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Abstract 

In this study, a green and efficient one-pot multi-component protocol was developed for synthesizing 

a wide range of xanthene derivatives using (Z-NTS@Cu) as an eco-friendly and recyclable Nano-

catalyst. The reactions proceeded under solvent-free conditions, providing excellent yields. The 

heterogeneous catalyst was prepared via stepwise surface modification of zeolite, which serves as a 

high-surface-area support with functionalizable active sites. The zeolite was first modified with 3-

aminopropyl triethoxysilane (APTES) to introduce amino groups, followed by anchoring of cyanuric 

chloride (TCT) as a triazine linker, and subsequent immobilization of thiosemicarbazide. This 

functionalization created nitrogen and sulfur donor sites capable of stable copper coordination. 

Comprehensive characterization of the catalyst was performed using FT-IR, XRD, SEM, TEM, BET, 

TGA, EDX-EDS, and EDX mapping analyses, confirming successful functionalization and uniform 

copper distribution. The synergistic effect between the zeolite framework and the copper-

thiosemicarbazide complex contributed to high catalytic activity and selectivity in multi-component 

reactions. The catalyst’s heterogeneous nature allowed straightforward separation and reuse for up 

to six consecutive cycles without significant loss of efficiency. Importantly, the reactions proceeded 

under mild conditions, highlighting the catalyst’s practicality and environmentally benign profile. 

Overall, the Z-NTS@Cu nanocatalyst represents a sustainable, reusable, and highly effective system 

for the green synthesis of xanthene derivatives, combining high performance, ease of recovery, and 

minimal environmental impact. Its design demonstrates how functionalized zeolite-supported copper 

complexes can advance eco-friendly organic synthesis while maintaining operational simplicity and 

excellent catalytic outcomes.  
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1. Introduction 

 

As global awareness of the environmental impacts related 

to industrial activities increases, considerable efforts have 

been directed toward the development of eco-friendly 

sustainable approaches to chemical synthesis[1-3]. In this 

context, the development of green chemical systems that 

reduce energy consumption [4], limit the use of toxic 
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solvents and hazardous materials, while maintaining high 

efficiency and selectivity, has emerged as a central 

objective of sustainable chemistry [5–8]. Among the 

principal strategies in green chemistry, the use of 

recyclable heterogeneous catalysts plays a critical role in 

reducing environmental impacts and advancing cleaner 

industrial processes [9, 10]. Consequently, the 

development of green and sustainable catalytic systems 

[11, 12] for chemical synthesis has become a scientific 

imperative [13, 14]. Green and sustainable synthetic 

systems employ a range of support materials to achieve 

high catalytic efficiency while minimizing environmental 

impact [15, 16]. Among these, crystalline porous 

materials[17] include zeolites, ordered mesoporous silica, 

and metal organic frameworks (MOFs) [18, 19]. Although 

their common features endow these porous materials with 

many advantageous properties, their differences 

determine the advantages and disadvantages for particular 

applications, especially catalysis.  

    Zeolites, owing to their crystalline porous architecture 

and hydrated alumina-silicate frameworks, exhibit large 

internal and external surface areas [20] that can be readily 

modified through surface functionalization [21, 22]. Such 

functionalization is commonly accomplished through 

covalent attachment of organic or inorganic functional 

groups [23], including amines, thiols or halogenated 

moieties, thereby enabling the stable immobilization of 

catalytic species or metal ligands [24, 25]. Surface 

modification of zeolites not only increases the density and 

uniform dispersion of active sites but also enhances their 

thermal and chemical stability under multistep reaction 

conditions, effectively suppressing metal leaching and 

aggregation [26, 27]. Moreover, surface functionalization 

modulates the physicochemical properties of zeolites, 

including acidity, hydrophobicity, and pore confinement 

effects, which can directly influence catalytic activity, 

selectivity [28], and reaction kinetics [29, 30]. For 

example, the incorporation of acidic or basic 

functionalities can facilitate electron transfer processes 

and strengthen interactions between reactants and metal 

active sites. Consequently, functionalized zeolites are 

widely recognized as advanced supports for green and 

sustainable synthesis, playing a crucial role in enhancing 

the efficiency, selectivity, and long-term stability of 

heterogeneous catalysts [31, 32].  

    The aim of this project is to design, synthesize, and 

systematically evaluate the catalytic performance of the 

Nano-composite (Z-NTS@Cu). This catalyst operates as 

an efficient heterogeneous copper-based system owing to 

the synergistic interactions between the zeolite support 

and the immobilized Cu–thiosemicarbazide complex. The 

zeolite framework offers a high surface area, thermal 

stability, and accessible acidic sites, which promote 

substrate adsorption and enhance reaction rates. 

Functionalization with APTES facilitates the covalent 

attachment of cyanuric chloride [33], serving as a rigid 

Triazine linker that enables the stable immobilization of 

thiosemicarbazide ligands. The thiosemicarbazide 

moiety, featuring nitrogen and sulfur donor atoms, 

strongly coordinates copper ions [34], resulting in well-

dispersed and stable Cu active centers on the support. 

