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CuO-CeO
2
nanocomposite is reported as a highly efficient recyclable catalyst that is applied for the synthesis of Aryl-14H-

dibenzo[a-j]xanthenes under solvent-free conditions. The catalyst was synthesized by coprecipitation method and characterized
by X-ray powder diffraction (XRD), BET specific surface area, field emission scanning electron microscopy (FESEM), and energy
dispersive spectroscopy (EDS) analysis. The copper nanoparticles are dispersed as fine and amorphous phases on the surface of
ceria and made nanoclusters with average size of about 33 nm. This catalyst can be recovered by simple filtration and recycled up
to 8 consecutive runs without any losing of its efficiency. This procedure provides several advantages such as simple workup, mild
reaction conditions, short reaction times, and high yields of the products.

1. Introduction

In recent years, nanocatalysis has emerged as a sustainable
and competitive alternative to conventional catalyst since the
nanoparticles possess a high-surface-to-volume ratio, which
enhances their activity and selectivity, while, at the same time,
maintaining the intrinsic features of a heterogeneous catalyst
[1]. In particular, nanocrystalline oxides have proved to be
useful to chemists in the laboratory and industry due to the
good activation of adsorbed compounds and reaction rate
enhancement, selectivity, easier workup and recyclability of
the supports, and the eco-friendly green reaction conditions
[2–6]. Also, the practical applications of nanocomposite
metal oxides as the catalysts in organic synthesis have been
increased due to their high catalytic activity because of the
high surface area [7, 8]. The recyclability of the catalyst
is the added advantage in the case of these catalysts. The
catalytic activity of CuO-CeO

2
nanocomposite is well known

for the oxidation of CO in H
2
-rich streams [9]. Xanthene

derivatives are important class of compounds that received
significant attention from many pharmaceutical and organic
chemists because of the broad spectrum of their biological
and pharmaceutical properties such as antibacterial [10],

anti-inflammatory [11], and antivirial properties [12]. Fur-
thermore, these compounds are used as dyes and fluorescent
material for visualization of biomolecules and in laser tech-
nologies due to their useful spectroscopic properties [13, 14].
Aryl-14H-dibenzo[a-j]xanthenes are among the most impor-
tant classes in the family of xanthenes due to their distinctive
structures and great potential for the further transformations
[15]. Various methods have been reported for the synthesis
of Aryl-14H-dibenzo[a-j]xanthenes; among these methods,
the one-pot condensation of𝛽-naphthol with aldehydes is the
most common procedure. Therefore, various catalysts have
been developed for the improvement of this reaction [16–
25]. In the continuation of our research program to develop
the efficient, and green catalysts in organic synthesis [26–
29], herein, we wish to report a green, efficient and recyclable
catalyst for the synthesis of Aryl-14H-dibenzo[a-j]xanthenes
under solvent-free conditions (Scheme 1).

2. Experimental

All products were identified by the comparison of their spec-
tral and physical data with authentic samples. Chemicals (2-
naphthol, aromatic aldehydes, cerium, and copper nitrates)
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Scheme 1: Synthesis of Aryl-14H-dibenzo[a-j]xanthenes catalyzed
by CuO-CeO

2
nanocomposite oxide.

were purchased fromMerck Chemical company in Germany.
Yields refer to isolated pure products.

2.1. Catalyst Preparation. CuO-CeO
2
nanocomposite was

prepared by coprecipitation method using aqueous solution
of cerium and copper nitrates and drop-wise adding KOH as
precipitant agent under vigorous mixing, while temperature
and pH were fixed at unique values. Then, acquired sample
was filtered, washed, and calcined to obtain final catalyst for
using atsynthesis of Aryl-14H-dibenzo[a-j]xanthenes.

2.2. General Procedure for Synthesis of Aryl-14H-dibenzo[a-
j]xanthenes. A mixture of 2-naphthol (2mmol), aldehyde
(1mmol), and CuO-CeO

2
nanocomposite (0.05 g) was added

to a round-bottomed flask. The reaction mixture was placed
in an oil bath at 80∘C and magnetically stirred for the
appropriate times according to Table 1. After completion
of the reaction (monitored by TLC), the mixture reaction
was cooled to room temperature, next acetone (10mL) was
added, and the mixture stirred for 5min. Then, the catalyst
was recovered by filtration to be reused subsequently. The
filtrate was evaporated to dryness, and the solid residue
recrystallized from hot ethanol to give pure products in high
yields. The experimental procedure with this catalyst is very
simple and the catalyst can be removed easily by filtration.
The solid products were easily recrystallized fromhot ethanol
and were obtained in good to high yields during the short
reaction times. Very low amount of the catalyst is needed.
Moreover, our procedure is environmentally friendly as it
does not use any toxic auxiliary or solvent.

2.3. Catalyst Characterization. The catalyst structure charac-
terizationwas performed byX-ray powder diffraction (XRD),
using a Bruker AXS D8 advanced diffractometer equipment
with CuK𝛼 radiation (𝜆 = 1.5406A∘). The Debye-Scherrer
equation is used to determine average crystallite size of
nanoparticles. Field emission scanning electron microscopy
(FESEM) and energy dispersive spectroscopy (EDS) carried
out by a Hitachi S4160 instrument to see the morphology, the
evaluation of cluster size, and the metal composition of the
catalyst. BET specific surface area was estimated from the N

2

adsorption/desorption isotherms, measured at 77∘K using a
Quantachrome CHEMBET-3000 instrument.

