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ABSTRACT-Whereas t h e  enant iomeric  2 , 3 - ~ - 3 , 4 - t r a n s - 4 - a r y l f l a v a n - 3 - o l s  

(10) and (2) a s  b i f l avano id  models a r e  s u b j e c t  t o  s t e r e o s p e c i f i c  C-ring 

isomeriza t ion under base c a t a l y s i s ,  t hose  wi th  3 ,4-c is  conf igura t ion  (11) 

and (13) a r e  transformed s t e r e o s e l e c t i v e l y  in t e rmed ia te  quinonemethides 

(20) and (27) t o  form a range of analogous 4-arylflavan-3-01s w i t h  

rearranged pyran he te rocyc les .  The inve r s ion  o f  t h e  a b s o l u t e  conf igura t ion  

a t  3-C i n  those  isomers possess ing in terchanged r e s o r c i n o l  A- and 

pyrocatechol 8 - r ings  leg. (28). (30) vs. (g), (25) 1 r equ i red  by t h e  

mechanism f o r  t h e i r  formation,  a r e  unequivocally confirmed by comparison 

of the cd d a t a  of t h e  d i f f e r e n t  enantiomeric- and quasi-enantiomeric p a i r s .  

The n a t u r a l  occurrence  o f  phlobatannins ,  a novel class o f  o l igo f l avano ids  possess ing 

rearranged pyran he te rocyc les ,  has  r e c e n t l y  been demonstrated1). These functiona- 

l i z e d  tetrahydropyranochromenes a r e  smoothly genera ted  by mild base t rea tment  o f  

their apparant  b i f l a v a n o i d  precursors2 '  . Whereas p r o f i s e t i n i d i n s  w i t h  3,4-trans- 

flavan-3-01 c o n s t i t u e n t  u n i t s  a r e  s u b j e c t  t o  s t e r e o s p e c i f i c  C-ring i somer iza t ion  3,4) 

(eg .  j I , t hose  wi th  3,4-c& 'upper '  moie t i e s  a r e  transformed 

s t e r e o s e l e c t i v e l y  t o  analogues with t r ans - t r ans -  and c i s - t r ans -conf igura t ion  of 

t h e i r   ring^'^) Ieg. (2) -+ [ ( A )  1 -4 (61 - ( ? ) I .  Formation of (81 and (2) i n  

which t h e  r e s o r c i n o l  A- and pyrocatechol 6-r ings  a r e  in terchanged r e l a t i v e  t o  

*Par t  5 .  J.F.W. Burger, J .P .  Steynberg,  D.A. Young, E.V. Hrandt, and D. F e r r e i r a ,  

J .  Chem. Soc. Perkin  Trans.  1, 1988, paper 8/02280A. 

'protected a t  4-OH (E) t o  prevent  s i d e  r e a c t i o n s  a s s o c i a t e d  with an E-ring quinone- 

methide 



t h e i r  pos i t ions  i n  homologues (5) and (7) +. 1.3-flavanyl migration i n  an inter-  

mediate quinonemethide ( A ) ,  requires inversion o f  the absolute configuration a t  

9-C [3-C in  biflavanoid (2) 1 5 ) .  Since the s ign of the  Cotton e f f e c t  in  the 
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220-240 nm region of the cd spectra of these tetrahydropyrano[2,3-hlchromenes 

is influenced by the conformationally mobile F-ring, the chiroptical method6) of 

differentiating the quasi-enantiomeric pairs (61, (11, and ( 8 ) .  (9) proved to be 

~nreliable~'~'. The readily available 4-arylflavan-3-01s (101 - ( 3 )  71 were 
therefore selected as appropriate models to unambiguously establish that ring 

interchange is associated with inversion of the absolute configuration at the 

chiral centres of ring C. 

