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NUCLEOSIDES & NUCLEOTIDES, 8(5&6), 1001-1006 (1989) 

NEW RESULTS I N  OLIGORIBONUCLEOTIDE SYNTHESIS 

M a g d a l e n a  P f i s t e r  a n d  W o l f g a n g  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  Konstanz 
Pos t fach  5560, D-7750 Konstanz 

Abs t rac t .  A new b l o c k i n g  group f o r  2'-OH p r o t e c t i o n  o f  r i bonuc leo -  
s ides  was found i n  t h e  p-cyanophenylethylsulfonyl (CPES) and t h e  carbo-  
methoxyethyl  s u l f o n y l  (CMES) group. The fo rmer  f u n c t i o n a l i t y  i s  more 
s t a b l e  than  t h e  p - n i  t ropheny le thy l  s u l f o n y l  (NPES) group, b u t  can be 
c leaved by f l u o r i d e  i o n  and DBU r e s p e c t i v e l y .  

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

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

f a c i l e ,  r a p i d ,  a n d  h i g h - y i e l d  R N A - s y n t h e s i s  i s  f a r  f r o m  g e -  

n e r a l  a p p l i c a t i o n  due t o  p r i n c i p a l  s t r u c t u r a l  p r o b l e m s .  The 

m a j o r  c o n c e r n  i n  t h e  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  i s  t h e  p r e s e n c e  o f  t h e  a d d i t i o n a l  2 ' - h y d r o x y l  g r o u p  i n  
t h e  r i b o s e  m o i e t y ,  w h i c h  r e q u i r e s  s e l e c t i v e  p r o t e c t i o n ,  may 

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

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

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

The  many t r i a l s  a n d  p r o p o s a l s  t o  s e l e c t  t h e  r i g h t  c o m b i n a -  

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

h a v e  i n  r e c e n t  y e a r s  o n l y  b e e n  o f  m i n o r  s u c c e s s  a n d  show 
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1002 PFISTER AND PFLEIDERER 

t h a t  we a r e  d e a l i n g  w i t h  a n o n - t r i v i a l  m a t t e r .  The s o  f a r  

b e s t  a p p r o a c h 3  recommends t h e  u s e  o f  t h e  t e r t - b u t y l d i m e t h y l -  

s i l y l  o r  t r i i s o p r o p y l s i l y l  g r o u p  f o r  t h e  2 ' - O H  p r o t e c t i o n  

a n d  a l l o w s  b o t h  s ~ l u t i o n - ~  a n d  s o l  i d - p h a s e  s t r a t e g i e s 5  when 

u s e d  i n  c o n j u n c t i o n  w i t h  e i t h e r  t h e  c h l o r o p h o s p h i t e 6  o r  p h o s -  

p h o r a m i d i t e 7  c o u p 1  i n g  p r o c e d u r e .  

8 t i n g  g r o u p s  o f  t h e  t y p e  o f  s u b s t i t u t e d  p h e n y l e t h y l  g r o u p s  

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

a l l  p u r p o s e s .  The p - n i t r o p h e n y l e t h y l  (NPE) a n d  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) g r o u p  r e s p e c t i v e l y  h a v e  shown t h e  m o s t  

u n i v e r s a l  a p p l i c a t i o n s 9 ,  s o  t h a t  t h e  i n t r o d u c t i o n  o f  t h e  

p- nitrophenylethylsulfo n y l  (BPES) g r o u p  f o r  t h e  2 ' - O H  p r o -  

t e c t i o n  c a n  be r e g a r d e d  a s  a l o g i c a l  e x t e n s i o n  o f  o u r  g e n e -  

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

l y  b e  c o m b i n e d  w i t h  t h e  N P E O C  g r o u p ,  w h e r e a s  b l o c k i n g  o f  t h e  

p h o s p h a t e  f u n c t i o n  a s k s  f o r  t h e  more  l a b i l e  B - c y a n o e t h y l -  

i n s t e a d  o f  t h e  N P E  g r o u p .  The f i n a l  d e b l o c k i n g  s e q u e n c e  a c -  

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

r i o u s  p r o t e c t i n g  f u n c t i o n s ,  w h i c h  h a v e  t o  o b e y  t h e  o r d e r  

1 )  p h o s p h a t e ,  2 )  2 ' - O H  g r o u p ,  a n d  3 )  a g l y c o n  i n  o r d e r  t o  

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

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

m a t i o n .  

