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Abstract  
This study aims to develop Ag@Fe2O3 core-shell 

nanocatalyst and investigates its catalytic efficacy 

towards the synthesis of 2- phenyl benzoxazole and its 

derivatives via one-pot condensation of substituted 

aromatic aldehydes and 2-aminophenol. The catalyst 

manifests superior catalytic performance in the 

synthesis of benzoxazole derivatives at room 

temperature. All the products were isolated with a high 

yield of about 88-97%. The chemical structures were 

confirmed by FTIR and 1H-NMR spectroscopy.  

 

This synthetic strategy offers an environment-friendly 

pathway by using non-toxic and biodegradable solvent, 

heterogeneous, magnetically recoverable and reusable 

catalyst and reduction of hazardous waste. The 

nanocatalyst was characterized by XRD, TEM, BET 

surface area and zeta potential. 
 

Keywords: Ag@Fe2O3, core-shell nanoparticles, 

magnetically recoverable, benzoxazole, green synthesis. 

 

Introduction 
The heterocyclic compounds gained a lot of interest by the 

community of researchers due to its attractive features such 

as a broad spectrum of biological activity, a vital part of 

many natural products and synthetic drugs and precursor or 

intermediates for many of the economically important 

organic preparations.  The scientists are making extensive 

efforts for facile, efficient and green methods for the 

preparation of a variety of heterocyclic compounds.  

 

However, the development of a green methodology for 

synthetic transformations is a major challenge of chemistry. 

Various techniques/protocols employing easily recoverable 

heterogeneous catalyst, microwave, solvent-free conditions, 

non-toxic and biodegradable chemicals are widely used for 

synthesis. However, the focus is always to build a clean and 

efficient catalytic methodology aiming at high process 

performances and environmental sustainability.  

 

In this context, nano catalysis is an emerging technique 

which provides the advantage of high speed, selectivity, easy 

separation etc. Size, shape, high surface volume ratio, 

morphology, composition and magnetic properties of 

nanoparticles improve their catalytic performance, magnetic 

separation and reusability1. 

 

Benzoxazole is one of the useful heterocyclic moieties with 

a variety of useful biological and therapeutic characteristics 

such as antibacterial2, anticancer3, antimicrobial4, anti-

inflammatory5, antiparkinsons6, antioxidants7 and anti-

allergy activities8. Therefore, various significant approaches 

were reported for the synthesis of these important building 

blocks. 

 

Conventionally it is synthesized by the condensation of 2-

aminophenols with aldehydes9 orthoesters10 carboxylic 

acids11 amides12 acyl chlorides13.  However, most of these 

approaches suffer from many disadvantages such as low 

yield, expensive chemicals/catalyst, long time, complicated 

operations, harsh reaction conditions such as strong acidic 

conditions, excess reagents, use of toxic and hazardous 

solvents and co-occurrence of several side products. Hence, 

it is a challenge to develop the catalyst which is simple, 

reusable, non-toxic, economical acceptable and 

environment-friendly. 

 

In recent years, remarkable attention has been given to 

heterogeneous catalysts for the synthesis of organic moiety 

due to their reactivity, economical and ecological reasons. 

Researchers have developed large number catalysts which 

can be recovered from reaction mixtures by simple 

methods14. Among that, magnetically recoverable 

nanomaterials are prevalently used as catalysts in various 

organic transformations because of the ease of separation, 

low toxicity, simple methodology and low-cost15.  

 

Various magnetic catalysts such as cobalt ferrite,16 SO3H 

functionalised CoFe2O3
17, NiFe2O4

18, CuFe2O4
19, Fe3O4-

SO3H20, ferrite-chitosan21 etc. have been explored well for 

the efficient synthesis of various heterocyclic scaffolds.  

 

Here an attempt is made to develop a facile and efficient 

protocol for the synthesis of substituted 2- aryl benzoxazoles 

by using inexpensive, magnetically separable Ag@Fe2O3 

core-shell nanoparticles as a catalyst via one-pot 

condensation of substituted aromatic aldehydes and 2-

aminophenol at room temperature. 

 

Material and Methods 
All the reagents and chemicals used for the present work 

were of AR grade and purchased from Sigma Aldrich. All 

were used without any further purification.  

