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SYNTHESIS OF A CONDENSED TANNIN MODEL COMPOUND, 
4-( 2.4.6-TRIHYDROXY PHENY L)FLAVAN-3,3 I ,  4 ' ,5,7-PENTAOL 

Haruo Kawamoto, Fumiaki  Nakatsubo, and K o j i  Murakami 
Department o f  Wood Science and Technology, 

F a c u l t y  o f  A g r i c u l t u r e ,  Kyoto U n i v e r s i t y ,  
Sakyo-ku, Kyoto 606 Japan. 

ABSTRACT 

A f r e e  pheno l i c  condensed t a n n i n  model compound, 4-(2.4.6- 
t r i  h y d r o x y p h e n y l  ) f  lavan-3,3',4' ,5,7-pentaol, was syn thes ized i n  
h igh  y i e l d  f rom ph lo roacetophenone d i  b e n z y l  e t h e r  and p r o t o c a -  
techualdehyde d ibenzy l  ether. Condensation o f  t h e  2.3-trans-3.4- 
c i s - f l a v a n - 3 , 4 - d i o l  w i t h  p h l o r o g l u c i n o l  i n  t h e  p r e s e n c e  o f  a 
Lewis acid,  TiC14, proceeded w i t h  h i g h  s t e r e o s e l e c t i v i t y ,  t o  g i v e  
o n l y  t h e  2 .3 - t rans -3 .4 - t rans  i s o m e r  i n  o v e r  90% y i e l d .  The 
r e a c t i v i t y  o f  t h i s  model compound m igh t  be compared w i t h  those o f  
o t h e r  model compounds t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e  h y d r o x y l  
g r o u p s  i n  t h e  A, B, and D r i n g s  on t h e  r e a c t i v i t y  o f  t h e  C r i n g .  
Furthermore, t h i s  s y n t h e t i c  r o u t e  m igh t  be a p p l i e d  t o  t h e  synthe- 
s i  s o f  a r t i f i c i a l  t a n n i n  d e r i v a t i v e s .  

I NT RODUCT I ON 

I n  t h e  p rev ious  paper,' we repo r ted  t h e  s y n t h e t i c  r o u t e  f o r  
a s i m p l e  condensed t a n n i n  model compound, 5.7-dimethoxy-4-phenyl- 
flavan-3-01(1). s t a r t i n g  f rom d i  methoxyph lorog luc ino l  and benza- 
l ace tophenone .  T h i s  model has no f r e e  h y d r o x y l  g r o u p s  i n  t h e  B 
and D r ings .  I n  o rde r  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  f r e e  hyd roxy l  

g r o u p s  o n  t h e  r e a c t i v i t y  o f  t h e  C r i n g ,  i t  was n e c e s s a r y  t o  

syn thes i ze  a new model compound w i t h  f r e e  hyd roxy l  groups i n  t h e  
A, B and D r i n g s .  F o r  t h i s  reason ,  4-(2,4,6-trihydroxyphenyl)- 
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36 KAWAMOTO, NAKATSUBO AND MURAKAMI 

flavan-3,3',4',5,7-pentaol(3) was s e l e c t e d  a s  a n e w  model 
compound. 

Several s y n t h e t i c  rou te s  f o r  the 4-phenylf 1 avan-3-01 struc- 
ture have a l r e a d y  been r e p o r t e d  i n c l u d i n g  t h e  c o n d e n s a t i o n  o f  
3' ,  4 ' .  5,7,  - t e t r a m e t h o x y f  1 avan-3.4-d i 01 2 1  o r  3',4', 5,7-tetrahyd- 
roxyflavan-3,4-dio14 w i t h  a l a r g e  excess  of phloroglucinol i n  the 
presence of a p r o t i c  acid. However, w i t h  the former route,  i t  i s  
d i f f i c u l t  t o  remove t h e  methyl groups: t he  l a t t e r  route  s u f f e r s  
from low y ie ld  (32.1%) and low s t e r e o s e l e c t i v i t y  (3.4-trans iso- 
mer : 3.4-cis  i s o m e r  = 5 : l )  f o r  t he  s y n t h e s i s  o f  t h e  d e s i r e d  
model compound w i t h  f r e e  hydroxyl groups in  the A, B and D r ings.  
Moreover, because (+)-taxif01 i n ,  a na tu ra l  product, was used f o r  
t he  s t a r t i n g  ma te r i a l ,  both of the above rou te s  a r e  thought t o  be 
unsui table  f o r  the syn thes i s  of model compounds with a v a r i e t y  o f  

s u b s t i t u e n t s .  
I n  this paper we r e p o r t  the syn thes i s  o f  model compound 3, 

s t a r t i n g  from commercially a v a i l a b l e  phloroglucinol and protoca- 
t echua ldehyde .  In t he  key i n t e r m e d i a t e ,  f l a v a n - 3 , 4 - d i o l ,  t h e  
p h e n o l i c  hydroxyl  g roups  a r e  p r o t e c t e d  by benzy l  e thers ,  which 
may be removed conveniently under mild (i.e. n e u t r a l )  conditions.  

RESULTS AND DISCUSSION 

The s y n t h e t i c  r o u t e  f o r  model compounds 2 and 3, s t a r t i n g  
from a d ip ro tec t ed  phloroacetophenone 4 o r  5 and protocatechuar-  
dehyde dibenzyl ether (6), is  shown i n  Fig.  1. 
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38 KAWAMOTO, NAKATSUBO AND MURAKAMI 

For t h e  syn thes i s  o f  t h e  key i n te rmed ia te ,  flavan-3.4-dio1, 
t w o  methods have been r e p o r t e d .  One i s  based on  t h e  

r e d u c t i o n  o f  t a x i f o l i n  ( d i h y d r o f l a v o n o l  ) w i t h  sodium borohyd- 
r i de ;  t he  other617 i s  based on t h e  o x i d a t i o n  o f  f lavan-3-ene w i t h  
osmium t e t r o x i d e .  To o b t a i n  compound 3 i n  h i g h  y i e l d  b y  t h e  
fo rmer  method, i t  i s  necessary t o  o b t a i n  t a x i f o l i n  d e r i v a t i v e s  
t h a t  have pheno l i c  hyd roxy l  groups p r o t e c t e d  w i t h  benzy l  groups. 
However, methods f o r  t h e  b e n z y l a t i o n  o f  t a x i f o l i n  and t h e  synthe- 

s i s  o f  t h e  b e n z y l a t e d  t a x i f o l  i n  d e r i v a t i v e s  f r o m  c o m m e r c i a l l y  
a v a i l a b l e  compounds c o u l d  n o t  be found. Thus, i n  t h i s  paper ,  

we s e l e c t e d  t h e  s y n t h e t i c  r o u t e  based on t h e  c o n v e r s i o n  o f  t h e  

f l  avan-3-ene t o  t h e  c o r r e s p o n d i n g  f lavan-3,a-diol.  However, t h e  
h i g h  y i e l d  syn thes i s  o f  f lavan-3,4-diol ,  w i t h  pheno l i c  hyd roxy l  

groups p ro tec ted  by benzyl  e thers ,  has n o t  been r e p o r t e d  so fa r .  

