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A b s t r a c t  - The s y n t h e s i s  o f  t h e  t i t l e d  compound ( 1 )  and i t s  c o n v e r s i o n  

t o  p i s i f e r i c  a c i d  ( 2 )  a r e  d e s c r i b e d .  

I n  t h e  y e a r  1982 Matsumoto and u s u i 2  r e p o r t e d  t h e  s y n t h e s i s  o f  a b i e t s - t r i e n e  ( 1 )  

and i t s  t r a n s f o r m a t i o n  t o  p i s i f e r i c  a c i d  ( 2 ) .  a  t r i c y c l i c  d i t e r p e n e  w h i c h  shows 

' 3 a n t i m i c r o b i a l  a c t i v i t i e s  a g a i n s t  a l l  g r a m - p o s i t i v e  b a c t e r i a  t e s t e d .  

As a  p a r t  o f  o u r  p r o j e c t  d i r e c t e d  t o w a r d s  t h e  d l t e r p e n e  s y n t h e s i s  we have t r i e d  t o  

d e s i g n  an a l t e r n a t i v e  a p p r o a c h  t o  t h i s  i m p o r t a n t  p r e c u r s o r  ( 1 )  and i t s  c o n v e r s i o n  

t o  p i s i f e r i c  a c i d  ( 2 ) .  The p r e s e n t  c o m m u n i c a t i o n  d e s c r i b e s  t h e  r o u t e  d e v e l o p e d  t o  

r e a l i z e  t h e  d e s i r e d  o b j e c t i v e .  The i m p o r t a n t  f e a t u r e s  o f  t h e  p r e s e n t  s y n t h e s i s  a r e  

( i )  e a s y  a v a i l a b i l i t y  o f  t h e  s t a r t i n g  m a t e r i a l  and ( i i )  s t e r e o s e l e c t i v i t y  c o n c e r n -  

i n g  t h e  s t e p s  o f  (12 )+ (13 )+ (14 )  i n v o l v e d .  

4  The k e t o - a l c o h o l  ( 4 )  p r e p a r e d  f r o m  t h e  u . 8 - u n s a t u r a t e d  k e t o n e  ( 3 ) '  was chosen  a s  

s t a r t i n g  m a t e r i a l  f o r  o u r  s y n t h e t i c  a p p r o a c h .  T rea tmen t  o f  t h e  k e t o  a l c o h o l  ( 4 )  

w i t h  d i h y d r o p y r a n  c o n t a i n i n g  p - t o l u e n e s u l f o n i c  a c i d  y i e l d e d  t h e  o i l y  p y r a n y l  de-  

r i v a t i v e  ( 5 )  i n  72% y i e l d ,  m l z  210 ( M + - c ~ H ~ o )  and i r  ( f i l m )  1720  (C=O) c m - l .  Re.- 

d u c t i o n  o f  t h e  C-3 c a r b o n y l  g r o u p  o f  ( 4 )  w i t h  sodium b o r o h y d r i d e  y i e l d e d  a  m i x t u r e  

o f  a l c o h o l s  whose t o s y l  d e r i v a t i v e s  on h e a t i n g  w i t h  l i t h i u m  b r o m i d e ,  l i t h i u m  c a r -  

b o n a t e  and d i m e t h y l  f o rmamide  p r o d u c e d  an o i l y  o l e f i n  ( 6 )  i n  52% y i e l d ,  m l z  1 9 6  

(M') and 1 7 8  ( M ' - H ~ O ) ,  ir ( f i l m )  3450  (OH)  c m - l ,  nmr ( c c I ~ ) :  6 5.62 and 5.78 (2H, 

O l e f i n i t  p r o t o n s ) .  I t  i s  i n t e r e s t i n g  t o  o b s e r v e  t h a t  d e h y d r o s u l f o n a t i o n  and h y d r o -  



l y s i s  o f  t e t r a h y d r o p y r a n y l  g r o u p  w e r e  r e a l i z e d  b y  a  s i n g l e  e x p e r i m e n t .  The o i l y '  

6  
ke tone  ( 7 )  o b t a i n e d  b y  o x i d a t i o n  o f  t h e  o l e f i n  ( 6 )  w i t h  J o n e g  r e a g e n t  was f o r -  

m y l a t e d  w i t h  e t h y l  f o r m a t e  t o  o b t a i n  (8) w h i c h  was s u b j e c t e d  t o  R o b i n s o n  a n n u l a -  

t i o n  r e a c t i o n  w i t h  m e t h y l  v i n y l  k e t o n e  p r e p a r e d  i n  s i t u  f o l l o w i n g  t h e  p r o c e d u r e  o f  

