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NUCLEOSIDES & NUCLEOTIDES, 6(1&2) ,  265-268 ( 1 9 8 7 )  

SYNTHESIS OF 6y-HYDROXYARISTEROMYCIN - A NOVEL TYPE OF CARBOCYCLIC 
NUCLEOSIDE ANALOGUE 

A z z o u z  B e n  C h e i k h  a n d  J i r ' i  f e m l i Z k a *  

D e t r o i t ,  M i c h i g a n  4 8 2 0 1 ,  U S A  

Department o f  Chemistry, M ich igan  C a n c e r  F o u n d a t i o n  a n d  D e p a r t m e n t  
o f  I n t e r n a l  M e d i c i n e ,  Wayne S t a t e  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  

A b s t r a c t :  T h e  s y n t h e s i s  of r a c e m i c  6 ' 1 3 - h y d r o x y a r i s t e r o m y c i n  (1) i s  
d e s  c r i  b e d .  

S i n c e  t h e  f i r s t  s y n t h e s i s 1  a n d  i s o l a t i o n 2  o f  t h e  a n t i b i o t i c  

ar is teromycin,  c a r b o c y c l i c  analogues o f  nuc leos ides  h a v e  b e e n  t h e  s u b j e c t  

of many i n v e s t i g a t i o n s 3 .  More r e c e n t l y ,  t h e  d i s c o v e r y  o f  a n o t h e r  g r o u p  

of a n t i b i o t i c s 4 ,  n e p l a n o c i n s  A, B, C ,  D a n d  F,  h a v e  a d d e d  a p o t e n t  

s t i m u l u s  t o  an a l r e a d y  a c t i v e  area o f  research. Neplanocin B, C and  E a r e  
t h  e f i r s t  c a  r b o c y  c l  i c n u  c l  e o s i  d e s  

c a r r y i n g  a h e t e r o a t o m  ( o x y g e n )  a t  t h e  

N H z  C-6' o f  t h e  c y c l o p e n t a n e  r i n g .  It was, 

t h e r e f o r e ,  o f  i n t e r e s t  t o  s y n t h e s i z e  

a n a l o g u e s  f u  n c t i  o n a l i  z e d  o f  C -6', e.g., 

b o t h  e p i m e r s  o f  6 ' - h y  d r o x y  a r i  s t  e r o -  

mycin. The s y n t h e s i s  o f  6 ' 0 - e p i m e r  1. i s  

desc r ibed  here in.  Whi le  o u r  work was i n  

progress,  t h e  6 2 - e p i m e r  was o b t a i n e d  b y  
a n  e n t i r e l y  d i f f e r e n t  a p p r o a c h 5 .  

The o v e r a l l  s t r a t e g y  f o r  s y n t h e s i s  

o f  6 V - h y d r o x y a r i  s t e r o m y c i  n ( 1 )  f o l l o w s  
t h a t  employed i n  t h e  f i r s t  s y n t h e s i s  o f  

a r i s t e r o m y c i n l .  Nevertheless, s i g n i f i c a n t  c h a n g e s  i n  s y n t h e t i c  a p p r o a c h  

were necessary i n  o r d e r  t o  cope w i t h  a h i g h e r  d e g r e e  o f  f u n c t i o n a l i t y  i n  

t h e  m o l e c u l e  o f  1. 
Our  sequence (Scheme 1) commenced w i t h  c i s - h y d r o x y l a t i o n  o f  r e a d i l y  

ava i l ab le6  7-tert . -butoxynorbornadiene ( 2 )  - t o  g i v e  t h e  e x p e c t e d  e x o - d i o l  

<$; 
1 
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Scheme 1 - r e a g e n t s :  2. K M n 0 4 ,  1 8 - c r o w n - 6 ,  MezCO, -70' o r  O s O 4  

( c a t a l y t i c ) ,  Me3N-0 ,  aq. MezCO. b. Me2C0,  CuSO4.  c. aq. 

KMn04. d. D C C ,  p y r i d i n e .  e. NH3, THF. 1. CHzN2,  e t h e r .  2. 
Pb(OAc)4, t s . - B U O H , A .  1. Ca(BH4)2 ,  THF.  j-. 2 M HC1, MeOH. J. 
5-Arn ino -4 ,6 -d i ch lo ropy  r i m i d i n e ,  N E t  3, B U O  H ,A. k. C H (  0 E t )  3, T s O  H. 