Separate treatment of the 2.3-trans-3.4-trans-enantiomers (101 and (21 with 0.025 

M NaHC03-0.025 M Na2C03 buffer (pH101 under nitrogen for 8h at 50'~ gave the 

anticipated stereospecific conversion3) to the rearranged 2.3-trans-3,4-cis-4- 

arylflavan-3-01s (151 and (181 intermediate quinonemethides (2) and (21 
1 (scheme 1) *. Comparison of H nmr (J2,3 10.5, J 6.0 Hz1 and cd data 

3.4 
of the hexamethyl ether acetate (16) with those of the derivative obtained by 

acid catalyzed coupling of I+)-leucocyanidin and resorcino17' proved their 

identity. Involvement of one of the phloroglucinol hydroxy groups in the 

pyran heterocycle of (61 and simultaneous 'liberation' of a resorcinol hydroxy 

group in (10) are demonstrated by nOe experiments which indicate association 

of 2-CMe (A1 with 3-H (A) , 4- (A1 with both 3- and 5-H (A) , 5- ID) w i t h  6-H (Dl , and of 7- (Dl 

with both 6- and &H(D)+. The he-thyl etber acetate (19) of the novel enantiomer (181 

*TO facilitate direct comparison with biflavanoid (11 pyran recyclization 

2-OH (Dl [equivalent of 7-OH (Dl in (i) I is indicated. Designation of rings A-D 

in (151 is retained for similar reasons. 

 his method to define the nature of the phloroglucinol and resorcinol units 

was used throughout this paper. 



1 
e x h i b i t s  i d e n t i c a l  H nmr d a t a  but  opposi te  c i r c u l a r  d i c h r o i c  Cotton e f f e c t s  

compared t o  those of (16). 

, - 2-OH (Dl* 2-C/ 

S t e r e o s p e c i f i c  ) 

Base (G) I 

Scheme 1. Base cata lyzed conversion of  t h e  2.3-trans-3.4-trans-4-arylflavan- 

3-01s (g) and ( 1 2 1 .  

S imi la r  t rea tment  of t h e  2,3-trans-3,4-~-4-aryl£lavan-3-01 enantiomers (11) and 

(13) gave mixtures comprising of t h e  2,3-=-3,4-&- [ (2) , (321 1 ,  2.3-cis-3,4- 

t r ans -  [ (z) , (2) 1 ,  2 . 3 - t r a n s - 3 , 4 - ~ - 4 - a r y l f l a v a n - 3 - o l s  [ ( 1  , (36) 1 ,  a s  wel l  - 
a s  t h e  c i s - t r ans - [  (3). ( z ) ] ,  and all--- I (El, (40) 1 analogues wi th  i n t e r -  

changed resorc ino l  A- and pyrocatechol B-rings r e l a t i v e  t o  t h e i r  p o s i t i o n s  i n  

homologues (3). (XI, and (2). (36) (scheme 2)  . Owing t o  t h e  complexity of 

the  phenol ic  mixtures,  the  C-ring isomerized compounds were i d e n t i f i e d  as t h e i r  

hexamethyl e t h e r  a c e t a t e s .  

'H N m r  coupling cons tan t s  of C-ring protons ( J Z f 3  ca  1.0, J 5.0 Hz - t a b l e  1) 
3,4 

of (22) a r e  cons i s t en t  with 2.3-cis-3,4-cis r e l a t i v e  of t h i s  
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1  

I", Base 
Z-OEID)+ 2-C/stereo- 
SeleCtiMly OR 1 2  

(23) 1 E 1 , R  =R =H 
1 2  j i 1 , R = M e , R = A c  

1 2  T1 
Phloroglucinol migration 

I 

. - 

Scheme 2 .  Base catalyzed conversions of the 2.3-trans-3,4-cis-4-arylflavan-3-01s 
(11) and (13) 



heterocycle .  Linkage of t h e  pyrocatechol u n i t  t o  2-C and of t h e  phloroglucinol  

moiety t o  4-C was confirmed by s p i n  decoupling experiments us ing t h e  2- and 4-H 

