N, adsorption—desorp-
tion using a Micromeritics Gemini 2360 instrument. Previ-
ous to analysis, the catalysts were oven dried at 250 °C for
12 h. Melting point of the resulting heterocyclic molecule
was measured on a Buchi 510 melting point apparatus. 'H
NMR and '*C NMR of the final heterocyclic molecule spec-
tra were recorded at ambient temperature on a BRUKER
AVANCE DRX-400 MHz spectrophotometer using CDCl,
as the solvent. Diffuse reflectance UV-visible (RD/UV-Vis)
spectra of the catalysts were realized using a CARY 5000
(UV-Vis—NIR) spectrophotometer.
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2.4 Synthesis of heterocyclic molecules using
prepared catalysts

The synthesis of 3-methyl-4-(1-phenylethylidene)-isoxazole-
5(4H)-one is carried out by a mixture of aromatic aldehyde
or ketone (1.3 g), ethyl acetoacetate (1.3 g) and hydroxy-
lamine hydrochloride (0.7 g)in the presence of 5 mL of sol-
vent (distillated water, ethanol or a mixture of them) and
the catalyst (0.02 g) in a flask immersed in a sand bath at
different temperature (room temperature and 60 °C). Then,
the mixture is left under vigorous stirringfor24 h. It is noted
that the reaction with 4-dimethylaminoacetophenone under
these conditions did not lead to the formation of the product.

The turnover and yield of the reaction are calculated as
follows:

Yield(%) = 100 # <n° — > )

Un)

nn—n
TOF(min™") = s oF
(min™) time(min) * mass of the catalyst(g) ®

wheren and are n, the initial and the final mole number
(mol), respectively.

Spectral data (NMR) of 4-(4-(dimethylamino)
benzylidene)-3-methylisoxazol-5(4H)-one, red solid, melt-
ing point: 130-131 °C.

"H NMR (400 MHz, CDCl,): § 2.23 (s, 3H), 3.15 (s,
6H), 6.70-6.73 (dd, 1.2 Hz, 2H), 7.20 (s, 1H), 8.39-8.41 (d,
J=8 Hz, 2H) (Fig. 2).

2.5 Computational details

The density functional theory (DFT) [23-27] is currently the
most widely used in the study of structure and reactivity of
molecular systems [28-30]. In this work, all quantum chemical
calculations were carried out using the GAUSSIANOQ9 software
package [31] and Gauss view 5.08 molecular visualization pro-
gram [32]. The B3LYP hybrid functional [33—35] was used for
the geometry optimization in the gas phase. The calculations
were performed using the 6-31G(d) basis set. The global prop-
erties such as the electronic chemical potential p [36, 37], the
chemical hardness n [36, 38] and the chemical softness S [36]
were obtained in terms of the electron energies of the fron-
tier molecular orbitals HOMO (highest occupied molecular
orbital) and LUMO (lowest unoccupied molecular orbital), at
the ground state using the following equations:

E +E
§= HOMO _ LUMO 136 37 )

1 = Erumo — Enomo [36, 38] 5)
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Fig. 3 N, adsorption—desorption isotherms of the oxide supports

§=1/n[36] (6)

Using the electronic chemical potential and chemical
hardness definitions, the global electrophilicity index (o),
measures the stabilization of energy when the molecular
system acquires an additional electronic charge from the
environment, was then given by Parr [39] as

)

Therefore, the global nucleofilicity index (Nu) for a given
system, was defined [40—42] as

w=p’/2n

®)

where EHOMO(Nu) is the HOMO energy of the
nucleophile within the Kohn—Sham scheme [43, 44] and
EHOMO(TCE) is the HOMO energy of the tetracyanoethyl-
ene (TCE) taken as reference, because it presents the lowest
HOMO energy in a large series of molecules [40, 43].

N, = Egomowu — Enomocrce)

3 Results and discussion

Table 2 shows the structural and textural characteristics of
the studied materials. Cerium oxide and magnesium oxide
are found to have comparable specific surfaces in order of
80 m?.g~!, whereas aluminum oxide has a very low surface
of the order of 04 m2.g~!. There is also an increase in the
surface area of the materials after doping with silver. This
confirms the deposition of Ag in all catalysts. This can be
linked to the participation of Ag (dopant nanoparticles) in
the total area of the catalyst. Table 3 shows that practically
all the silver has solution have been deposited on the surface
of the support.

