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A SYNTHESIS OF 4-CYANO-HEXAHYDRO-1.5-IMINO-3-BENZAZOCINE-7,lO-DIONE; 

A POTENTIAL INTERMEDIATE TO SAFRAMYCIN SYNTHESIS 1 

H i d e s h i  K u r j h a r a ,  E i r o s h i  M i s h i m ,  a n d  Mamoru A r a i  

F e r m e n t a t i o n  R e s e a r c h  L a b o r a t o r i e s ,  Sankya  C o . ,  L t d .  

2 -58  Hi romach i  I-chome, Sh inagawu-ku ,  Tokyo 1 4 0 ,  J a p a n  

A b s t r a c c  - A s i m y l e  a n d  e f f i c i e n t  s y n t h e s i s  of 4 - c y a n o - i , 2 , 3 , l i ,  - 

5,6-herahydro-l,5-i:nina-9-methoxy-8-methyl-?-benzazocine7,10-dione 

(La)  i s  d e s c r i b e d  s t a r , t i n g  f r o m  t h e  c o r r e s p o n d i n g  l a c t a m  (3). 

R e d u c t i o n  o f  t h e  l a c t a m  (3) w i t h  DIBAH f o l l o w e d  by o x i d a t i o n  w i t h  

F I N O j  and  n e u t r ~ a l i z a t i o n  o f  t h e  r e s u l t i n g  q u i n o n e  in t h e  p r e s e n c e  of 

K C N  a f f o r d e d  a n  a - a m i n o n i L r i l e  d e r i v a t i v e  as  t h e  s i n g l e  p r o d u c t ;  t h e  

s t e r e o c h e m i s t r y  of t h e  i n t r o d u c e d  c y a n 0  g r o u p  b e i n g  d e t e r m i n e d  t o  he 

a - a x i a l .  

I s o q u i n o l i n e q u i n c n e  a n t i b i o t i c s ,  wh ich  i n c l u d e  s u c h  n a t u r a l l y  o c c u r r i n g  

mimoc in ,6  r e n i e ~ a m y c i n s , ~  and  renierone,8 c o n s t i t u t e  a g r o u p  of  s t r i l c t u r a l l y  

i n t r i g u i n g  compounds i n t o  which  t h e r e  h a v e  so f a r  b e e n  a number o f  s y n t h e t i c  

s t u d i e s .  9 

Our i n t e r e s t  i n  t h e  s y n t h e s i s  tov ia rds  s a f r a m y c i n s  ( l a - c ) ,  w h i c h  e x h i b i t  a 

w i d e - s p e c t r u m  o r  a n t i m i c r o b i a l  a c t i v i t y  a n d  a re  a c t i v e  a g a i n s t  s e v e r a l  t y p e s  

o f  tumor  i n  m i c e ,  r e s u l t e d  i n  t h e  d e v e l o p m e n t  of t h e  e f f i c i e n t  s y n t h e s i s  o f  

H F O  4:R = H, R'=CN(a) 
B: H, H (b) CH3 

NHCOCOCH: : me, H (c) I 2a 
la-c CN - 
- 



hexahydro-1,5-imino-3-benzazacine d e r i v a t i v e s 1 ' ,  embodying a l l  o f  t h e  s k e l e -  

t a l  f e a t u r e s  o f  t h e  ' r i g h t  h a l f '  o f  s a f r a n y c i n .  
1 

S a f r a m y c i n  A (la) i s  t h e  most  p o t e n t  a n t i n e o p l a s t i c  a g e n t  o f  a l l  s a f r a m y c i n s  11 

and  d i f f e r s  f rom o t h e r  s a f r a m y c i n  c o n g e n e r s  i n  r e g a r d  t o  h a v i n g  a c y a n 0  g r o u p  

a t  C-21 ( o r i e n t a t i o n  n o t  known ) ,  w h i l e  t h e  c o n g e n e r s  have  e i t h e r  a hydroxy  

g r o u p  a t  C-21 o r  a n  u n s u b s t i t u t e d  n e t h y l e n e  m o i e t y .  

THis p a p e r  r e p o r t s  t h e  s t e r e o s e l e c t i v e  s y n t h e s i s  of t h e  ' r i g h t  h a l f '  o f  

sai'r,a;n:cin A .  

