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NUCLEOSIDES & NUCLEOTIDES, 6(1&2), 279-282 (1987) 

PHOSPHOTRIESTER SYNTHESIS OF OLIGONUCLEOTIDES WITH THE USE 
OF B- AND 0-NUCLEOPHILIC INTRAMOLECULAR CATALYSIS 

V.A.Efimov, A.A.Buryakova, N.N.Polushin, I.Y.Dubey, 
0.G.Chakhmkhcheva and Yu.A.Ovchinnikov 

Shernyakin I n s t i t u t e  of Bioorganic  Chernistry USSR Academy 
o f  Sc iences ,  ul.Idi4lukho-Maklaya 16/10, Yoscow 117871 ,USSR 

Abs t r ac t .  An e f f e c t i v e  method f o r  t h e  s y n t h e s i s  of 
o l i g o n u c l e o t i d e s  by t h e  p h o s p h o t r i e s t e r  approach h a s  been 
developed. It i s  based on t h e  u s e  of phosphate p r o t e c t i n g  
groups enab l ing  0-nucleophi l ic  i n t r a m o l e c u l a r  c a t a l y s i s .  

E a r l i e r  we r e p o r t e d  the improved r a p i d  p h o s p h o t r i e s t e r  
method based on t h e  u s e  of oxygen-nucleophi l ic  catalysts - 
4 - s u b s t i t u t e d  d e r i v e t i v e s  of p y r i d i n e  N-oxide i n  conjunc- 
t i o n  with condensing and phosphoryla t ing  r e a g e n t s  f o r  t h e  
i n t e r n u c l e o t i d e  bond fo rma t ion  ’. The a p p l i c a t i o n  of t h e s e  
c a t a l y s t s  e l lowed t o  reduce  t h e  coupl ing  t i m e  i n  s o l u t i o n  
t o  1-2 min and on so l id-phase  t o  4-5 =in. It was shown 
that 0-nucleophi l ic  c a t a l y s t s  a r e  e f f e c t i v e  with t h e  use 
o f  a l k y l  phosphate b lock ing  groups . 

Recent ly ,  2-(l-methylimidazole-2-yl)phenyl group has 
been r e p o r t e d  as c a t a l y t i c  phosphate p r o t e c t i n g  group en- 
hancing t h e  r a t e  of i n t e r n u c l e o t i d e  condensa t ion  due t o  an  
a c t i v e  c y c l i c  i n t e r m e d i a t e  f o r x a t i o n  3’4. ;i‘e have shown 
t h a t  t h e  similar e f f e c t  was observed w i t h  t h e  u s e  of seve- 
ra l  o t h e r  IT- End 0-nucleophi l ic  c z t a l y t i c  b locking  groups ,  
such as l-oxido-4-alkozy-2-picolyl, 4-alkoxy-2-?icolyl and 
I-oxido-2-picolyl groups,  f o r  t h e  i n t e r n u c l e o t i d e  phos- 

2 

phate  p o t e c t i o n  5 . 
The monoxeric u n i t s  c a r r y i n g  t h e s e  p r o t e c t b g  groups  

were ob ta ined  from the cor responding  f u l l j  b locked nucleo-  
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280 EFIHOV ET AL. 

s i d e  phosphotr ies ters  by the  s e l e c t i v e  cleavage of  t h e  
non-catalyt ic  a r y l ,  o r  a l k y l ,  phosphate blocking group.The 
synthes is  o f  phosphot r ies te rs  (11, 111) w a s  performed by 
severa l  ways shown i n  the  Scheme. The a r y l p h o s p h o t r i e s t e r s  
(II) were q u a n t i t a t i v e l y  converted i n t o  t h e  d e s i r e d  phos- 
phodiesters  (IV) without  any i s o l a t i o n  by the  a c t i o n  of  be- 
ses, such as  an oximate reagent  o r  LIOH, wherees t h e  cyano- 
e t h y l  blocking group was removed f r o m  t h e  crude phosphotri- 
e s t e r  (111) by t h e  a c t i o n  of  t r ie thylamine.  T'ne r e s u l t i n g  
monomeric nuc leo t ide  components ( I V )  were i s o l a t e d  by a si- 
l i c a  g e l  colunm chromtography. 

