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NUCLEOSIDES & NUCLEOTIDES, 7(5&6), 595-600 (1988) 

RECENT PROGRESS I N  OLIGORIBONUCLEOTIDE SYNTHESIS 

Magdalena Pfister, Silke Farkas, Ramamurthy Charubala, 
Wolfgang Pfleiderer 

Fakultat fur Chemie, Universitat Konstanz, 
Postfach 5560, 0-7750 Konstanz 

Abstract. The usefulness of the p-nitrophenylethylsulfonyl (NPES) 
g r o u p w O H  protection in 01 igoribonucleotide synthesis is further 
investigated. The difficulties of uridine protection are discussed and 
the p-cyanophenylethyl (CPE) group introduced as a versatile new 04- 
blocking group. 

T h e  most significant progress in nucleic acid chemistry 
in recent y e a r s  is undoubtedly t h e  development of t h e  effec- 
tive and convenient phosphoramidite approach' ' *  f o r  t h e  ra- 
pid synthesis o f  oligo- and poly-deoxyribonucleotides o f  d e -  
fined sequence. Less successful, however, was so f a r  t h e  a p -  
plication of the analogous methodology in t h e  oligoribonuc- 
leotide series due to the obvious problems concerned with the 
protection of the additional 2'-OH group. T h e  c o r r e c t  choice 
of this protecting group, which should remain intact until 
the final deblocking steps, can b e  regarded a s  t h e  crucial 
point of the whole strategy o f  a successful oligoribonucleo- 
tide synthesis in solution and especially in an automated 
process on a solid support. A number o f  protecting groups 
such a s  t h e  tetrahydropyranyl-, tetrahydrofuranyl-, 4-metho- 
xytetrahydropyranol-, 1 -(2-chl oro-4-methyl phenyl ) -4-methoxy- 
pi peri d i n-4-y 1 , 3 -me thoxy- 1 ,5-di m e  thoxycarbonyl -pent -3 -yl - , 
benzyl, 2-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl 
and tert.butyldimethylsily1 group have been applied and in- 
vestigated, but so f a r  no satisfactory solution o f  t h e  c o m -  
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596 PFISTER ET AL. 

p l e x  p r o b l e m  c o u l d  b e  a c h i e v e d  d e s p i t e  t h e  l a t t e r  b l o c k i n g  
g r o u p  shows some p r o m i s e  . 

R e c e n t l y  we i n t r o d u c e d  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)4'6 g r o u p  f o r  2 ' - O H  p r o t e c t i o n  d u e  t o  t h e  f a c t  t h a t  

s u l f o n a t e s  a t  t h e  C-2 p o s i t i o n  o f  s u g a r s  a r e  g e n e r a l l y  l e s s  

r e a c t i v e  i n  n u c l e o p h i l  i c  d i s p l a c e m e n t  r e a c t i o n s 7 ,  d o  n o t  show 
a c y l  m i g r a t i o n  b u t  c a n  b e  r e m o v e d  i n  t h e  c a s e  o f  t h e  N P E S  

g r o u p  b y  a 8 - e l i m i n a t i o n  p r o c e s s .  D e t a i l e d  s t u d i e s  r e v e a l e d  
t h a t  t h e  u s e  o f  t h e  N P E S  g r o u p s  i n  c o m b i n a t i o n  w i t h  t h e  p -  

nitrophenylethoxycarbonyl (NPEOC) g r o u p  f o r  a g l y c o n  p r o t e c -  
t i o n  w o r k s  v e r y  w e l l ,  w h e r e a s  p h o s p h a t e  p r o t e c t i o n  h a s  t o  b e  

p e r f o r m e d  b y  t h e  m o r e  l a b i l e  8 - c y a n o e t h y l  g r o u p  i n s t e a d  o f  
t h e  p - n i t r o p h e n y l e t h y l  (NPE)  g r o u p 8 .  The 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 e d  f u n c t i o n s  i n d i c a t e  t h a t  t h e  d e b l o c k -  

i n g  s e q u e n c e  h a s  t o  f o l l o w  s t r i c t l y  t h e  o r d e r  1 )  p h o s p h a t e ,  
2 )  2 I - h y d r o x y  g r o u p  a n d  3) a g l y c o n  d e p r o t e c t i o n ,  o t h e r w i s e  
s i d e  r e a c t i o n s  o c c u r ,  w h i c h  i n v o l v e  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 i c  l i n k a g e  o r  g i v e  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 .  

