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STEREOCHEMICAL PROBLEMS I N  OLIGONUCLEOTIDE SYNTHESIS 

R .  C h a r u b a l a ,  K . P .  S t e n g e l e ,  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  
P o s t f a c h  5 5 6 0 ,  D-7750 K o n s t a n z  / Wes t  Germany 

Abs t rac t .  The phosphoramidi t e s  of p r o t e c t e d  cordycepin,  thymid ine  
and deoxyadenosine were prepared and t h e  two isomers were w e l l  separa- 
t e d  by medium-pressure chromatography. Condensations were performed i n  
s o l u t i o n  t o  dimers and on s o l i d  suppor t  t o  o l igomers .  The stereochemi- 
c a l  consequences w i l l  be discussed. 

O l i g o n u c l e o t i d e s  c o n t a i n i n g  d i a s t e r e o m e r i c a l l y  p u r e  

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

d y  e n z y m a t i c  c l e a v a g e  o f  p h o s p h o d i e s t e r  b o n d s ’ ”  a n d  c o n f o r -  
m a t i o n a l  p r o p e r t i e s  o f  

o l  i g o n u c l e o t i d e s  t h r o u g h  r o u t e s  b a s e d  o n  p h o ~ p h o t r i e s t e r ~ ’ ~  

a n d  p h o s p h o r a m i d i  t e   method^^'^ r e s p e c t i v e l y .  We h a v e  r e c e n t -  

l y  r e p o r t e d  t h e  s y n t h e s i s ,  s e p a r a t i o n  a n d  c h a r a c t e r i z a t i o n  

o f  t h e  Rp a n d  Sp d i a s t e r e o i s o m e r s  o f  t h e  d i m e r  2 ’ - 5 ’ - A ,  t h e  

f o u r  d i a s t e r e o m e r i c  t r i m e r s  (RR, R S ,  S R ,  S S )  a n d  f o u r  o f  t h e  
e i g h t  p o s s i b l e  t e t r a m e r s  (RRR, S R R  a n d  S S S ,  R S S )  i n  c o n n e c -  

t i o n  w i t h  e n z y m a t i c  i n v e s t i g a t i o n s  ’ l o .  A1 t h o u g h  s e p a r a t i o n  
o f  t h e  p r o t e c t e d  compounds was a c h i e v e d  q u a n t i t a t i v e l y ,  i t  

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

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

t h e s e s  o f  Rp a n d  Sp d i m e r  p h o s p h o r o t h i o a t e s  b y  s e p a r a t i n g  

t h e  2,2,2-trichloroethoxycarbonyl p h o s p h o n a t e  i s o m e r s ,  w h i c h  

w e r e  t r a n s f o r m e d  s e p a r a t e l y  t o  t h e  Rp a n d  Sp p r o d u c t  r e s p e c -  
t i v e l y  i n  9 0  % y i e l d .  

The p h o s p h o r o t h i o a t e  f u n c t i o n  c a n  b e  i n t r o d u c e d  i n t o  

R e c e n t l y  H a t a  e t  a1  ,I 
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1008 CHARUBALA, STENCELE, AND PFLEIDERER 

Cosstick a n d  Williamst2 applied the phosphotriester ap- 
proach a n d  got with l-m e s i t y l e n s u l f o n y l - 5 - ( p y r i d i n - 2 - y l ) -  
tetrazole as a condensing agent in a stereoselective reac- 
tion over 70 Z o f  the Sp dimer phosphorothioates. 

1 Tetrazole / CH&N 
2 S,/Fyndne 

? 
‘;-awwN 
N 

Ov- 

M O C  

During the synthesis of cordycepin dimer phosphorothio- 
ate we separated the two diastereoisomeric phosphoramidites 
by medium-pressure chromatography. Then each of these isomers 
was condensed with a second nucleoside in presence of tetra- 
zole as activating agent. After oxidation with sulfur and 
work-up both the isomers gave a mixture of R p  and Sp dimers 
in a ratio of 54:46. Similar results are obtained using 3 -  
nitro-1,2,4-triazole as activating agent. These findings in- 
dicate that the epimerisation takes place during the coupling 
reaction, a s  reported already in the literature 13 . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



OLIGONUCLEOTIDE SYNTHESIS 1009 

F u r t h e r m o r e  we a l s o  s e p a r a t e d  t h e  p h o s p h o r a m i d i t e  i s o -  
mers  i n  t h e  c a s e  o f  t h y m i d i n e  a n d  N 6 - b e n z o y l  - 2 ' - d e o x y a d e n o -  
s i n e  q u a n t i t a t i v e l y  b y  m e d i u m - p r e s s u r e  c h r o m a t o g r a p h y .  From 

t h e  p r o t o n  NMR s p e c t r a  i t  c a n  be seen t h a t  t h e  m e t h y l  s i g n a l s  

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

r i e s  f a l l  t o g e t h e r  i n  t h e  c a s e  o f  t h e  h i g h e r  R f  i s o m e r ,  

whereas  r e s o l v e d  s i g n a l s  a r e  n o t i c e d  i n  t h e  l o w e r  R f  i s o m e r .  

A l s o  t h e  C H  s i g n a l s  o f  t h e  d i i s o p r o p y l  g r o u p s  r e v e a l  c o r r e s -  
p o n d i n g  p a t t e r n s .  

i n  a D N A  s y n t h e s i z e r ,  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e ,  

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

v i n g  a b o u t  98  % w i t h  t h e  h i g h e r  R f  i s o m e r ,  w h e r e a s  t h e  l o w e r  

R f  i s o m e r  p r o g r e s s e s  o n l y  t o  a y i e l d  o f  80  I i n  120 s e c s .  
E x t e n s i o n  o f  t h e  c o u p l i n g  t i m e  t o  500 s e c s .  i m p r o v e d  t h e  

c o n d e n s a t i o n  y i e l d s  o f  h i g h e r  R f  i s o m e r  a l m o s t  t o  100 % 

and  t h o s e  o f  t h e  l o w e r  R f  i s o m e r  u p  t o  98 %. 

These l a r g e  d i f f e r e n c e s  i n  c o u p l i n g  y i e l d s  shown b y  t h e  
t w o  d i a s t e r e o i s o m e r i c  p h o s p h o r a m i d i t e s  o f  b o t h  t h e  t h y m i d i n e  

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

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

When we u s e d  t h e s e  i s o m e r s  f o r  s y n t h e s i z i n g  o l i g o m e r s  

F u t u r e  i n v e s t i g a t i o n s  w i l l  be c o n c e r n e d  w i t h  t h i s  m a t t e r .  
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