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5,6-Dihydroxy-3,4’,8-trimethoxyflavone, which was the proposed structure of the pigment occuring in Conyza

stricta, was synthesized from 2,3,5,6-tetramethoxyacetophenone in six steps.

The natural pigment was identical

not with the synthesized flavone, but with 5,7-dihydroxy-3,4’,8-trimethoxyflavone, an isomer of the former.

Two new flavones (A) and (B) were isolated from
conyza stricta by Sen et al.;?) their structures were pro-
posed to be 5,6-dihydroxy-3,4’,8-trimethoxyflavone (1)
and 5,7-dihydroxy-3,3’,4",5",8-pentamethoxyflavone (2)
on the basis of their spectroscopic data and degrada-
tion studies. The properties of natural flavone (A),
however, did not agree with those of synthesized 5,6-
dihydroxy-3,4’,8-trimethoxyflavone (1). A close in-
spection of the properties of natural flavone (A) and
of the isomers of 1 indicated that those of the former
were identical with those of 5,7-dihydroxy-3,4’,8-tri-
methoxyflavone (3), an analogue of 2. This paper
will describe the synthesis of 5,6-dihydroxy-3,4’,8-tri-

methoxyflavone (1) and a revised structure, 5,7-dihy-
droxy-3,4’,8-trimethoxyflavone (3), for the natural
flavone (A).

The outline of the synthesis was as follows. 2,3,5,6-
Tetramethoxyacetophenone (4)% was brominated with
copper(II) bromide, according to the method of Malik
et al.;® then the resulting w-bromo-2,3,5,6-tetrameth-
oxyacetophenone (5) was converted into 2,3,5,6-tetra-
methoxy - o - ( p - methoxybenzoyloxy)acetophenone (6)
with potassium p-methoxybenzoate in N, N-dimethyl-
formamide. The benzoate (6) was demethylated with
anhydrous aluminium chloride in acetonitrile to give

2-hydroxyacetophenone (7) in a good yield.

OMe OMe
Y OMe OR

RiO OR2 MeO COCHzR1

RO O MeO
1 R=R,=H, R,=Me 2 R=R,=H, 4 R=Me, R,=H
8 R=R,=Me, R,=H R,=R,=OMe 5 R=Me, R,=Br
9 R=R,=Me, R,=Ac 3 R=R,=R,=H, 6 R=Me, R,=0COCH,OMe(p)
10 R=R,=R,=Me R,=OMe 7 R=H, R,=0COCH,OMe(p)
11 R=H, R,=R,=Me 14 R=Me, R,=OH,
12 R=Ac, R,=R,—Me R,=R,=H

13 R=R,=Ac, R,=Me

According to the Allan-Robinson method of flavene
synthesis, the condensation of the 2-hydroxyacetophe-
none (7) with p-methoxybenzoic anhydride and potas-
sium p-methoxybenzoate, followed by treatment with
methanolic potassium hydroxide, gave 3-hydroxyflavone
(8), which was easily converted into the acetate (9).
The H-NMR spectra for 8 and 9 showed a singlet
peak corresponding to the C-7 proton at 6 6.87 and
6.90 respectively (Table 1). The methylation of the
flavone (8) with dimethyl sulfate gave 3,4’,5,6,8-penta-
methoxyflavone (10). The flavone (10) was demethyl-
ated with a 5—109,(w/v) anhydrous aluminium chlo-
ride—acetonitrile solution to give a 5-hydroxyflavone
(11) in a quantitative yield. On the other hand, de-
methylation with an about 309%(w/v) anhydrous alu-
minium chloride-acetonitrile solution containing 0.59,
(v/v) water at 70 °C for 48 h?) gave the desired 5,6-
dihydroxy-3,4’,8-trimethoxyflavone (1). The stron-
tium chloride-coloration test of the flavone (1)
indicated the presence of two hydroxyl groups adjacent

to each other.®) The 'H-NMR data for the synthesiz-
ed flavones are shown in Table 1. The chemical
shifts of the C-7 proton on the flavones and their ace-
tates appeared in the narrow range of 6 6.87—6.99,
in contrast to those of the aromatic protons on the
A ring of 5,7-dihydroxy-6- or 8-methoxyflavones and
their acetates. The 3-methoxyflavone (1) and 11 show-
ed also characteristic UV spectra, which failed to show
Band II (Table 2).