Our own e f f o r t s  f a v o r  i n  g e n e r a l  B - e l i m i n a t i n g  p r o t e c -  

D e t a i l e d  s t u d i e s  i n d i c a t e d  t h a t  t h e  N P E S  g r o u p  c a n  n i c e -  

The s e a r c h  t o  i m p r o v e  t h e  s t a b i l i t y  o f  t h e  N P E S  g r o u p  

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

e t h y l s u l f o n y l  (CPES) g r o u p  a s  a g o o d  a l t e r n a t i v e .  The i n t r o -  

d u c t i o n  o f  t h e  C P E S  g r o u p  i n t o  t h e  2 ' - p o s i t i o n  was a c h i e v e d  

b y  d i r e c t  s u l f o n y l a t i o n  o f  5'-0-(dimethoxytrity1)-N - ( 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 1 ) - c y t i d i n e  a n d  5 ' - 0 - ( d i m e t h o x y t r i t y 1 ) -  

N -(p-nitrophenylethoxyc a r b o n y 1 ) - a d e n o s i n e  r e s p e c t i v e l y  b y  

p-cyanophenylethylsulfon y l  c h l o r i d e  i n  NEt3/CH2C12 t o  g i v e  a 

m i x t u r e  o f  t h e  c o r r e s p o n d i n g  2 ' -  a n d  3 ' -mono-CPES a s  w e l l  a s  

t h e  2 ' , 3 ' - d i - C P E S  d e r i v a t i v e s .  
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OLIGORIBONUCLEOTIDE SYNTHESIS 1003 

(Hs-0 M mTrod w) O s q o c P r ~ Q - N  ms-0 0-CPES 

2?% 27% 10% 

97% 

Chromatographical separation of the three compounds can 
be achieved but gives relatively low yields of the 2'-0-p- 
c y a n o p h e n y l e t h y l s u l f o n y l  intermediates. Phosphitylations to 
the 3'-O-(6-cyanoethyl)-phosphor-N-diisopropylamidites work 
very well and condensations in solution with a 5 ' - O H  b u i l -  
ding block proceed also with high yields. 

Studies with 3'-0-(p-~yanophenylethylsulfonyl)-5'-0- 
(dimethoxytrity1)-N -(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 1 ) - a d e n y l y l -  

P 3 ' - [ O  -(0-cyanoethyl)-5']-2',3'-di-0-(tert-butyldimethyl- 
sily1)-N -(p-nitrophenylethoxycarbony1)-adenosine revealed 
a subsequent deprotection sequence according to the above 
mentioned priorities and leading to a chromatographically 
pure A3'p5'A. The dimethoxytrityl group was removed first 
by acid followed by fluoride ion treatment in THF, which 
cleaves fast the O-cyanoethyl group and then more slowly 
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1004 PFISTER AND PFLEIDERER 

NH-NPEOC 

<;I$ 

6 the p - c y a n o p h e n y l e t h y l s u l f o n y l  substituent, whereas the N - 
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  residue remains almost untouched 
under these conditions. DBU in acetonitrile finally will 
achieve this cleavage by 6-elimination to form the free, 
unprotected d i n u c l e o s i d e m o n o p h o s p h a t e .  Analogous studies 
with the appropriately protected CpC, GpG, and U p U  dirners 
are under investigation to prove the usefulness of the stra- 
tegy in general. 

The principle o f  6-eliminating protecting groups can be 
extended further in various directions by activation o f  the 
6-H-atoms through adjacent acceptor substituents. We intro- 
duced also the 6 - c a r b o m e t h o x y e t h y l s u l f o n y l  ( C M E S )  group into 
N -p-nitrophenylethoxyca r b o n y l - 3 ' , 5 ' - O - ( t e t r a i s o p r o p y l d i s i -  
loxan-1,3-diyl)-adenosine and found that removal o f  this new 
blocking group works straightforward with bases like D B U ,  D B N  
or tetramethylguanidine. 
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OLIGORIBONUCLEOTIDE SYNTHESIS 1005 

The  CMES g r o u p  seems t o  b e  m o r e  l a b i l e  t h a n  t h e  NPES 

a n d  C P E S  g r o u p  r e s p e c t i v e l y  a n d  w i l l  t h e r e f o r e  b e  recommended  

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

m i  s t r y .  
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