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LIGNANS. 13. T O T A L  SYNTHESES OF 1 - I - C A R N O L ,  I - I -CARISSANOL 

AND 1 - I -HYDROXYTHUJAPLICATIN  METHYL ETHERt 

K e n r a  Khamlach ,  R o b e r t  Dhal, a n d  E r l c  Brown.  

L a b o r a i m r e  d e  S y n t h e s e  T o t a l e  d e  P i o d u i t s  N a t u i e l s  IURA CNRS 4821, 
F a c u l t 6  d e s  S c l e n c e e ,  Route  d e  Laua l ,  BP 5 3 5 ,  7 2 0 1 7  Le  M a n s ,  F r a n c e  

4&&?a - The tltle compounds viere obtatned b y  i -hyd roxy la r lon  of the 

correspondmg o p t c a l y  act lve x.5-dbenzy-.:-butyrolactones, fo l l owed  by  

chemical reduc ton  of [he l a c t o n c  r n g  and/or cata ly l lc  hydrogenolysls o f  rhe 

0 - b e n z y  p ro tec tng  groups. - 

T h e r e  a r e  numerous  e x a m p l e s  o f  lhgnans b e l o n g n g  t o  t h e  ~ ~ ~ - ? , ~ - d ~ b e n ~ y l - ~ ~ - b u t y r o I a c t o n e  

series.' A  f e w  i e p r e s e n t a l v e s  t y p ~ c a i l y  b e a r  a h y d r o x y  g r o u p  n t h e  i p o s t i o n  w l t h  r e s p e c t  t o  

the  c a r b a n y l ,  a s  e x e m p t f e d  b y  I - I - t r a c h e l o g e n $ n  I l l ,  a p a l e n t  c a l c i u m  a n t a g a n l s t , l b  a n d  w h o s e  

t o t a l  s y n t h e s s  w e  r e c e n t l y  d e s c r ~ b e d . ~  A s  a c o n t n u a t l o n  o f  our  w o r k  on optically a c t v e  I lgnans, 

w e  d e s c r i b e  h e r e  t h e  t o t a l  s y n t h e s e s  o f  t h r e e  n a r u r a l  c o m p o u n d s  belonging l o  the t r a c h e l o g e n i n  

g roup ,  n a m e l y  I - 1 - c a r l n a l  151, I - 1 - c a r i s s a n o  171, a n d  i - 1 - h y d r o x y r h u ) a p l l c a t ~ n  m e l h y l  e t h e r  i l l ] .  

s y n t h e t c  1 - 1 - Q - d b e n z y l n o r t r a c h e l o g e n i n  ( ~ 1 , ~  121, -26 '  !CHCI3I,  w a s  t r e a t e d  w l f h  a t w e n t y f o l d  

m o l a r  e x c e s s  o f  Ihlhlum a l u m i n u m  h y d r d e  i n  a b o i l l n g  m x t u r e  o f  THF a n d  e t h e r ,  and  th ls  f v r n l s h e d  

c h r a m a t o g i a p h c a l l y  p u r e  1 -1 -Q-d ibenzy lca r ino l  141 a s  a n  a m o r p h o u s  so l i d ,  iYiD -15' ICHCl31 in 

6 0 %  y l e l d .  W h e n  the  s a m e  reduction w a s  c a r r e d  o u t  a t  r o o m  t e m p e r a t u r e  u s ~ n g  a t e n f o l d  e x c e s s  

o f  I t h u m  a l u m ~ n u m  h y d r ~ d e ,  t h e  d o  141 w a s  o b t a l n e d  t o g e t h e r  w i t h  l h e  l a c t o l  151. C a r a y t c  

h y d r o g e n o l y S l s  o f  t he  b e n z y l  e t h e r  g r o u p s  o f  4  w a s  carried o u r  i n  E t O H / A c O E t  n the  preTence 
o f  1 0 %  P d /  C  a t  r o o m  t e m p e r a t u r e  u n d e r  m o d e r a r e  p r e s s u r e ,  a n d  g a v e  a l t e r  c h r o m a t o g r a p h y  

a n  8 8 %  y e d  o f  I - 1 - c a r n o l  151 a s  a n  a m o r p h o u s  eo l ld ,  lv Io  -21.9'  I E t O H l  h3 t71D -23 '  IE~OHI]. 
The 1 3 c  a n d  'H -nmr  ( a c e t o n e - d 6 ]  d a t a  o f  s y n t h e l l c  1-1-5 w e r e  i n  a g r e e m e n t  w i t h  t h e  d a t a  

r e p o r t e d  b y  A c h e n b a c h  a n d  c o w o r k e r s  f o r  t he  n a t u r a l  c o m p o u n d  i s o l a t e d  f r o m  C a r l s s a  e d u l s .  

On a c c o u n t  o f  the 8'-OH. the  nmr  signals o f  t he  9'-H p r o t o n s  o f  5 a p p e a r e d  a t  6 3 . 4 4  a n d  

3 . 5 0  p p m  a s  t w o  d o u b l e t s  ( J  = 11.1 Hz1 o f  a n  A 8  s y s l e m ,  w h e r e a s  t h e  9-H p r o t o n s  a p p e a r e d  

a t  8 3 .6  a n d  3 . 7 4  p p m  a s  t w o  d o u b l e t s  o f  d o u b l e t s  o f  a n  ABX s y s t e m .  

