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ABSTRACT: 

PEG-SO3H was found to be an effective heterogeneous catalyst for 

the one pot synthesis of various benzoxazole derivatives from condensation 

reaction between o-aminophenol with various aromatic aldehydes in 

ethanol to afford excellent yields. Synthesis was attempted at room 

temperature using ethanol as the solvent. Heterogeneity of the catalyst 

allowed its recycling for five times with almost retention in catalytic activity. 

Reaction carried out at room temperature shows special advantageous 

because it has contribution in the green chemistry aspect.  

 

KEYWORDS: Benzoxazole; heterogeneous catalyst; o-aminophenol, aromatic 

aldehyde. 

1. INTRODUCTION:  

Benzo fused azoles are an important class of 

compounds. They provide a common heterocyclic scaffold 

in biologically active and medicinally significant 

compounds [1-3]. Benzoxazoles are found in a variety of 

natural products [4] and are important targets in drug 

discovery [5]. They also find applications in material 

science as photochromic agents and laser dyes [6]. 

There has been a recent surge in the development of 

new benzoxazole syntheses because of their their 

potential uses as cytotoxic agents [4, 7-9], cathepsin S 

inhibitors [10], HIV reverse transcriptase inhibitors [11], 

estrogen receptor agonists [12], selective peroxisome 

proliferators activated receptor antagonists, anticancer 

agents [13], and orexin-1 receptor antagonists [14]. They 

have also found application as herbicides and as 

fluorescent whitening agent dyes [15]. 2-Arylbenzoxazoles 

are an important group of target molecules by virtue of 

their special photo physical properties [16-18] and 

biological activities, including antitumor, antimicrobial, 

and antiviral properties [1, 4, 19]. It has also been 

reported that arylbenzoxazole-containing amino acids 

have high fluorescence quantum yields and can be 

engineered into convenient fluorescent probes [20-22]. 

Recently, it has been reported that 2-arylbenzoxazoles are 

novel cholesterol ester transfer protein inhibitors [23], 

and some 2-arylbenzoxazoles are highly selective 

amyloidogenesis inhibitors [24]. 

In present study describe the synthesis of 3 (Scheme 

1) by one pot condensation of o-aminophenol 1 with 

aromatic aldehydes 2 using 5% w/w amount of PEG-SO3H 

with respect to amount of o-aminophenol using ethanol 

as the solvent at room temperature .  
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2. EXPERIMENTAL 

 2.1. Chemicals and reagents 

All chemicals used were of laboratory reagent 

grade and used without further purification. PEG, were 

obtained from S.D. Fine Chem. Pvt. Ltd., Mumbai, India o-

aminophenol, sodium hydroxide and sulphanilic acid were 

obtained from Samir Tech Chem. Pvt. Ltd., Vadodara, 

India. Various Aldehydes were used as received from 

Merck, Mumbai, India. All the solvents were supplied by 

Sisco Chem. Pvt. Ltd., Mumbai, India.  

2.2.  Analytical methods 

Melting points were determined by open 

capillary method and are uncorrected. 
1
H NMR and 

13
C 

NMR spectra were recorded as solutions in DMSO-d6 on a 

Bruker Avance 400 spectrometer operating at 400 MHz 

for 
1
H NMR, and 100 MHz for 

13
C NMR. Chemical shifts (δ) 

are expressed in parts per million (ppm) and referenced to 

the residual protic solvent. FT-IR spectra were recorded 

on ABB Bomem Inc. FT-IR 3000 spectrophotometer and 

are expressed in wave numbers (cm
-1

). The mass spectra 

(ESI-MS) were recorded on Shimadzu LCMS-2010 

spectrometer and Carbon, Hydrogen and Nitrogen were 

estimated on a PerkinElmer 2400 Series II CHNS/O 

Elemental Analyzer. All the reactions were monitored by 

TLC using aluminum sheet precoated with silica gel 60 f254 

(Merck). 

2.3. General experimental procedure for synthesis of 

Benzoxazoles 3a-3j. 

