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Abstract The 4-hydroxy-3-(3-arylacryloyl)quinolin-2(1H)-ones were synthesized from 3-acetyl-

4-hydroxyquinolin-2(1H)-one by microwave assisted synthesis, which in turn converted into their

corresponding 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-hydroxyquinolin-2(1H)-ones and 3-(4-sty-

ryl)isoxazolo[4,5-c]quinolin-4(5H)-one derivatives.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

The quinolones known for their anti-microbial activities, based
on their improved activities have been classified into four gen-

erations (Hooper et al., 2000). First-generation agents, are
used less often today, with moderate gram-negative activity
16 2202535.
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tyryl)isoxazolo[4,5-c]quinolin-4(5H
and minimal systemic distribution. Second-generation quino-

lones have expanded gram-negative activity and atypical path-
ogen coverage, but limited gram-positive activity. These agents
are most active against aerobic gram-negative bacilli. Cipro-

floxacin remains the most active quinolone against Pseudomo-
nas aeruginosa (Hooper, 2000). Third-generation quinolones
retain expanded gram-negative and atypical intracellular activ-
ity but have improved gram-positive coverage. Finally, fourth-

generation agents improve gram-positive coverage, maintain
gram-negative coverage, and gain anaerobic coverage. Mar-
ginal susceptibility and acquired resistance limit the usefulness

of second-generation quinolones in the treatment of staphylo-
coccal, streptococcal, and enterococcal infections (Oliphant
et al., 2002). Clinafloxacin an investigational fluoroquinolone

has the most potent in vitro anaerobic activity (Oliphant
Applebaum, 1999). Several isoxazoline derivatives reported
to show anti-inflammatory activity and imidazolyl isoxazoline

derivatives show (Basappa et al., 2004) inhibitory activity
sis and characterization of new 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-
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Table 1 Physical data of compounds (2a–2f and 3a–3f)

obtained in 9 h reflux.

S. No. Ar M.p (�C) Yield (%)

2a Phenyl 320–321 76

2b 4-Methoxyphenyl 235–237 83

2c 3,4-Dimethoxy phenyl 252–253 81

2d 4-Chlorophenyl 248–250 58

2e 2,4-Chlorophenyl 234–236 60

2f 3-Nitrophenyl 230–233 50

3a Phenyl 340–342 18

3b 4-Methoxyphenyl 328–330 12

3c 3,4-Dimethoxy phenyl 336–338 14

3d 4-Chlorophenyl 228–230 24

3e 2,4-Chlorophenyl 320–322 28

3f 3-Nitrophenyl 332–333 30
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against venom PLA2 and reduced oedema inducing activity in

mice. Andronati et al., 2004) reported that isoxazoline deriva-
tives exhibit high activity in vitro bioassays on inhibiting plate-
let aggregation and was a potent anti-platelet agent for
intravenous injection (Olson et al., 1999; Batt et al., 2000; Stilz

et al., 1996). Isoxazole derivatives were reported as an impor-
tant class of bioactive molecules, which exhibit significant
activities such as antifungal (Desai et al., 2008) Ab precursor

protein (Rajeshwar et al., 2008) protein tyrosine phosphatase
1B inhibitors (Sung et al., 2003), antiviral (Lee et al., 2009),
antihelmintics (Hansen and Stronge, 1977), anti-inflammatory

(Adhikari et al., 2009), anticonvulsant (Balalaie et al., 2000),
insecticidal (Kai et al., 2000), antitubercular (Kachhadia
et al., 2004), immunomodulatory (Marcin et al., 2005) and

hypolipemics (Nagar and Shan, 2003). The methylene-bis-isox-
azoles reported to show 100% efficiency against PMA stimu-
lated neutrophils (Mazzei et al., 2003). A series of structural
optimizations led to improved efficacy and excellent functional

receptor selectivity for PPARd (Srinivas et al., 2010). The isox-
azoles represent a series of agonists which display a scaffold
that lies outside the typical PPAR agonist motif (Epple

et al., 2006). The 3-pyrazolyl-4,5-dicarbethoxy isoxazoles
exhibited the maximum Antinociceptive activity (Karthikeyan
et al., 2009). Based on the above literature’s importance here in

we report some new quinolinyl isoxazoline and isoxazole deriv-
atives (Scheme 1).