Figure 3 shows the N, adsorption—desorption iso-
therms of the oxide supports. According to the IUPAC
classification,Al,0; shows a type III isotherm which is
generally obtained on nonporous or macroporous solids, for
which the pore diameter is greater than 50 nm [45]. This is
confirmed by the diameter obtained in our case by varying
pore diameters from 116.52 nm (doped catalyst) to 88.11

@ Springer
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Fig.4 XRD spectra of Al,O,, Ag-Al,05, CeO,, Ag—CeO,, MgO and Ag—-MgO materials, respectively

(undoped catalyst). However, MgO and CeO, exhibit a type
IV adsorption—desorption isotherm that is obtained in the
presence of mesoporous solids (2 nm < diameter <50 nm).
The jump appearing at high relative pressure values is
related to the capillary condensation phenomenon (filling
of mesoporosity). Once the pores are filled, adsorption con-
tinues on the surface of the solid. The reverse phenomenon
takes place at a pressure different during desorption gen-
erating the hysteresis cycle [45]. However, the hysteresis
loop is of the H2 type for CeO, linked to a so-called “ink
bottle” pore shape or comes from an interconnected poros-
ity consisting of pores of different shapes and sizes. The
MgO has a hysteresis loop of the H3 type corresponding
to slit pores of non-constant cross section [45]. In addi-
tion, we have obtained the same isothermal in the case of
doped materials which induces that doping does not affect
the properties of the supports. Finally, the doped materials
have a slight improvement in the size of the pores which
may be related to the incorporation of the silver nanopar-
ticles in the pores.
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XRD examination is performed in the range of
20=20-80°. An XRD spectrum of the MgO is shown in
Fig. 4. It visibly exhibits the rays at angles 36, 43, 63, 74
and 78° corresponds, respectively, to (1 1 1), (200), (22
0), (1 1 3), and (2 2 2) faces, which confirms the presence
of pure polycrystalline cubic structure of MgO nanoparti-
cles[46—48]. The mean crystallite size is calculated using the
most intense peak (around 43°) and found to be 9.7 nm. The
XRD spectrum of Al,O; is also presented in Fig. 4 proving
the presence of the alpha phase of alumina (a-Al,O3). The
main peaks are confirmed at about: 25, 35, 37, 44, 53, 57,
60, 63, 67, 68 and 76° related, respectively, to the plans
(012), (104), (110), (024), (116), (122), (124), (030), (119)
and (331). The estimated average crystallite size is about
74 nm. The fluorite phase of cerium oxide nanoparticles is
confirmed at 2 6=29° (11 1), 33° (2 0 0), 46° (2 2 0), 56°
(311),58°(222),69°(400),76°(331)and 79° (42
0).Finally, silver-doped materials do not show any character-
istic lines to silver nanoparticles. This can be related to the
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Fig.5 FTIR spectra of Al,O,, Ag—Al,0;, CeO,, Ag-CeO,, MgO and Ag-MgO materials, respectively

low content of Ag (2 wt%) and the good distribution of metal
particles on the surface of the supports [21, 49].

Figure 5 shows all the FTIR spectra of materials used
in this study. Aluminum oxide has an intense band located
around 600 cm™'which is related to the stretching vibration
of Al-O-H bond [50]. In the case of CeO,, a broad band’s
located between 500 and 850 cm™' are probably due to the
Ce-O stretching vibrations [51]. FTIR spectrum of mag-
nesium oxide (see Fig. 5) reveals the stretching vibration
mode around 600-750 cm™' suggesting Mg—-O—Mg bonds
[52, 53]. The literature evokes that MgO chemisorbs water
moistures from the atmosphere due to its surface acid—base
characteristics [54]. However, in all materials the bands in
the region1200—1600 cm™~! and 3200-3600 cm™'are due to
hydroxyl group (O-H) stretching vibration mode of water
absorbed from the humidity [47, 55].In the case of doped
materials with silver nanoparticles, there is no change by
contribution to the spectra of the supports except a slight
shift or lowering of the intensity of the support bands. This

is explained by the metal support interaction and the estab-
lishment of certain link metal-support.