To a stir the solution of aldehyde (1 mmol) and o-

aminophenol (1.05 mmol) in ethanol (10 mL) in a 100 mL 

RB flask equipped with standard tapper joints at room 

temperature, sulfonic acid functionalized polymer 

supported catalyst 5 % w/w PEG-SO3H  (5% w/w with 

respect to o-phenylenediamine) was added. The progress 

of the reaction was monitored by TLC using aluminum 

sheets precoated with silica gel 60 F254 (Merck). After 

completion of the reaction, the catalyst was recovered by 

filtration and filtrate was extracted with ethyl acetate. The 

extract was dried over anhydrous Na2SO4. Product was 

obtained in excellent yield with high purity by adding n-

hexane to the extract. The recovered catalyst was washed 

with ethanol, chloroform, diethyl ether and subsequently 

dried it at 80°C for recycling it in the subsequent run of 

the model reaction. 

2.4. Characterization of selected compounds 

 3a. 2-phenylbenzo[d]oxazole 

 

Molecular Formula C13H9NO 

Molecular Weight 

(g· mol
-1

) 

195.22 

Melting Point (°C) 161 

1
H NMR (400 MHz, DMSO, δ ppm): 8.31 (2H, m), 7.82 (1H, 

m), 7.77 (1H, m), 7.66-7.63 (3H, m), 7.39 (2H, m) 

13
C NMR (100 MHz, DMSO, δ ppm): 163.0, 150.8, 142.2, 

131.5, 128.9, 127.5, 127.3, 125.1, 124.5, 119.9, 110.6 

DEPT-135: Up peaks: 163.0, 150.8, 142.2, 131.5 

                    Down peaks: 128.9, 127.5, 127.3, 125.1, 124.5, 

119.9, 110.6 

IR (KBr): 3047 (w), 1454, 1404, 1260, 968, 750 cm
−1

 

LC-MS: 196.1 

% C, H, N Analysis:  Calculated: C, 79.98; H, 4.65; N, 7.17 

                                      Observed:   C, 80.04; H, 4.69; N, 7.23 

 

3b. 4-(benzo[d]oxazol-2-

yl)-2-methoxyphenol 

 

Molecular 

Formula 

C14H11NO3 

Molecular 

Weight (g· 

mol
-1

) 

241.07 

Melting 

Point (°C) 

319 

1
H NMR (400 MHz, DMSO, δ ppm): 7.80-7.30 (m, 4H, Ar-

H), 7.60-6.80 (m, 3H, Ar-H), 5.38 (s, 1H, OH), 3.84 (s, 3H, 

OCH3) 

13
C NMR (100 MHz, DMSO, δ ppm): 162.8, 150.3, 148.8, 

148.2, 141.6, 124.3, 123.6, 119.8, 119.2, 115.4, 112.8, 

110.7, 108.6, 56.4 

DEPT-135: Up peaks: 162.8, 150.3, 148.8, 148.2, 141.6, 

119.8 

                    Down peaks: 124.3, 123.6, 119.2, 115.4, 112.8, 

110.7, 108.6, 56.4 

IR (KBr): 3450 (s), 3046 (w), 1458, 1407, 1270, 972, 

753 cm
−1
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LC-MS: 242.1 

% C, H, N Analysis:    Calculated: C, 69.70; H, 4.60; N, 5.81 

                                      Observed:   C, 69.75; H, 4.69; N, 5.89                      

 

3. RESULT AND DISCUSSION 

3.1.  Optimization of reaction condition 

The condensation reaction of o-aminophenol with 

benzaldehyde under ethanol as the solvent was employed 

as the model reaction to screen the suitable reaction 

conditions (Table 1). Among different catalysts and PEG-

SO3H (Table 1, entries 1–7), 5 % w/w PEG-SO3H was best 

suited for the reaction. The reaction was studied at room 

temperature. It was observed that 5 % w/w amount of 

catalyst is suitable to complete the reaction in moderate 

time with high yield of product. It was found that the 

condensation reaction carried out in the presence 5 % 

w/w PEG-SO3H at room temperature showed the highest 

conversion and this was chosen as the optimized 

condition. 

Table 1 Effect of different catalyst on the condensation of 

o-aminophenol and       benzaldehyde under ethanol as 

the solvent at room temperature. 

Entry Catalyst At room 

temperature 

Time (hr.) 