Howe l l  and  T a y l ~ r . ~  The  o i l y  a d d u c t  w i t h o u t  p u r i f i c a t i o n  was c y c l i z e d  b y  b o i l i n g  

w i t h  s o d i u m  m e t h o x i d e  i n  m e t h a n o l  t o  y i e l d  a , B - u n s a t u r a t e d  k e t o n e  ( 9 )  ( 4 0 % ) ,  m/z 1 
i 

244 ( M + )  and i r  ( f i l m s )  1645  (C=O) c m - l .  I t s  nmr s p e c t r u m  c l f a r l y  i n d i c a t e d  t h a t  

t h e  k e t o n e  ( 9 )  was a  m i x t u r e  o f  8 u  and  8 8 - e p i m e r s .  The s i g n a l  S 5.55-5 .72 ppm i n -  

d i c a t e  t h e  p r e s e n c e  o f  more  t h a n  t h r e e  p r o t o n s  and t h i s  c a n  be a c c o u n t e d  o w i n g  t o  

t h e  p r e s e n c e  o f  t h e  e p i m e r i c  m i x t u r e  o f  t h e  k e t o n e  ( 9 ) .  As t h e  compounds ( 1 )  and  

( 2 )  w e r e  o u r  s y n t h e t i c  g o a l  i t  was c o n s i d e r e d  u n n e c e s s a r y  t o  s e p a r a t e  t h e  e p i m e r s  

o f  ( 9 )  b e c a u s e  t h e  a r o m a t i z a t i o n  o f  b o t h  t h e  e p i m e r s  w o u l d  l e a d  f i n a l l y  t o  t h e  

same p r o d u c t .  

Next  p h a s e  o f  o u r  s t u d i e s  c o n s i s t e d  i n  t h e  i n t r o d u c t i o n  o f  t h e  i s o p r o p y l  g r o u p  a t  

C-13 p o s i t i o n  o f  t h e  k e t o n e  ( 9 )  and  t o  a c c o m p l i s h  t h i s  o b j e c t i v e  i t  was t r e a t e d  

w i t h  d i e t h y l  c a r b o n a t e  i n  p r e s e n c e  o f  sod ium h y d r i d e  t o  y i e l d  t h e  8 - k e t o e s t e r  ( 1 0 )  

wh i ch  o n  t r e a t m e n t  w i t h  m e t h y l l i t h i u m  i n  e t h e r  p r o d u c e d  a n  a l c o h o l i c  m a t e r i a l  a s  

was e v i d e n c e d  b y  i t s  s p e c t r o s c o p i c  d a t a .  A t t e m p t e d  d e h y d r a t i o n  o f  t h e  r e s u l t i n g  

m a t e r i a l  by  t r e a t m e n t  w i t h  1% h y d r o c h l o r i c  a c i d  i n  r e f l u x i n g  m e t h a n o l  l e d  t o  t h e  

f o r m a t i o n  o f  a  m i x t u r e  p r o d u c t s  whose s p e c t r a l  d a t a  ( i r  a n d  n m r )  i n d i c a t e d  t h e  f o r  

m a t i c n  o f  p h e n o l i c  compound w h i c h  was c o n t a m i n a t e d  b y  d i f f i c u l t l y  s e p a r a b l e  b y -  

p r o d u c t s .  I n  o r d e r  t o  c i r c u m v e n t  t h e  p r o b l e m  t h e  p r o d u c t  m i x t u r e  i n  acetone was 

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

p r o d u c t  on c h r o m a t o g r a p h i c  p u r i f i c a t i o n  on  s i l i c a  g e l  a f f o r d e d  a  compound w h i c h  

was i d e n t i f i e d  a s  o l e f i n i c  m e t h y l  e t h e r  ( 1 2 )  on  t h e  b a s i s  o f  s p e c t r a l  e v i d e n c e s  

m/z 298 ( M + ) ,  nmr (CC14) :  S 0.98 (3H ,s ) ,  1 . 0 8  (3H.51, 1 . 2 1 - 1 . 2 6  (9H,s)  (4,4,10,14- 

CH3), 3 .75  (314,s,?Ct!3), 5 .52 -5 .56  (m, 2 H ,  v i n y l  p r o t o n s ) ,  6 .62  (1H.s)  and  6 .72  

(1H.s) ( a r o m a t i c  p r o t o n s ) .  The f o r m a t i o n  o f  ( 1 2 )  s t r o n g l y  c o n f i r m e d  t h e  f o r m a t i o n  
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o f  o l e f i n i c  p h e n o l  ( 1 1 )  d u r i n g  a c i d - c a t a l y z e d  d e h y d r a t i o n  e x p e r i m e n t .  T h e r e  i s  no  

d o u b t  t h a t  t h e  r e a c t i o n  o f  k e t o  e s t e r  ( 1 0 )  w i t h  m e t h y l l i t h i u m  f o l l o w e d  b y  a c i d  h y -  

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

y i e l d i n g  t h e  d i e n o n e  w h i c h  u n d e r w e n t  a r o m a t i z a t i o n  t o  f u r n i s h  t h e  p h e n o l  ( 1 1 ) .  