The  c a r b o n y l  g r o u p  o f  1 - 1 - Q - d b e n z y l n o r t r a c h e l a g e n ~ n  1212 w a s  n e x t  r e d u c e d  w i t h  d l l s o b u t y l -  

a lumtn lum h y d r ~ d e  i n  l o l u e n e  a t  l o w  t e m p e r a t u r e s ,  thus g l v n g  I - 1 - Q - d b e n r y l c a r s s a n o l  18 a s  a 

c r y s t a l n e  so l i d ,  lvlD -22 .7 '  ( C H C 3 ] ,  n 81% y i e l d .  Catalytic h y d r o g e n o y s l s  o f  t he  b e n z y l  groups 

o f  6 w a s  carried o u t  a s  above,  a n d  a f t e r  c h r o m a t o g r a p h y  1 -1 -ca r t ssano l  (7)  w a s  o b t a i n e d  a s  an  

a m o r p h o u s  so l td ,  lv lD -12.9'  [ E t O H ]  i n  81% y ~ e l d  i ~ i t . ~  lYID -14'  1 ~ 1 0 ~ 1 1 .  The  l 3 c  a n d  'H-nmr 

l a c e t o n e - d 6 1  d a t a  o f  s y n t h e t c  1-1-7 w e r e  n a g r e e m e n t  w t h  the  d a t a  r e p o r t e d  b y  A c h e n b a c h 3  

f o r  t he  n a t u r a l  c o m p o u n d  s o l a l e d  f r o m  C. e&lls. On a c c o u n t  o f  !he l a c t o l  g r o u p ,  the f a c t  t h a t  

the c o m p o u n d  171 s a m i x t u r e  o f  e p i m e r s  i n  s o l u t o n  w a s  c o l l f ~ r m e d  b y  e x a m ~ n a t i o n  o i  t h e  ' t i  a n d  

1 3 c - n m r  s p e c t r a .  The  s g n a l s  o f  t he  e p l m e r l c  9'-H p r o t o n s  o f  7  a p p e a r e d  a t  6 4 9 2  I d ,  J = 3.9 H z ]  

------------------- 
' ~ r e c e d l n g  p a p e r  : L lgnans .  12, K .  La lam, ,  R. Dhal ,  a n d  E .  B r o w n .  J. Na!. Prod. ,  n t h e  p r e s s .  



a n d  8 5.15 p p m ,  a n d  the  c o r r e s p o n d ~ n g  signals a t  t he  9 - C  c a r b o n s  a p p e a r e d  a t  6 101.4 a n d  

104.4 p p m .  

S y n t h e t c  ( - 1 - Q - d l b e n ~ y l t h u j a ~ l l c a t l n  m e t h y l  e t h e r  1 8 1 , ~  m p  9 0 - 9 2 ' C  a n d  lklD 2 0  5 '  iCHc13 i ,  w a s  

t r e a t e d  w t h  1.5 equivalent o f  l h th~um h e x a m e t h y l d ~ s i l a z ~ d e  ( LHDS~ in the  p r e s e n c e  o i  1 e q u v a e n t  

o f  1 2 - c r o w n - 4  a n d  1  e a u ~ v a l e n t  o f  t r l e t h y l  p h o s p h l t e  n b e n z e n e  a t  r o o m  t e m p e r a t u r e ,  a n d  

M e 0  

R 

OMe 

RO 

M e 0  OMe 

OH 

OMe OMe 

d r y  o x y g e n  w a s  b u b b l e d  t h r o u g h  the  r e a c t i o n  mixture f o r  3  h .  

A f t e r  t r e a t m e n t  w t h  a q u e o u s  NH4CI, t he  m i x t u r e  w a s  w o r k e d  u p  

a n d  the  r e a c t o n  p r o d u c t s  w e r e  l s o l a t e d  b y  c o l u m n  c h r o m a t o g -  

r a p h y  o v e r  s l l c a  ge l .  T h s  a f f o r d e d  a p p r o x m a t e y  e q u l m o l e c u l a r  

a m o u n t s  o f  t h e  B r - h y d r a x y l a t e d  e p l m e r s  9  ( 2 9 %  y ~ e l d ,  

a m o r p h o u s  s o l i d ] .  111s4 - 2 8 . 5 '  i C H C 3 1  a n d  11-1-101 126% y i e l d ,  

c r y s t a l l $ n e l ,  131:~ -15.3' ICHCI31. C a t a l y t i c  h y d r o g e n o l y s ~ s  o f  t h e  

b e n z y l  e t h e r  g r o u p s  o f  9 w a s  c a r r e d  o u t  a s  a b o v e ,  a n d  a f t e r  

c h r o m a t o g r a p h y  a f f o r d e d  i - 1 - h y d r o x y t h u j a p l c a t n  m e t h y l  e t h e r  

ill) a s  a n  a m o r p h o u s  so l id ,  1 7 1 $ ~  -62 .9 '  iCHC131 in 65% y e l d  

l~lg -54.8. I C H C I ~ I ~ .  T h e  i r  a n d  l ~ - n m r  d a t a  o l  s y n l h e t t c  