2. Experimental

All the melting points reported were recorded in open capillar-
ies and uncorrected. IR spectra of all the compounds were re-

corded on AVATAR330 FT-IR Spectrometer. 1H NMR
spectra were recorded on Bruker AMX 300. Chemicals for
the synthesis were from Sigma Aldrich Co, St Louis, USA,

and SD fine chemicals Pvt. Ltd., Boisar, India.

2.1. General procedure for the synthesis of 3-(4,5-dihydro-5-
aryl)isoxazol-3-yl)-4-hydroxyquinolin-2(1H)-ones. Method A

A mixture of 4-hydroxy-3-(3-arylacryloyl) quinolin-2(1H)-one

1a–f (0.3 M) and hydroxylamine hydrochloride (1 M) in glacial
acetic acid was refluxed for 9 h. The reaction was monitored
with TLC after the completion of the reaction, the reaction
mixture concentrated and cooled. The solid formed was fil-

tered, washed with petroleum ether and ethylacetate. The
product was purified by column chromatography using 4:1
mixture of chloroform and methanol. Structural assignments

of the products were made on the basis of spectral data.

2.2. General procedure for the synthesis of 3-(4-substituted
styryl)isoxazolo[4,5-c]quinolin-4(5H)-ones Method B

A mixture 3-arylacryloyl-4-hydroxyquinolin-2(1H)-ones

(0.3 M) and hydroxylamine hydrochloride (1 M) in glacial ace-
tic acid was refluxed for 18–20 h. The reaction was monitored
with TLC after the completion of the reaction, the reaction
mixture was concentrated and cooled. The solid obtained

was filtered, washed with petroleum ether and ethylacetate.
The product was recrystallized from glacial acetic acid. All
the compounds were characterised by IR, 1H NMR and Mass

spectral data and the Physical data of the synthesized
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compounds (2a–2f and 3a–3f) are given in (Tables 1 and 2).

The data are given in results and discussion.

3. Results and discussion

4-Hydroxy-3-(3-arylacryloyl)quinolin-2(1H)-ones (1a–f) were
synthesized from 3-acetyl-4-hydroxy-quinolin-2(1H)-one by
the literature method (Sarveswari and Raja, 2006). The 4-hy-

droxy-3-(3-arylacryloyl)quinolin-2(1H)-ones in turn were con-
verted into 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-
hydroxyquinolin-2(1H)-ones (2a–f) and 3-(4-substituted styryl)

isoxazolo[4,5-c]quinolin-4(5H)-ones (3a–f). The initial attempt
of conversion of 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-
hydroxyquinolin-2(1H)-ones from (1a–f) by refluxing with

hydroxylamine hydrochloride failed in methanol, ethanol or
benzene solvent. Where as the same reaction in glacial acetic
acid resulted in the formation of two products. The mixture

was purified through column chromatography using 4:1 mix-
ture of chloroform and methanol. The spectral characterisa-
tion of products revealed the formation of 2a–f and 3a–f.
Since the isoxazole (3a–f) formation could not be controlled

to get only isoxazolines (2a–f), we increased the reaction dura-
tion to 19–20 h. The increased reaction duration resulted in
isoxazoles as the major products and the minor products could

not be isolated. We observed that both the isoxazole and isox-
azoline derivatives are not stable in water, so the aqueous work
up results in decomposition of the products.

