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In the demethylation of 6-hydroxy-3,4’,7-trimethoxy-5-(tosyloxy)flavone with anhydrous aluminum bro-
mide, the 5-tosyloxyl group was eliminated with bromination to give 8-bromo-3,6,7-trihydroxy-4'-meth-
oxyflavone as the main product. When anhydrous aluminum chloride was used in the demethylation of the
acetate, the 5-tosyloxyl group was cleaved prior to the demethylation to give 5,6,7-trihydroxy-3,4'-dimethoxy-
flavone. Demethylation of 6-hydroxy-4’,5,7-trimethoxy-3- (tosyloxy)flavone and its acetate with the bromide
or chloride afforded the 5,6,7-trihydroxyflavone without the cleavage of the 3-tosyloxyl group, but was not
suitable for the general synthesis of the 3,5,6,7-tetrahydroxyflavones because of the difficulty in removing the
protecting group. Consequently, it was found that the direct demethylation of 3,6-dihydroxy-5,7-dimethoxy-
flavones with anhydrous aluminum chloride-sodium iodide in acetonitrile was the most useful general method
for synthesizing 3,5,6,7-tetrahydroxyflavones. Additionally, the reported structures of two natural flavones

were revised.

In previous papers,>® we reported that 5,6,7-tri-
hydroxy-3-methoxyflavones (2) and 3,5,6-trihydroxy-
7-methoxyflavones (3) were conveniently synthesized
from 6-hydroxy-3,5,7-trimethoxyflavones (4) by selec-
tive demethylation. The result suggests that 3,5,6,7-
tetrahydroxyflavones (1) can also be synthesized from
4 or 3,6-dihydroxy-5,7-dimethoxyflavones (5) by a sim-
ilar method (Chart 1). The flavones 1 with no meth-
oxyl group on the B ring are easily synthesized by the
total demethylation of their methyl ethers,*® but no
synthetic method of 1 with methoxyl groups has been
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established and the general properties are not always
clear. Thus the selective demethylation of the deriva-
tives of 4 and 5 was examined. The demethylation of 6-
hydroxy-3,4', 7-trimethoxy-5-(tosyloxy)flavone (6b) and
its acetate (A6b) with anhydrous aluminum bromide or
chloride in acetonitrile was accompanied by the cleavage
or elimination of the tosyloxyl group and the desired
product 8b (the 5-tosylate of 1b) was not obtained.
In contrast, the 3-tosylate of 5b (7b) and its acetate
(A7b) were smoothly demethylated to the 3-tosylate
(9b), but the hydrolysis of the tosyloxyl group was dif-
ficult. Consequently, it was found that the flavones 1
could be synthesized conveniently from 5 by direct de-
methylation with anhydrous aluminum chloride-sodium
iodide in acetonitrile. In this paper, we report a conve-
nient method for synthesizing the flavones 1 and these
characterizations, and we revise the identification of
some natural flavones.

Results and Discussion

In demethylation of flavones with anhydrous alu-
minum chloride or bromide in acetonitrile, the methoxyl
group adjacent to the carbonyl or hydroxyl group was
more easily cleaved than the other methoxyl groups.?®
The 3- or 5-methoxyl group in the flavones with the 5-
or 3-hydroxyl group was also selectively cleaved with
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the bromide via the corresponding tosylates.>” Such
results suggest that the 3,5,6,7-trihydroxyflavones (1)
can be synthesized by the demethylation of 6-hydroxy-
3,7-dimethoxy-5- (tosyloxy)flavones (6) or 6-hydroxy-
5,7-dimethoxy-3-(tosyloxy)flavones (7). The 5-(tosyl-
oxy flavones 6 were easily synthesized from 6-hydroxy-
3,5,7-trimethoxyflavones (4).®) Although the flavones
7 may be also derived from 3,6-dihydroxy-5,7-dimeth-
oxyflavones (5), the synthesis of 3-hydroxyflavones such
as 5 is generally more difficult than that of the corre-
sponding 3-methoxyflavones.®® Recently, as a conve-
nient method for synthesizing 3-hydroxyflavones, Adam
et al.!® have reported the direct oxidation of flavones
with dimethyldioxirane. The method seems to be suit-
able for the synthesis of polyhydroxyflavones with the
3-hydroxy group. Therefore, the flavones 5 and 7b were
synthesized as shown in Scheme 1.

The crude mono(methoxymethyl) ether (11)*V) de-
rived from 3',6'-dihydroxy-2’,4'-dimethoxyacetophenone
(10) was converted into the substituted benzoates and
then transformed to the diketone derivatives (12) with
potassium hydroxide in pyridine. The diketones (12)
were cyclized with a small amount of sulfuric acid in ace-
tic acid to give 6-hydroxy-5,7-dimethoxyflavones (13).
The methoxymethyl ethers (14) derived from 13 were
oxidized with dimethyldioxirane to give the correspond-
ing 3-hydroxyflavones (15), which were easily hydro-
lyzed to the 3,6-dihydroxyflavones (5). 6-Hydroxy-4',5,
T-trimethoxy-3-(tosyloxy)flavone (7b) was synthesized
from 15b via the 3-tosylate 16b. 3-Acetoxy-6-hydroxy-
5,7-dimethoxyflavones 18n and 180 were also synthe-
sized from 15 via 17.