(11) w e r e  in a g r e e m e n t  w i t h  the  d a t a  r e p o r t e d  f o r  t he  n a t u r a l  

c o m p o u n d  t e o l a t e d  i r a m  n 9 a  m l c a t a  D. b y  M a c l e a n  a n d  

 coworker^.^ The  nmr  5 g n a l e  o f  t he  9-H p r o t o n s  o f  11, o n  a c c o u n t  

o f  a s e c o n d  o r d e r  coup l tng ,  a p p e a r e d  a s  a n  u n r e s o l v e d  d o u b l e t  

a t  6 4 .05  p p m ,  a n d  the  l s o l a t e d  7'-H p r o l o n s  a p p e a r e d  a t  6 2 . 9 0  

a n d  3.10 p p m  a s  t w o  d o u b l e t s  i J  : 13.6 H z i  o f  a n  A 0  s y s t e m .  

M o r e o v e r ,  t he  f a c t  t h a t  c o m p o u n d  illi a n d  the  s t r u c t u r a l l y  r e l a t e d  ( - 1 - n o i t r a c h e l o g e o i o  (31 h a v e  

I n d e e d  the  s a m e  r e l a t v e  configuration w a s  c o n f i r m e d  b y  t h e  s t m l l ~ r u d e  o f  t he  p a t t e r n s  e x h b t e d ,  

n l ~ - n m r ,  b y  t h e  p r o t o n s  o f  the a l ~ p h a t t c  p a r t s  o f  their m o l e c u l e s .  Finally, c a t a y t c  h y d r o g e n o l y s l s  

of the  Q - b e n r y l  g r o u p s  a t  t he  e p i m e r  1101 w a s  c a r r i e d  o u t  a s  a b o v e ,  a n d  a f t e r  c h r o m a t o g r a p h y  

a f f o r d e d  i + ) - e P l h y d i o x y t h u j a p l ~ c a t ~ n  m e t h y l  e t h e r  (121 a s  a n  a m o r p h o u s  so l id ,  121;' ' 3 . 6 '  i CHC31 

~n 7 3 %  y l e l d .  U n k e  t h e  WE-7 , : -d lbenzy l - - : - l ac tone  i l l i ,  t he  nmr  s g n a s  o f  t h e  7 - H  p r o t o n s  o f  

the  gm-eplmer (121 a p p e a r e d  a s  a so le  b r o a d  e lng le t  a t  8 2.96 p p m .  

EXPERIMENTAL 

The ir  s p e c t r a  w e r e  r e c o r d e d  on a N l c o l e t  5 D X  s p e c t r o p h o t o m e t e r .  The  m m r  s p e c t r a  w e r e  

r e c o r d e d  on a V a r m n  EM 3 9 0  s p e c t r o m e t e r  to r  l t i  and a Vastan F T  80 for  1 3 c .  T h e  m s  w e r e  
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r e c o r d e d  b y  " C e n t r e  R B g o n a l  d e  M e s u r e s  Physiques d e  ' O u e s t "  I R e n n e s l .  E lementa l  ana lyses  

w e r e  carried ou t  b y  " C e n t r e  de M i c r o a n a l y e e  d u  CNRS" [ L y o n - V e r n a l s o n  a n d  G l f - s u r - Y v e t t e ] .  

O p l c a l  r o t a t i o n s  w e r e  determined us ing  a Perk ln-Elmer 2 4 1  m l c r o p o i a r ~ m e t e r .  

A b b r e v a t ~ o n  : LHDS, l i t h ~ u m  h e x a m e t h y l d ~ s l a z d e .  

i - i - O - D 1 b e n 2 y l c a i 1 n o l  141 

A  m o l a r  so lu t lan  o f  L>A1H4 in e t h e r  113.5 m l i  w a s  p o u r e d  In to  a 5 0 - m l ,  3 - n e c k e d  f l a s k  e q u ~ p p e d  

w l l h  a r e f l u x  c o n d e n s e r ,  a m a g n e t l c  s t i r r e r  a n d  a n  a r g o n  in le t ,  f o l l o w e d  b y  t h e  a d d i l l o n  o f  

1 - 1 - Q - d b e n z y l n o r l r a c h e l o g e n i n  121, IllD - 2 5 '  l c  1, CHC31 ( 3 7 4  m g ,  0 . 6 7 5  m m o i  i n  THF 115 m l i .  