Yields
b
    

(%) 

1 1mmol % HCl 3 80 

2 1mmol % 

CH3COOH 

3 82 

3 1mmol % H2SO4 3.5 83 

4 1mmol % ZnCl2 3 78 

5 1mmol % CoCl2 3 80 

6 1mmol % NiCl2 3 80 

7 5 % w/w PEG-

SO3H 

2.5 90 

a Reaction was monitored by TLC. 

b Isolated yields 

3.2.  Effect of different catalyst at room temperature  

  Based on the above optimized conditions, 

various benzoxazole derivatives (Table 2, entry 3a-j) were 

synthesized in shorter time as well as in high yields using 5 

% w/w PEG-SO3H as the catalyst. It was observed that the 

aromatic aldehyde bearing an electron withdrawing 

substituent underwent the conversion smoothly as 

compared to that bearing an electron donating 

substituent (Table 2). We have synthesized compounds 

3e-g bearing an electron withdrawing substituent (–NO2) 

in 2 h with high yields where as compounds 3b & 3i 

bearing an electron donating substituent (–OH & –OCH3, 

respectively) in 3 h. 

Table 2. The characteristic data showing the synthesis of 

benzoxazoles 
a, b

. 

Code R 

At room temperature 

Reaction 
Time

c
 (h) 

Yield (%)
d
 

3a C6H5- 2.5 90 

3b 
4-OH-3-
OCH3-C6H3- 

3 70 

3c 4-Cl-C6H4- 2.5 80 
3d 4-OH-C6H4- 3 78 
3e 4-NO2-C6H4- 2 90 
3f 2-NO2-C6H4- 2 84 
3g 3-NO2-C6H4- 2 90 
3h 2-C4H3O- 2.5 85 

3i 
4-OCH3-
C6H4- 

3 78 

3j 2-OH-C6H4- 3 78 
a 

Ethanol was used as a medium of reaction.; 
b
 5% w/w amount of catalyst with respect to o-

aminophenol was taken.; 
c 
Reaction was monitored by TLC.;

 d 
Isolated yields. 

4. CONCLUSION 

High yielding protocol for one pot synthesis of 2-

substituted benzoxazole derivatives from readily available 

o-aminophenol and aromatic aldehydes at room 

temperature has been developed. The conditions are 

mild, and a wide range of functional groups can be 

tolerated. PEG-SO3H as the catalyst offered advantages 

including simplicity of operation, easy workup, high yields 

with excellent purity, short duration and the recyclability 

of the catalyst. 

5. REFERENCES 

[1] Temiz, O.; Oren, I.; Sener, E.; Yalcin, I.; Ucarturk, 

N., Synthesis and microbiological activity of some novel 5- 

or 6-methyl-2-(2,4-disubstituted phenyl) benzoxazole 

derivatives. Farmaco 1998, 53, 337-41. 

[2] Kumar, D.; Jacob, M. R.; Reynolds, M. B.; Kerwin, 

S. M., Synthesis and evaluation of anticancer 

benzoxazoles and benzimidazoles related to UK-1. 

Bioorganic & Medicinal Chemistry 2002, 10, 3997-4004. 



J Pharm Sci Bioscientific Res. 2017. 7(1):126-130                                                                                                        ISSN NO. 2271-3681  

Patel Y. M. et al  129 

[3] DeLuca, M. R.; Kerwin, S. M., The para-

Toluenesulfonic Acid-Promoted Synthesis of 2-Substituted 

Benzoxazoles and Benzimidazoles from Diacylated 

Precursors. Tetrahedron 1997, 53, 457-464. 

[4] Gong, B.; Hong, F.; Kohm, C.; Bonham, L.; Klein, 

P., Synthesis and SAR of 2-arylbenzoxazoles, 

benzothiazoles and benzimidazoles as inhibitors of 

lysophosphatidic acid acyltransferase-β. Bioorganic & 

Medicinal Chemistry Letters 2004, 14, 1455-1459. 

[5] Paramashivappa, R.; Phani Kumar, P.; Subba Rao, 

P. V.; Srinivasa Rao, A., Design, synthesis and biological 

evaluation of benzimidazole/benzothiazole and 

benzoxazole derivatives as cyclooxygenase inhibitors. 

Bioorganic & Medicinal Chemistry Letters 2003, 13, 657-

660. 

[6] Edwards, P. D.; Meyer, E. F.; Vijayalakshmi, J.; 

Tuthill, P. A.; Andisik, D. A.; Gomes, B.; Strimpler, A., 

Design, synthesis, and kinetic evaluation of a unique class 

of elastase inhibitors, the peptidyl .alpha.-

ketobenzoxazoles, and the x-ray crystal structure of the 

covalent complex between porcine pancreatic elastase 

and Ac-Ala-Pro-Val-2-benzoxazole. Journal of the 

American Chemical Society 1992, 114, 1854-1863. 

