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Abstract 
   The remarkable stability of magnetic core and -OH functional groups on the 

surface of silica-coated magnetite (Fe3O4@SiO2) nanoparticles make them an 

excellent candidate for functionalization and catalytic applications. In this study, a 

surface-modified solid support was fabricated by immobilizing sulfonic acid 

groups on magnetic nanoparticles (Fe3O4@SiO2@AE-SO3H). The structure of 

prepared hybrid nanostructure was characterized by various analyses, including 

Fourier-transform infrared spectroscopy (FT-IR), X-ray powder diffraction 

(XRD), thermogravimetric analysis (TGA/DTG), vibrating sample magnetometr 

(VSM), the field emission scanning electron microscopy (FE-SEM), and the 

electron-dispersive X-ray spectroscopy (EDS). The catalytic activity of prepared 

hybrid nanomaterial was assessed in the synthesis of 1-amidoalkyl-2-naphthols, 

resulting in high yields of the desired products under environmentally friendly 

conditions.  High yields, short reaction times, green solvent and conditions, easy 

workup procedure, reusability without a significant diminish in catalytic efficiency 

and simple separation of nanocatalyst by using an external magnet alongside the 

environmental compatibility and sustainability are some advantages of this 

method. 
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1. Introduction 

   Multicomponent reactions (MCRs) are highly effective synthetic tools that enable the simultaneous integration of 

multiple reactants into a single reaction, resulting in the creation of intricate molecules in a remarkably efficient 

manner [1]. These reactions provide numerous benefits over conventional stepwise synthesis methods, such as reduced 

reaction times, simplified work-up procedures, enhanced efficiency, cost-effectiveness, superior selectivity, and 

minimal environmental impact compared to classical organic chemistry [2]. Multicomponent reactions (MCRs) are a 

valuable tool in chemical synthesis, as they streamline the process by eliminating the need for multiple reaction steps. 

This not only saves time and resources but also reduces the overall reaction time and minimizes the use of solvents 

and reagents. Additionally, MCRs offer access to a wide range of structurally diverse compounds with high molecular 

complexity. This makes them particularly beneficial in drug discovery and development, where the ability to explore 

diverse chemical space is essential for identifying new lead compounds [3, 4].  

In recent years, the principles of green chemistry have underscored the significance of creating environmentally 

friendly reaction conditions to minimize pollution. A notable advancement in this realm is the adoption of solvent-

free conditions or green solvents, like water, in organic reactions. This transition from harmful solvents has spurred 

substantial progress in organic synthesis, fostering more sustainable and eco-friendly practices within the field [5, 6]. 

1-amidoalkyl-2-naphthol derivatives are of increasing interest due to their biological activities and further use in the 

preparation of other important bioactive molecules, such as aminoalkyl naphthols. The 1-amidoalkyl-2-naphthols 

possess diverse biological properties, such as antiviral, antibacterial, antifungal, antioxidant, and antiparasitic qualities 

[7-12]. 1-amidoalkyl-2-naphthols can be also converted to 1,3-oxazine derivatives by an amide hydrolysis reaction, 

which exhibit anti-depression and anti-bradycardia effects [13]. 

http://cnj.araku.ac.ir/contacts
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Numerous methods have been reported for synthesizing these compounds. However, these methods suffer from 

various drawbacks, including lengthy reaction times, the need for large quantities of costly and non-recyclable 

catalysts, the use of volatile and harmful solvents that contradict green chemistry principles, reflux conditions, and 

challenges in separating the final products. Therefore, there is a need for the development of more efficient and 

environmentally friendly approaches that yield higher quantities of the desired compounds under milder reaction 

conditions. Magnetic nanoparticles (MNPs) possess a large surface area and can be effortlessly separated using an 

external magnetic field, eliminating the need for tedious separation procedures typically associated with small 

nanoparticles [14]. However, magnetic nanoparticles can easily aggregate into larger clusters because of their 

anisotropic dipolar attraction. In addition, they have other deficiencies such as leaching under acidic conditions and 

being susceptible to autoxidation and toxicity. Therefore, it is crucial to protect the surface of these nanoparticles in 

order to mitigate these undesirable characteristics. Among the various inorganic compounds, silicon dioxide (SiO2) is 

a standout candidate for surface protection due to its exceptional chemical and thermal stability. What sets SiO2 apart 

is its ability to be easily modified by a wide range of functional groups, which in turn increases the chemical and 

colloidal stability of these compounds [15, 16-22]. Besides, using magnetic nanoparticles as catalysts is associated 

with other advantages including easy synthesis and functionalization, low toxicity and low cost [16-19].  

