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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  195-198 (1985) 

SYNTHESIS OF 3'-DEOXYADENYLATE TRIMER 

F. Himmelsbach, E .  Uhlmann, R. Charuba la  and W .  P f l e i d e r e r  
F a k u l t a t  f u r  C h e m i e , U n i v e r s i t a t  Kons tanz ,Pos t fach  5560,D-7750 Konstanz 

Summary: The t r i m e r i c  3 '  - d e o x y a d e n y l y l - ( 2  ' ,5 '  ) - 3 '  -deoxyadeny ly l  - 
( 2 '  , 5 ' ) -3 'deoxyadenos ine  (10) , wh ich  e x h i b i t s  a n t i v i r a l  and a n t i t u m o r  
a c t i v i t y  i n  man, mammals, Sfid p l a n t s  r e s p e c t i v e l y ,  was s y n t h e s i z e d  i n  
p r e p a r a t i v e  s c a l e  u s i n g  t h r e e  d i f f e r e n t  b l o c k i n g  g roup  c o m b i n a t i o n s .  

t r i p h o s p h o r y l  a d e n y l y l - ( 2 '  , 5 ' ) - a d e n y l y l - ( 2 '  , 5 ' ) - a d e n o s i n e  ( p p p A 2 I p 5 ' -  

A2 'p5 'A )  

v a r i o u s  groups  t o  s y n t h e s i z e  t h i s  l o w  m o l e c u l a r  w e i g h t  unusua l  o l  i g o -  

n u c l e o t i d e  as w e l l  as i t s  c o r e  b y  chemica l  means u s i n g  m a i n l y  t h e  phos- 
2 p h o t r i e s t e r  approach by v a r y i n g  t h e  b l o c k i n g  g roup  c o m b i n a t i o n s  . 

The s h o r t  h a l f  l i f e s  o f  t h e  n a t u r a l  2 ' , 5 ' - A  t r i m e r s  gave r i s e  t o  

t h e  s y n t h e s i s  o f  v a r i o u s  s t r u c t u r a l l y  m o d i f i e d  a d e n y l a t e  o l i g o m e r s  i n -  
4 c l u d i n g  v a r i a t i o n s  o f  t h e  i n t e r n u c l e o t i d e  1 i nkage3 ,  t h e  sugar  m o i e t y  

and even t h e  ag lycon5 .  The c o r d y c e p i n  t r i m e r  c o r e  d A 2 ' p 5 ' A 2 ' p 5 ' A  (10) _-  

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

h i b i t o r  t u r n e d  o u t  t o  possess ex tended  m e t a b o l i c  s t a b i l i t y  w i t h o u t  t o -  

x i c i t y  t o  c e l l s  and a b r o a d  spec t rum o f  b i o l o g i c a l  a c t i v i t i e s  c h a r a c -  

t e r i z e d  by  t h e  i n h i b i t i o n  o f  t h e  t r a n s f o r m a t i o n  o f  E p s t e i n - B a r r  v i r u s  

i n f e c t e d  lymphocy tes6,  t h e  s y n t h e s i s  o f  EBV-induced n u c l e a r  a n t i g e n  , 
t h e  Tobacco mosaic v i r u s  r e p l i c a t i o n  i n  Tobacco p l a n t s 8  and t h e  Chon- 

d r o  sarcoma g r o w t h  i n  a n i m a l s  . 
We c o n c e n t r a t e d  on t h e  chemica l  s y n t h e s i s  o f  t h e  c o r d y c e p i n  t r i m e r  

( j g )  _- by  a p p l y i n g  v a r i o u s  b l o c k i n g  groups  t o  t h e  f u n c t i o n s  o f  t h e  a g l y -  
con, sugar  m o i e t y ,  and t h e  phosphate group. I n  t h e  f i r s t  s y n t h e s i s ,  

c o r d y c e p i n  (1) - was b e n z o y l a t e d  a t  t h e  6-amino group,  m e t h o x y t r i t y l a t e d  

The i n t e r e s t i n g  b i o l o g i c a l  p r o p e r t i e s  o f  t h e  o l i g o n u c l e o t i d e  5 ' - 0 -  

1 as a s t r o n g  i n h i b i t o r  o f  c e l l f r e e  p r o t e i n  s y n t h e s i s  f o r c e d  

