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INTRODUCTION

Flavones are subclass of flavonoid secondary metabolites,
widely found in natural plant seeds, nuts and some orange and
yellow fruits, flowers and vagetables [1-5] and also play key
role in biological processes [6,7]. Flavones usually occur in the
plants as glycosides especially at C-7/C-5 positions. The flavones
developed considerable interest due to their potential biological
activities such as antioxidant [8,9], antimicrobial [10,11],
anticancer [12-16], anti-HIV [17-19], anti-inflammatory [20],
vasodilating [21] and several enzyme-inhibitory effects [22].

Isoxazole is a prominent heterocyclic scaffold considered
as advantaged structural moiety due to its broad spectrum of
pharmacological activities [23,24] like COX-2 inhibitory [25],
antifungal [26], insecticidal [27,28], antibacterial [29] and
herbicidal activities [30]. Isoxazole motiff also found in many
drug molecules as a probable core group to improve their bio-
logical activities [31-35]. Additionally, isoxazoles used as
versatile intermediates for the synthesis of polyfunctionalized
organic small molecules and functional materials [36,37]. The
classical 1,3-dipolar cycloaddition reactions of alkynes with
nitrile oxides is the direct and efficient synthetic methodology
for the preparation of substituted isoxazole derivatives [38-41].
Some bioactive flavones and isoxazoles (apigenin, luteolin,
tangeritin, chrysin) are shown in Fig. 1.
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Owing to the flavone and isoxazole unique chemical and
biological properties, the development of expeditious and prac-
tical synthetic routes for the construction of these heterocyclic
derivatives were continued to capture the interests of medicinal
chemists [42,43]. In present study, the synthesis of series of
functionalized alkoxy tethered isoxazole pendent flavone mole-
cular hybrid derivatives and characterized. To the best of our
knowledge on report in the literature on heterocycle pendent
at C2-phenyl ring of flavones, many synthetic pathways known
to furnish flavones and other heterocycle hybrid linked at C5/
C7 positions of flavone [44].

EXPERIMENTAL

Unless otherwise specified, all solvents and reagents were
obtained from commercial suppliers. All the solvents were
purified as per the reported procedures [45]. All reactions were
performed under N2 atmosphere unless otherwise noted. Column
chromatography was performed using Merck silica gel 60-120
mesh. 1H NMR and 13C NMR spectra were recorded on Bruker
spectrometer at 400 MHz and 101 MHz, respectively, tetra-
methylsilane as internal standard. Mass spectral analysis was
accomplished using electrospray ionization (ESI) techniques.

General procedure for the synthesis of 3-hydroxy-2-(2-
(prop-2-yn-1-yloxy)phenyl)-4H-chromen-4-one (4): KOH



solution (5 M, 5 mL) was added to 2-hydroxy acetophenone
(1) (3 g, 0.021 mmol) and 2-(prop-2-yn-1-yloxy)benzaldehyde
(2) (5 g, 0.003 mmol) in ethanol solvent and the reaction mixture
was stirred for 18 h at room temperature. After completion of
reaction, indicated by TLC the reaction mixture was acidified
with aq. HCl, yellow solid 2-hydroxy chalcone (5 g, 3), filtered
and dried. It was used for further reaction without column
chromatography. To 2-hydroxychalcone (3 g, 0.010 mmol),
NaOH/H2O2 (3 g/15 mL) was added and continued stirring
for 4 h at room temperature, then acidified with 2 M HCl and
transferred to ice cold water (200 mL) to get white colour crude
product, it was filtered and purified with column chromato-
graphy (60-120) to yield of 3-hydroxy-2-(2-(prop-2-yn-1-yloxy)-
phenyl)-4H-chromen-4-one (4, 4.5 g).