These copper sites act as Lewis acidic and redox-active 

centers, facilitating the efficient activation of organic 

substrates, including alkynes, carbonyl compounds, and 

heteroatom-containing reactants. Accordingly, the 

catalyst demonstrates high activity across a range of 

organic transformations, such as C–N and C–S coupling 

reactions, multicomponent reactions, Michael-addition 

[35], and Knoevenagel-type [36, 37] processes. The 

heterogeneous nature of the catalyst enables facile 

separation from the reaction mixture and substantially 

minimizes copper leaching, ensuring excellent 

recyclability and long-term operational stability. 

 

2. Experimental 

 
2.1.  Materials 

 

All chemicals were purchased from Merck and Sigma-

Aldrich and used without further purification. 

 

2.2. Instruments 

 

The physicochemical properties of the synthesized 

materials were investigated using several analytical 

techniques. Melting points were measured with an IA9100 

electrothermal apparatus. Fourier-transform infrared (FT-

IR) spectra were recorded on a Shimadzu IR-470 

spectrophotometer. ¹H and ¹³C nuclear magnetic 

resonance (NMR) spectra were recorded on a Bruker 400 

MHz NMR spectrometer. Transmission electron 

microscopy (TEM) images were obtained using a Philips 

EM-208S microscope, and scanning electron microscopy 

(SEM) images were collected with a MIRA III-XMU 

instrument. X-ray diffraction (XRD) patterns were 

recorded using a Philips PW-1830 diffractometer. The 

specific surface area and textural properties were 

determined by Brunauer–Emmett–Teller (BET) analysis 

using nitrogen adsorption–desorption isotherms, and 

Thermogravimetric analysis (TGA) was performed on a 

Q600 instrument (TA Instruments). 

 

2.3. Synthesis of Z-PrNH2 

 

Nano-zeolite (1.0 g) was dispersed in 30 mL of anhydrous 

toluene and refluxed for 25 min under a nitrogen 

atmosphere. Subsequently, 3 mL of 3-

aminopropyltriethoxysilane (APTES) was added, and the 

reaction mixture was refluxed for 18 h. Upon completion 

of the reaction, the resulting solid was separated by 

filtration. After cooling to room temperature, the solid was 
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further collected by centrifugation. To remove unreacted 

APTES, the solid was subjected to Soxhlet extraction with 

200 mL of ethanol for 24 h [38, 39]. 

 

2.4. Synthesis of Z-NT 

 

1.0 g of the Nano-particles obtained in the preceding step 

was dispersed in 40 mL of anhydrous tetra-hydrofuran 

(THF). Subsequently, cyanuric chloride (TCT) (0.5 g) and 

Et₃N (0.3 g) were added to the suspension, and the 

reaction mixture was stirred at 0–5 °C. After completion 

of the reaction, the nanoparticles were isolated by 

centrifugation and washed repeatedly with THF [40]. 

 
2.5. Synthesis of Z-NTS 

 

1.0g of Z-NT was dispersed in 30 mL of anhydrous 

tetrahydrofuran (THF). Subsequently, thiosemicarbazide 

(0.5 g) and Et₃N (0.3 g) were added to the reaction 

mixture at 0–5 °C, and the suspension was stirred for 12 

h. The resulting nanoparticles were then separated using 

an external magnetic field and washed repeatedly with 

ethanol (EtOH) [41]. 

 

2.6. Synthesis of Z-NTS@CU 

 

1.0 g of the Nano-catalyst Z-NTS was dispersed in 30 mL 

of ethanol (EtOH), after which Cu(OAc)₂ (0.91 g) was 

added. The reaction mixture was stirred at 70 °C for 18 h. 

Upon completion, the catalyst was recovered by 

centrifugation and washed repeaztedly with ethanol 

(Scheme 1). 

 

2.7. General procedure for synthesis of xanthene 

derivatives 

 

As shown in Scheme 2, a mixture of benzaldehydes (1 

mmol), 1,3-cyclohexanedione (dimedone, 1 mmol), and 

2-naphthol (β-naphthol, 1 mmol) was added to a reaction 

vessel containing the synthesized Z-NTS@CU catalyst 

(10 mg). The resulting mixture was stirred under solvent-

free conditions at 70 °C, and the reaction progress was 

monitored by thin-layer chromatography (TLC). After 

completion, the reaction mixture was allowed to cool to 

room temperature, followed by the addition of ethyl 

acetate (10 mL). The catalyst was separated by 

centrifugation, and the supernatant was washed with water 

(10 mL). Finally, the crude product was purified by 

recrystallization from ethanol. 

 

2.8. Optimization of reaction conditions 

 

The reaction conditions for the synthesis of xanthene 

derivatives were optimized using a model three-

component reaction of 2-hydroxybenzaldehyde, 

dimedone, and β-naphthol catalyzed by Z-NTS@CU. 

