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Manufacture Group>

A 5'-phosphite method uses a nucleoside 5'-phosphite derivative as a monomer unit which is syn—
thesized from an unprotected nucleoside only 1 step. We have developed a new phosphite protecting
group which is stable under condensation reaction and purification conditions while easily removed
under deprotection conditions. Using a nucleoside 5—phosphite derivative having the new protecting
group, tetramers were successfully synthesized. Additionally, an octamer was obtained via a con—
densation reaction between two tetramers.

For the synthesis of PMOs, a P(V) derivative is used as a monomer unit, but the condensation re—
action takes a long time owing to the low reactivity of the monomer unit. In this research, a 5'-
Hphosphonate monoester nucleoside, which is a P(III) derivative, was used as a monomer unit. The
reaction time of the condensation reactions was reduced to only 20 min, and PMOs up to icosamer
were successfully synthesized in a highly efficient manner.

To improve the properties of PMOs, a variety of Pmodified PMOs were synthesized, and their
chemical stability and lipophilicity were evaluated. From this investigation, we found a promising
modification and obtained oligomers up to icosamer.

Stereocontrol of phosphorus stereochemistries would be an effective strategy to improve the prop-—
erties of PMOs. Using a 5'—oxazaphospholidine derivative, dimethylamino phosphorochloridate monomers
were synthesized in a highly stereoselective manner.
<PB-ASO Group>
$¢PB-ASO: stereorandom boranophosphate ASO, PB%-ASO: stereopure boranophosphate ASO

For the synthesis of PB*%—ASO, all of the steps, including monomer preparation, coupling reactions,
boronation, and purification, were fully optimized. As a result, PB*-ASOs for both in vitro and in
vivo studies were successfully synthesized for multiple sequences. Furthermore, large—scale syn—
thesis using OligoPilot was investigated and coupling steps were examined and a 0.2 mmol scale of
short—chain PB*%-ASO was synthesized. In addition, protein—PB oligonucleotide binding assay system
was established using Fluorescence Polarization, and a novel separation method useful for the
stereoisomers of PB*-ASOs was developed. Through these experiments, the effect of the chirality
patterns of PB*-ASOs on various biological properties was studied. To supply PB-ASOs (stereorandom

type), the automated synthesis of PB-ASOs using the Aboranophosphonate method was investigated and
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the synthesis of a 18-mer PB-ASO was achieved. For the synthesis of chimeric oligonucleotides
bearing both boranophosphate (PB) and phosphorothioate (PS) linkages, the A-boranophosphonate and
fphosphonothioate methods were applied for an automated synthesizer. 2'-0-MOE gapmers were suc—

cessfully synthesized up to 20mer.

{Analytical group>

We developed analytical methods for both monomers and oligomers of stereo—controlled PB nucleic
acids. For monomers, ion—exchange chiral columns enabled complete stereoisomer separation. For
oligomers, reversed—phase ion—pair—RP, ion—exchange, and CGE techniques, including 2D-HPLC, allowed
impurity detection and stereoisomer analysis

Using NMR, we determined the stereochemical configuration of boranophosphate oligodeoxynucleotides
and phosphorodiamidate morpholino oligonucleotides and established a method to analyze their ste-—
reochemical purity

We established an LC/MS method to identify the sequence of boranophosphate (PB)-modified oligode-
oxynucleotides (ODNs) and the stereochemistry of PBs from collision—induced dissociation spectra,
enabling the determination of a nuclease-resistant stereoisomer in PB ODN mixtures. Moreover, we
demonstrated the ability to discriminate the stereoisomers of short PB ODNs by ion mobility shift

measurements.



