222 Chem. Pharm. Bull. 46(2) 222—230 (1998) Vol. 46, No. 2

Studies of the Selective O-Alkylation and Dealkylation of Flavonoids.
XXIV." A Convenient Method for Synthesizing 6- and 8-Methoxylated
5,7-Dihydroxyisoflavones
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2’ 4'-Bis(benzyloxy)-3',6’-dimethoxychalcones (5), which were obtained from the dibenzyl ether of 2,4-
dihydroxy-3,6-dimethoxyacetophenone (3), were oxidatively rearranged with thallium (III) nitrate in methanol
and the resultant products were converted into 7-hydroxy-5,8-dimethoxyisoflavones (8) by hydrogenolysis, followed
by cyclization. The isoflavones were quantitatively demethylated to 5,7-dihydroxy-8-methoxyisoflavones (2) via their
acetates. The isomeric 5,7-dihydroxy-6-methoxyisoflavones (1) were also synthesized from the chalcones, obtained
from 2,3-dimethoxy- (16) or 2-isopropoxy-3-methoxy-4,6-bis(benzyloxy)acetophenones (21), by a similar method.
On the other hand, the isoflavones with two hydroxy groups at the 2'- and 4’-positions were easily synthesized by
the following method. Treatment of the rearranged product from 2,2,4,4'-tetrakis(benzyloxy)-3'6'-dimethoxychalcone
(5f) with hydrochloric acid (HCI) in acetic acid afforded 2’,4’,7-tris(benzyloxy)-5,8-dimethoxyisoflavone (10f). The
5-methoxy group in the isoflavone was quantitatively cleaved to give the corresponding 5-hydroxyisoflavone (11f),
which was isomerized to 2’,4’,7-tris(benzyloxy)-5-hydroxy-6-methoxyisoflavone (25f) in the presence of anhydrous
potassium carbonate. Hydrogenolysis of the two S5-hydroxyisoflavones proceeded smoothly to give 2',4°,5,7-
tetrahydroxy-8- (2f) and 6-methoxyisoflavones (1f), respectively. The ' *C-NMR spectra of these isoflavones supported

the proposed structures of polyhydroxyisoflavones. The proposed structures of two natural isoflavones were revised.

Key words 5,7-dihydroxy-6-methoxyisoflavone; 5,7-dihydroxy-8-methoxyisoflavone; '*C-NMR; structural revison;

iristectorigenin A; iristectorigenin B

In a previous paper,? we described a method for syn-
thesizing 5,6,7-trihydroxyisoflavones and 5,6-dihydroxy-
7-methoxyisoflavones from 3,6-dihydroxy-2,4-dimethoxy-
acetophenone via the corresponding 6-hydroxy-5,7-di-
methoxyisoflavones and showed that the 8-proton signal
in the 'H-NMR spectrum of the acetate of a natural
isoflavone,® proposed to be 4',5,6,7-tetrahydroxy-3'-
methoxyisoflavone, is consistent with that of isomeric
5,7-dihydroxy-6-methoxyisoflavones (1) rather than that
of the synthetic compound. Although these isoflavones 1
have been isolated from numerous plant sources* and
some have been synthesized,’” " no convenient method
for synthesizing 1 has been established so far and the
general properties of these compounds are not always
clear. Therefore, we examined the synthesis of 1 and
isomeric 5,7-dihydroxy-8-methoxyisoflavones (2) from
2,4-dihydroxy-3,6-dimethoxyacetophenone (3) in order to
clarify their physical and biological properties. In this
paper, we wish to report a convenient method for
synthesizing 1 and 2, in addition to their characteriza-
tion and the identification of some natural isoflavones.

Results and Discussion

In the synthesis of polyhydroxyisoflavones, a method
based on the oxidative rearrangement of 2'-hydro-
xychalcones with thallium (IIT) nitrate (TTN) is the most
convenient one.®’ We have examined the reaction in detail
in connection with isoflavonoid synthesis, and found that
the reaction of 2’-alkoxychalcones without an electron-
withdrawing group on the B ring proceeded smoothly to
give the corresponding acetals,” which were casily cy-
clized to isoflavones. On the other hand, 6,7-dioxygenat-
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ed 5-hydroxyisofiavones can be synthesized by isomeriza-
tion of 7,8-dioxygenated 5-hydroxyisoflavones with potas-
sium ethoxide® or potassium carbonate.” Therefore,
the syntheses of 5,7-dihydroxy-8-methoxyisoflavones (2)
were examined first according to the procedures shown
in Chart 1.

Synthesis of 5,7-Dihydroxy-8-methoxyisoflavones (2)
The dibenzyl ether (4)'® of 3 was condensed with
substituted benzaldehydes in the presence of potassium
hydroxide in ethanol to give the chalcones (5) in high
yields. The chalcones 5 were oxidatively rearranged with
(TTN) in methanol, and the mixture was treated with
sodium sulfite in dilute hydrochloric acid at 0°C to give
the crude acetals 6. The acetals 6 were hydrogenolyzed
with palladium on charcoal and the resultant products (7)
were directly cyclized with hydrochloric acid to give 7-
hydroxy-5,8-dimethoxyisoflavones (8) in favorable yields.
The 5-methoxy group of the acetates A8 was selectively
cleaved with anhydrous aluminum bromide in acetonitrile
to give the corresponding S-hydroxyisoflavones (9), which
were hydrolyzed to the desired isoflavones 2. The process
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Chart 1

is useful as a general method for synthesizing 2 without
a hydroxy group at the 2'-position, and the five iso-
flavones 2a—e were easily synthesized.

The method, however, may be unsuitable for the syn-
thesis of isoflavones with a hydroxy group at the 2'-
position because a large amount of benzofuran derivative
is produced in the cyclization of the hydroxyacetal,'? such
as 7f. Therefore, the selective cleavage of the 2-benzyloxy
group adjacent to the carbonyl group in 6f was examined,
since the 2-benzyloxy group in 4 was selectively cleaved
under very mild conditions.!®*? It was found that the
2-benzyloxy group in 6f was cleaved with hydrochloric
acid in acetic acid and the resultant compound was
simultaneously cyclized to give 2'.4',7-tris(benzyloxy)-
5,8-dimethoxyisoflavone (10f), although the yield (ca.
50%) was lower than that in the case of the synthesis of
hydroxyisoflavones 8 from 6. The S-methoxy group in
10f was quantitatively cleaved with anhydrous aluminum
bromide in acetonitrile to give a 5-hydroxyisoflavone 11f.
Hydrogenolysis of 11f proceeded smoothly without
hydrogenation of the double bond at the C ring and the
desired product 2f was easily obtained. This process may
be useful as a general method for synthesizing 2 with
hydroxy groups at the 2'- and/or 6’-positions.