 

Synthesis of catalyst: The catalyst was prepared by sol-gel 

auto combustion method.22 The stoichiometric amount of 

ferric nitrate nonahydrate, silver nitrate and citric acid were 
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dissolved in a minimum quantity of deionised water and 

stirred for 10 min. NH3 was added slowly with stirring till 

the solution became alkaline.  The solution was then heated 

at 60oC for one hour under magnetic stirring. The 

temperature was raised to 100oC to form a gel which on 

further heating undergoes auto-combustion to form 

Ag@Fe2O3 nanoparticles.  

 

Characterisation of catalyst: Formation of the 

nanoparticles was confirmed from X-ray diffraction pattern 

recorded using monochromatized Cu-K radiation on a 

Philips X-ray diffractometer, X’pert PRO. An external 

standard used is silicon for correction due to instrumental 

broadening. The average crystallite size was determined by 

using a Scherer formula. Core-shell morphology was 

confirmed from TEM micrographs recorded on JEOL 123 

TEM fitted with a GATAN ORIUS CCD Camera.  

 

Zeta potential was determined by Malvern Zeta Sizer. The 

surface area was determined by single point dynamic N2 

BET method at -150oC with N2 purging for one hour on 

SMART SORB 93 surface area analyser.  

 

General procedure for the synthesis of benzoxazole 

derivatives: A reaction mixture was prepared by adding 20 

mg of Ag@Fe2O3 nanoparticles in the mixture of 2-

aminophenol (1.5 mmol), benzaldehyde (1.5 mmol) in 6 ml 

dispersion of water: ethanol (5:1). The mixture was stirred at 

room temperature for the given time (Table 2).  

 

The progress of the reaction was monitored by TLC using 

petroleum Ether: EtOAc (4:1). After completion of the 

reaction, EtOAc was added to the mixture and the product 

was extracted into EtOAc, the organic phase was washed 

with H2O and dried with MgSO4. Evaporation of the EtOAc 

gave the crude product. The product was recrystallized using 

ethanol (96%, 2 ml) to get pure 2-phenyl benzoxazole 

derivatives. The catalyst was separated by using an external 

magnet. The separated catalyst was repeatedly washed with 

chloroform and reused for seven more cycles. Ag@Fe2O3 

nanocatalyst was found to be highly efficient catalyst for the 

synthesis of benzoxazole derivatives with high yields (Table 

1, Entries 2b -10b). 

 

The melting points of synthesized compounds were 

determined by open capillary methodology and were 

reported without any further correction. The chemical 

structures of the obtained product were confirmed from 

Fourier Transform Infrared (FT-IR) spectra recorded on 

Shimadzu IR spectrophotometer and 1H NMR spectra 

performed in CDCl3 using TMS as a internal standard on 

Brucker AVANCE II 300 MHz instrument. All Proton 

chemical shifts (δ) are relative to tetramethyl silane (TMS, δ 

= 0.00) as an internal standard and coupling constants (J) are 

given in Hz. 

 

2-phenyl Benz[d]oxazole (1b): IR (KBr)/υ (cm-1) 1683 

(C=N), 1548, 1468 (Ar, C=C), 1249 (C-O-C); 1H NMR 

(CDCl3, 300 MHz, ppm) δ 8.29 (d, 2H, J = 7.6 Hz), 7.81 (d, 

1H, J = 3.3 Hz), 7.61 (d, 1H, J = 3.4 Hz), 7.62-7.54 (m, 3H), 

7.38 ( d, 2H, J = 40 6.0 Hz) 

 

2-(4-nitrophenyl) Benz[d]oxazole (4b): IR (KBr)/υ (cm-1) 

1684 (C=N), 1587 (N-O), 1507, 1480 (Ar, C=C), 1286 (C-

O-C), 1103 (C-N); 1H NMR (CDCl3, 300MHz)/δ (ppm): 

8.31 (d, 2H, J = 7.6 Hz), 7.89 (d, 1H, J = 3.3 Hz), 7.70 (d, 

1H, J = 3.4 Hz), 7.68-7.52(m, 3H), 7.31 ( d, 2H, J = 40 6.0 

Hz) 

 

 2-(2-hydroxyphenyl) Benz[d]oxazole (6b): IR (KBr)/υ 

(cm-1) 3063 (Ar, OH), 1608 (C=N), 1526, 1486 (Ar, C=C), 

1219 (C-O-C); 1H NMR (CDCl3, 300MHz)/δ (ppm): 11.50 

(1H, s, OH), 8.04 (1H, dd J= 7.63, 1.4 Hz), 7.75 (1H, m), 

7.63 (1H, m), 7.40-7.47 (3H, m), 7.14-7.12 (1H, m), 7.04-

7.00 (1H, m) 