1. Synthes is  o f  model compound 2. 

For t h e  syn thes i s  o f  model compound 3 v i a  t h e  r o u t e  shown i n  

Fig.1, i t  i s  n e c e s s a r y  t o  o b t a i n  p h l o r o a c e t o p h e n o n e  d i  b e n z y l  
e t h e r  (5). However, i n  t h e  b e n z y l a t i o n  o f  p h l o r o g l u c i n o l - t y p e  
compounds, t h e  d e s i r e d  0-benzyl d e r i v a t i v e s  a re  g e n e r a l l y  o t a i n e d  
i n  l o w  y ie ld .8 ”  P u r i f i c a t i o n  i s  a l s o  d i f f i c u l t ,  because t h e  
h i g h  e l e c t r o n  d e n s i t y  o f  t h e  a romat i c  r i n g s  l ead  t o  C-benzy la t ion  
a long w i t h  - 0-benzylat ion.  

For  t h i s  reason, t o  examine t h e  a p p l i c a b i l i t y  o f  t h e  synthe- 
t i c  r o u t e  shown i n  Fig. 1, we f i r s t  a t tempted  t o  syn thes i ze  model 
compound 2, s t a r t i n g  f rom phloroacetophenone d i  methy l  e t h e r  (4), 
which was ob ta ined  i n  82.1% y i e l d  f rom commerc ia l l y  a v a i l a b l e  

p h l o r o g l u c i n o l  t r i m e t h y l  e t h e r  v i a  a two-s tep  reac t i on ,  

The a l d o l  c o n d e n s a t i o n  o f  ace tophenone  d e r i v a t i v e s  w i t h  

benza ldehyde  d e r i v a t i v e s  i s  u s u a l l y  c a r r i e d  o u t  u s i n g  sod ium 

h y d r o x i d e  o r  p o t a s i u m  h y d r o x i d e  lo as a base and a f f o r d s  a 
chalcone i n  low y i e l d .  However, when sodium h y d r i d e  was used i n  
DMF. t h e  a l d o l  c o n d e n s a t i o n  p roceeded  r a p i d l y  and t h e  e x p e c t e d  

chalcone 7 was ob ta ined  q u a n t i t a t i v e l y .  A s i m i l a r  r e s u l t  has been 

- 
- 

repor ted  by Mishima & 11 . 
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CONDENSED T A N N I N  MODEL COMPOUND 39 

Chalcone 7 was conver ted  t o  flavan-3-ene 11  accord ing  t o  t h e  

procedure o f  Clark-Lewis e t  a1.,6 wh ich  i n v o l v e s  r e d u c t i v e  c y c l i -  
z a t i o n  us ing  sodium borohydride. The carbony l  group o f  chalcone 
7 was s e l e c t i v e l y  reduced t o  i n t e r m e d i a t e  9 us ing  sodium borohyd- 

r i d e  i n  methy l  c e l l o s o l v e  a t  90°C. T h i s  t r a n s f o r m a t i o n  c o u l d  be 
con f i rmed  by t h e  disappearance o f  t h e  deep y e l l o w  c o l o r  f rom t h e  

r e a c t i o n  s o l u t i o n .  Because i n t e r m e d i a t e  9 i s  h i g h l y  l a b i l e ,  
subsequent c y c l i z a t i o n  proceeded r a p i d l y  upon t h e  a d d i t i o n  o f  a 

c a t a l y t i c  amount o f  boron t r i f l u o r i d e ,  t o  g i v e  flavan-3-ene 11 i n  
about 70% o v e r a l l  y i e l d  based on TLC ana lys is .  T h i s  f lavan-3- 
ene 11 r a p i d l y  deg raded  when exposed t o  a c i d s  o r  s i l i c a  g e l ,  so  
i t  was necessary t o  c a r r y  o u t  t h e  subsequent g l y c o l i z a t i o n  
w i t h o u t  any p u r i f i c a t i o n .  

Two methods were considered f o r  t h e  p r e p a r a t i o n  o f  f l avan -  
3 .4 -d io l  13 f r o m  f l avan -3 -ene  11.l’ One method  u t i l i z e s  an  
epoxide i n te rmed ia te ,  which may be ob ta ined  by o x i d a t i o n  o f  t h e  
d o u b l e  bond w i t h  1 - c h l o r o p e r b e n z o i c  a c i d .  The o t h e r  me thod  
i n v o l v e s  a d i r e c t  g l y c o l i z a t i o n  o f  t he  double bond w i t h  osmium 
t e t r o x i d e .  As an example o f  t he  l a t t e r  method, t h e  o x i d a t i o n  o f  

f l avan -3 -ene  t o  f l a v a n - 3 . 4 - d i o l  u s i n g  one e q u i v a l e n t  o f  osmium 
t e t r o x i d e  has been repo r ted  by Clark-Lewis However, t h e  
h i g h  c o s t  o f  osmium t e t r o x i d e ,  coupled w i t h  i t s  h i g h  t o x i t y ,  make 
i t  i m p r a c t i c a l  t o  c a r r y  o u t  a l a r g e  s c a l e  g l y c o l i z a t i o n  u s i n g  

t h i s  method. 

P repara t i on  of t h e  d i o l  was f i r s t  a t tempted u s i n g  t h e  fo rmer  
method ( i.e. o x i d a t i o n  us ing  m-chloroperbenzoic a c i d  o r  perace- 
t i c  a c i d  ), b u t  t h e  d e s i r e d  f l a v a n - 3 . 4 - d i o l  13 was o b t a i n e d  i n  
o n l y  20% y i e l d .  The i n s t a b i l i t y  o f  t h e  e p o x i d e  and t h e  d i o l  
u n d e r  a c i d i c  c o n d i t i o n s  i s  t h o u g h t  t o  be t h e  r e a s o n  f o r  such  a 

l o w  y i e l d .  On t h e  o t h e r  hand, c a t a l y t i c  o s m y l a t i o n  u s i n g  an 
o x i d y z i n g  agent ,  such as c h l o r a t e , ’  hydrogen peroxide,14 etc., 

has been reported. The d e s i r e d  g l y c o l i z a t i o n  was found t o  proceed 
s m o o t h l y  by  u s i n g  q - m e t h y l m o r p h o l  ine-!-oxidel5 and t w o  m o l e  

p e r c e n t  o f  osmium t e t r o x i d e ;  f l a v a n - 3 , 4 - d i o l  13  was o b t a i n e d  
q u a n t i t a t i v e l y  and the  r a t i o  o f  t h e  2,3-cis-3,4-trans isomer t o  

the  2,3-cis-3,4-cis isomer was 1O:l. The i d e n t i t y  o f  each isomer  
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40 KAWAMOTO, NAKATSUBO AND MURAKAMI 

was conf i rmed by i n s p e c t i o n  o f  t h e  'H-NMR spec t ra  o f  t h e  respec- 
t i v e  acetates. The main p roduc t  ( J2,3=l lcps, J3,4=3.5cps was 
t h e  2 .3 - t rans-3 .4-c is  i s o m e r ;  t h e  m i  n o r  p r o d u c t  ( J2,3=l .7cps, 
J3,4=5.4cps) was t h e  2,3-cis-3,4-cis isomer.16 Th is  r e s u l t  may be 
p r e d i c t e d  f rom cons ide ra t i on  o f  t h e  r e a c t i o n  mechanism, i n  wh ich  

t h e  c i s - d i h y d r o x y l a t i o n  occurs  p r e f e r e n t i a l l y  f rom t h e  l e s s  h i n -  
d e r e d  s i d e  o f  t h e  d o u b l e  bond, t h e  o p p o s i t e  s i d e  o f  t h e  C-2 

phenyl group.17 Pure 2 ,3 - t rans -3 ,4 -c i s  f l a v a n - 3 . 4 - d i o l  1 3  was 
obta ined i n  about 90% y i e l d  upon r e c r y s t a l l i z a t i o n .  

