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In this study, we synthesized Ag supported on hydroxyapatite-core-shell-γ-
Fe2O3 nanoparticles (γ-Fe2O3@HAp-Ag NPs) as a new, lewis acid, and 
reusable heterogeneous nancatalyst. Then, it was successfully used for the 
synthesis of β-azido alcohols and β-thiocyanohydrins from the regioselective 
conversation of some epoxides by azide and thiocyanate anions in water. The 
reaction afforded the corresponding products with high regioselectivity 
under mild reaction conditions. 
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Graphical Abstract 

 
 

Introduction 

Recently, the application of nanoparticles (NPs) as attractive and interesting materials has been 

more and more increased, because of their high surface area and unique magnetic properties. 

Moreover, they have a wide range of usage in various fields; such as magnetic fluids [1], biology and 

medical applications [2], magnetic resonance imaging [3], data storage [4], environmental 

remediation [5], and their application as catalysts in organic transformations [6, 7]. Magnetic 

nanoparticles owing to their attractive properties, have been used as excellent candidates as support 

materials for the preparation of MNP-supported heterogeneous catalysts which have been applied in 

traditional metal catalysis [8], organocatalysis [9], and enzyme catalysis [10]. Among the most 

arguable magnetic nanoparticles as the core magnetic supports, Fe2O3 and Fe3O4 nanoparticles are 

the most extensively studied [11], because of their high surface-area resulting in high catalyst loading 

capacity, conductivity, magnetic susceptibility, catalytic activity and striking stability [12]. 

β-azido alcohols are compounds of interest in organicsynthesis as either precursors of vicinal 

amino alcohols or in the chemistry of carbohydrates, nucleosides, lactames, and oxazocines [13]. 
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Several catalysts have been used to the synthesis of β-azido alcohols and β-thiocyanohydrins [14‒

18]. However, many of these methods which involve the use of expensive and stoichiometric amounts 

of reagents or catalysts suffer from poor regioselectivity, strongly acidic conditions and also require 

extended reaction times. Therefore, the development of a new and efficient protocol for this 

transformation under mild and more convenient conditions is still needed. Ag supported on 

hydroxyapatite-core-shell-γ-Fe2O3 nanoparticles (γ-Fe2O3@HAp-Ag NPs) as an attractive and 

reusable Lewis acid magnetic nanocatalyst was designed to the synthesis of coumarin derivatives for 

the first time by Rezayati et al. (Scheme 1). 

In this work, we prepared γ-Fe2O3@HAp-Ag NPs for the one-pot synthesis of β-azido alcohols and 

β-thiocyanohydrins from the regioselective conversation of some epoxides by sodium azide (NaN3) 

and thiocyanate (KSCN) anion (Scheme 2). 

 

Scheme 1. Synthesis of catalyst 

 

Scheme 2. One-pot preparation of β-azido alcohols and β-thiocyanohydrins using γ-Fe2O3@HAp-Ag 

NPs 
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Experimental 

Materilas and methods 

Products were separated and purified by different chromatographic techniques and were 

identified by the comparison of their IR, NMR, and melting point with those reported for the authentic 

samples. Melting points were taken on an electrothermal capillary melting point apparatus and are 

uncorrected. The progress of reaction was followed with thin-layer chromatography (TLC) using 

silica gel SILG/UV 254 and 365 plate. All the solvents and reagents were purchased from aldrich and 

Merck with high-grade quality and used without any purification. 

Preparation of γ-Fe2O3@HAp-Ag NPs 

γ-Fe2O3@HAp-Ag NPs was prepared according to the literature procedure, and then the mean size 

and the surface morphology of the γ-Fe2O3@HAp-Ag NPs were characterized by TEM, SEM, VSM, XRD 

and FT-IR techniques [19]. 

General procedure for the preparation of β-azido alcohols in the presence of γ-Fe2O3@HAp-Ag NPs 

A mixture of epoxide (1 mmol), NaN3 (1.1 mmol), and γ-Fe2O3@HAp-Ag NPs (15 mg), and 5 mL of 

water (5 mL) in an oil bath for a specific time was presented. After complete consumption of epoxide 

as judged by TLC (using n-hexane/ethylacetate, 5:1) as eluent), the catalyst was separated utilizing 

an external magnet. The product was extracted with diethyl ether (3×5 mL), the organic phase was 

concentrated and dried using Na2SO4. After evaporation of the solvent under reduced pressure with 

a rotary evaporator, the b-cyanohydrins were obtained with 88–96% yield. 