 

2-(4-methoxyphenyl) Benz[d]oxazole (9b): IR (KBr)/υ 

(cm-1) 1684 (C=N), 1510, 1482 (Ar, C=C), 1382 (C-H), 1246 

(C-O-C); 1H NMR (CDCl3, 300MHz)/δ (ppm): 8.22-8.20 

(2H, dt, J= 8.40, 2.4, 2.4 Hz), 7.74 (1H, m), 7.58 (1H, m), 

7.35-7.32 (2H, m), 7.04 (2H, dt, J= 8.40, 2.5, 2.45), 3.90 (3H, 

s) 

 

Results and Discussion 
Morphology and structural characterization of catalyst: 

XRD pattern (figure 2) shows well-specified diffraction 

peaks corresponding to face centred cubic Ag (JCPDS 65-

2871) and Fe2O3 (JCPDS 39-1346). The crystallite size for 

each peak ranged between 83.6 nm to 118.5 nm. TEM image 

(Figure 3) revealed the formation of core-shell nanocubes. 

Size of the nanocubes was found in agreement with XRD 

data.
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Figure 1: Synthetic Pathways for the synthesis of 2-Aryl Benzoxazoles 
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Table 1 

Reaction between 2-aminophenol and aromatic substituted aldehydes by using Ag@Fe2O3 nanostructures as a 

catalyst in H2O: EtOH solvent system at room temperature. 
 

Entry 2-Aminophenol 
Aromatic 

aldehydea 
Productb Ag@Fe2O3 Nano catalyst 

    
Time 

(Min) 

Yield
c
 

(%) 
M.P (

O
C) 

1 

   

7 92 % 98-100 

2 

 

O

NO2 

O

N

O2N  

9 88 % 101-102 

3 

 

O

NO2  

O

N

NO2 

5 93 % 211-213 

4 

 

O

O2N  

O

N
NO2

 

4 97 % 264-266 

5 

 

O

OH  

O

N

OH  

12 88 % 122-124 

6 

 

O

Cl  

O

N

Cl  

10 89 % 70-72 

7 

 

O

CH3  

O

N
CH3

 

9 93 % 114-116 

8 

 

O

H3CO  

O

N
OCH3

 

11 90 % 100-102 

CHO O

N
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9 

 

O

Cl  

O

N
Cl

 

6 92 % 148-150 

10 

 

O

Br  

O

N
Br

 

7 90 % 156-157 

11 

 

O

OH  

O

N
OH

 

-- -- Sticky product 

aThe substrate was treated with aromatic aldehydes (1.5 mmol) in presence of 20 mg of nanocatalyst in C2H5OH: H2O at room 

temperature 
bAll products were identified by comparison with authentic samples 
cIsolated yields 

 

Table 2 

Effect of amount of catalyst on the synthesis of 2- phenyl Benzoxazole (Table 1 entry 1b) 
 

Entry Amount of catalyst 

(mg) 

Time 

(min) 

Yielda % 

1 5 mg 5 min 71 % 

2 5 mg 10 min 71 % 

3 5 mg 15 min 71 % 

4 10 mg 10 min 78 % 

5 15 mg 10 min 85 % 

6 20 mg 7 min 92 % 

7 20 mg 10 min 92 % 

8 20 mg 15 min 92 % 

9 25 mg 10 min 92 % 

10 30 mg 10 min 92% 

                        aIsolated yields 

 

20 30 40 50 60 70 80

100

200

300

400

500

600

700

***



 

 

R
e
la

ti
v
e
 I
n

te
n

s
it

y
 (

a
u

)

2 (Degree)  
Figure 2:  XRD patterns of Ag@Fe2O3 (Asterisk show the diffraction peaks of Ag) 
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The BET surface area analysis showed the surface area of 

the particles 6.93 m2/gm. Zeta potential was found to be – 

31.4mV which indicates the colloidal stability of 

nanocatalyst in heterogeneous catalytic reactions.  

 

Catalytic performance of Ag@Fe2O3 core-shell 

nanoparticles in 2- aryl benzoxazole synthesis: Catalytic 

efficiency of Ag@Fe2O3 core-shell nanoparticles was 

studied at the various operational variables such as the 

amount of catalyst, reaction time, temperature and solvents. 