One of the primary benefits of grafting and immobilizing active functional groups onto inorganic supports is the 

significant enhancement of catalytic activity. This process involves attaching molecules onto these supports, which 

effectively increases the surface area available for catalysis. As a result, more active sites are created for the reaction 

to take place, ultimately leading to a higher level of catalytic activity. Moreover, this innovative approach also offers 

improved selectivity in catalytic reactions. By grafting molecules onto magnetic nanosized inorganic supports, the 

separation process is simplified. The magnetic properties of these supports allow for easy separation from reaction 

mixtures using external magnets. In our ongoing pursuit to enhance the efficiency of heterogeneous nanocatalysts and 

promote environmentally friendly organic reactions in order to obtain valuable heterocyclic compounds [23-26], an 

acidic catalyst known as a heterogeneous hybrid nanostructure [Fe3O4@SiO2@AE-SO3H] was developed and 

thoroughly analyzed. The catalytic potential of Fe3O4@SiO2@AE-SO3H was evaluated for the production of 1-

amidoalkyl-2-naphthols (Scheme 2). 

 

2. Experimental 

2.1. Materials 

   All reagents were purchased from reputable chemical companies (Merck, Across, Fluka) and were used without 

further purification. Melting points were measured by using electrothermal digital apparatus and are uncorrected. 

Obtained products were identified with comparison of their melting points and spectral data reported in the literature. 

Thin-layer chromatography (TLC) was utilized to monitor the progress of organic reactions, using a n-hexane/ethyl 

acetate (3:1) eluent.  

 

2.2. Preparation of hybrid nanostructure [Fe3O4@SiO2@AE-SO3H] 

   Magnetite nanoparticles were prepared by co-preparation method  [30]. The silica shell was coated onto Fe3O4 

nanoparticles via hydrolysis of TEOS in basic solution [27]. The (3-choloropropyl)trimethoxysilane (CPTMS) as a 

linker was attached to the surface of nanoparticles. The nucleophilic substitution with aminoethanol affords the 

Fe3O4@SiO2@AE nanostructure. Subsequently, the hybrid nanomaterial [Fe3O4@SiO2@AE-SO3H] was synthesized 

by reacting -NH and -OH groups and Chlorosulfonic acid. The final nanomaterial was then isolated using a magnet, 

washed with ethanol, and dried in a vacuum oven at 80 °C. 

 

2.3. Acidity of Fe3O4@SiO2@AE-SO3H 

   The concentration of sulfonic acid groups was determined through a quantitative estimation using back titration with 

HCl (0.01 N). 2 mL of KOH (0.01 N) was added to 0.02 g of the Fe3O4@SiO2@AE-SO3H nanoparticles, and the 

mixture was stirred for a duration of 30 minutes. Following this, the catalyst was magnetically separated and washed 

with deionized water. The excess amount of KOH was then titrated with HCl (0.01 N) in the presence of 

phenolphthalein as an indicator. To ensure accuracy, three separate titrations were performed and the average value 
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was calculated to determine the acid amount of Fe3O4@SiO2@AE-SO3H. The results showed that this nanostructure 

possessed an acid amount of 3.2 mmol g-1. 

 

2.4. General procedure for One-pot Synthesis of 1-amidoalkyl-2-naphthols 

   In a test tube, a mixture of aldehydes (1 mmol), β-naphthol (1 mmol), amides (1.2 mmol) and Fe3O4@SiO2@AE-

SO3H (20 mg) as a catalyst heated and stirred under solvent free conditions at 80 °C for the appropriate time. After 

completion of the reaction as monitored by TLC, the precipitate was diluted with hot ethanol (10 ml) and the catalyst 

was separated by an external magnet. The reaction mixture was cooled to room temperature and then filtered to obtain 

the crude products. The products were further purified through re-crystallization using a mixture of ethanol and water 

in a 4:1 ratio. 