3 

6 The f u l l y  b l o c k e d  d i m e r s  5 ' - 0 - d i m e t h o x y t r i t y l - 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 - 2 ' - O - 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 a d e n y l y l -  
[ 3 ' - ( R - c y a n o e t h y l ) - 5 ' ]  -N6,N6,2' , 3 ' - t e t r a b e n ~ o y l a d e n o s i n e ~  a n d  
5 ' - 0 - d i m e t h o x y t r i t y l - N  -p-nitroph e n y l e t h o x y c a r b o n y l - 2 ' - O - 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 - c y t i d y l y l - [ 3 ' - ( ~ - c y a n o e t h y l ~ - 5 ' 1 -  
2 ' , 3  ' - d i - 0 - t e r t  . b u t y l  d i m e t h y l  s i  l y l  - N 4 - 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 c y t i d i n e 5  r e s p e c t i v e l y  showed  t h e  e x p e c t e d  c l e a n  d e p r o -  

t e c t i o n  on  s u b s e q u e n t  t r e a t m e n t  b y  1 )  H', 2 )  DBU,  3 )  TBAF 

a n d  4 )  DEAE-Sephadex w o r k - u p  t o  g i v e  ApA a n d  CpC i n  a n  i s o -  

l a t e d  y i e l d  o f  80 % a n d  79 % r e s p e c t i v e l y .  

t h e  u r i d i n e  s e r i e s .  The u s e  o f  a n  u n p r o t e c t e d  a g y l c o n  m o i e t y  

g i v e s  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  s i n c e  DBU g e n e -  
r a t e s  a n  a n i o n  w h i c h  f a c i l i t a t e s  i n t r a m o l e c u l a r  a t t a c k  o f  

4 t h e  O 2  a t  t h e  C-2' c e n t e r .  0 - P r o t e c t i o n  b y  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  c a n  a l s o  n o t  b e  recommended  s i n c e  t h e  d e p r o -  

t e c t i o n  r a t e s  o f  t h e  N P E S  a n d  NPE g r o u p  a r e  n o t  s o  d i f f e r e n t  
t h a t  a u n i q u e  r e a c t i o n  s e q u e n c e  i s  g u a r a n t e e d .  

4 

M o r e  d i f f i c u l t i e s ,  h o w e v e r ,  h a v e  b e e n  e n c o u n t e r e d  i n  
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OLICORIBONUCLEOTIDE SYNTHESIS 597 

Model studies with the fully protected 5'-O-dimethoxy- 
4 trityl-0 -methyl-2'-0-p-nitrophenylethylsulfonyl-uridylyl- 

[3'-(0-cyanoethyl~-5'1-2',3'-di-0-tert~.butyldimethylsilyl- 
0 -methyl-uridine, which was synthesized f r o m  the correspon- 
ding monomeric building blocks by the phosphoramidite a p p r o a c h !  
revealed a clean deblocking pattern a n d  indicated t h i s  way the 
importance o f  a relatively stable 04-protecting g r o u p  if the 
NPSE group is in use. 

In o r d e r  to develop a n e w  04-protecting group f o r  uri- 
dine, which is more stable than t h e  NPE group but will also 
be cleaved by a a-elimination process, we d r a w  o u r  attention 
t o  t h e  p-cyanophenylethyl ( C P E )  group', in which t h e  c y a n 0  
function activates t h e  a-hydrogen atoms much less than t h e  
n i t r o  group. A f t e r  synthesis of t h e  0 -p-cyanophenylethyl- 
5 ' - O - d i m e t h o x y t r i t y l - 2 ' - 0 - 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 - u r i d i n e  
we noticed that D B U  treatment at room temp. removes only the 
NPES group, whereas the p-cyanophenylethoxy function stays 
intact. Cleavage by DBU takes place at elevated temp. o f  about 
50°C and shows under these conditions n o  s i d e  reactions. 