3-Hydroxy-2-(2-(prop-2-yn-1-yloxy)phenyl)-4H-
chromen-4-one (4): White solid; yield 90%; m.p.: 80-82 ºC.
IR (KBr, ímax, cm-1): 1710 (C=O); 1H NMR (400 MHz, CDCl3)
δ: 8.04 (s, 1H), 7.76 (s, 1H), 7.51 (s, 1H), 7.34 (d, J = 5.5 Hz,
2H), 7.05 (dd, J = 25.3, 20.5 Hz, 4H), 4.97-4.90 (m, 2H), 2.20
(s, 1H). 13C NMR (101 MHz, CDCl3) δ: 172.25, 158.80, 156.03,
150.93, 136.75, 133.03, 131.76, 131.18, 125.51, 124.83, 122.69,
120.41, 118.51, 117.32, 115.77, 80.00, 78.79, 59.70. MS (ESI):
m/z 292 [M+H]+. Anal. calcd. (found) % for C18H12O4: C, 73.97
(73.83); H, 4.14 (4.08).

General procedure for the synthesis of 3-hydroxy-2-
(2-((3-phenylisoxazol-5-yl)methoxy)phenyl)-4H-chromen-
4-ones (5a-g): Bezaldehyde oximes (6a-g) and NaOCl (1 equiv.,
0.03 mol%) were dissolved in dichloro methane (10 mL) then
added 3-hydroxy-2-(2-(prop-2-yn-1-yloxy)phenyl)-4H-chromen-
4-one (4a, 0.2 g), triethylamine (2 equiv., 0.05 mol% ) and the
reaction mixture was stirred for 5 h at room temperature. The
reaction was monitored with TLC, after completion of the
reaction, solvent was evaporated and the products 5a-g purified
by the column chromatogtaphy on silica gel (ethylacetate/hexane
2:8) (Scheme-I).

3-Hydroxy-2-(2-((3-phenylisoxazol-5-yl)methoxy)-
phenyl)-4H-chromen-4-one (5a): White solid; yield 85%;
m.p.: 80-82 ºC. IR (KBr, νmax, cm-1): 1712 (C=O); 1H NMR
(400 MHz, CDCl3) δ: 8.30 (dd, J = 8.0, 1.4 Hz, 1H), 8.11 (d,
J = 7.2 Hz, 1H), 7.69-7.66 (m, 3H), 7.52 (d, J = 8.0 Hz, 2H),
7.45 (d, J = 7.6 Hz, 2H), 7.41 (td, J = 5.3, 2.1 Hz, 3H), 7.19 (t,
J = 7.3 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 6.53 (s, 1H), 5.35-
5.27 (m, 2H). 13C NMR (101 MHz, CDCl3) δ: 195.72, 173.45,
168.25, 162.51, 156.00, 155.68, 145.79, 139.05, 133.62, 132.18,
131.35, 130.20, 130.14, 128.91, 128.47, 126.83, 125.64, 124.55,
121.99, 121.38, 120.59, 118.45, 113.41, 101.38, 62.45. MS
(ESI): m/z 411 [M+H]+. Anal. calcd. (found) % for C25H17NO5:
C, 72.99 (72.82); H, 4.17 (4.05).

3-Hydroxy-2-(2-((3-(p-tolyl)isoxazol-5-yl)methoxy)-
phenyl)-4H-chromen-4-one (5b): White solid; yield 88%;
m.p.: 91-92 ºC. IR (KBr, νmax, cm-1): 1695 (C=O); 1H NMR
(400 MHz, CDCl3) δ: 8.29 (dd, J = 8.1, 1.6 Hz, 1H), 7.70- 7.65
(m, 2H), 7.57 (d, J = 8.2 Hz, 2H), 7.54-7.48 (m, 2H), 7.43
(ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 7.20 (ddd, J = 8.4, 6.7, 2.9 Hz,
3H), 7.14 (d, J = 8.4 Hz, 1H), 6.48 (s, 1H), 5.29 (s, 2H), 2.38
(s, 3H). 13C NMR (101 MHz, CDCl3) δ: 173.29, 168.03, 162.44,
156.03, 155.72, 145.18, 140.30, 138.91, 133.58, 132.16, 131.34,
129.59, 126.71, 125.77, 125.61, 124.48, 121.97, 121.26, 120.55,
118.47, 113.45, 101.23, 62.51, 21.45. MS (ESI): m/z 426 [M+H]+.
Anal. calcd. (found) % for C26H19NO5: C, 73.40 (73.56); H,
4.50 (4.64).