Figure 6 shows the Raman spectra of all samples. Raman
spectroscopy was used to enrich the FTIR results and to
search other phases not visible by FTIR method. This char-
acterization technique has been practical as a surface, quali-
tative and non-destructive analytical method [56]. Raman
spectroscopy of a-Al,Oj; is presented in Fig. 6. Based upon
a D%, symmetry of corundum, six Raman active phonon
modes, 2A1g+4Eg(optical and acoustical modes), at fre-
quencies of 379 cm~!, 412 em™!, 433 em™!, 570 ecm™,
679 cm~! and 766 cm™! have been reported [57-59]. The
Raman spectrum of CeO, support shown three peaks located
at 249 cm™!, 464 cm~! and 613 cm~!. The last two bands
correspond, respectively, to the F,, triply degenerate mode
of fluorite created from the symmetric vibrations of oxygen
atoms around the Ce**and to oxygen vacancies resulting
from the Ce** reduction to Ce** ions [60]. It is worth not-
ing that CeO, crystallizes in the cubic fluorite-type lattice
and refers to the space group Fm3m. This arrangement have

@ Springer
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six optical-phonon branches, of which three of their located
at the positions indicated above and are linked to the doubly
degenerate transverse optical mode, the triply degenerate
Raman-active and the nondegenerate longitudinal optical
modes, respectively [61, 62]. In the case of MgO, the peaks
at 280 cm™! and 440 cm™! are related to Mg(OH), [60].
In the case of Ag-doped catalysts, the bands linked to the
silver species can be clearly seen; especially in the case of
the Ag—MgO catalyst. The metal species bands are clearly
shown around 270, 430, 468, 580, 613 and 745 cm™'related
to the Ag,0O vibrational modes [56, 63, 64].

In summary, we can say that we have prepared catalysts
based on silver nanoparticles supported on three different
support oxides: Al,O5, CeO, and MgO. These supports
have different characteristics: surface, crystallinity, parti-
cle size, acid—base character, oxidation—reduction charac-
ter and others. However, Al,Osis an insulator is excellent
ceramic material having mechanical and optical properties.
It is employed in advanced engineering applications, such

@ Springer

as: gas sensing compounds, dielectric materials, biomedi-
cal plans and automotive parts [57]. However, the catalytic
reactions using ceria-based materials refer to the crucial
characteristic which is the ease with which the Ce valence
moves between Ce** and Ce®*. The formation of a neutral
oxygen vacancy is followed by the generation of a pair of
Ce** ions [61]. Magnesia is a material of significant tech-
nological value. MgO is used in catalysis, treatment of
toxic waste, paints additives, bactericides and adsorbents
and others [65]. This is due to its high surface area and its
important basic character [65]. Finally, silver nanoparticles
possess important characteristics mainly due to their oxida-
tion states, their size and their plasmon resonance band [3,
21, 56, 64, 66—68]. Doped on other supports (SiO,, titanate
nanotubes and Bentonite) these catalysts show surprising
activities in the synthesis of heterocyclic derivatives mol-
ecules [2, 3]. Therefore, it would be interesting to use cata-
lysts based on Ag nanoparticles supported on three different
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oxides supports having different properties in the synthesis
of heterocyclic molecules.

Figure 7 shows the UV—Vis spectra of the studied mate-
rials. It is clear that the Ag-doped catalysts all exhibit the
plasmon resonance band characteristic of reduced silver
nanoparticles (Ag0 metal state) [69]. The clusters Agn
(1 <n<10) appear generally in the zone 387-453 nm. How-
ever, this band is influenced by the concentration, the tem-
perature of the annealing treatment as well as the environ-
ment (the support) of the silver nanoparticles. A Babapour
evoked that in the nano-silver silica films, the RSP appeared
around in the range of 408 to 456 nm depending on the Ag
concentration and the annealing temperature [70]. Where
the SPR band in the case of Ag—Ce/TiO,, metallic silver
nanoparticles appeared in the region 516-547 nm [71]. In
our case, the resonance band is between 500 and 550 nm
depending on the nature of the support.

