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NUCLEOSIDES & NUCLEOTIDES, 9( 3 ) ,  373-377 (1990) 

Angelo Liguori  Giovanni Sindona" and Nicola Uccella 
Dipartimento 6 i  Chimica, Universitd d e l l a  Calabria 

1-87030 ARCAVACATA D I  RENDE (CS)- I t a l y  

Abstract: The e f f e c t  of benzoyl s u b s t i t u t i o n  on t h e  unimolecular 
depurinat ion o f  deoxyadenosine, i n  t h e  gas- hase, has been 
evaluated. The gl cosidic bond d i s s q c i a t i o n  of t h e  conjugated 
a c i d s  and bases ofy t h e  iscmeric  species occurs  remte f r a n  t h e  
charge sites. 

The h e t e r o l y s i s  of t h e  g lycos id ic  bond of nucleosides ,  known as 
depurinat ion,  causes ,  i n  aqueous ac id  media, t h e  formation of n e u t r a l  
nucleobases and oxocarbenium i o n s  der ived f r a n  t h e  sugar moiety.l  
N6-benzoyl-2 '-deoxyadenosine d i s s o c i a t e s  f a s t e r  than t h e  unprotected 

nucleoside,  i n  t h e  same environment, a s  consequence of a d i f f e r e n t  
protonat ion site.2 A l l  t h e  k i n e t i c  da ta  a v a i l a b l e  i n  s o l u t i o n  a r e  i n  

agreement with an A-1 mechanism, which does n o t  involve %he p a r t i c i p a t i o n  
of t h e  so lvent  i n  t h e  t r a n s i t i o n  s t a t e . 3  The unimolecular depurinat ion of 

t h e  conjugated a c i d s  o f  t h e  four  DNA nucleosides  a f f o r d s ,  i n  t h e  

gas-phase, protonated nucleobases and n e u t r a l  sugar m ~ i e t i e s . ~  This 
process  requi res  t h e  migration of a proton f r a n  t h e  deoxyribose t o  t h e  

ag lymne and does n o t  involve t h e  hydroxyl groups.  A better understanding 

of t h i s  reac t ion  mechanism has been achieved by examinining t h e  
r e a c t i v i t y  of protonated isomeric benzoyl-deoxyadenosines, a s  well as  t h e  
chemistry of t h e i r  corresponding conjugated bases, i n  an i s o l a t e d  

environment such a s  the high vacuum. The charged species have been 
produced by f a s t  atom borrbardnent mass spec t rane t ry  (FABMSI5 and heir  
gaseous unimolecular d i s s o c i a t i o n s  have been i n v e s t i g a t d  by MIKE and 
MIKE/CA~, which a r e .  t y p i c a l  approaches of mass spectrometry/mass 

spec t rane t ry  (MS/S) methodologies, widely appl ied  i n  n u c l e i c  acid 
~ h e m i s t r y . ~  
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1 
0 3 E o  O Q E ,  0 5 E ,  0 6 E 0  0 7 E o  O B E ,  0 9 E ,  € 0  

Protonated adenine was formed f r a n  t h e  spontaneous d i s s o c i a t i o n s  of 
t h e  conjugated a c i d  o f  2'-deoxyadenosine, [&+HI+ (m/z 2521, i n  t h e  

gas-phase (MIKE experiments) ,  while,  under c o l l i s o n a l  a c t i v a t i o n  (MII(E/CA 

experiments 1 , t h e  same precursor  afforded , unimolecularly,  4 %  of 
oxocarbenium ions  (11, f ig . )  and 8% of m/z 162, corresponding to the 
un-benzoylated s t r u c t u r e  I ( f i g . ) . 4  Ihe cations [dABZtH]+ , obtained by 
FAB f r a n  N6-benzoyl-2 '-deoxyadenosine, reacted s i m i l a r l y ,  horuever, when 
t h e i r  i n t e r m l  energy was r a i s e d  by c o l l i s i o n  with H e l i u m ,  t h e  prefer red  

pathway of  t h e  unimolecular d i s s o c i a t i o n s  correspnded still  to  t h e  

formation of protonated benzoyladenine, i n  c a n p e t i t i o n ,  t o  some e x t e n t ,  

with t h e  o b t a i m n t  of species I a t  m/z 266. Traces of t h e  oxonium ion 11 

could be present  i n  t h e  reac t ion  m i x t u r e  ( f i g . ) .  
Under k i n e t i c  c o n t r o l ,  t h e r e f o r e ,  t h e  r e l e a s i n g  of protonated nucleobases 
is much more favoured than  t h e  formation of t h e  oxocarbenium ion ,  when a 
benzoyl group is a v a i l a b l e  on t h e  adenine r i n g  o f  dA. This  r e s u l t  could 

suggest t h a t  dA and dABz a r e  protonated,  i n  t h e  gas-phase, a t  d i f f e r e n t  
ni t rogen sites, i n  agreement with s o l u t i o n  phase f ind ings .2  Actual ly ,  t h e  
proton a f f i n i t y  (PA) values  of both nucleosides ,  experimental ly  
determined f r a n  t h e  unimolecular d i s s c c i a t i o n s  of t h e i r  proton-bound 

dimers with t r ie thylanmine,  showed t h a t ,  i n  t h e  gas-phase, dABz is more 
basic than  t h e  unsubis tuted nucleoside.  Therefore, it can be assumed that  
t h e  N7 position of  t h e  purine is protonated and that  t h e  N6-benzoyl group 
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is involved, yis int ramolecular  hydrogen-bonding, i n  t h e  s t a b i l i z a t i o n  of 

t h e  conjugated ac id .  The electron-withdrawing group on t h e  h e t e r o c y c l i c  
r i n g  weakens the g l y c o s i d i c  bond, thus  pranoting t h e  formation of the 
observed products .  