- 1. NH3, MeOH,A. E. 6 M H C l ,  MeOH. A b b r e v i a t i o n s :  D C C ,  

dicyclohexylcarbodiimide; THF, t e t r a h y d r o f u r a n ;  TsOH, p - t o l u e n e s u l f o n i c  

a c i  d ; i P r, i s o p  r o p y  1 i d e n  e; B 0 C , E. - b u t  o x y  c a  r b o n y  1. 
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SYNTHESIS OF 6' 8-WDROXYARISTEROMYCIN 2 6 7  

- 3 a t  t h e  l e a s t  h i n d e r e d  d o u b l e  b o n d  o f  2. T h i s  r e a c t i o n  was e f f e c t e d  

e i t h e r  w i th  KMn04 and  1 8 - c r o w n - 6  i n  a c e t o n e  a t  -70 '  ( 4 0 % )  o r ,  m o r e  

c o n v e n i e n t l y ,  w i t h  OsO4 a n d  M e 3 N - 0  i n  a q u e o u s  a c e t o n e  a t  r o o m  

t e m p e r a t u r e  (40%). D i o l  2 was smoothly t r a n s f o r m e d  i n t o  t h e  c o r r e s p o n d i n g  

2,3-0-isopropyl idene d e r i v a t i v e  4 by  u s i n g  a c e t o n e  and  CuSO4 (70%). T h e  

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

c o n d i t i o n s .  O x i d a t i o n  o f  4 w i t h  aqueous  K M n 0 4  a t  0 - 25' g a v e  t h e  

d i c a r b o x y l i c  a c i d  5 (80 - 90%). The l a t t e r  was c o n v e r t e d  b y  r e a c t i o n  w i t h  

D C C  i n  p y r i d i n e  t o  t h e  c o r r e s p o n d i n g  c y c l i c  a n h y d r i d e  (5) w h i c h  was 

t r a n s f o r m e d  i n  s i t u  t o  t h e  monoamide b y  t r e a t m e n t  w i t h  NH3 i n  THF 

(80%). E s t e r i f i c a t i o n  o f  w i t h  CH2N2 a f f o r d e d  e s t e r  a m i d e  8 ( 7 1 % ) .  

H o f m a n n  r e a r r a n g e m e n t  o f  S, i n d u c e d  b y  P b ( O A c ) 4  i n  r e f l u x i n g  
tert.-BuOH7, gave t h e  BOC-amino e s t e r  9 (98%). T h i s  r e a c t i o n ,  w h i c h  i s  

a m o d i f i c a t i o n  o f  a " c lass i ca l "  Hofmann rea r rangement ,  p r o c e e d s  a l s o  w i t h  

r e t e n t i o n  o f  c o n f i g u r a t i o n .  R e d u c t i o n  o f  9 w i t h  Ca(BH4)z i n  THF t h e n  

l e d  t o  t h e  c o r r e s p o n d i n g  p r o t e c t e d  a l c o h o l  lo (81%). T h e  l a t t e r  was  

t o t a l l y  dep ro tec ted  with 2 M H C l  i n  methanol t o  g i v e  t h e  amino t e t r o l  s a l t  

- 11 ( 8 3 % ) .  T h e  a d e n i n e  r i n g  was  c o n s t r u c t e d  b y  a c o n v e n t i o n a l  

approach1s8: Compound 11 was t r a n s f o r m e d  w i t h  5 - a m i n o - 4 , 6 - d i c h l o r o -  

p y r i m i d i n e  and  N E t 3  i n  BuOH t o  i n t e r m e d i a t e  12 (92%). I m i d a z o l e  r i n g  

c l o s u r e  was e f f e c t e d  w i t h  CH(OEt)3 - TsOH r e a g e n t  w h i c h  a l s o  b l o c k e d  

b o t h  c i s - o r i e n t e d  d i o l s  i n  t h e  f o r m  o f  a b i s - o r t h o f o r m a t e  13 (80%).  

Ammonolysis o f  13 w i t h  NH3 i n  m e t h a n o l  ( p r e s s u r e  bomb, 100') a f f o r d e d  

t h e  r e s p e c t i v e  aden ine  d e r i v a t i v e  14 (83%). D e p r o t e c t i o n  w i t h  6 M HC1 i n  
m e t h a n o l  l e d  t o  t h e  d e s i r e d  a n a l o g u e  1_ w h i c h  was  i s o l a t e d  b y  

c h r o m a t o g r a p h y  o n  D o w e x  5 0  ( e l u t i o n  w i t h  d i l u t e  NHqOH, 68%). 
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