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1. Introduction 
 

It goes without saying that the development of technology 

is strongly influenced by the various applications of metal 

oxide nanomaterials (Mannaa et al. 2021, Yassin et al. 2023). 

However, at present, hybrid metal oxide nanoparticles have 

become a purpose of in-depth researches due to their special 

characteristics, because compared to simple metal oxide 

nanoparticles, they have many advantages, and prospects 

for their application are wide as well (Kannan et al. 2020). 

The various metals having dissimilar oxidation states can be 

used in several ratios and procedures to give hybrid metal 

oxide nanostructures with multi or single-phase structures 

(Abdelrahman and Al-Farraj 2022). In this area, various 

metal ferrites play a special role with their unique properties 

(Al-Shorifi et al. 2022a, b, Tobbala et al. 2022). 

In the last two decades, due to the non-toxicity and 

biocompatibility of magnetite or iron oxide nanoparticles 

(Fe2O3NPs), there has been a great deal of interest for these 

magnetic nanomaterials in several areas such as biomedical, 

biosensing, energy conversion, and environmental applications 

(Nguyen et al. 2021, Ren et al. 2022). Furthermore, copper 

oxide nanoparticles (CuONPs) are one of the anticancer and 

antibacterial agents that also exhibit notable catalytic 

activity with considerable physicochemical properties (Waris 

et al. 2021, Zamani et al. 2021a). In addition, iron and 

copper oxide are inexpensive and low-toxic chemicals. 
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Preparation of CuO and Fe2O3 hybrid nanostructures in 

different forms provides a good chance due to the 

synergistic catalytic performance of Fe2O3 and CuO (Gao et 

al. 2020). Recently, the ability of CuO/Fe2O3 nanocomposites 

in photoelectrochemical water splitting (Kyesmen, et al. 

2021) and the degradation of toxic pollutants (Farahani et 

al. 2022) have been considered. Also, nanostructured CuO/ 

Fe2O3 have improved ammonium perchlorate decomposition 

(Yang et al. 2023). 

Biginelli reaction, which includes the condensation of 

urea or thiourea with ethyl acetoacetate and aldehyde 

derivatives, leads to the production of products with various 

applications. Derivatives of 3,4-dihydropyrimidin-2(1H)-

thiones have properties including calcium channel 

modulation (Malek et al. 2023), α1-drenergic receptor 

antagonism (Majellaro et al. 2021), mitotic kinesin 

inhibition (Guido et al. 2015) and HIVgp-120-CD4 

inhibitors (Patil et al. 2015). The Biginelli reaction is a 

three-component one-pot reaction that is carried out at high 

temperature. Long time and low efficiency are other 

disadvantages of this reaction. To reduce the time and 

temperature of the reaction and increase the efficiency, it is 

inevitable to use a catalyst. Various catalysts have been used 

to improve the conditions for performing the Biginelli 

reaction. Among the catalysts, metal oxides, including 

mesoporous aluminum silicate (Kamat et al. 2023), CeO2 

supported on poly(4-vinyl pyridine-co-divinylbenzene) 

(PVP-DVB)/H2O (Shobha et al. 2009), Bi2V2O7 (Sabitha et 

al. 2005), alumina supported Mo catalysts (Khademinia et 

al. 2015a), nano ZnO as a structure base catalyst (Kouachi 

et al. 2014), MnO2–MWCNT nanocomposites (Tamaddon 
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Abstract.  Maghemite (Fe2O3), copper oxide (CuO), and copper ferrite (CuFe2O4) nanoparticles (NPs) have been synthesized 

from metal nitrate and walnut shell as an inexpensive agricultural residue by a thermal decomposition method followed by open-

air calcination. Also, Fe2O3@CuO NPs and CuO@Fe2O3 NPs (core/shell nanoparticles) have been synthesized by impregnation 

of metal oxide NPs (core) and metal nitrate solution followed by calcination. These NPs further were characterized using 

powder X-ray diffraction, Field emission scanning electron microscopy (FE-SEM), SEM elemental mapping, and energy 

dispersive X-ray spectroscopy (XRD). We find from the FESEM histograms that the average size of all pure and hybrid 