4 Application of the studied catalysts
in the synthesis of heterocyclic molecules

The results of the 3-methyl-4-(4-(Dimethylamino)
benzalidene)-isoxazole-5(4H)-one synthesis using water as
solvent and with different catalysts for 24 h are presented in
Table 3. The results show that the presence of the catalyst is
important to advance the reaction. The presence of the cata-
lysts leads to a remarkable increase in the yield compared
with the addition to the blank reaction. Yields varying from
56% to 98% depending on the nature of the catalyst. It is
important to note that the doped-materials showed the best
yields and that undoped supports to a decrease of the order
of 10% of catalytic activities. The best results are achieved
with ceria-based catalysts; especially Ag—CeO,, the yield
obtained of achieved 98% (Table 3, entry 2). We can attrib-
ute this good activity to its large specific surface area, the
nanometric size of these crystallites, the presence of Ce**/
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Table 4 Results of the synthesis of 3-methyl-4-(1-phenyl-ethylidene)-
isoxazole-5(4H)-one

Catalysts Solvents Temperature ( °C) Yields (%)
CeO, Water Ambient tempera- Trace
ture
70
EtOH Ambient tempera-
ture
70
Water:EtOH Ambient tempera-
(70:30) ture
70
Lemon juice Water Ambient tempera-
ture
70
EtOH Ambient tempera-
ture
70
Water:EtOH Ambient tempera-
(70:30) ture
70

Ce** species and the presence of silver nanoparticles. On the
other hand, the low catalytic activity in the case of supports
may be related to the low surface area of these materials (see
Table 2), which leads to a decrease in the rate of active sites.
However, the aim of this study is to prepare and test materi-
als based on silver nanoparticles in the heterocyclic synthe-
sis reaction respecting the rules of green chemistry. Silver
nanoparticles have interesting activities which makes their
application interesting. In addition, it is curious to see the
fact that they are supported on support oxides having differ-
ent natures. We have chosen three support oxides of different
nature: MgO has a basic character, Al,O5 has properties as
Lewis acid and CeO, which has an important red-ox char-
acter. We applied these materials in a model reaction that
leads to the synthesis of 4-disubstituted isoxazol-5(4H)-ones
which possess wide application. Yields varying between

Os_ _CHs,
(0] o}
+ )I\/”\ NH,OH.HCI
HsC 0" CH,
ethyl 3-oxobutanoate
N(CH), y Hydroxylamine
1-(4- Hydrochloride
(dimethylamino)ph

enyl)ethanone

No reaction

64% and 98% were obtained, which can be attributed to the
large surface area of the catalyst, the oxidation state of the
silver nanoparticles and the nature of the support.

The reaction of 3-methyl-4-(1-phenylethylidene)-isoxa-
zole-5(4H)-one was also carried out under various condi-
tions (See Table 4), which led to negative results despite
the change in color and the obtaining of two phases, which
showed that the reaction did not exceed the intermediate
state. In addition, research in the literature [20] evoked the
synthesis of isoxazole-5(4 h)-one using lemon juice as excel-
lent homogenous catalyst that gives important yields. This
result inspired us to use it in the reaction in Fig. 8 but also
negative results were obtained.

A possible mechanism (see Fig. 9) for the synthesis of
3,4-disubstituted isoxazol-5(4H)-one is proposed overall
studied catalyst on the basis of the condensation of Kno-
evenagel reaction. In the beginning, the catalyst is coor-
dinated with the oxygen of the carbonyl group of ethyl
acetoacetate (step 1). Then, the free pair of nitrogen (in
NH,.OH) attacks the carbonyl carbon and the elimination
of water is accrued (step 2). After, the intermediate results
from the keto-enol tautomerism (step 3). In step 4, nucle-
ophilic addition of aldehyde is linked with a catalyst to
form intermediate. Consequently, the elimination of water
molecules causes obtaining of an intermediate (step 5),
which finally endure cycle close (or cyclization) to form
the intermediate (Step 6) that eliminates the ethanol mol-
ecule to achieve the desired product and generates catalyst
(Step 7) [2-7, 14-20, 72-74].

