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Abstract - Stereocontrolled synthesis of the flavonoids 
( g ,  4 and 3) 1s described. Racemlc taxlfolin (dlhydro- 

quercetin) (14) is synthesized by application of this method. 

Hydroxyflavanonols and flavan-3,4-diols naturally occur in a variety of hartwoods 

and barks. The majorlty of these compounds were stereochemically established, 

and several racemic flavonoids were synthesized. For example, (2R1,3R')-flava- 

nonol (? )  was prepared by alkaline hydrogen peroxide oxldation of 2'-hydroxy- 

chalcone ( L ) ,  but the yield was very poor owing to its facile autoxzdatlon to 

flavonol (1) in the alkaline medium.' (2R-,35'.4R' )-flavan-?,&-dm1 (4) was 

obtaxned on hydrogenation of 2, and the 45'-lsomer ( 2 )  was prepared from 2 through 

the oxime and the corresponding amine.' Our aim i s  to synthesize naturally 

occurring chlral flavonolds. We now report, as a model study, efficient stereo- 

controlled synthesis of the flavonoids (?, 4 and s) and (23-.3R')-tax1folin 
(dihydroquercetln). 

Treatment of 1 with methoxymethyl chloride in an alkaline medium gave the ether 

( 6 )  ( 8 5 % ) .  Alkaline hydrogen peroxide oxldation of 6 ylelded the epoxlde ( Z )  

(92%), in which the aR.,BS.-configurat~on was deduced by J 2 Hz observed in 
a. B 

the 'H NMR spectrurn.lt Treatment of 2 with tr~fluoroacetic a c ~ d  provided 2 (92%) 

(zn.,3r; 
J2,3 

12.5 Ha). On reduction wzth sodlum borohydride, 2 gave 4 (84%) 

(2R',35*,4R*; JZv3 10 Hz and J3,& 8.5 Hz) as a sole product. 

Reduction of with sodlurn borohydride gave the erythro-epoxy alcohol ( 8 )  ( 6 8 % )  

and the threo-isomer ( 2 )  (10%). The configurations of these compounds were 

deduced on the basis of those of the compounds obtalned by the next reactions. 

On treatment wlth trifluoroacetic acld or hydrochloric acid, & and 9 gave 5 (71%) 

and k (71%)- respectively. The 2R1,3S*,4S--configuration in 5 was deduced by 

J2,3 9 Hz and J 3.5 Hz. It is clear that the exclusively stereocontfolled 
394 



formations of the chroman rings in the compounds (2, f and 5) occurred via intra- 

molecular SN2 reactions. 

(2B*,3E*)-Taxlfolin (14) was prepared by the same process as employed for the 

syntheers of Z in 92% yield. This is the first total synthesis of s. 
On reduction with sodium horohydrlde at -3O0C, the tetramethyl ether ( der~ved 

from 14, gave two isomerlc flavan-3,4-diols (16 and 2) in 15 and 67% yields, 
respectively. The same reduction at refluxlne; temperature provided 16 and ?;Z in 

33 and 49% ylelds, respectively. 

EXPERIMENTAL SECTION 

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

spectrometers: IR - Hltachi 260-30; 'H NMR - Varian EM--390 (90 MHz); MS - JEOL 
JMS DX-300. 

2 ' - M e t h o x y m e t h o x y c h a l c o n e ~  

A mixture of 2'-hydroxychalcone (1)5 (220 mg), 1N NaOH (10 ml) and CHZCl2 (10 ml) 

was stirred at room temperature for 10 min. N(Bu) C1 (30 mg) and then a solution 4 

of CH 0CH2Cl (0.2 ml) in CH2C12 (0.5 ml) were added, and the mixture was stirred 
3 

at room temperature for 6 h. The organlc phase was washed with H 0 and dried 2 

over Na SO4, then concentrated in vacuo. The res~due was purifled by prep. TLC 
2 

film 
(A1203, C6H6) to yield 6 (230 mg, 85%) as a colorless oil, Rf 0.60. IR umax 

cm-l: 1650 (CO). 'H NMR (CDC1 ) 6 :  7.66-6.68 (11H. m. aromatic and vlnylic H's), 
3 

5.68 (ZH, s ,  0CH20). 3.42 (3H, s .  OMe). MS Calcd for C17H1603: M, 268.110. 

Found m/z: M*, 268.109. 

(ag' .@* ) - - - 2 ' - m e t h o x y m e t h a x y c h a l c ~ & ~  

30% H202 (0.2 ml) and 1N NaOH (0.2 ml) were added to a solutlon of 5 (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 CHCl?, and the organlc phase was washed wlth 5% aq. 