The 5,6-dihydroxyflavone (1) and its diacetate (13)
are not identical with the natural flavone (A) and its
diacetate, which were sent us by Sen. However, the
TH-NMR data of the natural flavone diacetate are
similar to that of the synthesized (13), and the singlet
peak at 6 6.89 can be attributed to the C-6 or C-8
proton on the acetate of 5,7-dihydroxy-3,4’,8-trimeth-
oxyflavone (3)® or 5,6-dihydroxy-3,4’,7-trimethoxy-
flavone (14)” (Table 3). The results indicated that
the structure of A is either 3 or 14. Since the UV
data of the natural flavone (A) are similar to those
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TasBre 1. 'H-NMR pata or 3,4,5,6,8-PENTAHYDROXYFLAVONE DERIVATIVES (§)%)
Compd Solvent C,-H Cyr-H Cyr ¢H OMe OH OAc
8 CDCl, 6.87s 7.00d 8.22d 3.86s (3H), 3.91s (6H) 6.85b
3.98s (3H)
9 CDCl, 6.90 s 6.97d 7.88d 3.86s (3H), 3.89s (3H) 2.35s (3H)
3.91s (3H), 3.95s (3H)
10 CDCl, 6.87s 7.00d 8.16d 3.87 s (6H), 3.94s (6H)
3.97s (3H)
11 CDCl, 6.92s 7.00d 8.13d 3.87 s (6H), 3.92s (6H) 12.00 s
12 CDCl, 6.87s 6.97d 8.09d 3.80s (3H), 3.87s (6H) 2.46 s (3H)
3.97s (3H)
1 CDCl, 6.91s 6.99d 8.13d 3.88s (6H), 3.90s (3H) 11.77 s
DMSO 6.99 s 7.10d 7.99d 3.80s (3H), 3.86s (6H) 11.6 b
13 CDCl, 6.91s 6.99d 8.09d 3.79s (3H), 3.85s (3H) 2.31s (3H)
3.94s (3H) 2.42 s (3H)

a) s: Singlet, b: broad, d: doublet(/=38.5 Hz).

TasLE 2. UV pata oF 3,4',5,6,8-PENTAHYDROXYFLAVONE DERIVATIVES®)

Compd Amax/nm (log &)
1 EtOH 308 (4.29) 335sh (4. 16)
EtOH-AICI, 289i (3.98) 328 (4.33) 360 (4.27)
8 EtOH 272 (4.22) 292i (4.02) 345 (4.24) 375sh (4. 16)
EtOH-AICI, 261 (4.32) 282sh (4.23) 3951 (4.25) 433 (4.33)
10 EtOH 2731 (4.20) 295 (4.29) 329 (4.30)
11 EtOH 280i(4.11) 308 (4.36) 338 (4.28)
EtOH-AICI, 290sh (4.04) 330 (4.36) 355 (4.35)
a) sh: Shoulder, i: inflection point.
TaBLE 3. ComparisON BETWEEN H-NMR DATA OF DIACETATES OF NATURAL
AND ITS ISOMERIC FLAVONES IN CDCl; (8)®
Compd Arom. H OMe OAc
13 6.91s 6.99d 8.09d 3.79s 3.85s 3.945s 2.31s 2.42s
Diacetate of A(Nat.)» 6.86s 7.11d 8.20d 3.89s 3.95s 4.06 s 2.41s 2.49s
Diacetate of 3% 6.75s 7.00d 7.08d 3.80s 3.88s 3.985s 2.36s 2.43 s
Diacetate of 14D 6.86s 6.98d 7.99d 3.77s 3.88s 3.90s 2.32s 2.45s

a) s: Singlet, d: doublet (J=8.5—9 Hz).

of 13, and not to those of 14, the structure of A is pref-
erable to that of 3 (Table 4). In conclusion, the na-
tural flavone (A) is confirmed to be 5,7-dihydroxy-
3,4',8-trimethoxyflavone (3), analogous to 2, on the
basis of the following results: the melting points of the
natural flavone (A) and its diacetate are undepressed
on mixing with the synthesized (3) and its diacetate
respectively (Table 5), and the UV and IR spectra
of these natural flavones are also superimposable on
each other.

These two substances, 2 and 3, were also isolated
from the same plant by Tandon et al. in 1977.%)

Experimental

All the melting points were determined in glass capillaries
and are uncorrected. The *H-NMR spectra were measured
with a Hitachi R-24 spectrometer (60 MHz), using tetra-
methylsilane as the internal standard, and the chemical
shifts are presented in terms of the é values. The UV and

b) Synthesized from 6-hydroxy-3,4’5,7-tetramethoxyflavone.?