Wi th  f i v e  equ iva len ts  o f  p h l o r o g l u c i n o l  i n  t h e  presence o f  
L e w i s  a c i d  ( t i t a n i u m  t e t r a c h l o r i d e ) ,  e x c l u s i v e l y  2,3-trans-3,4- 
t rans-4-aryl f lavan-3-01 16 was r a p i d l y  f o r m e d  f r o m  f lavan-3.4- 
d i o l  13 i n  a b o u t  90% y i e l d .  The i d e n t i t y  o f  t h i s  c o n d e n s a t i o n  

1 p roduc t  was conf i rmed by H-NMR a n a l y s i s .  The r e l a t i v e l y  l a r g e  
coup l i ng  cons tan ts  o f  t he  C r i n g  (J2,3=8.7cps, J3,4=9.5cps) i n d i -  
ca te  a comp le te l y  t r a n s  c o n f i g ~ l a t i o n . ~  I n  a d d i t i o n  t o  compound 
16, a m i x t u r e  o f  h ighe r  condensat ion produc ts  was a l s o  obtained. 

S i m i l a r  r e s u l t s  us ing  a p r o t i c  a c i d  i n s t e a d  o f  a Lewis  a c i d  have 
been r e p ~ r t e d . ~  However, i f  a p r o t i c  a c i d  i s  used, t h e  r e a c t i o n  
i s  v e r y  s e n s i t i v e  t o  t h e  pH o f  t h e  r e a c t i o n  s o l u t i o n ;  a s l i g h t  
a l t e r a t i o n  i n  pH leads t o  t h e  f o r m a t i o n  o f  bo th  t h e  3,4-trans and 
t h e  3.4-cis i somers .  F o r  t h i s  reason ,  t h e  p r e s e n t  p r o c e d u r e  
us ing  a Lewis a c i d  was thought  t o  be s i m p l e r  and more reproduc ib -  
l e .  The r e a c t i o n  mechan ism shown i n  F ig .2  i s  c o n c e i v a b l e  t o  

e x p l a i n  the  complete i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  t h e  C-4 pos i -  
t i o n  i n  t h i s  condensat ion reac t ion .  The b u l k y  t i t a n i u m  t e t r a c h l o -  

r i d e  m o l e c u l e  c o o r d i n a t e s  w i t h  t h e  oxygen  o f  t h e  C-3 h y d r o x y l  
group and w i t h  t h e  r i n g  oxygen, as w e l l  as w i t h  t h e  oxygen o f  t h e  
C-4 hydroxy l  group. Consequently one s i d e  o f  t h e  C r i n g  i s  b loc -  

ked, so  t h a t  p h l o r o g l u c i n o l  i s  a b l e  t o  p r e f e r e n t i a l l y  a t t a c k  
f lavan-3.4-diol f rom t h e  o t h e r  side. 

F i n a l l y ,  debenzy la t ion  o f  compound 16 was c a r r i e d  o u t  quan- 
t i t a t i v e l y  by t h e  usual  hydrogeno lys is  us ing  Pd-C/Hz. 

Thus, t he  s y n t h e t i c  r o u t e  f o r  t h e  model compound proposed 

i n  Fig. 1 was j u s t i f i e d  by t h e  h i g h  y i e l d  syn thes i s  o f  compound 

2. Next, we cons idered t h e  syn thes i s  o f  model compound 3, wh ich  
has f r e e  hydroxy l  groups i n  t h e  A r ing .  
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P hloroglucinol 

FIGURE 2. React ion  mechanism f o r  condensation. 

2 .Examina t ion  o f  t h e  p r o t e c t i n g  g r o u p s  o f  t h e  A r i n g  and t h e  
svn thes i s  o f  model compound 3. 

As d e s c r i b e d  p r e v i o u s l y ,  - 0 - b e n z y l a t i o n  o f  p h l o r o g l u c i n o l -  
t y p e  compounds was t h o u g h t  t o  be d i f f i c u l t .  T h e r e f o r e ,  we exa- 

mined va r ious  p r o t e c t i n g  groups t o  be used i n s t e a d  o f  t h e  benzy l  
e t h e r  ( T a b l e  1). I t  was p o s s i b l e  t o  i n t r o d u c e  m e t h o x y m e t h y l  

groups, benzyloxymethyl  groups, t o s y l  groups and benzensu l fony l  
groups i n t o  phloroacetophenone t o  y i e l d  d i p r o t e c t e d  ph lo roacetop-  
henones i n  m o d e r a t e  y i e l d .  We a t t e m p t e d  t o  s y n t h e s i z e  mode l  
compound 3, s t a r t i n g  f r o m  t h e s e  r e s u l t i n g  p h l o r o a c e t o p h e n o n e  
d e r i v a t i v e s ,  a c c o r d i n g  t o  t h e  s y n t h e t i c  r o u t e  i n  Fig.1. Each 

r e a c t i o n  sequence proceeded w i t h o u t  any problems up t o  t h e  s tage 
o f  t h e  c o n d e n s a t i o n  r e a c t i o n  w i t h  p h l o r o g l u c i n o l ,  b u t  i n  t h e  
f i n a l  s tep  i t  was imposs ib le  t o  remove these p r o t e c t i n g  groups 
w i t h o u t  degrad ing  t h e  model compound. Removal o f  these p r o t e c t i n g  
g r o u p s  i s  u s u a l l y  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  an a c i d  o r  a 
base.18 I n s t a b i l i t y  o f  t h e  model compound s t r u c t u r e  under a c i d i c  

o r  b a s i c  c o n d i t i o n s  was though t  t o  be t h e  reason f o r  t h e  degrada- 
t i o n  o f  t h e  model. It was expected t h a t  hyd rogeno lys i s  would be 

e f f e c t i v e  f o r  d e b e n z y l  o x y m e t h y l a t i o n ,  b u t ,  even  u n d e r  n e u t r a l  
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42 KAWAMOTO, NAKATSUBO AND MURAKAMI 

TABLE 1. 
Examination o f  t h e  p r o t e c t i n g  groups o f  phloroacetophenone. 