 

2.5. Selected spectroscopic data 

N-((4-chlorophenyl)(2-hydroxynaphthalen-1-yl)methyl)acetamide (4a): 1H NMR (DMSO-d6): δ = 10.11 (1H, s, 

NH), 8.66 (2H, d, J= 8.4 Hz, HAr), 7.94 (2H, d, J= 8.4 Hz, HAr), 7.22-7.65 (7H, m, HAr, OH), 6.75 (1H, s, CH), 2.30 

(3H, s, CH3) ppm.; 13C NMR (DMSO-d6): δ = 191.5, 148.3, 144.9, 131.3, 131.2, 131.1, 130.1, 129.7, 129.2, 129.1, 

128.9, 128.86, 128.83, 128.7, 127.5, 125.1, 123.7, 118.1, 47.5, 36.2 ppm.; Anal. Calcd. For C19H16ClNO2: C, 70.05; 

H, 4.95; N, 4.30; Cl, 10.88; Found: C, 70.48; H, 5.07; N, 4.23; Cl, 10.79. 

N-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)benzamide (4h): 1H NMR (DMSO-d6): δ = 10.17 (1H, s, NH), 8.82 

(1H, d, J= 6 Hz, HAr), 8.25 (1H, d, J= 6.6 Hz, HAr), 6.76-7.84 (16H, m, HAr, CH, OH) ppm.; 13C NMR (DMSO-d6): 

δ = 165.5, 153.7, 153.3, 151.3, 135.0, 132.9, 131.6, 131.4, 129.4, 128.85, 128.80, 128.7, 127.6, 126.5, 123.6, 122.9, 

119.2, 119.0, 116.4, 112.5, 112.0 ppm.; Anal. Calcd. For C24H19NO2: C, 81.56; H, 5.42; N, 3.96; Found: C, 81.73; H, 

5.53; N, 4.03. 

1-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)urea (4k): 1H NMR (DMSO-d6): δ = 10.14 (1H, s, NH), 8.69 (1H, 

d, J= 6.3 Hz, HAr), 7.46-8.04 (14H, m, HAr, NH2, OH), 6.93 (1H, s, CH) ppm.; 13C NMR (DMSO-d6): δ = 196.3, 

153.1, 148.4, 146.3, 131.2, 131.1, 130.1, 129.5, 129.1, 127.7, 125.2, 124.2, 123.6, 118.2, 116.6 ppm.; Anal. Calcd. 

For C18H16N2O2: C, 73.95; H, 5.52; N, 9.58; Found: C, 74.07; H, 5.63; N, 9.67. 

 

2.6. Characterization 

   The FT-IR spectra were recorded by Unicom Galaxy Series. The 1H, 13CNMR spectra for obtained products were 

reported on Brucker DRX-300 spectrometer operating at 300 and 75 MHz respectively in DMSO-d6 with TMS as an 

internal standard. The crystal structure was carried out on by Philips Xpert Xray powder diffraction (XRD) diffract 

meter (Cu-Kα radiation and λ= 0.15406) in range of Bragg angle 10-80 using 0.05° as the step length. The thermal 

stability of prepared catalyst was investigated by a thermogravimetric analyzer with model Mettler TA4000 System 

under an N2 atmosphere at a heating rate of 10 °Cmin-1. The surface morphology and elemental content of catalyst 

was investigated on a Hitachi S-4160. The Elemental chemical analysis [energy dispersive X-ray spectroscopy (EDS)] 

coupled with SEM was reported for characterization of chemical elements of the prepared hybrid nanomaterial. 

 

3. Result and discussion 

3.1. Preparation and characterization of the hybrid nanostructure 

   The magnetic hybrid nanoparticles were prepared sequentially as depicted in Scheme 2. Magnetite (Fe3O4) 

nanoparticles were easily prepared via the chemical co-precipitation of Fe2+ and Fe3+ ions in basic solution and a layer 

of silica was placed on the magnetite nanoparticles to prevent their aggregation and oxidation. Then, the (3-

chloropropyl)trimethoxysilane (CPTMS) as a linker was grafted to the surface of Fe3O4@SiO2 particles under nitrogen 

atmosphere to produce the Fe3O4@SiO2@PrCl nanostructure. In the subsequent stage, the chloro groups were replaced 

by a nucleophilic attack of ethanolamine. Ultimately, the nanoparticles were decorated with acidic groups through 

reacting of –NH and –OH groups with Chlorosulfonic acid.  The resulting precipitate was washed with ethanol and d 

ried in the vacuum oven to gain the final hybrid nanomaterial [Fe3O4@SiO2@AE-SO3H]. The prepared nanostructure 

was characterized by various techniques, including Fourier-transform infrared spectroscopy (FT-IR), X-ray powder 
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diffraction (XRD), thermogravimetric analysis (TGA/DTG), field emission scanning electron microscopy (FE-SEM), 

and energy dispersive X-ray spectroscopy (EDS). 