2-(2-((3-(3-Bromophenyl)isoxazol-5-yl)methoxy)-
phenyl)-3-hydroxy-4H-chromen-4-one (5c): Light yellow
solid; yield 82%; m.p.: 90-92 ºC. IR (KBr, νmax, cm-1): 1706
(C=O); 1H NMR (400 MHz, CDCl3) δ: 8.29 (dd, J = 8.1, 1.6 Hz,
1H), 7.68 (ddt, J = 7.1, 3.7, 1.8 Hz, 2H), 7.55-7.53 (m, 4H),
7.52-7.49 (m, 2H), 7.46 – 7.41 (m, 1H), 7.20 (td, J = 7.6, 0.9 Hz,
1H), 7.13 (d, J = 7.9 Hz, 1H), 6.48 (s, 1H), 5.30 (d, J = 0.5 Hz,
2H); 13C NMR (101 MHz, CDCl3) δ: 173.30, 168.63, 161.59,
156.02, 155.63, 145.19, 138.94, 133.59, 132.14, 131.33, 128.31,
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127.56, 125.64, 124.53, 124.47, 122.09, 121.28, 120.61, 118.44,
113.43, 101.11, 62.47. MS (ESI): m/z 489 [M+H]+. Anal. calcd.
(found) % for C25H16BrNO5: C, 61.24 (61.32); H, 3.29 (3.38).

2-(2-((3-(4-Bromophenyl)isoxazol-5-yl)methoxy)-
phenyl)-3-hydroxy-4H-chromen-4-one (5d): Light yellow;
yield 81%; m.p.: 112-114 ºC. IR (KBr, νmax, cm-1): 1711 (C=O);
1H NMR (400 MHz, CDCl3) δ: 8.29 (dt, J = 5.2, 2.6 Hz, 1H),
7.68 (ddt, J = 7.1, 3.7, 1.8 Hz, 2H), 7.55-7.54 (m, 4H), 7.53-7.49
(m, 2H), 7.46-7.41 (m, 1H), 7.20 (td, J = 7.6, 0.9 Hz, 1H),
7.13 (d, J = 7.9 Hz, 1H), 6.48 (s, 1H), 5.30 (d, J = 0.5 Hz, 2H).
13C NMR (101 MHz, CDCl3) δ: 173.30, 168.63, 161.59, 156.02,
155.63, 145.19, 138.94, 133.59, 132.14, 131.33, 128.31, 125.64,
124.53, 124.47, 122.09, 121.28, 120.61, 118.44, 113.43, 101.11,
62.47. MS (ESI): m/z 489 [M+H]+. Anal. Calcd. (found) %
for C25H16NO5Br: C, 61.24 (61.36); H, 3.29 (3.34).

2-(2-((3-(4-Chlorophenyl)isoxazol-5-yl)methoxy)-
phenyl)-3-hydroxy-4H-chromen-4-one (5e): White solid;
yield 81%; m.p.: 110-112 ºC. IR (KBr, νmax, cm-1): 1714 (C=O);
1H NMR (500 MHz, CDCl3) δ: 8.33-8.26 (m, 1H), 7.70-7.66
(m, 2H), 7.63-7.60 (m, 2H), 7.54-7.50 (m, 2H), 7.43 (ddd, J =
8.0, 7.1, 0.9 Hz, 1H), 7.40-7.37 (m, 2H), 7.20 (td, J = 7.6, 0.9
Hz, 1H), 7.13 (d, J = 8.2 Hz, 1H), 6.48 (s, 1H), 5.30 (s, 2H).
13C NMR (101 MHz, CDCl3) δ: 173.29, 168.60, 161.53, 156.02,
155.63, 145.16, 138.93, 136.18, 133.59, 132.18, 131.33, 129.19,
128.08, 127.11, 125.64, 124.52, 122.08, 121.27, 120.61, 118.44,
113.43, 101.14, 62.48. MS (ESI): m/z 445 [M+H]+. Anal. calcd.
(found) % for C25H16NO5Cl: C, 67.35 (67.44); H, 3.62 (3.74).