resonances (65.20, 5.51 r e s p . )  a s  r e fe rence  s i g n a l s .  I d e n t i c a l  'H nmr da ta  

bu t  opposi te  Cotton e f f e c t s  were observed f o r  enantiomer (2). The s ign  o f  

t h e  Cotton e f f e c t  a t  236 nm ( t a b l e  2 )  when taken i n  conjunct ion wi th  coupl ing 

cons tan t s  of h e t e r o c y c l i c  protons  f a c i l i t a t e s  d e f i n i t i o n  of abso lu te  configura- 

t i o n 6 ) ,  i . e .  25,35,4g f o r  (22) and 2gr3g,4z  f o r  (2). These analogues Comple- 

ment t h e  r a r e  s e r i e s  of s y n t h e t i c  2,3-cis-3,4-cis-4-arylflavan-3-ols6). 

The r e l a t i v e  conf igura t ion  of t h e  2,3-&-3,4-= d e r i v a t i v e s  (2) and (2) is 
1 confirmed by H nmr coupl ing cons tan t s  (J2,3 1.0, J3,4 2.0 Hz) and by 

t h e  noe a s s o c i a t i o n  (6.1%) o f  2-H(C) (64.94) with 6-HIA) (66.62)'), t h e  l a t t e r  

e f f e c t  i n d i c a t i n g  a p r e f e r r e d  s o f a  conformation i n  which t h e  ' l i b e r a t e d '  r e s o r c i -  

no1 moiety occupies a near-axia l  o r i e n t a t i o n .  A s i g n i f i c a n t  nOe a s s o c i a t i o n  

(1 .1)  between 5-OMe (D) (63.59) and 4-H (C)  (64.48) unequivocally confirms t h e  

chemical s h i f t  o f  t h e  l a t t e r  proton t h u s  e n a b l i n g  l o c a t i o n  of t h e  r e so rc ino l -  

and pyrocatechol  moie t i e s  a t  r e s p e c t i v e l y  4- and 2-C y& t h e  appropr i a t e  decoup- 

l i n g  experiments.  Cd d a t a  ( t a b l e  2 )  r e f l e c t  t h e  enant iomeric  r e l a t i o n s h i p  

and hence abso lu te  conf igura t ions  of ZS,35,4_R f o r  (24) and 25,35,45 f o r  (35) by 

6) a p p l i c a t i o n  of t h e  aromat ic  quadrant r u l e  . Notable i n  t h e  Cd s p e c t r a  o f  

both (24) and (2) i s  t h e  low amplitude of t h e  Cotton e f f e c t  a t  230 nm, c o n t r i -  

buted by t h e  a r y l  chromophores a t  4-C, which i n d i c a t e s  t h e  c l o s e  proximity of t h e  

4-C a r y l  s u b s t i t u e n t  t o  t h e  p lane  perpendicular  t o  t h e  D-ring through benzy l i c  

1 4-C i n  conformations compatible wi th  H nmr coupl ing cons tan t s .  

The hexamethyl e t h e r  a c e t a t e s  (26) and (11) of t h e  all-trans-4-arylflavan-3-01s 

(2) and (2) e x h i b i t  coupl ing cons tan t s  of  h e t e r o c y c l i c  protons  (J 5.5, 
2.3 

J3,4 4.5 Hz) c h a r a c t e r i s t i c  of 5-oxygenated analogues wi th  a 4-C reso rc ino l - type  

s u b s t i t u e n t  5 r 6 - 1 0 ) .  These conspicuously smal l  J-values r e f l e c t  s i g n i f i c a n t  

c o n t r i b u t i o n s  of A-conformers") thus  reducing t h e  d i h e d r a l  ang les  of  h e t e r o c y c l i c  

protons.  Such a phenomenon most l i k e l y  o r i g i n a t e s  from r e p u l s i v e  i n t e r a c t i o n s  

of 5-OMe(D) and 3-OAc(C) wi th  t h e  n-system of t h e  r e s o r c i n o l  unit a t  4-C i n  t h e  

corresponding E-conformers and may p l a u s i b l y  a l s o  exp la in  t h e  r e v e r s a l  of t h e  

s ign  of t h e  Cotton e f f e c t  a t  239 nm i . e .  p o s i t i v e  and nega t ive  f o r  (26) and (37) 

r e s p e c t i v e l y  z. t h e  a n t i c i p a t e d  negat ive  and p o s i t i v e  e f f e c t s  p r e d i c t e d  by t h e  



