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NUCLEOSIDES & NUCLEOTIDES, 6(1&2), 537-539 (1987) 

SYNTHESIS OF TERMINAL NUCLEOSIDE PHOSPHATES AND 
THIOPHOSPHATES V I A  P H O S P H O R A M I D I T E  CHEMISTRY 

M.W. Schwarz a n d  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: Synthet ic  01 igonucleot ides f o r  use i n  b i o l o g i c a l  processes 
o f t e n  requ i re  a 5 ' - t e rm ina l  phosphate funct ion.  To study enzymatic reac t i ons  
t h i s  group can be replaced by a thiophosphate func t i on .  Most chemical methods 
f o r  the synthesis o f  these te rm in i  base on phosphotr iester  chemistry. 

S y n t h e s i s  o f  n u c l e o t i d e s  w i t h  t e r m i n a l  p h o s p h o -  and  t h i o p h o s -  
p h o t r i e s t e r  f u n c t i o n s  v i a  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  demands t h e  
p r e p a r a t i o n  o f  a m o n o v a l e n t  p h o s p h i t y l a t i n g  a g e n t .  R e a c t i o n  o f  a 
d i c h l o r o p h o s p h o r a m i d i t e  ( 1 )  w i t h  t w o  eq.  o f  p - n i t r o p h e n y l e t h a n o l  
o r  o f  a p - n i t r o p h e n y l e t h o x y - c h l o r o p h o s p h o r a r n i d i t e  ( 2 )  w i t h  one eq 
o f  a l c o h o l  y i e l d s  t h e  d e s i r e d  p h o s p h i t e s  2 and  9, r e s p e c t i v e l y .  

p h o s p h o r a m i d i t e s  2 o r  3 a r e  c o n d e n s e d  w i t h  t h e  f r e e  3 ' -OH o f  t h e  
N - p r o t e c t e d  5 ' - d i m e t h o x y t r i t y l a t e d  n u c l e o s i d e s  l a  - d i n  a c e t o -  
n i t r i l e .  S u b s e q u e n t  o x i d a t i o n  w i t h  s u l p h u r  o r  i o d i n e / w a t e r  y i e l d s  
t h e  f u l l y  p r o t e c t e d  3 ' - t e r m i n a l  n u c l e o s i d e  t h i o p h o s p h a t e s  ( 1 )  
- -  5a - d and  p h o s p h a t e s  - A ,  r e s p e c t i v e l y ,  i n  good  y i e l d s .  De- 
t r i t y l a t i o n  u s i n g  2 % t o l u e n e s u l f o n i c  a c i d  i n  CH2C12/CH30H ( 4 : l )  
l e a d s  t o  t h e  p r o t e c t e d  n u c l e o t i d e s  fi - g and  3 - d. From t h e s e  
t h e  3 ' - t e r m i n a l  t h i o p h o s p h a t e s  3 - d w e r e  c o n d e n s e d  i n  a c e t o -  
n i t r i l e  w i t h  t e t r a z o l e  a c t i v a t e d  t h y m i d i n e  p h o s p h o r a m i d i t e  g ( 2 ) .  

Upon a c t i v a t i o n  w i t h  t e t r a z o l e  t h e  b i s - ( p - n i t r o p h e n y 1 e t h o x y ) -  
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538 SCHWARZ AND PFLEIDERER 

4a 8 6 %  5a 8 2 %  6a 9 0 %  7a 8 8 %  9a 77% 10a 79% 
4b 87% 5b 8 6 %  6b 8 8 %  7b 8 8 %  9b 78% 10b 7 7 %  
4 c  8 8 %  5c 8 8 %  6c  9 2 %  7c 94% 9 c  8 1 %  1Oc 8 6 %  
4 d  92% 5d 8 6 %  6 d  92% 7d 92% 9 d  8 1 %  10d  8 0 %  

- 12, 92% 

- pNPE0-P- * $o--\$oH - p p E ~ - $ ~ - & - o p N p E  - I I OpNPE 

pNPEO pNPEO 
I 

pNPEO pNPEO 
13 , 80% - ld ,  88% - 

F o l l o w i n g  t h e  o x i d a t i o n  w i t h  i o d i n e  w a t e r  o r  s u l p h u r  d i n u c l e o -  
t i d e s  w i t h  i n t e r n u c l e o t i d i c  p h o s p h a t e  and  t e r m i n a l  t h i o p h o s p h a t e  
f u n c t i o n  96 - o r  i n t e r n u c l e o t i d i c  and  t e r m i n a l  t h i o p h o s p h a t e  
f u n c t i o n  @ - 2 were  i s o l a t e d  i n  good  y i e l d s  d e m o n s t r a t i n g  t h e  
s t a b i l i t y  o f  t h e  t e r m i n a l  t h i o p h o s p h o t r i e s t e r  f u n c t i o n  t o  t h e  
r e a c t i o n  and  w o r k - u p  c o n d i t i o n s .  

A d d i t i o n a l l y  a d i t h y m i d i n e  p h o s p h o t r i e s t e r  - 11 p r o t e c t e d  a t  
t h e  3 ' - e n d  w i t h  t h e  b e n z o y l  g r o u p  was c o n d e n s e d  w i t h  t e t r a z o l e  
a c t i v a t e d  b i s - ( p - n i t r o p h e n y 1 e t h o x y ) - p h o s p h o r a m i d i t e  2 i n  a c e t o -  
n i t r i l e .  The i n t e r m e d i a t e  p h o s p h i t e  t r i e s t e r  was o x i d i z e d  w i t h  
e l e m e n t a l  s u l p h u r  and  t h e  5 ' - t h i o p h o s p h a t e  12. i s o l a t e d  i n  good  
y i e l d .  A f t e r  d e b e n z o y l a t i o n  u s i n g  m e t h a n o l i c  ammonia t h e  r e s u l -  
t i n g  d i m e r  13, w h i c h  was o b t a i n e d  i n  80% y i e l d ,  was a g a i n  r e a c t e d  
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5'-TERMINAL PHOSPHATE SYNTHESIS 539 

with the phosphoramidite 2 in the presence of tetrazole. Again 
the resulting phosphite triester was oxidized with sulphur. The 
dithymidine triphosphate analogue 14, in which as well the inter- 
nucleotidic phosphate as also the terminal thiophosphates are 
solely protected by the p-nitrophenylethyl group, was obtained 
in quite good yield. Phosphate derivatives of this type were al- 
ready synthesized earlier using a chlorophosphodiester for the 
introduction o f  the terminal phosphotriester functions ( 3 ) .  

be applied for the chemical 5'-phosphorylation o f  oligonucleotides 
in automated D N A  synthesis ( 4 ) .  

This method is not limited to synthesis in solution but can 
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