The l a c t a l a  (31, 1,2,3,4,5,6-iiexahydro-1,5-n1tthoxyin1ino-8-nethyl-7,9,10-tri- 

r n e t h o x y - 3 - b e n z a ~ o c i n - k - o n e , ~  was c h o s e n  as  a s t a r t i n g  m a t e r i a l ,  b e c a u s e  i t s  

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

d e s i r e d  4-cyana-1,2,3,4,5,6-hexahydr0-1,5-i~in0-9-meth0xy-8-methy1-3-benz- 

a z a c i n e - 7 , l O - d i o n e  (La). 

R e d u c t i o n  o f  t h e  l a c t a r n  (31, which  was r e a d i l y  a v a i l a b l e  f r o m  a p h e n y l a l a n i n e  

d e r i v - t i v e  i n  t h P e e  s t e p s , "  w i t h  one  e q u i v a l e n t  o f  DIEAH a t  -78'C i n  t o l u e n e  

r f f a r d e d  a somewhat u n s t a b l e  a n d  i n s e p a r a b l e  m i x t u r e  of a-hgdroxyamine (?) 

a l m o s t  q u a n t i t a t i v e l y  a s  p e r  t h e  S a n d e r s '  p r o t o c o l .  1 2  

The I R  s p e c t r u m  o f  9 e x h i b i t e d  a n  a b s o r p t i o n  band a t  3350 cn-' d u e  t o  a 

hydr 'oay g r o u p  a n d  d i d  n o t  show any o f  t h e  c h a r a c t e r i s t i c s  f o r  a n  a l d e h y d e  

grmup a r o u n d  1735  cm-l.  The NMR s p e c t r u m  o f  t h e  raintur,e o f  a-hydroxyarnine 

(9) i n  C D C l  shoived t h e  common a b s o r p t i o n  p e a k s  a t  6 2 . 1 5 ( s ,  C F 3 ) ,  2 . 2 7 ( s ,  
3 

CfI3),  3 . 6 5 ( s ,  C H I ) ,  3 . 6 6 ( s ,  CH3), 3.78(s, C H  1, a n d  3 . 8 4 ( s ,  cH ) ppm, b u t  i t s  
3  3  

NMR s p e c t r u m  i n  TFA was n o t e w o r t h y ;  i n  a r e l a t i v e l y  l o w e r  f i e l d ,  a p r o t o n  

r e s o n a t i n g  a t  6 8 . 7 3  ppn, (br s )  was c o u p l e d  w i t h  a p r o t o n  a s s i g n e d  as  a C-5 

b r i d g e - h e a d  p r o t o n  (6 5 . 8 5 ,  br s )  and  N-methyl p r o t o n s  r e s a n z t i n g  a t  6 2 . 2 7  

ppm i n  CDC13 were  s h i f t e d  t o  6 3 . 7 1  ppm as  a r e l a t i v e l y  b r o a d  s i n g l e t .  T h e s e  

r e s o n a n c e s ,  wh ich  a r e  r e a s o n a b l y  a s s i ~ n e d  as  a m e t h i n  ( a t  C-4) a n d  an  N-methyl 

a t t a c h e d  t o  a n  i m i n i w n  n a i e t y ,  e s r a b l i s h  t h e  p r e f e r e n t i a l  f o r m a t i o n  o f  5 i n  

a c i d i c  medium. Rased on  t h e  e x p e c t a t i o n  t h a t  s u c h  a t y p e  o f  i o n  r e m a i n s  

i n t a c t  by H N O  o x i d a t i o n ,  HNO was t h e  f a v o r e d  c h o i c e  f o r  o x i d a t i o n  of a 
3 3 

compound h a v i n g  o-hydroxyamirre m o i e t y  t o  g e t  a q u i n o n e  h a v i n g  a n  i rninium 

m o i e t y .  
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When t h e  e p i m e r i c  r n i n t u r e  o f  a - h y d r o a y a m i n e  (4) was t r e a t e d  d i r e c t l y  w i t h  one 

e q u i v a l e n t  o f  H C N  i n  DMF f a r  a few m j n u t e s  a L  roonl t e m p e r a t u r e ,  a m i n o n i t r i l e  