 

 

 

 
 

 

 

Scheme 1. Schematic steps for the construction of Fe3O4@SiO2@AE-SO3H hybrid nanostructure 

 

 

3.2. FT-IR analysis 

  Fig. 1, shows the FT-IR spectra of Fe3O4, Fe3O4@SiO2, Fe3O4@SiO2-PrCl, Fe3O4@SiO2-AE, Fe3O4@SiO2@AE-

SO3H in the wavenumber range of 400–4000 cm-1. The FT-IR spectrum of the bare magnetic Fe3O4 nanoparticles 

exhibited the characteristic Fe–O absorption band in the range of 580 cm-1 (Fig. 1a). The bands observed at 1101, 

900–800, and 450 cm-1, correspond to the asymmetric stretching, symmetric stretching, and in-plane bending of the 

Si–O-Si and Si–O bonds, respectively (Fe3O4@SiO2 spectrum, Fig. 1b). The band in the region of 1300 cm-1 is related 

to the stretching bond S=O as depicted in Figure 1e. The broad band in the range of 3200–3500 cm-1 is attributed to 

the stretching vibration mode of Si–OH bonds, while the weak band at 1630 cm-1 related to the twisting vibration 

mode of H-O-H adsorbed in the silica layer. The existence of alkyl groups has been confirmed by the weak symmetric 

and asymmetric stretching vibrations at 2980 and 2895 cm-1 (Fig. 1c–e). Also, bands associated with C=N, C=C, and 

C-N were observed at 1350-1600 cm-1 (Fig. 1d–e) [27]. The N-H bending vibration overlaps with the O-H vibration. 

Consequently, these findings validate the effective bonding of various functional groups at each stage of fabrication. 
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Fig. 1. FT-IR spectra of Fe3O4 (a), Fe3O4@SiO2 (b), Fe3O4@SiO2-PrCl (c), Fe3O4@SiO2@AE (d), 

Fe3O4@SiO2@AE-SO3H (e). 

 

 

3.3. XRD study 

   The crystallinity of Fe3O4 (a), and Fe3O4@SiO2@EA-SO3H (b) was analyzed using X-ray powder diffraction 

patterns (Fig. 2). Upon comparing the XRD patterns of Fe3O4 and Fe3O4@SiO2@AE-SO3H, it is evident that the ferrite 

core remains stable without undergoing any phase changes during the functionalization process. The XRD patterns of 

the prepared Fe3O4@SiO2@AE-SO3H material exhibit clear diffraction peaks at specific angles, including 2θ =30.2°, 

35.4°, 43.7°, 56.6°, and 63.0°. These diffraction peaks correspond to the (220), (311), (400), (422), (511), and (440) 

Miller planes of Fe3O4 nanoparticles. XRD patterns confirm that the material structure possesses a cubic spinel phase 

as shown in Fig. 2a–b and align with the standard Fe3O4 sample (JCPDS file No. 19–0629) [28, 29]. The presence of 

the SiO2 layer is confirmed by the appearance of a broad peak at 2θ = 18° to 25° (Fig. 2b). To determine the average 

crystallite size of Fe3O4@SiO2@AE-SO3H, the Scherrer equation (D= Kλ/βcosθ) was employed. In this equation, λ is 

the x-ray Cu wavelength, β is the width of the x-ray peak on the 2θ axis which measured as the line broadening at half 

the maximum intensity, θ is Bragg angle, and K is the so-called Scherrer constant. The crystallite size calculated from 

the width of the peak at 2θ= 35.4° (311), is approximately 33 nm [30]. 

 

 

Fig. 2. XRD patterns of Fe3O4 

(a), and Fe3O4@SiO2@AE-SO3H 

(b). 

https://en.wikipedia.org/wiki/Bragg_diffraction
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3.4. FE-SEM 

   The size and morphology of Fe3O4@SiO2@AE-SO3H were examined using field emission scanning electron 

microscopy (FE-SEM). The nanostructure of Fe3O4@SiO2@AE-SO3H displayed a nearly spherical shape, as depicted 

in Fig. 3, with an average size ranging from 20 to 50 nm. 