A t t e n t i o n  was n e x t  f o c u s e d  o n  t h e  h y d r o x y l a t i o n  o f  ( 1 2 )  t o  o b t a i n  ( 1 4 )  w h i c h  w o u l d  

be r e q u i r e d  f o r  t h e  p r e p a r a t i o n  o f  2 8 , 2 0 - e p o x y - 1 2 - m e t h o x y a b i e t a - t r i e n e  ( 1 )  and t h i s  

p r o v e d  t o  be one  o f  t h e  m o s t  d i f f i c u l t  D a r t  o f  t h e  p r e s e n t  s y n t h e s i s .  A f t e r  numer -  

ous  a t t e m p t s  t o  e f f e c t  t h i s  t r a n s f o r m a t i o n  t h e  success  was f i n a l l y  a c h i e v e d  by  em- 

p l o y i n g  t h e  h y d r o b o r a c i o n - o x i d a t i o n  r e a c t i o n e  wh ich  y i e l d e d  t h e  a l c o h o l  ( 1 3 )  (30%). 

The l a t t e r  e v e n t s  c o n f i r m  t h e  p o s i t i o n  o f  t h e  h y d r o x y l  g r o u p .  The nmr s p e c t r u m  o f  

t h e  a l c o h o l  ( 1 3 )  was c o n f u s i n g  and t h u s  t h e  c o n f i g u r a t i o n a l  a s s i g n m e n t  o f  t h e  C-2  

p r o t o n  o f  t h e  a l c o h o l  ( 1 3 )  c o u l d  n o t  be a s c e r t a i n e d  on  t h e  b a s i s  o f  i t s  h a l f - w i d t h  

6  (WlI2) v a l u e . '  O x i d a t i o n  o f  t h e  a l c o h o l  ( 1 3 )  w i t h  J o n e s  r e a g e n t  f o l l o w e d  b y  r e -  

d u c t i o n  o f  t h e  r e s u l t i n g  k e t o n e  w i t h  l i t h i u m  a l u m i n i u m  h y d r i d e  i n  t e t r a h y d r o f u r a n  

a f f o r d e d  t h e  0 - i s o m e r  o f  t h e  o i l y  a l c o h o l  (14) ' '  ( 6 3 % ) .  m/z 316 (MI) and  298 (HI- 

H 2 0 ) ,  i r  ( f i l m )  3 4 6 0  (OH) cm", nmr (CC14) :  6 3 .86 (m, l H ,  Wl12 = 1 6  Hz, 2 -H) .  I r -  

o f  a  m i x t u r e  o f  l e a d  t e t r a a c e t a t e  and a l c o h o l  ( 1 4 )  i n  benzene  w i t h  

250  W t u n g s t e n  l a m p  y i e l d e d  t h e  t a r g e t  m o l e c u l e  ( 1 )  i n  5 0 %  y i e l d  whose i d e n t i t y  

was e s t a b l i s h e d  b y  c o m p a r i s o n  o f  i r ,  nmr, t l c  b e h a v i o r  and  m e l t i n g  p o i n t s  w i t h  a n  

a u t h e n t i c  spec imen .  2  

1161 R : C ~ O H .  R,: on. R,=n.n 
n,c ty 

1171 R * cOOCHS. R , = O C b .  R a s O  



Wi th  t h e  s y n t h e s i s  o f  t h e  a b i e t a - t r i e n e  ( 1 )  a c h i e v e d ,  we t u r n e d  o u r  a t t e n t i o n  t o  

t h e  c r u s i a l  p h a s e  o f  o u r  w o r k ,  t h e  s y n t h e s i s  o f  p i s i f e r i c  a c i d .  The o b j e c t i v e  was 

a c c o m p l i s h e d  e f f i c i e n t l y  b y  t h e  r o u t e  1*16+17*18 i n  a c c e p t a b l e  y i e l d .  A l l  t h e  i n -  

t e r m e d i a t e s  we re  i s o l a t e d  and  p u r i f i e d .  