The reaction parameters were optimized by using 2-

aminophenol and benzaldehyde as model starting materials 

(Table 1 entry 1). The catalytic amount of 20 mg was found 

sufficient to carry out the reaction with an excellent yield of 

2-phenyl benzoxazole in minimum reaction time of 7 min. 

(Table 2 entry 6).  

 

Increase in the amount of catalyst does not show any 

improvement in the yield. The main advantage of using 

nanoparticles as a catalyst that very little amount is sufficient 

to complete the reaction with high yield as compared to their 

bulk counterparts. This improved catalytic activity may 

attribute to the high surface area of nanoparticles. 

 

Various organic solvents and temperature were assessed to 

achieve mild reaction conditions. It is observed that the 

catalyst performed well in all the solvents used. However, 

the mixture of ethanol (EtOH): water in 1:4 proportion was 

appeared to be the best solvent with the improved 

performance of reaction at room temperature (RT). 

 

As far as heterogeneous catalytic reactions are concerned, 

reusability of catalysts is considered as one of the most 

important parameters. As Ag@Fe2O3 is a magnetic material, 

it can be easily isolated from the reaction mixture by using 

an external magnet and can be reused for the next setup. The 

catalyst was washed with EtOAC after every use followed 

by the next run with fresh reaction setup. The catalyst was 

consecutively reused for seven more times without any 

significant loss of activity (Table 4) which indicates that 

Ag@Fe2O3 catalyst has very good stability and recyclability

. 

 
Figure 3: TEM image of Ag@Fe2O3 

 

Table 3 

Effect of various solvent and temperature on synthesis of 2- phenyl Benzoxazole (Table 1 entry 1b) 
 

Entry Solvent Time (min) Temperature 

(oC) 

Yielda  

(%) 

1 CHCl3 22 RT 92 

2 CH3CN 15 RT 91 

3 CH2Cl2 14 RT 89 

4 H2O 14 RT 72 

5 H2O 14 600C 72 

6 EtOH 9 RT 90 

7 EtOH: H2O (1:5) 

 

07 RT 92 

8 10 600C 92 

9 15 600C 92 

10 20 600C 92 
                                               aIsolated yields 
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Basis on the results mentioned, a possible mechanism for the 

synthesis of 2- substituted benzoxazole is illustrated in fig. 

4. 

 

Comparison of catalytic activity of Ag@Fe2O3 with other 

reported nanocatalysts: The catalytic activity of magnetic 

Ag@Fe2O3 nanoparticles was compared with some of the 

earlier reported nanocatalysts (Table 5). It was found that 

Ag@Fe2O3 core-shell nanoparticles are excellent with 

respect to the yield and the reaction conditions. Facile and 

efficient synthesis using benign solvent at room temperature 

and a catalytic amount of Ag@Fe2O3 catalyst make this 

approach green and environment friendly. 

 

Table 4 

Study of Ag@Fe2O3 catalyst reusability model reaction 
 

Entry Reaction time Yielda 

1 07 min 92 % 

2 07 min 92 % 

3 07 min 90 % 

4 07 min 89 % 

5 07 min 89 % 

6 07 min 87 % 

7 07 min 87 % 
                                 9.aIsolated yields 
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Figure 4: Plausible mechanism for synthesis of Benzoxazole by using Ag@Fe2O3 

 

Table 5 

Comparative data for the synthesis of 2-aryl Benzoxazole derivatives in presence of various nano catalysts 
 

S.N. Catalyst 
Catalyst 

loading 
Solvent 

Reaction 

conditions 
Time Yield % 

1 KCN/MWCNT23 0.02mg DMF ultrasonication 10s 95% 

2 
Schiff base/SBA-

1524 
0.01mg H2O 60OC Reflux 3h 92% 

3 CuO/SiO2
25 10 mol % MeOH RT 4h 93% 

4 CuNiFe26 0.025mg Toulene / KOH 130 OC 24h 94% 

5 CuFe2O4
18 20 mol % Toulene 110 OC 2h 94% 

6 Nano CeO2
27 10 mol % H2O RT 20min 96% 

7 Ag@Fe2O3
*
 0.02 mg H2O/EtOH (5:1) RT 7min 92 % 

              *Present work
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Conclusion 
This study proposes an effective, facile, inexpensive and 

green approach for the synthesis of 2- substituted 

benzoxazoles by condensation between 2-amino phenols 

with various aromatic aldehydes in water: EtOH dispersion 

at room temperature under mild conditions. The remarkable 

feature of this protocol is an easy magnetic recovery of 

catalyst, reusability more than seven runs which is 

favourable from the point of view of environmental 

protection. 