Synthesis of 5,7-Dihydroxy-6-methoxyisoflavones (1)
Although the above results suggest that the isoflavones 1
can also be synthesized from 4 via 2, the synthesis of
protected isoflavones such as 10f is more difficult than that
of the hydroxyisofiavones 8, which are not always suitable
as starting materials for 1. Therefore, an unambiguous
process is preferred for the synthesis of 1, as shown in
Chart 2.

4-Benzyloxy-6-hydroxy-3-methoxy-2-tosyloxyaceto-

phenone (12),'® which was easily obtained from the
dibenzyl ether 4, was hydrolyzed with anhydrous po-
tassium carbonate in methanol to give quantitatively
2,6-dihydroxyacetophenone (13). The 2-benzyloxy group
of the dibenzyl ether (14) of 13 was selectively cleaved
with hydrochloric acid in acetic acid to give 4,6-bis(ben-
zyloxy)-2-hydroxy-3-methoxyacetophenone (15), which
was converted into the methyl ether 16. The chalcones 17
obtained from 16 and substituted benzaldehydes were
oxidatively rearranged with TTN to give the corresponding
acetals 18, which were converted into 7-hydroxy-5,6-
dimethoxyisoflavones (19) by hydrogenolysis with palladi-
um on charcoal, followed by cyclization with hydrochloric
acid. The isoflavones 19 were quantitatively demethylated
to the desired isoflavones 1 vig the acetates A19.

The benzyl ether (21), of 4-benzyloxy-6-hydroxy-2-
isopropoxy-3-methoxyacetophenone (20),'® obtained
from 4, was easily converted into chalcones (22). The
chalcones (22) were also cyclized to the corresponding
isoflavones 24 via 23 by using a similar method to that
described above, and the isoflavones 24 were directly
deisopropylated to the desired isoflavones 1 by using
anhydrous aluminum chloride in acetonitrile.

The method is useful as a general one for synthesizing
1 without a hydroxy group at the 2’- and/or 6’-positions.
For the synthesis of 1f with two hydroxy groups at the
2- and 4'-positions, 4,4,6'-tris(benzyloxy)-2-isopropoxy-
2’,3’-dimethoxychalcone (17h) was used as a starting ma-
terial, because the selective cleavage of the 6-benzyloxy
group in the acetals (18) was difficult, in contrast to the
case of that in 6.!% The 5-methoxy and 2-isopropoxy
groups in the isoflavone 19h, which was obtained from
17h via 18h, were cleaved simultaneously with hydro-

NII-Electronic Library Service



224 Vol. 46, No. 2
PhCH,O OH PhCH,CI PhCH,0-_~ | OR' PhCHZOjQ:OCHZPh
MeO: : :COCHa MeOQCOCHa MeO COCHjs
12 R=T 14 R=R'=CH,Ph 16 R=Me
KeCOs [ 33 moH. HCIL, 5 R-H, R=CH,Ph 21 R=CH(CHa)
20 R=CH(CHs),, R'=H
1 2 1 2
PhCH,O OCH,Ph R R HO o, R R
PhCH,O OCH,Ph P R2 TN 2 j@i :;H_%}W 1. Hy 7 ] "
- g
MeO C—CH= CH@RS in MeOH MeO (I?/ | 2.HCI MeO
RO O RO O CH(OMe), RC O
_ 19a,e,g,h R=Me
17a,e,g,h R=Me 18a,e,g,h R=Me E
EE RS, T A e,
| AlBr,
1,19, and 24 i or AlCl
a, R'=R%=H, R*-OMe; b, R'=R?=H, R*-OH; ¢, R'=H, R*=OMe, R°=OH; .
d. R'=H, R%=OH, R%=OMe; e, R'=H, R%=R%=OH; f, R'=R%=OH, R*=H AMa-g o et of 1
g, R'=R%OMe, R?%=H; h, R'=OCH(CHj),, R*=H, R*=OH
17,18, 22, and 23
a, R'=R2%=H, R%OMe; b, R'=R%=H, R°=OCH,Ph; ¢, R'=H, R*=OMe, R°=OCH,Ph;
d, R'=H, R2=OCH,Ph, R%-OMe; e, R'=H, R%=R°*=OCH,Ph;
g, R'=R%-OMe, R%=H; h, R'=OCH(CH),, R?=H, R®=OCH,Ph
Chart 2
K,COs PhCH,0 fo) | OCH,Ph Hy HO. ‘ O I OH
1" R .
in CHq,OH MeOm@OCHZPh Pd-C MeOOH
HO O HO O
25¢f 11
Chart 3
Table 1. UV Spectral Data for 5,7-Dihydroxy-6-methoxyisoflavones (1) and 5,7-Dihydroxy-8-methoxyisoflavones (2)
Amax 1 (log )@
Compd.
MeOH MeOH-AICI; MeOH-NaOAc
1a 265.4 (4.52) 277.5 (4.51) 312 sh (3.92) 383 (3.54) 272.5 (4.52) 340 (4.11)
1b 265 (4.47) 277 (4.47) 312 sh (3.88) 383 (3.50) 272 (4.47) 338 (4.06)
Ic 267.5 (4.47) 288 1 (4.24) 278 (4.46) 313 sh (4.00) 384 (3.55) 272 (4.47) 338 (4.10)
1d 266 (4.40) 2891 (4.19) 278 (4.43) 312 sh (3.97) 385 (3.51) 272 (4.45) 338 (4.09)
le 267 (4.46) 2891 (4.21) 278 (4.42) 3091 (4.11) 387 (3.51) 272 (4.46) 338 (4.09)
1f 264 (4.39) 286 i (4.15) 274 (4.38) 313 (3.97) 380 (3.52) 271 (4.40) 340 (4.07)
Ig 262 (4.41) 274 i (4.14) 274 (4.42) 314 (3.99) 379 (3.55) 269 (4.45) 338 (4.16)
2a 265 (4.56) 335 (3.62) 280 (4.60) 398 (3.61) 281 (4.57) 331 (3.92)
2b 265 (4.56) 337 (3.60) 279 (4.60) 397 (3.59) 280 (4.57) 330 (3.88)
2c 267 (4.53) 280 (4.57) 398 (3.60) 280 (4.55) 329 sh (3.91)
2d 266 (4.52) 280 (4.56) 398 (3.61) 280 (4.55) 328 sh (3.92)
2e 266 (4.52) 280 (4.52) 399 (3.59) 279 (4.53) 327 sh (3.94)
2f 264 (4.46) 277 (4.50) 395 (3.57) 279 (4.49) 328 i (3.92)

a) sh, shoulder; i, inflection point.

chloric acid in acetic acid to give the desired isoflavone 1f
in a low yield (38%). The isopropoxy group, however, is
hardly cleaved with anhydrous aluminum chloride or
bromide in acetonitrile under mild conditions and the
process is not always suitable for the synthesis of 2'-
hydroxyisoflavones.