IR spectra were taken on Hitachi 124 and 215 spectro-
photometers.

w-Bromo-2,3,5 ,6-tetramethoxyacetoph (5). To a so-
lution of 2,3,5,6-tetramethoxyacetophenone (4) (4 g) in chlo-
roform-ethyl acetate (each 25 ml), copper(II) bromide (7.6
g) was added, after which the mixture was stirred for 24 h
at room temperature. The precipitate was then filtered off,
and the filtrate was concentrated under reduced pressure.
The residue was dissolved in ether, washed with water, and
dried. After the removal of the ether, the residue was re-
crystallized from ether-hexane to give pale yellow prisms;
mp 91—93 °C; NMR (CDCl,) 6 3.80, 3.88 (each 6H, s,
OCH,;), 4.37 (2H, s, —-CH,-), 6.63 (1H, s, Arom. H); yield,
4¢g {75%). Found: C, 45.28; H, 4.829,. Calcd for C,,-
H,;O;Br: C, 45.16; H, 4.749%,.

2,3,5,6- Tetramethoxy-w- (p-methoxybenzoyloxy ) acetophenone (6).
A mixture of 5 (4g) and potassium p-methoxybenzoate (5
g) in N,N-dimethylformamide (15—20 ml) was heated at
140—150 °C for 2 h. After the addition of water to the
reaction mixture, the precipitate separated was collected,
washed with water, and recrystallized from methanol to
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TABLE 4. COMPARISON BETWEEN UV SPECTRAL DATA OF NATURAL AND ITS ISOMERIG FLAVONES®)

Compd Amax/nm (log )
1 EtOH 308 (4.29) 335sh (4. 16)
EtOH-AICI, 289i(3.98) 328 (4.33) 360 (4.27)
EtOH-AcONa 290i (4.18) 308 (4.20) 335i(4.12)
A(Nat.) EtOH 276 (4.38) 304sh (4.23) 362 (4.07)
EtOH-AICI, 284 (4.30) 311(4.25) 345 (4.26) 412(3.89)
EtOH-AcONa 284 (4.50) 304i (4.29) 382 (4.00)
3 EtOH 276 (4.38) 304sh (4.23) 362 (4.08)
EtOH-AICI, 284 (4.30) 311(4.25) 344 (4.25) 408(3.87)
EtOH-AcONa 284 (4.50) 304i(4.30) 382 (4.00)
14 EtOH 283 (4.33) 339 (4.38)
EtOH-AICI, 298 (4.36) 364 (4.42)
EtOH-AcONa 285 (4.32) 339 (4.36)
13 EtOH 267 (4.21) 2851 (4.08) 337 (4.35)
Acetate of
A(Nat.) EtOH 260 (4.22) 338 (4.29)
Acetate of 3 EtOH 260 (4.23) 338(4.30)
a) All the UV spectra were measured in our laboratory: i; inflection point, sh; shoulder.
TaBLE 5. MELTING POINTS OF DIHYDROXYFLAVONES AND THEIR DERIVATIVES (°C)
Compd Dihydroxyflavones Diacetates Mor::}r; ithyl Dlgtlﬁgrlyl
1 183.5—184.5 188.5—189.5% 173—174 163—164 124—126
A(Nat.) 178—1792 178—179 » 170—171» 170—1712 158—1592
3 171—172® 178—179 » 166.5—167.5® 168—169® 156—15810
14 187—189 176—177% 178—180 168—170® 153—1547
170—1727

a) The melting points were measured with a Yanagimoto micro-melting apparatus.