nanoparticles is less than 70 nm. Optimization of the reaction between benzaldehyde, thiourea and ethyl acetoacetate at mild 

reaction conditions in the presence of mentioned metal oxide nanomaterials revealed that CuO@Fe2O3NPs in water provides the 

best results compared to other nanomaterials. In the following, a detailed study was carried out on the Biginelli reaction with 

other benzaldehydes by CuO@Fe2O3NPs. The remarkable thing is that the catalyst is recyclable and the catalyst was reused up 

to five times. In reusing the catalyst, the reaction efficiency did not decrease significantly. 
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and Moradi et al. 2013), TiO2 nanoparticles (Naik et al. 

2009), Mg–Al–CO3 and Ca–Al–CO3 hydrotalcite (Lal et al. 

2012), imidazole functionalized Fe3O4@SiO2 (Javidi et al. 

2015), Alumina supported MoO3 (Jain et al. 2008), ZrO2-

pillared clay (Singh et al. 2006), ZnO nanoparticle 

(Hassanpour et al. 2015), Fe3O4-CNT (Safari and Gandomi-

Ravandi 2014a), TiO2-MWCNT (Safari and Gandomi-

Ravandi 2014b), Fe3O4@mesoporous SBA-15 (Mondal et 

al. 2012), Bi2Mn2O7 (Khademinia et al. 2015b) and RuO2 

(Soleimani et al. 2015), have a special place. Catalyst 

recycling and reuse is very important in the Biginelli 

reaction. If the catalyst can be recycled, it will cause the 

least damage to the environment and will be economically 

viable. The solvent and the product separation method are 

very important parameters in the Biginelli reaction. The 

water is affordable, non-toxic, available and environmentally 

friendly. The use of water is considered one of the important 

principles in green chemistry. 

In the present report, a sustainable and facile technique 

has been investigated to synthesize a family of 

catalytically active pure and mixed Fe2O3 and CuO 

nanostructures. Our major method is the application of a 

native walnut shell as an inexpensive agricultural residue as 

fuel or scarified template that may highlight this technique 

as an ecological, harmless, and low-cost procedure 

(Abdollahzade and Zamani et al. 2023, Zamani et al. 

2019a). Recently, we have disclosed an application of the 

walnut shell in the preparation of nanoceria (Zamani et al. 

2018b), nanomagnesia (Zamani et al. 2019b), and nano-

porous alumina and boehmite (Zamani et al. 2019c). Fe2O3 

and CuO and copper iron oxide (CuFe2O4) nanoparticles 

(NPs) have been produced from metal nitrate and walnut 

shell as an inexpensive agricultural residue by a thermal 

decomposition method via open-air calcination. Furthermore, 

CuO@Fe2O3NPs and Fe2O3@CuONPs (core/shell nano-

structures) have been prepared by impregnation of metal 

oxide NPs (core, CuO or Fe2O3) and metal salt solution 

followed by calcination. So, apart from the pure 

nanoparticles of Fe2O3 and CuO, three dissimilar types of 

nanoparticles including various hybrids of CuO or Fe2O3 

were also synthesized.  

It can be proposed that metal ions become distributed 

across the lignocellulosic matrix through interactions with 

the hydroxyl functional groups present in its structure 

(Zamani et al. 2019c). In this context, lignocellulose serves 

as a structural framework for the deposition of metal oxide 

precursors. Upon incorporation of metal ion species onto 

this biotemplate and subsequent thermal treatment, the 

organic framework decomposes, producing gaseous 

byproducts such as CO, CO₂, and H₂O. The evolution of 

these gases, along with the temperature rise, facilitates the 

formation of metal oxide nanostructures. The ultrafine 

nature of the resulting metal oxide can be attributed both to 

the templating role of lignocellulose, which guides the 

distribution of metal precursors, and to the release of 

decomposition gases, which limit particle growth and 

consequently lead to smaller oxide particle sizes. 

