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Abstract 

Green synthetic tools involve the 
design, synthesis and use of chemical 
substances by eliminating the generation of 
chemical hazards. This technique is 
advantageous in terms of atom economy, use of 
safer chemicals, energy efficient and 
decomposition of the waste materials to non-
toxic substances which are eco-friendly. So, 
microwave irradiated heating method is applied 
for the generation of novel isoxazole derivatives. 
The structure of isoxazoles moiety contains 
three carbon atoms, one oxygen atom and one 
nitrogen atom in the five membered ring. 
Isoxazole scaffold exhibits diverse 
pharmacological activities such as anti-viral, anti-
tubercular, anti-diabetic, anticancer, anthelmintic, 
antimicrobial, antifungal, antioxidant, anti-
epileptic, antipsychotic etc. A series of novel 
isoxazole derivatives are synthesized under 
microwave irradiation. By the help of microwave, 
the rate of the reaction is enhanced which leads 
to high selectivity with better product yield as 
compared to the conventional heating methods. 
The titled compounds are evaluated for their 
antiepileptic activity by using maximal 
electroshock (MES) method. The screening 
results revealed that some of the compounds 
exhibited promising antiepileptic activity as 
compared to the standard drug. 
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Introduction 

Green synthetic protocol involves the 
utilization of set of principles that eliminates 

the production of any hazardous substances 
during the design, manufacture and utilization 
of chemical substances(1). This method plays 
a major role to control the pollution of 
environment by using safer organic solvents, 
catalysts, suitable reaction conditions there by 
augments the atom economy and energy 
efficiency of the synthetic procedure(2). So, the 
microwave irradiated synthesis of organic 
compounds is considered a green protocol as it 
offers numerous benefits over conventional 
heating techniques(3). The synthesis of 
organic compounds under microwave 
irradiation mainly depends on the ability of the 
reaction medium to absorb microwave energy 
efficiently and also depends on the selection of 
organic solvents to complete the chemical 
synthesis(4,5). Hence, microwave induced 
synthesis is more advantageous in terms of 
uniform heating, homogeneity, increased rate 
of chemical reactions, improvement of product 
yield and cleaner reaction conditions(6).  

Based on this concept, the isoxazole 
derivatives are synthesized via chalcones 
under microwave irradiated heating method to 
reduce the by-products formation so that the 
yield of the final product can be improved in 
lesser reaction time(7). Isoxazole moiety 
possess three carbon atoms, one oxygen atom 
and one nitrogen atom in five-membered ring 
system(8). Isoxazoles derivatives exhibits 
diverse biological activities such as antifungal, 
anti-viral, antimicrobial, anti-tubercular, anti-
diabetic, anticancer, antioxidant, anti-epileptic, 
antipsychotic etc.(9-15).  

Isoxazole scaffold forms the basis for 
different drug molecules such as leflunomide, 
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valdecoxib, zonisamide. Similarly, isoxazole 
derivatives such as sulfamethoxazole, 
sulfisoxazole and oxacillin are used clinically 
to treat a wide variety of bacterial infections. 
(Figure 2) (16-18). 

Similarly, chalcone possess α,β-
unsaturated carbonyl system that makes 
these molecules more pharmacologically 
active (Figure 3) (19-21). 

 
Experimental Section 

All the chemicals and reagents used 
to conduct experiments were of synthetic 
grade with high purity. The scientific 
microwave oven was used for the synthesis of 
isoxazole derivatives. The synthesis of the 
titled compounds was performed at power 
level-2 which corresponds to 210W [22-24]. 
The melting points of the synthesized 
compounds were determined in open capillary 
tubes and were observed to be uncorrected. 
TLC was monitored to check the completion 
of reaction condition. For TLC study, the 
solvents such chloroform and ethyl acetate 
(60: 40) was selected as mobile phase. The 

sample spots were visualized under ultraviolet 
lamp. IR spectra of selected compounds was 
recorded with the help of FT-IR spectrometer 
(SHIMADZU) by using KBr. Similarly, the 
1HNMR spectra was recorded on 1H-NMR 
spectrometer (Brucker 400 MHz) by using 
DMSO as solvent and TMS as an internal 
standard. The synthetic route for the title 
compounds 4a-e was presented (Scheme1). 
 

General Synthesis of Isoxazole Derivatives 

Isoxazole derivatives were obtained 
from chalcone. First of all, chalcone (3a-e) 
were synthesized by Claisen-Schimdt 
condensation of 2-hydroxy acetophenone (0.01 
mol) and substituted benzaldehydes (0.01 mol) 
in the presence of sodium hydroxide solution. 
TLC was monitored to confirm the completion 
of reaction. Further, the mixture of various 
chalcones (3a-e) (0.01 mol), hydroxylamine 
hydrochloride (0.01 mol) in ethanolic sodium 
hydroxide solution was refluxed under 
microwave irradiation at 210 W for 10-15 min. 
TLC was checked to determine the completion 
of reaction. After completion of the reaction, it 
was kept on ice bath to obtain solid product of 
isoxazole derivatives (4a-e).  
 