A f r e r  heating under  r e f u x  f o r  5  h, A c O E t  11.5 m l i  w a s  a d d e d ,  f o l l o w e d  s u c c e s s l v e l y  b y  H 2 0  

10.5 m l ) ,  15% s o d ~ u m  h y d r o x t d e  s o l u t ~ o n  10.5 m l i  and  H 2 0  11.5mIi.  The a iumlmum s a l t s  w e r e  

removed b y  f i l t r a t i o n  a n d  w e r e  w a s h e d  w i t h  CH2C12 14 x 1 0  m l ) .  The organic so iu t lons  w e r e  

p o o l e d ,  d r i e d  i M g S 0 4 i  a n d  e v a p o r e d  under  r e d u c e  p r e s s u r e .  The o l l y  r e s i d u e  w a s  c h r o m a l a -  

g r a p h e d  o v e r  s l l c a  g e l  110 g l ,  us lng  CH2CI2/MeOH 199 : l i  for  t h e  e lut ion,  a n d  a f f o r d e d  amorphous  

i - i - Q - d l b e n r y l c a r n o l  141 1226  mg,  6 0 % ) .  i x I D - 1 5 '  i c  1.9, CHCI31. &a!. C a l c d  f o r  C 3 4 H 3 8 0 7  : 

C, 73.10 ; H, 6 . 8 5 ,  0 ,  2 0 . 0 5 .  Found  : C, 73.16 , H, 6 . 7 5 ,  0 ,  19.79. Ir l v  ,,,, KBr l  : 3 4 0 0  ( O H ] ,  1606,  

1512 (C=C1, 1252 ,  1228 ,  1142 a n d  1 0 3 4  c K 1 .  ' H - ~ r n r  ICDCl31 I S ,  p p m l  : 7 . 4 4  i lOH,  m, H  arom.1; 

6.55-6.91 16H, m,  H  8rom.i.  5.13 I 4 H .  s ,  PhCl i201,  3 .83 a n d  3 .85  I6H.  s ,  0 C H 3 i ;  3 .63 i2H,  m, 9-HI; 

3 .46  12H. m ,  !&HI, 2 .0-3.03 18H, m ,  7-H, 7'-H, 8-H and  OH]. 

Id:Cafi.ol 151 

A  s a l u l o n  o f  1 - 1 - Q - d b e n r y l c a r n o l  (41 ( 2 8 5  mg,  0.51 m m o i  i n  a 1:l m l x t u r e  I 2 5  m l l  o f  EtOH and  

A c O E I  w a s  p o u r e d  i n t o  a h y d r o g e n a t o n  f l a s k ,  f o l l o w e d  b y  t h e  a d d i l l o n  o f  a 10% P d - c h a r c o a l  

c a t a l y s t  ( 3 0  m g j .  A f t e r  s t t r r l ng  f o r  3  h  a t  r o o m  t e m p e r a t u r e  under  a h y d r o g e n  p r e s s u r e  of  3  ba rs ,  

the c a t a l y s t  w a s  r e m o v e d  b y  triple f l t r a t ~ o n  a n d  the s o l v e n t s  w e r e  e v a p o r a t e d  under  r e d u c e d  

p r e s s u r e .  The oily r e s d u e  w a s  p u r i f t e d  b y  c h r o m a t o g r a p h y  o v e r  s t c a  g e l  1 4 0  g i ,  u s n g  CH2CI2/  

MeOH ( 9 7 : 3 ]  f o r  t h e  e u t o n ,  a n d  g a v e  a m o r p h o u s  1 - 1 - c a r n o l  151 1170 mg,  88%1, i5IE4 -21.9' 

[ C  0 .41 .  EtOH].  L I ~ . ~  lulD -21' ( c  0 . 5 ,  EtOHl and  i u l g O  - 2 3 '  ( c  0 .4 ,  EtOH).  Ms ,  F o u n d  : 378.1681. 

C a l c d  far  C 2 0 H 2 6 0 7  : 378.1678.  l ~ - ~ m r  3 3 0 0  M H r i  (acetone-ddi IS ,  p p m i  : 7 . 0 0  i1H. d, J2..6. = 

1.8 H z ,  2 - H I ;  6.85 IIH, d, J2.6 - 1.6 Hz,  2 -H I ;  6.81 ( lH,  dd, J 6 . - 2 ,  = 1.8 Hz,  J6..5. ' 8  Hz, 5 ' - H i ;  

6 . 7 4  ( 2 ~ .  d ,  J  : 8  Hz, 5 . 5 - H ,  6 . 7 0  ( lH ,  dd, J6.* = 1.7 Hz, J6.6 = 8.1 Hz, 6 -H I  ; 3.82 1 6 ~ .  5, O C H ~ )  ; 

3 . 7 4  I l H  dd, JgA.8 = 2 . 4  Hz, J A B  = 11.1 Hz, ~ A - H ]  : 3.60 i l H ,  d d ,  J g 8 - 8  = 5.4 Hz ; J A B  = 11.1 Hz ,  

9 8 - H i  , 3 . 5 0  j l ~ ,  d, JAB = 11.1 H Z ,  g ' n - H )  ; 3 . 4 4  (1H. d, J A B  = 11.1 Hz, 9 '8 -H i  ; 3 . 0 2  i l ~ ,  dd, J7A.8 

: 2.7 Hz , J A B  = 13.6 Hz, 7 A - H i  , 2 .93  I ~ H ,  s, 7' -cH21 ; 2.70-3.10 i3H,  b r o a d  5 ,  OH] ; 2 .58  i l H ,  dd, 