The demethylation of 6-acetoxy-3,7-dimethoxy-5-
(tosyloxy)flavone (A6b)® with 30% (w/v) anhydrous
aluminum chloride in acetonitrile was accompanied by
the cleavage of the 5-tosyloxyl group to give 5,6,7-tri-
hydroxy-3,4'-dimethoxyflavone (2b)? in high yield. In
contrast, the demethylation of the hydroxyflavone 6b
with 10% (w/v) anhydrous aluminum bromide in ace-
tonitrile was accompanied by the elimination of the 5-
tosyloxyl group to give a 8-bromoflavone (19b) and a
small amount of nonbrominated flavone (20b). The
'HNMR spectrum for the acetate of 20b (A20b) ex-
hibits three singlets for acetoxyl groups, a singlet for
methoxyl group, and two singlets at §=8.02 and 7.52
for the aromatic protons in the A ring. The results show
that the structure of 20b is 3,6,7-trihydroxy-4'-meth-
oxyflavone. This structure was confirmed by an unam-
biguous synthesis from 2',4' 5'-trihydroxyacetophenone.
The MS spectra for 19b exhibit two parent peaks at
m/z 380 and 378, and the 'H NMR spectral pattern for
its acetate (A19b) is superimposable on that for A20b
except for the C-8 proton signal at §=7.52, suggest-
ing that the structure of 19b is 8-bromo-3,6,7-trihy-
droxy-4'-methoxyflavone. This result suggests that the
demethylation of the 5-tosylates proceeds as shown in
Scheme 2 and the desired 3,6,7-trihydroxy-5-(tosyloxy)-
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flavones (8) are not synthesized by the demethylation of
6 and their acetates (A6): The cleavage of the 5-tosyl-
oxyl group proceeds prior to the demethylation when
anhydrous aluminum chloride is used; the elimination
of the 5-tosyloxyl group, accompanied by bromination,
proceeds after the demethylation when anhydrous alu-
minum bromide is used.

On the other hand, the demethylation of the 3-(tosyl-
oxy)flavones (7b) and its acetate (A7b) proceeded
smoothly without the elimination or cleavage of the 3-
tosyloxyl group to give quantitatively 5,6,7-trihydroxy-
4'-methoxyflavone (9b). The 3-tosyloxyl group in 9b
was hydrolyzed with potassium carbonate in methanol
by protection of the 6- and 7-hydroxyl groups with a
methoxymethyl group to give the crude 3,5-dihydroxy-
flavones (21b) (Scheme 3). The deprotection of the
methoxymethyl groups in 21b with hydrochloric acid
in acetic acid was not achieved because of the dimeriza-
tion of 1b with formaldehyde formed by the hydrolysis.
Although the side reaction decreased when acetone was
used as a solvent, the purification is difficult and the
method was not suitable for the synthesis of 1. There-
fore, the direct demethylation of the 3-hydroxyflavones
3b and 5b was examined. We found the following re-
sult.

That is, the demethylation of 3b® with 10% (w/v)
anhydrous aluminum bromide in acetonitrile proceeded
smoothly to give the flavone 1b, but the ratio of 1b
to 3b reached about 80% after 1624 h and then the
reaction ceased. The flavone 1b was also obtained in
high yield by the demethylation of the acetate of 3b
(A3b) with 30% (w/v) anhydrous aluminum chloride
in acetonitrile at 70 °C for 48 h. The result suggests
that the 5- and 7-methoxyl groups in 5 can also be
simultaneously cleaved to give the desired flavone 1, in
contrast to the demethylation of the 3-methoxyflavones
4 and their acetates (A4).? Actually, the demethyl-
ation of 5b and its acetate (A5b) proceeded similarly
to that of 3b and A3b.

The demethylation pathway can be explained anal-
ogously to the cases of the 3-methoxyflavones 4 and
6-hydroxy-5,7-dimethoxyflavones and their acetates in
our previous papers>® as shown in Scheme 4. In the
demethylation of the 3,6-dihydroxyflavone 5, the two
cyclic aluminum complexes A and B are formed by
paths a and b and then the 5-methoxyl group in the
complexes is cleaved by the participation of the 4-car-
bonyl oxygen atom to give more stable aluminum com-
plexes, C and D, since the complexes A and B with
five-membered rings are less stable than complexes with
six-membered rings such as C and D: The 3-meth-
oxyl group in the stable aluminum complexes C’ and
D', which are formed in the demethylation of 4, is not
cleaved.? The 7-methoxyl group in complex C is easily
cleaved to give complex E, but that in D is not cleaved
because the 6-hydroxyl group is protected with an acet-
imidoyl group. Such reasoning suggests that when alu-
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minum halides with a softer base than bromine atom,
such as aluminum iodide, are used in the demethylation
of 5, the path a is more accelerated than the bromide
and the flavones 1 are predominantly produced under
more mild conditions.

Recently, Akiyama et al.'? have reported that the de-

methylation of inositol derivatives with anhydrous alu-
minum chloride-sodium iodide is greatly promoted by
participation of a vicinal hydroxyl group. Based on
our results in the demethylation of 2’-methoxyaceto-
phenones,'® one of the reasons is considered to be that
the formation of an aluminum-oxygen bond is accel-
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erated by generating new reagents such as AIClsI or
AlCII; by exchange reaction of the halide ions. That
finding suggests that the combined system could accel-
erate remarkably the cleavage of the methoxyl group
adjacent to the carbonyl or hydroxyl group on the
flavone and acetophenone skeletons. In order to demon-
strate the demethylating ability of the reagent, the de-
methylation of 2’,4’-dimethoxyacetophenone with three
reagents was additionally examined; the result is shown
in Fig. 1. The cleavage of the 2’-methoxyl group with
anhydrous aluminum chloride-sodium iodide proceeded
much more rapidly than that with anhydrous aluminum
bromide and was completed within 10 min.