On the other hand, the isomerization of 2',4’,7-tris-
(benzyloxy)-5-hydroxy-8-methoxyisoflavones (11f) pro-
ceeded in the presence of anhydrous potassium carbonate
in pentanol to give an isomeric isoflavone 25f, which
was easily converted into the desired 1f by hydrogenolysis

with palladium on charcoal (Chart 3). The result shows
that the process using the isomerization is useful as a
convenient method for synthesizing 1 with hydroxy
groups at the 2'- and/or 6'-positions.

Characterization of 5,7-Dihydroxy-6- (1) and -8-
methoxyisoflavones (2) The UV spectra of the isoflavones
1 and 2 in methanol exhibit a strong band in the range
of 262 to 267.5nm, and the spectral patterns for those
with the same oxygenated substituents on the A ring are
very similar to each other, being little influenced by the
oxygenated group on the B ring, as shown in Table 1.

NII-Electronic Library Service



February 1998

225

Table 2. 'H-NMR Data for 5,7-Dihydroxy-6-methoxyisoflavones (1), 5,7-Dihydroxy-8-methoxyisoflavones (2) in DMSO-dg, and Their Acetates
(A1 and A2) in CDCI,®

Arom. H
Compd. OMe OH or OAc
C,-H  Cg,5-H C,-H Ce-H C,-H Cs-H C,-H
la 8.39s 6.52's 7.50 d (2H) 7.01 d (2H) 3755 3.79 s 13.03 5 10.80 s
1b 8.33s 6.51s 7.38 d (2H) 6.83 d (2H) 3.76 s 13.07 s 10.78 s 9.61 s
1c 8.37 s 6.51s 7.14d"  6.99 dd 6.84 d 3.76 s 3.81 s 13.09510.795 9.18 s
1d 8.35s 6.52s 7.04d"  6.94 dd 6.98 d 3765 3.80 s 13.08 5 10.82 5 9.10 br
le 8.31s 6.50 s 7.00d"  6.80dd 6.77d 3.75 s 13.11 5 10.79 5 9.10 s 9.04 s
1f 8.17s 6.50 s 6.97d 6.37d  6.27dd 3.75s 13.105 10.74 s 9.40 s 9.31 s
1g 8.19s 6.51s 7.15d 6.65d  6.58dd 37253755 3.80 s 13.00 s 10.79 s
2a 8.46 s 6.33 s 7.51 d (2H) 7.01d (2H) 3.78 s 3.80 s 12.63 5 10.86 s
2b 841s 6.32s 7.38 d (2H) 6.83 d (2H) 377 s 12.655 10.82's, 9.60 s
2¢ 8.45s 6.32s 7.15d"  7.00 dd 6.84 d 378 s3.80s 12.67510.8359.17 s
2d 842s 6.33 s 7.04d"  6.94 dd 6.98 d 3.7753.80 s 12.67 s 10.8559.10 s
2e 8.39 s 6.32s 7.02s 6.82 dd 6.79 d 3.78 s 1271 5 10.84 s 9.11 s 9.04 s
2f 8.23 s 6.32s 6.97d 638d 6.27dd 3.77 s 12.67 5 9.36 br (2H)
Ala 7.85s 7.19s 7.40 d (2H) 6.96 d (2H) 3.8353.87s 2395247 s
Alb 7.88 s 7.20 s 7.49 d 2H) 7.15 d (2H) 3.87s 23252395247
Ale 7.89 s 7.20 s 7.13d 6.99dd 7.08 d 3.865387s 23352395247 s
Nat.? 7.84 s 7.16 s 7204 7.33dd 6.98 d 3.83 s (6H) 23052365245
Ald 7.87 s 7.18 s 7.20d" 7.33dd 7.01d 3.8653.86s 23352395247
Nat.” 7.87 s 7.18 s 6.97—7.15 m (3H) 3.85 s (6H) 232523752465
Ale 791s 7.20 s 736d  7.36dd 7.25d 3.87 s 2315 (6H) 2395247 s
Alf 781s 7.20's 7.28 d 7.06d"  7.06 dd 3.87s 217s2315240s244 s
Alg 7.81s 7.17 s 7.19d 6.53d"  6.54dd 3.7553.8353.86s 2395244 s
A2a 793 s 6.81s 7.41 d (2H) 6.97 d (2H) 3.99s384s 23952405
A2b 7.96 s 6.83 s 7.50 d (2H) 7.16 d (2H) 399 s 232523952405
A2c 797 s 6.83s 7.13d" 7.00 dd 7.09 d 38753995 23352395241 s
A2d 795 6.82s 721d 7.33dd 7.02d 3.8653.98s 233523952405
A2e 7.98 s 6.83s 7.37d" 7.37dd 7.25d 3.99s 231s(6H) 23952405
A2f 7.89 s 6.83 s 7.29d 7.08 s 7.06 dd 4.00 s 2.18s523158237s5239s

a) s, singlet; br, broad; d, doublet (/=8.0—9.0 Hz); d’, doublet (2.0-~3.0 Hz); dd, double doublet (/=8.0—9.0, 2.0—3.0 Hz).

b) Reported data for the acetate

of iristectorigenin B (proposed (o be Ale), isolated from fris tecorium.'™  ¢) Reported data for the acetate of iristectorigenin A (proposed to be Ald), isolated from

Iris tecorium.*®

Upon the addition of aluminum chloride or sodium
acetate, the spectral patterns are changed characteristically
by the effect of the hydroxy groups on the A ring, and
little effect of the substituents on the B ring is observed.

The 'H-NMR spectra of the isoflavones (1 and 2) in
dimethyl sulfoxide-d, (DMSO-d;) and those of their
acetates (Al and A2) in CDCI, exhibit a characteristic
signal in the ranges of 8.17 to 8.46 and §7.81 to 7.98,
respectively, for the C,-proton (Table 2). The Cg- or
Cg-proton signals in 1 and 2 (in DMSO-d,) appear in the
ranges of §6.50 to 6.52 and §6.32 to 6.33, respectively,
and are shifted paramagnetically by acetylation of the
hydroxy groups (acetates A1 and A2; in CDCI,) to the
ranges of 7.17 to 7.20 (4 6 0.66—0.70) and 6 6.81 to 6.83
(4 6 0.48—0.51), respectively. These features are similar
to those in the *H-NMR spectra of the 3,5,7-trihydroxy-
6-methoxyflavones!® and 3,5,7-trihydroxy-8-methoxyfla-
vones,'® and this property is useful for differentiation
between 1 and 2. The signals of the aromatic protons on
the B ring of the hydroxyisoflavones (1 and 2) and their
acetates (A1 and A2) exhibit characteristic splitting
patterns.