Antiepileptic Activity 

The newly synthesized isoxazole 
derivatives were evaluated for their 

Isoxazole

O

N

1

2

3

4

5

 

Figure 1. Structure and Nomenclature of 
Isoxazole Moiety 
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Figure 2. Medicinal Agents containing Isoxazole Pharmacophore 
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Figure 3. Structure and Nomenclature of 
Chalcone 
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antiepileptic activity as per the protocols 
designed by the National Institute of 
Neurological Disorders and Stroke, NIH 
(USA). All the animal experiments performed 
were approved by Institutional Animal Ethics 
Committee (IAEC), India with protocol no. 
926/PO/Re/S/06/ CPCSEA. The antiepileptic 
activity was performed by  using the  maximal  
electroshock (MES) method(25-27). For this 
study, the rats were selected randomly and 
each group contains six animals. Group-I was 
considered as control while Group-II was 
selected as standard. The remaining groups 
of animals were administered with all the test 
compounds with dose of 300 mg/kg. The 
standard drug (Phenytoin) was injected 
intraperitoneally 30 min before and the test 
compounds were administered orally 1h prior 
to induce the convulsion. Electro convulsive 
shock (150 mA for 0.2 sec) was given through 
the corneal electrode to induce convulsions to 
each group of rats. There are different phases 
of convulsion which include flexion, extension, 

clonus and stupor. Prior to delivery, the current 
output was measured by a multimeter. After 
the occurrence of electric stimulation, the 
duration of different phases was determined 
and the HLTE (Hind limb tonic extension) 
phase was compared with the control group. A 
decrease in the duration of hind limb extension 
was considered as protective action (Table 1, 
Figure 4). In case of anti-epileptic activity, the 
percentage protection was calculated as 
follows. 

 

Where MEPDnc is the mean extensor 
phase duration of normal control in sec., MEPD 
is the mean extensor phase duration of sample 
or standard in sec. 

 
Results and Discussion 

A new series of isoxazole derivatives 
(4a-e) was obtained via chalcones by 
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Scheme 1. Synthesis of isoxazole derivatives 
 

Table 1. Antiepileptic Activity of Title Compounds 4(a-e) 

Group Treatment Group 
Dose 

(mg/kg) 
HLTE phase 

duration (sec) 

Percentage 

Protection 

Recovery/ 

Death 

Group-I Control  - 67 - Death 

Group-II Standard  25 14 79 Recovered 

 

Group-III 

4a 300 26 61 Recovered 

4b 300 22 67 Recovered 

4c 300 24 64 Recovered 

4d 300 20 70 Recovered 

4e 300 21 68 Recovered 
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cyclizaton of chalcones (3a-e) in the presence 
of hydroxyl amine hydrochloride and ethanolic 
sodium hydroxide solution. By the help of 
microwave irradiation, the product yield was 
improved 65%-87% in short reaction time. 
The characteristic spectra of α,β unsaturated 
carbonyl (ketone) group of chalcone was 
observed near 1640-1650 cm-1. Similarly, the 
absorption at max for various groups are 
3220-3300cm-1 (-OH), 2924-3116cm-1(Ar-CH), 
3029.39 cm-1 (aliphatic-C-H), 1630cm-1(C=N), 
1735-1750 cm-1 (C=O, Ester), 1242-1258cm-

1(-C-O-N Str), 1000-1360 cm-1(-C-F), 600-800 
cm-1 (-C-Cl) respectively. In the 1H NMR 
spectrum, the aromatic protons were 
observed as multiplet at δ6.86-8.56 and 

singlet at δ6.46 for -OH. The mass spectra of 
the chalcone and isoxazole derivative exhibited 
molecular ion peak corresponding to their 
molecular formula(29-30). The titled 
compounds were screened for their 
antiepileptic activity with concentration of 300 
mg/ml and the results were compared with 
standard drug Phenytoin.  
 

Conclusion 

Isoxazole derivatives were synthesized 
by using both the conventional method and 
microwave irradiation technique to check the 
product yield. By the help microwave irradiation 
technique, the product yield was improved from 
54% to 87% in a short period of time with 

 
 

Fig 4. Percentage protection of title compounds 

 
Table 2. Optimization Study of Reaction Time and Product Yield 

Comp. 

