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A number of wogonin derivatives have been synthesized as congeners of wogonin and evalu-
ated for their inhibitory activities of PGE, production. Wogonin derivatives modified at the B
ring of wogonin were obtained from 2,4-Dihydroxy-3,6-dimethoxyacetophenone (1) via several
steps. Most wogonin derivatives exhibited much reduced inhibitory activities against COX-2
catalyzed PGE, production compared to that of wogonin. Alkylation of 5,7-phenol groups and
substitution at the B ring of wogonin generally caused reduction of inhibitory activity.
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INTRODUCTION

Chronic inflammatory diseases such as rheumatoid
arthritis are problematic therapeutic areas to overcome
because their long-term therapeutic periods limit the use
of therapeutic agents with side effects. Inflammatory
process comprises of several aspects provoked by
different chemicals/biologicals including proinflammatory
enzymes/cytokines, small molecular chemicals such as
eicosanoids and tissue degradation enzymes. Among
these factors, cyclooxygenase (COX) catalyses the con-
version of arachidonic acid to prostaglandins {PGs), key
proinflammatory eicosanoids. COX exists in two isoforms.
COX-1 is a constitutive enzyme exerting homeostasis
function, while COX-2 is an inducible one and known
as a major isoform found in the inflammatory lesions
(Needleman, 1997).

Flavonoids from plant origin possess anti-inflammatory
activity. In addition to the inhibitory activity of some
flavonoids against COX-1 and/or COX-2 (Middleton,
2000; Kim, 2004), recent studies have shown that several
flavone analogs down-regulate COX-2 expression (Liang,
1999; Kim, 1999; Chi, 2001), suggesting a potential for
new class of anti-inflammatory agents.

Wogonin (5,7-dihydroxy-8-methoxyflavone) is one of
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the major polyhydroxyflavones from Scutellaria baicalensis
Georgi that possesses a very broad spectrum of biological
activities and used as a traditional medicinal plant in
Oriental medicine. Wogonin was previously reported to
suppress the induction of COX-2 and inducible nitric oxide
synthase (Chen, 2001; Chi, 2003; Lee, 2003; Wakabayashi,
1899 & 2000). Chrysin (5,7-dihydroxyflavone) is also a
naturally occuring flavone and has a very similar
chemical structure with that of wogonin (Fig. 1). In spite of
the similarity in their chemical structures, wogonin
exhibited much stronger inhibitory activity than chrysin
against COX-2 catalyzed prostaglandin production from
lipopolysaccharide-treated RAW 264.7 cells (Dao, 2004b).
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Fig. 1. The chemical structures of wogonin, chrysin and wogonin
derivatives
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From comparison between the chemical structures and
anti-inflammatory activities of wogonin and chrysin, we
conjectured that the 8-methoxy functional group of
wogonin plays a very important role to exhibit strong anti-
inflammatory activity. Therefore, it is a part of subject to
explore the structural elaboration of wogonin maintaining
8-methoxy group. In this point of view, wogonin derivatives
modified at the B ring were synthesized and evaluated for
their inhibitory activities against COX-2 catalyzed PGE,
production from LPS-induced RAW 264.7 cells.

MATERIALS AND METHODS

All chemicals were obtained from commercial suppliers,
and used without further purification. All solvents used for
reaction were freshly distilled from proper dehydrating
agent under nitrogen gas. All solvents used for chromato-
graphy were purchased and directly applied without
further purification. "H-NMR spectra were recorded on a
Varian Gemini 2000 instrument (200 MHz) spectrometer.
Chemical shifts are reported in parts per million {ppm)
downfield relative to tetramethylsilane as an internal
standard. Peak splitting patterns are abbreviated as m
(multiplet), s (singlet), bs (broad singlet), d (doublet), bd
(broad doublet), t (triplet), and dd (doublet of doublets).
Analytical thin-layer chromatography (TLC) was performed
using commercial glass plate with silica gel 60Fas,
purchased from Merck. Chromatographic purification was
carried out by flash chromatography using Kieselgel 60
(230~400 mesh, Merck).

General synthetic procedures for 4-benzyloxy-2-
hydroxy-3,6-dimethoxyacetophenone (2)

To a mixture of 1 in 20 mL of anhydrous acetone,
anhydrous potassium carbonate (4.90 mmol) and benzyl
bromide (2.45 mmol) added slowly under stirring. The
reaction mixture was then put under nitrogen atmosphere
and refluxed for 22-23 h. Potassium carbonate was re-
moved by suction filtration, the filtrate was evaporated and
then the residues was extracted with dichloromethane.
The crude material was re-crystallized with methanol.
Yield 97%; 'H-NMR (200 MHz, CDCl,) 6 2.61 (3H, s, acetyl
group-CH;), 3.79, 3.85 (6H, s, s, -OCH;), 525 (2H, s,
benzyl group-CH,), 5.98 (1H, s, C5-H), 7.30-7.43 (5H, m,
Ph-H in O-benzyl group), 13.83(1H, s, C2-OH).

General synthetic procedures for chalcones (3a-3j)

To a mixture of 2 in 15 mL of methanol, potassium
hydroxide (2.0 equiv.) was added very slowly under
stirring. To this solution was added aryl aldehyde (1.2
equiv.) and then stirred at 30°C for 5 days. The reaction
mixture was cooled with ice water and neutralized with
conc-hydrochloric acid at 0°C (ice-bath). The solid was
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filtered, washed with methanol and dried over under
reduced pressure.