 

 
 

Fig. 3. The FE-SEM image of F3O4@SiO2@AE-SO3H 

 

 

 

3.5. EDX analysis 

   The results obtained from X-ray energy diffraction spectroscopy (EDX) of Fe3O4@SiO2@AE-SO3H magnetic 

nanoparticles confirm the presence of elements S, C, N, Si, O, Fe in the hybrid nanostructure (Fig. 4). The higher 

intensity of the peak corresponding to the element Si and S elements compared to the Fe peak indicates that the Fe3O4 

nanoparticles have been coated by SiO2 layer and -SO3H functionalities on the surface of the nanostructure. The 

terminal ends of the catalyst have a lot of -SO3H groups, leading to a higher peak intensity for sulfur. These results 

provide strong evidence for the successful synthesis of the core-shell nanostructure (Fe3O4@SiO2@AE-SO3H). 

 

 

 
 

 

 

 

Fig. 4.  EDX analysis for Fe3O4@SiO2@AE-SO3H 
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3.6. TGA 

   The thermogravimetric analysis (TGA) and derivative thermogravimetry (DTG) were used to determine the stability 

of the hybrid nanomaterial (Fig. 5). The magnetic catalyst (Fe3O4@SiO2@AE-SO3H) exhibits four distinct weight 

loss steps over the temperature range analyzed by TGA. The first step, including a low amount of weight loss at T < 

250 °C, is due to the removal of physically adsorbed solvent and surface hydroxyl groups. the second stage at about 

250 to nearly 650 °C is ascribed to the decomposition of the coating organic moiety in the nanocomposite. Thus, the 

weight loss between 250 and 600 °C gives the organic grafting ratios of the magnetic catalyst.  

   The observed weight loss at 600 °C temperatures and higher is related to the silica and nanoparticle groups, which 

is related to the phase change step. The slope of the curve represents good thermal resistance shown by the sample. 

Therefore, it can be concluded that almost the surface of the sample has been functionalized by organic groups. 

Analysis of the DTG chart reveals that decomposition of the organic structure primarily occurs between 300-600 °C, 

while the catalyst remains stable at temperatures up to 250 °C. 

 

 
Fig. 5. TGA/DTG thermogram of Fe3O4@SiO2@AE-SO3H 

 

 

 

3.7. VSM 

   The magnetic properties of the nanoparticles were characterized using a vibrating sample magnetometer (VSM).  

Figure 6 shows the plots of room temperature magnetization (M) versus magnetic field (H) (M-H curves or hysteresis 

loops) of Fe3O4 nanoparticles and Fe3O4@SiO2@AE-SO3H nanostructure. The hysteresis curve allows determination 

of the saturation magnetization (Ms), remanent magnetization (Mr) and coercivity (Hc). The magnetization of samples 

could be completely saturated at high fields of up to ±8000.0 Oe and the Ms of samples changed from 62 to 38 emu g-

1, due to the formation of a silica shell around the Fe3O4 core. The strong magnetization of the nanoparticles was also 

revealed by simple attraction with an external magnet (Fig. 6). 
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Fig 6. The magnetic hysteresis loops of Fe3O4 MNPs (a), and Fe3O4@SiO2@AE-SO3H (b) 

  

 

3.8. Synthesis of 1-amidoalkyl-2-naphthols 

    After the successful preparation and characterization of Fe3O4@SiO2@AE-SO3H, its catalytic activity was 

considered in the synthesis of 1-amidoalkyl-2-naphthol derivatives. The reaction of 4-chlorobenzaldehyde (1 mmol), 

β-naphthol (1 mmol) and acetamide (1 mmol) was selected as a model reaction (Scheme 3), and parameters affecting 

the reaction yields such as temperature, solvent, catalyst amount, and the solvent‐free conditions were investigated. 

Using the Fe3O4@SiO2@AE-SO3H as a catalyst, conventional heating at 90 °C under solvent‐free conditions is the 

efficient and best condition. It was found that this reaction did not proceed significantly without catalyst and heating, 

even in a long time. 