This result suggests that the 5- and 7- methoxyl
groups in 5 can be simultaneously cleaved by the
reagent to give the desired flavones 1. Actually, the
demethylation of 5b with anhydrous aluminum chlo-
ride-sodium iodide in acetonitrile at 30 °C was com-
pleted within 5 h to give quantitatively the flavone 1b.
On the other hand, the demethylation of 1c and 1d
with two or three methoxyl groups produced an appre-
ciable amount of the further demethylated products of
1c or 1d under the conditions, since the cleavage of the
4'-methoxyl group was accelerated with increasing the
number of neighboring methoxyl groups.®!% The cleav-
age of these methoxyl groups, however, was slower than
that of the 7-methoxyl group and was suppressed by
shortening the reaction time: the flavones 1c and 1d
were obtained in high yields from the respective de-
methylated products of 5¢ (1 h) and 5d (0.5 h) by
removing a small amount of 3¢ or 3d by preparative
HPLC (see Table 6). Although the methoxyl group ad-
jacent to a hydroxyl group on the B ring in 1f or 1g was
also easily cleaved, the cleavage was suppressed by the
protection of the hydroxyl group with an acetyl group
and the flavones 1f and 1g were quantitatively obtained
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Fig. 1. Time conversion of the demethylation of 2’,4’-

dimethoxyacetophenone (50 mg) at 0 °C. —O—
5%(w/v) AIClz-MeCN (5 ml) containg Nal (280 mg),
—A—, 5%(w/v) AlBrs—MeCN (5 ml), —O—
5%(w/v) AlCl3-MeCN (5 ml).
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by the demethylation of 18n and 180 (reaction time, 5
h). The demethylation was useful as a general method
for synthesizing 1. The flavones (1a, 1le, and 1h) with
no methoxyl group were synthesized more conveniently
than was possible when the methods described in the
previous papers were used.*®

Characterization of the 3,5, 6, 7- Tetrahy-
droxyflavones (1) and Identification of Natural
Flavones. The 'HNMR data for the 3,5,6,7-tetra-
hydroxyflavones (1) and their acetates (A1) are shown
in Table 1. The C-8 proton signals in 1 (in DMSO-ds)
and their acetates A1 (in CDCl3) appear in the ranges
of 6=6.49 to 6.62 and of §=7.48 to 7.51, respectively;
these ranges are similar to those in the 5,6,7-trihydroxy-
flavones such as 2 and their acetates.>® Furthermore,
the chemical shifts of the aromatic protons on the B
ring in 1 and A1 agree with those in the corresponding
3,5,6-trihydroxyflavones 3 and their acetates® within
0.1 ppm. The 3CNMR data for the flavones 1 fully
support the assigned structure and the carbon signals,
except for the carbons at 6-, 7-, 8-, and 10-positions, are
superimposable with those for the corresponding 3,5,6-
trihydroxy-7-methoxyflavones (3):> The carbon signals
at the 6-, 7-, 10-positions are observed at the slightly
higher fields (6=0.7—1.0) and that at the 8-position is
observed at 2.5 ppm lower field (Table 2).

The UV spectra for 1 comprise band II at 260—
270 nm and band I at 360—375 nm, which is 15—
20 nm longer than that for the corresponding 7-meth-
yl ether of 1 (3).2 These bands are characteristically
shifted upon addition of aluminum chloride or sodium
acetate (Table 3). The absorption patterns of 1 bear-
ing the same oxygenated pattern on the B ring, how-
ever, are similar to each other (1b and 1le; 1c, 1f, 1g,
and 1h). These phenomena are similar to those for
the flavones 22 and 3% and the characteristic shift at-
tributed to the 7- and 4’-hydroxyl group is also not ob-
served. Especially, the band I for the 7-methy! ethers
3 shifts bathochromically by 30—40 nm upon addition
of sodium acetate, but the shift range of that for 1 is
smaller (7—13 nm) in spite of the existence of a free
hydroxyl group at the 7-position. The results suggest
that the structural elucidation of natural flavones using
the UV method must be carried out with scrupulous
care.

In a study of the flavonoid excretion in the genus
Ostrya, Wollenweber'® had reported that the structure
of one flavonoid component seemed to be 6-hydroxy-
kaempferol 4'-methyl ether (1b) on the basis of the
chromatographic and UV spectroscopic behaviors, but
the identification was not possible because there was no
explanation of the UV data. A natural flavone gluco-
side was also isolated from Chrysanthemum coronarium
by Harborne et al.'® The structure of the aglycone was
proposed as quercetagetin 3'-methyl ether (1f) on the
basis of the spectral and chemical evidence. The UV
and MS data for the aglycone are similar to those for
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Table 1. 'HNMR Data for 3,5,6,7-Tetrahydroxyflavones (1) in DMSO-ds and Their Acetates (A1) in CDClz®
Compd Arom. H OMe OH or OAc
Cs—H Cy-H Czy-H Cy-H Cy-H Cg-H
la  6.56s 7.556(2H) 7.50t 8.15d(2H) — 12.13s
1b  6.55s 7.11d(2H) —  8.13d(2H) 3.84s 12.21s
1c 6.58s — 7.13d — 7.74d" 7.80dd  3.84s(6H) 12.20s
1d 6.62s — — — 7.48s(2H) 3.76s 3.87s(6H) 12.14s
le  6.53s 6.92d(2H) — 8.03d(2H) — 12.20 s
1f 6.56s — 6.93d — 7.74d" 7.68dd  3.89s 12.23s
1g 6.51s — 7.08d — 7.66d" 7.65dd 3.84s 12.21s
1h 6.49s — 6.88d — 7.67d  7.53dd — 12.27s
Ala  7.49s 7.50—7.55m(3H) 7.80dd(2H)  — 2.30s 2.34s 2.35s 2.44s
Alb  7.48s 7.01d(2H) — 7.79d(2H) 3.89s 2.325 2.33s 2.34s 2.43s
Alc 7.49s — 6.97d — 7.35d" 7.47dd  3.94s 3.96s 2.32(6H) 2.34s 2.35s
Ald  751s @ — — — 7.04s(2H) 3.90s(6H) 3.93s  2.32s 2.34s 2.35s 2.44s
Ale  7.48s 7.26d(2H) — 7.84d(2H) — 2.32s 2.34s 2.35s(6H) 2.43s
A1lf 7.48s — 7.17d — 7.38d" 7.41dd 3.89s 2.31s 2.34s 2.35s(6H) 2.44s
Alg 7.48s — 7.07d — 7.55d" 7.22dd  3.91s 2.32s 2.33s 2.34s 2.35s 2.43s
Alh 748 —  735d —  7.68d 7.71dd — 2.34s(9H) 2.35s(6H) 2.43s

a) s, Singlet; d, doublet (J=8.5—9.0 Hz); d’, doublet (J=2.0—2.5 Hz); dd, double doublet (J=9.0, 2.0 Hz); t, triplet
(J=17.5 Hz); m, multiplet.