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-
phenylpropenone (3a)

Yield 69%; 'H-NMR (200 MHz, CDCl) & 3.85, 3.88 (6H, s,
s, -OCH3), 5.26 (2H, s, benzyl group-CH,), 6.03 (1H, s,
C5-H), 7.37-7.44 (TH, m, phenyl group-H & bezene ring-H
in O-benzyl group), 7.58-7.61 (3H, m, phenyl ring-H), 7.83
(2H, d, J = 3.6Hz, -CH=CH-), 13.93(1H, s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-p-
tolylpropenone (3b)

Yield 68%; 'H-NMR (200 MHz, CDCl,) § 2.39(3H, s, -CH),
3.84, 3.88 (6H, s, s, -OCH,3), 5.26 (2H, s, benzyl group-
CH,), 6.03 (1H, s, C5-H), 7.21 (2H, t, toluene ring-H),
7.34- 7.52 (7H, m, toluene ring-H & bezene ring-H in O-
benzy! group), 7.80 (2H, s, -CH=CH-), 13.98 (1H, s, C2-
OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-(4'-
methoxyphenyl)propenone (3c)

Yield 49%; '"H-NMR (200 MHz, CDCl;) § 3.85, 3.86, 3.88
(9H, s, s, s, -OCH3), 5.26 {2H, s, benzyl group-CH,), 6.03
(1H, s, C5-H), 6.93 (2H, d, J = 8.8Hz, anisole ring-H),
7.37-7.44 (5H, m, bezene ring-H in O-benzyl group),
750 (2H, d, J=8.8 Hz, anisole ring-H), 7.78 (2H, d,
J=2.2 Hz, -CH=CH-), 14.08 (1H, s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-
(2',4'-dimethoxyphenyl)propenone (3d)

Yield 58%; 'H-NMR (200 MHz, CDCl;) & 3.83, 3.86, 3.88,
3.89 (12H, s, s, s, 8, -OCHs), 5.26 (2H, s, benzyl group-
CH,), 6.02 (1H, s, C5-H), 6.47 (1H, s, phenyl group-H),
6.54 (1H, d, J=5.6 Hz, phenyl group-H), 7.27-7.41 (5H,
m, bezene ring-H in O-benzyl group), 7.54 (1H, d, J =
8.6Hz, phenyl ring-H), 7.99 (2H, q, -CH=CH-), 14.19 (1H,
s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-
(3',4'-dimethoxyphenyl)propenone (3e)

Yield 75%; 'H-NMR (200 MHz, CDCl,) 6 3.84, 3.88, 3.93
(12H, s, s, s, -OCH3), 5.26 (2H, s, benzyl group-CHj),
6.03 (1H, s, C5-H), 6.90 (1H, d, J = 8.2 Hz, phenyl group-
H), 7.13 (1H, s, phenyl group-H), 7.23 (1H, s, phenyl
group-H), 7.37-7.44 (5H, m, bezene ring-H in O-benzyl
group), 7.76(2H, s, -CH=CH-), 14.03(1H, s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-
(2',3',4'-trimethoxyphenyl)propenone (3f)

Yield 58%:; 'H-NMR (200 MHz, CDCl,) 6 3.84, 3.88, 3.89,
3.91,3.95(15H, s, s, s, s, S, -OCH3), 5.26 (2H, s, benzyl
group-CH,), 6.02 (1H, s, C5-H), 6.72 (1H, d, J=9.0 Hz,
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phenyl group-H), 7.32-7.44 (7H, m, phenyl group &
bezene ring-H in O-benzyl group), 7.96 (2H, q, -CH=CH-),
14.08 (1H, s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-
(3',4',5'-trimethoxyphenyl)propenone (3g)

Yield 70%; 'H-NMR (200 MHz, CDCl,) 5 3.84, 3.88, 3.90,
3.91 (18H, s, s, s, s, -OCHs), 5.27 (2H, s, benzyl group-
CH,), 6.03 (1H, s, C5-H), 6.83 (2H, s, phenyl group-H),
7.38-7.44 (SH, m, bezene ring-H in O-benzyl group), 7.73
{2H, s,-CH=CH-), 13.93 (1H, s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-(4'-
chlorophenyl)propenone (3h)

Yield 59%; 'H-NMR (200 MHz, CDCl,) § 3.85, 3.88 (6H,
s, -OCHs,), 5.24 (2H, s, benzyl group-CH,), 6.03 (1H, s,
C5-Hj), 7.35-7.44 (7H, m, phenyl group & bezene ring-H
in O-benzyl group), 7.52 (2H, d, J=8.4 Hz, phenyl
group-H), 7.77 (2H, d, J=7.4 Hz, -CH=CH-), 13.87(1H,
s, C2-OH).

1-(4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-
(3',4'-dichlorophenyl)propenone (3i)

Yield 45%; 'H-NMR (200 MHz, CDCl,) 5 3.86, 3.88 (6H, s,
8, -OCH,), 5.27 (2H, s, benzyl group-CH,), 6.03 (1H, s,
C5-H), 7.41-7.76 (8H, m, phenyl group & bezene ring-H in
O-benzyl group), 7.76 (2H, s, -CH=CH-), 13.78 (1H, s,
C2-CH).

1-{4-Benzyloxy-2-hydroxy-3,6-dimethoxyphenyl)-3-(4'-
benzyloxyphenyl)propenone (3j)

Yield 90%: 'H-NMR (200 MHz, CDCl;) 5 3.8, 3.87 (6H, s,
8, -OCHj3), 5.12 (2H, s, C4-benzyl group CH,), 5.26 (2H, s,
benzyl group-CH;), 6.03 (1H, s, C5-H), 6.99 (2H, d, J=
4.4 Hz, phenyl group), 7.36-7.46 (10H, m, bezene ring-H ),
7.55 (2H, d, J=4.4 Hz, benzene ring-H), 7.77 (2H, d,
J=3.0 Hz, -CH=CH-), 14.04 (1H, s, C2-OH).