J7B.8 = 11.6 Hz, J A B  = 13.5 Hz, 78 -H i  ; 1.97 ( 1 ~ .  m, 8 -H I .  1 3 c - ~ m r  ( a c e t o n e - d f i i  16, p p m l  : 148.2 

i s ,  3 -C I  ; 147.8 i s ,  3 ' -Ci  , 145 .9  I s .  4'-C1 ; 145 .6  i s ,  4-Ci , 134 .0  i s .  1-Ci ; 130 .0  i s ,  1 ' -Ci  ; 124.3 i d ,  

6 ' - ~ ]  , 122.5 i d ,  6-C] ; 115.5 I d ,  5 . 5 ' - C i  ; 115.2 i d ,  2 ' - C ] :  113.6 I d ,  2-C1 , 77 .4  i s ,  8'-C1 ; 65 .4  i t ,  9'-Ci , 

60 .5  i t ,  9-C1 ; 56.3 iq, 0CH3]  , 49.2 I d ,  8-C] ; 41.5 i t ,  7 ' -C i  ; 3 2 . 0  i t ,  7 - C l .  These  nmr s p e c t r a  a r e  

in  a g r e e m e n t  w t h  the l ~ t e r a t u r e . ~  

0 - D i b e n z y l c a r ~ s s a n o l  161 

A  s o l u t ~ o n  o f  i - 1 - Q - d i b e n z y l n o r t r a c h e I o g e n n  1212 1221 m g ,  0 . 4  m m o l i  n d r y  t o l u e n e  110 m l j  w a s  

p o u r e d  l n t o  a t h o r o u g h l y  d r e d  5 0 - m l ,  3 - n e c k e d  f l a s k  e q u ~ p p e d  w t h  a m a g n e t c  s t i r re r .  The 

501~1100 w a s  c o o l e d  10 7 8 . C  a n d  1.5 M  d i i s o b u t y l a l u m l n u m  h y d i i d e  i n  to luene  (0 .81  ml, 1.21 mrnol) 

w a s  s l o w l y  a d d e d  b y  m e a n s  o f  a syringe, A f t e r  s t i r r ~ n g  a t  7 8 . C  f o r  2 . 5 h ,  the e x c e s s  

h y d i d e  w a s  d e s t r o y e d  w i t h  c o l d  MeOH, A f t e r  a l l o w n g  t h e  r e a c t l o n  m l x t u r e  t o  r e a c h  r o a m  

t e m p e r a t u r e ,  e t h e r  12.6 m l )  w a s  a d d e d ,  f o l l o w e d  s u c c e s s l v e l y  b y  s a t u r a t e d  NaCl  so lu t ion  12.5 m l i ,  

dst11led w a t e r  ( 2 . 5  m i ) ,  6N HCI 10.3 m l i  and  e t h e r  13.5 m i .  The o r g a n i c  p h a s e  w a s  d e c a n t e d  and  



the aqueous phase w a s  e x t r a c t e d  w l t h  CH2CI2 14 x 15 m1. A f t e r  d i y n g  the organic l o l u t i ons  a v e r  

MgS04 ,  f o l l o w e d  b y  evapo ia t l on  under reduced pressure,  the colour less r e s ~ d u a l  0 1  w a s  

c rys ta l l i zed  f r o m  a CH2C2 /e the r  m x t u r e ,  thus a f f o r d n g  the compound 161 1180 mg, 81x1 a s  a 

wh l t e  soI>d.  rnp 123- l25'C and 1yig4 -22.7' l c  0.7, CHCI3!. &!a!. Ca lcd  fo r  C34H3607 : C, 73.36 ; 

H, 6 .52 ,  0, 2 0  12 Found: C, 73 .35 ;  H, 6 . 5 3 ,  0, 20.21. M s .  Found : 556 .2476.  Ca lcd  for  C34H3607 :  

556.2461. Ir (v,,,, KBr! : 3419 (OH/ ,  1606, 1514 IC=CI ,  1263, 1229, 1139, 1033 and 1010 cm-l .  

' ~ - ~ m r  lCDC131 18, ppm l  : 7.27-7.53 i lOH. m, H  arorn.1 : 6.62-6.90 (6H, m, H  arom.1 ; 5.13 (4H, 3, 

PhCH20j ; 3.88 16H, 5 ,  0CH31 , 3 .67  i2H. m, 9-HI ; 3 .47  12H. m, OH1 ; 2.67-2.91 l5H. m, 7-H, 7'-H 

and 8-H i .  