Table 2. '*C NMR Data for 3,5,6,7-Tetrahydroxyflavones (1) in DMSO-ds

Compd la 1b 1c 1d le 1f 1g 1h

Cs 14574 146.01 14590 14568 146.56 14640 147.16 146.52

Cs 136.54 13555 13568 136.25 135.15 13531 135.61 135.20

Ca 176.19 17593 17586 176.00 17580 175.80 175.84 175.73

Cs 14550 14579 14574 145.37 14577 145.76 14576 145.77

Ce 128.58 12851 128.49 12855 128.46 128.45 12847 128.42

Cr 153.80 153.62 153.62 153.82 153.49 153.53 153.58 153.47

Cs 93.36  93.32 9342 9356  93.25 93.38 9318  93.10

Co 140.05 148.85 148.81 148.86 148.75 148.75 14877 148.70

Cio 103.46 103.33 103.27 103.33 103.25 103.24 103.25 103.20

Cy 131.00 12343 12346 126.37 121.82 122.15 12357 122.09

Ca 110.75 111.59 11448 114.92

Cy 12743 12921 19195 10536 12935 15156 11959 119.81

Cy 120.74 160.31 150.18 138.97 158.98 147.27 149.14 147.46

Cy 148.26 148.59 146.07 144.93

Cy/ 128.42 11392 14439 15261 11532 14543 11170 115.47

OMe — 5525 5550  60.11 = — 55.67 5550 @ —

55.94(2C)
Table 3. UV Data for 3,5,6,7-Tetrahydroxyflavones (1)*
Compd Amax/nm (loge)
EtOH EtOH-AICI; EtOH-NaOAc

1a 275 (4.27)  368sh (4.00) 259 (4.12) 284 (4.22) 378(4.25) 259 (4.23) 283sh (4.14) 375 (4.18)
1b  250sh (4.13) 276 (4.24) 363 (4.25) 283 (4.17) 387 (4.36) 275 (4.24) 376 (4.25)
lc 260 (4.17) 276sh (4.17) 368 (4.27) 266 (4.18) 392 (4.36) 261sh (4.17) 277 (4.17) 378 (4.25)
1d 278 (4.18) 370 (4.21) 282sh (4.13) 390 (4.32) 265sh (4.13) 282 (4.15) 379 (4.18)
le 274 (4.24) 369 (4.27) 279 (4.20) 390 (4.39) 282 (4.21) 376 (4.25)
1f 261 (4.13) 275sh (4.10) 371 (4.18) 267 (4.16) 397 (4.29) 305 (4.00) 383 (3.87)
lg 262 (419) 275sh (4.17) 370 (4.25) 267 (4.22) 395 (4.35) 278sh (4.16) 379 (4.20)
1h 260 (4.18) 274sh (4.12) 373 (4.25) 270 (4.20) 403 (4.35) 305 (4.17) 385 (3.94)

a) sh, Shoulder.

Kaouadji et al.'” had reported that a flavone was
isolated along with alkylated flavonols from Platanus

the synthetic 1f. This supports the conclusion that the
structure is correct (Table 4).
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Table 4. Comparisons of the Three Natural Flavones with the Synthetic and Isomeric Flavones

Synthetic Natural Isomeric
3,4’ ,5,6,7-Pentahydroxy-3'-methoxyflavone (1f)'®
UV:Amax/nm (EtOH) 261 275sh 371 (EtOH) 257 277 366
EIMS:m/z (70 eV) 332(M™, 100) 317(7) 332(M™, 100) 317(5)
(rel intensity)  303(7) 289(3) 261(4) 303 289 274
3,5,6,7-Tetrahydroxyflavone (1a)'” 22a'%?
UV:Amax/nm (EtOH) 275 368sh (MeOH) 270 355 (EtOH) 283 318sh 382
Acetate Ala A22a

7.49s 7.50—7.55m 7.80dd
2.30s 2.34s 2.35s 2.44s

'H NMR in CDCls

7.00s 7.52m(3H) 7.75dd(2H)
2.31s 2.36s 2.39s 2.47s

6.99s 7.48—7.53m(3H) 7.74dd
2.31s 2.35s 2.38s 2.43s

3,3',4',6,7-Pentahydroxy-5-methoxyflavone (23h)2® 3h®
Mp/°C 239—241 234—236 228—229
UV:Amax/nm (EtOH) 262 332sh 373 (EtOH) 260 355 (EtOH) 260 275sh 363
+AlCls 250 275 420 270 395 270 285sh 393
+NaOAc 265 332sh 368 - 250 285 400 283 390
Acetate A23h A3h
Mp/°C 118—119 215—216 206.5—207.5

7.29s 7.36d 7.75d" 7.72dd

'H NMR in CDCls
: 3.96s 2.34s(9H) 2.37s(6H)

6.94 7.42 7.69(2H)
3.94 2.33—2.43(15H)

6.92s 7.35d 7.67d’ 7.70dd
3.95s 2.33s 2.34s(9H) 2.43s

a) Synthesized in our laboratory.