All the compounds were characterized through IR, 1H
NMR and mass spectral studies. The compound 2a has been
taken as the representative example and its proton chemical
shift assignment, IR and mass spectral interpretations are dis-

cussed. Three doublet of doublets in aliphatic region of spec-
trum at d 2.83 ppm (1H, dd, JAM = 16 Hz and
JAX = 11 Hz), d 3.50 ppm (1H, dd, JAM = 16 Hz and

JMX = 3.3 Hz), d 5.52 ppm (1H, dd, JMX = 3.3 Hz and
JAX = 11 Hz) confirm the formation of isoxazoline ring. H-7
and H-6 protons of quinolone ring appear as two triplets at

d 7.41 ppm (7.3 Hz), d 7.17 ppm (7.3 Hz) and H-5 and H-8 ap-
pear as two doublets at d 7.82 ppm (7.8 Hz) and d 7.23 ppm
(8.1 Hz) respectively. The summary of the above chemical shift

assignments is given in Fig. 1 The molecular ion peak at 307.1
in ESI mass spectrum confirms the formation of the product.
sis and characterization of new 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-
)-one derivatives. Arabian Journal of Chemistry (2011), doi:10.1016/

http://dx.doi.org/10.1016/j.arabjc.2011.09.020
http://dx.doi.org/10.1016/j.arabjc.2011.09.020


Figure 1 Summary of Proton chemical shift values (d) in ppm of

3-(4,5-dihydro-5-phenyl) isoxazol-3-yl)-4-hydroxyquinolin-2(1H)-

one (2a).

Figure 2 Summary of proton chemical shift values (d) in ppm of

3-(4-chlorostyryl) isoxazolo[4,5-c]quinolin-4(5H)-one (3d).

Scheme 1 Synthesis of 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-

hydroxyquinolin-2(1H)-ones and 3-(4-substituted styryl)isoxazol-

o[4,5-c]quinolin-4(5H)-ones.

Table 2 Physical data of compounds 3a–3f obtained in 19–

20 h reflux.

S. No. Ar M.p (�C) Yield (%)

3a Phenyl 340–342 72

3b 4-Methoxyphenyl 328–330 70

3c 3,4-Dimethoxy phenyl 336–338 76

3d 4-Chlorophenyl 228–230 78

3e 2,4-Chlorophenyl 320–322 81

3f 3-Nitrophenyl 332–333 80

Synthesis and characterization of new 3-(4,5-dihydro- 3
The compound 3d has been taken as the representative

example for isoxazole derivatives and its proton chemical shift
assignment, IR and mass spectral interpretations are discussed.
In proton NMR spectrum of compound 3d, the four quinolone
ring protons appear as two triplets viz d 7.35 ppm (J= 7.5 Hz)

for H-6, d 7.59 ppm (J = 7.3 Hz) for H-7 and two doublets viz
d 7.94 ppm (J= 7.7 Hz) for H-5 and 7.50 ppm (J= 7.9 Hz)
for H-8 protons. The styryl protons give two characteristic

doublets with coupling constant 16.5 Hz. A peak at d
7.41 ppm is due to styryl proton attached with 4-chlorophenyl
substituent and d 7.84 ppm is due to styryl proton attached

with isoxazolo quinoline ring system. The downfield shift of
styryl proton at d 7.84 ppm compared to d 7.41 ppm is due
to its attachment with the highly electron withdrawing isoxaz-

olo quinoline ring system. The four protons of 4-chlorophenyl
substituents appear as doublets at 7.85 ppm (J= 8.3 Hz) and
7.52 ppm (J = 8.3 Hz) each of two proton intensity. The sum-
mary of the above chemical shift assignment is given in Fig. 2.

The proton chemical shift values of other compounds in these
series have been assigned and given below.

3.1. 3-(4,5-Dihydro-5-phenyl)isoxazol-3-yl)-4-hydroxy
quinolin-2(1H)-one (2a)

IR (KBr): 3300 (NH), 1653 (C‚O), 1602 (C‚N); 1H NMR
(400 MHz, DMSO-d6): d (ppm) 2.83 (dd, 1H, J = 16.0 Hz,
11.0 Hz), 3.50 (dd, 1H, J = 16.0 Hz, 3.3 Hz), 5.52 (dd,1H,
J = 11.0 Hz, 3.3 Hz), 7.82 (d, 1H, J= 7.8 Hz), 7.17 (t, 1H,