3-Hydroxy-2-(2-((3-(3-nitrophenyl)isoxazol-5-yl)-
methoxy)phenyl)-4H-chromen-4-one (5f): White solid; yield
81%; m.p.: 88-90 ºC. IR (KBr, νmax, cm-1): 1721 (C=O); 1H NMR
(400 MHz, CDCl3) δ: 8.51 (t, J = 1.9 Hz, 1H), 8.35-8.26 (m, 2H),
8.12-8.02 (m, 1H), 7.73-7.67 (m, 2H), 7.62 (t, J = 8.0 Hz, 1H),
7.56-7.51 (m, 2H), 7.44 (ddd, J = 8.1, 7.1, 1.0 Hz, 1H), 7.22
(td, J = 7.6, 0.9 Hz, 1H), 7.15 (d, J = 7.9 Hz, 1H), 6.60 (s, 1H),
5.32 (d, J = 17.9 Hz, 2H).13C NMR (101 MHz, CDCl3) δ: 175.92,
165.41, 163.49, 160.38, 159.85, 159.01, 155.80, 153.38, 152.90,
152.50, 152.25, 144.84, 142.88, 138.68, 138.05, 137.06, 136.60,
136.19, 135.96, 132.73, 132.46, 132.04, 130.27, 130.16, 129.79,
129.25, 129.06, 128.95, 128.78, 128.11, 127.71, 126.55, 126.14,
124.82, 123.60, 123.29, 123.14, 118.45, 118.23, 107.00, 104.07,

61.35. MS (ESI): m/z 456 [M+H]+. Anal. calcd. (found) % for
C25H16N2O7: C, 65.79 (65.52); H, 3.53 (3.48).

3-Hydroxy-2-(2-((3-(4-nitrophenyl)isoxazol-5-yl)-
methoxy)phenyl)-4H-chromen-4-one (5g): White solid; yield
83%; m.p.: 85-87 ºC. IR (KBr, νmax, cm-1): 1732 (C=O); 1H NMR
(400 MHz, CDCl3) δ: 8.51 (t, J = 1.9 Hz, 1H), 8.33-8.25 (m,
2H), 8.11-8.03 (m, 1H), 7.73-7.67 (m, 2H), 7.62 (t, J = 8.0
Hz, 1H), 7.56-7.51 (m, 2H), 7.44 (ddd, J = 8.1, 7.1, 1.0 Hz, 1H),
7.22 (td, J = 7.6, 0.9 Hz, 1H), 7.15 (d, J = 7.9 Hz, 1H), 6.60 (s,
1H), 5.32 (d, J = 18.2 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ:
173.28, 169.38, 160.68, 156.03, 155.54, 148.62, 145.02, 139.26,
138.92, 138.48, 133.69, 132.54, 132.20, 131.39, 130.44, 130.07,
125.66, 124.74, 124.62, 122.23, 121.80, 121.25, 120.68, 118.36,
113.44, 101.18, 62.43. MS (ESI): m/z 456 [M+H]+. Anal. calcd.
(found) for C25H16N2O7: C, 65.79 (65.63); H, 3.53 (3.42).

RESULTS AND DISCUSSION

Chemistry: 2-Hydroxyacetophenone (1) condensed with
2-proporgyloxy benzaldehyde (2) in presence of KOH/ethanol
at room temperature for 18 h to give corresponding 2-hydroxy
chalcone (3). Intermediate 3 was treated with H2O2/NaOH in
methanol to involve in Algar-Flynn-Oyamada (AFO) cycli-
zation to yield 3-hydroxyflavones (4). The hydroxyl interme-
diate 4 was reacted with functionalized benzoldoximes using
oxidant NaOCl to afford flavone/isoxazole derivatives (5a-g)
(Scheme-I) in good yields (80-85%). A variety of oxidants
NaOCl/Et3N, I2, BF3·Et2O, CAN, Sc(OTf)3 were studied using
appropriate solvents for the in situ nitrile oxides formation from
corresponding benzaldoximes by regioselective intermolecular
1,3-dipolar cycloaddition at terminal alkyne of compound 4
to give flavone/isoxazole hybrids (5a-g) in high yields. From
the employed various oxidants /catalysts we found that higher
yields of products 5a-g with NaOCl/Et3N oxidant. All the final
desired products 5a-g structures were established with spectral
analysis.