1 -1 -Car~ssano l  171 

A  10% Pd -cha rcoa l  ca ta l ys t  126 m g i  w a s  added  t o  a so lu l lon  o f  Q -dben ry l ca r l s sano l  I61 1217 mg, 

0.39 mmol l  in a 1:1 EtOH/AcOEt mixture I 2 0  ml ) ,  and the resul t ing suspension w a s  s t l r r ed  a t  r oom 

tempera ture  f o r  3  h under a p ressure  o f  hyd rogen  o f  3 bars.  The c a l a l y s t  w a s  then r e m o v e d  b y  

triple f t r a t o n  and the so lven ts  w e r e  e v a p o r e d  under reduced pressure .  The oily restdue w a s  

chromatographed o v e r  s i c a  ge l  130 g i ,  u s n g  a CH2CI2/MeOH 198:21 mlxture f o r  the e l u ton ,  and 

a f f o r d e d  i -1 -car lssana l  171 1119 mg, 81%) a s  a n  amorphous  sol ld,  131;" -12.9' j c  0.12, EtOHi.   it.^ 
lYID -14' i c  0 . 7 ,  ElOHi. M S .  Found : 376.1537. Ca l cd  fa r  C20H2407  : 376.1522. ' ~ - ~ r n r  1300  MHz1 

( a c e t o n e - d 6 j  18, ppm)  : 7.39 and 7.22 i2H, s, AiOHi ; 6.55-7.05 16H, m, H  arom.! ; 5 .49  and  5.15 

reach lH, d, 9'-OH1 ; 5.15 and 4.92 [ e a c h  lH, d, J 3.9 Hz, g ' -H/  ; 3.85, 3.84,  3.83 and  3.82 15H. 

45, 0CH31 ; 3.55-3.90 12H. m, 9-Hi ; 2 .40-3 .05  i 4H .  m, 7 . 7 - H i  , 2.30 i lH ,  m, 8-H!. 1 3 c - ~ m r  

( a c e t o n e - d 6 j  36, ppm l  : 148.3 1 % .  3-C) ; 147.9  and  147.8 12s, 3'-C1 ; 146.2 and 145.9 12s. 4 ' -C /  ; 

145.7 i s ,  4-C1 ; 133.5 and 133.2 i 2 s ,  1-Ci , 130.2 and 129.4 125, 1'-CI : 124.2 and 124.0 i 2 d .  6 ' -C /  , 
121.8 i d ,  6-C! , 115.7 Id, 5-C1 ; 115.4 and 115.1 ( 2 6 .  2'-C1 ; 115.2 i d ,  5 ' -C/  ; 113.1 and  113.0 ( 2 6 ,  2-Ci ; 

104.4  and 101.4 ( 2 6 ,  9'-C1 , 82.8 and 79.6 12s. 8 - C i  ; 72.9 and 71.3 121. 9-Ci ; 56.3 and 56.2 i q ,  

O C H ~ I  ; 4 7 . 0  and  48 .3  i2d ,  8-Ci ; 40.1 and 43.9 121, 7 ' -C i  ; 33.3 and 32.8 (21, 7-C) 

1 3 - 0 - D ~ b e n ~ ~ l h y d r o ~ v t h ~ j a p i ~ ~ ~ t ~ n  methy l  ether 191 a ~ ~ ~ ~ ~ O - d b e n ~ v I ~ 8 ' - e p l h ~ d r o x v l h ~ ~ a p l 1 ~ a t 1 n  

rnethx! ethe! 1101 - 
A s o u t o n  o f  LHDS (2 .8  ml, 3.17 mrnol] in benzene 120 mlJ  w a s  p repa red  in a  d r ied  100-ml .  3-  

necked  f lask equ ipped w i t h  a magne t i c  s t i r re r ,  a n  a rgon ln le t  ( open )  and an oxygen  ln let  ishut!. 

A  s0Iution of synthetic i - 1 - Q - d l b e n ? y l t h u ] a p l c a t l n  merhy l  ether ( 8 1 , ~  11.2 9, 2.11 mrnoli,  mp 9 0 -  

92'C and lYID -20 .5 '  j c  1, C H C 3 i ,  n benzene 125 ml l  w a s  then s l ow l y  run  n .  A f t e r  s t r r n g  for  2  h  

at  room tempera ture ,  the argon in let  w a s  shut, and  1 2 - c r o w n - 4  10 .34  ml, 2.11 mmol l  w a s  a d d e d  

f o l l o w e d  b y  t i e t h y l  phosph i te  10.36 ml, 2.11 mmol j .  Dry oxygen w a s  then bubb led  through the 

r eac t l on  mlxture far  3  h, a f t e r  wh lch  the la t te r  w a s  t r ea red  w t h  a sa tu ra ted  solut lon of  NH4CI 

120 m i ,  and w a s  e x t r a c t e d  w i t h  AcOEt 14 x 3 0  m l l .  The o r g a n c  phases w e r e  dr ied  IMgS041  and 

e v a p o r e d  under r educedp ressu re .  T h e  s t a r t i ng  r n a l e r l a l  i s ,  265  mg)  w a s  r e c o v e r e d  b y  chromato-  

graphy o f  the f n a l  resldue ove r  ei l lca ge l  130 g, elution w i t h  CH2C12/ether 197:311. The m x t u r e  

o f  the t w o  ep lmer ic  a lcohols 19+101 1580 m g j  w a s  nex t  sepa ra ted  b y  chromatography  o v e r  s i c a  

gel  140  g i ,  u s n g  a to luene/AcOEt  mixture 195:51 for  the eiutlon, thus a f f o r d n g  amorphous 1-1-Q- 

d ~ b e n z y l h y d r o x y t h u ) a p l c a t i n  me thy l  ether 191 ( 2 7 7  mg, 29% y e l d ,  based  upon the consumed 

s t a r t n g  ma le r i a l ] ,  1x1:~ -28.5. i c  0.91, C H C I ~ ] ,  and i - ] - Q - d b e n r y l - 8 ' - e p i h y d r o x y t h u ~ a p l i c a t 1 n  

methy l  ether (101 1255 mg, 2 6 5 % ) .  mp 138-139.5'C IEIOHI and 131;' -15.3' i c  0.82, CHC31. 