In the following, the synthesis of 3,4-dihydropyrimidin-

2(1H)-thiones was reported through the Biginelli 

condensation reaction in water at 80 oC and in the presence 

of prepared metal oxide NPs. Catalyst reuse, high yield of 

products, short reaction time, simplicity of the method, no 

need for a chromatography column, and easy separation are 

the characteristics of this method. Based on our studies, no 

comparative study has been conducted on the efficiency of 

nanoparticles of copper oxide, iron oxide and their mixture 

in the Biginelli reaction of thiourea. 

 

 

2. Experimental 
 

2.1 General remarks 
 
Ferric nitrate nonahydrate, Fe(NO3)2.9H2O, cupric nitrate 

hexahydrate, Cu(NO3)2.6H2O, were purchased from Merck 

and used without purification. The walnut shell from a local 

walnut tree in Urmia, Iran was crushed using a high-speed 

rotary cutting mill and screened to collect the particles with 

a size smaller than 0.45 mm. X-ray diffraction patterns of 

the synthesized nanostructures obtained from Shimadzu 

XRD-6000 diffractometer with CuKα radiation at room 

temperature. The morphology and elemental observation of 

the nanomaterials were characterized by ZEISS Sigma 300 

Field Emission Scanning Electron Microscope. The end of 

the reaction and the purity of 3,4-dihydropyrimidin-2(1H)-

thiones were determined by thin layer chromatography 

(TLC). The stationary phase in thin layer chromatography 

(TLC) was aluminum plates coated with silica gel 60 F254 

and the mobile phase was n-hexane/ethyl acetate (6/4) 

mixture. The melting point of 3,4-dihydropyrimidin-2(1H)-

thiones was measured by open capillary on Electrothermal 

9200. 

 

2.2 Preparation of metal oxide nanoparticles 
 
Pure nanoparticles (CuONPs and Fe2O3NPs) were 

prepared using the following procedure. Initially, in 100mL 

of deionized water (Millipore, Milli-Q grade) 10 g of 

walnut shell and 6.9 mmol of corresponding metal nitrate 

were mixed at room temperature. After 5 h stirring, the 

water of the resulting mixture was removed through 

evaporation under reduced pressure and the resulting solid 

was calcined at 500 oC for 4 h under open-air conditions. 

By the same method but using 6.9 mmol Fe(NO3)2.9H2O 

and 3.45 mmol Cu(NO3)2.6H2O, CuFe2O4 nanoparticles 

(CuFe2O4NPs) can be produced. Also, CuO@Fe3O4NPs and 

Fe2O3@CuONPs (core/shell nanoparticles) have been 

prepared by impregnation of CuONPs or Fe2O3NPs (core) 

and metal nitrate solution (molar ratio of metal in core to 

metal nitrate: 1:1) and the resulting solid was calcined at the 

same conditions. 

 
2.3 General procedure for the synthesis of 3,4-

dihydropyrimidin-2(1H)-thiones 
 
Thiourea (7.5 mmol, 750.9 mg), ethyl acetoacetate (5 

mmol, 650 mg), aldehyde derivatives (5 mmol), metal oxide 

nanocatalyst and water 50 ml were added in a round-

bottomed flask equipped with a condenser and a magnetic 

stirrer. The contents of the flask were stirred at 80°C. The  
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Fig. 1 FESEM images and size distribution of a) CuONPs, b) Fe2O3 NPs, c) CuFe2O4 NPs, d) CuO@Fe2O3NPs, and e) 

Fe2O3@CuO NPs 
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Fig. 2 Dynamic Light Scattering analysis of a) CuONPs, b) 

Fe2O3 NPs, c) CuFe2O4 NPs, d) CuO@Fe2O3NPs, and e) 

Fe2O3@CuO NPs 

 

 

 

Fig. 3 XRD pattern of a) CuONPs, and b) Fe2O3 NPs 
 

 

 

progress of the reaction was monitored by thin layer 

chromatography (TLC) with mobile phase n-hexane/ethyl 

acetate (6/4) mixture. After the completion of the reaction, 

the reaction mixture was cooled to room temperature. 3,4-

dihydropyrimidin-2(1H)-thiones was extracted by ethyl 

acetate (3×25 ml). After dissolving ethyl acetate by rotary, 

3,4-dihydropyrimidin-2(1H)-thiones was crystallized in 

ethanol. After extraction of 3,4-dihydropyrimidin-2(1H)-

thiones, the reaction residue was filtered and the 

precipitates obtained were washed with acetone (3×25 ml). 

