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Abstract Stereocontrolled synthesis of the flavonoids
(2, 4 and 3} 1s described. Racemic taxifolin (dihydro-

quercetin) (1l4) is synthesized by application of this method.

Hydroxyflavanonols and flavan-3j,4-diols naturally occur in a variety of hartwéods
and barks. The majority of these compounds were stereochemically established,
and several racemic flavonoids were synthesized. For example, (2R*,3R*)-flava-
nonel (2) was prepared by alkaline hydrogen peroxide oxidation of 2'-hydroxy-
chalcone (1}, but the yield Qas very poor owing to 1ts facile autoxidation to
flavonoi (3) in the alkaline me dium. % (2R*,35*4R* )-flavan-3,4-d1ol (%) was
obtained on hydrogenation of 2, and the 45* -1s0mer (j) was prepared from 2 through

3

the oxime and the corresponding amine. Qur aim 15 to synthesize naturally
occurring chiral flavonoids. We now report, as a model study, efficient stereo-
controlled synthesis'of the flavonoids (2, 4 and 5) and (2R*,3R*)}-taxifolin
(dihydroquercetin).

Treatment of 1 with methoxymethyl chloride in an alkaline medium gave the ether
(6) {85%). Alkaline hydrogen peroxide oxidation of €& yielded the epoxide (Z7)
(92%}, in which the &R*,BS*-configuration was deduced by J“-B 2 Hz observed 1n
the ‘H NMR spec:tr'l.m'x.‘!l Treatment of 7 with triflucroacetic acid provided 2 (92%)

(2R*,3R*; J 12.5 Hz). On reduction with sodium borohydride, 2 gave & (84%)

243

(2R*,38*,4R*; 10 Hz and J3 4 8.5 Hz) as a sole product.
1

J2.3
Reduction of 7 with sodium borohydride gave the erythro-epoxy alcohol (8) (68%)
and the threo-isomer (9) (10%}. The configurations of these compounds were
deduced on the basis of those of the compounds ¢btained by the next reactions.

On treatment with triflucrcacetic acid or hydrochloric acid, § and 3 gave 5 (71%)

and 4 (71%), respectively. The 2R*,35*,45*-configuration in 5 was deduced by

J2 3 9 Hz and J3 5 3.5 Hz. It ig clear that the exclusively stereocontrolled
1 1
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formations of the chroman rings in the compounds (2, 4 and 5) occurred via intra-
molecular SN2 reactions.

(2R*,3R*)-Taxifolin (L4} was prepared by the same process as employed for the
synthesis of 2 in 92% yield. This is the first total synthesis of 14.

On reduction with sodium borohydride at -30°C, the tetramethyl ether (15), deraved
from 14, gave two isomeric flavan-3,4-diols (16 and 17) in 15 and 67% yields,
regpectively. The same reduction at refluxing temperature provided ;ﬁ and 17 in

33 and 49% yields, respectively.
EXPERIMENTAL SECTION

Melting points are uncorrected. Spectral data were recorded on the following

1

spectrometers: IR — Hitachi 260—30; "H NMR — Varian EM—390 (90 MHz); MS — JEOL

JMS DX—300.

2'-Methoxymethoxychalcone (6)

A mixture of 2'-hydroxychalcone (}_)5 (220 mg), LN NaOH (10 ml) and CH2C1 {10 mi)

2

was stirred at room temperature for 10 min. N(Bu)QCl {30 mg) and then a solution

of CHBOCHZCI (0.2 ml) in CH2012

at room temperature for & h. The organic phase was washed with H20 and dried

(0.5 ml) were added, and the mixture was stirred

over Na2504, then concentrated in vacuo, The res:i:due was purified by prep. TLC
film
v

(A1203’ max
1

em T: 1650 {€CO).

C6H6) to yield & (230 mg, 85%) as a colorless oil, Rf 0.60. IR

lH NMR (CDClB) 5: 7.68=6.68 (11H, m, aromatic and vinylic H's),

5.68 (2H, s, 0CH20), 3.42 (9H, s, OMe). MS Calcd for C M, 268.110.

H, .0 !
171673
Found m/z: M+, 268.109.