J = 7.3 Hz), 7.41 (t, 1H, J = 7.3 Hz), 7.23 (d, 1H,
J = 8.1 Hz), 7.54–7.64 (m, 3H), 7.47 (t, 2H, J= 7.3 Hz),
11.42 (s, NH), 11.48 (s, OH); ESI–MS: 307.1 [M+1]+.
Please cite this article in press as: Sarveswari, S., Vijayakumar, V. Synthe
hydroxyquinolin-2(1H)-ones and 3-(4-styryl)isoxazolo[4,5-c]quinolin-4(5H
j.arabjc.2011.09.020
3.2. 3-(4,5-Dihydro-5-(4-methoxyphenyl)isoxazol-3-yl)-4-
hydroxyquinolin-2(1H)-one (2b)

IR (KBr): 3440 (NH), 1658 (C‚O), 1606 (C‚N); 1H NMR

(400 MHz, DMSO-d6): d (ppm) 3.74 (s, 3H, OCH3), 3.66
(dd, 1H, J= 18.3 Hz, 8.3 Hz), 4.09 (dd,1H, J = 18.3, 10.7),
5.66 (t, 1H, J = 9.32 Hz), 7.95 (d, 1H, J = 7.8 Hz), 7.25 (t,

1H, J = 7.6 Hz), 7.61 (t, 1H, J= 7.2 Hz), 7.32 (d, 1H,
J= 8.4 Hz), 6.97 (d, 2H, J = 8.6 Hz), 7.37 (d, 2H,
J= 8.5 Hz), 11.67 (s, NH), 12.02 (s, –OH); ESI–MS: 337
[M+1]+.

3.3. 3-(4,5-Dihydro-5-(3,4-dimethoxyphenyl))isoxazol-3-yl)-4-

hydroxyquinolin-2(1H)-one (2c)

IR (KBr): 3444 (NH), 1666 (C‚O), 1605 (C‚N); 1H NMR
(400 MHz, DMSO-d6): d (ppm) 3.74 (s, 3H, OCH3), 3.76 (s,

3H, OCH3), 3.82 (dd, 1H, J = 11.5 Hz, 7.7 Hz), 4.01 (dd,
1H, J= 18.2 Hz, 10.7 Hz), 5.61 (t, 1H, J = 9.9 Hz), 8.06 (d,
1H, J= 7.7 Hz), 7.23 (t, 1H, J = 7.9 Hz), 7.58 (t, 1H,
J= 7.1 Hz), 7.30 (d, 1H, J= 8.1 Hz), 6.95 (s, 2H), 7.02 (d,

1H, J = 8.2 Hz), 11.64 (s, NH), 12.29 (s, OH); ESI–MS: 367
[M+1]+.

3.4. 3-(4,5-Dihydro-5-(4-chlorophenyl)isoxazol-3-yl)-4-
hydroxyquinolin-2(1H)-one (2d)

IR (KBr) cm-1: 3436 (NH), 1675 (C‚O), 1603 (C‚N); 1H
NMR (400 MHz, DMSO-d6): d (ppm) 3.72 (dd, 1H,
J= 11.3 Hz, 7.7 Hz], 3.98 (dd, 1H, J = 17.4 Hz, 10.7 Hz),

5.51 (t, 1H, J= 9.8 Hz), 7.86 (d, 1H, J= 7.8 Hz); 7.37
sis and characterization of new 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-
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(t, 1H, J= 7.8 Hz); 7.57 (t, 1H, J = 7.3 Hz), 7.53 (d, 1H,

J= 7.9 Hz), 7.54 (d, 2H, J= 8.1 Hz), 7.83 (d, 2H,
J= 8.1 Hz), 11.78 (s, NH), 13.29 (s, OH); ESI–MS: 340 [M]+.