The nanocatalysts were dried at 80°C for 2 hours and 

reused for the next reaction. 

 
 

3. Results and discussion 
 
3.1 Characterization of metal oxide nanoparticles 
 
Figs. 1a-e show SEM images of metal oxide 

nanomaterials, as well as size distributions deduced from 

SEM images. The reported mean diameter by scanning 

electron microscopy of the spherical nanoparticles were 72 

nm, 43 nm, 50 nm, 44nm, 74 nm for CuONPs, Fe2O3NPs, 

CuFe2O4NPs, CuO@Fe2O3NPs, and Fe2O3@CuONPs, 

respectively. Also, SEM images show mainly spherical 

nanoparticles but with various aggregation modes in all of 

the studied samples. It should be mentioned that compared 

to the methods in which agricultural wastes and fruit peels 

are used (Mussttaf et al. 2024) for the synthesis of iron and 

copper oxide nanoparticles and their mixtures, it can be said  
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Fig. 4 a) XRD pattern, b) SEM mapping images, and c) 

EDX of CuFe2O4 NPs 

 

 

that in our method, in addition to the simplicity of the 

method, the size of the synthesized nanoparticles is clearly 

smaller. 

As can be seen, the size of the particles obtained from 

DLS analysis is much larger than the size obtained using 

the FESEM histogram (Fig. 2). This difference is due to the 

principle that the DLS technique provides the hydrodynamic 

diameter of agglomerated particles rather than the real size 

of nanoparticles (Ma et al. 2012). 

X-ray diffraction (XRD) analysis of synthesized different 

metal oxide nanostructures were shown in Fig. 3a. The XRD 

 

 

 
Fig. 5 a) XRD pattern, b) SEM mapping images, and c) 

EDX of CuO@Fe2O3NPs 

 

 

pattern in Fig. 3a matched with the monoclinic structure of 

CuO crystal (JCPDS card 80-1917). An intense diffraction 

peak at 38.76 was detected corresponding to the lattice 

plane (111). Likewise, several other extra at 35.55 (002) and 

48.72 (202), were also observed. Fig. 3b showed a series of 

diffraction peaks at 2θ of 23.95, 33.18, 35.63, 49.44, 53.84, 

57.26 and 62.88 can be attributed to (012), (104), (110), 

(024), (116), (122) and (214) planes, respectively. This 

XRD pattern was indexed to the rhombohedral phase of 

alpha-hematite or α-Fe2O3 (JCPDS card 24-0072). 

Fig. 4a shows the XRD pattern of the CuFe2O4. In the 

XRD spectrum of CuFe2O4, the diffraction peaks at 2θ =  
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Fig. 6 a) XRD pattern, b) SEM mapping images, and c) 

EDX of Fe2O3@CuO NPs 

 

Table 1 Crystalographical data, SEM and DLS based 

diameter of metal oxide nanomaterials 

Nanomaterial 

Peak 

position 

2𝜃 (°) 

FWHM 

(°) 

Crystallite 

size 

D (nm) 

SEM 

diameter 

(nm) 

DLS 

diameter 

(nm) 

CuONPs 38.76 0.24 38 72 76 

Fe2O3NPs 35.63 0.40 23 43 168 

CuFe2O4NPs 35.42 0.61 15 50 76 

CuO@Fe2O3NPs 35.67 0.41 22 44 230 

Fe2O3@CuONPs 38.77 0.36 25 74 130 

29.99, 35.42, 43.06, 56.87, and 62.34 could be indexed to 

the (220), (311), (400), (511), and (440) planes of cubic 

spinel CuFe2O4 (JCPDS card 06-0545). Also, The 

diffraction peak at diffraction angle 2 = 38.81 can be 

related to CuO. As illustrated in Fig. 4b SEM mapping 

images of Cu, Fe and O elements in the CuFe2O4NPs 

confirmed higher contrast distribution of Cu element which 

can be consistent with the formation of CuO and CuFe2O4 

that was also observed in the XRD pattern Fig. 4a. This 

information, along with the EDX elemental analysis (Fig. 