General synthetic procedures for 7-benzyloxy-5,8-
dimethoxyflavone analogs (4a-4j)

A mixture of chalcones 3a-3j (1.0 equiv.) and iodine (0.1
equiv.) in 5 mL DMSO was heated at 100°C for overnight.
After cooling, sodium sulfite solution was added to the
reaction mixture for destroy excess iodine. The precipitated
solid was filtered, washed with water and re-crystallized
with methanol and dichloromethane.

7-Benzyloxy-5,8-dimethoxyflavone (4a)

Yield 77%; *H-NMR (200 MHz, CDCl,) 5 3.90, 3.99 (6H, s,
s, -OCH,), 5.30 (2H, s, benzyl group-CH,), 6.47 (1H, s,
C3-H), 8.70 (1H, s, C6-H), 7.39-7.54 (8H, m, C3'4',5'-H &
bezene ring-H in O-benzyl group), 7.92-7.97 (2H, m,
C2',C6-H).
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7-Benzyloxy-5,8-dimethoxy-4'-methylflavone (4b)
Yield 87%; "H-NMR (200 MHz, CDCl,) & 2.44 (3H, s, C4-
CH,), 3.89, 3.99 (6H, s, s, -OCHa), 5.30 (2H, s, benzyl
group-CH,), 6.46 (1H, s, C3-H), 6.66 (1H, s, C6-H), 7.34-
7.46 (7H, m, C3', 5-H & bezene ring-H in O-benzyt group),
7.84 (2H, d, J = 8.0Hz, C2',6-H).

7-Benzyloxy-4',5,8-trimethoxyflavone (4c)

Yield 84%; 'H-NMR (200 MHz, CDCl,) § 3.89, 3.99 (9H, s,
s, -OCHaj), 5.29 (2H, s, benzyl group-CH,), 6.46 (1H, s,
C3-H), 6.62 {1H, s, C6-H), 7.03 (2H, d, J=8.8 Hz, C3',5-
H), 7.27-7.46 (5H, m, bezene ring-H in O-benzyl group),
7.90 (2H, d, J=8.8 Hz, C2',6'-H).

7-Benzyloxy-2',4',5,8-tetramethoxyflavone (4d)

Yield 90%; 'H-NMR (200 MHz, CDC},) & 3.89, 3.93, 3.95
(12H, s, s, s, -OCH,), 5.28 (2H, s, benzyl group-CH,),
6.44 (1H, s, C3-H), 6.56 (1H, s, C6-H), 6.65 (1H, d, J =
10.0 Hz, C3-H), 7.03 (1H, s, C5-H), 7.39-7.46 (5H, m,
bezene ring-H in O-benzy! group), 7.99 (1H, d, J = 8.8 Hz,
C6'-H).

7-Benzyloxy-3',4',5,8-tetramethoxyflavone (4e)

Yield 92%; 'H-NMR (200 MHz, CDCl,) § 3.90, 3.98 (12H,
8, 8, -OCHjy), 5.30 (2H, s, benzyl group-CH,), 6.47 (1H, s,
C3-H), 6.63 (1H, s, C6-H), 7.01 (1H, d, J = 8.4 Hz, C5"-H),
7.39-7.46 (5H, m, bezene ring-H in O-benzyl group), 7.59
(2H, d, J = 8.8 Hz, C2',6-H).

7-Benzyloxy-2',3' 4',5,8-pentamethoxyflavone (4f)
Yield 64%; "H-NMR (200 MHz, CDCl,) § 3.89, 3.91, 3.94,
3.97 (15H, s, s, s, s, -OCH,), 5.29 (2H, s, benzyl group-
CH,), 6.46 (1H, s, C3-H), 6.82 (1H, d, J = 8.8 Hz, C5-H),
6.90 (1H, s, C6-H), 7.38-7.46 (5H, m, bezene ring-H in O-
benzyl group), 7.64 (1H, d, J = 9.0 Hz, C6'-H).

7-Benzyloxy-3',4',5,5',8-pentamethoxyflavone (4g)
Yield 95%; "H-NMR {200 MHz, CDCl;) § 3.91, 3.93, 3.96,
3.99 (15H, s, s, s, s, -OCHj3), 5.30 (2H, s, benzyl group-
CH,), 6.48 (1H, s, C3-H), 6.65 (1H, s, C6-H), 7.19 (2H, s,
C2'8'-H), 7.39-7.46 {5H, m, bezene ring-H in O-benzyl
group).

7-Benzyloxy-4'-chioro-5,8-dimethoxyflavone (4h)

Yield 63%; 'H-NMR (200 M Hz, CDCl;) & 3.90, 3.98 (6H,
s, s, -OCH), 5.30 (2H, s, benzyl group-CH,), 6.48 (1H, s,
C3-H), 6.66 (1H, s, C6-H), 7.43-7.52 (6H, m, C3'5-H &
bezene ring-H in O-benzyl group), 7.88 (2H, d, J = 8.0 Hz,
C2' 6-H).

7-Benzyloxy-3',4'-dichloro-5,8-dimethoxyflavone (4i)
Yield 78%; 'H-NMR (200 MHz, CDCi,) § 3.90, 3.98 (6H, s,
8, -OCHjs), §.30 (2H, s, benzyl group-CH,), 6.48 (1H, s,
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C3-H), 6.64 (1H, s, C6-H), 7.39-7.46 (5H, m, bezene ring-
H in O-benzyl group), 7.60 (1H, d, J = 8.6 Hz, C6-H), 7.75
{1H, d, J =8.2 Hz, C5-H), 8.02 (1H, s, C2-H).