7 

9 
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MMTrOW ANPE 0 

0 0- Q F p H W  
NPE-O-f,-O-t+C ANPE 1 1  OBU c 

0 - 
21 H @  q 0 

N P E - e k - @ t b u N P E  0 

0 0- Q F p H W  
NPE-O-f,-O-t+C ANPE 1 1  OBU c 

0 - 
21 H @  q 0 

N P E - e k - @ t b u N P E  0 

9 OCOONPE 10 OH 

at the 5 ' -OH group and then phosphorylated by o-chl orophenyl phosphoro- 
dichloridate at the 2 ' - O H  position followed by cyanoethanol treatment 
to give the N -benzoyl-5'-0-methoxytrityl-3'-deoxyadenosine-2'-(o-chlo- 
rophenyl , cyanoethyl )-phosphate. This building block is used to prepare 
the corresponding phosphodiester by cleavage of the cyanoethyl group 
and the 5'-deprotected phosphotriester by detritylation. Condensation 
of these two components gave the fully protected dinucleoside diphos- 
photriester in 58 % yield. Conversion to the 2'-terminal dimeric phos- 
phodiester and further condensation with N ,N ,Z1-0-tribenzoyl-3'-de- 
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oxyadenosine gave the  f u l l y  b locked cordycepin t r i m e r  i n  79 % y i e l d .  

Depro tec t ion  of t h e  v a r i o u s  b l o c k i n g  groups l e d  t o  80 % o f  t h e  cordy-  

c e p i n  t r i m e r  (1Q) -- . 
The second approach worked analogously  by u s i n g  N6-benzoyl-5'-0- 

m e t h o x y t r i t y l - 3 '  -deoxyadenosine-2-( 2 ,5-d ich lorophenyl ,  p - n i  t r o p h e n y l -  

e t h y l  )-phosphate as the  c e n t r a l  b u i l d i n g  b lock .  Deblocking o f  t h e  2,5- 
d ich lo ropheny l  group by t h e  oximate procedure l e d  t o  a p - n i t r o p h e n y l -  

e thy lphosphod ies ter  which was then a p p l i e d  t o  t h e  condensation s teps 

g i v i n g  improved y i e l d s  up t o  88 %. Depro tec t ion  a t  t h e  end a l s o  worked 

b e t t e r  and gave 87 % o f  jQ. -- 

b l o c k i n g  group s t r a t e g y  u s i n g  w i t h  except ion  o f  t h e  5 ' - O H  group i n  

p r i n c i p l e  one type o f  p r o t e c t i o n  f o r  the  amino, hydroxy, and phosphate 

groups. Cordycepin (1) - i s  f i r s t  t ransformed v i a  2 - i n t o  5'-O-methoxy- 

t r i t y l  -N -p-nitrophenylethoxycarbonyl -3'-deoxyadenosine-Z1-(2,5-dich1o- 
rophenyl , p-n i  t r o p h e n y l e t h y l  )-phosphate ( 3 )  - and N ,2 ' -0 -d i  -p -n i  t r o -  

phenylethoxycarbonyl-3'-deoxyadenosine ( 6 )  - as t h e  necessary two b u i l d -  

i n g  b locks.  - i s  conver ted i n t o  t h e  phosphodiester 4 - and t h e  5 ' -depro-  

t e c t e d  phosphot r ies te r  5 - r e s p e c t i v e l y  i n  e x c e l l e n t  y i e l d s ,  which are  

then condensed t o  g i v e  t h e  dimer 7 - i n  88 % y i e l d .  Oximate t rea tment  

forms 91 % o f  8 which on f u r t h e r  condensation w i t h  fj by means o f  TPSCl  

and N-methyl imidazole gave 91 % y i e l d  of t h e  f u l l y  b locked t r i m e r  2. - 

I t s  d e p r o t e c t i o n  can be achieved by o n l y  two s teps u s i n g  f i r s t  DBU i n  

p y r i d i n e  and then 80 % a c e t i c  a c i d  t o  g i v e  85 % i s o l a t e d  y i e l d  o f  the  

cordycepin t r i m e r  (10).  -- 

4 

The most s o p h i s t i c a t e d  recent  approach makes use o f  an u n i f i e d  
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