The *C-NMR spectra of the hydroxyisoflavones (1 and
2) fully support the respective structures (Table 3), and
the signals at the 5- to 10-positions in the isoflavones
bearing the same oxygenated pattern on the A ring are
superimposable on each other. Although the **C-NMR
spectra of polyhydroxyflavonoids exhibit a diagnostic

pattern reflecting the substituent pattern, the assignment
is generally difficult because of the decreasing number of
aromatic protons, and the spectral data are not always
useful for structure elucidation. We therefore examined
the 1*C-NMR spectra of polyhydroxyflavones and flavo-
nols in detail, and found that the chemical shifts of
the A ring carbon could be correctly estimated from the
data for analogous compounds and the substituent
effects.?® If the substituent effects obtained from flavones
are adapted to the assignment of the **C-NMR signals of
isoflavones, the structures of polyhydroxyisoflavones
may be correctly assessed from the '*C-NMR spectra.
Therefore, the 1 3C-NMR spectra of ten different 5,6,7- and
5,7,8-trioxygenated 4-methoxyisoflavones were compared
with those of the corresponding flavones.

As shown in Table 4, a regular relationship is observed
between the isoflavones and flavones bearing the same
substituents. Thus, the **C-NMR chemical shifts of C; to
C,o (A ring carbons) of the isoflavones can be easily es-
timated from those of the corresponding flavones or ana-
logous isoflavones by using the shift ranges between iso-
flavones and flavones or the substituent effects'® obtained
from flavones. For example, the chemical shifts of the A
ring carbons of 19a were calculated from those in 26 or
1a and the substituent effects obtained from flavones,®
and the values accord well with the observed ones, as
shown in Table 5. Furthermore, the chemical shifts of the
A ring carbons of 4',5,7-trihydroxy-6,8-dimethoxyisofla-
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Table 3. '3C-NMR Data for 5,6,7- and 5,7,8-Trioxygenated Isoflavones in DMSO-d®

Compd. c, C C C C C C GC Co C. Cp Co Cy Cs C, OMe
1a 1543 1214 180.4 1532 1314 157.5 939 1527 1048 1229  130.1 113.6 1591 599 55.1
1b 1540 121.7 180.5 1532 131.3 157.3 93.8 152.7 1048 121.1  130.1 1150 1574 599
1c 1542 121.8 180.4 1532 1313 1574 938 152.6 104.8 121.6 1152 121.6 1472 1132 1466 599 556
1d 1543 1215 180.4 1532 1313 1574 938 152.6 1047 1232 1163 119.7 1460 1119 1476 599 555
Nat? 1542 121.8 180.5 153.0 131.4 157.5 939 152.7 1047 121.9 1153 121.8 1473 1133 1467  60.0 558
le 153.9 121.8 180.5 153.2 1313 157.4 93.7 152.6 1048 121.6 1153 119.9 1448 1165 1454  59.9
1f 1553 119.9 180.8 153.1 [31.3 1572 93.8 1527 104.9 108.6 1564 132.1 102.6 1062 158.6  59.9
Ig 1552 119.7 180.4 153.1 131.4 1574 939 1527 104.7 112.0 1584 1320 98.6 1047 1609 599 552 555
2a 1542 1217 1802 156.6 99.1 157.1 127.3 149.8 1042 1228  130.1 113.6  159.1 608 55.1
2b 153.9 122.1 1803 156.6 99.0 157.0 127.3 149.8 1042 121.0  130.1 1150 1574 608
2¢ 1541 122.1 180.3 156.6 99.0 157.0 127.3 149.8 1042 121.6 1152 121.5 1472 1132 1467 608 556
2d 154.1 121.9 1802 156.6 99.0 157.0 127.3 149.8 104.2 1232 1163 119.7 1460 1119 147.6  60.8 555
2e 153.9 122.2 180.3 156.6 99.0 1569 127.3 149.8 1042 121.5 1153 1199 1448 1165 1455  60.8
2 1551 1202 180.4 156.5 99.0 1572 127.4 149.8 104.0 108.5 1564 132.1 102.5 106.1 158.5  60.7
19a I51.3 1243 173.7 1525 139.4 1560 99.4 153.8 1117 123.6  130.2 1134 1588  61.6 60.8 550

a) The ">C-NMR data for 1a and 1b are consistent with those for the natural flavones isolated from Podocarpus amarus by Carman et al.'® and
tectorigenin.'”  b) Reported data for an isoflavone isolated from Iris spuria and identified as iristectorigenin A by Shawl er al.'®: the assignment of the carbon signals
has been partly revised to facilitate comparison.

Table 4. Relationship of the '*C-NMR Data between 5,6,7-and 5,7,8-Trioxygenated Isoflavones and the Corresponding Flavones in DMSO-dg

OMe
Compd. Ar=—f ome C; ¢ ¢ G G G Cy € GG GGG
Arin  Bring

MeO~O_R 26 R=H R'=Ar 155 1241 1737 1520 1398 1574 968 1540 1126 1239 1302 1134 1588 61.660.9 56.4 55.0
MeO . 54 +87 —180 +19 —04 —01 0 405 —01 —06
MeO O  26F' R=Ar,R'=H 1602 1061 1756 151.6 1397 157.4 973 1539 1120 123.0 127.8 1144 161.8 61.8 61.0 56.4 55.5

MeO. 0._R 27" R=H, R'=Ar 151.4 1244 1738 1445 137.6 1533 962 1508 1125 1236 130.2 113.4 1588 61.0 56.2 55.1
HO ! R o4 +86 —185 +19 -03 -01 -0 +04 —0.1 —06
MeO O 27F'9 R=Ar, R'=H 160.0 1059 175.7 1442 137.5 1532 96.6 150.7 111.9 1232 127.6 1144 161.7 61.2 56.2 554

MeO O_R 28 R=H, R'=Ar 1547 121.7 180.5 1524 131.9 1588 91.1 1529 1058 1227 130.1 113.6 159.1 59.9 564 55.1
) 64 488 —185 +1.6 —-04 —-01 —-02 +04 —-04 —08

