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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  161-163 (1985) 

REACTION O F  ACETYLENIC COMPOUNDS WITH NUCLEOBASES 
I N  NUCLEOSIDES, NUCLEOTIDES AND POLY(A)  

# 
M .  Olomucki , J . Y .  L e  G a l l ,  P .  Roques, 

F. B l o i s  and S .  C o l i n a r t  

Labora to i r e  de Biochimie C e l l u l a i r e ,  CollSge de France ,  
11, p l .  Marcelin B e r t h e l o t ,  75231 P a r i s  Cedex 05  

Summary : a-Acetylenic  esters r e a c t  wi th  t h e  N H 2  group and 
t h e  a d j a c e n t  r i n g  n i t r o g e n  of adenos ine ,  c y t i d i n e ,  adenine  
n u c l e o t i d e s  and poly(A) by a d d i t i o n  a c r o s s  t h e  t r i p l e  bond 
and formation of  a lac tam wi th  t h e  es ter  group.  

Ea r l i e r  works from t h i s  l a b o r a t o r y  have shown t h a t  
1 c h l o r o t e t r o l i c  (4-chloro-2-butynoic) esters , 

C1CH2-CzC-COOR, r e a c t  under mild c o n d i t i o n s  wi th  p r o t e i n  

nuc leoph i l e s  by a d d i t i o n  a c r o s s  t h e  t r i p l e  bond and s u b s t i -  

t u t i o n  of c h l o r i n e  and can t h u s  be used as b i f u n c t i o n a l  
L p r o t e i n  r e a g e n t s  . 

More r e c e n t l y  w e  have found t h a t  t h e s e  esters can  a l s o  

r e a c t  w i th  n u c l e i c  a c i d s  bases  ; i n  t h i s  case, however, t h e  

double r e a c t i o n  i n v o l v e s ,  i n  a d d i t i o n  t o  t h e  t r i p l e  bond, 

t h e  ester group i n s t e a d  of t h e  c h l o r i n e 3 .  Thus, when 

adenosine i s  t r e a t e d  a t  room tempera ture  w i t h  a ch lo ro -  

t e t r o l i c  ester i n  hydroa lcoho l i c  s o l u t i o n  of appa ren t  pH 

4 -  5 ,  compound - l a  i s  ob ta ined  i n  good y i e l d .  The pr imary 

a t t a c k  c o n s i s t s  i n  a d d i t i o n  of t h e  N1 atom of adenine a c r o s s  

t h e  t r i p l e  bond, l e a d i n g  t o  an e t h y l e n e  i n t e r m e d i a t e  of  

t h e  Z form i n  which t h e  ester f u n c t i o n  reacts wi th  t h e  N H 2  

group t o  g i v e  a lactam. I f  t h e  r e a c t i o n  i s  c a r r i e d  o u t  i n  

n e u t r a l  pH, t h e  r o l e s  of t h e  two n i t r o g e n s  are r eve r sed  and 

t h e  i somer i c  compound 3 i s  formed. 
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162 OLOMUCKI ET AL. 

0 R 0 0 

OR' OR' 

I 
R i b .  R i b .  R i b .  

3 - 2 1 - - 

2 a ,  R = C l C H  

- b ,  R = I C H 2  
- a ,  R = C l C H 2 ,  R' = H - 
- b,  R = C 1 C H 2 ,  R '  = A c  

c ,  R = R '  = H - 

4 - 

The p r o p e r t i e s  of t h e  two i somers  are q u i t e  d i f f e r e n t .  

Compound & i s  s p a r i n g l y  s o l u b l e  i n  wa te r  and i n  most 

o rgan ic  s o l v e n t s ,  wh i l e  - 2 a  has  a b e t t e r  s o l u b i l i t y  ; t h e  

d e r i v a t i v e  g, prepared  by r e a c t i o n  of methyl c h l o r o t e t r o l a t e  
w i th  2',3',5'-triacetyladenosine, i s  much more s o l u b l e  t h a n  

- l a .  The chloromethyl  group i s  more r e a c t i v e  i n  3 t han  i n  g. 
I n  c o n t r a s t  t o  d e r i v a t i v e s  o f  t h e  1 t y p e ,  2a and i t s  iodo  
analogue (ob ta ined  from 2a by t h e  F i n k e l s t e i n  r e a c t i o n )  
a r e  p h o t o l a b i l e  and f l u o r e s c e n t ,  a l though t h e  quantum y i e l d  

(0 .05 )  and t h e  f luo rescence  l i fe t ime (2.5 nsec )  a r e  low. 

React ion of adenos ine  wi th  e t h y l  p r o p i o l a t e  l e a d s  t o  
compound s. On h e a t i n g ,  t h e  l a t t e r  i s  conver ted  t o  - 3 i n  h igh  
y i e l d .  

Cy t id ine  a l s o  r e a c t s  w i t h  c h l o r o t e t r o l i c  esters t o  g i v e  

t h e  pyrimido-pyrimidine 4. Guanosine does  n o t  react ,  a t  
l eas t  under t h e  usua l  mild exper imenta l  c o n d i t i o n s .  

Treatment of adenine n u c l e o t i d e s  wi th  methyl ch loro-  
t e t r o l a t e  i n  n e u t r a l  pH l e a d s  t o  t h e  cor responding  d e r i -  

v a t i v e s  having a s t r u c t u r e  of t h e  2 t y p e .  P re l imina ry  t es t s  
of enzymic a c t i v i t y  have shown t h a t  a d e n y l a t e  k i n a s e  i s  
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active with modified ATP but not with modified AMP, pyruvate 
kinase is active with modified ADP and the ATP derivative 
inhibits lactate dehydrogenase. 

This new derivatization of nucleobases was also 
extended to poly(A). The relationship between the rate of 
chemical modification and the conformation of the polymer 
was studied by circular dichroism and by measuring the 
melting temperatures of modified poly (A) -poly ( U )  complexes. 
Significant conformational changes of poly(A) occur when 
about 2 0  % of residues are modified. 

Poly(A) modified to the extent of 5-10  % was covalently 
bound through its chloromethyl groups to thiolated poly- 
saccharides and used for affinity chromatography of poly(U). 
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