0 - D ~ b e n ~ y l h y d ~ ~ ~ y t h u ~ a p l c a l ~ n  methy l  ether (91 : &!a!. Calcd  f o r  C35H3608 : C, 71.90 ; H, 6 .20  ; - 
0. 21.89. Found : C, 71.60 ; H, 6 .42  , 0 ,  22.06. Ms .  Found : 5 8 4 . 2 4 0 5 .  Ca lcd  for  C35H3608 : 

584.2410. lr (urnax,  KBr i  : 3 4 5 0  [OH),  1773 [ C = O ~ ,  1591 and 1509 ICzCI, 1263, 1236, 1126 and 

1022 c m - l .  I H - N ~ ~  lCDC131 16, p p m i  : 7.33-7.63 i lOH,  m ,  H ar0rn.i ; 7.57-6.93 (4H.  m, H arom.1 ; 



6.50 l2H,  s, H  arom.1 ; 5 .25  a n d  5.07 ( 4 H .  25, PhCl i201 , 4.19 I lH,  m, 9A-H i  , 3.90 l 4 H ,  s, 

'38-H a n d  0CH31 ; 3.82 I6H, s ,  O C H ~ ~  ; 2 .62 -3 .23  (6H.  m.  OH. 7 -H .  7 ' -H and  8 - H I .  Q-D ibenzy l -B -  

e p h y d r o x y t h u l a p c a t n  m e t h y l  e t h e r  1101 : na!. C a l c d  fo r  C 3 5 H 3 6 0 8  : C, 71.90 ; H, 6 . 2 0  , 

0, 21.89. Found : C, 71.92 ; H. 6 .27  ; 0, 22.10. Ms, F o u n d  : 5 8 4 . 2 3 9 9 .  C a c d  f o r  C35H36H8 : 

5 8 4 . 2 4 1 0 .  l i  (u,,,, K a r l  : 3 5 3 8  [ O H ] ,  1 7 9 6  1C:Oi. 1 5 8 9  a n d  1514 I C = C I ,  1265 ,  1238,  1130 and  1085 

c m - I .  I H - N ~ ~  ICDCl3 I  IS,  p p m l  : 7 .35 -7 .62  I lOH, m, H  arom.1 ; 6 .63 -6 .93  13H, m, H  arom.1 : 6 .43  

I 2 H  5 ,  H  arom.1 ; 5 .20  a n d  5.07 l 4 H ,  25, PhCH201 , 4 .07  (2H, d,  J  = 6  Hz ,  9-HI ; 3.88 (3-1, s, 

0 C H 3 i  ; 3 .78  l6H.  s ,  0CH31 , 2 . 4 7 - 3 . 0 7  16H. m, OH, 7-H,  7 ' - H  a n d  8 - H I .  

1 - i _ H v d r a x y t h u ~ a p l ~ c a t ~ n  m e t h y l  e l h e r  i 111 

A  10% P d - c h a r c o a l  c a t a l y s t  I 3 0  m g j  w a s  a d d e d  t o  a solution o f  1 - 1 - O - d b e n r y l h y d r 0 x y l h u ) a -  

p l c a l ~ n  m e t h y l  e t h e r  (91  ( 2 4 6  mg,  0 . 4 2  m m o l l  in a 1:) E tOH/AcOEt  m l x t u r e  1 2 0  m l j ,  and  the 

resulting s u s p e n s l a n  w a s  s t l r r e d  a t  r o o m  t e m p e r a t u r e  f o r  3  h  under  a p r e s s u r e  o f  h y d r o g e n  o f  

3  ba rs .  A f l e r  r e m o v a l  o f  t h e  c a t a l y s l  and  l h e  s o l v e n t s ,  t h e  r e s ~ d u a l  ol l  w a s  c h r o m a t o g r a p h e d  

O v e r  s ~ l c a  g e l  us lng  CH2CI2 /e the r  195:51, a n d  a f f o r d e d  1 - 1 - h y d r o x y t h u ) a p l ~ c a l ~ n  m e t h y l  e l h e r  (11) 

I110 m g ,  6 4 . 8 % )  a s  a n  a m o r p h o u s  solid, 1 ~ 1 ~ - 6 2 . ! 3 '  ( c  2.2,  C H C 3 j .  L1L5 I t 1  F - 5 4 . 8 '  l c  0 .88 ,  

CHCI31. ma!. C a i c d  for  CZ1HZ4O8 , C, 62 .37  ; H, 5 .98  , 0 ,  31.65. Found : C, 6 2 . 4 0  . H. 5 .90 ; 