3.5. 3-(4,5-Dihydro-5-(2,4-dichlorophenyl)isoxazol-3-yl)-4-
hydroxyquinolin-2(1H)-one (2e)

IR (KBr) cm-1: 3434 (NH), 1659 (C‚O), 1607 (C‚N); 1H

NMR (400 MHz, DMSO-d6): d (ppm) 4.12 (dd, 2H,
J= 19.2 Hz, 2.0 Hz), 3.7 (m, 2H) 5.62 (dd, J = 4.6 Hz,
12.0 Hz) , 7.90–8.00 (m, 1H), 7.18–7.67 (m, 6H), 11.24 (bs,

NH), 13.74 (s, OH); 13C NMR (100 MHz, DMSO-d6): d
(ppm) 158.90, 150.05, 143.5, 137.86, 133.89, 131.81, 131.29,
129.55, 129.13, 128.47, 127.95, 127.22, 122.02, 121.71, 115.96,

31.29, 26.90; ES-MS: m/z 378.1 [M+4]+.

3.6. 3-(4,5-Dihydro-5-(3-nitrophenyl))isoxazol-3-yl)-4-
hydroxyquinolin-2(1H)-one (2f)

IR (KBr) cm-1: 3425 (NH), 1659 (C‚O), 1607 (C‚N); 1H
NMR (400 MHz, DMSO-d6): d (ppm) 4.04 (t, 2H,

J= 12.4 Hz), 4.99 (t, 1H, J = 12.4 Hz), 8.27 (s, 1H), 8.14
(d, 1H, J = 7.6 Hz), 7.91–7.88 (m, 3H), 7.67 (t, 1H,
J= 7.9 Hz), 7.51 (t, 1H, J = 7.3 Hz); 7.24 (d, 1H,

J= 8.1 Hz), 7.16 (t, 1H, J= 7.1 Hz), 11.36 (bs, NH), 14.14
(bs, OH). ES–MS: m/z 352 [M+1]+.

3.7. 3-(Styryl)isoxazolo[4,5-c]quinolin-4(5H)-one (3a)

1H NMR (400 MHz, DMSO-d6): d (ppm) 8.38 (d, 1H,
J= 16.2 Hz), 7.29 (d, 1H, J= 16.2 Hz), 7.80 (d, 1H,

J= 7.7 Hz), 7.15 (t, 1H, J= 7.2 Hz), 7.42 (t, 1H,
J= 7.2 Hz), 7.23 (d, 1H, J = 8.1 Hz), 7.56–7.66 (m, 3H), 7.46
(t, 2H, J = 7.4 Hz), 12.11 (s, NH); ESI–MS: 289.1 [M+1]+.

3.8. 3-(4-Methoxystyryl)isoxazolo[4,5-c]quinolin-4(5H)-one

(3b)

1H NMR (400 MHz, DMSO-d6): d (ppm) 3.75 (s, 3H, OCH3),
8.38 (d, 1H, J = 16.4 Hz), 7.29 (d, 1H, J = 16.4 Hz) 8.08
(d,1H, J = 7.6 Hz), 7.72 (t, 1H, J= 7.8 Hz), 7.27 (t, 1H,

J= 8.5 Hz), 7.54 (d, 1H, J= 8.1 Hz), 7.34 (d, 1H,
J= 8.2 Hz), 6.84 (d, 1H, J = 8.2 Hz) . ESI–MS: 318.1
[M+1]+.

3.9. 3-(3,4-Dimethoxystyryl)isoxazolo[4,5-c]quinolin-4(5H)-

one (3c)

1H NMR (400 MHz, DMSO-d6): d (ppm) 3.72 (s, 3H, OCH3),
3.75 (s, 3H, OCH3), 8.34 (d, 1H, J = 16.6 Hz), 7.27 (d, 1H,
J= 16.6 Hz), 8.06 (d, 1H, J= 7.8 Hz), 7.70 (t, 1H,

J= 7.5 Hz), 7.20 (t, 1H, J = 8.6 Hz) 7.52 (d, 1H, J = 8.1 Hz)
6.88 (s,1H), 7.01–7.02 (m, 2H); ESI–MS: 348.1 [M+1]+.