Important parameters, including solvent, amount of  

Nano-catalyst, reaction time, and temperature, were 

investigated to maximize catalytic efficiency. The effect 

of Z-NTS@CU nanocatalyst loading on reaction 

efficiency was examined by varying the catalyst amount 

while keeping all other reaction parameters constant.  

    Catalyst loadings of 5, 10, 15, and 20 mg were 

evaluated. As summarized in Table 1, increasing the 

catalyst amount from 5 to 10 mg resulted in a marked 

improvement in reaction efficiency. However, further 

increases beyond 10 mg did not lead to any noticeable 

enhancement, indicating that 10 mg is the optimal catalyst 

loading for this transformation. 

    Solvent screening revealed that nonpolar solvents 

afforded low yields and prolonged reaction times, while 

polar aprotic solvents showed moderate performance due 

to partial coordination to the Lewis acidic copper centers. 

Polar protic solvents significantly improved reaction 

outcomes; however, the highest yield and shortest reaction 

time were achieved under solvent-free conditions. 

Evaluation of reaction time demonstrated that product 

yield increased with time until complete conversion was 

reached, after which no further improvement was 

observed. Temperature optimization indicated that 

elevated temperatures enhanced reaction rate and yield up 

to an optimal point, beyond which no significant benefits 

were observed. Accordingly, the optimal conditions for 

xanthene synthesis were identified as solvent-free 

operation at 70 °C with a reaction time of 20-30 min 

(Table 2). 

 
Scheme 1. Steps for Synthesis of Z-NTS@CU Nano-catalyst 

 

Scheme 2. synthesis of xanthene derivatives 
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Table 1. Optimization of Z-NTS@CU Nano-catalyst amount  (mg) 

Entry Catalyst amount (mg) Efficiency (%) 

1 5 80 

2 10 98 

3 15 98 

4 20 98 

 

 

3. Results and discussions 

 

 3.1. Characterization of Z-NTS@CU Nano-Catalyst 
 

  3.1.1. Fourier transform infrared spectroscopy (FT-IR) 

 

The FT-IR spectrum of the parent zeolite displays 

characteristic absorption bands associated with the 

aluminosilicate framework and surface hydroxyl groups. 

A strong band at 1000–1100 cm⁻¹ corresponds to the 

asymmetric stretching of Si–O–Si and Si–O–Al bonds, 

confirming the structural integrity of the zeolite, while a 

weaker band near 800 cm⁻¹ is attributed to symmetric Si–

O–Si stretching, typical of crystalline zeolites. Bands in 

the 500–600 cm⁻¹ range are assigned to double-ring 

vibrations of the zeolite structural units. Functionalization 

with APTES introduces organic features, evidenced by a 

broad band at 3900–3600 cm⁻¹ due to –OH stretching of 

surface silanols and adsorbed water, a shoulder at 3370–

3180 cm⁻¹ corresponding to N–H stretching of amino 

groups, and bands at 2990–2850 cm⁻¹ assigned to –CH₂– 

stretching of the propyl chain, confirming successful 

grafting of the organic moiety. The zeolite framework 

remains intact, as indicated by persistent strong bands at 

1000–1200 cm⁻¹. Additional bands at 1500–1650 cm⁻¹ 

correspond to C=N stretching of the triazine ring, and 

weak bands at 650–850 cm⁻¹ are attributed to residual C–

Cl stretching from cyanuric chloride. Further 

functionalization with thiosemicarbazide is confirmed by 

N–H stretching at 3100–3400 cm⁻¹ and C=O/C=S 

stretching around 1630–1650 cm⁻¹, accompanied by a 

slight decrease in the broad –OH band (3700–3850 cm⁻¹) 

due to reaction with surface hydroxyls. C–H stretches of 

the propyl chain (2850–2950 cm⁻¹) and the characteristic 

zeolite framework bands (1000–1200 cm⁻¹) remain 

unchanged. Upon copper coordination, the characteristic 

vibrations of the zeolite and organic linkers are preserved, 

while slight shifts in N–H stretching (3200–3400 cm⁻¹) 

and N–H bending vibrations, as well as bands at 1500–

1700 cm⁻¹ corresponding to C=N (cyanuric chloride) and 

C=S (thiosemicarbazide) stretching, indicate Cu–N and 

Cu–S interactions. Minor residual C–Cl bands (650–850 

cm⁻¹) are also observed, confirming the maintenance of 

functionalized features and successful copper 

immobilization (Fig. 1). 

3.1.2. X-ray diffraction (XRD) analysis 

 

The X-ray diffraction pattern of Z-NTS@CU exhibits the 

characteristic diffraction reflections of the zeolite 

framework at 2θ: 7° and 22°, 25°, indicating that the 

crystalline structure of the zeolite is well preserved 

following surface functionalization. In comparison with 

pristine zeolite, a noticeable reduction in peak intensity 

accompanied by slight peak broadening is observed, 

which can be attributed to successful grafting of organic 

moieties and a partial increase in amorphous character 

without inducing structural collapse. Furthermore, the 

presence of weak and broad diffraction peaks at 2θ: 35°, 

43, 45° and 50° is assigned to copper species (Cu⁰ or 

Cu₂O,CuO), implying their high dispersion and Nano-

scale crystallite size on the zeolite surface, with no 

evidence of bulk copper phase formation (Fig.2). 