( & ) I 3  .was o b t a i n e d  as  a s i n g l e  p r o d u c t  i n  93% y i e l d .  T h i s  t r a n s f o r m a t i o n  o f  

t e r t i a r y  l a c t a m  t h e r e b y  p r o v i d e s  a c o n v e n i e n t  method f a r  t h e  p r e p a r ' a t i o n  o f  

a - a n i n a n i  t r i l e . 1 2  

a1 - 
CH,O CH,O CH,O 

OCH, I 
3 COOCH, 0CH3 COOCH3 
- 4 L O O C H ~  

I - - 

T h u s ,  s y n z h e s i s  o f  t h e  q u i n o n t  ( L a )  - t h e  ' r i g h t  h a l f '  o f  s a f r a m y c i n  A - f r a ~  

compound 3 was p e r f o r m e d  as  shown i n  Scheme I .  

F y d r o l y s i s  o f  - 3  w i t h  sodium m e t h o x i d e  i n  : "e thano l  f o l l o w e d  by E s c h w e i l e r -  

C l a r k e  m e t h y l a t i o n  a f f o r d e d  m e t h y l a m i n e  i n  j0 % o v e r a l l  y i e l d  a n d  

r e d u c t i o n  o f  1 u s i n g  t h e  method o f  S a n d e r s  by t h e  a c t i o n  o f  D I E A H  a t  -76'C 

a f f o r d e d ,  a l m o s t  q u a n z i t a t i v e l y ,  4-hydroiy-1,5-~~e1:hy1i1~1in0-3-benzazocine (8) 13 

a s  a n  e p i m e r i c  m i x t u r e .  Upon t r e a t m e n t  w i t h  1 2 1 ~ 1 - ~ 1 ~ 1 0 ~ ~ ~  be low 20°C, 

hydroxyamine  (8) was o x i d i z e d  w i t h  e v o l u t i o n  of  N204 t o  a f f o r d  a q u i n o n e  

bear in^ a n  ini in ium i o n  a s  a n  HN03 s a l t  (9)13 i n  up t o  80 % y i e l d .  1When t h e  

~ u i n o n e  HN03 s a l t  (9) 'was t r e a t e d  wiLh aqueous  NaHC03 i n  t h e  p r e s e n c e  o f  o n e  

e q u i v a l e n t  o f  K C N ,  a - a m i n o n i t r i l e s  ( 2 a  - a n d  - 2 b )  were  farmed i n  39 a n d  42 % 

y i e l d ,  r e s p e c t i v e l y .  The p r o p o s e d  s t r u c t u r e s  o f  t h e s e  q u i n o n e s  a&reed w i t h  

a n a l y t i c a l  a n d  s p e c t r a l  p r o p e r t i e s .  l3  M e t h y l a t i o n  of b  w i t h  CI12N2 y i e l d e d ,  

q u a n t i t a t i v e l y ,  a methoxy d e r i v a t i v e  i d e n t i c a l  w i t h  ?a. 



OCH, OCH, 0 

Scheme I 

I n s p e c t i o n  o f  t h e  NHR d a t a  a l l o w e d  a s s i g n m e n t  o f  t h e  s t e r e o c h e m i s t r y  o f  a 

c y a n o  Group a s  shown i n  F i g u r e  I. From t h e  f a c t s  

t h a t ,  i n  t h e  'IOOMdz NMR s p e c t r u m  o f  ?a, H - 4  a p p e a r e d  

a t  6 3 . 6 3  p p n  as a d o u b l e  d o u b l e t  ( J = 2 . 5 ,  0.5112) a n d  

a W - c h a r a c t e r  t y p e  l o n g  r a n g e  c o u p l i n g  b e t w e e n  t h i s  

p r o t o n  a n d  t h e  e q u a t o r i a l  p r o t o n  a t  C - 2  ( 6  2 . 4 7  ppm, 

ddd ,  J = 1 1 . 5 ,  1 . 9 ,  0 . 5  H z )  was a s c e r t a i n e d  by using a d 

d a u b l r  r e s o n a n c e  t e c h n i q u e ,  t h e  o r i e n t a t i o n  o f  t h e  F i g u r e  I 

cyan" g r o u p  a t  C-11 was d e t e r m i n e d  a s  a - a x i a l .  