 

References 
1. Blakemore D.C., Fobian Y.M., Fadeyi O., Jones L.H., Robinson 

R.P. and Taylor A.P., Modern advances in heterocyclic chemistry 

in drug discovery, Org. Biomol. Chem., 14, 6611-6637 (2016) 

 

2. Bradshaw T.D., Chua M.S., Hutchinson I., Kashiyama E., Kaur 

G., Phillips L.R., Stinson S.F., Sausville E.A., Stevens M.F.G. and 

Westwell A.D., Synthesis of 2-(4-

acylaminophenyl)benzothiazoles and investigations into the role of 

acetylation in the antitumour activities of the parent amines,  J. 

Med. Chem., 42, 4172 (1999) 

 

3. Armstrong D.J., Baldwin J.J., Claremon D.A., Gould R.J., 

Liverton N.J., Lynch R.J.,  Remy D.C. and Zhang G., Nonpeptide 

glycoprotein IIb/IIIa inhibitors: Substituted quinazolinediones and 

quinazolinones as potent fibrinogen receptor antagonists, Bioorg. 

Med. Chem. Lett., 8, 483 (1998) 

 

4. Palmer P.J., Trigg R.B. and Warrington J.V., Benzothiazolines 

as antituberculous agents, J. Med. Chem., 14, 248 (1971) 

 

5. Kerwin S.M. and McKee M.L., Synthesis, metal ion binding and 

biological evaluation of new anticancer 2-(2′-

hydroxyphenyl)benzoxazole analogs of UK-1, Bioorg. Med. 

Chem., 16, 1775 (2008) 

 

6. Benazzou A., Boireau J.M., Boraund T., Dubedat P. and 

Stutzmann C., Riluzole prevents MPTP-induced parkinsonism in 

the rhesus monkey: a pilot study, Eur. J. Pharmcol, 284, 299 – 307 

(1995) 

 

7. Rai S.N., Srivastava P., Sharma P., Singh S.P., Srivastava R.K., 

Shrivastava S.K. and Tripathi P.N., Design and development of 

some phenyl benzoxazole derivatives as a potent 

acetylcholinesterase inhibitor with antioxidant property to enhance 

learning and memory, Eu. J. Medicinal Chem., 163, 116-135 

(2019) 

 

8. Nakano H., Inoue T., Kawasaki N., Miyataka H., Matsumoto H., 

Taguchi T., Inagaki N., Nagai H. and Satoh T., Synthesis and 

biological activities of novel antiallergic agents with 5-

lipoxygenase inhibiting action, Bioorg. Med. Chem., 8, 373 (2000) 

 

9. Briseno-Ortega H., Farfan N., Lopez-Ruiz H., Rojas-Lima S. 

and Santillan R., Phenylboronic acid catalyzed-cyanide promoted, 

one-pot synthesis of 2-(2-hydroxyphenyl)benzoxazole derivatives, 

Tetrahedron Lett., 52, 4308 (2011) 

 

10. Bandgar B.P., Lee S.H. and Patil A.V., Silica Supported 

Fluoroboric Acid: An Efficient and Reusable Heterogeneous 

Catalyst for Facile Synthesis of 2-Aliphatic Benzothiazoles, 

Benzoxazoles, Benzimidazoles and Imidazo[4,5-b]pyridines, Bull. 

Korean Chem. Soc., 31, 1719 (2010) 

 

11. Chadha N.K., Ghane H., Katkevics M., Player M.R., Pottorf 

R.S., Regberg T., Suna E. and Ozola V., Parallel synthesis of 

benzoxazoles via microwave-assisted dielectric heating, 

Tetrahedron Lett., 44, 175-178 (2003) 

 

12. Bywater W.G., Coleman W.R., Kamm O. and Merrit H.H., 

Synthetic Anticonvulsants. The Preparation and Properties of 

Some Benzoxazoles, J. Am. Chem. Soc., 67, 905 (1945) 

 

13. Batra N., Goyal A., Gupta S., Lokwani P., Nagori B.P. and 

Singh N., Benzoxazole: The molecule of diverse biological 

activities, J. Chem. Pharm., Res., 3, 302 (2011) 

 