General procedure for the preparation of β-thiocyanohydrinsin the presence of γ-Fe2O3@HAp-Ag NPs 

A mixture of epoxide (1 mmol), KSCN (1.1 mmol), and γ-Fe2O3@HAp-Ag NPs (15 mg), and 5 mL of 

water (5 mL) in an oil bath for a specific time was also presented. After complete consumption of 

epoxide as judged by TLC (using n-hexane/ethylacetate, 5:1) as eluent), the catalyst was separated 

utilizing an external magnet. The product was extracted with diethyl ether (3×5 mL), the organic 

phase was concentrated and dried using Na2SO4. After evaporation of the solvent under reduced 

pressure with a rotary evaporator, the β-cyanohydrins were obtained with 87–95% yield. 

Results and Discussion 

Herein, we wish to report an extremely convenient and efficient method for regioselective ring 

opening of epoxides using γ-Fe2O3@HAp-Ag NPs as a new, efficient and recyclable catalyst in water 
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at 90 °C. In this study, the γ-Fe2O3@HAp-Ag NPs was prepared according to the literature procedure 

and was characterized by TEM, SEM, VSM, XRD and FT-IR techniques [19]. 

As a model reaction, the reaction of phenyl glycidyl ether (1 mmol) with NaN3 (1.1 mmol) was 

tested using different amounts of γ-Fe2O3@HAp-Ag NPs at range of 60–100 °C in the various of 

solvent. The results are summarised in Table 1, where it can be seen that this reaction was strongly 

influenced by the amount of catalyst. No product was obtained in the absence of the catalyst even 

after 24 h (Table 1, entry 1) indicating that the catalyst is necessary for the reaction. The best results 

were obtained when amount of the catalyst was 15 mg at 90 °C in water, and give the product in 

excellent yield and in short reaction time (Table 1, entry 9). 

After optimisation of the reaction conditions, various aromatic and aliphatic epoxides (1 mmol) 

reacted smoothly with sodium azide (1.1 mmol) in the presence of γ-Fe2O3@HAp-Ag NPs at 90 °C in  

waterunder similar reaction conditions to produce the corresponding β-azido alcohols in excellent 

yields and short reaction time (Table 2). In general, Table 2 shows the results that clarify the fact that 

the reaction proceeds very efficiently in all cases. Various epoxides underwent ring opening easily in 

the presence of γ-Fe2O3@HAp-Ag NPs at 90 °C. A glimpse to Table 2 makes clearly evident the 

generality of this methodology. Different functional groups, including ether, ester and double bond, 

are easily tolerated in the reaction conditions. The results clearly indicate the high regioselectivity of 

epoxide ring-opening by the azide anion. 

Table 1. Effect of the catalyst amount, solvent and temperature on the reaction between phenyl 

glycidyl ether (1 mmol) with NaN3 (1.1 mmol) 

Entry Catalyst amount (mol%) Temperature (°C) Solvent Time (min) Yield (%)a 

1 None 25 - 24 h Trace 

2 1 25 - 130 38 

3 5 25 - 90 55 

4 10 25 - 65 78 

5 15 25 - 40 82 

6 20 25 - 40 85 

7 15 60 water 25 91 

8 15 80 water 25 93 

9 15 90 water 25 95 

10 20 60 water 25 89 

11 20 80 water 25 90 

12 20 90 water 25 90 
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Table 2. Preparation of β-azido alcohols from various epoxides with sodium azide anion in the 

presence γ-Fe2O3@HAp-Ag NPs in water 

Entry Epoxide product Time (min) Yield (%)a 

1 

  

25 95 

2 

  

30 95 

3 

  

20 94 

4 

  

15 92 

5 

  

30 94 

6b 

  

20 95 

7 

 
 

10 94 

8 

  

10 90 

a Isolated yield 

The good reusability of a catalyst is an important aspect of green chemistry and environmental 

points of view. The recovery and reusability of the catalyst was studied using 2,3-epoxypropyl phenyl 

ether with sodium azide as model reaction. Since the catalyst can be separated from the reaction 

mixture using an external magnetic field, it was recovered with a simple magnet after the dilution of  

the reaction mixture with water. The catalyst was consecutively reused seven times without any 

noticeable loss of its catalytic activity (Figure 1). 

In another study, after the success of γ-Fe2O3@HAp-Ag NP for the synthesis of β-azido alcohols, 

we decided to explore the catalytic activity of γ-Fe2O3@HAp-Ag NP for the synthesis of β-

thiocyanohydrins. For this purpose, the condensation reaction between epoxide (1 mmol), SCN (1.1 

mmol) in the presence of γ-Fe2O3@HAp-Ag NP (15 mg) in water at 90 °C was chosen as a model 

reaction. All the β-thiocyanohydrins were obtained in excellent yields and short reaction time (Table 

3). 
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Figure 1. The catalytic 

activity of γ-

Fe2O3@HAp-Ag NP in 

seven cycles 

 

 

Table 3. Preparation of β-thiocyanohydrinsfrom various epoxides with thiocyanate anion in the 

presence γ-Fe2O3@HAp-Ag NPs in water 

Entry Epoxide product Time (min) Yield (%)a 

1 

  

25 94 

2 

  