4',7-Dibenzyloxy-5,8-dimethoxyflavone (4j)

Yield 85%; 'H-NMR (200 MHz, CDCl,) & 3.89, 3.98 (6H, s,
s, -OCH), 5.16 (1H, s, C3-H), 5.29 (1H, s, C6-H), 7.10
(2H, d, J = 9.2 Hz, C3'5"-H), 7.39-7.46 (10H, m, bezene
ring-H in O-benzyl group), 7.89 (2H, d, J = 9.2 Hz, C2',6™-
H).

General synthetic procedures for 7-hydroxy-5,8-
dimethoxyflavone analogs (5a-5j)

To the mixture of glacial acetic acid 30 mL and conc-
hydrochloric acid 10ml was added the compounds 4a-4j
and the reaction mixture was refluxed for 5-6 h. After
cooling, the reaction mixture was poured into cold water
with vigorous stirring. The precipitated solid was filtered,
washed with water, dried and re-crystallized from
methanol.

7-Hydroxy-5,8-dimethoxyflavone (5a)

Yield 91%; 'H-NMR (200 MHz, CDCl, & DMSO-ds) §
3.92,3.97 (6H, s, s, -OCH,), 6.48 (1H, s, C3-H), 6.67 (1H,
s, C6-H), 7.45, 7.54 (3H, s, s, C3'4'5-H), 7.93 (2H, s,
C2',6-H), 9.79 (1H, s, C7-OH).

7-Hydroxy-5,8-dimethoxy-4'-methylflavone (5b)

Yield 93%; '"H-NMR (200 MHz, CDCl; & DMSO-d;) § 2.45
(3H, s, C4'-CHs), 3.90, 3.96 (6H, s, s, -OCHjy), 6.48 (1H, s,
C3-H), 6.61 (1H, s, C6-H), 7.34 (2H, d, J = 6.6 Hz, C3',5-
H), 7.83 (2H, d, J = 6.6 Hz, C2',6"-H), 9.99 (1H, s, C7-OH).

7-Hydroxy-4',5,8-trimethoxyflavone (5¢)

Yield 91%; 'H-NMR (200 MHz, DMSO-d;) 8 3.76, 3.85
(9H, s, s, -OCHs), 6.46 (1H, s, C3-H), 6.67 (1H, s, C6-H),
7.11(2H, d, J=9.2 Hz, C3'5-H), 7.98 (2H, d, J = 9.2 Hz,
C2',6-H), 10.61 (1H, brs, C7-OH).

7-Hydroxy-2'4',5,8-tetramethoxyflavone (5d)

Yield 97%; 'H-NMR (200 MHz, DMSO-d;) 6 3.85 (3H, s, -
OCHs), 6.32 (1H, s, C3-H), 7.05 (1H, s, C6-H), 7.69 (2H,
d, J =8.8 Hz, C3'5-H), 8.09 (2H, d, J = 8.8 Hz, C2',6"-H),
12.41 (1H, s, C7-OH).

7-Hydroxy-3',4',5,8-tetramethoxyflavone {5e)

Yield 70%; 'H-NMR (200 MHz, CDCl; & DMSO-d;) &
3.92,3.97,3.98,3.99(12H, s, s, 5, 5, -OCHj3), 6.48 (1H, s,
C3-H), 6.61 (1H, s, C6-H), 7.01 (1H, d, J = 8.4 Hz, C5"-H),
7.42 (1H, s, C2-H), 7.58 (1H, d, J = 8.4 Hz, C6-H).

7-Hydroxy-2',3'4',5,8-pentamethoxyflavone (5f)
Yield 64%; 'H-NMR (200 MHz, CDCl;) & 3.91, 3.95, 4.00
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(15H, s, s, s, -OCH;), 6.49 (1H, s, C3-H), 6.81 (1H, d, J =
9.0 Hz, C5-H), 6.88 (1H, s, C6-H), 7.56 (1H, d, J = 9.0
Hz, C6-Hj.

7-Hydroxy-3',4',5,5",8-pentamethoxyflavone (5g)

Yield 52%; 'H-NMR (200 MHz, CDCl,) & 3.93, 3.96, 3.99,
4.00 (15H, s, s, s, 8, -OCH3), 6.52 (1H, s, C3-H), 6.67 (1H,
s, C6-H), 7.15 (2H, s, C2',6-H).

4'-Chloro-7-hydroxy-5,8-dimethoxyflavone (5h)

Yield 97%; "H-NMR (200 MHz, CDCl; & DMSO-ds) § 3.90,
3.94 (6H, s, s, -OCH;), 6.49 (1H, s, C3-H), 6.64 (1H, s,
C6-H), 7.52 (2H, d, J = 8.6 Hz, C3',5-H), 791 (2H, d, J =
8.8 Hz, C2',6-H).

3',4'-Dichloro-7-hydroxy-5,8-dimethoxyflavone (5i)
Yield 94%; 'H-NMR (200 MHz, CDCl; & DMSO-ds) &
3.95,4.01 (6H, s, s, -OCHj3), 6.59 (1H, s, C3-H), 6.75 (1H,
s, C6-H),7.72 (1H,d, J=72Hz C6-H), 791 (1H,d, J =
7.4 Hz, C5-H), 8.14 (1H, s, C2-H), 10.32 (1H, brs, C7-
OH).

4',7-Dihydroxy-5,8-dimethoxyflavone (5j)

Yield 77%:; 'H-NMR (200 MHz, CDCI3 & DMSO-d;) §
3.92,3.98 (6H, s, s, -OCH,), 6.45 (1H, s, C3-H), 6.55 (1H,
s, C6-H), 6.97 (2H, d, J = 8.4 Hz, C3'5-H), 7.79 (2H, d, J
=8.4 Hz, C2'6'-H), 8.98 (1H, s, C4-OH), 9.44 (1H, s, C7-
OH).