4c), shows that in sample CuFe2O4 NPs, some Fe2O3 

particles were also produced, which were coated by CuO 

and CuFe2O4NPs. 

The CuO@Fe2O3NPs XRD pattern in Fig. 5a revealed 

diffraction peaks at 35.67 (stronger peak) and 38.79 

(weaker peak) which were related to the Fe2O3 and CuO 

respectively, which confirms the core (CuO)/ shell (Fe2O3) 

structure. XRD pattern along with SEM mapping images 

(Fig. 5b) and EDX elemental analysis (Fig. 5c) confirm the 

core shell structure of CuO@Fe2O3NPs. As is clear, Fig. 3b 

shows a higher contrast distribution of Fe element in the 

shell. 

Also, The Fe2O3@CuO NPs XRD pattern in Fig. 6a 

revealed diffraction peaks at 35.56 and 38.77 which were 

related to CuO layer. XRD pattern along with SEM 

mapping images (Fig. 6b) and EDX elemental analysis (Fig. 

6c) confirm core shell structure of Fe2O3@CuONPs. As is 

clear, SEM mapping images Fig. 4b show a higher contrast 

distribution of Cu element in the shell. 

The crystallite sizes of grains were determined through 

Debye Scherrer formula and full-width half maximum 

(FWHM) of the most intense peak. 

D = kʎ / βcosθ Debye Scherrer formula 

Where k = 0.89, ’D’ represents the average crystallite 

size (nm), λ is the wavelength of X-ray (0.15406 nm) and β 

constitutes the FWHM. 

Regarding the possible mechanism of the formation of 

CuONPs, Fe2O3NPs and CuFe2O4NPs metal oxide 

nanomaterials, it can be said that, it is conceivable that the 

metal ions were dispersed on Lignocellulosic biomass 

(walnut shell) via coordination with their hydroxyl groups. 

Therefore, lignocellulosic component act as a template for 

the metal precursors. After dispersion of the metal ions on 

the template and increasing of the temperature, the template 

and nitrate were removed by transformation into CO, CO2, 

NO2 and H2O. Simultaneously with gas release from the 

template, metal nanoparticles is formed due to temperature 

increase. Also, The purity of nanomaterials has been 

investigated by atomic absorption. 

To prepare core-shell nanoparticles, by adding metal 

nitrate to metal oxide nanoparticles and removing water, the 

metal nitrate is distributed and absorbed on the surface of 

the monometal oxide, and then by calcining the resulting 

mixture, a layer of new metal oxide is formed on the 

previous metal oxide nanoparticles. 

 

3.2 Catalytic activity 
 
The catalytic activity of monometal (Fe2O3NPs and 

CuONPs) and bimetal (CuFe2O4NPs, Fe2O3@CuONPs and  
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Table 2 Optimization of catalyzed synthesis of 3,4-dihydro-

pyrimidin-2(1H)-thione 

 

Entry Catalyst Yields (%) 

1 - 8.6 

2 CuONPs 28.3 

3 Fe2O3NPs 13.7 

4 Fe2CuO4NPs 64.2 

5 CuO@Fe2O3NPs 95 

6 Fe2O3@CuONPs 74.5 

 

Table 3 Optimization of amount of the catalyst 

CuO@Fe2O3NPs on the synthesis of 3,4-dihydropyrimidin-

2-thione 

 

Entry Catalyst (mol%) Yields (%) 

1 10 53 

2 15 (120 mg) 95 

3 20 59 

4 25 58 

5 50 50 

 

Table 4 Synthesis of 3,4-dihydropyrimidin-2-thione 

derivatives 

 

Entry R 
Time 

(min) 
Yield (%) 

Melting point (oC) 