 

3.1.3. Thermo-gravimetric analysis (TGA) 

 

The TGA curves of Z-PrNH₂, Z-NTS, and Z-NTS@Cu 

are presented in Fig. 3 and provide valuable insights into 

the thermal stability of the materials as well as the amount 

of organic matter immobilized on the zeolite framework. 

For Z-PrNH₂, an initial weight loss of approximately 5–

7% is observed in the temperature range of 30–150 °C, 

which can be attributed to the removal of physically 

adsorbed moisture and residual solvents. A subsequent 

gradual weight loss of about 12–15% occurs between 150 

and 700 °C and is associated with the thermal 

decomposition of amino-propyl groups grafted onto the 

zeolite surface, indicating good stability of this surface 

modification. In comparison, Z-NTS exhibits a noticeably 

higher weight loss than Z-PrNH₂. The initial weight loss 

of around 6–8% below 150 °C corresponds to the 

elimination of adsorbed water. The main decomposition 

stage takes place in the temperature range of 200–500 °C, 

accounting for approximately 25–30% of the total weight, 

and is attributed to the degradation of organic moieties 

introduced through the attachment of cyanuric chloride 

and thiosemicarbazide to the zeolite structure. This 

multistep degradation behavior confirms the successful 

execution of the stepwise chemical functionalization. 

Among the samples, Z-NTS@Cu shows the highest 

weight loss, reflecting the increased loading of organic 

components and copper-containing complexes. An initial 

weight loss of about 5–6% below 150 °C is again 

associated with the removal of surface moisture. The most 

pronounced weight loss occurs between 300 and 400 °C, 

with a value of approximately 30–35%, which is assigned 

to the decomposition of organic ligands and copper 

coordination complexes. The total weight loss reaches 

approximately 40–45% at 700 °C, while the inorganic 

zeolite framework retains its thermal stability.

 

https://doi.org/10.57647/IJIC.2026.1702.08


83                                                                                                                                                                        Haghshenas et al., Int. J. Ind. Chem., 17(2) 2026                                                                                                                                                         

10.57647/ijic.2026.1702.08 

Table 2. Optimization of the synthesis conditions of xanthene derivatives in the presence of the Z-NTS@CU Nano-catalyst 

Entry Solvent Conditions Time (min) Catalyst amount (mg) Yield (%) 

1 Solvent-free 70 °C 30 10 98 

2 H₂O Reflux 45 10 78 

3 EtOH Reflux 30 10 90 

4 EtOH:H₂O (1:1) Reflux 35 10 88 

5 MeOH Reflux 40 10 82 

6 CH₃CN Reflux 50 10 70 

7 CH₂Cl₂ Reflux 60 10 65 

8 Toluene Reflux 90 10 55 

9 DMF 100 °C 60 10 68 
 

 

 

Figure 2.  XRD analysis of Z-NTS@CU Nano-catalyst 

 
Figure 1.  FT-IR spectrum of the synthetic steps of Z-NTS@CU Nano-

catalyst 
Figure 3.  TGA curves of Z-NTS@CU Nano-catalyst 

3.1.4. Brunauer–Emmett–Teller (BET) analysis 
 
Nitrogen adsorption–desorption analysis indicates that 

stepwise surface modification of the zeolite and 

subsequent immobilization of copper species have a 

pronounced impact on the textural properties of the 

materials. The Z-PrNH₂ sample exhibits a BET specific 

surface area of 17.05 m² g⁻¹, an average pore diameter of 

20.3 nm, and a total pore volume of 0.09 cm³ g⁻¹ (Table 

3), reflecting a predominantly mesoporous structure. 

Following chemical functionalization and copper loading, 

the specific surface area of Z-NTS@Cu decreases 

markedly to 6.19 m² g⁻¹, accompanied by a reduction in 

pore diameter of 16.4 nm and pore volume of 0.03 cm³ g⁻¹ 

(Table 4). These changes can be attributed to the 

occupation and partial blockage of zeolite channels by 

grafted organic ligands and copper coordination 

complexes. The t-plot analysis further supports this trend. 

Z-PrNH₂ displays a total specific surface area of 10.63 m² 

g⁻¹, with the dominant contribution arising from 

micropores (10.51 m² g⁻¹), while the external surface area 

contributes negligibly (0.12 m² g⁻¹). In contrast, Z-

NTS@Cu shows a substantial decrease in both micropore 

surface area (2.42 m² g⁻¹) and total specific surface area 

(2.62 m² g⁻¹), providing clear evidence that a significant 

fraction of the micropores is filled by immobilized organic 

and metal species. Overall, these textural modifications 

confirm the successful formation of the Z-NTS@Cu 

nanocatalyst with well-defined and effectively confined 

active sites. 