MeO R
HO O  28F' R=Ar,R'=H 1635 1032 1821 1520 1318 1586 915 1525 1050 1226 1282 1145 1623  59.9 56.3 55.5
MeO~OR 297 R=H R'=Ar 1545 1214 1803 1464 1300 1544 907 1499 1057 1230 130.1 1136 1590 562 551
HO ‘ 54 +87 —184 +18 —03 —0.1 —01 +04 —03 —07
HO O = 20F" R=Ar,R'=H 1632 1030 1821 146.1 1299 1543 911 149.6 1050 1229 1281 1144 1622 562 554
HOO R 12 R=H,R'=Ar 1543 1214 1804 1532 1314 157.5 939 1527 1048 1229 1301 1136 159.1 59.9 551
MeomR, 54 490 —184 +17 —05 —01 -02 +03 —03 -07
HO O ' IF'® R=Ar,R'=H 1633 1030 1821 1527 1313 1573 942 1524 1041 1228 1282 1145 162.2 59.9 555
HO~O R 302 R=H R'=Ar [541 [21.1 1802 1473 1292 1535 935 1500 1047 1232 1301 1136 159.0 55.1
Homa' 34 489 —183 +17 —03 -01 —02 +03 —04 —07
HO O  30F' R=Ar,R'=H 1630 1028 1819 1470 1291 1533 938 149.6 1040 1230 128.1 1144 1621 55.4
Moo OM8 31 R=H,R-Ar 1509 1242 1739 1561 936 1561 1294 1512 1086 1241 1302 1134 1588 562563 60.8 55.0
mﬁ 54 485 —180 +19 —05 —01 +0.1 +04 —03 —08
R'31F'9 R=Ar, R-H 1594 1062 1758 1556 935 1562 1298 1509 107.8 123.1 127.5 1145 1617 56.1 56.3 60.9 5.4

HO OM(e) 8a R=H, R'=Ar 150.6 1243 173.7 1546 96.7 1558 1283 1519 1079 1241 1302 1134 158.8 558 60.7 55.0
mﬂ o4 +86 —180 +20 +03 -01 -04 +04 —-02 -0
MeO O ' 8F'? R=Ar, R'=H 159.2 1063 1757 1549 96.6 1554 128.7 1517 107.3 1232 1274 1145 161.7 557 60.9 554

OH 3229 R=H, R'=Ar 1509 1244 1742 1513 941 1524 127.7 1469 108.7 123.7 130.2 113.3 1587 56.2 56.4 550
é4 +87 —185 420 +05 —-01 —04 +02 -01 —07
MeO O R 3519 R=Ar, R'=H 159.6 1059 1762 1518 940 1520 1279 1468 108.0 1232 1278 1143 161.7 56.2 56.3 554

MeO

o Ve g 2 RS R=Ar 1542 1217 1802 1566 990 IST1 1273 1498 1042 1228 1300 1136 159 60.8 551
‘@\NJ\ . 54 +88 —184 +16 —04 —02 0 403 -04 —07
HO & T 2F'® R=Ar, R'=H 1630 1033 1818 1562 989 1571 127.6 1494 1035 1229 1280 1146 1623 60.9  55.5

Average (shift range) d4 +88 —182 +18 —-03 —01 —-02 +04 -02 -—07

a) The assignment of the carbon signals has been partly revised.
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Table 5. Calculated and Observed A Ring 3C-NMR Signals of Two
Isoflabones
7(OH)/5,6(0Me) 5,7(0H)/6,8(OMe)
Caled.” from
Obs. (19a) Caled.”?  Obs?
26 1a
Cs 152.8 153.0 152.5 148.6 148.7
Cs 139.2 139.2 139.4 131.6 131.5
C, 156.3 156.4 156.0 151.0 150.7
Cq 99.5 99.5 99.4 127.5 127.5
Co 153.9 153.9 153.8 145.5 145.7
Cio 111.6 111.8 111.7 103.6 103.7

a) By using the substituent effects obtained from polyhydroxyflavones.'®
b) Calculated from the !3C-NMR data for 5,7-dihydroxy-4',6,8-trimethoxy-
flavone!® and the shift range shown in Table 4. ¢) The data are the reported
values for 4,5, 7-trihydroxy-6,8-dimethoxyisoflavone isolated from Polygala virgata
by Bashir ez a/.,2") the assignment of the carbon signals has been partly revised to
facilifate comparison.

vone, isolated from Polygala virgata by Bashir et al.,*V
are also consistent with the values calculated from those
of 5,7-dihydroxy-4',6,8-trimethoxyflavone® and the shift
ranges shown in Table 4. The results show that the A ring
carbon signals of polyhydroxyisofiavones can be estimated
from those of the corresponding flavones or analogous
isoflavones, and the structures can be correctly evaluated
from the '*C-NMR spectra.

The isoflavones 1a—d and 2a—e isolated from natural
sources exhibit properties consistent with those of the
corresponding synthesized isoflavones (Table 8). However,
the melting points of two natural isoflavones, iristector-
igenin A (proposed as 1d, mp 231°C; triacetate, mp
206—208 °C)*™ and iristectorigenin B (proposed as 1¢, mp
153—155°C; triacetate, mp 160—163°C),'* isolated from
Iris tectorum by Morita et al., are greatly different from
those of the synthetic isoflavones 1d (mp 175—176°C;
triacetate, mp 158—159°C) and 1c (mp 237—238°C;
triacetate, mp 207—208 °C), albeit the structures have been
proposed on the basis of spectral and degradation studies.
The 'H-NMR spectral data for the acetate of iristector-
igenin A are similar to those of Alc rather than those for
Ald (Table 2). The !3C-NMR spectral data for a natural
isoflavone, which has been isolated from Iris spuria and
confirmed to be iristectorigenin A by direct comparison
by Shawl et al.,'® are not consistent with those for 1d,
but do coincide with those of 1¢ (Table 3). On the other
hand, the '"H-NMR spectral data for the acetate of iris-
tectorigenin B are consistent with those for Ald (Table
2). The results show clearly that the structures of
iristectorigenins A and B must be revised to 5,7,4'-
trihydroxy-6,3'-dimethoxyisoflavone (1¢) and 5,7,3'-trihy-
droxy-6,4'-dimethoxyisoflavone (1d), respectively.

The melting point (257 °C) of a natural isoflavone, which
has been isolated from Iris milesii and proposed to be
4',5,6,7-tetrahydroxy-3'-methoxyisoflavone by Agarwal et
al., corresponded well to that of the isomeric isoflavone
le (mp 251—253°C) rather than that of the proposed
compound (mp 209—211°C).?> The UV spectra of the
isoflavone and the chemical shifts of the B ring aromatic
protons in 'H-NMR spectra of its acetate, however, are
different from those of the synthetic le and Ale, and
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the structure can not be confirmed on the basis of the
reported data.