14. Jiang M., Sun N., Wang H., Wei W., Yang D., You J., Yuan L. 

and Zhu X., Magnetically recoverable and reusable CuFe2O4 

nanoparticles-catalyzed synthesis of benzoxazoles, benzothiazoles 

and benzimidazoles using dioxygen as oxidant, RSC Adv., 4, 17832-

17839 (2014) 

 

15. Branco P.S., Gawande M.B. and Varma R.S., Nano-magnetite 

(Fe3O4) as a support for recyclable catalysts in the development of 

sustainable methodologies, Chem. Soc. Rev., 42, 3371 (2013) 

 

16. Chorghe P., Patil K., Patil V. and Thakur J., Combustion 

Synthesised Cobalt Ferrite nanoparticles as magnetically 

recyclable catalyst for synthesis of Benzimidazole Derivatives, 

Nanoscience and Nanotechnology-Asia, 8, 281-288 (2018) 

 

17. Datta M.M., Goswami M. and Phukan P., Sulfonic acid 

functionalized CoFe2O4 magnetic nanocatalyst for the synthesis of 

benzimidazoles and benzothiazoles, NISCAIR-CSIR, 58B, 811-819 

(2019) 

 

18. Amiri M., Eskandari K., Khodadadi A., Pourshojaei Y., Talebi 

M. and Zolala F., Nickel Ferrite (NiFe2O4) Nanoparticles as 

Magnetically Recyclable Nanocatalyst for Highly Efficient 

Synthesis of 4H-Chromene Derivatives, Journal of Nanoscience 

and Nanotechnology, 20, 3206–3216 (2020) 

 

19. Hajizadeh Z., Maleki A. and Salehi P., Mesoporous halloysite 

nanotubes modified by CuFe2O4 spinel ferrite nanoparticles and 

study of its application as a novel and efficient heterogeneous 

catalyst in the synthesis of pyrazolopyridine derivatives, Sci Rep, 

9, 5552 (2019) 

 

20. Maleki A., An Efficient Magnetic Heterogeneous Nanocatalyst 

for the Synthesis of Pyrazinoporphyrazine Macrocycles, 

Polycyclic Aromatic Compounds, 38(5), 402-409 (2018) 

 

21. Aghaei M., Ghamari N., Kamalzare M. and Maleki A., 

Efficient Synthesis of 2, 3-Dihydroquinazolin4(1 H )-ones in the 

Presence of Ferrite/Chitosan as a Green and Reusable 

Nanocatalyst, Int. J. Nanosci. Nanotechnol., 12, 215-222 (2016) 

 

22. Sanadi K.R. and Kamble G.S., Novel Synthesis of Silver 

Ferrite by Sol–Gel Auto Combustion Method and Study of Its 

Photocatalytic Activity, Advanced Porous Materials, 5, 1–4 (2017) 

 

23. Naeimi H., Rahmatinejad S. and Zahra S.N., A mild convenient 

ultrasound assisted synthesis of 2-aryl benzoxazoles catalyzed by 

KCN/MWCNT as an efficient heterogeneous nanocatalyst, 



Research Journal of Chemistry and Environment_____________________________________Vol. 25 (1) January (2021) 
Res. J. Chem. Environ. 

30 

Journal of the Taiwan Institute of Chemical Engineers, 58, 1-7 

(2015) 

 

24. Bardajee G.R., Ghaedi A., Mohammadi M. and Yari H., Simple 

and efficient protocol for the synthesis of benzoxazole, 

benzoimidazole and benzothiazole heterocycles using Fe(III)–

Schiff base/SBA-15 as a nanocatalyst, Chinese Chemical Letters, 

27, 265–270 (2016) 

 

25. Inamdar S.M., More V.K. and Mandal S.K., CuO nanoparticles 

supported on silica, a new catalyst for facile synthesis of 

benzimidazoles, benzothiazoles and benzoxazoles, Tetrahedron 

Letters, 54, 579–583 (2013) 

26. Bhanage B.M. and Chaurasia S.R., CuNiFe a Magnetic Nano-

Catalyst: an Efficient Catalyst for the Selective Synthesis of 

Benzoxazoles, Chemistry Select, 3(27), 77963-7969 (2018) 

 

27. Shelkar R., Sarode S. and Nagarkar J., Nano ceria catalyzed 

synthesis of substituted benzimidazole, benzothiazole and 

benzoxazole in aqueous media, Tetrahedron Letters, 54, 6986–

6990 (2013). 

 

(Received 15th June 2020, accepted 10th August 2020) 

 

 

 

 

 

 


