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A b s t r a c t  - Two c l o s e l y  r e l a t e d  r a p l d  e n t r i e s  i n t o  t h e  r n l t o s a n e  

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

F i r s t  e x a m p l e s  o f  a h y d r o x y l a t i o n  and  s m e t h o x y l a t l o n  a t  t h e  

9 a - p o s i t i o n  o f  m l t o s a n e s  a r e  r e p o r t e d .  

W i d e s p r e a d  i n t e r e s t  i n  m i t o r n y c i n s  h a s  d e v e l o p e d  b e c a u s e  o f  t h e i r  

a n t i b a c t e r i a l  a n d  antitumor a c t i v i t y . '  The  b i o s y n t h e s i s 2  a s  w e l l  a s  t h e  

m e c h a n i s m s  o f  a c t i o n  a r e  u n d e r  i n v e s t i g a t i o n  and p o s s i b i l i t i e s  o f  i m p r o v i n g  

t h e  s e l e c t i v i t y  o f  t h e  a n t l b i o t l c s  a g a i n s t  c a n c e r  c e l l s  h a v e  b e e n  d i s c u s s e d .  3  

I n  s p i t e  o f  numerous e f f o r t s 4  s y n t h e t i c  investigations h a v e  o n l y  r a r e l y  l e d  

t o  r e s u l t s  o f  b i o c h e m i c a l  a n d / o r  p h a r m s c e u t l c a l  i n t e r e s t .  T h e r e  i s  a s h o r t a g e  

o f  e f f e c t i v e  r o u t e s  t o  r n l t o s a n e s  w h i c h  a l l o w s  f o r  s t r u c t u r a l  m o d l f i c e t i o n s .  

An l n t r a d u c t i o n  o f  a 9a-oxygen-functionality l n t o  t h e  p y r r o l i r i d i n e  r i n g  o f  

r n i t o s a n e s  h a s  n o t  b e e n  a c h i e v e d  s o  f a r .  5 

I t  seems p r o m i s i n g  f rom s s t r a t e g i c  p o i n t  o f  v i ew ,  t o  a i m  a t  t h e  r n l t o s a n e  s k e l e t o n  

e a r l y  i n  t h e  synthetic sequence s i n c e  t h e  number o f  s t e p s  o f  a m l t o r n y c i n  s y n -  

t h e s i s  may b e  k e p t  s m a l l 6 ,  a l l o w i n g  f o r  s t r u c t u r a l  v a r i a t i o n s  a t  t h e  same t i m e .  

F o l l o w ~ n g  t h i s  o b j e c t i o n  we u s e d  l n t r a r n a l e c u l a r  i m l d e  o l e f i n a t i o n  w h i c h  

p r e v i o u s l y  r e n d e r e d  p o s s i b l e  a s y n t h e s i s  o f  p y r r o l e - 3 - c a r b o x y l a t e s 7  a n d  

( * ) - i s o r e t r o n e c a n o l .  8 

2a R = H (85%) - 
Zb R = CHO (97:;) - 
2 c  R = CH20Ac ( 6 9 1 )  - 
2d R = CH20CONH2 ( 6 6 % )  - 



Our a p p r o a c h  t o  t h e  m i t o s e n e  r i n g  s y s t e m  i s  d e p l c t e d  i n  Scheme I. S t a r t i n g  

f rom o - t a l u y l  s u c c i n i r n i d e 9  t h e  b r o m i d e  &lo was o b t a ~ n e d  w l t h  NBS a n d  t r a n s -  

fo rmed t o  t h e  p h o s p h o n i u m  s a l t  &'' on a c o n v e n t i o n a l  r o u t e .  The ~ n t r a r n a -  

l e c u l a r  W l t t i g  o l e f i n a t i o n  g a v e  o p t i m a l  y i e l d s  i f  a s o l u t l o n  o f  & i n  OMF 

w a s  s l o w l y  a d d e d  t o  p o t a s s i u m  t e r t - b u t o x i d e  i n  DMF a t  120°C. 1 2  

V l l s m e l e r  f o r m y l a t l o n  o f  all g a v e  t h e  a l d e h y d e  &ll w h l c h  was r e d u c e d  s e l e c -  

t i v e l y  w i t h  L i B H  i n  THF a n d  a c e t y l a t e d t o  g i v e  G.l1 F r o m  a r e d u c t i o n  o f  4  
w h i c h  was f o l l o w e d  b y  an a c y l a t i o n  w i t h  p h e n o x y c a r b o n y l  c h l o r l d e  a n d  t r e a t m e n t  

w i t h  arnrnonia13 t h e  m l t o s e n e  w a s  o b t a i n e d .  

Scheme 2  

- 

4 c  X = H,Br ( 9 7 : ; )  - - 2e R = H  ( 7 1 % )  

a d  X = H,Pph;Br- ( 8 9 % )  - - 2 f  R = CHO ( 9 6 % )  

I t  may b e  s e e n  f r o m  Scheme 2  11'14 t h a t  u s i n g  t h i s  m e t h o d  s t r u c t u r s l  mod=- 

f i c a t l o n s  a r e  w l t h i n  e a s y  r e a c h .  Since t h e  y i e l d  o f  e a c h  s l n g l e  s t e p  o f  

t h e  s y n t h e t i c  sequence  i s  a c c e p t a b l e , s u b s t a n t l a l  amoun ts  o f  t h e  m l t o s e n e s  

a r e  a c c e s s i b l e .  

