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ABSTRACT: During the last decade, nanomagnetic catalysts have attracted considerable attentions due 

to their simple recovery and reusability. Molecules with thiazole or oxazole ring are used as anti-virus, 

anti-tumor, anti-fungal, anti-bacterial and anti-cancer reagents. Up to now, many synthetic 

methodologies have been reported in the literature for the synthesis of oxazole and thiazole derivatives. 

In this research work, we reported that the utilization of Fe3O4@SiO2-Bipyridine-CuCl2 in EtOH under 

reflux conditions can be considered as a novel and ecofriendly catalytic system for the synthesis of 

oxazole and thiazole derivatives through the condensation of benzothioamide or benzamide with 2-

bromoacetophenone derivatives. The recovered copper nanocatalyst could be reused 7 times without any 

significant loss of its activity. 
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     Introduction 

Magnetic nanoparticles are a class of nanostructured materials of current interest, due largely to their 

advanced technological and medical applications, envisioned or realized 1–3. In recent times, nanomagnetic 

catalysts have attracted considerable attentions due to their simple recovery and reusability 4–7. Among 

various magnetic nanoparticles, magnetic Fe3O4 nanoparticles have the great interest due to stability, easy 

work-up, magnetic separation and recyclability which minimize the organic waste generation as compared 

to the conventional catalytic systems 8–11. 
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 Figure 1. A series of biologically active molecules containing thiazole ring. 

 

 

Figure 2. A series of biologically active molecules containing oxazole ring. 

Thiazoles and oxazoles are five-membered heterocycles containing nitrogen-sulfur and nitrogen-oxygen 

atoms and form a very important group of heterocyclic compounds 12–15. These compounds are of great 

interest due to their many medicinal and biological properties 6. Molecules with thiazole or oxazole ring are 

used as anti-virus, anti-tumor, anti-fungal, anti-bacterial and anti-cancer reagents 16–18. Some biologically 

active molecules with thiazole and oxazole rings are shown in Figures 1 and 2 19–22. Different derivatives 

of thiazoles and oxazoles have been synthesized and various synthetic methods have been presented for the 

synthesis of these compounds 23.  

     Results and Discussion 

In this research work, we reported that the utilization of Fe3O4@SiO2-Bipyridine-CuCl2 in EtOH under 

reflux conditions can be considered as a novel and ecofriendly catalytic system for the synthesis of oxazole 

and thiazole derivatives through the condensation of benzothioamide or benzamide with 2-

bromoacetophenone derivatives. Details of the fabrication of Fe3O4@SiO2-Bipyridine-CuCl2 were fully 
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shown in Scheme 1. FT-IR, SEM, TEM, TGA, XPS, XRD, VSM, EDX and ICP-OES techniques were well 

confirmed the successful fabrication of Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst. 

 

Scheme 1. General route for fabrication of Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst. 

After the characterization of Fe3O4@SiO2-Bipyridine-CuCl2 nanocomposite, we decide to study its catalytic 

activity in the synthesis of thiazoles and oxazoles. First, the condensation of benzamide (1) with 2-

bromoacetophenone (2) was selected as the model reaction and the effect of catalyst loading and solvents 

and temperature was evaluated. The results of these experiments are shown in Table 1. It is noteworthy 

that the model reaction is not performed in the absence of catalyst. The highest yield was seen in the 

presence of 20 mg of Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst in ethanol under reflux conditions. Then, 

the scope of this catalytic system was investigated in the synthesis of oxazole and thiazole derivatives 

through the condensation of benzothioamide or benzamide with 2-bromoacetophenone derivatives. The 

results of synthesis of oxazole and thiazole derivatives are shown in Tables 2 and 3. Under this catalytic 

system, a broad range of benzothioamide or benzamide derivatives were utilized and the desired products 

were synthesized with high yields. 
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Table 1. Optimization of conditions for the preparation of product 3a.  

 

Entry Catalyst (mg) Solvent (oC) Time (h) Yield % a 

1 No DMF (100 oC) 24 No 

2 5 DMF (100 oC) 10 62 

3 10 DMF (100 oC) 10 76 

4 15 DMF (100 oC) 10 83 

5 20 DMF (100 oC) 10 90 

6 25 DMF (100 oC) 10 90 

7 20 water (100 oC) 10 83 

8 20 MeCN (reflux) 10 74 

9 20 Toluene (100 oC) 10 22 

10 20 EtOH (reflux) 10 96 

11 20 Solvent-Free (100 oC) 10 11 

a Isolated yields 
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Table 2. Scope of Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst in synthesis of oxazole derivatives a 

 

   

   

 
  

a Isolated yields 
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Table 3. Scope of Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst in synthesis of thiazole derivatives a 

 

   

   

a Isolated yields 

In order to study the reusability of the Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst in the synthesis of 

oxazole and thiazole derivatives, we decide to examine this catalytic system in the preparation of product 

3a and 5a as the model reaction. After the compilation of the reaction, the Fe3O4@SiO2-Bipyridine-CuCl2 

nanocatalyst was separated by an external magnet, washed with hot ethanol, dried in air and reused for a 

subsequent similar reaction. The recovered catalyst was reused for seven consecutive cycles without any 

significant loss in its catalytic activity (Figure 3).  
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Figure 3. reusability of the Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst in the preparation of product 3a 

and 5a. 

     Summary and Outlook 

Summary, we shown that the copper (II) complex immobilized on the surface of magnetic nanoparticles 

functionalized with Bipyridine as ligand [Fe3O4@SiO2-Bipyridine-CuCl2] is a novel and highly efficient 

nanocatalyst for the oxazole and thiazole derivatives through the condensation of benzothioamide or 

benzamide with 2-bromoacetophenone. FT-IR, SEM, TEM, TGA, XPS, XRD, VSM, EDX and ICP-OES 

techniques were well confirmed the successful fabrication of Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst. 

It is noteworthy that the recovered Fe3O4@SiO2-Bipyridine-CuCl2 catalyst was reused for seven 

consecutive cycles without any significant loss in its catalytic activity. 

     Experimental 

Typical procedure for Fe3O4@SiO2-Bipyridine-CuCl2nanocomposite synthesis of thiazoles and 

oxazoles 

A mixture of benzothioamide or benzamide (0.5 mmol), 2-bromoacetophenone. (0.5 mmol) and 

Fe3O4@SiO2-Bipyridine-CuCl2 nanocatalyst (20 mg) in EtOH (3 mL) was stirred under reflux conditions 

for 10 h. The reaction progress was followed by TLC, at the end of the reaction, the mixture was cooled to 

room temperature, ethyl acetate (10 mL) was added and the catalyst was separated by an eternal magnet. 

The combined organics were washed with a saturated solution of brine (4 mL), dried (Na2SO4), 

filtered, and purified by flash chromatography or preparative TLC. 
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