I R I Reaction Conditions I overall yield (OM 

1) CH3-0-CH2-CI I NaH I DMF I r.t. I 3 0  min 

2) 2N-AcOH I 5OoC I 2 h r  

1) BzI-O-CH2CI I NaH I DMF I OOC I 15 min 

2) 95%-AcOH I THF I EOOC I 1 7  hr 

62 

61 

3) torvl-CI I K2C03 I acetone I35OC I 5 hr 

1 )  C6H5-S02-CI I K2C03 1 acetone I 35OC I 4 hr 

2) IN-NaOH I MeOHlTHF I OOC I 15 min 

c o n d i t i o n s  w i t h  hydrogen pressure  (8 kg/cm 2 ), comple te  debenzylo- 

x y m e t h y l a t i o n  was n o t  ach ieved .  I n  a c e t i c  a c i d  s o l u t i o n  t h e  
e x p e c t e d  compound decomposed. From t h e s e  r e s u l t s ,  i t  was con- 

c luded t h a t  t h e  benzyl  ether,  wh ich  may be removed s u c c e s s f u l l y  
u n d e r  n e u t r a l  c o n d i t i o n s ,  was t h e  m o s t  a p p r o p r i a t e  p r o t e c t i n g  
group f o r  t h e  syn thes i s  o f  condensed t a n n i n  model compounds. 

A f t e r  examinat ion  o f  seve ra l  b e n z y l a t i o n  routes,  c r y s t a l l i n e  
p h l o r o a c e t o p h e n o n e  d i b e n z y l  e t h e r  (5)  was e a s i l y  o b t a i n e d ,  a l -  

though i n  l ow  y i e l d  (18.3%), f rom p h l o r o g l u c i n o l  v i a  t h r e e  reac- 
t i o n  s t e p s  (F ig .  3). I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  F r i e d e l -  
C r a f t s  a c e t y l a t i o n  o f  t h e  C-benzylated d e r i v a t i v e s  proceeded t o  
o n l y  a ve ry  l i m i t e d  e x t e n t  under t h e  m i l d  c o n d i t i o n s  employed f o r  
r e a c t i o n  b. Thus, t h e  L-benzy la ted  d e r i v a t i v e s  c o u l d  be removed 
e a s i l y  a t  t h i s  stage. 
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'"'T I i" 
b 

a :zloToBzl Bzl 18 

15 + 

Bz109r Bzl Bzl 

a.  B z l - C l  / K2C03 / O f W l  / r . t .  / 15 h r  

b .  ZnClp (0.5eq) / AcZO / 0°C / 3 hr 

c .  T i C 1 4  (0.5eq) / C H 2 C 1 2  / O ' C  / 10 m in  

19 

FIGURE 3. S y n t h e t i c  r o u t e  f o r  compound 5. 

Next, we syn thes ized model compound 3 us ing  phloroacetophe- 

none d ibenzy l  e t h e r  (5) and p r o t o c a t e c h u a l d e h y d e  d i b e n z y l  e t h e r  
(6) as s t a r t i n g  m a t e r i a l s  ( F i g .  1). 

Each r e a c t i o n  p roceeded  r a p i d l y  w i t h  no p r o b l e m s ,  t o  g i v e  
t h e  t a r g e t  m a t e r i a l  (mode l  compound 3) i n  55% o v e r a l l  y i e l d .  

Roux a4 have r e p o r t e d  t h a t  a m i x t u r e  o f  t h e  3 .4 - t rans  
i sorner and t h e  3,4-ci s i somer  o f  4 -ary l  f 1 avan-3-01 was ob ta ined  

f rom t h e  f r e e  pheno l i c  f lavan-3.4-diol (ob ta ined by  r e d u c t i o n  o f  
( + ) - t a x i f o l i n  w i t h  sodium bo rohydr ide )  and t h a t  s e p a r a t i o n  

o f  t h e s e  i s o m e r s  was p o s s i b l e  o n l y  b y  m e t h y l a t i o n  o f  t h e  f r e e  
p h e n o l i c  hyd roxy l  groups. I n  t h e  p resen t  i n v e s t i g a t i o n ,  conside- 

r a b l e  t a i l i n g  of model compounds 2 and 3 w i t h  po l yhyd roxy l  groups 
d u r i n g  p u r i f i c a t i o n  by  TLC was f o u n d  t o  h i n d e r  t h e  c o m p l e t e  
p u r i f i c a t i o n .  However, such t a i l i n g  was n o t  de tec ted  f o r  conden- 

s a t i o n  produc ts  16 and 17, i n  wh ich  a l l  o f  t h e  pheno l i c  hyd roxy l  
g r o u p s  were  p r o t e c t e d :  t h e  l a t t e r  compounds c o u l d  be p u r i f i e d  
e a s i l y .  Moreover, t h e  f i n a l  step, debenzy la t ion ,  was c a r r i e d  o u t  
q u a n t i t a t i v e l y .  A c c o r d i n g  t o  t h i s  s y n t h e t i c  r o u t e ,  mode l  com- 
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44 KAWAMOTO, NAKATSUBO AND MURAKAMI 

pounds 2 and 3 w i t h  po l yhyd roxy l  groups cou ld  be ob ta ined  e a s i l y  
and w i t h  h i g h  p u r i t y .  

I n  t h i s  way, t h e  s y n t h e t i c  r o u t e  f o r  model compounds w i t h  
p o l y h y d r o x y l  g r o u p s  i n  t h e  A, B and D r i n g s  was e s t a b l i s h e d .  

C o m p a r i s i o n  o f  t h e  r e a c t i v i t y  o f  model compound 1 w i t h  t h a t  o f  
model compound 2 o r  3 w i l l  r e v e a l  t h e  e f f e c t  o f  t h e  h y d r o x y l  

g r o u p s  i n  t h e  A, B and D r i n g s  on  t h e  r e a c t i v i t y  o f  t h e  C r i n g .  
F u r t h e r m o r e ,  i t  i s  e x p e c t e d  t h a t  t h i s  s y n t h e t i c  r o u t e  may be 
app l i ed  t o  i n v e s t i g a t e  the  r e l a t i o n s h i p  between t a n n i n  s t r u c t u r e  

and t a n n i n  p r o p e r t i e s ,  f o r  examp le  a s t r i n g e n c y ,  because i t  i s  
p o s s i b l e  us ing  t h i s  s y n t h e t i c  r o u t e  t o  syn thes i ze  seve ra l  a r t i f i -  
c i a l  t a n n i n  d e r i v a t i v e s  w i t h  d i f f e r e n t  subs t i t uen ts .  

EXPERIMENTAL 

The m e l t i n g  p o i n t s  a re  uncorrected. A SHIMADZU UV-365 u l -  
t r a v i o l e t  spc t rometer  and a Shimadzu FT IR-4000 i n f r a r e d  spec t ro -  
meter were used f o r  UV and I R  spectra,  respec t i ve l y .  'H- and 13C- 
NMR s p e c t r a  were  t a k e n  w i t h  a V a r i a n  XL-200 FT-NMR (200MHz) 

spec t rometer  and a JEOL FX-90Q FT-NMR (90MHz) spectrometer,  res-  
p e c t i v e l y ,  w i t h  TMS as an i n t e r n a l  standard. Chemical s h i f t s  and 
coup l i ng  cons tan ts  a re  g i ven  i n  6 -values (ppm) and Hz, r e s p e c t i -  
v e l y .  Mass s p e c t r a  ( M S )  we re  o b t a i n e d  by  t h e  use  o f  a S H I M A D Z U  
GCMS-QP1000 (70eV) spectrometer;  t he  r e 1  a t i v e  abundance o f  each 

peak i s  d e s i g n a t e d  i n  pa ren theses .  P r e p a r a t i v e  TLC was done on  
s i l i c a  ge l  p l a t e s  (K iese lge l  60 F254, Merck). The s tandard  work- 
up i n v o l v e d  d i l u t i n g  w i t h  EtOAc, w a s h i n g  w i t h  w a t e r ,  w i t h  a 

sa tu ra ted  NaHC03 so lu t i on ,  and w i t h  b r ine ,  d r y i n g  ove r  Na2S04 and 
evapora t ing  j~ vacuo. 