HETEROCYCLES, Vol 28, No 2, 1989 

w. '8 Nmr peaks (ppml of 4-arylflavan-3-01 hexamethyl ether acetates ( )  , (4). 

(2). and 131) at 300 MHz ( ~ 3 ~ ~ 1 .  Splitting patterns and J-values are g l w n  in 

parentheses 

each s 

3.59(5-D1,3.7814- 
Al,3.82(7-Dl,3.83, 
3.84,3.88(2-A), 
each s 

6.64(66,2.0,8.51 6.33(dd,2.Op8.5I 

5.291br.s) 5.361d.5.5) 
5.281dd,1.0,2.01 5.921dd.4.5.5.51 
4.27(d,2.01 4.111d,4.51 

6.11(d,2.51 6.08ld.2.51 
6.26Ld.2.51 6.30(d,2.51 

3.4812-A) ,3.62(5-Dl, 3.4715-01 ,3.63(2-A), 
3.7614-Al,3.8217-Dl , 3.6714-A1 .3.70 (3-Bl , 
3.8413-8),3.85(4-81, 3.7414-61 .3.82(7-Dl, 
each e each s 

1.871s) 1.95 (51 

Table 2. Circular dichroism of 4-arylflavan-3-01s in methanol 

Relative Configuration ~ o m p u n d  I A / *  [el x loV 



aromatic quadrant r u l e 6 ' 1 2 ) .  In  phenol ( 5 1 ,  t h e  s t r u c t u r e  of which was con- 

firmed by a c i d  ca ta lyzed  coupling of (+)-leucocyanidin and resorc ino17 ' ,  he tero-  

c y c l i c  coupl ing cons tan t s  (J 9.5, J 8.0 Hz) and a nega t ive  Cotton e f f e c t  
2 ,3  3.4 

a t  235 nm a r e  c o n s i s t e n t  wi th  a predominant E-conformation of r i n g  C. MM2 

ca lcula t ions13)* i n d i c a t e  a p r e f e r r e d  conformation about t h e  4-C - r e s o r c i n o l  

bond i n  which 4-H and 2-OH(A) a r e  nea r ly  e c l i p s e d  (17O dev ia t ion )  t o  f a c i l i t a t e  

hydrogen bonding of 3-OH(C) wi th  t h e  n-system of t h e  r e s o r c i n o l  moiety u l t ima te ly  

s t a b i l i z i n g  t h e  E-conformer. C o l l e c t i v e l y  t h e s e  d a t a  de f ine  t h e  abso lu te  

conf igura t ions  a s  2_R,3S,4g f o r  (26) and 25,3E,45 f o r  (11). 

1 Comparison of H nmr d a t a  ( t a b l e  1) of t h e  2,3-*-3,4-- d e r i v a t i v e s  (29) 

and (2) (J ca 1.0,  J 2.0 Hz) wi th  those  of analogues (24) and (35) r e v e a l s  
2 ,3  3,4 

t h e  c h a r a c t e r i s t i c  desh ie ld ing  of 6-H(A) (As-0.841 i n  t h e  former p a i r  a s soc ia t ed  

wi th  t h e  ' in terchange ' of r e s o r c i n o l  A- and pyrocatechol  B-rings4 '51.  The 

chemical s h i f t s  of 2- and 4-H(C) (65.29, 4.27 resp.1 a r e  unambiguously ass igned 

by t h e  nOe a s s o c i a t i o n  (0 .9%) between t h e  l a t t e r  proton and 5-OMe(D) 163.621. 