The conjugated a c i d  of 5 '-benzoyl-2 '-deoxyadenosine [ 5 '-BzdA+H]+ gave 
rise, unimolecularly,  t o  t h e  formticn of protonated adenine (m/z 136) 

and to t h e  r e l e a s i n g  of n e u t r a l  adenine (m/z 221) wi th  86 and 14% 
r e l a t i v e  y i e l d  respec t ive ly .  This ra t io  was not modified under 
c o l l i s i o n a l  a c t i v a t i o n ,  while t h e  e x p c t e d  m/z 162 ion was f o r m d .  The 

species a t  m/z 221 might correspd to  5-benzoyl-oxocarbenium i o n s  of 

type s t r u c t u r e  I1 ( f i g . ) ,  hawever, t h e  enhanced rate of t h e i r  formation, 
with respect to t h e  unimolecular d i s s o c i a t i o n  of t h e  i s a n e r i c  [dABz+H]+, 

is i n  c o n t r a s t  with the  expected d e s t a b i l i z i n g  e f f e c t  of t h e  
electron-withdrawing group present  on t h e  5 '  p o s i t i o n  of  t h e  sugar  
moiety. This t rend was even more pronounced i n  t h e  depurinat ion of 

protonated 3 * ,  5 '-dibenzoyl-2 '-deoxyadenosine. The l a t t e r ,  i n  f a d ,  gave 

rise to  protonated a d e n i m  (m/z 136) and t o  t h e  r e l e a s i n g  of n e u t r a l  
adenine (m/z 325) with 6 and 94% y i e l d ,  respec t ive ly .  I n  t h i s  case,. it 
can be assumed, therefore ,  t h a t  a p r e f e r e n t i a l  p m t o m t i c n  occurs  a t  one 

of t h e  ester groups,  whose b a s i c i t y  is  enhanced by t h e  pssible 
intramolecular  hydrogen bonding s t a b i l i z a t i o n ,  and t h a t  t h e  depur ina t ion  

corresponds to  an unimolecular rearrangment occuring remte f r a o  the 
charge s i te  (scheme 1 ) .  The r e a c t i v i t y  of [5 'BzdA+H]+ could be due to the 
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NH - 

134 
NH - 

HO 

m / r  250 d 
m/z 160 

presence of mixtures of benzoyl and nucleobase protonated s t r u c t u r e s .  The 

r e s u l t s  above discussed are i n  agreement with previous observat ions4 
related to t h e  deprimticn of urpro tec ted  2'-deoxynucleosides, i n  fact, 

t h e  unimolecular d i s s o c i a t i o n  of t h e  g l y m s i d i c  bond of t h e i r  conjugated 
a c i d s ,  i n  t h e  gas-phase and i n  t h e  absence o f  s o l v e n t  e f f e c t ,  does  n o t  
proceed 113 t h e  farmation of omxarbenium ions.  Moreover, the  

depurinat ion process  seems to represent an  i n t r i n s i c  property of gaseous 
nucleosides which is n o t  a f f e c t e d  by the  charge sites. Fur ther  i n s i g h t s  
i n t o  t h e  r e a c t i v i t y  of the  examined molecules have been provided by t h e  

unimolecular reac t ions  of t h e  conjugated bases of dA and dABz. C o d  

y i e l d s  of gaseous [dA-H]' (m/z 2501 species can be obtained by FAEMS i n  
t h e  negat ive ion iza t ion  mode. The l a t te r  afforded unimolecularly ( M I K E  

spectrum) t h e  anions a t  m/z 232, 223, 160 and 134 with 4 ,  4 ,  11 and 81% 
r e l a t i v e  y ie ld .  "he lawest a c t i v a t i o n  energy processes  (scheme 2 )  were 
represented by charge-remote fragmentations which i n m l v e  the  same bonds 

a s  f o r  t h e  analogous protonated species. The conjugated base of aABZ (m/z 
354) reacted s i m i l a r l y  a f f o r d i n g  t h e  a n j m s  a t  m/z 264 and 238 with 18  
and 82% r e l a t i v e  y i e l d  

I t  can be concluded t h a t  t h e  depurinat ion of t h e  examined species 
does not  correspond to  a simple g l y c o s i d i c  bond h e t e r o l y s i s  a s s i s t e d  by 
t h e  hemiacetal ic  oxygen lon pairs of t h e  sugar  moiety. On t h e  cont ra ry ,  
t h e  process r e q u i r e s  a proton rearrangement which does not  seem to  be 

much a f f e c t e d  e i t h e r  by t h e  s t r u c t u r e  of t h e  r e a c t i n g  spcies or by the  
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type and loca t ion  of t h e  charge site. The observed spontaneous 
d i s s o c i a t i o n s  of t h e  conjugated a c i d s  and bases of t h e  examined 

2'-deoxyadenosines are to be r e l a t e d ,  t h e r e f o r e ,  t o  t h e  i n t r i n s i c  
r e a c t i v i t y  of these  species i n  a n o t  i n t e r a c t i n g  environment. 
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