(aR*,B5*)-0,B~Epoxy=-2'-methoxymethoxychalcone {(7)
10% H202 (0.2 m1) and 1N NaOH {0.2 ml) were added to a solution of & (170 mg) in
MeOH (5 ml), and the mixture was stirred at room temperature for 5 h. The reac-

tion mixture was taken up in CHC1 and the organic phase was washed with 5% aq.

3’
KI and then 5% aq. Na25203. Work-up gave an oil, which was purified by prep. TLC
CHC13) to yield 7 (165 mg, 92%) as colorless needles of mp 85—90°C (MeOH},

HC1 1. 1
ax )

(A1203,

Rf 0.70. IR voools em™b: 1678 (co). H NMR (CcDo) &: 7.9% (1H, ad, J 7.5 and
2 Hz, 6'-H}, 7.23—6.73 (8H, m, aromatic H's), 4.65, 4.&4 (each 1H, d, J 7 Hz,

OCH,0), 4.10, 3.96 (each 1H, d, J 2 Hz, o- and B-H's), 2.78 (3H, s, OMe).
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+

MS Caled for C M, 284.105. Found m/z: M, 284.105.

17H16%°

(2R*,3R*)-Flavanoncl (2)
30% CFBCOOH (0.2 ml} was added to a solution of 7 (110 mg) in MeOH (0.3 ml), and

the mixture was stirred at room temperature for 30 min, then taken up in CHClB.
The organic phase was washed with 5% ag. NaHCO3 and H201 then dried over Na2504.

Work-up gave an oil, which was crystallized from MeOH to yield 2 (76 mg, 82%) as
colorless crystals of mp 172—175°C (lit.2; mp 1l74—177°C). Additional 2 (9.5 mg,

10%) was obtained from the mother liquor by prep. TLC (silica gel, CHClB), Rf

0.44. IR vigi em™ - 3475 (OH), 1690 (Co). b

8 and 1.5 Hz, 5-~H), 7.736.96 (BH, m, aromatic H's), 5.13 (1H, 4, J 12.5 Hz, 2-H},

H NMR (cnc13) &: 7.76 (1H, dd, J

4,56 (1H, dd, J 12.5 and 2 H=z, 3—H),6 3.64 (1H, d, J 2 H=z, 3-0H).7 MS Calcd for

+
C15H1203. M, 240.080. Found m/z: M , 240.080. .

(158*,25*,35*)-2,3-BEpoxy-1-2"'-methoxymethoxyphenyl-3j-phenvlpropanol {erythro) (8}
and The 1R*-Isomer (threo) (9)

NaBHQ (20 mg) was added to a solution of 7 klho mg) in MeOH (5 ml), and the
mixture was stirred at -30—40°C for 2 h. After addition of CHBCOOH {4 drops),

the reaction mixture was concentrated in vacuo, and the residue was dissolved 1in

CHC1 _. Work-up gave an oil, which was purified by prep. TLC (al_0 CHCIB/

3 273"
hexane=4/1, v/v) to yield B (96 mg, 68%), Rf 0,30 and ¢ (13.4 mg, 10%), Rf 0.30.
The erythro-Tsomer (8)}: A colorless oil. IR Viax cm-l: 3528 (£=53) (OHf (c=

0.0011 mol/1, CClq). 1H NMR (C6D6) 6: 7.80—6.82 (9H, m, aromatic H's), 5.38
(14, t, J 3 H=z, l-H),6 4.79 (2H, =, OCH20), 4,05 (1H, 4, J 2.5 H=z, 3-H), 3.48
(1H, dd, J 3 and 2.5 H=, 2-H), 3.06 (3H, s, OMe), 2.49 {(1H, 4, J 3 H=, 1-OH}.'
MS Calcd for C17H1804: M, 286.121. Found m/z: M*, 286.121.,

The threo-Isomer (9): A colorless o1l. IR v em™L: 3652 (e=38), 3572 (e=30),

max
3548 (£=29) (OH) (c=0.00085 mol/1, cc1h). 1h nvm (C6D6) 5 7.74-6.62 (gH, m,
aromatic H's), 5.14 (1H, t, J 4 Hz, 1-H),6 4.79 (2H, =, OCH20), 4,02 (1H, 4, J
2.5 Hz, 3-H), 3.25 (1H, dd¢, J & and 2.5 Hz, 2-H), 3.06 (3H, s, OMe), 2.53 {(1H, d,