Location o f  t h e  r e s o r c i n o l  and pyrocatechol moie t i e s  a t  2- and 4-C r e s p e c t i v e l y  

is cdnfirmed by decoupling experiments demonstrating henzy l i c  coupl ing o f  Z- 

and 4-H(C) t o  t h e  ?-proton (sl of t h e  ad jacen t  a r y l  r i n g s .  The noe associa-  

t i o n  of 2-H(C1 and 2- and 6-H(B1 confirms t h e  2.3-*-3,4-- r e l a t i v e  conf i -  

1 gura t ion  o f  both  (2) and 1 2 ) .  A s i m i l a r  combination of H nmr homonuclear 

decoupl ing and nOe techniques  a l s o  f a c i l i t a t e s  s t r u c t u r a l  e l u c i d a t i o n  of t h e  

2,3-+r~-3,4-~-4-arylflavan-3-ols ( 2 1  and (411 (J 5.5, J3,4 4.5 H z ) .  
2 , 3  

Assignment of abso lu te  conf igura t ion  of analogues 1 2 ) .  (31). ( 2 1 ,  and ( 4 1 1  is  

discussed h e l m .  

The B-ring quinonemethide ( E l  s e r v e s  a s  common p recur so r  t o  t h e  pyran-rearranged 

4-arylflavan-3-01s de r ived  from t h e  (2_R,35.4_R)-2,3-trans-3,4-~& analogue (11) 

(scheme 2 ) .  Whereas r e c y c l i z a t i o n  invo lv ing  2-OH(A) and t h e  %-face a t  2-C i n  

( X I l e a d s  t o  t h e  2.3-&-3,4-* homologue (G), pyran formation s t e reo -  

selective attack of 2-cm(D) at  242 affords the 2.3-*- and --3,4-=4-~lfla-- 

3-01s (231 and 1 2 ) .  Quinonemethide (20) is,  however, s u b j e c t  t o  base ca ta lyzed  

rearrangement t o  (27) y& 1.3-migration of t h e  phloroglucinol  moiety t o  t h e  3- 

*Deta i l s  w i l l  be publ ished elsewhere.  
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f ace  a t  2-c. S t e r e o s e l e c t i v e  pyran r e c y c l i z a t i o n  o f  quinonemethide (z) in-  

volving 2-OH(D) and both t h e  %- and Re-faces a t  4-C t h e n a f f o r d s  t h e  c i s - t r ans -  

and all---isomers (28) and (2) having in terchanged r e s o r c i n o l  A- and pyro- 

ca techo l  B-rings compared t o  t h e  p o s i t i o n s  o f  t h e s e  u n i t s  i n  analogues (2) and 

(GI. Simi la r  reasoning e x p l a i n s  t h e  genes i s  o f  isomers (2). (2). (z), (3). 

and (40) from t h e  corresponding (2~,3_R,4~)-4-arylflavan-3-01 (11) (scheme 2) . 
The genera t ion  of t h e  r ing-interchanged analogues ( 3 1 ,  (30). (3). and (QO) 

mechan i s t i ca l ly  r e q u i r e s  inve r s ion  of t h e  abso lu te  conf igura t ion  a t  3-C r e l a t i v e  

t o  both those  i n  t h e i r  p recur so r s  (11) and (2) and o f  t h e  'normal '  isomers,  eg .  