1. Svnthes is  of model comoound 2. 

2.4,6-trimethoxyacetophenone. To a s t i r r e d  s o l u t i o n  o f  ph lo -  
r o g l u c i n o l  t r i m e t h y l  e t h e r  (1.68 g, 10 m M )  i n  15  m l  o f  1.2- 
d i c h l o r o e t h a n e ,  a c e t y l  c h l o r i d e  (3.54 m l ,  50 m M )  and T iC14  (1.1 
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m l ,  10  m M )  w e r e  added a t  O°C. A f t e r  s t i r r i n g  f o r  9 h r ,  t h e  
r e a c t i o n  m i x t u r e  was worked-up us ing  t h e  s tandard  method t o  y i e l d  
a c o l o r l e s s  o i l .  The p roduc t  was c r y s t a l l i z e d  f rom e t h e r  t o  g i v e  
c o l o r l e s s  c r y s t a l s  (2.02 g, 96.3% y i e l d ) .  Mp 1OO-10loC ( L i t . l g  

Compound 4. To a s t i r r e d  s o l u t i o n  o f  2,4,6-tr imethoxya- 
ce tophenone  (2.10 g, 10 m M )  i n  40 m l  o f  benzene, T i c 1 4  (3.30 rnl, 
30 m M )  was and t h e  
r e s u l t i n g  red-brown s o l u t i o n  was s t i r r e d  f o r  24 h r  under r e f l u x .  
The r e a c t i o n  m i x t u r e  was worked-up us ing  t h e  s tandard  method t o  
y i e l d  a s l i g h t l y  b rown  o i l .  The p r o d u c t  was p u r i f i e d  b y  TLC 
(CH2Cl2) and c r y s t a l l i z e d  f rom e t h e r  t o  g i v e  c o l o r l e s s  c r y s t a l s  
(1.67 g, 85.3% y i e l d ) .  

o f  compound 4 (1.57 g, 
8.0 m M )  i n  30 m l  o f  DMF, 60% NaH d i s p e r s e d  i n  m i n e r a l  o i l  ( 384  
mg, 9.6 m M )  was added and t h e n  compound 6 (2.53 g, 8.0 m M )  i n  5 
ml o f  DMF was added dropwise  over  a p e r i o d  o f  5 m in  a t  O°C. A f t e r  
s t i r r i n g  f o r  1 h r  a t  r.t., t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  
300 m l  o f  CH2C12 and washed w i t h  a 1N-HC1 so lu t i on ,  w i t h  a sa tu-  
r a t e d  NaHC03 s o l u t i o n  and w i t h  b r ine .  The o rgan ic  l a y e r  was d r i e d  
over  Na2S04 and evaporated i n  vacuo t o  y i e l d  a y e l l o w  s o l i d .  The 
p roduc t  was c r y s t a l l i z e d  f rom ether/n-hexane (3:1, v/v)  t o  g i v e  
y e l l o w  c r y s t a l s  (3.82 g, 96.1% y i e l d ) ,  Mp 115.5OC; UV Xmax 
(CH30H) nm ( l o g  E ): 369 (4.55); I R  v max ( K B r )  cm- l :  1625 (C=O); 

H-NMR (CDC13) 6 : 3.83, 3.84 (6H, t w o  s ) ,  5.22 (4H. S ,  -CHz-CsH5, 
h e r e a f t e r  -621 ), 5.95, 6.11 (ZH,  t w o  d, J=2.0, C31-H, C ~ I - H ) ,  
6.93-7.54 (13H, m ) ,  7.70 (ZH,  s, C,-H, Cg-H). 

Compound 13. A suspension o f  compound 7 (1.48 g, 3.0 m M )  i n  
4Qnl o f  m e t h y l  c e l l o s o l v e  was h e a t e d  a t  90°C t o  a f f o r d  a c l e a r  
s o l u t i o n .  To t h e  r e s u l t i n g  s o l u t i o n ,  NaBH4 (114 mg, 3.0 m M )  was 
added. A f t e r  s t i r r i n g  a t  90°C f o r  5 min, t h e  r e a c t i o n  m i x t u r e  was 

d i l u t e d  w i t h  60  m l  o f  EtOAc and t h e n  s u c c e s s i v e l y  washed w i t h  
b r i n e  u n t i l  t h e  wash ings  became n e u t r a l .  The o r g a n i c  l a y e r  was 
t r a n s f e r r e d  t o  a n o t h e r  f l a s k  and 1.0 m l  (0.2mM) o f  47% BF3-Et20 
i n  CHzC12 ( 2 6 0  ~ 1 / 5  m l )  was added d r o p w i s e  o v e r  a p e r i o d  o f  10 
min. The r e s u l t i n g  s o l u t i o n  was then s t i r r e d  a t  r.t. f o r  15 min. 

11 OOC) . 

added a t  room t e m p e r a t u r e  ( h e r e a f t e r  r.t.) 

Mp 8OoC ( L i t . ”  80-81OC). 
Compound 7. To a s t i r r e d  s o l u t i o n  
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46 KAWAMOTO, NAKATSUBO AND MURAKAMI 

The r e a c t i o n  mixture was worked-up using the s tandard  method t o  
y i e l d  a y e l l o w  o i l ,  which c o n s i s t e d  o f  c r u d e  f l avan-3 -ene  (11)  
( a b o u t  70% p u r i t y  based  on TLC a n a l y s i s )  (1.43 9). Compound 11: 
UV A max (CH3CN) n m  ( l o g  E ) :  232 (4.44). 235 ( s h ,  4.45), 238  
(4.461, 287 (4.07); 'H-NMR (CDC13) 6 :  3.73, 3.80 (6H, two  s), 
5.13, 5.14 (4H, two  S, -Bzl ) ,  5.52 ( l H ,  d d ,  J=lO.O, 3.5, C3-H). 
5.70 ( I H ,  d d ,  J=3.5, 1.8, C2-H) 6.00, 6.02 (ZH, t w o  d ,  J=2.4, C6- 
H, C8-H)i 6.79 ( l H ,  c o l l a p s e d  d d ,  J=lO.O, 3.5, C4-H), 6.88-7.58 
(13H, m). 