General synthetic procedures for 5,7-dihydroxy-8-
methoxyflavone analogs (6a-6j)

To a mixture of 5a-5j (1.0 equiv.) in 10 mL anhydrous
acetonitrile, aluminum chloride (5.0-7.0 equiv.) was added
slowly at 0°C (ice-bath) under nitrogen atmosphere and
the reaction mixture was refluxed for overnight. 3N-Hydro-
chloric acid was added slowly to the reaction mixture to
destroy excess aluminum chloride. This solution was
diluted with chloroform, refluxed for further 30-40 minutes.
After cooling the reaction mixture, the organic layer was
separated, dried over anhydrous magnesium sulfate,
fitered and concentrated under reduced pressure. The
crude products were purified by recrystallization with
methanol.

5,7-Dihydroxy-8-methoxyflavone (6a)
Yield 86%; 'H-NMR (200 MHz, DMSO-d;) & 3.86 (3H, s, -
OCH,), 6.32 (1H, s, C3-H), 7.02 (3H, s, C6-H), 7.59-7.64
(3H, m, C3'4'5-H), 8.06-8.11 (2H, m, C2'.6-H), 10.85
(1H, brs, C7-OH), 12.52 (1H, s, C5-OH).

5,7-Dihydroxy-8-methoxy-4'-methylflavone (6b)
Yield 93%; 'H-NMR (200 MHz, DMSO-d;) 8 2.40 (3H, s,
C4'-CH,), 3.85 (3H, s, -OCH,), 6.30 (1H, s, C3-H), 6.96
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(1H, s, C6-H), 7.41 (2H, d, J = 6.8 Hz, C3'5H), 7.97 (2H,
d, J = 6.8 Hz, C2'6-H), 10.81 (1H, brs, C7-OH), 12.55
(1H, s, C5-OH).

5,7-Dihydroxy-4',8-dimethoxyflavone (6c)

Yield 96%; 'H-NMR (200 MHz, DMSO-d;) 5 3.84, 3.86
(6H, s, s, -OCHs), 6.29 (1H, s, C3-H), 6.92 (1H, s, C6-H),
7.16 (2H, d, J = 8.4 Hz, C3'5-H), 8.04 (2H, d, J = 8.4Hz,
C2',6'-H), 10.82 (1H, brs, C7-OH), 12.61 (1H, s, C5-OH).

§,7-Dihydroxy-2',4',8-trimethoxyflavone (6d)
Yield 77%; 'H-NMR (200 MHz, DMSO-d;) & 3.81, 3.88,
3.95 (9H, s, s, s, -OCH3), 6.28 (1H, s, C3-H), 6.81 (3H, d,
J =10.2 Hz, C6,3'5-H), 7.88 (1H, d, J = 9.2 Hz, C6'-H),
10.87 (1H, brs, C7-OH), 12.21 (1H, s, C5-OH).

5,7-Dihydroxy-3',4',8-trimethoxyflavone (6e)

Yield 92%; 'H-NMR (200 MHz, DMSO-ds) & 3.96, 3.98
(12H, s, s, -OCHjy), 6.39 (1H, s, C3-H), 7.11 (1H, s, C5-
H), 7.28 (1H, d, J = 8.6 Hz, C2-H), 7.68 (1H, s, C6-H),
7.79 (1H, J = 8.6 Hz, C6-H), 10.86 (1H, brs, C5-OH),
12.70 (1H, s, C5-OH).

5,7-Dihydroxy-2',3',4',8-tetramethoxyflavone (6f)

Yield 93%; 'H-NMR (200 MHz, DMSO-d;) 5 3.79, 3.89
(12H, s, s, -OCHjy), 6.30 (1H, s, C3-H), 6.72 (1H, s, C6-H),
7.08 (1H, d, J = 9.2 Hz, C5-H), 7.59 (1H, d, J = 9.0 Hz,
C6'-H), 10.81 (1H, brs, C7-OH), 12.55 (1H, s, C5-OH).

5,7-Dihydroxy-3',4',5',8-tetramethoxyflavone (6g)

Yield 91%; 'H-NMR (200 MHz, DMSO-ds) & 3.86, 3.97,
4.00 (12H, s, s, 5, -OCH,), 6.39 (1H, s, C3-H), 7.23 (1H, s,
C6-H), 7.47 (2H, s, C2'6-H), 10.90 (1H, brs, C7-OH),
12.61 (1H, s, C5-OH).

4'-Chloro-5,7-dihydroxy-8-methoxyflavone (6h)

Yield 96%; 'H-NMR (200 MHz, DMSO-d;) § 3.85 (3H, s, -
OCH;), 8.32 (1H, s, C3-H), 7.05 (1H, s, C6-H), 7.69 (2H,
d, J=8.8 Hz, C3',5-H), 8.02 (2H, d, J = 8.8 Hz, C2',6™-H),
10.87 (1H, brs, C7-OH), 12.41 (1H, s, C5-OH).

3'4'-Dichloro-5,7-dihydroxy-8-methoxyflavone (6i)
Yield 96%; 'H-NMR (200 MHz, DMSO-d;)  3.85 (3H, s, -
OCH,3), 6.32 (1H, s, C3-H), 7.16 (1H, s, C6-H), 7.91 (2H,
d, J=8.6 Hz, C6-H), 8.04 (2H, d, J = 8.6 Hz, C5-H), 8.32
(1H, s, C2-H), 10.91 (1H, brs, C7-OH), 12.42 (1H, s, C5-
OH).