(2) and (2). Such a phenomenon is unambiguously confirmed by comparison o f  

t h e  cd d a t a  ( t a b l e  2)  of t h e  d i f f e r e n t  enantiomeric- and quasi-enantiomeric 

p a i r s  i n  scheme 2. The c i s - t r a n s  isomers (291 and (2) e x h i b i t  p o s i t i v e  and 

negat ive  co t ton  e f f e c t s  a t  234 nm hence i n d i c a t i n g  48- and 40-aryl s u b s t i t u e n t s 6 )  

f o r  (3) and (2) r e s p e c t i v e l y .  When t h e s e  d a t a  a r e  i n t e r p r e t e d  i n  conjunct ion 

wi th  'H nmr coupl ing cons tan t s  o f  h e t e r o c y c l i c  protons  t h e  a b s o l u t e  configu- 

r a t i o n  of r ing- in terchanged analogues (2) and (2) may be de f ined  a s  Z_R,33,45 

f o r  (29) and 22,35,4_R f o r  (2). These a l l o c a t i o n s  a r e  confirmed by comparison 

of t h e  cd d a t a  of (2) and (2) wi th  those  of (35) and (24) r e s p e c t i v e l y  which 

unequivocally prove t h e  quasi-enantiomeric r e l a t i o n s h i p  of t h e s e  groups of com- 

pounds. I n  t h e  a l l - m  p a i r  (31) and (41) wi th  in terchanged A- and B-rings 

t h e  s i g n s  of Cotton e f f e c t s  a t  G. 240 nm a r e ,  l i k e  those  of (26) and (111 ,  

oppos i t e  [negat ive  f o r  (2). p o s i t i v e  f o r  (41) I t o  those  p r e d i c t e a  by t h e  aromat ic  

quadrant r u l e 6 ) .  Such a r e v e r s a l  is e x p l i c a b l e  i n  terms o f  predominance Of A- 

conformers a s  was i n d i c a t e d  above f o r  (%) and (37). cd d a t a  do. however. 

c l e a r l y  show t h e  quasi-enantiomeric r e l a t i o n s h i p  of (3) and (31, and of  (2) 

and (2) hence f a c i l i t a t i n g  e s t ab l i shment  o f  22,3_R,45 abso lu te  conf igura t ion  f o r  

(2) and Zg, 35, 4 5  f o r  (1) . 

C o l l e c t i v e l y  t h e  base ca ta lyzed  convers ions  of t h e  2 . 3 - ~ - 3 , 4 - ~ - 4 - a r y l f l a v a n -  

3-01s (11) and (13) a s  models f o r  t h e  f i s e t i n i d o l -  (+I-ca techin  b i f l a ~ a n o i d s ~ ' ~ ) ,  

provide  s u f f i c i e n t  evidence f o r  t h e  inve r s ion  o f  abso lu te  conf igura t ion  a t  3-C 

a s s o c i a t e d  w i t h  t h e  r i n g  in t e rchange .  I t  fur thermore  f u r n i s h e s  t h e  f i r s t  

exp lana t ion  of t h e  unusual c h i r o p t i c a l  p r o p e r t i e s  o f  some of t h e  members o f  t h e  

all-- analogues.  S i g n i f i c a n t  c o n t r i b u t i o n s  o f  A-conformers, manifes ted  i n  



r e v e r s a l  of t h e  s i g n  of t h e  Cotton e f f e c t  i n  t h e  220-240 nm region of cd s p e c t r a ,  

a r e  pe rmi t t ed  only f o r  those  4-C a r y l  s u b s t i t u e n t s  having at  l e a s t  one g-posi t ion  

unsubs t i tu t ed .  Such a con jec tu re  exp la ins  t h e  'normal' Cotton e f f e c t s  of 

analogues with 4-C phloroglucinol- type  s u b s t i t u e n t s  6 r 7 )  and t h e  conspicuous 

dev ia t ions  a s s o c i a t e d  wi th  r e so rc ino l -  and pyrocatechol-type groups. 

EXPERIMENTAL 

N m r  s p e c t r a  were recorded on a Bruker AM-300 spect rometer  i n  CDC13 o r  C6D6 

with Me4Si a s  i n t e r n a l  s tandard .  Mass s p e c t r a l  d a t a  were obta ined wi th  a Kratos 

MS80 instrument and cd d a t a  i n  methanol on a Ja sco  J-20 spec t ropo la r ime te r .  

