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Determination of the Absolute P-Configuration of a
Phthalidyl-Phosphonate Thymidine-Thymidine Dimer

W. Fendrich and C. Meier*

Institute of Organic Chemistry, University of Hamburg,
Hamburg, Germany

ABSTRACT

Phthalidyl modified oligonucleotide thymidine-thymidine dimer building blocks
were synthesized via the H-phosphonate-method. The compounds which are dia-
stereomeric at the phosphorus atom were separated by chromatography and the
absolute configuration at the phosphorus atoms was determined using ROE-
experiments using the corresponding methyl-phosphonates.

KeyWords: Pro-oligonucleotide; Phthalidylphosphonate; P-configuration
determination; Antisense.

INTRODUCTION

For the use of oligonucleotides (ODN) as antisense therapeutics,[1] the ODN’s
have to be modified to afford certain stability against degradation with exo-nucleases
as well as the capability to undergo a passive membrane transport. In the pro-
ODN concept the loss of a non-toxic masking group would release an unmodified
antisense-ODN. Therefore, we developed the a-hydroxyphosphonate-masking
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group,[2] which can undergo a phosphonate-phosphate rearrangement. To stabilize
the a-hydroxy group we use a lactone as protection group. To introduce this mod-
ification into ODN’s via the phosphoramidite method, we synthesized thymidine-
thymidine dimer-building blocks.[2]

RESULTS

Starting from the thymidine-thymidine-H-phosphonate, we have introduced the
phthalidyl group into this dimer building block by deprotonation of the H-phospho-
nate with triethylamine and reaction with 2-carboxylbenzaldehyde followed by lac-
tonisation with DCC (Fig. 1, left).

To prevent the phosphonate-phosphate rearrangement, the reaction has to be
carried out under dry conditions. In the synthesis of the H-phosphonate, a racemic
mixture of both diastereomers at the phosphorus atom is formed which can be
separated by chromatography (‘‘fast’’ and ‘‘slow’’ isomer). To attribute the absol-
ute configuration at the phosphorus atom we used ROE-experiments and the
methylphosphonates[3] prepared from the H-phosphonate (Fig. 1, right). Both the
phthalidyl-phosphonate and the methyl-phosphonate can be synthesized under
retention of configuration.[4] Assuming the shown conformation (Fig. 2, top), were

Figure 1. Synthesis of the phthalidyl- and the methyl-phosphonates.

Figure 2. ROE-experiments at the Sp- and Rp-methylphosphonates.
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both thymine are staggered like in a DNA-helix, the Sp-diastereomer should show a
greater ROE-signal between the methyl group and the H30-proton as for the signal
between the methyl group and the H40-proton. For the Rp-diastereomer the opposite
should be found (Fig. 2, bottom). To fix this conformation we used the sterically
demanding protecting group t-butyldiphenylsilyl-group for the 30-hydroxy group.

From these experiments the ‘‘fast’’-isomer has RP-configuration at the phos-
phorus atom and the ‘‘slow’’-isomer SP-configuration.
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