give colorless prisms; mp 118—120 °C; NMR (CDCL,) 6
3.80 (6H, s, OCH,), 3.84 (9H, s, OCHj,), 5.22 (2H, s, -CH,-),
6.61 (1H, s, Arom. H), 6.90, 8.04 (cach 2H, d, J=9 Hz,
Arom. H); vyield, 3.69g (81%). Found: C, 61.80; H,
5.839%,. Calcd for C,,H,,0O4: C, 61.53; H, 5.689%,.
2-Hydroxy-3,5,6 - trimethoxy - w - (p-methoxybenzoyloxy ) acetophen-
one (7). To a solution of anhydrous aluminium chlo-
ride (12 g) in acetonitrile (40 ml), 6 (3.82 g) was added,
and the mixture was heated at 60 °C for 3 h. The reaction
mixture was then poured into a mixture of hydrochloric
acid and ice under stirring. The precipitate was collected
and recrystallized from methanol to give yellow prisms (2.50
g); mp 120—121 °C; NMR (CDCl,) 6 3.86 (9H, s, OCH,),
3.98 (3H, s, OCH,), 5.49 (1H, s, Arom. H), 6.92, 8.08 (each
2H, d, /=9 Hz, Arom. H), 11.84 (1H, s, OH). The pre-
cipitate recovered (1 g) from the mother liquor of recrystal-
lization was repeatedly demethylated by the above-described
method; an additional 0.8 g of 7 was thus obtained; total
yield, 3.3g (90%). Found: C, 60.61; H, 5.429%,. Calcd
for C,H,,05: C, 60.63; H, 5.369%,.
3-Hydroxy-4',5,6,8-tetramethoxyflavone (8). A mixture of
7 (2.35 g), p-methoxybenzoic anhydride (10 g), and potas-
sium p-methoxybenzoate (6.6 g) was heated at 170—180 °C
under reduced pressure for 10 h. The mixture was then
refluxed with a solution of potassium hydroxide (6.3 g) in
809% aqueous methanol (about 200 ml) under a nitrogen
atmosphere for 30 min. The solvent was removed under
reduced pressure, and water was added to the residue. The
solution was saturated with carbon dioxide and then allow-
ed to stand overnight in a refrigerator. The separated pre-
cipitate was collected and recrystallized from chloroform-

methanol to give yellow prisms; mp 184—186 °C; vyield,
0.67¢g (30%). Found: C, 63.45; H, 5.049%. Calcd for
C;,H,50,: C, 63.68; H, 5.06%,.

Acetate (9): Colorless needles from methanol; mp 201—
203 °C. Found: C, 62.74; H, 4.99%,. Calcd for Cy,H,,O4:
C, 62.99; H, 5.04%.

3,4°,5,6,8-Pentamethoxyflavone (10). A mixture of 8 (500
mg), dimethyl sulfate (0.62 ml), and anhydrous potassium
carbonate (1.2 g) in acetone (50 ml) was refluxed for 8 h.
The reaction mixture was again refluxed for 30 min after
the addition of water; then a part of the acetone was evap-
orated off. The resulting precipitate was recrystallized from
methanol to give pale yellow needles; mp 124—126 °C;

yield, 490 mg (949%). Found: C, 64.33; H, 5.41%,. Calcd
for CyH,,O,: C, 64.51; H, 5.419%.
5-Hydroxy-3,4',6,8-tetramethoxyflavone (11 ). To a solu-

tion of anhydrous aluminium chloride (0.52 g) in aceto-
nitrile (10 ml), 10 (110 mg) was added, after which the
mixture was heated at 60 °C for 1.5 h. After the addition
of diluted hydrochloric acid, the mixture was heated on a
steam-bath for 30 min and the acetonitrile was evaporated.
The precipitate separated was recrystallized from methanol
to give yellow needles; mp 163—164 °C; yield, 96 mg (919,).
Found: C, 63.40; H, 5.019%,. Calcd for C,yH;;0,: C, 63.68;
H, 5.069%,.

Acetate (12): Colorless needles from methanol; mp 194—
196 °C. Found: G, 62.68; H, 5.14%,. Calcd for Cy;HyyOy:
C, 62.99; H, 5.04%,.

5,6-Dihydroxy-3,4° ,8-trimethoxyflavone (1). A mixture of
10 (180 mg) and anhydrous aluminium chloride (2 g) in
0.5% (v/v) aqueous acetonitrile (6 ml) was heated at 70
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°C for 48 h, and after which the reaction mixture was treated
by the method described for 11 to give a brownish-yellow
precipitate. The precipitate was separated by preparative
HPLC with a column packed with Hitachi gel #3019 using
methanol, and then recrystallized from methanol to give
orange-yellow needles; mp 183.5—184.5 °C; yield, 90 mg
(549%). Found: C, 62.85; H, 4.729,. Calcd for C;sH,,0;:
C, 62.79; H, 4.68%,.

Diacetate (13): Colorless needles from methanol; mp 173—
174 °C. Found: C, 61.45; H, 4.629,. Calcd for C;,H,,O,:
C, 61.68; H, 4.71%.

The authors are grateful to Dr. A. K. Sen, Indian
Institute of Chemical Biology, for offering the samples
of natural flavone and its acetate.
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