In the 1H NMR spectra of compound 5a, the newly formed
isoxazole protons appeared at δ 6.53 (s, 1H), 5.35-5.27 (s,
2H, OCH2). In 13C NMR of compound 5a, isoxazole carbons
resonated at δ 62.45 (OCH2), 101.38 (=CH). A plausible mech-
anism (Fig. 2) involve the formation of chloro benzaldoxime
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with NaOCl followed by in situ generation of nitrile oxide and
regioselective 1,3-dipolar cycloaddition at terminal alkyne to
transform it into five membered isoxazole ring.

Conclusion

A developed simple and practical one-pot methodology
for the synthesis of isoxazole embedded flavone derivatives
(5a-g) by coupling of generated nitrile oxides to the terminal
alkyne (4) in presence of environmentally benign sodium
hypochloride in good yields under mild reaction conditions.

ACKNOWLEDGEMENTS

One of the authors, Neeradi Balaiah thank to UGC, New
Delhi for the award of Senior Research Fellowship. The authors
are also thankful to Department of Chemistry and Central
Facilities for Research & Development (CFRD), Osmania
University, Hyderabad, India for the providing research  facilities.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. K. Yonekura-Sakakibara, Y. Higashi and R. Nakabayashi, Front. Plant
Sci., 10, 943 (2019);
https://doi.org/10.3389/fpls.2019.00943

2. M.L. Falcone-Ferreyra, S.P. Rius and P. Casati, Front. Plant Sci., 3,
222 (2012);
https://doi.org/10.3389/fpls.2012.00222

3. S. Mondal and S.T. Rahaman, Pharm. Pharmacol. Int. J., 8, 91 (2020);
https://doi.org/10.15406/ppij.2020.08.00285

4. V.M. Malikov and M.P. Yuldashev, Chem. Nat. Compd., 38, 358 (2002);
https://doi.org/10.1023/A:1021638411150

5. T. Nagao, F. Abe, J. Kinjo and H. Okabe, Biol. Pharm. Bull., 25, 875
(2002);
https://doi.org/10.1248/bpb.25.875

6. M. Sajid, C.N. Channakesavula, S.R. Stone and P. Kaur, Biomolecules,
11, 754 (2021);
https://doi.org/10.3390/biom11050754

7. R.E. Mutha, A.U. Tatiya and S.J. Surana, Futur. J. Pharm. Sci., 7, 25
(2021);
https://doi.org/10.1186/s43094-020-00161-8

8. J. Grassmann, S. Hippeli and E.F. Elstner, Plant Physiol. Biochem.,
40, 471 (2002);
https://doi.org/10.1016/S0981-9428(02)01395-5

9. S. Miura, J. Watanabe, M. Sano, T. Tomita, T. Osawa, Y. Hara and I.
Tomita, Biol. Pharm. Bull., 18, 1 (1995);
https://doi.org/10.1248/bpb.18.1

10. H.X. Xu and S.F. Lee, Phytother. Res., 15, 39 (2001);
https:/ /doi.org/10.1002/1099-1573(200102)15:1<39::AID-
PTR684>3.0.CO;2-R

11. J.M. Hamilton-Miller, Antimicrob. Agents Chemother., 39, 2375 (1995);
https://doi.org/10.1128/AAC.39.11.2375

12. C. Han, Cancer Lett., 114, 153 (1997);
https://doi.org/10.1016/S0304-3835(97)04647-8

13. D.F. Birt, S. Hendrich and W. Wang, Pharmacol. Ther., 90, 157 (2001);
https://doi.org/10.1016/S0163-7258(01)00137-1

14. M. Cushman and D. Nagarathnam, J. Nat. Prod., 54, 1656 (1991);
https://doi.org/10.1021/np50078a027

15. M. Cabrera, M. Simoens, G. Falchi, M.L. Lavaggi, O.E. Piro, E.E.
Castellano, A. Vidal, A. Azqueta, A. Monge, A.L. de Ceráin, G. Sagrera,
G. Seoane, H. Cerecetto and M. González, Bioorg. Med. Chem., 15,
3356 (2007);
https://doi.org/10.1016/j.bmc.2007.03.031