4',5,7-Trihydroxy-8-methoxyflavone (6])

Yield 46%; *H-NMR (200 MHz, DMSO-ds) 6 3.84 (3H, s, -
OCH;), 6.28 (1H, s, C3-H), 6.81 (1H, s, CB-H), 6.96 (2H,
d, J=8.8 Hz, C3'5"-H), 7.93 (2H, d, J = 8.8 Hz, C2',6'-H),
10.50 (1H, brs, C7-OH), 12.64 (1H, s, C5-OH).

General synthetic procedures for 5-hydroxy-7,8-
dimethoxyflavone analogs (7a-7i)

To the solution of 6a-6j (1.0 equiv.) and anhydrous
potassium carbonate (3.0 equiv.) in anhydrous acetone
(30 mL), was added dimethyl sulfate (1.0 equiv.) and then
the mixture was refluxed for 6-7 h under nitrogen
atmosphere. The reaction mixture was poured into water
slowly and was evaporated to remove acetone. The
reaction mixture was extracted with chloroform, dried over
magnesium sulfate and concentrated under reduced
pressure. The crude product was purified by re-
crystallization with methanol.

5-Hydroxy-7,8-dimethoxyflavone (7a)

Yield 93%; 'H-NMR (400 MHz, CDCl;) & 3.95, 3.96 (6H, s,
s, C7,8-OCH;), 6.45 (1H, s, C3-H), 6.68 (1H, s, C6-H),
7.54-7.55 (3H, m, C3'4',5-H), 7.94-7.97 (2H, m, C2',6'-H),
12.57 (1H, s, C5-OH).

5-Hydroxy-7,8-dimethoxy-4-methylflavone (7b)
Yield 89%; "H-NMR (200 MHz, CDCl;) § 2.45 (3H, s, C4'-
CHB3), 3.95, 3.96 (6H, s, s, -OCHj), 6.44 (1H, s, C3-H),
6.65 (1H, s, C6-H), 7.35 (2H, d, J = 8.2 Hz, C3',5"-H), 7.85
(2H, d, J =8.2 Hz, C2',6'-H), 12.64 (1H, s, C5-OH).

5-Hydroxy-4',7,8-trimethoxyflavone (7c)

Yield 83%; 'H-NMR (400 MHz, CDCI;) § 3.90, 3.94, 3.95
(9H, s, s, s, -OCH,3), 6.43 (1H, s, C3-H), 6.59 (1H, s, C6-
H), 7.04 (2H, d, J =8.9 Hz, C3'5"-H), 7.91 (2H, d, J=8.9
Hz, C2',6'-H), 12.66 (1H, s, C5-OH).

5-Hydroxy-2',4',7,8-tetramethoxyflavone (7d)

Yield 85%; 'H-NMR (200 MHz, CDCl,) § 3.90, 3.92, 3.94
(12H, s, s, s, -OCH,), 6.42 (1H, s, C3-H), 6.55 (1H, s, C6-
H), 6.68 (1H, d, J = 8.8 Hz, C3-H), 7.05 (1H, s, C5-H),
8.00 (1H, d, J =8.8 Hz, C6'-H), 12.79 (1H, s, C5-OH).

5-Hydroxy-3',4',7,8-dimethoxyflavone (7¢)

Yield 90%; 'H-NMR (200 MHz, CDCl;) § 3.95, 3.96, 3.98,
3.99 (12H, s, s, s, s, -OCHg), 8.43 (1H, s, C3-H), 6.60 (1H,
s, C6-H), 6.99 (1H, d, J =6.0 Hz, C5'-H), 7.44 (1H, s, C2-
H), 7.61 (1H, d, J = 6.2 Hz, C6'-H), 12.63 (1H, s, C5-OH).

5-Hydroxy-2',3',4",7,8-pentamethoxyflavone (7f)

Yield 84%; 'H-NMR (200 MHz, CDCl;) & 3.91, 3.92, 3.95,
3.98 (15H, s, s, 8, 5, -OCH3), 6.43 (1H, s, C3-H), 6.84 (1H,
d, J=9.2 Hz, C5-H), 6.94 (1H, s, C6-H), 7.66 (1H, d, J =
9.0 Hz, C6'-H), 12.72 (1H, s, C5-OH).

5-Hydroxy-3'4',5',7,8-pentamethoxyflavone (7q)

Yield 87%; 'H-NMR (200 MHz, DMSO-d;) 5 3.95, 3.97
(15H, s, s, -OCHj), 6.45 (1H, s, C3-H), 6.63 (1H, s, C6-H),
723 (2H, d, J = 16.8 Hz, C2',6"-H), 12.56 (1H, s, C5-OH).
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4'-Chloro-5-hydroxy-7,8-dimethoxyflavone (7h)

Yield 85%; 'H-NMR (200 MHz, CDCls) § 3.94, 3.96 (6H, s,
s, -OCHs), 6.45 (1H, s, C3-H), 6.65 (1H, s, CB-H), 7.53
(2H, d, J = 8.8 Hz, C3',5'-H), 7.89 (2H, d, J = 8.8 Hz,
C2',6-H), 12.51 (1H, s, C5-OH).

3',4'-Dichloro-5-hydroxy-7,8-dimethoxyflavone (7i)
Yield 84%; 'H-NMR (200 MHz, CDCl;) § 3.94, 3.97 (6H, s,
s, -OCH,), 6.46 (1H, s, C3-H), 6.64 (1H, s, C6-H), 7.63
(1H, d, J = 8.0 Hz, C6-H), 7.77 (1H, d, J = 10.6 Hz, C5-
H), 8.03 (1H, s, C2'-H), 12.45 (1H, s, C5-OH).

