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Imidazolethyl-Phosphoramidate a-Oligonucleotides

T. Michel, L. Mouls, F. Debart, and J.-J Vasseur*

Laboratoire de Chimie Organique Biomoléculaire de Synthèse, Université de
Montpellier II, UMR 5625 CNRS-UMII, Montpellier, France

ABSTRACT

a-ODNs conjugated to imidazole groups via phosphoramidate internucleosidic
linkages were synthesized. The presence of the imidazolethyl-phosphoramidate
linkage improved the affinity of a-ODNs for their nucleic acid targets.
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Sequence specific RNA cleaving molecules have been obtained by conjugating
imidazole rings to the 50- or 30-ends of ODNs.[1] However, the efficiency of the
RNA cleavage with these compounds bearing a low number of imidazoles is limited.
Enhancing the number of imidazoles through conjugation to the phosphate back-
bone of the ODN is a potential approach to increase the efficacy of such conjugates.
However, phosphate modifications have a detrimental impact on the stability of
duplexes formed with nucleic acid targets.[2] Fortunately, inversion of the anomeric
configuration (from b to a) of the sugar moieties in phosphate-modified ODNs, such
N-alkyl phosphoramidates, increases the affinity for their targets.[3]
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Here, we present first results concerning the synthesis and the properties of
a-ODNs conjugated to imidazole groups via phosphoramidate internucleosidic
linkages.

ODNs containing phosphodiester (PO) and phosphoramidate (PN) internucleo-
sidic links could be obtained using H-phosphonate chemistry by treatment of
H-phosphonate diesters with an I2=H2O=pyridine solution to give PO bonds and
with a 10% solution of the desired amine in CCl4=pyridine

[4] to give PN bonds. In
this work, the efficiency of the oxidative amidation with histamine, a b-dT10 ODN
bearing 3 imidazolethyl-phosphoramidate links (PNHImE) at its 50-end and 6 PO
linkages was synthesized. However, HPLC and MALDI-TOF analyses revealed a
mixture of 3 main compounds corresponding to b-dT10 ODN bearing 3, 2 and 1 imi-
dazolethyl-phosphoramidates. This fact could be explained by the possible reaction
of one imidazole nitrogen atom of the histamine during the oxidative amidation
giving rise to an unstable phosphoroimidazolidate further hydrolyzed in PO.

To avoid this reaction, the oxidative amidation was performed using histamines
where the imidazole ring was protected with a monomethoxytrityl or a dinitrophenyl
group. However, here again, the oxidative amidation was unsuccessful giving a
mixture of ODNs containing 0, 1, 2 and 3 imidazole moieties.

The effect of the imidazolethyl-phosphoramidate linkage (PNHImE) on the
hybridization with DNA and RNA targets, was studied with an a-ODN hetero-
dodecamer containing 3 PN linkages at its 50-end and 8 PO at its 30-end
a-5

0
d(T�C�T�TAACCCACA)3

0
(a-PNHImE) prepared using unprotected histamine.

The Tm values of the hybrids of the a-PNHImE ODN were compared to those
previously obtained[3] with b-PO and a-PO ODNs.

Tm studies showed significant increases for the a-PNHImE ODN with the DNA
target (�þ3.3�C and 2.4�C=mod with respect to the a- and b-ODNs) and similar Tm
with the RNA target (þ0.9 and��0�C=mod with respect to the a- and b-ODNs).

To evaluate the ability of the modified ODNs to act as Rnase mimics, the hybri-
dization medium of the a-PNHImE ODN and its complementary RNA was allowed
to stand at room temperature with or without Zn(OAc)2

[5] for one week without any
observable degradation of the RNA.
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