   With the optimized conditions in hand, different amides and substituted aldehydes were reacted with β-naphthol in 

the presence of Fe3O4@SiO2@AE-SO3H (20 mg) via the one-pot multicomponent reaction to obtain substituted 

amidoalkyl naphthol derivatives. The results were summarized in Table 1. These reactions were very efficient and the 

desired products (4a-l) obtained in good to excellent yields (90-95%) in relatively short reaction times, without 

byproducts. Arylaldehydes with electron-donating or electron-withdrawing groups could lead to favorite products with 

no reasonable difference in their reactivity. The structure of 1-amidoalkyl naphthols was confirmed by FT-IR, 1H-

NMR, 13C-NMR spectroscopies and comparison with those reported in the literature. The catalytic activity of 

Fe3O4@SiO2@AE-SO3H MNPs for the model reaction was also compared with other reported catalysts, as shown in 

Table 3. The comparison of the Fe3O4@SiO2@AE-SO3H nanostructure as catalyst with some previously reported 

catalysts for the synthesis of 1-amidoalkyl-2-naphthol derivatives, confirm that the Fe3O4@SiO2@AE-SO3H is a 

comparable, suitable and efficient catalyst for synthesis of the desired corresponding products.  
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Scheme 2. Synthesis of 1-amidoalkyl-2-naphthol derivatives in the presence of Fe3O4@SiO2@AE-SO3H hybrid 

nanocatalyst 

 

 

Table 1. Optimization of the reaction conditions for synthesis of 1-amidoalkyl-2-naphtoles a 

 

Entry catalyst (mg) Solvent Temperature 

(°C) 

Time 

(min) 

Yield (%) 

1 Fe3O4@SiO2@AE-SO3H (10) EtOH 70 80 78 

2 Fe3O4@SiO2@AE-SO3H (10) DMF Reflux 60 41 

3 Fe3O4@SiO2@AE-SO3H (10) CH3CN Reflux 60 53 

4 Fe3O4@SiO2@AE-SO3H (10) Solvent-free 100 20 89 

5 Fe3O4@SiO2@AE-SO3H (20) Solvent-free 100 20 94 

6 Fe3O4@SiO2@AE-SO3H (20) Solvent-free 90 20 95 

7 Fe3O4@SiO2@AE-SO3H (20) Solvent-free 80 20 87 

8 Fe3O4 (20) Solvent-free 90 90 47 

9 Fe3O4@SiO2 (20) Solvent-free 90 90 35 

10 Fe3O4@SiO2@AE (20) Solvent-free 90 90 51 

11 - Solvent-free 90 240 15 
a 4-chlorobenzaldehyde, 2-naphthol, Acetamide, catalyst. 
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Table 2. Synthesis of 1-amidoalkyl-2-naphtoles using Fe3O4@SiO2@AE-SO3H as a catalyst 

M.p. °C 
Yielda (%) Time (min) Product ArCHO Entry 

Reported Found 

 

 

 

220-222 [31] 

 

 

 

225-227 

 

 

 

 

95 

 

 

 

20  

 

 

 

 

 

1 

 

 

 

239-240 [32]  

 

 

 

238-241 

 

 

 

91 

 

 

 

20  

 

 

 

 

 

2 

 

 

 

 

183-185 [33] 

 

 

 

182-184 

 

 

 

90 

 

 

 

25  

 

 

 

 

 

3 

 

 

226-227 [31] 

 

 

223-225 

 

 

 

95 

 

 

 

15  

 

 

 

 

 

4 

 

 

 

254-255 [34] 

 

 

 

252-254 

 

 

 

94 

 

 

 

20  

 

 

 

 

 

5 

 

 

 

205-206 [34] 

 

 

203-205 

 

 

 

90 

 

 

 

20  

 

 

 

 

 

6 
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277-279 [35] 

 

 

275-277 

 

 

92 

 

 

 

25  

 

 
 

 

 

 

7 

 

 

232-234 [34] 

 

 

230-232 

 

 

93 

 

 

20  

 

 

 

 

8 

 

 

 

 

238-240 [36] 

 

 

 

238-241 

 

 

 

95 

 

 

 

15  

 

 

 

 

 

9 

 

200-202 [36] 

 

204-205 

 

 

93 

 

 

20 

 

 

 

 

10 

 

 

173-175 [34] 

 

 

174-177 

 

 

93 

 

 

15  

 

 

 

 

11 

 

 

 

168-170 [34] 

 

 

 

172-174 

 

 

 

91 

 

 

 

20  

 

 

 

 

 