General synthetic procedures for 5-hydroxy-7,8-
dimethoxyflavone analogs (8a-8i)

To the solution of 7a-7j (1.0 equiv.) and anhydrous
potassium carbonate (3.0 equiv.) in anhydrous acetone
(30 mL), dimethyl sulfate (1.0 equiv.) was added with
vigorous stirring. The mixture was refluxed for 6-7 h under
nitrogen atmosphere. The reaction mixture was pcured
into water slowly and was evaporated to remove acetone.
The reaction mixture was extracted with chloroform, dried
over magnesium sulfate and concentrated under reduced
pressure. The crude product was purified by re-
crystallization with methanol.

5,7,8-Trimethoxyflavone (8a)

Yield 94%; '"H-NMR (400 MHz, CDCl;) & 3.97, 4.00, 4.02
(9H, s, s, s, -OCHs), 6.45 (1H, s, C3-H), 6.70 (1H, s, C6-
H), 7.51-7.53 (3H, m, C34'5-H), 7.93-7.96 (2H, m,
C2',6-H).

5,7,8-Trimethoxy-4'-methylflavone (8b)

Yield 87%; 'H-NMR (400 MHz, CDCl;) & 2.44 (3H, s, C4"-
CHs), 3.95, 3.99, 4.01 (9H, s, s, s, -OCH;), 6.44 (1H, s,
C3-H), 6.66 (1H, s, C6-H), 7.32 (2H, d, J = 8.2 Hz, C3'5-
H), 7.83 (2H, d, J = 8.2 Hz, C2'6-H).

4',5,7,8-Tetramethoxyflavone (8c)

Yield 85%; 'H-NMR (400 MHz, CDCl,) 6 3.89, 3.94, 3.99,
4.01(12H, s, s, s ,8, -OCH3), 6.43 (1H, s, C3-H), 6.60 (1H,
s, C6-H), 7.02 (2H, d, J =8.9 Hz, C3',5-H), 7.89 (2H, d, J
=8.9 Hz, C2'6"-H).

2' 4' 5,7,8-Pentamethoxyflavone (8d)

Yield 82%; 'H-NMR (200 MHz, CDCl3)  3.89, 3.93, 3.99,
4.01(15H, s, 8, 5, 5, -OCH;), 6.42 (1H, s, C3-H), 6.55 (1H,
s, C6-H), 6.65 (1H, d, J = 8.8 Hz, C3'-H), 7.02 (1H, s, C5-
H), 7.98 (1H, d, J = 8.8 Hz, C6'-H).

3'.4',5,7,8-Pentamethoxyflavone (8e)

Yield 85%; 'H-NMR (200 MHz, CDCl,) § 3.97, 3.98, 4.00,
4.02 (15H, s, s, s, s, -OCH;), 6.45 (1H, s, C3-H), 6.63 (1H,
s, C6-H), 7.00 (1H, d, J = 8.8 Hz, C5-H), 7.43 (1H, s, C2*-
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H), 7.60 (1H, d, J = 8.6 Hz, C8-H).

2',3',4',5,7,8-Hexamethoxyflavone (8f)

Yield 88%; 'H-NMR (200 MHz, CDCl;) & 3.91, 3.92, 3.94,
3.97,3.99,4.01(18H, s, s, 8, 8, 5, 5, -OCH;3), 6.44 (1H, s,
C3-H), 6.82 (1H, d, J = 9.0 Hz, C5'-H), 6.90 (1H, s, C6-H),
7.64 (1H, d, J = 8.8 Hz, C6'™-H).

3',4'5,5',7,8-Hexamethoxyflavone (8g)
Yield 87%; 'H-NMR (200 MHz, CDCl;) § 3.93, 3.95, 3.96,
4.00,4.02 (18H, s, s, s, s, s, -OCHj3), 6.45 (1H, s, C3-H),
6.65 (1H, s, C6-H), 7.19 (2H, s, C2',6'-H).

4'-Chloro-5,7,8-trimethoxyflavone (8h)

Yield 90%; 'H-NMR (200 MHz, CDCl,) § 3.95, 4.00, 4.02
(9H, s, s, -OCHy), 6.45 (1H, s, C3-H), 6.66 (1H, s, C6-H),
7.50 (2H, d, J =8.2 Hz, C3',5-H), 7.88 (2H, d, J = 8.4 Hz,
C2'6-H).

3',4'-Dichloro-5,7,8-trimethoxyflavone (8i)

Yield 90%; 'H-NMR (200 MHz, CDCl,) § 3.96, 4.00, 4.03
(9H, s, s, -OCHsy), 6.46 (1H, s, C3-H), 6.66 (1H, s, C6-H),
760 (1H, d, J = 8.4 Hz, C6-H), 7.76 (1H, d, J = 8.2 Hz,
C5'-H), 8.02 (1H, s, C2-H).

Biological evaluation

The bicassays were performed according to the
published procedure (Chi, 2001). RAW 264.7 cells obtained
from American Type Culture Collection were cultured with
DMEM supplemented with 10% FBS and 1% CO, at 37°C
and activated with LPS (Lipopolysaccharide, Escherichia
coli 0127:B8). Briefly, cells were plated in 96-well plates
(2x10° cells/well). Each synthetic flavone was dissolved in
dimethyl sulfoxide (DMSO) and LPS (1 pg/mL) were
added and incubated for 24 h. Cell viability was assessed
with MTT assay based on the experimental procedures
described previously (Mossman, 1983). All tested com-
pounds showed no or less than 10% reduction of MTT
assay, indicating that they were not significantly cytotoxic
to RAW 264.7 cells in the presence or absence of LPS.
PGE, concentration in the medium was measured using
EIA kit for PGE, according to the manufacturer’s recom-
mendation. All experiments were carried out at least twice
and they gave similar results.