Code 
X Rf 

M.P 

(C) 

Conventional Synthesis 
Microwave  

Synthesis 

Reaction 

(min) 
Yield 

Reaction 

(min) 
Yield 

4a H 0.54 148-150 60 64% 10 74% 

4b 2-Cl 0.62 150-153 120 56% 12 68% 

4c 4-Cl 0.63 155-157 90 63% 13 87% 

4d 4-F 0.55 154-159 90 58% 12 65% 

4e 4-OH 0.61 162-165 120 60% 10 75% 
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cleaner reaction conditions. Maximal 
electroshock method was used for evaluating 
the antiepileptic activity of the titled compounds 
The screening results revealed the most of  
the compounds exhibited promising 
antiepileptic activity as compared to the 
standard drug. Further, it is required to  
focus on optimization study of biological  
activity in relation to the structural features of 
isoxazole derivatives to potentiate the 
development of the therapeutically active 
compounds. 

 

Acknowledgement 

The authors would like to thank 
Roland Institute of Pharmaceutical Sciences, 
Berhampur affiliated to Biju Patnaik University 
of Technology (BPUT), Rourkela, Odisha, 
India for providing the necessary facilities to 
carry out this research work. 

 
References 

1. Gupta, P., Mahajan, A. (2015). Green 
chemistry approaches as sustainable 
alternatives to conventional strategies in the 
pharmaceutical industry. RSC Adv., 5, 26686-
26705. 

2. Clarke, C.J., Tu, W.-C.; Levers, O.; 
Brohl, A.; Hallett, J.P. (2018). Green and 
sustainable solvents in chemical processes. 
Chem. Rev., 118, 747-800. 

3. Sahoo, B.M. (2016). Microwave 
Assisted Drug Synthesis (MADS): A Green 
Technology in Medicinal Chemistry, J. App. 
Pharm. 8 (1), 1-2. 

4. Mavandadi, F.; Lidstrom, P. Microwave 
assisted chemistry in drugdiscovery. (2004). 
Curr Top Med Chem., 4, 773-792. 

5. Sahoo, B.M.; Panda, J.;Banik, B.K. 
(2018). Thermal and non-thermal effects of 
microwaves in synthesis, J. Ind. Chem. Soc., 
95, 1311-1319. 

6. Polshettiwar, V.; Nadagouda, M.N.; 
Varma, R.S. (2009). Microwave assisted 

chemistry: A rapid and sustainable route to 
synthesis of organics and nanomaterials. Aust 
J. Chem., 62, 16-26. 

7. Kapubalu, S.K.; Reddya, K.T.; 
Vamsikantha, A. (2011). Synthesis and 
characterization of some novel isoxazoles via 
chalcone intermediates. Der Pharma Chemica, 
3(5), 113-122. 

8. Ajay Kumar, K.; Jayaroopa, P. (2013). 
Isoxazoles: Molecules with potential medicinal 
properties. IJPCBS, 3(2), 294-304. 

9. Chikkula, K.V.; Raja, S. (2017). 
Isoxazole-A potent Pharmacophore. Int. J. 
Pharm. Pharm. Sci., 9(7), 13-24. 

10. Sahoo, B.M.; Sahoo, B.; Panda, J.; 
Kumar, A. (2017). Microwave-Induced 
Synthesis of Substituted Isoxazoles as 
Potential Antimicrobial Agents, Curr. 
Microwave Chem., 4(2), 1-6. 

11. Parikh, A.R.; Merja, B.C.; Joshi, A.M.; 
Parikh, K.A. (2004). Synthesis and biological 
evaluation of isoxazoline derivatives. Ind. J. 
Chem., 43B, 955-9. 

12. Lincy, J.; Mathew, G. (2016). Evaluation 
of in vivo and in-vitro anti-inflammatory activity 
of novel isoxazole series. Eur. Int. J. Sci. 
Tech., 5, 35-42. 

13. Sevim, R.;Sila, K.;Bedia, K.K.;Suna, 
O.T.; Julide, A. (2011). Synthesis 
andevaluation of cytotoxic activities of some 
substitutedisoxazolone derivatives. Marmara 
Pharm. J., 15, 94-9. 

14. Renuka, S.; Kota, R.K. (2011). Medicinal 
and Biological Significance of Isoxazole A 
Highly Important Scaffold for Drug Discovery. 
Asian J. of Res. in Chem., 4(7), 1038-1042.  

15. Balaji, N.V.; HariBabu, B.; Rao, V.U.; 
Subbaraju, G.V.; Nagasree, K.P.; Kumar, 
M.M.K. (2019). Synthesis, screening and 
docking analysis of hispolonpyrazoles and 
isoxazoles as potential antitubercular agents. 
Curr. Top. Med. Chem. 19, 662–682. 