   BET and t-plot analyses of Z-PrNH₂ and Z-NTS@Cu 

reveal the effects of sequential functionalization and Cu 

immobilization on porosity. The linear BET region (p/p₀ 

= 0.05–0.30) confirms the mesoporous nature of both 

materials. Z-NTS@Cu exhibits consistently lower 

nitrogen uptake compared to Z-PrNH₂, reflecting a 

significant reduction in accessible surface area due to pore 
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occupation by grafted organic groups and coordinated Cu 

species. t-plot analysis further shows that Z-PrNH₂ 

maintains substantial micropore volume, whereas Z-

NTS@Cu displays a reduced slope, indicating 

pronounced micropore filling and associated loss of 

surface area resulting from the immobilized organic 

framework and Cu complexes (Fig. 4). 
 
3.1.5. Transmission electron microscopy (TEM) analysis 
 
TEM analysis confirms successful stepwise surface 

functionalization and effective copper immobilization in 

the Z-NTS@CU composite. The zeolite framework 

remains structurally intact, with a uniformly distributed 

thin organic layer on the particle surfaces. Copper species 

are finely and homogeneously dispersed without 

aggregation, indicating strong coordination with the 

nitrogen- and sulfur-containing functional groups (Fig. 5). 
 
3.1.6. Field emission scanning electron microscopy (FE-

SEM) analysis 
 
FE-SEM analysis of the Z-NTS@CU Nano-catalyst 

reveals systematic morphological evolution, confirming 

the successful functionalization of the zeolite surface. The 

pristine zeolite maintains its crystalline structure, while 

successive modifications increase surface roughness and 

heterogeneity. Copper species are uniformly dispersed on 

the surface without aggregation, indicating successful 

immobilization and preservation of the zeolite framework 

(Fig.6). 
 
3.1.7. Energy-dispersive X-ray analysis (EDX) 
 
EDX analysis of Z-NTS@CU confirms the successful 

stepwise functionalization of the zeolite and effective 

copper incorporation. The spectrum shows the 

characteristic elements of the zeolite framework, with Si 

(13.93 w%) and Al (6.99 w%) indicating that the 

structural integrity is maintained, while O (17.48 w%) 

originates from both the zeolite lattice and the grafted 

organic layers. The presence of C (21.96 w%) and N 

(4.45 w%) confirms the attachment of APTES, cyanuric 

chloride. Copper is detected at 16.68 w%, demonstrating 

its successful immobilization on the functionalized zeolite 

surface (Fig. 7). 

    EDX mapping analysis of the Nano-catalyst confirms 

the presence and homogeneous distribution of all 

expected elements within the composite structure. The 

elemental maps demonstrate a uniform dispersion of the 

functional groups (APTES@TCT@S) and metal (Cu) 

across the zeolite surface (Fig. 8). 
 
3.2. Efficiency of Z-NTS@CU Nano-Catalyst for 

synthesis of xanthene derivative 

 
As shown in Table 5, The Z-NTS@CU Nano-catalyst 

demonstrated high efficiency in the one-pot synthesis of 

xanthene derivatives. Under mild conditions, the reactions 

proceeded smoothly, affording the target products in 

excellent yields (80–98%). This notable catalytic 

performance can be attributed to the synergistic 

contribution of its components: the zeolite provides a 

high-surface-area support, APTES and cyanuric chloride 

facilitate effective anchoring of thiosemicarbazide, and 

the immobilized copper functions as the active site for 

carbonyl activation. The catalyst also exhibited rapid 

reaction kinetics, completing the condensations within 

20–30 min depending on the aldehyde substrate. 

Moreover, it is readily recoverable and reusable, retaining 

its activity over six consecutive cycles without significant 

loss of efficiency. EDX mapping confirmed uniform 

copper dispersion, correlating with the consistent catalytic 

performance observed. 

    As shown in Scheme 3, the synthesis of xanthene 

derivatives proceeds via Z-NTS@CU -catalyzed 

multistep condensation pathway. The catalyst activates 

the aldehyde carbonyl group through Lewis acid 

coordination, facilitating a Knoevenagel-type 

condensation with the enol form of dimedone to form a β-

hydroxy intermediate, which subsequently undergoes 

dehydration to yield an α,β-unsaturated carbonyl 

compound. This intermediate then participates in a 

Michael-type addition with 2-naphthol, followed by 

intramolecular cyclization and final dehydration to 

construct the xanthene structure. Throughout the process, 

the copper-based catalyst enhances reaction efficiency by 

activating carbonyl groups, stabilizing intermediates, and 

promoting proton transfer, enabling high product yields 

under mild reaction conditions. 

