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2'-OH PROTECTION B Y  THE p - N I T R O P H E N Y L E T H Y L S U L F O N Y L  (NPES) 

G R O U P  I N  OLIGORIBONUCLEOTIDE S Y N T H E S I S  

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: The NPES group has been sucess fu l l y  app l i ed  f o r  p r o t e c t i o n  o f  
the 2'-hydroxyl f u n c t i o n  i n  synthes iz ing the adenylate dimer ApA. 

The p r o t e c t i o n  o f  t h e  2 ' - h y d r o x y l  f u n c t i o n  a t  t h e  r i b o s y l  

m o i e t y  c o n s t i t u t e d  an i m p o r t a n t  s t e p  i n  d e s i g n i n g  a s t r a t e g y  f o r  a 

m u l t i s t e p  c h e m i c a l  s y n t h e s i s  o f  o l i g o r i b o n u c l e o t i d e s .  S e v e r a l  a c i d  
and  base  l a b i l e  p r o t e c t i n g  g r o u p s  ( 1 )  as  w e l l  as t h e  ones r e m o v a b l e  

u n d e r  n e u t r a l  c o n d i t i o n s  ( 2 )  o r  b y  m i l d  L e w i s  a c i d s  ( 3 )  and  t h e  

f l u o r i d e  i o n s  (4) r e s p e c t i v e l y  a r e  known. 
Our i n v e s t i g a t i o n s  t o  f i n d  a s u i t a b l e  p r o t e c t i n g  g r o u p  f o r  

t h e  2 ' - h y d r o x y l  f u n c t i o n  i n  t h e  r i b 0  s e r i e s  were  g u i d e d  b y  t h e  

s t r i k i n g  f e a t u r e s  o f  t h e  p - n i t r o p h e n y l e t h y l  ( N P E )  and  - p - n i t r o -  

p h e n y l e t h o x y c a r b o n y l  (NPEOC) r e s i d u e s  as  u n i v e r s a l  b l o c k i n g  g r o u p s  

( 5 , 6 )  and  l e d  t o  t h e  d e v e l o p m e n t  o f  t h e  p - n i t r o p h e n y l e t h y l s u l f o n y l  
(NPES) g r o u p  ( 7 ) ,  f o r  Z ' - p r o t e c t i o n ,  s i n c e  i t  c a n  b e  c l e a v e d  c l e a n -  

l y  b y  a D - e l i m i n a t i o n  mechanism, i n  a p r o t i c  s o l v e n t s .  

u s i n g  t h e  N P E S  g r o u p  i n  t h e  s y n t h e t i c  a p p r o a c h .  

(1) was s i l y l a t e d  w i t h  t e r t . b u t y l d i m e t h y l s i l y 1  c h l o r i d e  t o  g i v e  t h e  
Z ' - O - s i l y l  (21, - 3 ' - O - s i l y l  ( 3 )  and  2 ' , 3 ' - d i s i l y l  d e r i v a t i v e s  (4) 
i n  3 3 ,  50 and  8 % y i e l d s  r e s p e c t i v e l y .  Compound 2 was t r e a t e d  w i t h  

p-nitrophenylethylsulfonyl c h l o r i d e  i n  p y r i d i n e  a t  room temp.  t o  
g i v e  t h e  2 ' - s u l f o n a t e d  p r o d u c t  5 i n  8 8  % y i e l d .  The 3 ' - O - s i l y l  g r o u p  
was t h e n  c l e a v e d  w i t h  0 . 5  M TBAF a t  -6OC t o  g i v e  t h e  r e q u i r e d  com- 

pound  - 6 i n  a y i e l d  o f  76 % .  

y i e l d  f r o m  compound 6 u s i n g  p - n i t r o p h e n y l e t h y l - N , N - d i i s o p r o p y l a m i n o  
p h o s p h o m o n o c h l o r i d i t e  t o  g i v e  7, R-cyanoethyl-N,N-diisopropylamino 
p h o s p h o m o n o c h l o r i d i t e  ( 8 )  t o  g i v e  8 a n d  p - n i t r o p h e n y l e t h y l  o c t a h y d r o  