16. Pradeep K.Y.; Ruthu, M.; Chetty, C.M.; 
Prasanthi, G.; Reddy, V.J. (2011). 



Green Synthesis 

Current Trends in Biotechnology and Pharmacy       30 
Vol. 16 (Supplementry Issue 2) 25 - 30, October  2022, ISSN 0973-8916 (Print), 2230-7303 (Online)  
10.5530/ctbp.2022.3s.59 
 

 

Pharmacological activities of isoxazole 
derivatives. J. of Global Trends in Pharmac. 
Sci., 2(1), 55- 62. 

17. Shaik, A.; Kishor, P.; Kancharlapalli, V. 
(2020). Synthesis of Novel and Potential 
Antimicrobial, Antioxidant and Anticancer 
Chalcones and Dihydropyrazoles Bearing 
Isoxazole Scaffold. Proceedings, 41(1), 1-12. 

18. Hamama, W.S.; Ibrahim, M.E.;  
Zoorob, H.H. (2017). Synthesis and  
biological evaluation of some novel  
isoxazole derivatives. J. Heterocyc. Chem., 
54, 341-3. 

19. Mahapatra, D.K.; Bharti, S.K.; Asati, V. 
(2017). Chalcone Derivatives: Anti-
inflammatory Potential and Molecular Targets 
Perspectives. Curr. Top. Med. Chem. 17, 
3146–3169. 

20. Singh, S.; Sharma, P.K.; Verma, N.K.; 
Dudhe, R. (2011). A Review on aversatile 
molecule: Chalcone. Asian J. Pharm. Biol. 
Res., 1(3), 412-418. 

21. Sahu, N.K.; Balbhadra, S.S.; Choudhary, 
J.; Kohli, D.V. (2012). Exploring pharmacological 
significance of Chalcone scaffold: A Review. 
Cur. Med. Chem., 19(2), 209.  

22. Kapubalu, S.K.; Reddya, K.T.; 
Vamsikantha, A. (2011). Synthesis 
andcharacterization of some novel isoxazoles 
via chalcone intermediates. Der Pharma 
Chemica, 3(5), 113-122. 

23. Lidstrom, P.; Tierney, J.; Wathey, B.; 
Westman, J. (2009). Microwave assisted 
organic synthesis-A Review. Tetrahedron, 57, 
9225-9283. 

24. Santagada, V.; Frecentese, F.; 
Perissutti, E.; Fiorino, F.; Severino, B.; 
Caliendo, G. (2009). Microwave assisted 
synthesis: A new technology in drug 
discovery. Mini Rev Med Chem., 9, 340-358. 

25. Vogel, H.G. (2006). Drug Discovery and 
Evaluation: Pharmacological Assays. 2nded. 
New York: Springer 25-28. 

26. Rubio, C.; Rubio-Osornio, M.; Retana-
Márquez, S.; VerónicaCustodio, M.L.; Paz, C. 
(2010). In vivo experimental models of 
epilepsy. Cent. Nerv. Syst. Agents Med. 
Chem., 10, 298-309. 

27. Porter, R.J. (1983). Antiepileptic drug 
development program. Prog. Clin. Biol. Res., 
127, 53–66.  

28. Dunham, M.S.; Miya, T.A. (1957). A 
note on a simple apparatus for detecting 
neurological deficit in rats and mice. J. Am. 
Pharmac. Assoc. Sci Edit., 46(3), 208-209. 

29. Khobare, R.; Pawar, R.P.; Warad, K.D.; 
Tayade, A.; Mane, C.B. (2020). An Efficient 
Synthesis of Substituted Isoxazole derivatives 
using ultra Sound Sonication Method. Eur. J. of 
Mol. & Clin. Med., 7(7), 319-325. 

30. Hushare, V.J.; Rajput, P.R. (2012). 
Synthesis, characterization and antimicrobial 
activity of some novel isoxazoles. Rasayan J. 
Chem., 5(1), 121-126. 

31. Goel, A.; Madan, A.K. (1997). Structure-
activity study of antiepileptic N-aryl-
isoxazolecarboxamides/N-isoxazolylbenzamide 
analogs using Wiener's topological index. 
Struct Chem., 8, 155-159. 

32. Barmade, M.A.; Murumkar, P.R.; Sharma, 
M.K.; Yadav, M.R. (2018). Medicinal Chemistry 
Perspective of Fused Isoxazole derivatives. Curr. 
Topics in Med. Chemx 16, 2863. 

33. Zimmermann, L.A.; de Moraes M.H.; da 
Rosa R.; de Melo E.B.; Paula, F.R.; Schenkel, 
E.P.; Steindel, M.; Bernardes, L.S.C. (2018). 
Synthesis and SAR of new isoxazole-triazolebis-
heterocyclic compounds as analogues of natural 
lignans with antiparasitic activity. Bioorg Med 
Chem., 26(17), 4850-4862. 

 