Table 3. N2 adsorption-desorption isotherm data (BET)T 

Catalyst Surface area (m2 g-1) Mean pore diameter (nm) Total pore volume (cm3 g-1) 

Z-PrNH2 17.05 20.3 0.09 

Z-NTS@Cu 6.19 16.4 0.03 

 

Table 4. N2 adsorption-desorption isotherm data (t-plot) 

Catalyst 
Total specific surface 

area (a1, m2 g-1) 

External specific surface area 

(a2, m2 g-1) 

Micropore area 

(a1- a2, m2 g-1) 

Z-PrNH2 10.63 0.12 10.51 

Z-NTS@Cu 2.62 0.2 2.42 
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Figure 7. The EDX-EDS analysis of Z-NTS@CU Nano-catalyst 

 

 
Figure 8. The EDX-Mapping analysis of Z-NTS@CU Nano-catalyst 

 

 

 

Figure 4. BET and t-plot of Z-PrNH₂ and Z-NTS@Cu 

 

 

 

 

 

Figure 5. TEM results of Z-NTS@CU Nano-catalyst 

 

 

 

 

Figure 6. FE-SEM results of Z-NTS@CU Nano-catalyst Scheme 3. Reaction mechanism for synthesis of xanthene derivatives 
via Z-NTS@CU-catalyzed 

 
3.3. Spectral data for selected products 
 
A detailed description of Spectral data for selected 

products can be found in the Supplementary Information 

(Section 2). 
 
3.4. Comparison of   the proposed method with 

published methods 

 

The Z-NTS@CU nanocatalyst is highly efficient and 

practically applicable for the synthesis of xanthene  

 

derivatives. Under mild reaction conditions, it effectively 

catalyzes the condensation of benzaldehydes with 

dimedone and β-naphthol, affording excellent yields (85–

98%) within short reaction times (20–30 min). As 

summarized in Table 6, this performance is comparable to 

or superior to several reported catalytic systems, including 

HPA-CDNS/NH₂, DABCO, (NH₂SO₃H), NH₂SO₃H, 

(NH₄)₂Ce(NO₃)₆, Sr(OTF)2, H4[Mo12PO40], and 

H₁₄NaP₅W₃₀O₁₁₀, which often suffer from longer 

reaction times, limited recyclability, homogeneous 

reaction conditions, or complex preparation methods. The 
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superior activity of the Z-NTS@CU catalyst is attributed 

to its high surface area, multifunctional organic anchoring 

sites, and immobilized copper species.  this Nano-catalyst 

provides a robust, reusable, and environmentally benign 

platform that balances high catalytic efficiency, mild 

conditions, and excellent recyclability, making it a 

competitive or superior alternative for xanthene synthesis. 

 

 

Table 5.  Efficiency of Z-NTS@CU Nano-Catalyst for synthesis of xanthene derivative 

 

Entry Product Time(min) m.p (◦C) Yield (%) 

1 

 

30 228-230 98 

2 

 

25 183-185 86 

3 

 

30 170-174 84 

4 

 

20 200-202 92 

5 

 

30 224-226 88 

6 

 

30 178-180 83 

7 

 

20 164-166 94 

8 

 

20 238-240 90 

9 

 

30 182-184 85 
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Table 5.  Efficiency of Z-NTS@CU Nano-Catalyst for synthesis of xanthene derivative (Continued) 

 
Entry Product Time(min) m.p (◦C) Yield (%) 

10 

 

30 184-186 85 

11 

 

30 180-182 82 

12 

 

30 230 - 232 81 

13 

 

25 202-204 90 

14 

 

30 168-170 85 

15 

 

30 224-226 82 

16 

 

30 162-164 85 

17 

 

30 176-178 88 

18 

 

25 221-223 94 

19 

 

30 260-262 95 

20 

 

30 220-222 90 
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Table 6. Comparison of the proposed method with published methods 

Catalyst/System Reaction Conditions Yield (%) Reaction Time Ref. 

Z-NTS@CU Nano-catalyst Solvent-free (70 °C) 80–98 20–30 min This work 

H14NaP5W30O110
a Water ( Reflux) 79 2 h [42] 

H4[Mo12PO40]b Water ( Reflux) 81 2 h [42] 

DABCO Water ( Reflux) 60 4 h [42] 

HPA-CDNS/NH2c Water ( Reflux) 91 1 h [43] 

(NH₂SO₃H)d Water ( Reflux) 79 3 h [42] 

(NH₄)₂Ce(NO₃)₆e DCM–ethanol (Ultrasound) 85 2 h [44] 

Sr(OTF)2
f ClCH2CH2Cl (80 °C) 85 5 h [44] 

a polyoxometalate,  b phosphomolybdic acid (PMA),   c heteropoly acid (HPA),   d Sulfamic acid, e ceric ammonium nitrate (CAN), 

f strontium-trifluoromethanesulfonate 

3.5. Recyclability of the Z-NTS@Cu Nano-catalyst 

 

The Z-NTS@Cu Nano-catalyst consists of copper (Cu) 

nanoparticles immobilized on a zeolite nanostructured 

support (Z-NTS), combining the high surface area and 

structural stability of the support with the catalytic activity 

of copper. A major advantage of this catalyst is its 

reusability over multiple reaction cycles. Its recoverability 

depends on the stability of the support, the prevention of 

copper nanoparticle aggregation or leaching, and the 

retention of catalytic activity for up to six cycles (Fig.9).  