RESULTS AND DISCUSSION

2,4-Dihydroxy-3,8-dimethoxyacetophenone (1), the
starting material for synthesis of wogonin derivatives, was
prepared following the procedure in the literature (Tisdale,
2003) from pyrogallol in six steps and 29% overall yield.
Wogonin derivatives were prepared from the intermediate
1 in three to seven steps following the procedures de-
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scribed in the previous publication (Dag, 2004a). Reaction
of the compound 1 with benzyl bromide (1.1 equiv) and
potassium carbonate (2.0 equiv) in anhydrous acetone
solution at refluxing condition afforded the compound 2 in
97% yield. Reaction of the compound 2 in methanolic
KOH with various aryl aldehydes gave the chalcones (3a-
J) In 45-90% yields, respectively. Flavone ring formations
of the chalcones (3a+j) in acetic acid and iodine in acetone

CH0 CH30
RO OR BzO OH
45-90% =
CHO O CHO O
1R=H . N 3a-i
2R-ga 2 O 7% &l
CH30 " CH,0
HO. ' . CH
W) (Vi)
46-96% 83-93%
OH O
Ba-)

OH O

Ta-i
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gave the flavones (4a-j) in 63-95% yield, respectively.
Selective deprotection of the benzyl group (52-97%)
followed by selective 5-O-demethylation with AICl in
acetonitrile gave the wogonin derivatives 6a-j in 46-96%
yields, respectively. Selective 7-O-methylations of 6a- with
dimethylsulfate (1.1 equiv) and potassium carbonate (2.0
equiv) in anhydrous acetone solution at refluxing condition
afforded the wogonin derivatives Ta-j in 83-83% yields,

R CHLQ =N
3 )
(iv) HO OI s
52-97%
CHG O
5a-j
CH30 2 R
. CH30. o} %
(vii) l
82-94%
CH O O
8a-i

Reagents & reaction conditions: (i) K,COj, benzyl bromide, acetone (ii) aryl aldehydes, KOH, MeOH (iii) I,, DMSO, 100°C
{iv) acetic acid, c-HCI, 80°C (v) AlCl5, CH3CN, 80°C (vi) & (vii) K,CO3, Me,S04 (1 equiv), acetone

Scheme 1. Synthetic pathway for wogonin derivatives

Table I. Inhibition of COX-2 catalyzed PGE, production from LPS induced RAW 264.7 cells by wogonin derivatives"?

CH50
BzIiO

CH3Q

4a-j 5a-

Ba-

7 . CHO 7, CHO o CH50 7 . CH,O 3 .
oY THO o AT ™ Ho O AT T CHO DA CHO O A
| | | | |
o CHO O OH O OH O HO O

C

Ta-i 8a-i

[a: all H, b:4-CHy, ¢ 4-OCHj, d: 24-(OCHy),, € 3,4-(OCHg)y, f: 2.3,4-(OCHa)s, g: 3.4,5-(OCHg)s, h: 4-Cl, i 3,4-Cly, j: 4-OH

MBS o oniion? S o o Comed 44 ibion® Compd % Intiion” C%”;p % Inhibition?
4a inactive® 5a 91 6a 99 Ta 62 8a 27
4b inactive 5b 17 6b 77 7b 16 8b 16
4c inactive 5¢ 34 6c 82 Tc inactive 8c inactive
4d inactive 5d inactive 6d 22 7d 86 8d 11
de inactive Se inactive 6e inactive Te 12 8e 12
4 19 5f inactive of 21 7f 19 8f 15
4g inactive 59 33 6g 97 79 21 8g 65
4h 2 5h 16 6h 84 7h inactive 8h 14
4i inactive Si 18 6i 94 Ti inactive 8i inactive

4j(R=0Bzl) 25 5§ inactive 6j %4 Wogonin® 99 Norwogonin®  inactive

"All compounds were treated at 10 uM. Treatment of LPS to raw cells increased PGE, production (10 uM) from the basal level of 0.5 M. 2Al
values represented here were arithmetic mean of duplicate. #% Inhibition = 100 x [1 - (PGE, of LPS with the flavones treated group — PGE, of the
basal)/(PGE, of LPS treated group - PGE, of the basal)]. “Inactive indicates the % inhibition less than 10%. ®Wogonin was isolated from plants
and used as a referenice sample. ®Nwog indicates norwagonin which is 3,7 8-trihydroxyfiavornie. The resuits refated with norwogonin wiil be

published to other journat in the near future.
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respective. Further 5-O-methylation of 7a-j was carried
out in the same reaction conditions for the starting
materials from 6a-j as shown in Scheme 1.

Among the wogonin derivatives tested, only several
compounds of 5,7-dihydroxy-8-methoxyflavones (6a-)
retained strong inhibitory activity as demonstrated in Table
I. Other wogonin derivatives exhibited little to low inhibitory
activities against COX-2 catalyzed PGE; production.
Alkylation of the phenol groups at 5- and/or 7-positions
decreased the inhibitory activity regardless of the substit-
uents on the B ring as observed from the resuits of
synthesized wogonin derivatives. Synthetic wogonin (6a)
showed same inhibitory activity compared to that of
naturally isolated wogonin. 5,7,8-Trihydroxyflavone, 8-O-
demethylated wogonin (norwogonin), was inactive to COX-
2 catalyzed PGE, production. Our present study indicates
that the methoxy group at the 8-position as well as the
free phenol groups at the 5- and 7-positions of wogonin
seems to play a very important role for the bioactivity.
Further SARs study of wogonin with various functional
groups at the 8-position is currently under investigation.
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