KI and then 5% aq. Na2S203. Work-up gave an oil, which was purlfied by prep. TLC 

(A1203, CHCl ) to yield 2 (165 mg, 92%) as colorless needles of mp 85-90°C (MeOH), 
3 

CHC13 cm": 1678 (CO). 'H NMR (C6D6) 6 :  7.94 (lH, dd, J 7.5 and RF 0.70. I R  umax 

2 Hz, 6'-H), 7.23-6.73 (8H, m, aromat~c H's), 4.65, 4.44 (each lH, d, J 7 Hz, 

0CH20), 4.10, 3.96 (each lH, d, J 2 H'Z, a- and P-H's), 2.78 (3H. s ,  OMe). 
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MS Calcd for C17H1604: M, 284.105. Found m/z: Mt,  284.105. 

( 2n*, 3g* ) -F%=U 

30% CF COOH (0.2 ml) was added to a solutlon of Z (110 mg) In MeOH (0.3 ml), and 
3 

the mixture was stirred at room temperature for 30 min, then taken up in CHCl . 
3 

The organic phase was washed with 5% aq. NaHCO and H20, then dried over Na SO 
3 2 4' 

Work-up gave an oil, whlch was crystallized from MeOH to yield (76 mg, 82%) as 

colorless crystals of mp 172-175'C (lit.'; mp 174-177'C). Additional (9.5 mg, 

10%) was obtained from the mother liquor by prep. TLC (slllca gel, CHC13), Rf 

0.44. IR v::: cm-'. 3475 (OH), 1690 (CO). 'H NMR (CDC1 ) 6: 7.76 (1H. dd, J 
3 

8 and 1.5 Hz, 5-H), 7.73-6.96 (8H, m, aromatic His), 5.13 (lH, d, J 12.5 Hz, 2-H), 

4.56 (1H. dd, J 12.5 and 2 Hz, 3-H),6 3.64 (lH, d. J 2 Hz, 3-OH).7 MS Calcd for 

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

( 1 ~ ~ , 2 ~ * , ~ ~ * ) - g ~ ~ - 1 - 2 ' - m e t h o x ~ e t h o x y p h e n y l - 1 - p h e ~ a n o l  (erythro) (81 

and The 1R. -Isomer ( t h r d f i l  -- 
NaBH4 (20 mg) was added to a solution of 2 (140 mg) In MeOH (5 ml), and the 

mixture was stlrred at -30-40°C for 2 h. After addltlon of CH COOH (4 drops), 
3 

the reactlon mixture was concentrated inyacuo, and the residue was dissolved in 

CHCl 3. Work-up gave an oil, which was purified by prep. TLC (A1 0 CHC13/ 
2 3' 

hexane=4/1, v/v) to yleld @ (96 mg. 68%), Rf 0.30 and g (13.4 mg, 10%). Rf.O.30. 

- 1 
The erythro-Isomer (8): A colorless oil. IR vmax cm : 3528 (~=53) (OH; ( c =  

0.0011 mol/l, CC14). 'H NMR (C6D6) 6: 7.8H.82 (9H, m, aromatlc H's). 5.38 

(lH, t, J 3 Hz, 1-H).6 4.79 (2H, s ,  0CH20), 4.05 (lH, d. J 2.5 Hz, 3-H), 3.48 

(IH, dd, J 3 and 2.5 Hz, 2-HI, 3.06 (3H, s, OMe), 2.49 (IH, d, J 3 Hz, 1-OH).7 

MS Calcd for C17H1804: M, 286.121. Found m/z: M', 286.121. 

The threo-Isomer (s: A colorless 011. IR umax an-': 3652 (~=38), 3572 (c=3O), 

3548 ( ~ = 2 9 )  (OH) (c=0.0008j mol/l. CC14). 'H NMR (C6D6) 6: 7.746.62 (9H, m. 

aromatic H's), 5.14 (lH, t, J 4 Ha, 1-H),6 4.79 (2H, s, 0CH20), 4.02 (1H. d. J 

2.5 Hz, 3-H), 3.25 (lH, dd, J 4 and 2.5 Ha, 2-H), 3.06 (3H, s ,  OMe), 2.53 (lH, d, 

J 4 Hz, 1- OH).^ MS Calcd for C17H1804: M, 286.121. Found m/a: M', 286.121. 