    The zeolite’s high porosity and mechanical strength 

help keep the copper nanoparticles well-dispersed and 

stabilized, minimizing dissolution into the reaction 

medium. Recovery typically involves separating the 

catalyst by centrifugation or filtration, washing with 

ethanol, and drying before reuse. Studies show that Z-

NTS@Cu exhibits only a slight decrease in activity after 

several cycles, and its efficiency remains nearly constant 

in many reactions. If needed, its activity can be restored 

through mild activation, such as brief heating or simple 

chemical treatment. 

 

4. Conclusion 

 

Herein, describe an eco-friendly and novel methodology 

for the synthesis of xanthene derivatives using Z-

NTS@CU as a recoverable Nano-catalyst under solvent-

free conditions. The newly developed heterogeneous 

catalyst demonstrated high efficiency across a wide range 

of aromatic aldehydes bearing various substituents, 

affording the desired products in excellent yields. The Z-

NTS@Cu was characterized through various analytical 

techniques such as FT-IR spectroscopy, XRD patterns, 

TGA, BET, SEM, TEM, EDX and EDX mapping 

analyses. Notably, the catalyst could be reused up to six 

times without any significant loss of catalytic activity. 

Moreover, this methodology effectively overcomes 

common limitations such as the formation of unwanted 

by-products, prolonged reaction times, and the use of 

hazardous solvents.  

    

 

  Therefore, this approach is expected to have significant 

potential for application in organic synthesis and to 

represent a valuable addition to existing synthetic 

methodologies. 
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Figure 9. Recyclability chart of Z-NTS@Cu nanocatalyst 
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Supporting Information 

 

 

 

1. Characterization 

Fourier transforms infrared spectroscopy (FT-IR) 

 

 

Figure S.1.  FT-IR spectrum of (a) Zeolite  Nano-particle (b) Z-PrNH2 Nano-composite (c) Z-NT Nano-composite (d) Z-NTS Nano-composite 

 

 

 

 

 

Table S.1. BJH, Langmuir and t-plot analyses of Z-NTS@CU Nano-composite 

 Langmuir plot   t plot   BJH plot 

Vm 2.9213[cm3(STP) g-1]  Plot data Adsorption branch  Plot data Adsorption branch 

as,Lang 12.715[m2 g-1]  a1 6.6266[m2 g-1]  Vp 0.089998[cm3 g-1] 

B 0.3308  V1 0[cm3 g-1]  rp,peak(Area) 1.22[nm] 

      ap 23.989[m2 g-1] 
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Figure S.2.  The BET plot of Z-NTS Nano-composite 

 

 

 

Table S.2. Xanthene derivatives were synthesized in the presence of Z-NTS@CU Nano-catalyst 

entry Product entry  Product entry Product 

 

1 

 

 

8 

 

 

15 

 

 

2 

 

 

9 

 

 

16 

 

 

3 

 

 

10 

 

 

17 

 

 

4 

 

 

11 

 

 

18 
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Table S.2. Xanthene derivatives were synthesized in the presence of Z-NTS@CU Nano-catalyst (Continued) 

entry Product entry  Product entry Product 

 

5 

 

 

12 

 

 

 

 

19 
 

 

6 

 

 

13 

 

 

 

20 

 

7 

 

 

14 

 

  

 

 

 

 

2. Spectral data for selected products 

 

12-(2-hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (1) 

 
1H NMR (400MHz, DMSO- d6): 0.94 (s, 3H, CH3), 1.08 (s, 3H, CH3), 2.08-2.11 (d, 1H, CH2), 2.32-2.36 (d, 1H, CH2), 2.50-2.60 (m, 1H, CH2), 2.69-2.73 

(d, 1H, CH2), 5.75 (s, 1H, CH), 6.59-6.62 (t, 1H, Ar-H), 6.69-6.71 (d, 1H, Ar-H), 6.85-6.89 (m, 1H, Ar-H), 7.00-7.02 (d, 1H, Ar-H), 7.38-7.43 (m, 2H, Ar-

H), 7.46-7.50 (m, 1H, Ar-H), 7.48-7.89 (t, 2H, Ar-H), 8.31-8.33 (d, 1H, Ar-H), 9.66 (s, 1H, -OH); 13C NMR (100 MHz, DMSO-d₆): δ 158.8, 154.0, 151.8, 

144.8, 134.5, 133.1, 130.0, 128.7, 127.7, 127.3, 126.0, 125.5, 123.6, 121.9, 120.3, 118.6, 117.9, 113.3, 81.9, 51.0, 46.1, 38.5, 36.8, 33.5, 29.7, 28.0, 26.9, 

24.9, 21.0. 