Scheme 3 

OMe OMe 

+ 

A t t e m p t s  t o  a n  i n t r o d u c t i o n  o f  a 9 a - m e t h o x y  g r o u p  x n t o  m i t o s e n e s  a r e  

based  o n  t w o  c o n s i d e r a t i o n s :  ( 1 )  I t  i s  w e l l  known t h a t  t h e  q u ~ n o n e  p a r t  

s t a b i l i z e s  t h e  9a -me thoxy  g r o u p  o f  r n i t a r n y ~ l n s . ~ ~  T h l s  may b e  c a u s e d  b y  a 

p u s h - p u l l  interaction b e t w e e n  o n e  o f  t h e  c a r b o n y l  g r o u p s  o f  t h e  q u l n o n e  a n d  

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

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

b e  e x e r t e d  - p r o b a b l y  e v e n  s t r o n g e r  - b y  an am ide  c a r b o n y l  g r o u p .  ( 2 )  I t  c a n  
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b e  shown  by  s i m p l e  PMO-arguments  t h a t  N - a c y l a t i o n  o f  i n d o l e s ,  r a l s i n g  t h e  

e l e c t r o n e g a t i v i t y  o f  t h e  h e t e r o a t o r n ,  s h l f t s  t h e  c h e m i c a l  properties t o w a r d s  

t h o s e  o f  b e n z o f u r a n e s .  Experimental e v i d e n c e  i s  i n  a g r e e m e n t  w l t h  t h i s  

e x p e c t a t i o n . 1 5  As a consequence a n  e l e c t r o p h i l l c  a t t a c k  o f  b r o m i n e  t o  

1 , 2 - d r h y d r o - 5 , 6 - b e n z o p y r r 0 1 1 ~ 1 n e s  2 s h o u l d  r e s u l t  i n  an  a d d i t l o "  t o  t h e  

l n d o l e  d o u b l e  b a n d  i f  a n u c l e o p h i l e ,  e . g .  m e t h a n o l ,  i s  p r e s e n t .  Acylirnmanium 

. s a l t s  a r e  intermediates o f  t h e s e  reactions which  a r e  I m p o r t a n t  l n t e r r n e d l a t e s  

I "  t h e  synthesis o f  h e t e r o c y c l i c  n s t u r a l  p r o d u c t s .  1 6  

U s l n g  b o t h  principles w e  h a v e  b e e n  a b l e  t o  i n t r o d u c e  a 9 a - m e t h a x y  g r o u p  

l n t o  m z t o s e n e s  2 (Scheme  3 ) .  The  b r o m l n e  a t o m  i n  p o s l t l o n  o f  2/b1l  c a n  b e  

r e m o v e d  e a s l l y  using n-Bu S n H .  Interestingly o n l y  one o f  t h e  two  p o s s i b l e  3 
lsorners o f  i s  f o r m e d .  Mino r  a m o u n t s  o f  9 -hyd roxy  d e r i v a t i v e s  L1l were  

o b t a i n e d  s ~ m u l t a n e o u s l y .  el1 is t h e  f l r s t  examp le  o f  a m i t o s a n e  c o n t a l n l n g  

s u ~ t a b l e  s u b s t i t u e n t s  i n  t h e  9 a -  a n d  1 0 - p o s l t i o n  w h i c h  was a b t a l n e d  u s l n g  

t h e  b e n z a p y r r o l l z l n e  r o u t e .  

I n t r a m o l e c u l a r  R e f o r m a t z k l  r e a c t i o n  p r o v i d e s  s s e c o n d  r o u t e  t o  t h e  

m l t a r n y c l n  s k e l e t o n  w h l c h  a l l o w s  f a r  a n  introduction o f  a 9 a - o x y g e n  f u n c -  

t i o n a l i t y  s i m u l t a n e o u s l y  s s  shown i n  S c h e m e  4: 

0 

anhydride 

8 - - 9  ( 9 5 % )  - l o a  R = tBu ( 9 5 % )  

1 0 b  R = Me ( 7 8 % )  - 
MeOzC OH 

Scheme  4 

1 2 a  R = R '  = H (70:;) - 
1 2 b  R = Me,R7 r OMe - R' 

R 

A s u i t a b l y  s u b s t i t u t e d  b e n z o p y r r o l ~ r ~ d i n e  was o b t a l n e d  on  a 

s l i g h t l y  m o d i f l e d  way i n  s l r n i l a r  y l e l d s .  1 7  

Using a d d i t i o n a l  f u n c t ~ o n a l ~ r a t i o n s ,  w h l c h  h a v e  b e e n  r e p o r t e d  by o t h e r  
4 

g r o u p s  , r n i t o m y c i n s  containing t h e  n a t u r a l  substitution p a t t e r n  s h o u l d  b e  

w i t h l n  r e a c h  now.  We a r e  t r y l n g  t o  o b t a l n  compounds  o f  t h i s  t y p e  a n d  t o  

achieve a s t e r e o c h e m i c a l  c o n t r o l  o f  t h e  reactions n e e d e d .  
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