30 94 

3 

  

15 92 

4 

  

10 94 

5 

 
 

25 93 

6b 

 
 

15 95 

7 

 
 

12 95 

8 

  

15 92 

a Isolated yield 
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Conclusion 

In conclusion, a new Ag supported on hydroxyapatite-core-shell-γ-Fe2O3 nanoparticles (γ-

Fe2O3@HAp-Ag NPs) was synthesized and its application as an efficient, green, and reusable catalyst 

for regioselective ring opening of epoxides to β-azido alcohols and β-thiocyanohydrins in water at 90 

°C was presented. The advantages of the present protocol include being an environmentally friendly 

alternative, the short reaction times, high yield of products, simple work-up procedure and excellent 

regioselectivity. Moreover, the catalyst was recyclable and has been reused for seven successive runs 

with little loss of the catalytic activities.  

Disclosure Statement 

No potential conflict of interest was reported by the authors. 

Orcid 

Vahid Azizkhani  0000-0001-5077-4571 

Sobhan Rezayati  0000-0001-8940-2927 

Mohammad Hossein Fekri  0000-0002-1305-1902 

References 

[1]. Chikazumi S., Taketomi S., Ukita M., Mizukami M., Miyajima H., Setogawa M., Kurihara Y. J. Magn. 

Magn. Mater.,1987, 65:245 

[2]. Gupta A.K., Gupta M. Biomaterials, 2005, 26:3995 

[3]. Park S.I., Kim J.H., Lim J.H., Kim C.O. Curr. Appl. Phys., 2008, 8:706 

[4]. Hyeon T. Chem. Commun., 2003, 927 

[5]. Lu A., Schmidt W., Matoussevitch N., Bo¨nnemann H., Spliethoff B., Tesche B., Bill E., Kiefer W., 

Schu¨th F., Angew. Chem., 2004, 116:4403 

[6]. Tsang S.C., Caps V., Paraskevas I., Chadwick D., Thompsett D. Angew. Chem., 2004, 116:5763 

[7]. Polshettiwar V., Varma R.S. Green Chem., 2010, 12:743 

[8]. Rafiee H., Eavani S. Green Chem., 2011, 2116 

[9]. Zhang Y., Xia G. Appl. Catal., A, 2009, 366:141 

[10]. Lee J., Lee Y., Youn J.K., Na H.B., Yu T., Kim H., Lee S.M., Koo Y.M., Kwak J.H., Park H.G., Chang H.N., 

Hwang M., Park J.G., Kim J., Hyeon T. Small, 2008, 4:143 

[11]. Yavuz C.T., Mayo J.T., Yu W.W., Prakash A., Falkner J.C., Yean S., Cong L.L., Shipley H.J., Kan A., 

Tomson M., Natelson D., Colvin V.L. Science, 2006, 314:964 

[12]. Dharma B., Kaushik M.P., Halve A.K. Tetrahedron Lett., 2012, 53:2741 

https://orcid.org/0000-0001-5077-4571
https://orcid.org/0000-0001-8940-2927
https://orcid.org/0000-0002-1305-1902
https://orcid.org/0000-0001-5077-4571


 I. Amini et al.                                                                                                                                                                                       59 

[13]. Chen S.W., Thakur S.S., Li W., Shin C.K., Kawthekar R.B., Kim G.J. J. Mol. Catal. A Chem., 2006, 

259:116 

[14]. Kiasat A.R., Nazari S., Davarpanah J. C. R.  Chimie., 2014, 17:124 

[15]. Tamami B., Mahdavi H. Tetrahedron Lett., 2001, 42:8721 

[16]. Heravi M.M., Hamidi H., Karimi N., Amouchi A. Adv. J. Chem. A, 2018, 1:1 

[17]. Rezayati S., Salehi E., Hajinasiri R., Afshari Sharif Abad S. C. R. Chimie., 2017, 20:554 

[18]. Sajjadifar S., Arzehgar Z., Khoshpoori S. J. Inorg. Organomet. Polym. Mater., 2018, 28:37 

[19]. Abbasi Z., Rezayati S., Bagheri M., Hajinasiri R. Chin. Chem. Lett., 2017, 28:75 

How to cite this manuscript: Issa Amini*, Vahid Azizkhani, Elham Ezzatzadeh, Kaushik Pal, 
Sobhan Rezayati, Mohammad Hossein Fekri, Parisa Shirkhani. Synthesis of a new Ag supported on 
hydroxyapatite-core-shell-γ-Fe2O3 nanoparticles (γ-Fe2O3@HAp-Ag NPs) and its application as a 
Lewis acid catalyst in the preparation of β-azidoalcohols and β-thiocyanohydrins from epoxides. 
Asian Journal of Green Chemistry, 4(1) 2020, 51-59. DOI: 10.22034/AJGC/2020.1.4 

 

http://www.ajgreenchem.com/article_80486.html