 

12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 

 

1H NMR (400MHz, DMSO- d6): 0.94 (m, 3H, CH3), 1.12 (s, 3H, CH3), 2.17-2.21 (d, 1H, CH2), 2.37-2.42 (m, 1H, CH2), 2.62-2.67 (d, 1H, CH2), 2.74-2.78 

(d, 1H, CH2), 5.65 (s, 1H, CH), 7.05-7.09 (t, 2H, Ar-H), 7.35-7.39 (m, 2H, Ar-H), 7.47-7.57 (m, 3H, Ar-H), 7.97-8.00 (m, 2H, Ar-H), 8.07-8.09 (d, 1H, Ar-

H); 13C NMR (100 MHz, DMSO-d6): δ 196.6, 164.4, 159.1, 158.7, 138.5, 137.0, 135.9, 132.7, 127.7, 127.1, 126.9, 125.5, 121.6, 115.7, 114.9, 113.5, 113.5, 

81.7, 51.6, 42.7, 35.2, 27.6, 26.5, 21.0. 

 

 

12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 

 
1H NMR (400MHz, DMSO- d6): 0.89 (s, 3H, CH3), 1.06 (s, 3H, CH3), 2.11-2.15 (d, 1H, CH2), 2.32-2.36 (d, 1H, CH2), 2.56-2.60 (d, 1H, CH2), 2.67-2.71 (d, 

1H, CH2), 3.63 (s, 3H, O-CH3), 5.51 (s, 1H, CH), 6.73-6.75 (d, 2H, Ar-H), 7.18-7.20 (d, 1H, Ar-H), 7.41-7.51 (m, 3H, Ar-H), 7.89-7.92 (d, 2H, Ar-H), 8.02-

8.04 (d, 1H, Ar-H); ¹³C NMR (100 MHz, DMSO-d₆): δ 195.9 (C=O), 164.1, 157.3, 152.3, 151.8, 149.9, 145.7, 138.4, 132.9, 129.8, 128.4, 127.6, 126.4, 

125.2, 124.3, 121.7, 114.3, 113.6, 112.9, 55.3 (OCH₃), 51.8, 41.9, 34.7, 31.3, 29.7, 27.3. 

 

12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 

 
1H NMR (400MHz, DMSO- d6): 0.76 (s, 3H, CH3), 1.04 (s, 3H, CH3), 2.03-2.07 (d, 1H, CH2), 2.28-2.32 (d, 1H, CH2), 2.56 (s, 1H, CH2), 2.68-2.72 (m, 1H, 

CH2), 6.36 (s, 1H, CH), 7.02-7.04 (d, 1H, Ar-H), 7.31-7.35 (m, 1H, Ar-H), 7.43-7.52 (m, 4H, Ar-H), 7.87-7.89 (d, 1H, Ar-H), 7.95-7.97 (d, 1H, Ar-H), 8.01-

8.03 (d, 1H, Ar-H), 8.43-8.45 (d, 1H, Ar-H); ¹³C NMR (100 MHz, DMSO-d₆): δ 196.0, 164.4, 153.1, 149.6, 147.8, 145.2, 138.9, 134.3, 132.1, 130.5, 129.2, 

127.9, 126.8, 125.4, 123.9, 121.6, 118.4, 114.9, 82.1, 51.6, 42.3, 34.9, 31.5, 29.8, 27.5. 
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NMR spectrum of selected products 

 

 

Figure S.3. 1H NMR spectrum of the product 12-(2-hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (1) 

 
 

 

 

 

 

Figure S.4. Expanded 1H NMR spectrum of the product 12-(2-hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (1) 
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Figure S.5. 13C NMR spectrum of the product 12-(2-hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (1) 

 

 

 

 

 

 

 

Figure S.6. Expanded 13C NMR spectrum of the product 12-(2-hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (1) 
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Figure S.7. 1H NMR spectrum of the product 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 

 

 

 

 

 

 

 

 

 

Figure S.8. Expanded 1H NMR spectrum of the product 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 
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Figure S.9. Expanded 1H NMR spectrum of the product 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 

 

 

 

 

 

 

 

 

Figure S.10.13C NMR spectrum of the product 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 
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Figure S.11. Expanded 13C NMR spectrum of the product 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 

 

 

 

 

 

 

 

Figure S.12. Expanded 13C NMR spectrum of the product 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (2) 
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Figure S.13. 1H NMR spectrum of the product 12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 

 

 

 

 

 

 

 

 

Figure S.14. Expanded 1H NMR spectrum of the product 12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 
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Figure S.15. 13C NMR spectrum of the product 12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 

 

 

 

 

 

 

 

Figure S.16. Expanded 13C NMR spectrum of the product 12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 
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Figure S.17. Expanded 13C NMR spectrum of the product 12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 

 

 

 

 

 

 

Figure S.18. Expanded 1H NMR spectrum of the product 12-(4-Methoxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (4) 
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Figure S.19. 1H NMR spectrum of the product 12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 

 

 

 

 

 

 

 

Figure S.20. Expanded 1H NMR spectrum of the product 12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 
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Figure S.21. 13C NMR spectrum of the product 12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 

 

 

 

 

 

 

 

Figure S.22. Expanded 13C NMR spectrum of the product 12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 
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Figure S.23. Expanded 13C NMR spectrum of the product 12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 

 

 

 

 

 

 

 

Figure S.24. Expanded 13C NMR spectrum of the product 12-(2-Nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one (5) 
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