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Abstract: A convenient method for the introduction of an
allyloxycarbonyl protector to adenyl and cytosyl bases using
commercially available allyloxycarbonyl chloride as the protecting
reagent has been developed.  

In oligonucleotide synthesis, the development of good protecting groups
for amino functions of nucleoside bases is an important subject. The
protector should be easily introduced and removed under mild
conditions, because the internucleotide bond is sensitive to strong acids
or bases. As a protector fulfilling such requirements, we developed the
allyloxycarbonyl (AOC) group removable by a Pd(0)-catalyzed reaction
under almost neutral conditions.1-3 The AOC protection is useful for the
synthesis of DNA and RNA oligomers, particularly, base-labile
derivatives with artificial modifications. Actually, its utility has been
demonstrated in the preparation of oligoDNAs containing alkaline-
labile (5R)-5,6-dihydro-5-hydroxythymidine, known as a mutagenic
and/or cytotoxic modification of RNA.4 Further, AOC protection was
effectively employed in the synthesis of oligoDNAs with modified
backbones such as phosphonodiesters,5 phosphotriesters,5 and
phosphorothiodiesters,6 2’-deoxy-3-isoadenosine-incorporated
oligoDNAs,7 cytidine-5’-monophosphono-N-acetylneuraminic acid
(CMP-Neu5Ac),8 branched-type RNAs,9 and N4-acetylcytidine-
incorporated oligoRNAs.10 However, the existing strategy has a
drawback in the preparation of N-AOC adenosine and cytosine
compounds: the protection needs rather expensive reagents and time-
consuming multi-operations. For instance, the allyloxycarbonylation of
these two bases requires allyl 1-benzotriazolyl carbonate
(AOCOBT)2,3,9 or 1-(allyloxycarbonyl)tetrazole (AOCTet)3,9 as
reagents, which are not commercially available but have to be prepared
from allyloxycarbonyl chloride (AOCCl) using expensive 1-
(hydroxy)benzotriazole or 1H-tetrazole. Further, in the preparation of
the N-AOC-adenosines, moisture-sensitive tert-butyllithium2 or tert-
butylmagnesium chloride9 is employed for the activation of the amino
function of the nucleobase. These reagents require special care, like
working under an argon atmosphere. This paper describes a simple
access to the N-AOC-protected adenosine and cytidine derivatives using
commercially available, less expensive AOCCl in the presence of N-
methylimidazole.

Introduction of the AOC group to the N6-position of 2’-deoxyadenosine
was achieved in one pot via the following process. Initially, 2’-
deoxyadenosine was treated with an excess of hexamethyldisilazane and
a catalytic amount of (NH4)2SO4

11 in refluxing dioxane to give the bis-
silylated compound 1. Subsequently, 1 was allyloxycarbonylated with
AOCCl and N-methylimidazole, giving 2, and finally the transient silyl
protector was removed by triethylamine in methanol to afford 3 in 70 %
isolated yield.12 In a similar manner, N6-AOC-adenosine 4,13 N4-AOC-
2’-deoxycytidine 5,14 and N4-AOC-cytidine 615 were prepared from the
parent nucleosides in 89–99% overall yields. This method could not be
applied to the amino group of the guanyl base.16 According to literature
methods or their modifications, the AOC-protected compounds, 3–6,
can be converted to the phosphoramidites, 10,3 11,17-20 12,3 and 13,10,17

requisite as monomer units for oligonucleotide synthesis. For example,
11 was obtained from 4 via (1) tritylation of the 5’-hydroxyl group by
C6H5(p-CH3OC6H4)2CCl in a pyridine–DMF mixture, giving 718 (77%

yield), (2) silylation with t-C4H9(CH3)2SiCl and imidazole in DMF,
producing 819 (33% yield) together with the 3'-O-silylated derivative 9
(45% yield), and (3) the condensation of 8 and (CH2=CHCH2O)P[N(i-
C3H7)2]2 in the presence of diisopropylammonium tetrazolide (81%
yield).20 

In conclusion, the present allyloxycarbonylation is superior in the
respect of operational simplicity and cost-performance to previous
methods. 
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