To a m i x t u r e  o f  1 5 3  u l  (0 .06  m M )  o f  Os04  i n  t - B u O H  
(100 mg/l.O ml), 1.19 ml (3.3 m M )  o f  1-methylmorpholine-!-oxide 
i n  H20 (769 mg/Z.O ml) and 25  ml of  THF, t h e  above  y e l l o w  o i l  
(1.43 g) i n  10  ml of  THF was added. The s o l u t i o n  was s t i r r e d  a t  
r.t. f o r  1 hr, d i l u t e d  wi th  100 ml of CH2C12 and then washed w i t h  
1M Na2S203 s o l u t i o n  and brine. The o rgan ic  l aye r  was d r i ed  over  
Na2S04 and evaporated n o  t o  y i e l d  a greenish  yellow s o l i d ,  
which cons is ted  o f  compound 13 and the 2,3-cis-3,4-cis isomer of  
compound 13 (1O:l r a t i o ) .  P u r e  compound 13 was o b t a i n e d  by 
c r y s t a l l i z a t i o n  from CHzClZ/ether a s  c o l o r l e s s  c r y s t a l s  (975 mg, 
63.2% y ie ld  based on compound 7). Compound 13: mp 170OC; 
U V  Amax ( C H 3 0 H )  nm(1og E ): 2 7 6  (3.56),  2 7 9  (3.55);  ' H -  
NMR(CDC13) 6 :  2.50 ( l H ,  d ,  J=7.2, C3-OH), 2.77 ( l H ,  d, J=2.5, C 4 -  
OH) ,  3.75, 3.86 (6H1 two s), 3.91 ( I H ,  dddi J=10.29 7.2, 5-59 C3- 

H), J=10.2, C2-H), 5.00 (1H. d d ,  5 ~ 5 . 5 ,  2.5, C4-H), 
5.18 (4H. S ,  -Bzl ) ,  6.09, 6.13 (2H, t w o  d ,  J=2.5, Cg-H, Cg-H), 

4.88 ( l H ,  d ,  

6.98-7.53 (13H. m);  M S  m / z  (%I: 514 (M', 0.2), 496 (2.9). 377 
(5.6). 92 (8.9). 91 (100). Anal. Calcd .  f o r  C31H3007: C, 72.4; H, 
5.9. Found: C, 72.2; H, 5.7. A c e t a t e  o f  compound 13: I H - N M R  
(CDC13) 6 :  1.77, 2.11 (6H. t w o  s ) ,  3.75, 3.78 (6H, t w o  ~ ) , 5 . 0 6  
( l H ,  d ,  J=11.0, Cz-H) ,  5.16, 5.17 (4H. two  S ,  -Bzl ) ,  5.34 ( l H ,  
d d ,  J = I I . O ,  3.5, C3-H), 6.08, 6.10 (ZH,  two  d ,  J=2.2, C6-H. C8- 
H), 6.43 ( l H ,  d ,  J=3.5, C4-H),  6.94-7.55 (13H, m). 2 ,3 -c is -3 ,4 -  
c i s  i s o m e r  of  compound 13: ' H - N M R  (CDC13) 6 :2.91 ( l H ,  s, -OH) 

3.76, 3.78 (6H, t w o  s ) ,  4.20 (2H, d,  J=4.8, C3-H1 -OH), 4.88 ( l H ,  
S ,  Cz-H), 5.15 (1H. d ,  J=4.8, C4-H), 5.16, 5.19 (4H, two  S, - 
B z ~ ) ,  6.131 6.18 (2H, two  d ,  J=2.01 C6-H. CS-H), 6.87-7.56 (13H1 
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m ) .  A c e t a t e  o f  2 ,3 -c is -3 ,4 -c is  i s o m e r  o f  compound 13: 'H-NMR 

(CDC13) 6 :  1.91, 1.94 (6H, t w o  s ) ,  3.75. 3.79 (6H, t w o  s ) ,  5.11 
(1Hv d, J=1.7, C2-H). 5.16 (4H, S ,  -Bzl ) ,  5.55 ( l H ,  dd, J=5.4, 
1.7, C3-H), 6.12, 6.18 (2H, t w o  d, 5 ~ 2 . 4 ,  C6-H. C8-H). 6.45 ( lH ,  
d, J=5.4, C4-H), 6.90-7.62 (13H, in). 

To a s t i r r e d  s o l u t i o n  o f  compound 13 (514 mg, 
1.0 mM) i n  25 m l  o f  THF/CHEC12 ( 2 3 ,  v/v), f i r s t ,  p h l o r o g l u c i n o l  
( 1 5 )  (810 mg, 5.0 m M )  i n  1.0 m l  o f  THF and t h e n  T iC14 (110 u l ,  
1.0 mM) i n  1.5 m l  o f  CH2C12 were added a t  O°C. A f t e r  s t i r r i n g  f o r  
15 min, t he  r e a c t i o n  m i x t u r e  was worked-up us ing  t h e  s tandard  
method t o  y i e l d  a y e l l o w  o i l .  A f t e r  a separa t i on  o f  p h l o r o g l u c i -  

no1 (15) by s h o r t  column chromatography ( s i l i c a  g e l  10 g, 5 cm x 

2.5 cm, CH30H/CH2C12 = 5:95, v / v )  a e l u e n t ,  t h e  r e s u l t i n g  

y e l l o w  o i l  was p u r i f i e d  by TLC (CH30H/CH2C12 = 7.5:92.5, v/v) t o  
g i v e  compound 16 a s  a l i g h t  y e l l o w  s o l i d  (573 mg, 92.2% y i e l d  
based on compound 13). UV Xmax (CH30H) nm ( l o g  E ): 259 (sh, 
3.311, 276 (3.621, 280 (3.62); 'H-NMR (COCl3) 6 :  3.42, 3.72 (6H, 

Compound 16. 

a s  

t w o  s ) ,  4.11 ( l H ,  t, J=9.0, C3-H), 4.40 ( l H ,  d ,  J=8.7, Cz-H), 
4.52 (1H. d, J=9.5, C4-H), 5.09 (4H. S,  - B z l ) ,  5.80, 5.92 (ZH, 

Cg-H), 6.80-7.60 (13H. m ) ;  MS m/z  (%): 622 (M', 0.2), 496 (2.0), 
t w o  b r o a d  s, C~I I -H ,  Cgtl-H), 6.06, 6.17 (ZH, t w o  d, J=2.0, C6-H, 

377 (2.8), 167 (3.3), 126 (7.71, 92 (8.9), 91 (100). Anal .  Calcd.  

f o r  C37H3409 0.5H20: C, 70.3; H, 5.6. Found: C, 70.6; H, 5.9. 
A c e t a t e  o f  compound 16: 'H-NMR (CDC13) 6 :  1.60 
2.23, 2.34 (9H, t h r e e  s), 3.36, 3.79 (6H, t w o  s) ,  4.56 ( l H ,  d, 

(3H, s), 1.88, 

J=9.5, Cz-H), 4.72 ( l H ,  d, Jz9.6, C4-H), 5.15 (4H. S ,  - B z l ) ,  5.71 
(1H. t, 5~9 .5 ,  C3-H), 5.99, 6.11 (2H, t w o  d, J=2.0, Cg-H, C8-H). 
6.70-7.50 (15H. m). 