T h i s  p a p e r  d e s c r i b e s  t h e  s y n t h e s i s  o f  t h r e e  d i f f e r e n t  d i m e r s  

5 ' - 0 - O i m e t h o x y t r i t y l - N  -p-nitrophenylethoxycarbonyl-adenosine 6 

T h r e e  d i f f e r e n t  p h o s p h o r a m i d i t e s  were  p r e p a r e d  i n  o v e r  8 5  % 
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a z o n i n o p h o s p h o m o n o c h l o r i d i t e  ( 9 )  t o  y i e l d  2, r e s p e c t i v e l y .  P u r i -  
f i c a t i o n  w a s  d o n e  b y  c o l u m n  c h r o m a t o g r a p h y  o n  s i l i c a  g e l ,  a n d  c h a -  
r a c t e r i z a t i o n  by 'H a n d  3'P-NMR, U V  a n d  T L C  a n a l y s i s .  

6 5'-O-DMTr-Z'-O-NPES-N -NPEOC-adenosine-3'-p-nitrophenylethyl- 
p h o s p h o r o a m i d i  t e  9 w a s  c o n d e n s e d  w i t h  N 6 - N P E O C - 2 '  , 3  ' - d i - 0 - N P E S -  
a d e n o s i n e  lo in p r e s e n c e  o f  3 - n i t r o - 1 , 2 , 4 - t r i a z o l e  in C H 3 C N  a n d  
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s u b s e q u e n t  o x i d a t i o n  w i t h  i o d i n e / H 2 0  gave  t h e  d i m e r  

55 % y i e l d  due t o  l o w  s o l u b i l i t y  o f  t h e  compound u n d e r  t h e  a p p l i e c  
r e a c t i o n  c o n d i t i o n .  The p h o s p h o r a m i d i t e  7 was c o n d e n s e d  w i t h  N - 
NPEOC-2',3'-di-O-tert.butyldimethylsilyl-adenosine (E), and  a f t e r  

o x i d a t i o n  l e d  t o  t h e  d i m e r  13 i n  88 % y i e l d .  The p h o s p h o r a m i d i t e  
- 8 was f i n a l l y  c o n d e n s e d  w i t h  2 ' , 3 ' , N  ,N - t e t r a b e n z o y l a d e n o s i n e  (14) 
and  gave a f t e r  i o d i n e  o x i d a t i o n  t h e  f u l l y  p r o t e c t e d  d i m e r  15 i n  

88 % y i e l d .  T h i s  compound was t h e n  s u b j e c t e d  t o  D B U  t r e a t m e n t  t o  

remove s u b s e q u e n t l y  t h e  c y a n o e t h y l  and  p - n i t r o p h e n y l e t h y l s u l f o n y l  
and  p-nitrophenylethoxycarbonyl g r o u p s .  Conc. ammonia removed  t h e  

b e n z o y l  g r o u p s  and  f i n a l l y  80  I AcOH d e b l o c k e d  t h e  5I -O-DMTr g r o u p  

t o  ApA. The c r u d e  d i m e r  was p u r i f i e d  by  D E A E  Sephadex 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  T E A B  b u f f e r ,  The p u r i t y  o f  

t h e  compound was c h e c k e d  b y  TLC o n  c e l l u l o s e ,  and  P E I  c e l l u l o s e  i n  

d i f f e r e n t  s o l v e n t  s y s t e m s ,  by  HPLC w h i c h  showed p u r e  ApA w i t h o u t  

any t r a c e  o f  i s o m e r i s a t i o n .  The y i e l d  o f  t h e  d e b l o c k i n g  s t e p  was 

87  % a f t e r  p u r i f i c a t i o n .  

These r e s u l t s  s u g g e s t  t h a t  t h e  N P E S  g r o u p s  i s  a s u i t a b l e  p r o -  

t e c t i n g  g r o u p  f o r  h y d r o x y l  f u n c t i o n  i n  o l i g o r i b o n u c l e o t i d e  s y n t h e -  
s i s .  F u r t h e r  work i s  i n  p r o g r e s s  and  w i l l  b e  p u b l i s h e d  v e r y  soon .  
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