Experimental

All melting points were determined in glass capillaries and are
uncorrected. 'H-NMR (at 400 MHz) and *3C-NMR (at 100.4 MHz)
spectra were recorded on a JEOL EX 400 spectrometer, using tetra-
methylsilane as an internal standard, and chemical shifts are given
in & values. UV spectra were recorded on a Hitachi 124 spectro-
photometer. Column chromatography was carried out with Merck
Kieselgel 60 (230—400 mesh). Elemental analyses were performed
with a Yanaco CHN corder Model MT-5.

4-Benzyloxy-2-isopropoxybenzaldehyde 2,4-Bis(benzyloxy)benzalde-
hyde (2.0 g) was partially debenzylated with 5% (w/v) anhydrous AICl,
in MeCN (84 ml) containing Nal (5.0 g) at 0°C for 1 h. The mixture was
diluted with dilute HCI containing a small amount of Na,SO;, warmed
at 60—70 °C for 10 min, and then concentrated under reduced pressure.
The separated precipitates were collected and chromatographed over a
silica gel column with CHCIl; to give 4-benzyloxy-2-hydroxybenzalde-
hyde, mp 62—63 °C (from MeOH), yield 1.1g (76%). Anal. Calcd for
C,4H,,0;: C, 73.67; H, 5.30. Found: C, 73.48; H, 5.32.

A mixture of the benzaldehyde (1.0g), iso-PrBr (2.5ml), KI (0.7 g)
and K,CO4 (6.1 g) in N,N-dimethylformamide (DMF) (10 ml) was heated
with stirring at 100 °C for 1 h, then diluted with H,O, concentrated, and
extracted with Et,O. The extract was washed with H,O, dried over
Na,SO,, and evaporated. The residue was recrystallized from Et,O-
hexane to give the desired benzaldehyde, mp 46—47°C, yield 0.85¢g
(72%). Anal. Caled for C,,H,305: C, 75.53; H, 6.71. Found: C, 75.72;
H, 6.66.

4-Benzyloxy-2,6-dihydroxy-3-methoxyacetophenone (13) A mixture
of 4-benzyloxy-6-hydroxy-3-methoxy-2-tosyloxyacetophenone (12)!®
(5.0g) and anhydrous K,COj; (16.0g) in MeOH (100 ml) was refluxed
with stirring for 2 h. The mixture was acidified with dilute HCI and then
concentrated under reduced pressure. The separated crystals were
collected and recrystallized from MeOH to give 13, mp 149—150°C,
yield 3.1 g (94%). Anal. Caled for C,(H,0,: C, 66.66; H, 5.59. Found:
C, 66.80; H, 5.58.

4,6-Bis(benzyloxy)-2-hydroxy-3-methoxyacetophenone (15) A mix-
ture of 13 (2.5g), PhCH,Cl (4.0 ml), and -anhydrous K,CO; (11.5g) in
DMF (10 ml) was heated with vigorous stirring at 150—160 °C for 10 min.
Excess PhCH,Cl was removed by steam distillation, and the separated
oily material was collected by extraction with ether to give a crude
dibenzyl ether (14) of 13. The crude ether 14 was dissolved in AcOH
(15ml), a mixture of concentrated HCl (6 ml) and AcOH (15ml) was
added, and the whole was allowed to stand at room temperature for ca.
50 min, then diluted with H,O. The precipitate was collected and
recrystallized from CHCl;-MeOH to give 15, mp 137—138°C (1it.3” mp
140—141°C), yield 2.7g (82%). Anal. Caled for C,3H,,04: C, 73.00;
H, 5.86. Found: C, 72.87; H, 5.90.

4,6-Bis(benzyloxy)-2,3-dimethoxyacetophenone (16) A mixture of 15
(2.5g), Me, SO, (1.9ml), and anhydrous K ,CO; (9.0 g) in Me,CO (30 m})
was refluxed for 1—2h, diluted with H,O, and additionally refluxed for
20—30min. The solvent was distillated off, and the separated crystals
were collected and recrystallized from MeOH to give 16, mp
74.5—75.5°C, yield 2.4 g (92%). Anal. Caled for C,,H,,05: C, 73.45;
H, 6.16. Found: C, 73.25; H, 6.20.

4,6-Bis(benzyloxy)-2-isopropoxy-3-methoxyacetophenone (21) A mix-
ture of 4-benzyloxy-6-hydroxy-2-isopropoxy-3-methoxyacetophenone
(20)'9 (2.0 g), PhCH,Cl1 (1.2 ml), and K,CO; (4.5 g) in DMF (10 ml) was
heated with vigorous stirring at 150—160 °C for 10 min. Excess PhCH,Cl
was removed by steam distillation, then the precipitate was collected and
recrystallized from MeOH to give 21, mp 79—80°C, yield 2.3 g (87%).
Anal. Caled for C,4H,504: C, 74.26; H, 6.71. Found: C, 74.03; H, 6.72.

2’ 4’-Bis(benzyloxy)-3',6'-dimethoxychalcones (5a—f), 4',6’-Bis(benz-
yloxy)-2’,3’-dimethoxychalcones (17a, e, g, h), and 4',6’-Bis(benzyloxy)-2’-
isopropoxy-3’-methoxychalcones (22b—d) A solution of 4 (2.0g,
S.1mmol), 16 (2.0 g, 5.1 mmol), or 21 (2.1 g, 5.1 mmol) and substituted
benzaldehyde (5.6—5.7 mmol) in EtOH (ca. 30 ml) was treated with KOH
(1.7g, 30mmol), then the mixture was warmed with stirring at 40°C
for 1—1.5h and diluted with H,O. The separated oily material (or
precipitate) was extracted with CHCl; and the extract was washed with
H,0, dried over Na,SO,, and evaporated. The residue was recrystallized
to give the chalcone 5, 17, or 22 (Table 6).
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Table 6. Syntheses of 2',4-Bis(benzyloxy)-3',6'-dimethoxychalcones (5), 4',6'-Bis(benzyloxy)-2',3"-dimethoxychalcones (17), and 4',6'-Bis(benzyloxy)-

2'-isopropoxy-3'-methoxychalcones (22)®

Found (%) Calcd (%)

Compd. (roncp) Rseocl?g? \E(l;ld Formula
©) c H c H
Sa 87—89 CHCl;-MeOH 82 C;,H;006 75.02 5.92 75.27 5.92
5b 106—108 CHCl;-MeOH 84 C35H3404 78.00 5.90 71.79 5.84
5S¢ 125—127 CHCl;-MeOH 83 C,y6H360, 75.90 5.86 75.95 5.88
5d 115—117 CHCIl;-MeOH 79 C30H340, 75.66 5.94 75.95 5.88
Se 94—96 CHCIl;-MeOH 81 C,sH,004 77.95 5.78 78.01 5.82
5f 133—135 CHCl;-MeOH 93 C,sH,004 78.22 5.90 78.01 5.82
17e 751717 EtOAc 97 C,sH,00, 77.85 5.79 78.01 5.82
17g 98—99 MeOH 95 C;3H;,0, 73.20 5.89 73.31 5.97
22b 84—86 CHCl;-MeOH 84 C,oH3504 71.92 6.30 78.15 6.23
22¢ 103—105 CHCl;-MeOH 93 C41H,004 76.10 6.20 76.37 6.25
22d 100—102 CHCl;-MeOH 80 C41H40O4 76.08 6.27 6.25

76.37

a) 17a and 17h, oily material.