Found Reported 

1 H 60 95 207-209 208-210 

2 4-Me 100 88 193-195 192-194 

3 4-MeO 120 85 150-152 152-154 

4 2-HO 70 89 241-243 240-242 

5 3-HO 60 92 180-182 183-185 

6 4-HO 90 86 224-226 220-222 

7 2-O2N 60 87 214-216 215-217 

8 3-O2N 45 90 206-608 208-210 

9 4-O2N 35 95 204-206 206-208 

10 2-Cl 50 87 218-220 219-221 

11 4-Cl 45 96 190-192 188-190 

12 2,4-diCl 50 91 220-222 225-227 

 

 

CuO@Fe2O3ONPs) oxide nanoparticles was first investigated 

using a three-component Biginelli reaction. The experimental 

setup for the Biginelli reaction involves a round-bottom 

flask equipped with a magnetic stirrer and, a reflux 

condenser. Into the flask, benzaldehyde, ethyl acetoacetate, 

and thiourea are added in stoichiometric amounts, in water 

as solvent. Nanocatalysts is introduced to promote the 

reaction. The mixture is stirred and heated to 80 °C. 

Reaction progress is monitored via TLC. After completion, 

the reaction mixture is cooled, and the product typically 

precipitates. Finally, the product is dried and characterized 

using techniques like NMR and melting point analysis. 
Regular investigations were carried out to find the type 

of metal oxide nanostructures as catalyst (Table 2). To find 
the optimal reaction conditions, we performed a reaction of 
benzaldehyde, ethylacetoacetate and thiourea as a model 
reaction at 80 oC in aqueous media. While entry 1 from 
table 2 proves the importance of presence the catalyst in this 
reaction, our studies revealed that among monometal 
(Fe32O3NPs and CuONPs) and bimetal (CuFe2O4NPs, 
Fe2O3@CuONPs and CuO@Fe2O3ONPs) oxide nano-
particles used in the reaction, bimetal oxide nanoparticles 
had resulted in the highest product yields (Table 2, entries 
4-6). The results point out the synergetic effect of bimetal 
oxide catalysts in comparison to the Fe2O3NPs and 
CuONPs. The best performance was attained with 
CuO@Fe2O3 catalyst achieving 95% of the product. As can 
be seen, among the three bimetallic catalysts, the catalysts 
containing core/shell structures (Fe2O3@CuONPs and 
CuO@Fe2O3ONPs) have shown better performance than 
CuFe2O4NPs, which may be due to the amorphous nature of 
these two catalysts and as a result of increasing their 
catalytic properties (Yoon and Cocke 1986). 

In the next stage, we focused on the effect of the amount 

of the catalyst CuO@Fe2O3NPs on the synthesis of 3,4-

dihydropyrimidin-2(1H)-thione (Table 3) and it was found 

that 15 mol% of the catalyst is very suitable for carrying out 

the reaction (Table 3, entry 2). It is necessary to mention, 

the yield of the product was reduced to 50-95 by further 

increasing in quantity of catalyst (Table 3, entries 3-5). The 

observed decrease in yield at higher catalyst loadings can be 

attributed to multiple interrelated factors. Excessive 

amounts of solid nanostructured catalyst may lead to mass 

transfer limitations due to increased viscosity or reduced 

substrate diffusion. Additionally, higher concentrations can 

promote nanoparticle agglomeration, thereby reducing the 

available active surface area. Overloading may also impair 

proper mixing and heat distribution within the reaction 

medium, negatively affecting reaction kinetics and overall 

efficiency (Liu et al. 2009). 

Under these optimized process conditions, the reaction 

between several benzaldehydes, ethyl acetoacetate and 

thiourea was subsequently applied in water at 80 oC in the 

presence of CuO@Fe2O3NPs as the catalyst (Table 4). It is 

also clear from the tabulated results, that either electron-

poor or-rich benzaldehydes reacted well under the reaction 

conditions to attain the corresponding dihydropyrimidinones 

in high-to-quantitative yields with high purity. Electron-rich 

benzaldehydes containing 4-methyl or 4-methoxy (Table 4, 

entries 2-4, 6) substituents react at a slower rate than 

benzaldehyde, and on the contrary, electron-deficient 

benzaldehydes containing nitro or chloro substituents react 

at a faster rate than benzaldehyde (Table 4, entries 8-12). It  
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Scheme 1 The Suggested mechanisms for synthesis of 3,4-

dihydropyrimidin-2(1H)-thiones 

 