To a s t i r r e d  s o l u t i o n  of compound 16 (248.8 mg, 
0.40 m M )  i n  5 m l  o f  CH30H. 10% Pd-C (125 mg) was added and t h e  

s o l u t i o n  was s t i r r e d  u n d e r  hyd rogen  a t  r.t. f o r  2 hr .  The r e a c -  
t i o n  m i x t u r e  was f i l t e r e d  and evaporated vacuo. The r e s u l t i n g  

l i g h t  brown o i l  was p u r i f i e d  by TLC (CH30H/CH2Cl2 = 1:9, v/v) t o  
g i v e  compound 2 as a l i g h t  y e l l o w  s o l i d  (171 mg, 97.0% y ie ld ) .  

UV max (CH30H) nm ( l o g  E ): 279 (3.65). 'H-NMR (CDC13-DMSO-d6) 
6:3.34,3.59 (6H. t w o  s) ,  3.53 ( l H ,  d, J=4.4, C3-OH), 4.18 ( l H ,  

Compound 2. 
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48 KAWAMOTO, NAKATSUBO AND MURAKAMI 

d t ,  J=9.0, 4.4, C3-H), 4.30 ( l H ,  d, J=7.8, CZ-H), 4.34 ( l H ,  d, 
J=9.2, C4-HI, 5.66, 5.87 (2H, t w o  b r o a d  s ,  C311-H, c511-H)~ 5.88, 
5.96 (2H, t w o  d, J=2.2, Cg-H, Cg-H), 6.70-6.90 (3H. m), 7.51, 
8.05, 8.13, 8.28, 8.31 (5H, f i v e  s ,  phenol ic-OH);  I 3 C - N M R  (DMSO- 

93.8, 94.4 (C-6, C-8, C-3". C-5"), 108.2 (C-4a), 110.0 (C-1"). 
d6) 6 :  54.7, 55.5 (-OCH3), 71.2 (c-31, 82.6 (c-2). 92.8, 93.5, 

114.7 (C-2')v 115.2 (C-5') i  119.3 (C-6') i  130.5 ( C - l ' ) ,  144.6, 
144.8 (c-3'1 C-4'). 155.2, 155.4, 157.0, 157.3, 158.0, 158.8 ( C -  
5, C-7, C-8a, C-2". C-4", C-6"); M S  m/z (%): 442 (M'. 3.6), 424 
(5.8). 316 (6.4). 288 (17.8). 273 (23.5). 154 ( I O O ) ,  126 (45.7). 
125 (79.8). 123 (61.3), 94 (34.4). Anal .  Calcd.  f o r  C23H2209 H20: 
C, 60.0; H, 4.4. Found: C, 60.4; H, 5.2. A c e t a t e  o f  compound 2: 
'H-NMR (CDC13) 6 :  1.70 (3H,s), 1.92. 2.22, 2.28, 2.35 (15H, f o u r  

s) ,  3.361 3.72 (6H, t w o  s). 4.58 (1H. d, 5 ~ 9 . 2 ,  Cz-H), 4.80 ( I H ,  
d, J=lO.O, C4-H), 5.70 ( l H ,  t, J=IO.O, C3-H), 6.00, 6.13 (2H. t w o  

d, J=2.5, Cg-H, Cg-H), 6.74, 6.88 (2H, t w o  d, J=2.5, C311-H, C511- 
H), 7.19-7.50 (3H, in). 

2. Synthes is  o f  model compound 3. 

Compound 5 from p h l o r o g l u c i n o l  (15). To a s t i r r e d  s o l u t i o n  

o f  compound 15 (3.24 g, 20 m M )  i n  100 m l  o f  OMSO, K2CO3 (50.0 g, 
360 mM) and b e n z y l  c h l o r i d e  (8.3 m l ,  72 mM)  were  added and t h e  
r e s u l t i n g  s u s p e n s i o n  was v i g o r o u s l y  s t i r r e d  a t  r.t. f o r  15 hr .  

The r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  EtOAc, washed w i t h  wa te r  
and b r i n e ,  d r i e d  o v e r  Na2S04 and e v a p o r a t e d  i n  vacuo t o  y i e l d  a 
red-brown so l i d ,  wh ich  was c r y s t a l l i z e d  f rom ether/n-hexane (1:4, 
v/v). Crude compound 18, which  i nc luded  about 30% of compound 19, 
was obta ined as c o l o r l e s s  c r y s t a l s  (6.66 g) by r e c r y s t a l l i z a t i o n  

f rom ethanol. Compound 18: mp 93-94OC (L i t .21 86-87OC). 
To a s t i r r e d  s o l u t i o n  o f  compound 18 (6.66.9) i n  40ml o f  

a c e t i c  anhydride, ZnC12 (1.28 g, 8.5 mM) i n  5 m l  o f  a c e t i c  anhyd- 
r i d e  was added d r o p w i s e  o v e r  a p e r i o d  o f  5 min.  The r e s u l t i n g  
red -b rown  s o l u t i o n  was s t i r r e d  a t  0 O C  f o r  3 hr. The r e a c t i o n  
m i x t u r e  was worked-up u s i n g  t h e  s t a n d a r d  me thod  t o  y i e l d  a r e d  
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CONDENSED T A N N I N  MODEL COMPOUND 49 

o i l .  The p r o d u c t  was p u r i f i e d  b y  c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  
ge l  100 g, 11 cm x 5 cm) e l u t e d  f i r s t  w i t h  CH2C12/n-hexane (I:l, 
v/v) and then w i t h  CH2C12 t o  g i v e  compound 20 as a c o l o r l e s s  o i l  
(2.80 g, 32% y i e l d  based on compound 15). 

To a s t i r r e d  s o l u t i o n  of compound 20 (2.63 g. 6.0 mM) i n  40 
m l  o f  CH2C12, T iC14  (330 1-11. 3.0 m M )  i n  2 m l  o f  CH2C12 was added 
a t  O°C. A f t e r  s t i r r i n g  f o r  10 min,  t h e  r e a c t i o n  m i x t u r e  was 
worked-up u s i n g  t h e  s t a n d a r d  me thod  t o  y i e l d  a red -b rown  o i l ,  
wh ich  was p u r i f i e d  by a s h o r t  column chromatography (CH2C12) t o  
remove  h i g h  p o l a r  p r o d u c t s .  The p r o d u c t  was c r y s t a l l i z e d  f r o m  
e t h e r  t o  g i v e  compound 5 as c o l o r l e s s  c r y s t a l s  (1.19 g, 56.8% 
y ie ld ) .  Mp 103OC ( L i t . 8  101-102°C). 

pound 6 and subsequent r e a c t i o n s  were c a r r i e d  o u t  under the  same 
c o n d i t i o n s  as d e s c r i b e d  f o r  t h e  s y n t h e s i s  o f  model  compound 2. 
F o r  t h i s  reason,  o n l y  d a t a  o f  t h e s e  compounds a r e  p r e s e n t e d  as  
f o l l o w s .  