12 

a Isolated yield. 
b The melting points are not corrected. 
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Table 3. The comparison of Fe3O4@SiO2@AE-SO3H as a catalyst with some other reported catalysts  

in the synthesis of 1-amidoalkyl-2-naphtoles 

 

Entry catalyst condition 
Time 

(min) 
Yield (%) 

1 Polyphosphate ester Solvent-free, 80 °C 15 91 [34] 

2 Trityl chloride Solvent-free, 70 °C 15 94 [35] 

3 [Dsim]HSO4 Solvent-free, 80 °C 20 95 [32] 

4 MNPs-PhSO3H Solvent-free, 120 °C 40 94 [31] 

5 PTA/Mont. KSF Clay Solvent-free, 125 °C 10 91 [36] 

6 Zinc benzenesulfonate Solvent-free, 80 °C 360 51 [37] 

7 CdS-Fe3O4 CH3CN, Reflux 60 93 [38] 

8 Fe3O4@SiO2@AE-SO3H Solvent-free, 90 °C 20 95 [This work] 

 

The recovery and reusability of the catalyst are crucial for commercial and industrial applications, as well as for 

environmentally friendly processes. To investigate this, a study was conducted on the recovery and reusability of 

Fe3O4@SiO2@AE-SO3H in a model reaction involving 4-chlorobenzaldehyde, 2-naphthol, and acetamide (Fig. 7). 

After the reaction was completed, the resulting solidified mixture was diluted with 15 mL of hot EtOH. The catalyst 

was then easily separated, washed with hot EtOH, dried under vacuum, and reused in subsequent reaction. 

Impressively, nearly complete recovery of the catalyst (up to 97%) was achieved after each run. As shown in Figure 

7a-b, the recycled catalyst maintained its effectiveness and stability even after being reused five times without any 

additional treatment or significant decrease in catalytic activity.  

 

 
 

Fig. 7. (a) The recyclability of hybrid nanocatalyst (Fe3O4@SiO2@AE-SO3H) in the model reaction during five 

runs. (b) FT-IR spectra of the fresh and reused nanocatalyst 
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A plausible mechanism for the synthesis of 1-amidoalkyl-2-naphthols in the presence of Fe3O4@SiO2@AE-SO3H is 

depicted in Scheme 3. The carbonyl group of the aldehyde is initially protonated by the acidic catalyst. Subsequently, 

2-naphthole is enolized in acidic condition and undergoes condensation with activated aldehyde, leading to the 

formation of an intermediate (I). In the next step, the intermediate (I) is subjected to nucleophilic attack by 

deprotonated amide resulting in the production of final product. So, it is proposed that the H+ ions act as Bronsted 

acids and activate the carbonyl functional groups and facilitate the condensation reactions. The porosity and high 

surface area of nanostructure (Fe3O4@SiO2@AE-SO3H) providing suitable support for the chemical reactions and 

increase the catalytic performance of the prepared hybrid nanomaterial.  

 

 
 

Scheme 3. The proposed path for synthesis of 1-amidoalkyl-2-naphthols using Fe3O4@SiO2@AE-SO3H as a 

nanocatalyst 

 

 

4. Conclusion 

   In this research, a novel heterogeneous solid acid catalyst has been successfully developed and characterized. The 

catalyst was synthesized by attaching aminoethanole moieties to silica-coated magnetic nanoparticles and then 

immobilizing sulfonic acid groups on its structure (known as Fe3O4@SiO2@AE-SO3H). The catalytic performance of 

this newly developed catalyst was evaluated in the synthesis of 1-amidoalkyl-2-naphthol derivatives. The desired 

products were obtained in high yields (90-95%) and short reaction times through a three-component reaction involving 

2-naphthol, amides, and aldehydes. The comparison of the Fe3O4@SiO2@AE-SO3H nanostructure as catalyst with 

some previously reported catalysts, confirm that the Fe3O4@SiO2@AE-SO3H is a suitable and efficient catalyst for 

the synthesis of desired 1-amidoalkyl-2-naphthols. This approach offers numerous advantages, including high product 

yield and purity, a straightforward work-up process, environmental friendliness, minimal pollution, and easy catalyst 

separation. Furthermore, this hybrid nanocatalyst can be reused multiple times with only a slight decrease in its 

activity. Moreover, this heterogeneous solid acid catalyst shows promise for use in various chemical reactions. 
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