0 ,  31.69. M s .  F o u n d  : 4 0 4 . 1 4 7 5 .  C a l c d  l o r  C21H2408  : 4 0 4 .  1471. r  (vm,,, K a r l  : 3 4 3 2  (OH] ,  1762 

iC.01, 1617, 1518 (C:CI, 1273,  1238 ,  1217, 1114 a n d  1 0 2 9  c m - l ,  ' ~ - ~ m r  ( 3 0 0  MHz1 ~ C D C I ~ ]  (8 ,  p p r n l :  

6 .85  ( l H ,  d, J  = 7 .9  Hz, 5 -H I  ; 6 . 6 6  ( IH ,  dd, J  = 1.9 Hz a n d  7 .9  Hz, 6-HI ; 6 .53  I l H ,  d, J  = 1.9 H i ,  2-HI , 

6 . 3 6 ( 2 H ,  ~ , 2 ' , 6 ' - ~ ] ; 5 . 5 2 a n d 5 . 4 6 1 2 H . 2 ~ ,  4 . 4 ' - O H ] ,  4 . 0 5 1 2 H .  m , 9 - H ]  , 3 . 8 5 ( 3 ~ , s .  O C H ~ J  ; 3 .85  16H. 

5, O C H ~ ]  ; 3.10 IIH, d, J  = 13.6 Hz, 7 . A - H I  , 2 .95  ( IH,  d d ,  J7A.8 = 9 .6  HZ, J A B  : 18.2 Hz,  7 A - H I  ; 

2 . 9 0  (1H. d ,  J  = 13.6 Hz, 7 .8 -H I  , 2.53 12H, m,  78-H a n d  8 -H I  , 2.41 I l H ,  s,  8 ' - O H ) .  

i * i - 8 ' - E ~ 1 h v d r o x v l h u 1 a ~ I 1 c a t 1 n  m e t h v l  lethe! (121 

A 10% P d - P t - c h a r c o a l  c a t a l y s t  1 2 0  m y )  w a s  a d d e d  t o  a s o l u t i o n  o f  Q - d l b e n z y l - 8 ' - e p h y d r o x y t h u ) a -  

p l l c a t i n  m e t h y l  e l h e r  [ l o ]  1188 m g ,  0 . 3  m m o l  in  a n  E I O H / A c O E t  mixture (1: l)  120  ml l ,  and  t h e  r e s u l t n g  

suspension w a s  h y d r o g e n a t e d  for  16 h  a t  r o o m  t e m p e r a t u r e  under  a p r e s s u r e  o f  3  b a r s .  A f l e r  

r e m o v a l  of t h e  c a t a l y s t  a n d  !he e o v e n t s ,  the c r u d e  r e a c t o n  p r o d u c t  w a s  p u r l f l e d  b y  c h r o m a t o -  

g r a p h y  o v e r  s l c a  g e l  ( C H 2 C I 2 / e t h e i  9 5 : 5 ] ,  a n d  a f f o r d e d  ( + l - 8 ' - e p ~ h y d r o x y t h u ~ a p I l c a t n  m e t h y l  

e t h e r  1121 I 9 5  mg,  73 % j  a s  a n  a m o r p h o u s  so l l d ,  I z I , ~ '  '3.6. j c  0 . 6 9 ,  CHCI31. U!. CalcU for  

C21H2408  : C, 6 2 . 3 7  , H, 5 .98  , 0 ,  31.65. Found  : C, 62.21 ; H. 5 .87  ; 0 .  31.61. Ms, F o u n d  : 404.1475.  

C a c d  f o r  C21H2408  : 404 .1471 .  l r  jv,,,, K B i i  : 3 4 8 5  a n d  3 4 0 7  (OH) ,  1786  i C = O i ,  1615 and  1514 

I C = C I ,  1259,  1 2 4 0 ,  1219, 1114, 1093 ,  1 0 3 3  and  1 0 2 2  c m - l ,  I H - N ~ ~  I 3 0 0  MHz1 1CDC31 18, p p m l  : 

6 .86  (IH, d, J - 7 .9  Hz, 5-Hi ; 6.69 j lH,  d ,  J  = 1.8 Hz, 2-HI  ; 6.66 ( lH ,  d d ,  J = 2Hz a n d  7 .9  Hz, 6-Hi ; 

6.45 12H. 5, 2',6'-HI ; 5.54 a n d  5.50 (ZH,  25.  4 .4 ' -OH]  ; 4 . 2 0  I1H. dd ,  JgA.8 = 7 .8 Hz, J A B  = 9.1 Hz, 

BA-HI ; 3 .98  lSH,s, 0CH3]  , 3 . 9 8  1 1 ~ ,  m, 90-HI , 3.14 I lH .  dd, J7A.a ' 4  Hz, J A B  ' 13.5 HZ,  7A-HI  ; 

2 .96  ( 2 ~ .  e ,  7 ' -H I  , 2 .95  I ~ H ,  m, 8 -H I  ; 2 . 7 4  (IH, 5 ,  8'-HI , 2 .66  ( l H ,  dd ,  J7B.8 ' 11.5Hr. J A B  : 

13.5Hz. 78 -H I  
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