The r e s u l t s  on t h e  comparison of  t h e  r e a c t i o n  r a t e s  i n  
t h e  synthes is  of  a d inuc leo t ide  u s i n g  d i f f e r e n t  p r o t e c t i v e  
groups a r e  shown i n  Fig.1. The h i g h e s t  coupling r a t e  w a s  
provided by l-oxido-4-alkoxy-2-picolyl d e r i v a t i v e s .  The . 

condensat ionswith the  use of t h i s  intramolecular  c a t a l y s t s  
and TPSCl were complete l e s s  than i n  1 n i n  i n  pyridine and 
l e s s  than i n  0.5 min i n  a c e t o n i t r i l e  containing 10% of py- 
r i d i n e ,  2 ,6- lut idine o r  2 ,4 ,6-col l idineO The apGlicat ion 
o f  IISCl and tiSNT gave the coupling two t i n e s  f a s t e r .  On a 
polymer support t h e  u s e  of  the  same pro tec t ing  groups pro- 
vided 98-995 y i e l d s  i n  coupling r e a c t i o n s  within 1-2 min. 
The r e a c t i o n  r a t e  was not  p r a c t i c a l l y  dependent on the  
s t r u c t u r e  of  the  s u b s t i t u e n t  i n  t h e  f o u r t h  p o s i t i o n  of the  
pyridine r i n g  of the  l-oxido-4-alkoxy-2-picolyl group. It 
should be noted t h a t  the use of c a t a l y t i c  pro te  t i n g  groups 
provided a minimum of 5*-sulfonated by-proauct (<0.2%'0), 

t h a t  i s  apparent ly  due t o  d i f f e r e n t i a l  c a t a l y s i s  of the  
phosphorylation end su l fona t ion  reac t ions .  

The examination o f  the  s t a b i l i t y  of new c a t a l y t i c  pro- 
t e c t i n g  groups i n  var ious  condi t ions  have revealed t h a t  
they are s t a b l e  during i n t e r n u c l e o t i d e  condensation. These 
groups a r e  s t a b l e  t o  the a c t i o n  of a c i d i c  reagents ,  mhich 
a r e  used f o r  the removal of 5 l - t r i t y l  p ro tec t ing  group,and 
t o  the  a c t i o n  of bases.  A t  the  sane time, they can be e a s i -  
l y  removed by the a c t i o n  of nuc leophi l ic  reagents ,  such as 
triethylammonium thiophenate o r  p i p e r i d h e .  
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FIGURE 1. Coupl ing r a t e s  in t h e  s y n t h e s i s  o f  di i iucleo-  
t i d e  [(::ieO)2 Tr] Tp(Z)T(Ac). 2 e a c t i o n s  were c a r r i e d  out ir, 1 
XI. of  p y r i d i n e  ( s o l i d  l i n e )  o r  a c e t o n i t r i l e - p y r i d i n e  ( 9 : l )  
(dashed l i n e )  u s i n g  0.05 m o l  o f  TP(kc) and 0.05 m o l  of 
[(Lie0 1 Tr] Tp(R)  i n  t h e  presence  of  0.1 rmol  o f  TPSCl. I n  

t h e  cage of t h e  o-chlorophenyl  ? e r i v e t i v e ,  0 .2  m o 1  of  
4-methoxypyridine 17-oxide was added. 
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The xonomers c a r r y i n g  0 -nuc leoph i l l c  c a t a l y t i c  b locking  
groups were s u c c e s s f u l l y  employed f o r  t h e  s y n t h e s i s  o f  va- 
r i o u s  oligodeoxyribonucleotides on s o l i d  phase. The coup- 
l i n g  r e a c t i o n s  *:/ere performed using t h e  10-fold excess  o f  
a P-component over  t h e  r e s i n  c a p a c i t y  i n  t h e  presence  of 
3-fold excess  o f  a condensing agent  with r e s p e c t  t o  a P- 
component. Fy r id ine ,  i t s  n i x t u r e  with a c e t o n i t r i l e ,  n ix tu -  
r e s  of a c e t o n i t r i l e  
were used as s o l v e n t s  i n  condensat ion r e a c t i o n s .  ?he t ine 
needed t o  perform one c y c l e  of  cha in  e longa t ion  was l e s s  
than  7 inin. The average y i e l d  per  s t e p  ebout  98% . 
o l i g o n u c l e o t i d e s  a f t e r  completion of t h e  s y n t h e s i s  was c c r -  
r i e d  out  i n  three s t e p s :  a )  t rea tment  v i t h  p i p e r i d i n e  ( o r  
w i t h  t r ie thyla .monium th iophena te )  t o  remove phosphate pro- 
t e c t i n g  groups; b )  t rea tment  x i t h  concen t r a t ed  annonia  t o  
renove a c y l  p r o t e c t i n g  groups;  c )  t rea tment  w i t h  80% a c e t i c  
a c i d  t o  remove 5 ' -d imethoxyt r i ty l  group. The depro tec t ed  
o l i g o n u c l e o t i d e s  were i s o l a t e d  by p r e p a r a t i v e  e l ec t rophore -  
s i s  on dena tu r ing  polyacry lan ide  g e l s  end/or  reversed-phase 
chronatography. 

an3  2 , 6 - l u t i d i n e , o r  2 ,6 ,6 -co l l id ine ,  

5 

The removal o f  t h e  p r o t e c t i n g  groups f r o m  t h e  f i n a l  
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