(23',35'.4R. )-Flavan-3,4-diol (a 
(1) NaBH4 (25 mg) was added to a solutlon of 2 (37.0 mg) in MeOH (5 ml), and the 

mlxture was stirred at room temperature for 2 h. Work-up of the reaction 
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m i x t u r e  gave a n  o i l ,  which  w a s  crystallized f r o m  e t h e r / h e x a n e  t o  y i e l d  5 ( 2 4 . 0  mg, 

6 4 % )  as c o l o r l e s s  n e e d l e s  of  mp 1 3 ~ 1 4 2 ' C  ( l i t . 3 ;  mp 145'C). Additional 4 ( 7 . 4  

mg. 20%) was o b t a l n e d  f rom t h e  m o t h e r  l i q u o r  by p r e p .  TLC ( s i l i c a  g e l ,  a c e t o n e /  

1 
C H - l / j ,  v / v ) .  I R  v::: cm-I :  3370 (OH). H NMR (CDC1 ) 6: 7.59-6.83 (9H. m .  6  6-  3  

a r o m a t i c  H ' s ) ,  4 .80 ( I H ,  d d ,  J 8 . 5  a n d  5 . 5  Hz, 4-H).6 4.76 ( l H ,  d ,  J 10 Hz, 2 - H ) ,  

3 .80  ( l H ,  ddd.  J 10, 8 . 5  a n d  3  Hz, 3 - H ) s 6  3.03 ( l H ,  d ,  J 5.5 He, 2 .45 

( I H ,  d ,  J 3  Hz,   OH).^ MS C a l c d  f o r  Cl5Hl4O3:  M ,  242.094. Found m/z: M', 

242 .094 .  

( 2 )  10% H C ~ / M ~ O H  ( 2  m l )  w a s  a d d e d  t o  a s o l u t l o n  of  2 ( 3 5 . 0  mg) i n  MeOH ( 0 . 4  m l ) .  

a n d  t h e  m ~ x t u r e  w a s  r e f l u x e d  f o r  30 mln. Work-up of t h e  r e a c t i o n  m i x t u r e  gave 4 

( 2 1 . 0  mg, 7 1 % ) .  

( Z R ' , 3 & ' , 4 & * ) - w n - 3 , 4 - d i U  

T h l s  compound w a s  p r e p a r e d  f r o m  8 i n  71% y i e l d  by t h e  p r o c e d u r e  employed  f o r  t h e  

s y n t h e v x s  o f  4 from 2 u s i n g  CF COOH i n s t e a d  of 10% HCl/MeOH. C o l o r l e s s  n e e d l e s  
3  

o f  mp 159.5-163'C ( C H C I  ) ( l i t . 3 ;  mp 1 6 0 ° C ) .  
I R  urnax 3  

KBr c m - l :  3375 ,  3280 (OH). 

'H NMR ( C D C 1  ) 6: 7.25-6.88 (9H,  m ,  a r o m a t i c  H I S ) ,  5 .04  (1H. d ,  J 9  HZ, 2-H),  
3  

4 . 7 5  ( l H ,  d ,  J 3.5 H z ,  4 - H I ,  4.04 (LH, dd, 3 9  and 3 . 5  Ha,  3 -H) ,  2 . 3 5  (ZH, s, 3-  

a n d   OH'S).^ MS C a l c d  f o r  C15H1403: M, 242.094. Found m/z: M'. 242.094.  

-4 ' , 6 ' - P e n t a ~ ~ ~ m e t h o x ~ ~ l c o n e  (la 
T h i s  compound w a s  p r e p a r e d  f r o m  t h e  ace tophenone  a n d  t h e  b e n z a l d e h y d e  (11) 9  

i n  86% y x e l d  by  t h e  p r o c e d u r e  d e s c r i b e d  i n  lit. f i l m  5  A c o l o r l e s s  o i l .  IR vmax 
- 1 cm : 1 6 5 0  ( C O ) .  'H NMR ( C D C 1  ) 6: 7 .42  ( l H ,  s, 2-HI,  7 .37  ( l H ,  d ,  J .17 Hz. P- 

3  
H ) ,  7 .35 (2H. s ,  5 - a n d 6 - H ' s ) ,  6 . 9 1  (1H. d ,  J 1 7 H z ,  a - H ) ,  6 .63 (2H,  s. 3 ' -  a n d  

5 ' - H ' s ) ,  5 . 2 8 ,  5 .27 ,  5 . 1 3  ( 2 )  (IOH, e a c h  s. 0 C H 2 0 8 s ) .  3 . 5 2 .  3 .42 ( 4 )  ( l 5 H .  e a c h  s, 

OMe's ) .  M S C a l c d f o r C  25Hg2011: M .  508.194.  Found m/z: M', 508.194.  

( a z * , @ *  )-&--,6 '-pentakis(methoxymethoxy)chalcone ( 1 3 )  

T h l s  compound w a s  p r e p a r e d  f rom 12 i n  92% y l e l d  by t h e  same p r o c e d u r e  as employed  

film -1 f o r  t h e  synthesis o f  Z f r o m  6. A c o l o r l e s s  o i l .  I R  vmax cm : 1 7 0 0  (CO). 