Table 7.

Syntheses of 7-Hydroxy-5,8-dimethoxyisoflavones (8), 7-Hydroxy-5,6-dimethoxyisoflavones (19), 7-Acetoxy-5,8-dimethoxyisoflavones

mp Recrystn. Yield

Found (%) Caled (%)

Compd N o Formula
°C) solvent (%) c H C H
8a 245—247 MeOH 65 C,sH,06 65.59 4.84 6585 491
8b 274276 MeOH 70 C,,H,,06 64.69 4.53 64.96 4.49
8¢ 229—231 MeOH 81 C,sH,60, 62.51 4.75 62.79 4.68
8d 263—265 MeOH 70 C,sH;60, 62.54 4.69 62.79 4.68
8e 253—255 Agq. MecOH 72 C,,H,,0,-3H,0 52.94 5.07 53.12 5.25
19a 228—230 MeOH 72 C,4H 606 65.88 4.89 65.85 4.91
19 238—239 MeOH 71 C,,H,,0, 61.56 4.27 61.82 427
19g 265—267 DMF 63 C,oH 50, 63.40 5.00 63.68 5.06
1%h 211213 MeOH 78 C,0H,00,-H,0 61.80 5.85 61.53 5.68
A8a 139—140 CHCl;-MeOH Quant. C,0H {50, 64.92 4.88 64.86 4.90
A8b 162—164 CHCIl;-MeOH Quant. C,, H, 404 63.16 4.63 63.31 4.55
AS8c 105—107 MeOH Quant. C,,H,004-3/2H,0 58.23 5.03 58.00 5.09
A8d 190—192 CHCl;-MeOH Quant. C,,H,00, 61.42 4.67 61.68 4.71
A8e 180—182 CHCIl;-MeOH Quant. Cy3H,0040 60.41 4.41 60.52 4.42
Al9a 152—153 MeOH Quant. C,0H,50, 64.80 4.80 64.86 4.90
Al9e 143—144 MeOH Quant. C,3H,,0,, 60.59 4.40 60.52 4.42
Al9g 135—136 MeOH Quant. C,1H,004 62.91 4.99 62.99 5.04
A1%h 148—149 MeOH Quant. C,.H,,0, 63.17 5.27 63.15 5.30
9a 129—130 CHCl1,-McOH 93 CioH 60, 63.90 4.47 64.04 4.53
9b 180—182 CHCl;-MeOH 82 C,0H,¢04 62.70 432 62.50 4.20
9¢ 174—176 CHCl;-MeOH 83 C,1H 40, 60.74 4.35 60.87 4.38
9d 169—171 CHCl;-MeOH 91 C, H50, 60.63 435 60.87 4.38
9e 172—174 MeOH 78 C,,H 4040 59.75 4.18 59.73 4.10

7-Hydroxy-5,8-dimethoxyisoflavones (8a—e), 7-Hydroxy-5,6-dimethoxy-
isoflavones (19a,e,g,h), and 7-Hydroxy-5-isopropoxy-6-methoxyiso-
flavones (24b—d) A solution of a chalcone (5, 17, or 22) (2.5mmol)
and TTN-3H,0 (2.2 g, 5.0mmol) in MeOH-CHCI; (4: 1) (80—100 ml)
was stirred at 30 °C for 16—20h (the reaction time in the cases of the
2,4-dioxygenated chalcones 5f, 17g and 17h was 20-—30 min). The mixture
was cooled, Na,SO; (1.5 g) and 3—4% HCI (15—20 ml) were added and
the whole was stirred at 0°C for 1—2h. The precipitate was filtered off,
and the filtrate was diluted with H,0O and extracted with CHCl,. The
extract was washed with H,O, dried over Na,SO,, and then passed
through a short column of silica gel with CHCl;. The eluate was
evaporated under reduced pressure to give a crude acetal (6a—f,
18a,e, g, h, or 23b—d).

The crude acetals except for 6f were hydrogenolyzed with 10% Pd-C
(100—200 mg) in MeOH, until the absorption of H, ceased, to give crude
hydroxyacetals. A solution of a hydroxyacetal in MeOH (60ml) was
refluxed with aqueous 10% HCI (6 ml) for 1.5—2h, diluted with H,O
and concentrated under reduced pressure. The separated crystals were
corrected and recrystallized to give the corresponding 7-hydroxy-
isoflavone (8a—e or 19a,e,g,h) (Table 7). The purification of 5-iso-
propoxyisoflavones 23 was not carried out at this stage, since the

products were obtained as semisolid materials by extraction with EtOAc.
The isoflavones 8 and 19 were quantitatively converted into the acetates
(A8 and A19) with hot acetic anhydride—pyridine (Table 7).

5,7-Dihydroxy-8-methoxyisoflavones (2a—e) and 5,7-Dihydroxy-6-
methoxyisoflavones (1a—e,g) Method A: A 20% (w/v) solution of
anhydrous AlBr; in MeCN (5.0ml) was added to a solution of the
7-acetoxyisoflavone (A8 or A19) (0.6 mmol) in acetonitrile (15 ml) with
stirring. The mixture was allowed to stand at room temperature (ca.
20°C) for 30—40min, then diluted with 2—3% aqueous HCI, and
warmed at 50-—60°C for 20 min. The separated crystals were collected
and recrystallized to give the corresponding 5-hydroxyisoflavone, such
as 9 (Table 7). A solution of the crude isoflavone in MeOH (ca. 50 ml)
was refluxed with ca. 16% aqueous HCI (5ml) for 1—2h, then diluted
with H,O, and concentrated. The separated crystals were collected and
recrystallized to give a 5,7-dihydroxyisoflavone (2a—e or 1a,e, g) (Table
8).