16. K.S. Kim, S.D. Kimball, R.N. Misra, D.B. Rawlins, J.T. Hunt, H.-Y. Xiao,
S. Lu, L. Qian, W.-C. Han, W. Shan, T. Mitt, Z.-W. Cai, M.A. Poss, H.
Zhu, J.S. Sack, J.S. Tokarski, C.Y. Chang, N. Pavletich, A. Kamath,
W.G. Humphreys, P. Marathe, I. Bursuker, K.A. Kellar, U. Roongta, R.
Batorsky, J.G. Mulheron, D. Bol, C.R. Fairchild, F.Y. Lee and K.R.
Webster, J. Med. Chem., 45, 3905 (2002);
https://doi.org/10.1021/jm0201520

17. D.C. Rowley, M.S.T. Hansen, D. Rhodes, C.A. Sotriffer, H. Ni, J.A.
McCammon, F.D. Bushman and W. Fenical, Bioorg. Med. Chem., 10,
3619 (2002);
https://doi.org/10.1016/S0968-0896(02)00241-9

18. H.-X. Xu, M. Wan, H. Dong, P.P.-H. But and L.Y. Foo, Biol. Pharm.
Bull., 23, 1072 (2000);
https://doi.org/10.1248/bpb.23.1072

19. J.-H. Wu, X.-H. Wang, Y.-H. Yi and K.-H. Lee, Bioorg. Med. Chem.
Lett., 13, 1813 (2003);
https://doi.org/10.1016/S0960-894X(03)00197-5

20. R. Landolfi, R.L. Mower and M. Steiner, Biochem. Pharmacol., 33,
1525 (1984);
https://doi.org/10.1016/0006-2952(84)90423-4

21. F. Perez-Vizcaino, M. Ibarra, A. L. Cogolludo, J. Duarte, F. Zaragoza-
Arnaez, L. Moreno, G. Lopez-Lopez and J. Tamargo, J. Pharmacol.
Exp. Ther., 301, 66 (2002);
https://doi.org/10.1124/jpet.302.1.66

22. K. Polkowski and A.P. Mazurek, Acta Pol. Pharm. Drug Res, 57, 135
(2000).

23. O.H. Kan, I. Adachi, R. Kido and K. Hirose, J. Med. Chem., 10, 411
(1967);
https://doi.org/10.1021/jm00315a028

24. T. Karabasanagouda, A.V. Adhikari and M. Girisha, Indian J. Chem.,
48B, 430 (2009).

25. S. Dadiboyena and A. Nefzi, Eur. J. Med. Chem., 45, 4697 (2010);
https://doi.org/10.1016/j.ejmech.2010.07.045

26. K.A. Kumar, M. Govindaraju, N. Renuka and G.V. Kumar, J. Chem.
Pharm. Res., 7, 250 (2015).

27. A. Upadhyay, M. Gopal, C. Srivastava and N.D. Pandey, J. Pestic. Sci.,
35, 464 (2010);
https://doi.org/10.1584/jpestics.G10-40

28. R. Sun, Y. Li, L. Xiong, Y. Liu and Q. Wang, J. Agric. Food Chem., 59,
4851 (2011);
https://doi.org/10.1021/jf200395g

29. T. Roth, A.M. Burger, W. Dengler, H. Willmann and H.H. Fiebig,
Contrib. Oncol., 54, 145 (1999);
https://doi.org/10.1159/000425830

30. K. Kobinata, S. Sekido, M. Uramoto, M. Ubukato, H. Osada, I.
Yamaguchi and K. Isono, Agric. Biol. Chem., 55, 1415 (1991);
https://doi.org/10.1080/00021369.1991.10870769