'H NMR (C D ) 6 :  7.24-6.80 ( j H ,  m, 2 - ,  5- and  6 - H ' s ) ,  6 . 7 9  ( Z H ,  s .  3 ' -  a n d  5 ' -  6  6 

H ' s ) ,  4 .17.  3 .96 ( e a c h  l H ,  d ,  J 2  Ha, a- a n d  P - H ' s ) ,  4 . 9 6 ,  4 . 9 2 ,  4 . 8 9 ,  4 .87 ( 2 )  

( 1 0 H ,  e a c h  s ,  OCH2LIPs), 3 .22 ( l ) ,  3 .19 a n d  3.16 ( 4 )  (15H, e a c h  e ,  OMe's) .  MS 

C a l c d  f o r  C25H32012: M .  524.189.  Found m/z: M'. 524.189.  



(2R',3r)-Taxifolin (141 

This compound was prepared from 9 in 92% yield by the procedure employed for the 

synthesis of from Z using 10% HCl/MeOH instead of CF COOH. Colorless plates 
3 

of mp 232-234'C (H20) (lit.''; mp 234-236'C). IR v;:: em-': 3300 (OH), 1640 

(CO). 'H NMR (MeOD) 6: 7.10 (IH, s ,  2'-H), 6.94 (2H, s .  5'- and 6'-H's), 6.02, 

5.97 (each lH, d, J 2.5 Hz, 6- and 8-HIS), 4.99 (lH, d, J 12 Hz, 2-H), 4.54 (lH, 

d. J 12 Hz, 3-H). MS Calcd for C15H12 0 : M, 304.058. Found m/z: M+, 304.059. 

The Tetramet& Ether : Colorless needles of mp 167-169.5'C (EtOH) (1zt.l'; 

mp 16F17O0C). IR "i:: cm-': 3450. 3340 (OH), 1670 (CO). 'H h'MR (CDC1 ) 6: 
3 

7.08 (lH, dd, J 7 a n d 2 H z ,  6'-H), 7.05 (lH, d, J 2 H z ,  2'-H), 6.91 (IH, d, J 7 

Hz, 5'-H). 6.77 (ZH, s ,  6- and 8-H's), 4.94 (lH, d, J 12 Hz, 2-H), 4.41 (lH, d, J 

12 Ha, 3-H), 3.91, 3.89, 3.87, 3.78 (each 3H, s, OMe's), 3-OH slgnal was not 

observed. MS Calcd for C H 0 : M, 360.121. Found m/z: M'. 360.120. 
19 20 7 

( z g ' . 3 ~ ' , 4 ~ ' ) - ~ 4 ' - T e t r a m e t h a x y f l a v a n -  1.4-dl01 (16) and The 4s.-Isomer (172 

NaBH4 (10 mg) was added to a solution of (96.0 mg) ~n MeOH (5 ml), and the 

mixture w a s  stirred at -30°C for 20 h. Work-up of the reaction mixture gave an 

0x1, which was purified by prep. TLC (silica gel, acetone/C H -2/3, v/v) to yleld 6 6- 

16 (13.8 mg, 14%), Rf 0.55 and Q (64.8 mg, 67%), Rf 0.62. - 
The 2R'.3S',4R*-Isomer (161: Colorless crystals of mp 166.5-168'C (EtOH). IR - 
KBr -1 

Vmax Cm : 3510, 3460 (OH). 'HNMR (CDC1 ) 6: 7.08 (lH, dd, J 9 and 2 Hz, 6"-H), 
3 

7.02 (1H, d, J 2 H z ,  2'-H), 6.89 (lH, d, J 9 H z ,  5'-H), 6.16, 6.07 (eachlH, d, J 

2.5 Hz. 6- and 8-Has). 4.99 (1H. dd, J 7 and 1 Hz, 4 - ~ ) , ~  4.68 (lH, d, J 10 Hz, 

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

s ,  OMe'sl. 2.33 (lH, d. J 2.5 Hz, 3-OH),7 4-OH slgnal was not observed. MS Calcd 

for c ~ ~ H ~ ~ o ~ :  M. 362.137. ~ o u n d  m/z: M+, 362.135. 

KBr 
The ZR*,3~',45~-1somer ( 1 2 :  Colorless crystals of mp 20Y212'C (EtOH). IR umax - 
-1 

cm : 3590, 3420, 3270 (OH). 'H NMR (CDC1 ) 6: 7.06 (lH, dd. J 9 and 2 Hz. 6'- 
3 

HI, 6.99 (lH, d, J 2 Hz, 2'-H), 6.89 (lH, d,'J 9 Hz. 5'-H). 6.09 (2H, s ,  6- and 

8-H's), 4.99 (lH, d, J 3.5 Hz, 4-H), 4.88 (lH, d, J 10 Hz, 2-H), 3.82 (1H. m, 3- 

H), 3.88, 3.85, 3.84, 3.74 (each 3H, s, OMe's), 2.67 (2H. s ,  3- and  OH'S).^ 
MS Calcd for Cl9HZ2O7: M, 362.137. Found m/z: Mt, 362.138. 
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