P repa ra t ive  p l a t e s  p l c ,  20x20 cm, Kiese lge l  PF254 (1.0 mm) were a i r - d r i e d  

and used without p r i o r  a c t i v a t i o n .  Column chromatography was on Sephadex LH-20 

i n  e thano l .  Methylations were performed wi th  an excess  of diaromethane i n  

methanol-diethyl e t h e r  a t  - 1 5 ' ~  f o r  48 h whi le  a c e t y l a t i o n s  were i n  a c e t i c  

anhydride-pyridine f o r  8 h a t  ambient temperatures.  Evaporations were done under 

reduced p ressu re  a t  60°c i n  a r o t a r y  evaporator .  

 he 4-(2.4.6-trihydroxyphenyl)-(s)-(s), and 4-(2.4-dihydroxypheny1)flavan-3-01s 

(5) and (25) were prepared according t o  s t andard  l i t e r a t u r e  procedures71.  

Base s t a l y z e d  conversion of 4-arylflavan-3-01s. - Owing t o  t h e  enant iomeric  

r e l a t i o n s h i p  of ( 2 1  and (11) t o  ( 1 2 1  and (13). exper imenta l  d e t a i l  is  given f o r  

(2) and ( e l  only .  

(2_R,3~,4~)-4a-(2,4,6-Trihydroxyphenyl)flavan-3,3',4',7-~1 (101.- The 4- 

arylflavan-3-01 ( g I ( 6 0 0  mg) was d i s so lved  i n  200 m l  of a 0.025 M Na2C03 - 0.025 M 

NaHC03 b u f f e r  (pH10) and t h e  mixture was s t i r r e d  under n i t rogen  a t  5 0 O ~  f o r  8 h .  

Af te r  c h i l l i n g  (oOC) and a c i d i f i c a t i o n  (0.1 M KC11 t h e  mixture was e x t r a c t e d  wi th  

e t h y l  a c e t a t e  (6x200 m l )  and t h e  so lven t  was removed t o  g ive  a light-brown powder 

(550 mgl. This  was sub jec ted  t o  column chromatography (3x45 cm column, flow r a t e  

1.2 ml/min, 16 m l  e l u a n t / t u b e ,  f i r s t  75 m l  o f  e l u a n t  d i sca rded)  us ing Sephadex 

LH-20/ethanol t o  g ive  t h e  fo l lowing f r a c t i o n s :  l [ t u b e s  11-15 (23 mg)] ,  2[36-49 

(120 mgl I ,  and 3164-83 (98 mgl I .  

F rac t ion  1 cons i s t ed  of c a t e c h i n i c  acid-type products  (cf. r e f .  141 and w i l l  be 

r epor t ed  elsewhere.  Fract ion 3 a f fo rded  unreacted  s t a r t i n g  m a t e r i a l .  
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Methylation of fraction 2 (120 mg) followed by p.1.c. Lhexane-benzene-acetone- 

methanol (40:40:15:5 v/v)l afforded a methyl ether band at F$ 0.51 (26 mgl. 

Acetylation gave the 2,3-trans-3,4-*-4-arylflavan-3-Q-acetate (161 (29 mgl 

with physical data identical to those in the literature7'. 

Identical treatment of the (2S,3B,4E)-enantiomer (21 afforded the hexamethyl 

ether acetate (191 of the (2~,3g,4_R1-4o-(2,4-dihydroxyphenyl1flavan-3,3',4', 
+ 

5,7-pentaol (18) as a white powder (31 mgl (Found: M , 524.2052. C2gH3209 re- 

quires M, 524.20461. 'H Nmr data are identical and Cotton effects opposite 

to those of its enantiomer7'. 