[7] Rodriguez, A. D.; Ramirez, C.; Rodriguez, II; 

Gonzalez, E., Novel antimycobacterial benzoxazole 

alkaloids, from the west Indian Sea whip 

Pseudopterogorgia elisabethae. Organic Letters 1999, 1, 

527-530. 

[8] Brown, R. N.; Cameron, R.; Chalmers, D. K.; 

Hamilton, S.; Luttick, A.; Krippner, G. Y.; McConnell, D. B.; 

Nearn, R.; Stanislawski, P. C.; Tucker, S. P.; Watson, K. G., 

2-Ethoxybenzoxazole as a bioisosteric replacement of an 

ethyl benzoate group in a human rhinovirus (HRV) capsid 

binder. Bioorganic & Medicinal Chemistry Letters 2005, 

15, 2051-2055. 

[9] Heathcock, C. H. T., B. M.; Fleming, I. , In 

Comprehensive Organic Synthesis. Pergamon Press: New 

York, 1991, Vol. 2; . 

[10] Davidson, J. P.; Corey, E. J., First Enantiospecific 

Total Synthesis of the Antitubercular Marine Natural 

Product Pseudopteroxazole. Revision of Assigned 

Stereochemistry. Journal of the American Chemical 

Society 2003, 125, 13486-13489. 

[11] Sato, S.; Kajiura, T.; Noguchi, M.; Takehana, K.; 

Kobayashi, T.; Tsuji, T., AJI9561, a new cytotoxic 

benzoxazole derivative produced by Streptomyces sp. J 

Antibiot (Tokyo) 2001, 54, 102-104. 

[12] Don, M. J.; Shen, C. C.; Lin, Y. L.; Syu, W. J.; Ding, 

Y. H.; Sun, C. M., Nitrogen-containing compounds from 

Salvia miltiorrhiza. Journal of Natural Products 2005, 68, 

1066-1070. 

[13] Tully, D. C.; Liu, H.; Alper, P. B.; Chatterjee, A. K.; 

Epple, R.; Roberts, M. J.; Williams, J. A.; Nguyen, K. T.; 

Woodmansee, D. H.; Tumanut, C.; Li, J.; Spraggon, G.; 

Chang, J.; Tuntland, T.; Harris, J. L.; Karanewsky, D. S., 

Synthesis and evaluation of arylaminoethyl amides as 

noncovalent inhibitors of cathepsin S. Part 3: Heterocyclic 

P3. Bioorganic & Medicinal Chemistry Letters 2006, 16, 

1975-1980. 

[14] Grobler, J. A.; Dornadula, G.; Rice, M. R.; Simcoe, 

A. L.; Hazuda, D. J.; Miller, M. D., HIV-1 reverse 

transcriptase plus-strand initiation exhibits preferential 

sensitivity to non-nucleoside reverse transcriptase 

inhibitors in vitro. Journal of Biological Chemistry 2007, 

282, 8005-8010. 

[15] Leventhal, L.; Brandt, M. R.; Cummons, T. A.; 

Piesla, M. J.; Rogers, K. E.; Harris, H. A., An estrogen 

receptor-β agonist is active in models of inflammatory and 

chemical-induced pain. Europian Journal of Pharmacology 

2006, 553, 146-148. 

[16] Easmon, J.; Pürstinger, G.; Thies, K.-S.; Heinisch, 

G.; Hofmann, J., Synthesis, Structure−Activity 

Relationships, and Antitumor Studies of 2-Benzoxazolyl 

Hydrazones Derived from Alpha-(N)-acyl Heteroaromatics. 

Journal of Medicinal Chemistry 2006, 49, 6343-6350. 

[17] Rasmussen, K.; Hsu, M. A.; Yang, Y., The orexin-1 

receptor antagonist SB-334867 blocks the effects of 

antipsychotics on the activity of A9 and A10 dopamine 

neurons: implications for antipsychotic therapy. 

Neuropsychopharmacology 2007, 32, 786-792. 

[11] Leaver, I. H.; Milligan, B., Fluorescent whitening 

agents—a survey (1974-82). Dyes and Pigments 1984, 5, 

109-144. 