4 
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5 98 PFISTER ET AL. 

T h e r e a f t e r  t h e  f u l l y  p r o t e c t e d  d i m e r  0 4 - p - c y a n o p h e n y l  - 
ethyl-5'-0-dimethoxytrityl-2'-O-p-nitrophenylethylsulfonyl- 
uridylyl-[3'-(D-cyanoethyl)-5']-0 -p-cyanophenylethyl-2',3'- 
di-0-tert.butyldimethylsily1-uridine h a s  t h e n  b e e n  s y n t h e -  
s i z e d  f o r  f u r t h e r  d e b l o c k i n g  s t u d i e s .  T r e a t m e n t  f i r s t  w i t h  

a c i d  a n d  t h e n  w i t h  DBU a t  room temp.  l e d  t o  t h e  p a r t l y  p r o -  

t e c t e d  p h o s p h o d i e s t e r  i n t e r m e d i a t e ,  w h i c h  was c o n v e r t e d  i n -  
t o  UpU i n  h i g h  80 % y i e l d  b y  D B U  a t  50°C a n d  f l u o r i d e  i o n  

r e s p e c t i v e l y  . 
F u r t h e r m o r e  we a l s o  s t u d i e d  t h e  s t a b i l i t y  o f  v a r i o u s  

s u b s t i t u t e d  p h e n y l e t h y l s u l f o n y l  g r o u p s  t o w a r d s  t h e  i n f l u e n c e  
o f  DBU i n  t h e  a d e n o s i n e  s e r i e s .  I n t r o d u c t i o n  o f  t h e  4 - c y a n o -  

p h e n y l e t h y l s u l f o n y l ,  2-chlorophenylethylsulfonyl a n d  4 - m e t h o -  

x y p h e n y l e t h y l s u l f o n y l  g r o u p  i n t o  t h e  N - p - n i t r o p h e n y l e t h o x y -  
carbonyl-3',5'-0-tetraisopropyldisiloxan-l,3-diyl-adenosine 
l e d  t o  t h e  f u l l y  p r o t e c t e d  a n a l o g u e s .  D B U  t r e a t m e n t  a t  room 
temp. a n d  50°C r e s p e c t i v e l y  r e v e a l e d  t h a t  o n l y  t h e  NPEOC 

g r o u p  was e l i m i n a t e d ,  w h e r e a s  t h e  s u l f o n y l  r e s i d u e s  r e m a i n e d  
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 .  I t  was n o t i c e d ,  h o w e v e r ,  t h a t  
t r e a t m e n t  o f  t h e  2'-0-4-cyanophenylethylsulfonyl ( C P E S )  d e r i -  

4 

6 

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

l y l  b l o c k i n g  g r o u p  b u t  a l s o  t h e  PCES g r o u p  a t  a much f a s t e r  
r a t e  t h a n  t h e  r e l a t i v e l y  s t a b l e  N6-NPEOC p r o t e c t i n g  g r o u p .  
The 2 - c h l o r o -  a n d  t h e  4-methoxyph e n y l e t h y l s u l f o n y l  g r o u p  r e s -  

p e c t i v e l y  a g a i n  d i d  n o t  show a n y  t e n d e n c y  t o  c l e a v a g e  u n d e r  
t h e  i n f l u e n c e  o f  f l u o r i d e  i o n s .  The d i f f e r e n t  r e a c t i v i t i e s  

o f  t h e  6 - e l i m i n a t i n g  b l o c k i n g  g r o u p s  t o w a r d s  v a r i o u s  b a s e s  

w i l l  be s u b j e c t  o f  f u t u r e  i n v e s t i g a t i o n s .  
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