(23 35,4_R)-48- (2,4,6-Trihydroxyphenyll flavan-3.3' ,4' ,7-tetra01 (11). - The 
4-arylflavan-3-01 (zl(430 mgl was treated with 150 ml of the buffer solution 

at 5 0 O ~  for 4 h. Work-up as above afforded a light-brown powder (350 mgl which 

was subjected to column chromatography (3x90 cm column, flow rate - lml/min, 
first 600 ml of eluant discarded) using Sephadex LH-2O/ethanol to give the 

following fractions: 1 [tubes 25-48 (31 mgl I ,  2 [58-62 (46 mgl I, 3 L63-71 (86 mgl I ,  

4[72-74 (10 mgll, and 5[78-98 (150 mgll. 

Fraction 1 consisted of catechinic acid-type products141 and will be reported 

elsewhere. Fraction 2 afforded the starting 4-arylflavan-3-01. 

Methylation of fraction 2(86 mgl and subsequent p.1.c. separation Lbenzene- 

acetone (9:l v/vll gave a single band (37 mg) at RF 0.45. This was acetylated 

and the mixture resolved by p.1.c. [benzene-acetone (19:l v/v)l to give two bands 

at % 0.45 (12 mg) and 0.33 (16.2 mg) . The latter band consisted of the hexa- 

methyl ether acetate of the starting material (11). The RF 0.45 band afforded 

~2g,3_R,4~)-3-acetoxy-2',4',5,7-tetramethoxy-48-(3,4-dimethoxyphenyllflavane ( 2 )  
+ 

as white amorphous solid (Found: M , 524.2057. C2gH3209 requires M, 524.20461; 

'H Nmr data (table 11; cd data (table 21. 

Fraction 4 gave a pure sample of the 4-aryl-flavan-3-01 (31 with interchanged 

resorcinol and pyrocatechol rings. 

A portion (110 mg) of fraction 5 was methylated and the mixture was resolved by 

p.1.c. [benzene-acetone (9:l v/vll to give two bands at 5 0.49 (40 mgl and 0.40 
(25 mgl. Acetylation of the RF 0.49 band and purification by p.1.c. Ibenzene- 



acetone (19:l v/v)l afforded a single fraction % 0.36 (30 mgl consisting of 

(2~,3~,4~)-3-acetoxy-3",4',7-trimethoxy-48-(2,4,6-trimethoxyphenyl)flavan (221 as 

+ a white solid (Found: M , 524.2018. C29H3209 requires M, 524.2046); 'H Nmr 

data (table 1); cd data (table 2). The RF 0.40 band was resolved by p.1.c. 

lchloroform-hexane-acetone (85:16:4 v/v, x2) 1 into two bands at % 0.50 (4 mgl 

and 0.42 (16 mg) . Acetylation of the RF 0.50 band gave (ZR,3S.4R)-3-acetoxy- 

3',4',5,7-tetramethoxy-4a-(2,4-dimethoxyphenyl)flavane (26) with physical data 

identical to those of an authentic sample7). Acetylation of the % 0.42 band 
and subsequent p.1.c. separation [benzene-acetone (19:l v/v)l afforded two 

fractions at % 0.50 (11 mg) and 0.43 (1.5 mg). The % 0.50 band consisted of 
(2s,3s,4g)-3-acetoxy-3' ,4' ,5,7-tetramethoxy-4u- (2.4-dimethox$phenyl) flavane (2) 

+ as a white solid (Found: M -HOAc, 464.1842. C27H2807 requires M-HOAc, 464.1835); 

'H Nmr data (table 1); cd data (table 21. The RF 0.43 fraction afforded 

the (2~,3_~,4~)-3-acetoxy-2',4',5,7-tetramethoxy-48-(3,4-dimethoxyphenyl)flavan 

(311 as a white solid (Found: M', 524.2039. C2gH3209 requires M, 524.2046); 

'H N.m.r. data (table 1) ; c.d. data (table 2). 

Identical treatment of the (2~,3_R,4~1-4-arylflavan-3-ol (13) affords the hexa- 

methyl ether acetates (2) , (351, (z), (391, and (41) enantiomerically related 

to those derived from (11). Their c.d. data are presented in table 2. 
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