acerifolia. The structure was found to be 6-hydroxy-
galangin (1a), a new natural product, on the basis of the
'HNMR for the acetate. In the 'HNMR study of the
acetate, the singlet at ="7.00 has been assigned as the
C-8 proton signal, but does not correspond to the sig-
nals for the 5,6,7-triacetoxyflavones. In the 'H NMR for
the 5,7-diacetoxy-6- and 8-methoxyflavones in CDCls,
the C-8 proton signals are generally observed at ca. 0.4
ppm lower field than the corresponding C-6 protons.'®
That suggests that the structure of the natural flavone
is 3,5,7,8-tetrahydroxyflavone!® (22a), an isomer of 1a
(Chart 2). Although the UV data are different from
those for 22a, the 'HNMR data for the natural flavone
acetate are fully consistent with those for the flavone ac-
etate A22a synthesized as shown in Table 4. The result
shows that the structure of the natural one is 22a.
Bhardwaji et al.?® had reported that the struc-
ture of a flavone (allopatuletin) isolated from Tagetes
patula was to be quercetagetin 5-methyl ether (3,3',4',6,
7-pentahydroxy-5-methoxyflavone) (23h) on the basis
of the spectral data for the flavone and its derivatives.
In the 'THNMR for the acetate in CDCl3, the signal at
6=6.94 assigned to the C-8 proton does not correspond
to the C-8 proton signals in 5,6,7-trioxygenated flavones

22a R=R'=R"=H, R*=OH
23h R=Me, R'=R"=0OH, R"=H

Chart 2.

with 7-acetoxy group such as 5,7-diacetoxy-6-methoxy-
flavones'® (§=ca. 7.2), but rather matches with those
in 5,6-diacetoxy-7-methoxyflavones (§=ca. 6.9).> Such
a result shows that the structure of the natural flavone
is to be 3,3’ ,4',5,6-pentahydroxy-7-methoxyflavone (3h),
an isomer of 28h. Therefore, the flavone 23h was syn-
thesized from 3,3’ ,4’,6,7-pentabenzyl ether derived from
1h by the methylation and following debenzylation,
then the natural flavone was compared with 23h and
3h. As shown in Table 4, the 'HNMR and UV data
for the natural one are not consistent with those for
the proposed flavone 23h and its acetate (A23h), but
correspond well with those for the isomeric ones, 3h
and its acetate (A3h).> Consequently, the structure of
the natural flavone, allopatuletin, was revealed to be
quercetagetin 7-methyl ether (3h) which was recently
isolated from Balsamorhiza sagittata by Bohm et al.?V

Experimental

All melting points were determined in glass capillaries and
are uncorrected. *HNMR, (at 400 MHz) and *CNMR (at
100.4 MHz) spectra were recorded on a JEOL EX 400 NMR
spectrometer, using tetramethylsilane as internal standard,
and chemical shifts are given in § values. UV and MS spectra
were recorded on a Hitachi 124 spectrophotometer in EtOH
and on a Shimadzu QP 1000 spectrometer, respectively. The
high performance liquid chromatography (HPLC) was car-
ried out with a Hitachi 635 instrument, using a column
(2.1x500 mm) packed with Hitachi gel No. 3011, MeOH (0.5
mlmin~!) as an eluent, and a UV monitor at 340 nm. For
the separation of demethylated products, a column (20x600
mm) packed with Hitachi gel No. 3019 using methanol as an
eluent was employed. Column chromatography was carried
out on Kiesel-gel 60 (70—230 mesh; Merck). Elemental



T. Horie et al.

analyses were performed with a Yanaco CHN corder Model
MT-5. The values of all crystalline compounds in this paper
were within 0.3% of theoretical values.

6- Hydroxy-5,7-dimethoxyflavones (13). The
flavones 13 were synthesized from 3', 6'-dihydroxy-2’,4'-
dimethoxyacetophenone (10) by a similar method to that
described in a previous paper.'!) The crude methoxymeth-
yl ether 11 which was obtained from 10 (5.0 g; 24 mmol)
by methoxymethylation with MeOCH2Cl and diisopropyl-
ethylamine in CH2Cl; was benzoylated with a substituted
benzoyl chloride (45 mmol) in pyridine (30 ml) at 50—60

°C for 1—1.5 h to give a crude benzoate which contained an-

appreciable amount of the benzoic anhydride. To a solution
of the dried benzoate in pyridine (30 ml), a freshly powdered
KOH (12.0 g) was added, the mixture was stirred at 80 °C
for 1—2 h and poured into a mixture of ice and HCl. The
separated oily materials were extracted with EtOAc, washed
with aq K2COgs, dried over NazSQy4, and then concentrated.
The residue was recrystallized to give diketone derivative 12
(Table 5).

A solution of the diketone 12 (7.0 mmol) in HOAc (15—
25 ml) was warmed with a few drops of conc H2SO4 at 60 °C
for 5—10 min, diluted with H2O, and then allowed to stand
in a refrigerator. The separated precipitate was collected
and recrystallized to give 13 (Table 5).

5,7-Dimethoxy-6-(methoxymethoxy)flavones (14).
A mixture of the flavone 13 (5 mmol), MeOCH>Cl (2.0 ml),
and N,N-diisopropylethylamine (6.6 ml) in CH2Cly (30—
50 ml) was stirred at room temperature until the starting
material disappeared. The mixture was washed with cooled
2—3% aq HCl, aq NaHCOg3, H2O, and then concentrated.
The residue was recrystallized to give 14 (Table 5).

3-Hydroxy- 5, 7-dimethoxy- 6- (methoxymethoxy)-
flavones (15). To a cold solution of the flavone 14 (5.0
mmol) in CH2Clz (10—20 ml), a cold solution of dimethyl-
dioxirane'® in Me,;CO (concn, 0.09—0.14 moldm~3; 80—
120 ml; 7—17 mmol) was added. The mixture was stirred
at 0 °C for 2—3 h and allowed to stand in a refrigerator
overnight. Then the solvent was evaporated under reduced
pressure. A solution of the residue in CHCly (15—20 ml)
was stirred with TsOH (ca. 100 mg) at 0 °C for 0.5 h, washed
with aq NaHCOg, dried over NaSQg4, and concentrated.
The residue was recrystallized to give 15 with no hydroxyl
group on the B ring. The flavones (15f,g) with hydroxyl
groups on the B ring were synthesized by the hydrogenolysis
of the flavones 15j,k with 10% Pd—C in EtOAc-MeOH (1:1)
(Table 5).