3. Results and Discussions

XRD pattern of fresh CuO-CeO
2
nanocomposite calcined

at 450∘C is illustrated (Figure 1). The main reflection placed
at 2𝜃 range of 15–80∘ indicates a cubic fluorite structure

Table 1: Synthesis of Aryl-14H-dibenzo[a-j]xanthenes catalyzed by
CuO-CeO2 nanocomposite.

Entry Aldehyde Time (min) Yield (%)a M. P. (∘C)
1 PhCHO 15 93 185–186
2 2-NO2C6H4CHO 12 91 213–215
3 3-NO2C6H4CHO 15 90 210–211
4 4-NO2C6H4CHO 8 90 310–312
5 2-ClC6H4CHO 12 90 213–215
6 4-ClC6H4CHO 10 91 289–290
7 2,4-Cl2C6H3CHO 12 90 251–252
8 2,6-Cl2C6H3CHO 15 89 267–269
9 4-FC6H4CHO 10 90 237–238
10 2-MeC6H4CHO 18 89 258–260
11 3-MeC6H4CHO 12 90 199–201
12 4-MeC6H4CHO 20 90 228–229
13 4-MeOC6H4CHO 30 89 202–204
14 4-BrC6H4CHO 15 91 296–298
15 4-OHC6H4CHO 45 88 139–141
a
Isolated yield. bProducts were characterized by the comparison of their
spectroscopic data (NMR and IR) and melting points with those reported in
the literature [17, 18].
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Figure 1: XRD pattern of the CuO-CeO

2
nanocomposite catalyst.

with highest intensity at (1, 1, 1) plane that belongs to the
XRD standard JCPDS card number of 43-1002. According
to the pattern of pure CeO

2
(not shown in the figure), only

the diffraction peaks of ceria crystallites are detected, and
there is no peaks related to copper oxide nanoparticles. It is
supposed that fine dispersion and/or amorphous structure
of CuO with low content on the surface of ceria clusters is
responsible for absence of copper oxide peaks at the XRD
pattern [9, 30, 31]. However, there is some difference between
values of unit cell parameters for pure CeO

2
and CuO-

CeO
2
due to lattice shrinkage in surface ceria structure. The

calculation showed 5.45 and 5.42∘A forCeO
2
andCuO-CeO

2
,

respectively. The observed shrinkage may be consequence of
partial incorporation of CuO into the CeO

2
lattice structure

that has been reported for coprecipitation synthesis [30,
31]. The calculated average crystal size of the ceria in the
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Figure 2: FESEM image of the CuO-CeO
2
nanocomposite catalyst.
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Figure 3: EDS analysis of the CuO-CeO
2
nanocomposite catalyst.

catalyst based on dominant peak at 2𝜃 of 28.5∘ using Debye-
Scherrer equation was 7.5 nm. BET specific surface area
result was 131m2/g that confirms estimated value for average
nanoparticle size of the catalyst by XRD test.

Figures 2(a) and 2(b) present FESEM micrograph of the
catalyst at two different magnifications to study the mor-
phology and the evaluation of nanoclusters size of catalyst. It
seems that 7 nmparticles calculated based on the BET surface
area are agglomerated to approximately 33 nm sized clusters
and made bigger nanostructure CuO-CeO

2
catalyst.

EDS analysis (Figure 3) showed the presence of 5.8 and
94.2 wt.% for Cu and Ce elements in the catalyst, respectively.

Optimization of the reaction conditions showed that
the best results in the presence of 0.05 g of CuO-CeO

2

nanostructured catalyst at 80∘Cwere obtained under solvent-
free conditions, when the relative ratio of the aldehyde
and 2-naphthol was 2 : 1, respectively. Using these optimized
conditions, the reaction of various aromatic aldehydes, con-
taining electron-donating and electron-withdrawing groups,
was explored (Table 1). Aliphatic aldehydes remain intact
under the same reaction conditions. Therefore, the method
can be useful for the chemoselective synthesis of Aryl-
14H-dibenzo[a-j]xanthenes from aromatic aldehydes in the
presence of aliphatic ones.

Table 2: Recyclability of CuO-CeO2 nanocomposite.

Run 1 2 3 4 5 6 7 8
Time (min) 15 15 15 18 18 20 20 25
Yield (%)a 93 93 92 92 92 90 88 88
a
Isolated yield.

The activity of the recycle catalyst was also examined
under the optimized conditions, and the desired product
was obtained in high yields after 1–8 runs (Table 2). To
investigate these property for our introduced catalyst, the
reaction of benzaldehyde with 2-naphthol was selected as the
model (Table 2). After each reaction, wewashed and dried the
catalyst with acetone and reused for the next run.This process
was repeated for 8 runs, and no appreciable yield decreasewas
observed.

4. Conclusions

We have developed a new, efficient, and green procedure for
the synthesis of biologically important xanthene derivatives
catalyzed by recyclable CuO-CeO

2
nanostructured catalyst,

under solvent-free conditions. This catalyst can promote the
yields and reaction times over 8 runs without noticeable
loss in its efficiency. Moreover, high yields of products, short
reaction times, ease of workup, and clean operation are the
most important advantages of this method which makes the
procedure beneficial compared to conventional methods.
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