 

 

Scheme 2 Reusability of catalyst CuO@Fe2O3 

 

 

Fig. 7 SEM image of CuO@Fe2O3NPs after 5th recycling 

 

 

should be noted that the comparison of entries 4 and 6 gives 

good information about the mechanism. As expected, the 

electron-rich reagents such as 4-hydroxybenzaldehyde 

participate in the reaction at a slower rate, but based on the 

electronic properties, the same is expected from the 2-

hydroxybenzaldehyde. However, the latter reagent shows 

more reactivity than 4-hydroxybenzaldehyde. The reason 

for this observation can be found in the chelating ability of 

2-hydroxybenzaldehyde-based Schiff base (Parambadath et 

al. 2020) intermediate B for metal ions (Scheme 1). 

Therefore, considering the three main proposed pathways as 

the mechanism of the Biginelli reaction, it can be said that 

our proposed mechanism in the current research is the imine 

pathway. 

The CuO@Fe2O3NPs catalyst was chosen as the best 

catalyst, due to its aforesaid characteristics, its recyclability 

was examined over five continual runs. The recovered 

catalyst was successfully used in four subsequent reactions 

and exhibited consistent catalytic activity without a 

significant loss of its catalytic activity (Scheme 2). Also, the 

SEM image of the catalyst after 5 times of recycling (Fig. 7) 

shows that there was no significant change in the size of the 

nanoparticles and therefore no significant change was seen 

in the efficiency of the recycled catalyst. 

Based on the investigations, most of the methods that 

have been presented in the field of Biginelli reaction by 

thiourea have been done in ethanol as a solvent and in 

relatively long times (Chandravarkar et al. 2023). But 

according to our method, this reaction can be done in water 

solvent in 35-120 minutes. 

It should be noted that the present method offers a more 

cost-effective and facile approach compared to other 

strategies that rely on expensive catalysts such as 

praseodymium (III) nitrate (Stiti et al. 2025) or those that 

require complex and multi-step synthesis procedures nitrate 

(Taravati et al. 2025). Moreover, unlike many conventional 

methods, this approach avoids the use of environmentally 

hazardous reagents and eliminates the need for harsh acidic 

(Bouafina et al. 2025) conditions, making it both eco-

friendly and operationally simpler. 
 

 

4. Conclusions 
 

Pure nanoparticles Fe2O43NPs and CuONPs, and also 

copper ferrite, CuFe2O4NPs were successfully prepared by 

adsorption of metal ions on inexpensive agricultural 

residue, walnut shell and calcination under open-air 

conditions without using any precipitating agents, stabilizer 

or controlling pH. In the following step, CuO@Fe2O3NPs 

and Fe2O3@CuONPs (core/shell nanostructures) have been 

produced by impregnation of metal oxide nanoparticles as 

core and metal ion aqueous solution followed by calcination. 

Nanomaterials were characterized by XRD, FESEM, and 

EDX. The prepared nanometal oxides were used as hetero-

geneous catalysts for the synthesis of 3,4-dihydropyrimidin-

2(1H)-thiones. It was found that CuO@Fe2O3 nanocatalyst 

performs better for the synthesis of 3,4-dihydropyrimidin-

2(1H)-thiones. One of the features of the present work was 

the use of water as a green solvent under 80 oC. Performing 

the reaction in a short time with high efficiency is one of the 

important points of this method. Another feature of the 

present work is the possibility of reusing the catalyst 

without significantly reducing the product efficiency.  

Our findings show that it is possible to synthesize 

nanostructures containing different mixtures of metal oxides 

in a simple, green and cost-effective way, and these mixed 

metal oxide nanostructures can provide different catalytic 

results than monometal oxide nanoparticles. The investigation 

of synergistic effects in mixed metal oxides in catalytic 
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reactions can lead to the creation of a new generation of 

catalysts in the field of production of fine and bulk 

chemicals. 
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