3.10. 3-(4-Chlorostyryl)isoxazolo[4,5-c]quinolin-4(5H)-one
(3d)

IR (KBr): 3425 (NH), 1685 (C‚O), 1631 (C‚C), 1605
(C‚N); 1H NMR (400 MHz, DMSO-d6): d (ppm) 7.84 (d,
1H, J = 16.5 Hz), 7.41 (d, 1H, J= 16.5 Hz), 7.94 (d, 1H,

J= 7.7 Hz); 7.35 (t, 1H, J= 7.5 Hz); 7.59 (t, 1H,
J= 7.3 Hz), 7.50 (d, 1H, J= 7.9 Hz), 7.52 (d, 2H,
Please cite this article in press as: Sarveswari, S., Vijayakumar, V. Synthe
hydroxyquinolin-2(1H)-ones and 3-(4-styryl)isoxazolo[4,5-c]quinolin-4(5H
j.arabjc.2011.09.020
J= 8.3 Hz), 7.85 (d, 2H, J= 8.3 Hz), 12.01 (s, NH); 13C

NMR (100 MHz, DMSO-d6): d (ppm) 161. 41, 156.75,
152.59, 137.38, 134.24, 133.80, 130.29, 130.08, 129.46, 128.93,
116.16, 113.93, 109.59; ESI–MS: 323 [M]+.

3.11. 3-(2,4-Dichlorostyryl)isoxazolo[4,5-c]quinolin-4(5H)-
one (3e)

IR (KBr): 3440 (NH), 1690 (C‚O), 1632 (C‚C), 1602
(C‚N); 1H NMR (400 MHz, DMSO-d6): d (ppm) 8.00 (d,
1H, J= 16.0 Hz), 7.52 (d, 1H, J= 16.0 Hz), 8.15 (d, 1H,

J= 8.5 Hz); 7.35 (t, 1H, J= 7.5 Hz), 7.59 (t, 1H,
J= 8.0 Hz); 7.50 (d, 1H, J = 7.9 Hz), 7.49-7.51 (m, 2H),
7.77 (d, 1H), 12.04 (s, NH); ESI–MS: 357 [M]+.

3.12. 3-(3-Nitrostyryl)isoxazolo[4,5-c]quinolin-4(5H)-one

(3f)

IR (KBr): 3425 (NH), 1665 (C‚O), 1628 (C‚C), 1600
(C‚N); 1H NMR (400 MHz, DMSO-d6): d (ppm) 8.03 (d,
1H, J= 16.4 Hz), 7.65 (d, 1H, J= 16.4 Hz), 8.33 (d, 1H,

J= 7.8 Hz), 7.38 (t, 1H, J= 7.5 Hz), 7.61 (t, 1H,
J= 8.0 Hz); 7.52 (d, 1H, J= 8.3 Hz), 7.76 (t, 1H,
J= 7.9 Hz), 7.96 (d, 1H, J= 7.7 Hz), 8.32 (d, 1H,

J= 7.8 Hz), 8.67 (s, 1H), 12.06 (s, NH); ESI–MS: 334 [M]+.

4. Conclusion

Synthesis of 3-(4,5-dihydro-5-aryl)isoxazol-3-yl)-4-hydroxy-
quinolin-2(1H)-ones and 3-(4-substituted styryl)isoxazolo[4,5-
c]quinolin-4(5H)-ones were effected from the corresponding

4-hydroxy-3-(3-arylacryloyl) quinolin-2(1H)-ones (1a–f). The
compounds 2a–f were found to form in lower yields since the
reaction involves the formation of 3a–f also. The presence of

electron releasing groups favours the formation of 2a–f in
higher yields where as the presence of electron withdrawing
groups favours the formation of 3d–f with the reaction condi-

tions adapted in method A. But the method B results in 3-(4-
styryl) isoxazolo[4,5-c] quinolin-4(5H)-ones as the major prod-
uct, from the obtained yield we can conclude that the presence

of electron withdrawing groups favours the formation of 3a–f,
Since the styryl double bond is stabilized by the presence of
electron withdrawing groups and is unavailable for cyclization.
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