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A number of flavonoids have been allowed to react under the
mild reaction conditions of tetracthylammonium superoxide in dry
dimethylformamide at room temperature. As an outcome,
3-hydroxyflavones 1a-c undergo oxidative ring cleavage to afford
2-benzoyloxyphenylglyoxylic acids 2a-C, whereas the substrates
1d-f result in the formation of acids 2d-f alongwith 3d-f.
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Flavonoids constitute an important class of naturally
occurring phenolic compounds ubiquitously distrib-
uted in the plant kingdom'?. They are essential com-
ponents of the human diet and exhibit potent antioxi-
dant activity due to their ability to scavenge free radi-
cals’®. Due to the efficient scavenging activity of
natural and synthetic flavonoids, the study of the reac-

tivity pattern of superoxide ion, 0_2 , with phenolic
compounds is valuable for a clearer understanding of

the biological mechanism’'*. Superoxide ion is of
much current interest due to its biological implica-
tions and as a species of relatively unexplored chemi-
cal reactivity"”. In view of the above, and as a part
of the ongoing program on superoxide research'®*!,
the reaction of tetracthylammonium superoxide
(Et4NO,) with some flavonoids has been undertaken.
The  substrates, 3-hydroxyflavone 1la, 3.4'-
dihydroxyflavone 1b, 3,4',7-trihydroxyflavone 1c,
3,3'4',5,7-pentahydroxyflavone (quercetin) 1d, 3,5,7-
trihydroxyflavone (galangin) 1le and 3,4'5,7-
tetrahydroxyflavone (kaemferol) 1f, were made to
react with EtyNO,, generated in situ by the phase
transfer reaction of potassium superoxide and tetra-
ethylammonium bromide in DMF at RT under inert
atmosphere (Scheme 1).

The reaction of Et;NO, with 3-hydroxyflavones
la-c results in an oxidative ring opening to provide 2-
benzoyloxyphenyl-glyoxylic acids 2a-c, whereas the
substrates 1d-f undergo oxidative ring rupture to yield
the acids 2d-f along with 3d-f. The results of the in-
vestigation are given in Table I. The reactions were
conducted by employing a 4.0-fold molar excess of
KO, and 2.0-fold molar excess of Et;NBr with respect
to the substrate 1. After completion, the reaction mix-
ture was quenched and worked-up to afford the prod-
ucts, which showed physical and spectroscopic data
consistent with their structures.
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Table I— Reaction of in situ generated Et,NO, with different flavonoids la-f

Substrate

*Isolated mass yield based on 1.

Product (s)
2

Reaction Time Yield"
(hr) (%)

10 83

11.5 72
COOH

21

OH

X "
HOOC OH
HO. OH

: :COOH 27

16.5

24

22

Experimental Section

Melting points were measured in open capillaries
and are uncorrected. IR spectra were recorded on a
Jasco FTIR-5300 spectrometer. NMR spectra were
run on a Jeol FX-90Q FT-NMR spectrometer and the
chemical shifts are expressed in 6 (ppm), relative to

TMS as internal standard. Potassium superoxide and
tetraethylammonium bromide were procured from E.
Merck, Germany and were used as received. Dry
DMF from Aldrich, USA was stored over molecular
sieves (4A) prior to use. The substrates la and le
were Aldrich products, whereas 1d and 1f were pro-
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cured from Sigma. The other substrates 1b and 1c
were prepared by literature method®.

General procedure for the reaction of in situ gen-
erated Et,NO, with flavonoids l1a-f:

Potassium superoxide (0.568 g, 0.008 mole) and
Et;NBr (0.64 g, 0.004 mole) were weighed under
nitrogen atmosphere using atmosbag and were trans-
ferred into a two-necked round bottom flask contain-
ing dry DMF (25 mL) and fitted with a magnetic
stirrer, a dropping funnel, an inlet nitrogen bubbler
and a Liebig condenser provided with a calcium
chloride guard tube. The reaction mixture was stirred
magnetically for ~15 min and to it was then admitted
the substrate 1 (0.002 mole). The stirring was con-
tinued for 10-18 hr at RT. After the reaction was
over as concluded from the TLC, the mixture was
successively treated with saturated aq. NaCl (25 mL)
and saturated ag. NaHCO; (15 mL). It was then ex-
tracted with diethyl ether (3 x 20 mL). Aqueous
layer was acidified with hydrochloric acid and ex-
tracted with diethyl ether (3 x 30 mL). The organic
extract was dried over anhyd. Na,SO,, filtered and
concentrated to yield the product(s). The mixture of
the acidic products 2d/3d, 2e/3e and 2f/3f were sepa-
rated by column chromatography (silica gel) using
petroleum ether-ethyl acetate (8.5:1.5) as eluant. All
the products were purified by recrystallization and
identified on the basis of their physico-chemical and
spectral data.

Physical and spectral data of the products:

2a: m.p. 148°C (Lit."" 149°C); IR (KBr): 3240,
1718, 1695, 1678 cm™'; "H NMR (DMSO-dq): & 7.32-
7.64 (m, 7H, ArH), 8.10 (m, 2H, ArH), 11.1(s, 1H,
COOH). Anal. C;sH;(Os (Mol. wt. 270) Calcd. C,
66.66; H, 3.71. Found C, 66.52; H, 3.63%.

2b: m.p. 153°C (Lit."' 155°C). IR (KBr): 3300,
1715, 1698, 1678 cm™; '"H NMR (DMSO-dg): & 4.91
(s, 1H, OH), 6.80 (d, 2H, ArH), 7.42-7.96 (m, 6H,
ArH), 11.0 (s, 1H, COOH). Anal. C;sH;o0¢ (Mol. wt.
286) Calcd. C, 62.93; H, 3.49. Found C, 62.85; H,
3.51%.

2c: m.p. 151°C (Lit."" 152°C); IR (KBr): 3350,
1673, 1645 cm™; '"H NMR (DMSO-dq): & 5.0 (s, 2H,
OH), 6.88(d, 2H, ArH), 7.34-7.98 (m, 5H, ArH),
11.0(8, lH, COOH) Anal. C15H1007 (MOl wt. 302)
Caled. C, 66.17; H, 3.67. Found C, 66.21; H, 3.59%.

2d/2e/2f: m.p. 186°C (Lit.** 188°C); IR (KBr):
3450-2400, 1659, 1630, 1456, 1413, 1210, 1190,
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840 cm™'; "H NMR: & 5.1 (s, 3H, OH), 5.92 (s, 2H,
ArH), 11.0(s, 1H, COOH). Anal. C;H¢Os (Mol. wt.
170) Calcd. C, 49.41; H, 3.52. Found C, 49.35; H,
3.48%.

3d: m.p. 200-02°C (Lit.*> 199°C); IR (KBr): 3300-
2450, 1676, 1602, 1443, 1297, 1192, 1120 cm™; 'H
NMR (DMSO-ds + CDCl3): & 5.0 (s, 2H, OH), 6.80(d,
1H, ArH), 7.42-7.56 (m, 2H, ArH), 11.08 (s, 1H,
COOH). Anal. C;HO; (Mol. wt. 154) Caled. C,
54.54; H, 3.89. Found C, 54.49; H, 3.83%.

3e: m.p. 121°C (Lit.** 122°C); IR (KBr): 3100-
2450, 1690, 1580, 1455, 1424, 1325, 1294, 936,
705 cm'; 'H NMR (CDCl;): & 7.16-8.36 (m, 5H,
ArH), 12.16 (s, 1H, COOH). Anal. C;H,O, (Mol.
wt. 122) Caled. C, 69.85; H, 4.91. Found C, 69.83;
H, 4.88%.

3f: m.p. 212°C (Lit.** 213-14°C); IR (KBr):
3500-2200, 1675, 1595, 1320, 1295, 1245, 1169,
855,619 cm™; '"H NMR (DMSO-ds + CDCL3): & 5.0
(s, 1H, OH), 6.92 (d, 2H, ArH), 8.0 (d, 2H, ArH),
11.0(s, 1H, COOH). Anal. C;HsO5 (Mol. wt. 138)
Calcd. C, 60.86; H, 4.34. Found C, 60.84; H,
4.31%.
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