3,6-Dihydroxy-5,7-dimethoxyflavones (5a—h). To
a solution of the flavone (15) (2—3 mmol) in HOAc (15—
25 ml), a few drops of concd HCI were added with stirring.
The mixture was stirred at room temperature for 0.5 h and
then it was diluted with HoO. The separated precipitate
was collected and recrystallized to give 5 (Table 5).

6-Hydroxy-4',5,7-trimethoxy- 3- (tosyloxy)flavone
(7b) and Its Isomer (6b). A mixture of 15b (770 mg;
2.0 mmol), TsCl (540 mg; 2.8 mmol), and anhydrous K2CO3s
in Me2CO (40 ml) was refluxed with stirring until the start-
ing material disappeared. After KoCOgs was filtered off, the
filtrate was concentrated and the residue was recrystallized
from CHCI3-MeOH to give a tosylate 16b: Mp 165—166
°C; yield, 1.05 g (98%); C27H26010S. The tosylate 16b was
hydrolyzed with HCl in AcOH to give quantitatively 7b;
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mp 221—222 °C (from CHCl3—MeOH); C25H2200S. The
acetate (A7b): Mp 199—200 °C (from CHCls—MeOH);
C2rH24010S. .

6- Hydroxy- 3, 7- dimethoxy- 5- tosyloxyflavone (6b) (mp
189—190 °C, from CHCl3-Et20; C25H2209S) was synthe-
sized from its acetate (A6b)® by hydrolysis with HCI in
MeOH.

3- Acetoxy-6-hydroxy-5,7-dimethoxyflavones (18n
and 180). To a solution of 15f or 15g (500 mg) in pyridine
(4 ml), acetic anhydride (1.2 ml) was added. The mixture
was allowed to stand at room temperature overnight and
then diluted with ice cooled H2O. The separated precipi-
tate was collected and recrystallized from MeOH to give an
acetate 17: 17n; mp 155—156 °C; yield, 530 mg (88%);
C24H24011: 170; mp 144—145 °C; yield, 490 mg (81%);
C24H24011. The acetates were hydrolyzed by the method
described in the synthesis of 5 to give 18: 18n; mp 197—
198 °C (MeOH); yield, 89%; C22H20010: 180; mp 157—158
°C (MeOH—Et20); yield, 81%; C22H20010.

Demethylation of the 5-(Tosyloxy)flavones (6b
and A6b) and 3-(Tosyloxy)flavones (7b and A7b)
with Anhydrous Aluminum Chloride or Bromide in
Acetonitrile. The flavone A6b (430 mg; 0.8 mmol) was
dissolved in a solution of anhydrous AlCl3 (4.0 g; 30 mmol)
in MeCN (13.5 ml) and this was heated at 70 °C for 48
h. The mixture was poured into ca. 3% aq HCl, warmed
at 60—70 °C for 20—30 min, and then allowed to stand in
a refrigerator. The separated precipitate was collected and
recrystallized from aq MeOH to give 2b:? Yield, 220 mg
(84%). The flavone A7b (400 mg) was demethylated by the
same method to give the 3-tosyloxyflavone 9b: Mp 203—204
°C (CHCIl3-MeOH); yield, 337 mg (90%); C23H1809S. The
flavone 9b was also obtained from 7b in 86% yield by the
demethylation with 10% (w/v) anhydrous AlBr3 in MeCN
at 70 °C for 10 h.

The flavone 6b (400 mg; 0.8 mmol) was dissolved in a
solution of anhydrous AlBrs (2.0 g; 7.5 mmol) in MeCN
(20 ml) and heated at 70 °C for 48 h. The reaction mix-
ture was treated with ca. 3% aq HCI to give a demethylated
product. After the product was acetylated with hot acetic
anhydride—pyridine, the acetate was chromatographed on a
silica-gel column with CHCl3—-EtOAc (5:1) as an eluent to
give A19b and A20b.

A19b: Mp 224—225 °C (CHCls-MeOH); yield, 270
mg (67%); 022H1709B1‘; lH NMR (CDCls) 528.03 (lH, S,
Cs-H), 7.05 (2H, d, J=8.5 Hz, C3/ 5»—H), 7.98 (2H, d, J=8.5
Hz, Cy &~H), 3.90 (3H, s, OMe), 2.34, 2.38, 2.42 (each 3H,
s, OAc).

A20b: Mp 179—180 °C (CHCl3-MeOH); yield, 27 mg
(8%); C22H1509; *HNMR (CDCl3) 6=8.03 (1H, s, Cs-H),
7.52 (1H, s, Cs-H), 7.02 (2H, 4, J=8.5 Hz, Cy s-H), 7.83
(2H, d, J=8.5 Hz, Cy &-H), 3.90 (3H, s, OMe), 2.34, 2.34,
2.42 (each 3H, s, OAc).

The acetates were hydrolyzed to 19b and 20b with 16%
aq HCI-MeOH (1:10).

19b: Mp 253—255 °C (aq DMF); C16H1106Br-1/2H20;
'HNMR (DMSO) 6=7.37 (1H, s, Cs-H), 7.15 (2H, d, /=8.5
Hz, Ca 5—H), 8.23 (2H, d,.J=8.5 Hz, Cy/ ¢—H), 3.85 (3H,
s, OMe), 9.32 (1H, s, OH), 10.62 (2H, s, OH); MS (20 eV)
m/z (rel intensity) 380, 378 (M*; each 100), 300 (16), 248,
246 (21 and 23).