Figure 10 shows the stability of the Ag—CeO, catalyst dur-
ing four successive cycles. A pronounced stability of the stud-
ied catalyst is observed; the same yield is completed during
cycles. This can be a good indicator for a future application of
ceria in this type of reaction in the industrial sector.

(Z)-3-methyl-4-(1-phenylethylidene)isoxazol-5(4 H)-one

Fig.8 Synthesis of 3,4-disubstituted isoxazol-5(4H)-ones using ketone as depart molecule
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(0]
N
Catalyst (6] CHs;
Cat.

! HsC o/\cH3

Step 1
+
+ NH20H
EtOH Cat. |, H,0
HO
+ \N o}
CHj, |
HsC o/\CH3
CH, Step 2
cat. + H;0 é_/\ 0 H
CH;, Cat.
-
\ Knoevenagel
CHs  condensation
N N
Step 6 Hac/ \CH3 H3C/ \g:H
Step 4

Fig.9 Plausible mechanism for the synthesis of 3,4-disubstituted isoxazol-5(4H)-ones using catalysts

@ Springer



897 Page120f15

S.M.A. Alietal.

100
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Yield (%)

40 |

20

Cycle1 Cycle2 Cycle3 Cycle4

Fig. 10 Stability of Ag-CeO, catalyst during the synthesis of
3-methyl-4-(1-phenyl-ethylidene)-isoxazole-5(4H)-one

Fig. 11 Optimized geom-

etry of 3-methyl-4-(1-phenyl-
ethylidene)-isoxazole-5(4H)-one
obtained at B3LYP/6-31G(d)
theoretical level

HOMO

5 Properties
of 3-methyl-4-(1-phenyl-ethylidene)-
isoxazole-5(4H)-one: theoretical
calculations

5.1 Geometric structure of 3-methyl-4-(1-phenyl-
ethylidene)-isoxazole-5(4H)-one

For the 3-methyl-4-(1-phenyl-ethylidene)-isoxazole-5(4H)-
one, geometry optimizations shown in Fig. 11 have been
performed at B3LYP/6-31G(d) level and the calculated
results are also listed in Table 5. Thus, the comparisons
between the experiments [75] and the calculations can be
more straightforward.

As shown in Tables 5 and 6, most of the predicted geo-
metric parameters have higher values than those deter-
mined experimentally. This is most likely because that the
experimental data describe the compounds in the solid state,
whereas the calculated data correspond to the molecules in
the gas phase. Comparing the predicted values with the

LUmMo

Fig. 12 Frontier molecular orbital representation of 3-methyl-4-(1-phenyl-ethylidene)-isoxazole-5(4H)-one
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Table 5 Selected bond lengths

S . Bond lengths (A) Cal Exp.* Bond lengths (;A) Cal Exp.*

(A), bond angles (°) and torsion

?lfllglestﬁ°>ldetfrnlliltl}fd by - 05-C1 1.3748 1.388 (4) C3-N4 1.2968 1.294 (4)

D;%%ECEYC;/ 60‘; laé‘gg)s atthe 05-N4 1.4260 1.451 3) C3-C7 1.5040 1.481 (4)
C1-06 1.2154 1.220 (4) Cl11-C13 1.4376 1.426 (4)
Cl1-C2 1.4769 1.446 (5) C20-N23 1.3721 1.367 (4)
C2-C3 1.4544 1.451 (4) N23-C24 1.4554 1.457 (4)
C2-C11 1.3712 1.365 (5) N23-C28 1.4565 1.455 (4)
Bond angles(°) Cal Exp.* Bond angles(®) Cal Exp.*
C1-05-N4 110.528 109.2 (3) C2-C11-C13 134.336 135.0 (3)
05-N4-C3 107.462 106.5 (3) C2-Cl11-HI12 113.521 112.5
N4-C3-C2 112.529 1133 (3) C11-C13-C14 117.350 117.8 (3)
C1-C2-C3 103.231 103.6 (3) C11-C13-C15 125.916 1254 (3)
05-Cl1-C2 106.250 107.3 (3) C16-C20-N23 121.311 120.8 3)
05-C1-06 120.560 118.0 (3) C18-C20-N23 121.408 122.0 (3)
C2-C3-C7 128.432 127.1 (3) C20-N23-C24 120.246 120.9 (3)
C1-C2-Cl11 131.567 132.2 (3) C20-N23-C28 120.271 121.9 (3)
Torsion angles(°) Cal Exp.* Torsion angles(°) Cal Exp.*
05-C1-C2-C3 —-0.010 -0.94) C3-C2-C11-C13 180.000 177.6 (3)
05-C1-C2-C11 179.991 176.5 (4) C2-C11-C13-C14 -179.999 -179.7 (4)
C1-C2-C3-C7 —179.996 -178.2(3) C2-C11-C13-C15 0.000 -0.4(6)
C1-C2-C3-N4 0.006 0.3 4) C11-C13-C14-C16 — 180.000 -179.8 (3)
0O5-N4-C3-C2 0.000 0.4 (4) C11-C13-C15-C18 — 180.000 —179.5(3)
05-N4-C3-C7 179.998 178.9 (3) C16-C20-N23-C24 -0.014 —4.7(5)
C1-C2-C11-C13 0.002 0.8 (7) C18-C20-N23-C28 —179.979 -179.2(3)