Method B: The crude 7-hydroxy-5-isopropoxyisoflavone (23b—d)
(0.6 mmol) was deisopropylated with 10% (w/v) anhydrous AICl; in
MeCN (33 ml) at room temperature (ca. 25°C) for 1.5h, then diluted
with 2—3% aqueous HCI, warmed at 50—60 °C for 20 min, and con-
centrated. The separated crystals were collected and recrystallized to
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Table 8. Syntheses of 5,7-Dihydroxy-6-methoxyisoflavones (1) and 5,7-Dihydroxy-8-methoxyisoflavones (2), and Their Acetates (Al and A2)

0 0
mp Lit. mp Recrystn. Yield Found (%) Caled (%)
Compd. °C9 ¢C) solvent (%) Formula e
C H C H
la 187—188 200—203'9 19519622 MeOH 98 C,H404 6527 4.44 64.96 4.49
1b 225226 226227 22629 MeOH 509 C,¢H,,0, 64.18  4.30 64.00  4.03
e 237—238 23724024 MeOH-EtOAc 539 Ci,H1404 61.82 442 61.82  4.27
1d 175—176" 163—166>% 939425 7629 MeOH 559 C,H,,0,-H,0 5847 474 58.62  4.63
le 251—253 MeOH 85 C,6H,,0, 60.52  3.87 60.76  3.82
if 215217 MeOH 80 C,¢H,,0,-H,0 5733 429 5749 422
1g 187—188 MeOH 93 CisH605 62.69 477 62.79  4.68
2a 164—166 141—149%1 Aq. MeOH 82 Ci7H,,O¢ 6470  4.58 64.96  4.49
2b 240—242d 23823927 24528 Aq. MeOH 85 C,6H{,04 63.74  4.30 64.00  4.03
2¢ 264—266 202—2042% Aq. MeOH 85 Cy7H,,0, 61.77 4.26 61.82 427
2d 174—1759  197—1982% 200—2019 Aq. MeOH 98 C,,H,,0, 61.88  4.27 61.82  4.27
2e 253—255 25228 MeOH 98 C,¢H;,0,-H,0 5732 4.17 5749 422
2 224—226 Aq. MeOH 82 C,¢H,,0,-H,0 5752 434 5749 422
Ala 210—212 22419 162—163%2 CHCl;-MeOH Quant. C,H 404 63.27 4.57 63.31  4.55
Alb 190—192 190—191% 188-—190%% CHCl;-MeOH Quant. C,,H,40, 61.86  4.26 61.97 426
Alc 207—208 CHCl;-MeOH Quant. C,3H,0040 60.51 441 60.52 4.42
Ald 158—159 166—1672% 15929 CHCl;~MeOH Quant. 23H20010 60.31  4.38 60.52 442
Ale 165—166 MeOH Quant. C,.H,,04, 59.27  4.13 59.50 4.16
Alf 125—126 MeOH Quant. C,4H5004; 59.23  4.14 59.50  4.16
Alg 148—149 MeOH Quant. C,,H,00, 61.51 4.74 61.68 4.71
A2a 126—127 CHCIl;-MeOH Quant. C,H,404 63.11 451 63.31  4.55
A2b 157—159 16727 CHCl;~-MeOH Quant. C,,H,0, 61.92 421 6197 426
A2c 196—198 168—1702% CHCl,~MeOH Quant. C,3H,0040 60.31 435 60.52  4.42
A2d 141—142 14428 MeOH Quant. C,3H,00,, 60.38 445 60.52  4.42
A2e 131—132 MeOH Quant. C,.H,004, 59.37  4.08 59.50  4.16
A2f 114—116 MeOH Quant. C,.H,,0,,; 59.52  4.17 59.50 4.16

a) Overally yield from 22.  5) 100—110 °C sintered, then solidified. ¢) 143—147°C sintered, then solidified.

give a §,7-dihydroxyisoflavone (1b—d) (Table 8).

Method C: A mixture of 19h (300 mg) and concentrated HCI (15ml)
in HOAc (45 ml) was gently refluxed for 7h and then diluted with H,O.
The HCI was neutralized with aqueous Na,COj;, and the mixture was
extracted with EtOAc. The extract was washed with aqueous NaHCO,
and H,0, dried over Na,SO,, and evaporated. The residue was
recrystallized to give 1f (100 mg, 38%).

2',4',7-Tris(benzyloxy)-5,8-dimethoxyisoflavone (10f) A mixture of
concentrated HCl and HOAc (1:5, 20 ml) was added to a solution of
the crude acetal 6f, obtained from 5f (1.73g) by oxidative rearrange-
ment with TTN, in HOAc¢ (20 ml). The whole was allowed to stand at
room temperature for 50—60 min, then diluted with H,O (ca. 20 ml), and
warmed at ca. 60 °C for 50—60 min. It was extracted with CHCl;, then
the extract was washed with aqueous Na,CO, and evaporated. The
residue was chromatographed over a silica gel column with CHCI; to
give 10f (lower Rf value), mp 131—133°C (from CHCl,-MeOH), yield
0.78 g (52%). Anal. Caled for Cy4H5,0,: C, 75.98; H, 5.37. Found:
C,75.78; H, 5.41.

2',4',7-Tris(benzyloxy)-5-hydroxy-8-methoxyisoflavone (11f) The
isoflavone 10f (1.2g, 2.0mmol) was demethylated with 5% (w/v)

2)
3)

4)

5)
6)
7

8)

anhydrous AIBr; in MeCN (32ml, 6 mmol) at room temperature (ca. 9)
25°C) for 30—40min to give 11f, mp 135—137°C, yicld 1.10g (94%).
Anal. Caled for C5,H;3,0,: C,75.75; H, 5.16. Found: C, 75.99; H, 5.21.

2’4, 7-Tris(benzyloxy)-5-hydroxy-6-methoxyisoflavone (25f) A mix-
ture of 11f (300 mg) and anhydrous K,CO;, (1 g) in n-pentanol (40ml)  10)
was refluxed for 2h and then diluted with CHCI;. The precipitates were
filtered off, and the filtrate was washed with dilute HCl and H,0, dried  11)
over Na,SO,, and evaporated. The residue was recrystallized from
CHCIl;-MeOH to give 25f, mp 128—130°C, yield 225 mg (75%). Anal.  12)
Caled for C3,H;3,0,: C, 75.75; H, 5.16. Found: C, 75.56; H, 5.11.

6-Methoxy- (1f) and 8-Methoxy-2',4',5,7-tetrahydroxyisoflavones (2f) 13)
The benzyloxyisoflavone 25f or 11f was hydrogenolyzed with 10% Pd--C
in EtOAc-MeOH to give If or 2f (Table 8). 14)
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