[12] Kanegae, Y.; Peariso, K.; Martinez, S. S., Class of 

photostable, highly efficient UV dyes: 2-

Phenylbenzoxazoles. Applied Spectroscopy 1996, 50, 316-

319. 



J Pharm Sci Bioscientific Res. 2017. 7(1):126-130                                                                                                        ISSN NO. 2271-3681  

Patel Y. M. et al  130 

[13] Krasovitskii, B. M. B., B. M. , Organic Luminescent 

Materials. VCH: Weinheim 1988, 169-211. 

[14] Pla Dalmau, A., 2-(2'-

Hydroxyphenyl)benzothiazoles, -benzoxazoles, and -

benzimidazoles for plastic scintillation applications. 

Journal of Organic Chemistry 1995, 60, 5468-5473. 

[15] DeLuca, M. R.; Kerwin, S. M., The total synthesis 

of UK-1. Tetrahedron Letters 1997, 38, 199-202. 

[16] Guzow, K.; Milewska, M.; Wiczk, W., 

Solvatochromism of 3-[2-(4-

diphenylaminophenyl)benzoxazol-5-yl]alanine methyl 

ester: A new fluorescence probe. Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy 2005, 

61, 1133-1140. 

[17] Guzow, K.; Milewska, M.; Wróblewski, D.; 

Giełdoo, A.; Wiczk, W., 3-[2-(8-Quinolinyl)benzoxazol-5-

yl]alanine derivative—a specific fluorophore for transition 

and rare-earth metal ion detection. Tetrahedron 2004, 60, 

11889-11894. 

[18] Guzow, K.; Szabelski, M.; Karolczak, J.; Wiczk, W., 

Solvatochromism of 3-[2-(aryl)benzoxazol-5-yl]alanine 

derivatives. Journal of Photochemistry and Photobiology 

A: Chemistry 2005, 170, 215-223. 

[19] Guzow, K.; Szabelski, M.; Malicka, J.; Karolczak, J.; 

Wiczk, W., Synthesis and photophysical properties of 3-[2-

(pyridyl)benzoxazol-5-yl]-l-alanine derivatives. 

Tetrahedron 2002, 58, 2201-2209. 

[20] Guzow, K.; Szabelski, M.; Malicka, J.; Wiczk, W., 

Synthesis of a New, Highly Fluorescent Amino Acid 

Derivative: N-[(tert-Butoxy)carbonyl]-3-[2-(1H-indol-3-

yl)benzoxazol-5-yl]-L-alanine Methyl Ester. Helvetica 

Chimica Acta 2001, 84, 1086-1092. 

[21] Rzeska, A.; Malicka, J.; Guzow, K.; Szabelski, M.; 

Wiczk, W., New highly fluorescent amino-acid derivatives: 

Substituted 3-[2-(phenyl)benzoxazol-5-yl]-alanines: 

synthesis and photophysical properties. Journal of 

Photochemistry and Photobiology A: Chemistry 2001, 146, 

9-18. 

[22] Harikrishnan, L. S.; Kamau, M. G.; Herpin, T. F.; 

Morton, G. C.; Liu, Y.; Cooper, C. B.; Salvati, M. E.; Qiao, J. 

X.; Wang, T. C.; Adam, L. P.; Taylor, D. S.; Chen, A. Y. A.; 

Yin, X.; Seethala, R.; Peterson, T. L.; Nirschl, D. S.; Miller, A. 

V.; Weigelt, C. A.; Appiah, K. K.; O’Connell, J. C.; Michael 

Lawrence, R., 2-Arylbenzoxazoles as novel cholesteryl 

ester transfer protein inhibitors: Optimization via array 

synthesis. Bioorganic & Medicinal Chemistry Letters 2008, 

18, 2640-2644. 

[23] Johnson, S. M.; Connelly, S.; Wilson, I. A.; Kelly, J. 

W., Biochemical and Structural Evaluation of Highly 

Selective 2-Arylbenzoxazole-Based Transthyretin 

Amyloidogenesis Inhibitors. Journal of Medicinal 

Chemistry 2007, 51, 260-270. 

[24] Praveen, C.; Kumar, K. H.; Muralidharan, D.; 

Perumal, P. T., Oxidative cyclization of thiophenolic and 

phenolic Schiff's bases promoted by PCC: a new oxidant 

for 2-substituted benzothiazoles and benzoxazoles. 

Tetrahedron 2008, 64, 2369-2374. 

 

 