O r i e n t a t i o n  o f  t h e  c y a n o  g r o u p  i n  5 i s  a l s o  a - a x i a l  b e c a u s e ,  i n  t h e  NMR 

s p e c t r u m  o f  4, H-4 a p p e a r e d  a t  6 3 . 7 3  p?m a n d  i t s  s p l i t t i n g  p a t t e r n  ( b r  d ,  J= 

2 . 6  Hz) was j u s t  l i k e  t h e  p a t t e r n  o f  H - 4  i n  La. 

C o n t r a r y  t o  e n p e ~ t a t i o n s , ' ~  s u c h  a n  a - a n i n o n i t r i l e  g r o u p  as  i n  6 o r  La was 

found  t o  h e  s t a b l e  u n d e r  a q u e o u s  a c i d i c  c o n d i t i o n s :  f o r  i n s t a n c e ,  t r e a t m e n t  or 

6 w i t h  3N-HC1 a q u e o u s  s o l u t i o n  f o r  1 h  a t  morn t e m p e r a t u r e  r e s u l t e d  i n  recov- - 

e r y  of  - 6 exclusively. T o g e t h e r  w i t h  t h i s  f i n d i n g ,  Sy c o n s i d e r i n g  t h e  f a c t s  

t h a t  t h e  a - a m i n o n i t r i l e  was pi 'oduced n o t  o n l y  a s  a s i n g l e  e p i m e r  b u t  a l s o  a s  

a n  a - a x i a l  i s o m e r  i n  b o t h  c a s e s  o f  t h e  c o n v e r s i o n  o f  a l c o h o l  ( 3  o r  8; i n t o  t h e  

c o r r e s p o n d i n g  n i t r i l e  (6 o r  2 )  t h e  i m i n i u n  ion (2 o r  2), r e s p e c t i v e l y ,  may 

p r o v e  t h e  p r o c e e d i n g  o f  t h e  r e a c t i o n  i n  a k i n e t i c a l l y  c o n t r o l l e d  f a s h i o n .  A s  
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shown i n  Scheme 11, a  cyana  a n i o n  i s  a b l e  t o  a t t a c k  t h e  imin ium i o n  e i t h e r  

from t h e  6 - s i d e  o r  f rom t h e  a - s i d e  o f  t h e  m o l e c u l e  a n d  t o  f o r m  10 o r  11 as 

t r a n s i t i o n  s t a t e s .  R u t ,  a p p r o a c h  f rom t h e  a - s i d e  "lay be  f a v o r a b l e ,  b e c a u s e  

t h e  5 - s i d e  o f  the i m i n i u m  i o n  i s  s t e r i c a l l y  more h i n d e r e d  by t h e  C-6 rne thy lene  

moiety. Moreover, b e t w e e n  t h e s e  two t r a n s i t i o n  s t a t e s ,  i n  which  t h e  

f o r m a t i o n  o f  a c a r b o n - c a r b o n  bond (Cq-CN) a n d  t h e  d e v e l o p m e n t  o f  a l ? n e  p a i r  

o n  t h e  n i t r o g e n  a tom a r e  a n t i - c o p l a n a r  t o  e a c h  o t h e r ,  10 i s  k i n e t i c a l l y  

d i s f a v o r e d  b e c a u s e  o f  t h e  i n e v i t a b l e  f o r m a t i o n  o f  a  b o a t - l i k e  t r a n s i t i o n  

s t a t e .  T h e r e f o r e ,  i t  seems c e r t a i n  t h a t  t h e  r e a c t i o n  p r o c e e d s  t h r o u g h  and 

a n  a - a x i a l  t y p e  p r o d u c t  s u c h  a s  13 i s  fo rmed  s t e r e a s e l e c t i v e l y .  
16 

1 
1% N 

.-side attack 

Scheme I1 

D e t e r m i n a t i o n  of t h e  o r i e n t a t i o n  o f  t h e  cyan"  g roup  i n  s a f r a m y c i n  A ( l a ) ,  

wh ich  was n o t  c l a r i f i e d  t i l l  La was s y n t h e s i z e d ,  became p o s s i b l e  by compar i son  

of t h e  MMR o f  la w i t h  t h a t  o f  La,  t h e  r e s u l t s  o f  w h i c h  h a v e  b e e n  r e p o r t e d  

s e p a r a t e l y  . I 7  
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