*Ref [75]

experimental ones, it can be found that the biggest differ-
ence in bond length occurs at bond C1-C2 with the dif-
ference being 0.0304 A. Considering the bond angles, the
biggest variation between the experimental and predicted
values can be found at bond angle O5—-C1-06 with the dif-
ference being 2.53°.

Furthermore, the most important difference established
for torsion angles is at the C16-C20-N23—-C24 with a value
of 4.736°.Comparisons indicate that, while there exist
some differences of the geometrical parameters between
the experiments and the predictions, the optimized geom-
etry resembles directly their crystal structures [75] and

B3LYP/6-31G(d) level of theory can give agreeable calcu-
lation precision for the studied molecule.

6 Frontier orbitals analysis and related
molecular properties

The electronic frontier orbitals are responsible for chemi-
cal reactivity and stability of the desired molecular system
[76-78]. Parr and Yang demonstrated that most of the elec-
tron frontier theory of chemical reactivity can be derived
from DFT [79]. The highest occupied molecular orbital

Table6 HOMO and LUMO energies, energy gap, electronic chemical potential y, chemical hardness #, global electrophilicity @ and global

nucleophilicity N,

HOMO (au) LUMO (au) Egap u (au) n (au) o (eV) N2 (eV)
(au)

—-0.20135 — 0.08060 0.12075 —0.140975 0.12075 2,03,197 3,6,395,515
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(HOMO) and the lowest unoccupied molecular orbital
(LUMO) for the complex are shown in Fig. 12.

The HOMO energy of the reference system
tetracyanoethylene is — 0.3351 eV calculated at the same
level of theory.

The HOMO energy is habitually related to the electron-
donating ability of a molecule; that high energy values of
HOMO are likely to designate a tendency of the molecule
to donate-electrons [80]. The LUMO energy is associated
to the electron affinity [29]. The molecule having the higher
energy gap is more stable, less reactive and is also termed
as hard molecule and vice versa[81].The negative values
of HOMO energy and chemical potential showed that the
3-methyl-4-(1-phenyl-ethylidene)-isoxazole-5(4H)-one
under study is a stable compound (see Table 6).

7 Conclusions

The aim of the present study was to produce catalysts
based on silver nanoparticles supported on three sup-
ports of different nature: CeO,, Al,O; and MgO. The
results of the characterizations showed the obtaining
of catalysts having different surfaces but the Ag—CeO,
catalysts has the best surface. In addition, the results
of the RD/UV-Vis analysis revealed that the nanopar-
ticles are in their metallic state “Ag?”.For the synthe-
sis of 3-methyl-4-(1-phenyl-ethylidene)-isoxazole-
5(4H)-one, yields varying between 64% and 94% were
obtained depending on the nature of the catalyst. How-
ever, the catalysts Ag—CeO, showed the best catalytic
activity which may be related to the best catalyst sur-
face and the presence of silver nanoparticles. Finally,
we performed for the first time DFT calculations to
mount the geometry, structure and properties of the
3-methyl-4-(1-phenyl-ethylidene)-isoxazole-5(4H)-one.
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