20b: Mp 289—291 °C (aq DMF); C16H1206; '"HNMR
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Table 5.

Synthesis of 3,5,6,7-Tetrahydrozyflavones

3,5,6,7-Tetrahydroxyflavone Derivatives (5 and 15), 6'-Hydroxy-2',4’-dimethoxy-3'-methoxymethoxy-a-

aroylacetophenones (12), and 6-Hydroxy-5,7-dimethoxyflavone Derivatives (13 and 14)

Compd Mp Recystn. Yield Formula Compd Mp Recystn. Yield Formula
°C solvent % °C solvent %
5a 187—188 MeOH—HzO 90 011H1406 12a 101—102 MeOH 54 019H2007
5b 174—176 MeOH 91 C18H1607 12b 107—109 CHClg—MeOH 65 C20H2208
5c 126—127 MeOH 95 Clnggog 12c¢ 122—124 CHCI3-—MeOH 72 021H2409
5d 223—224 MeOH 91 ConzoOg 12d 115—117 MeOH 57 szHzeOlo
5e 282—284 MeOH 68 Ci17yH1407 12i 101—103 CHCIl3-MeOH 47 C26H260s
5f 245—246 MeOH 83 CisHi60s 12j 114—116 CHCl3-MeOH 85 Co7H2s09
5g 105—106 MeOH—H20 88 C13H1608 12k 118—120 CHC13—MeOH 63 CQ7H2809
5h 259—261 MeOH-H,O 91 C17H1408-H,0 12m'Y 98100 EtOAc-MeOH 70  Cs33H320,
5i 113—115 MeOH 86 Ca4H200~7 14a 118—118.5 MeOH-Et.O 85 Ci19H1806
5j 150—151 CHCl3-MeOH 86 Ca5H220s 14b 117—119 MeOH 95 C20H2007
5k 175—177 CHCI3—MGOH 84 025H2208 14c 135—137 MeOH 97 Cz1H2208
5m 138—139 MeOH—Hexane 89 C31H2608 14d 143—145 MeOH 87 C22H2409
14i 125—127 MeOH 88 Ca26H2407
15a 144—145 CHCls-MeOH 52 C19H1507 14j 103—105 MeOH 97 C27H260s
15b 136—137 CHCls—-MeOH 75  C20H200s 14k 122—123 CHCIl3-MeOH 96 Ca7H260s
15¢c 160—161 MeOH 60 Cz1H2209 14l’h 68—70 MeOH 93 033H3008
15d 164—165 CHCI3-MeOH 48 C22H2401¢ 13a®?¥  206—207 MeOH-Et;O 88  Ci17H140s
15f 142—143 MeOH 90  CzoH2009 13b%® 217218 MeOH 89  CisHi1606
15¢g 182—183 CHCI3-MeOH 98  Ca0H2000 13¢*)  228—230 MeOH 98  CioH;1507
15i 136—137 CHCI3-MeOH 85 Ca6H240s 13d%®  203—205 MeOH 83  Caz0H200s
15j 150—151 CHCl3-MeOH 72  C27H2609 13i 71—73 MeOH 98 C24H2006
15k 147—148 CHClz-MeOH 67 Co7H2609 13j 100—102 MeOH 96 Cas5H2207
15m 149—150 CHC];;—-MGOH 74 ngHgoOg 13k 197—198 CHC]3—MeOH 89 025H2207
13m'Y 174176 MeOH 94  Cs1Hz60-
Table 6. 3,5,6,7-Tetrahydroxyflavones (1) and Their Acetates (A1)

Compd Mp Recystn. Yield Formula Found (%)  Caled (%)

°C solvent % C H C H

1a? 242—243 MeOH-H;0 94 Ci15H1006 59.96 3.95 60.10 3.87

1b 222—223 MeaCO-H20 93 C16H1207 58.21 4.22 58.27 4.13

1c 212—213 MeOH-H20 83 C17H140s 59.06 4.35 58.96 4.07

1d 179—180, 189—190 Me2CO-H,0 83 Ci18H1600 54.34 4.78 54.60 4.75

1e%9 >280 MeOH-H-,0O 81 C15H1007 59.37 3.55 59.61 3.33

1f 246—247 MeOH-H>0O 97 C16H1208-H2O 55.14 4.10 5543 3.95

1g 199—200, 254—256 MeOH-H>O 93 C16H120s 57.62 3.88 57.84 3.64

1h? >280 MeOH-H-0 81 C15H100s 52.22 4.00 52.18 3.79

Ala? 183—185 CHCl3-MeOH 85 C23H18010 61.00 4.07 60.80 3.99

Alb 200—200.5 CHCIls-MeOH 83 Ca4H20011 59.47 4.18 59.51 4.16

Alc 182—183 MeOH 81 025H22012 58.14 4.19 58.37 4.31

Ald 196—198 CHCI3-MeOH 81 Ca6H24013 57.10 4.23 57.36 4.44

Ale*® 235—236 MeOH 70 Ca25H20012 58.40 4.09 58.60 3.93

Alf 197—199 MeOH 80 Ca6H22013 57.79 4.02 57.57 4.09

Alg 214—216 CHCl3-MeOH 92 Ca6H22013 57.36 4.09 57.57 4.09

A1h% 187—189 CHCl13-MeOH 83 C27H22014 56.63 3.95 56.85 3.89

(DMSO) 6=7.31 (1H, s, Cs-H), 6.97 (1H, s, Cs—H), 7.10 (2H,
d, J=8.5 Hz, Cy 5—H), 8.12 (2H, d, J=8.5 Hz, Cy ¢-H),
3.84 (3H, s, OMe), 9.01, 9.74, 10.42 (each 1H, s, OH).