J 4 Hz, 1-0H).’ MS Calcd for €y H1g047 M, 286.121. Found m/z: M*, 286.121-
(2R*,35*,4R*)-Flavan-3,4-diol (4)

(1) Na\BHlk (25 mg) was added to a solution of 2 (37.0 mg) in MeOH (5 ml}, and the

mixture was stirred at room temperature for 2 h. Work-up of the reaction
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mixture gave an oil, which was crystallized from ether/hexane to yield 4 (24.0 mg,
64%) as colorless needles of mp 139—142°C (lit.3; mp 145°C}. Additional 4 (7.4

mg, 20%) was obtained from the mother liquor by prep. TLC (silica gel, acetone/

CHe=1/3, v/v). IR VEBT by 3300 (oH).  Ym NMR (cDel,) 6: 7.59~6.83 (9H, m,

max
aromatic H's), 4.80 (1H, dd, J 8.5 and 5.5 Hz, 4—H).6 4,76 (1H, 4, J 10 Hz, 2-H),
3.80 (1H, ddd, J 10, 8.5 and 3 Hz, 3-H),6 3.03 (1H, d, J 5.5 Hz, &-0H).7 2.45

+

(1H, d, J 3 Hz, 3-0H).’ MS Calcd for C M, 242.094, Found m/=z: M™,

15H1403:
242.094.
(2) 10% HC1/MeOH (2 ml} was added to a solution of § (35.0 mg) in MeOH (0.4 ml),

and the mixture was refluxed for 30 min. Work-up of the reaction mixture gave g

{(21.0 mg, 71%).

(2R*,358*,48*)-Flavan-3,4-diol (5)

This compound was prepared from § in 71% yield by the procedure employed for the

synthesis of 4 from 9 using CFBCOOH instead of 10% HC1/MeCH. Colorless needles
of mp 159.5—-163°C (CHC13) (1it.3; mp 160°C). IR “ﬁgi em™L: 3375, 3280 (OH}.
1

H NMR (CDC13) 6: 7.25-6.88 (9H, m, aromatic H's), 5.04% (1H, 4, J 9 Hz, 2-H},
4.72 (1H, 4, J 3.5 Hz, 4-H), 4,04 (1H, dd, J 9 and 3.5 Hz, 3-H}, 2.35 {(2H, =, 3-

and 4-0H's).’ MS Calcd for C M, 242.09%. Found m/z: M', 242.094,

1571495

308420 4", 6 -Pentakis(methoxymethoxy)chalcone (12)
This compound was prepared from the acetophenocne (lQ)S and the benzaldehyde (ii)g

5 Uf11m

in 86% yield by the procedure described 1n lit. max

em Y 1650 (CO). L

A colorless oil. IR
H NMR (c0613) &: 7.42 (1H, s, 2-H), 7.37 (iH, d, J.l7 Hz, B-
H}, 7.35 (2H, s, 5- and 6-H's), 6.91 (1H, d, J 17 Ha, o-H), 6.63 (2H, s, 3'- and

5'-H's), 5.28, 5.27, 5.13 (2) (10H, each s, OCH20's). 3.52, 3.42 (4) (15H, each s,

OMe's). MS Calcd for C__H M, 508.194. Found m/z: M+, 508.194,

25132011 ¢

(xS*,BR*) -, B-Epoxy-3,4,2',4%',6'-pentakis{methoxymethoxylchalcone (13}
This compound was prepared from 12 in 92% yield by the same procedure as employed

for the synthesis of 7 from 6. A colorless oil. IR v Cm-l: 1700 (CO).

v MR (C6D6) &: 7.24—6.80 (3H, m, 2-, 5- and 6-H's), 6.79 {(2H, s, 3'- and 5'-

film
max

H's), 4.17, 3.96 (each 1H, 4, J 2 Hz, o- and B-H's), 4.96, 4.92, 4.89, 4.8y (2)
(10H, each s, OCHEU'S). 3.22 (1), 3.19 and 3.16 (4) (15H, each s, OMe's). M5

Calcd for C M, 524.189. Found m/z: M, 524.189.

