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SYNTHESIS OF P-THIOADENYLYL ( 2 ' - 5 ' )  A D E N O S I N E  AND 
P-THIOADENYLYL (2'-5')-P-THIOADENYLYL-(2'-5')-ADENOSINE 

R .  C h a r u b a l a  and  W .  P f l e i d e r e r  
F a k u l t a t  f u r  Chemie, U n i v e r s i t a t  K o n s t a n z ,  D-7750 K o n s t a n z  

Summary: Dimer and t r i m e r  adenylates w i t h  2 ' 4 '  phosphorothioate 1 i n k -  
ages were synthesized v i a  the phosphoramidite method using p-ni t rophenyl -  
e t h y l  group f o r  phosphate p ro tec t i on  and fo l lowed by s u l f u r  ox idat ion.  The 
var ious diastereoisomers were separated and characterized. 

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

a g e n t  p p p A Z 1 p 5 ' A 2 ' p 5 ' A  ( 2 - 5 A )  and  i t s  c o r e  have  been  s u b j e c t  o f  
s e v e r a l  s y n t h e s e s  ( 1 ) .  I t  i s  a l s o  w e l l  e s t a b l i s h e d  m a i n l y  due t o  
t h e  p i o n e e r i n g  w o r k  o f  E c k s t e i n  e t  a l .  (2) t h a t  p h o s p h o r o t h i o a t e  
a n a l o g u e s  o f  o l i g o n u c l e o t i d e s ,  w h i c h  c o n t a i n  a t  a s p e c i f i c  l o c a t i o n  
a c h i r a l  p h o s p h o r o t h i o a t e  i n s t e a d  o f  t h e  n a t u r a l l y  o c c u r r i n g  p h o s -  
p h o d i e s t e r  bond,  a r e  v a l u a b l e  compounds f o r  e l u c i d a t i o n  o f  c e r t a i n  
s t e r e o c h e m i c a l  a s p e c t s  of  t h e  mechanism o f  t h e  enzyme c a t a l y s e d  
p h o s p h o r y l  and  n u c l e o t i d y l  t r a n s f e r  r e a c t i o n s .  An a n a l o g u e  o f  2-5A 
c o r e  s u c h  as  p h o r p h o r o t h i a t e ,  w i t h  added  c h i r a l i t y  o f  t h e  t w o  p h o s -  
p h o r o t h i o a t e  g r o u p s  w h i c h  r e s u l t  f o u r  s t e r e o i s o m e r s ,  may p r o v e  b e n e -  
f i c i a l  as  m e c h a n i s t i c  p r o b e s  o f  t h e  a c t i o n  o f  2 - 5  A .  

ase w h i c h  s h o r t e n e d  i t s  d u r a t i o n  o f  a c t i o n ,  t h e  p h o s p h o r o t h i o a t e  
g r o u p  i s  more s t a b l e  t o  h y d r o l y s i s  by  p h o s p h o d i e s t e r a s e .  P .  N e l s o n  
( 3 )  e t  a l .  have  r e c e n t l y  p u b l i s h e d  t h e  s y n t h e s i s  o f  d i m e r  and  t r i -  
mer p h o s p h o r o t h i o a t e  u s i n g  t h e  p h o s p h i t e  t r i e s t e r  m e t h o d .  

We s u c c e s s f u l l y  a c h i e v e d  t h e  s y n t h e s e s  o f  f o u r  s t e r e o i s o m e r i c  
P-thioadenylyl-(2'-5')-P-thioadenylyl-(2'-5')-adenosine s t a r t i n g  
f r o m  N 6 - b e n z o y l  -3'-O-tert.butyldimethyl s i l y l - 5 '  - 0 - m o n o m e t h o x y t r i  - 
t y l a d e n o s i n e  1 ( 4 ) .  T r e a t m e n t  w i t h  c h l o r o - p - n i t r o p h e n y 1 e t h o x y - N -  
o c t a h y droazoninophosphane ( 5 ) ,  i n  p r e s e n c e  o f  H u n i g ' s  base  i n  d r y  
CH2C12 gave  t h e  c o r r e s p o n d i n g  2 ' - p h o s p h o r a m i d i t e  2, w h i c h  c o u l d  b e  
p u r i f i e d  by  c o l u m n  c h r o m a t o g r a p h y  i n  good  y i e l d  a n d  c o u l d  be s t o r e d  
a t  -1OOC f o r  s e v e r a l  mon ths .  T h i s  was t h e n  c o n d e n s e d  w i t h  N - b e n z o y l -  
21,31-di-0-tert.butyl-di~ethylsilyladenosine 3 ,  i n  p r e s e n c e  o f  

A p a r t  f r o m  t h a t  2-5 A i s  r a p i d l y  d i g e s t e d  by  a p h o s p h o d i e s t e r -  
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3 - n i t r o - 1 , 2 , 4 - t r i a z o l e  and  s u b s e q u e n t  o x i d a t i o n  by  s u l f u r  t o  g i v e  
t h e  d i m e r .  C h r o m a t o g r a p h i c a l  s e p a r a t i o n  y i e l d e d  t h e  t w o  d i a s t e r e o -  
mers - 4A and  4J, i n  1 :0 .71  r a t i o  i n  3 9  and  28 % y i e l d s  r e s p e c t i v e l y .  
Each o f  them was d e t r i t y l a t e d  w i t h  p-TsOH t o  g i v e  t h e  c o r r e s p o n d i n g  
5 ' - h y d r o x y  compounds ans  58 w h i c h  were  t h e n  c o n d e n s e d  w i t h  p h o s -  
p h o r a r n i d i t e  - 2 as  d e s c r i b e d  f o r  t h e  d i m e r ,  t o  g i v e  t w o  s e t s  o f  t r i -  

merit p a i r s  o f  d i a s t e r e o r n e r s .  R e s o l u t i o n  a n d  p u r i f i c a t i o n  o f  t h e  
i n d i v i d u a l  t r i m e r s  fi, 68 and  2 and  78 were  a c h i e v e d  b y  s i l i c a g e l  
c h r o m a t o g r a p h y  and  c h a r a c t e r i z e d  b y  p h y s i c a l  means. 

HtlTr0-yO.j 

3 - 2 - 1 - 

The d i m e r  d i a s t e r e o m e r s  and  t h e  t r i m e r  d i a s t e r e o m e r s  were  de -  
b l o c k e d  u s i n g  0.5 M D B U  i n  p y r i d i n e ,  t o  remove t h e  p - n i t r o p h e n y l -  
e t h y l  g r o u p s  and  c o n c .  ammonia t o  c l e a v e  b e n z o y l  g r o u p ,  1 M TBAF 
i n  THF t o  d e p r o t e c t  t h e  s i l y l  f u n c t i o n  and  f i n a l l y  80 % AcOH t o  
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. 

d e b l o c k  t h e  5 ' - M M T r  g r o u p .  The c r u d e  p r o d u c t  was p u r i f i e d  b y  D E A E  
Sephadex A 2 5  c o l u m n  c h r o m a t o g r a p h y  u s i n g  a l i n e a r  g r a d i e n t  o f  TEA6 
b u f f e r .  Each i s o m e r  was f o u n d  t o  b e  p u r e  a c c o r d i n g  t o  c e l l u l o s e ,  
and  P E I  c e l l u l o s e  C h r o m a t o g r a p h y ,  HPLC and  3 'P -NMR.  
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m 

The a b s o l u t e  c o n f i g u r a t i o n s  of t h e  i somers  were de t e rmined  b y  
enzymat ic  s t u d i e s .  
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