The compound 20b as an authentic sample was also syn-
thesized from 2',4’,5'-trihydroxyacetophenone by using the
oxidation with dimethyldioxirane by Adam et al.,'® via the
following compounds: 4',5'-bis(benzyloxy)-2’-hydroxyaceto-
phenone (mp 97—99 °C; Ca2H2004), 4',5'-bis(benzyloxy)-
2'-hydroxy-2- (p-methoxybenzoyl)acetophenone (mp 126—
128 °C; C30H2606), 6,7-bis(benzyloxy)-4’-methoxyflavone

(mp 180—182 °C; C30H240s5), and 6,7-bis(benzyloxy)-3-
hydroxy-4'-methoxyflavone (mp 199—201 °C; CsoH240s).
The synthesized flavone was identical with the compound
20b obtained from the demethylated product.

Hydrolysis of the 3- (Tosyloxy)flavone (9b).
The flavone 9b (520 mg) was methoxymethylated with
MeOCH:Cl (0.3 ml) and diisopropylethylamine (1.5 ml) in
CHCl (30 ml) at room temperature for 30—40 min to give
a crude methoxymethyl ether. A mixture of the ether and

K2CO3 (1.8 g) in MeOH (40 ml) was refluxed with stirring
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for 1 h and then acidified with dil HCl. After the methanol
was distilled off, the separated precipitate was collected and
recrystallized from CHCls—MeOH to give 21b: Mp 159—
160 OC; yield, 335 mg (75%); ConzoOg.

To a solution of 21b (250 mg) in Me2CO (20 ml), concd
HCI (1 ml) was added, and the mixture was stirred at room
temperature for 30—40 min. This mixture was diluted with
H>0 and then concentrated under reduced pressure. The
separated precipitate was converted into an acetate and pu-
rified by recrystallization to give A1b: Yield, 225 mg (75%).

Demethylation of 2',4'-Dimethoxyacetophenone
with Anhydrous Aluminum Chloride, Bromide, or
Chloride—Sodium Iodide in Acetonitrile. In a test
tube (18 i.d. x150 mm) fitted with a calcium chloride tube,
the acetophenone (50 mg) was dissolved in the demeth-
ylating reagent and the solution was heated at a definite
temperature in a thermostat-controlled oil bath. A small
amount of the reaction mixture (0.1—0.2 ml) was removed
at intervals, diluted with 2—3% aq HCI, heated at 60—70
°C for 20—30 min, and extracted with EtOAc. The extract
was directly analyzed by gas chromatography'® [column,
Silicone OV-101 (GL Science Co., Ltd.)] and the yield of the
products was calculated from the chromatogram (Fig. 1).

Demethylation of 3,6-Dihydroxy-5,7-dimethoxy-
flavones (5a—e and 5h) and 3-Acetoxy-6-hydroxy-5,
7-dimethoxyflavones (18n and 180) with Anhydrous
Aluminum Chloride-Sodium Iodide in Acetonitrile.
Ten percent (w/v) solution of anhydrous AlCls in MeCN (20
ml; 15 mmol) was stirred with dried Nal (2.3 g; 15 mmol)
for 30 min. To the solution, the flavone 5 or 18 (1.5 mmol)
(5e, 1.0 mmol; 5h, 0.75 mmol) was dissolved with stirring
and the solution was warmed at 30 °C for 5 h (5¢c, 1 h; 5d,
0.5 h). The mixture from 5 was diluted with ca. 3% aq HC],
warmed with NaySO3 (0.4—0.6 g) at 60—70 °C for 20—30
min. The separated precipitate was collected and purified by
recrystallization or preparative HPLC (1c and 1d) to give
1. The reaction mixture from 18 was diluted with a mixture
of ca. 6% aq HC1 (10—15 ml) and NaySO3 (0.5 g) in MeOH
(40—50 ml), and refluxed for 2—3 h. After the mixture
was diluted with HyO, the solvent was evaporated under
reduced pressure. The separated precipitate was collected
and recrystallized to give 1e and 1f (Table 6).

The flavones 1 were changed to the corresponding ac-
etates (Al) by hot acetic anhydride- pyridine method
(Table 6).

Synthesis of 3,3',4',6,7-Pentahydroxy-5-methoxy-
flavone (23h). A mixture of 1h (200 mg), PhCH,Cl
(0.75 ml), and dried K2CO3 (2.1 g) in DMF (5 ml) was
heated at 150 °C for 10 min. Then this mixture was di-
luted with H2O and the excess PhCH2Cl was removed by
steam distillation. The separated precipitate was collected
and recrystallized from CHCl3—MeOH to give the hexaben-
zyl ether: Mp 161—162 °C; yield, 430 mg (80%); Cs7H460s.
To a cooled suspension of the ether (250 mg) in MeCN, 2%
(w/v) anhydrous AIClz in MeCN (5.8 ml) was added, and
the mixture was stirred at 0 °C for 30 min. The mixture
was diluted with ca. 2% aq HC] and warmed at 60—70 °C
for 20 min. The separated precipitate was collected and re-
crystallized from CHCl3-MeOH to give 3,3',4',6,7-pentakis-
(benzyloxy)-5-hydroxyflavone: Mp 149—150 °C; yield, 143
mg (64%); CsoH400s. The flavone (136 mg) was methyl-
ated with Me2SO4 and dried K2CO3 in Me2CO to give 3,3,
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4',6,7-pentakis(benzyloxy)-5-methoxyflavone: Mp 124—125
°C (from CHCl3-MeOH); yield, 120 mg (86%); Cs1H420s.
The flavone (110 mg) was hydrogenolyzed with 10% Pd-C
in EtOAc-MeOH (1:1) and the product was recrystallized
from aq MeOH to give 23h: Mp 239—241 °C; yield, 40 mg
(83%); [Found: C, 52.04; H, 4.15%. Calcd for C16H120s:
C, 52.18; H, 4.38%.].

Pentaacetate A23h: Mp 118—119 °C; [Found: C, 57.76;
H, 4.38%. Calcd for C26H22013: C, 57.57; H, 4.09%.].
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