2660  Balaiah et al. Asian J. Chem.

https://doi.org/10.1016/S0981-9428(02)01395-5
https://doi.org/10.1002/1099-1573(200102)15:1<39::AID-PTR684>3.0.CO;2-R
https://doi.org/10.1002/1099-1573(200102)15:1<39::AID-PTR684>3.0.CO;2-R
https://doi.org/10.1016/S0304-3835(97)04647-8
https://doi.org/10.1016/S0163-7258(01)00137-1
https://doi.org/10.1016/S0968-0896(02)00241-9
https://doi.org/10.1016/S0960-894X(03)00197-5
https://doi.org/10.1016/0006-2952(84)90423-4


31. W.S. Hamama, M.E. Ibrahim and H.H. Zoorob, Synth. Commun., 43,
2393 (2013);
https://doi.org/10.1080/00397911.2012.729281

32. R.M. Kumbhare, U.B. Kosurkar, M. Janaki Ramaiah, T.L. Dadmal,
S.N.C.V.L. Pushpavalli and M. Pal-Bhadra, Bioorg. Med. Chem. Lett.,
22, 5424 (2012);
https://doi.org/10.1016/j.bmcl.2012.07.041

33. J. Pi, F. Yang, H. Jin, X. Huang, R. Liu, P. Yang and J. Cai, Bioorg.
Med. Chem. Lett., 23, 6296 (2013);
https://doi.org/10.1016/j.bmcl.2013.09.078

34. C. Ostacolo, P. Ambrosino, R. Russo, M. Lo Monte, M.V. Soldovieri,
S. Laneri, A. Sacchi, G. Vistoli, M. Taglialatela and A. Calignano, Eur.
J. Med. Chem., 69, 659 (2013);
https://doi.org/10.1016/j.ejmech.2013.08.056

35. S. Kankala, R.K. Kankala, P. Gundepaka, N. Thota, S. Nerella, M.R.
Gangula, H. Guguloth, M. Kagga, R. Vadde and C.S. Vasam, Bioorg.
Med. Chem. Lett., 23, 1306 (2013);
https://doi.org/10.1016/j.bmcl.2012.12.101

36. P. Vitale and A. Scilimati, Adv. Heterocycl. Chem., 122, 1 (2017);
https://doi.org/10.1016/bs.aihch.2016.10.001

37. L. Li, T.-D. Tan, Y.-Q. Zhang, X. Liu and L.-W. Ye, Org. Biomol. Chem.,
15, 8483 (2017);
https://doi.org/10.1039/C7OB01895A

38. T.M.V.D. Pinho e Melo, Eur. J. Org. Chem., 3363 (2010);
https://doi.org/10.1002/ejoc.201000321

39. F. Heaney, Eur. J. Org. Chem., 3043 (2012);
https://doi.org/10.1002/ejoc.201101823

40. A.V. Gulevich, A.S. Dudnik, N. Chernyak and V. Gevorgyan, Chem.
Rev., 113, 3084 (2013);
https://doi.org/10.1021/cr300333u

41. S. Roscales and J. Plumet, Org. Biomol. Chem., 16, 8446 (2018);
https://doi.org/10.1039/C8OB02072H

42. T.M.V.D. Pinho e Melo, Curr. Org. Chem., 9, 925 (2005);
https://doi.org/10.2174/1385272054368420

43. W. Jia-Jie, Y. Zhu and Z.-P. Zhan, Asian J. Org. Chem., 1, 108 (2012);
https://doi.org/10.1002/ajoc.201200053

44. Y.J. Rao, T. Sowjanya, G. Thirupathi, N.Y.S. Murthy and S.S. Kotapalli,
Mol. Divers., 22, 803 (2018);
https://doi.org/10.1007/s11030-018-9833-4

45. A. Gupta, R. Jamatia, R.A. Patil, Y.-R. Ma and A.K. Pal, ACS Omega,
3, 7288 (2018);
https://doi.org/10.1021/acsomega.8b00334

Vol. 33, No. 11 (2021) Synthesis of New Class of Functionalized Flavones/Isoxazole Derivatives-Nitrile oxide  2661