The a b i e t a - t r i e n e  ( 1 )  on  b e i n g  h e a t e d  w i t h  z i n c ,  z i n c  i o d i d e  and a c e t i c  a c i d 1 7  u n -  

de rwen t  c l e a v a g e  o f  28 ,20 -epoxy  r i n g  and d e m e t h y l a t i o n  y i e l d i n g  p i s i f e r o l  ( 1 6 )  i n  

69% y i e l d  whose s p e c t r a l  d a t a  ( i ~  and  n m r )  and  m e l t i n g  p o i n t  w e r e  i d e n t i c a l  w i t h  

one r e p o r t e d . '  I n  o r d e r  t o  a c h i e v e  t h e  o x i d a t i o n  o f  C -10  a l c o h o l i c  g r o u p  t o  C-10 

c a r b o x y l  g r o u p  i t  was c o n s i d e r e d  n e c e s s a r y  t o  p r o t e c t  t h e  1 2 - h y d r o x y l  g r o u p  o f  

( 16 )  and  t h e  m e t h y l  e t h e r  was c h o s e n  a s  s u i t a b l e  d e r i v a t i v e .  P i s i f e r o l  ( 1 6 )  i n  

ace tone  was m e t h y l a t e d  w i t h  d i m e t h y l  s u l f a t e  and p o t a s s i u m  c a r b o n a t e .  The r e s u l t i n g  

m a t e r i a l  was o x i d i z e d 1 8  and t h e n  e s t e r i f i e d  w i t h  d i a z o m e t h a n e .  The p r o d u c t  o b t a i n e d  

( 4 3 % )  was c h a r a c t e r i z e d  a s  k e t o e s t e r  ( 1 7 )  whose i d e n t i t y  was c o n f i r m e d  b y  c o m p a r i -  

son o f  i t s  m e l t i n g  p o i n t  (mp. 167 -168 'C )  w h i c h  e x h i b i t e d  no d e p r e s s i o n  i n  m e l t i n g  

P o i n t  w i t h  a u t h e n t i c  s p e c i m e n 2  (mp. 168 .5 -169 'C ) .  I t s  i r  s p e c t r a  was i n d i s t i n -  

g u i s h a b l e  f r om t h e  i r  s p e c t r a  o f  a u t h e n t i c  spec imen .  

R e d u c t i o n  o f  k e t o e s t e r  ( 1 7 )  w i t h  sod ium b o r o h y d r i d e  i n  m e t h a n o l  a t  ODC a f f o r d e d  an 

a l c o h o l i c  rna te r i a1 ,whose  t o s y l  d e r i v a t i v e  on  h e a t i n g  w i t h  sod ium i o d i d e  and z i n c  

d u s t  i n  d i m e t h o x y e t h a n e 1 9  y i e l d e d  t h e  e s t e r  ( 1 8 )  ( 8 2 % )  and i t s  i d e n t i t y  was c o n -  

f i r m e d  b y  c o m p a r i s o n  o f  i t s  i r ,  and  m e l t i n g  p o i n t s  w i t h  t h e  p u b l i s h e d  d a t a . '  The 

t r a n s f o r m a t i o n  o f  e s t e r  (1R)  t o  p i s i f e r i c  a c i d  ( 2 )  was r e a l i z e d  b y  t w o  m e t h o d s .  

The f i r s t  p r o c e d u r e  w h i c h  c o n s i s t e d  i n  t r e a t m e n t  o f  e s t e r  ( 1 9 )  w i t h  a n h y d r o u s  a l u -  

m in ium b r o m i d e  and e t h a n e t h i o l Z 0  a f f o r d e d  e x c e l l e n t  y i e l d  o f  p i s i f e r i c  a c i d  ( 2 ) .  

The second me thod  w h i c h  i n v o l v e d  h e a t i n g  t h e  e s t e r  ( 1 8 )  w i t h  q u i n o l i n e  and a c e t i c  

a c i d z 1  f o l l o w e d  b y  d e m e t h y l a t i o n 2 '  w i t h  b o r o n  t r i b r o m i d e  y i e l d e d  t h e  p i s i f e r i c  

a c i d  ( 2 )  i n  m o d e r a t e  y i e l d .  The i d e n t i t y  o f  p i s i f e r i c  a c i d  ( 2 )  was c o n f i r m e d  b y  
~~ =- -~-~r~ ~ =~~ ~~ - ~ 

~ .~ ~~ 

c o m p a r i s o n  o f  s p e c t r a l  p r o p e r t i e s  ( i r  and n m r ) ,  m e l t i n g  p o i n t s  and  t l c  b e h a v i o r  

w i t h  an a u t h e n t i c  s p e c i m e n  o f  p i s i f e r i c  a c i d .  2, 23.24 
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