Compound 8 was ob ta ined  i n  94.6% y i e l d  f rom compound 5 and 
compound 6. Mp 140OC; UV X m a x  (CH30H) nm ( l o g  E ): 252 (4.19). 
258 (4.18),268 (sh, 4.12), 362 (4.63); IR v m a x  ( K B r )  cm- l :  1625 
(C=O); 'H-NMR (CDC13) 6:4.93, 5.06, 5.09, 5.21 (8H, f o u r  s,  - 
B z l ) ,  6.16, 6.22 (ZH, t w o  d, J=1.6, C31-H, C51-H), 6.62-7.56 
(23H, m), 7.63 ( I H ,  d, J=15, Ca-H),  7.76 ( l H ,  d, J=15, C,-H). 

A max (CH3CN) nm ( l o g  E ): 238(4.44), 287 
(4.09); 'H-NMR (CDC13) 6:4.95, 5.02, 5.12, 5.14 (8H, f o u r  s, - 

Compound 3. The a l d o l  condensat ion o f  compound 5 and com- 

Compound 12. UV 

B z l ) ,  5.53 ( I H ,  dd, J=lO.O, 2.0, Cq-H), 5.71 ( l H ,  dd, J=3.5, 2.0, 
C2-H), 6.091 6.17 (2H1 t w o  d, J=2.4, Cs-H, C8-H)l 6.87 ( I H ,  dd, 
J=lO.O, 2.0, C4-H), 6.88-7.66 (23H, in). 

Compound 14 was ob ta ined  i n  64.8% o v e r a l l  y i e l d  f rom com- 
pound 8. Mp 181-182°C; UV Xmax (CH30H) nm ( l o g  E ): 259 (3.45), 
266 (sh, 3.54), 270 (sh, 3.61). 276 (3.65). 280 (sh, 3.65); 'H- 
NMR (CDC13) 6 : 2.51 ( l H ,  d, J=7.4, C3-OH), 2.73 ( I H ,  d, J=2.5, 
Cq-OH), 3.90 ( I H ,  ddd, J=lO.O, 7.4, 4.0, C3-H)1 4.84 ( I H ,  d, 
J=10.0, Cz-H) ,  4.98 (ZH, S ,  -Bz l ) ,  5.07 (3H, d, J=2.4, C4-H1 - 
B z l ) ,  5.16 (4H, S, - B z ~ ) ,  6.17, 6.27 (2H. t w o  d,  J=2.2, Cg-H, c8- 
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50 KAWAMOTO, NAKATSUBO AND MURARAMI 

H I ,  6.95-7.57 (23H, m). Anal .  Calcd.  f o r  C43H3807 0.8H20: C, 
75.8; H, 5.9. Found: C, 75.9; H, 5.6. A c e t a t e  o f  compound 14: 
'H-NMR (CDC13)6 : 1.77, 2.04 (6H, t w o  s),  5.00, 5.06, 5.17, 5.18 
(8H1 f o u r  s,  -Bz l ) ,  5.07 ( l H ,  d, J=11.0. C2-H),  5.40 ( l H ,  dd, 

H),6.51 ( I H ,  d, J=3.5, C4-H), 6.88-7.60 (23H, m). 
Compound 1 7  was ob ta ined  i n  90.4% y i e l d  f rom compound 14. 

UV Xmax (CH3CN) nm ( l o g  E 1: 258 (3.46), 266 (sh, 3.53), 276 
(3.65). 280 (3.65): 'H -NMR (CDC13)6 : 4.03 ( l H ,  t, J=9.0, C3-H), 

(ZH, t w o  d, J=14, - B z l  ( A  r i n g ) ) ,  4.94 (ZH,  s, - B z l  ( A  r i n g ) ) ,  

5.09 (4H, s,  - B z l  ( B  r i n g ) ) ,  5.87, 5.89 (ZH,  t w o  s,  C3n-H, C 5 n -  
H), 6.25 (ZH,  b r o a d  s, Cg-Hl Cg-H), 6.80-7.60 (23H, m); M S  m / z  
(%I:  774 (Mt l  0.11, 181 (3.21, 126 (2.6), 92 (8.8), 91 (100). 
Anal. Calcd. f o r  C4gH4209 H20: C, 74.2: H, 5.7. Found: C, 74.5; 
H. 5.5. A c e t a t e  o f  compound 17: 'H -NMR (CDCl3)S : 1.53 (3H, s), 

1.81, 2.15, 2.25 (9H, t h r e e  s), 4.54 ( I H ,  d, J=9.4, C2-H), 4.55, 
4.74 (ZH, t w o  d, J=11.0, -Bz l (A  r i n g ) ) ,  4.70 ( l H ,  d. J=10.5, C4- 
H), 4.94, 5.01 (ZH, t w o  d, J=11.0, - B z l  ( A  r i n g ) ) ,  5.15 (4H, s, - 
B z l  ( B  r i n g ) ) ,  5.70 ( l H ,  t, J=lO.O, C3-H),  6.15, 6.17 (ZH,  t w o  d, 

6.86-7.60 (23H, m). 

U V  Xmax (CH30H) nm ( l o g  E ) :  280 (3.66); 'H-NMR (CDC13-DMSO- 
d6) 6 :  4.25 (3H. b r o a d  s, CZ-H, C3-H, C4-H)1 5.63-5.89 (4H. m, 

(7H, t w o  b r o a d  s, p h e n o l  ic-OH); 3C-NMR (DMSO-d6) 6 : 37.1 (C-4), 

105.8, 107.2 (C-4al C - l " ) ,  114.7 (C-2'). 115.1 (C-5'), 119.3 ( C -  

156.2, 156.7, 157.1 (C-5, C-7, C-8a. C-2", C-4", C-6"). Anal .  
Calcd.  f o r  C21H1809 1.5H20: C, 57.2; H. 4.8. Found: C, 57.1; H, 
5.1. A c e t a t e  o f  compound 3: 'H-NMR (CDC13) 6 : 1.65 (3H, s), 
1.94, 1.98, 2.23, 2.25, 2.28, 2.29, 2.35 ( Z I H ,  seven s), 4.59 
(1H, d, J=9.2, CZ-H), 4.90 ( I H ,  d, J=IO.O, C4-H), 5.88 ( l H ,  t, 
J=IO.O, C3-H)1 6-51, 6.70 (ZH,  t w o  d, J=2.4, C6-H. Cg-H), 6.91 

J=11.0, 3.5, C3-H), 6.18, 6.26 (2H. t w o  d, J=2.0, Cg-H, c8-  

4-44 ( I H ,  d, J=8.81 C2-H). 4.50 (1Hi d i  J=lO.Oi C4-H)i 4.72, 2.79 

J=2.4, Cg-H, Cg-H), 6-56, 6.79 (ZH,  t w o  d, J=2.4, C~ I I -H ,  C~ I I -H ) ,  

Compound 3 was ob ta ined  i n  99.3% y i e l d  f rom compound 17. 

Cg-Hi C8-Hi C~ I I -H ,  C511-H)i 6.661 6.87 (3H1 t w o  s ) ,  8.28, 8.60 

71.1 ( c - 3 ) ~  82.5 (C-Z) ,  94.39 95.1, 95.9 (C-61 C-81 c - 3 " ~  c - 5 " ) ~  

6 ' ) ,  130.8 ( C - I ' ) ,  144.61 144.7 (C-3',  c -4 ' ) ,  155.5, 155.81 

(2H. s, C3ll-H. C5ll-H). 7.19-7.45 (3H, m). 
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