2530075

—1151—




(2R*,3R*}-Taxifolin (14)

This compound was prepared from 13 in 92% yield by the procedure employved for the

synthesis of 2 from 7 using 10% HC1/MeOH instead of CFBCOOH. Colorless plates
of mp 232~234°C (H,0) (11t.19; wp 234—236°c). IR uﬁzi em™t: 3300 (OH), 1640
1

{co0). H NMR (MeOD) &: 7.10¢ (1H, s, 2'-H), 6.94 (2H, s, 5'- and 6'-H's), 6.02,
5.97 {(each 1H, 4, J 2.5 Hz, 6- and 8-H's), 4.99 (1H, 4, J 12 Hz, 2-H), 4.54 (1H,

d, J 12 Hz, 3-H). MS Caled for €, H ,0,: M, 304.058. Found m/z: MY, 304.059.

The Tetramethyl Ether (15): Colorless needles of mp 167—169.5°C (EtOH) (12t
mp 169—170°¢). IR v“BY cw™l: 3450, 3340 (OH), 1670 (co). YH NMR (coci,) o
7.08 {1H, dd, J 7 and 2 Hz, 6'-H), 7.05 (1H, d, J 2 Hz, 2'-H), 6.91 (1H, d, J 7
Hz, 5'-H), 6.77 (2H, s, 6- and 8-H's)}, 4.94 (1H, 4, J 12 Hz, 2-H), &4.41 (1H, d, J
12 Hz, 3-H), 3.91, 3.89, 3.87, 3.78 (each 3H, s, OMe's), 13-0H si1gnal was not

observed. MS Calcd for C M, 360.121. Found m/z: M', 360,120,

19H2007:

(2R*,35* 4R* )-5,7.3 4 -Tetramethoxyflavan-3,4=-diocl (16} and The 45*-Iscmer (17}

NaBHq (10 mg) was added to a solution of 15 (96.0 mg) in MeOH (5 ml), and the
mixture was stirred at -30°C for 20 h. Work-up of the reaction mixture gave an
01l, which was purified by prep. TLC (silica gel, acetone/CGH6=2/3, v/v) to yield
16 (13.8 mg, 14%), Rf ©0.55 and 17 (64.8 mg, 67%), Rf 0.62.

The 2R*,35*,4R*-Isomer (16}: Colorless crystals of mp 166.5-168°C (EtOH). IR

KBr 1
W
max

7.02 (1H, 4, J 2 Hz, 2'-H), 6.89 (1H, d, J 9 Hz, 5'-H), 6.16, 6.07 (each 1H, &, J

em™t: 3510, 3460 (OH). H NMR (CDC1,} 6: 7.08 (1H, dd, J 9 and 2 Ha, 6'-H),

2.5 Hz, 6- and B-H's}), 4,99 (1H, dd, J 7 and 1 H=z, q-H),6 4,68 (1H, 4, J 10 Hz,

2-H), 4.08 (1H, ddd, J 10, 7 and 2.5 Hz, 3—H),6 3.89, 3.86 (3), 3.68 (12H, each

s, OMe's), 2.33 (1H, 4, J 2.5 Hz, 3-0H),7 4-0H signal was not observed. MS Calcd
+

for 019H220?. M, 362.1137. Found m/z: M , 362.135.

The 2R*,35*,45*-Igomer (17)}: Colorless crystals of mp 209—212°C (EtOH). IR vzgi

em L 3590, 3420, 3270 (OH). 1

H NMR (CDC13} 5: 7.06 (1H, dd, J 9 and 2 Hz, 6'-
H), 6.99 (1H, 4, J 2 Hz, 2'-H), 6.8% (1H, d,"J 9 Hz, 5'-H), 6.09 (2H, s, 6« and
8-H's), 4.99 (1H, d, J 3.5 Hz, 4-H), 4.88 (1H, d4, J 10 H=z, 2-H), 3.82 (1H, m, 3-
H), 3.88, 3.85, 3.8%, 3.74 {(each 3H, s, OMe's), 2.67 (2H, =, 3- and 4-0H's).7

MS Caled for € M, 362.137. Found m/z: M', 362.1138,

19H2207:
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