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SYNTHESIS OF OLIGONUCLEOTIDES CONTAINING 5,6-DIHYDRO-5- 
AZACYTOSINE AND 5-AZACYTOSINE AT SPECIFIC CpG SITES 

Amanda J. Goddard and Victor E.  Marquez* 
Laboratory of Medicinal Chemistry, Developmental 

Therapeutics Program, Division of Cancer Treatment 
National Cancer Institute, Bethesda, MD 20892 

ABSTRACT: The quantitative conversion of di hydro-5-azacytosine (5-DHAC) 
to 5-azacytosine (5-AC) has been accomplished in a dihydro-5-azacyti- 
dine/thymidine dimer (5-DHACpT). This newly developed procedure allows 
simi 1 ar possi bil i ties with 1 onger, 5-DHAC-modi f ied 01 igodeoxynucl eo- 
tides. 

The hydrolytic instability of the triazine ring in 5-azacytosine 
(5-AC)-containing nucleosides is very well documented1y2 and hence use 
of a conventional phosphoramidite of 2'-deoxy-5-azacytidine in DNA 
synthesis would be impractical. We have recently reported the synthesis 
of a hydrolytically stable 2'-deoxy-5,6-dihydro-5-azacytidine phosphor- 
amidite reagent (1) that gives excellent coupling yields in the 
construction of di hydro- 5- azacytos i ne ( 5-DHAC) - cont ai n i ng 01 i godeoxy- 
n~cleotides.~ However, the final objective of our investigation is the 
conversion of the incorporated 5-DHAC moiety into the corresponding 5-AC 
base. It is anticipated that these oligodeoxynucleotide fragments 
containing the modified cytosine base (5-AC), at specific CpG sites, 
will serve as biological tools capable o f  defining the mechanism of 
inhibition of DNA methyltransferase and the role that such inhibition 
plays in the regulation of gene expre~sion.~ 
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Preliminary experiments towards the conversion of 5-DHAC to 5-AC 
have been conducted with dimer 2, which was prepared through the 
coupling o f  1 to 3’-0-a~etyl-thymidine.~ With this dimer it is very 
simple to monitor the extent o f  oxidation of the 5-DHAC base by 
observing the changes in the ratio of the m/z 531 to 533 peaks in the 
negative ion FAB/MS. 

Since we anticipated using significant amounts of this dimer in 
optimizing the conditions for the 5-DHAC to 5-AC conversion, and we 
wanted to reserve the phosphoramidite L for the synthesis of larger 
01 igodeoxynucleotides, an a1 ternative synthesis for 2 was developed 
(Scheme 1 ) .  Thus, starting with thymidine, the 5‘-phosphoramidite 
intermediate 4 was prepared and coupled to the dimethoxytri tyl protected 
5-aza-deoxycytidine riboside 3 to give dimer 5 .  This 5-AC-containing 
dimer was readily reduced with sodium borohydride to the 5-DHAC dimer 6, 
which, after removal of the protecting groups, produced 2 which was 
identical to the material obtained when 1 was used as a reagent. 
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Fig. 1. Fragmentation pattern for dimer 7 obtained by negative ion FAB 
mass spectroscopy 

In our initial attempts to oxidize the 5-DHAC moiety in dimer 2, 
the silylation-mediated oxidation procedure for the aromatization of 
dihydrotriazine n u c l e ~ s i d e s ~ , ~  produced only 34% yields o f  the desired 
dimer Since this oxygen-dependent, radical oxidation requires the 
complete silylation of the ~ u b s t r a t e , ~  it was possible that the reagent 
used, bi s ( trimet hyl s i 1 yl ) tri fl uoroacetami de (BSTFA) , f ai 1 ed to form the 
requisite trimethylsilyl ester with the unsubstituted phosphate hydroxyl 
group 2 (ammonium salt). The use of trimethylsilyl chloride, in 
combination with BSTFA, overcame this difficulty by readily silylating 
the P-0- NH4+ linkage. This allowed the reaction to proceed quantita- 
tively as indicated by the FAB/MS of the desired dimer 7 (Fig. 1). In 
addition to the expected m/z 531 (100%) peak, it is interesting to 
observe the m/z 549  peak which corresponds to either the hydrated form 
o f  5-AC or its open tautomer, N-formylguanyl urea. Similar hydrated 
forms have been detected to exist in equilibrium in aqueous solution of 
triazine nucleosides. 1,2 
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A key in termediate pos tu la ted  i n  t h i s  oxygen-dependent o x i d a t i o n  
r e a c t i o n  i s  t r i m e t h y l s i l y l  p e r ~ x i d e . ~  Since d i sso l ved  oxygen could be a 
l i m i t i n g  reagent, we synthesized t h i s  p u t a t i v e  in termediate7 and used i t  
as an a d d i t i o n a l  reagent i n  our  r e a c t i o n  m ix tu re .  Although t h e  

conversion o f  2 t o  Z appeared t o  have been completed i n  a sho r te r  t ime, 

a d e t a i l e d  k i n e t i c  ana lys i s  of t h i s  r e a c t i o n  deserves f u r t h e r  i n v e s t i g a -  
t i o n .  

Use o f  1 i n  t he  p repara t i on  o f  5-DHAC mod i f i ed  26mers a t  t h e  
i nd i ca ted  CpG s i t e s  ( b o l d  face),  was a l so  accomplished. The s e l e c t i o n  
o f  t h e  parent  unmodif ied ol igomer (5'-CCGGCCATTACGGATCCGTCCTGGGC-3') was 
based on i t s  repo r ted  e x c e l l e n t  subst rate p r o p e r t i e s  f o r  DNA methy l -  
t ransferase.8 Conversion of the 5-DHAC moiety i n t o  t h e  5-AC base i n  
these ol igomers i s  c u r r e n t l y  under i n v e s t i g a t i o n .  

Acknowledgement: We would l i k e  t o  thank D r .  James A. K e l l e y  f o r  h i s  
he lp w i t h  t h e  mass spectrometry. 
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