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Nucleoside-0O-(2-Thiono-1,3,2-
Oxathiaphospholane)S-Versatile Tools in the
Synthesis of Oligonucleotide Analogues

WOICIECH J. STEC

Centre of Molecular and Macromolecular Studies, Department of Bioorganic
Chemistry, Sienkiewicza 112, 90-363 £6d7 Poland

The scope and limitations of 1,3,2-oxathiaphospholane ring opening condensation process
are discussed with the emphasis paid to internucleotide bond formation and stereocontrolled
synthesis of P-chiral phosphorothioate analogues of oligonucleotides.

Keywords: Oligonucleotides; phosphorothioates; 1,3,2-oxathiaphospholanes; ring-opening
condensation

The designed in this laboratory approach to phosphylation of alcohols and amines
relies upon condensation of either 2-chloro- or 2-N,N-diisopropylamino-1,3,2-
oxathiaphospholanes (1, 2) with alcohols'" or amines™ (3, 4) followed by oxidation
of intermediary phosphite or phosphoramidite. Resulting 2-alkoxy- or 2-alkylamino-
2-(oxo0-, thiono-, or seleno)-1,3,2-oxathiaphospholanes (5, 6, 7) under DBU-assisted
treatment with alcohols undergo regioselective oxathiaphospholane ring-opening
followed by fast elimination of ethylene sulphide, providing corresponding diesters
or amidoesters of phosphoric 84, phosphorothioic O, or phosphoroselenoic
(10)'5] acids.
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Compounds 5 upon treatment with fluoride ion provide N-alkyl phosphoramidofluori-
dates®™ or O-alkyl phosphorofluoridates.[61 If R constitutes chiral auxiliary,
compounds 6 can be separated into diastereomerically pure species. Their conversion
to 9 occurs with full stereospecificity (>99%) and net retention of configuration at
phosphorus atom. The yield of this ring opening condensation is higher than 95%

under conditions of solid phase oligonucleotide synthesis.m
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Results of ab initio calculations indicate that 1,3,2-oxathiaphospholane ring
opening condensation occurs via TBP-intermediate with apical positions occupied by
endocyclic oxathiaphospholane oxygen and atacking alkoxide (R'O) groups,
respectively. Such intermediate undergoes pseudorotation accompanied by the
cleavage of P-S bond followed by ethylene sulphide elimination, violating the
Westheimer Rule: apical entry-apical deparmre[sl.

Diastereomerically pure nucleoside 3’-0-(2-thiono-1,3,2-oxathiaphospholane)s (6,
R=3"-nucleoside) appeared to be most reliable, so far, substrates for the
stereocontrolled synthesis of P-chiral oligo(nucleoside phosphorothioate)s (11)“'.
While enzymatic synthesis of 11 provides PS-oligos of [All-Rp)-configuration®,
oxathiaphospholane (OTP) method allows for the synthesis of phosphorothioate
analogues of oligonucleotides with predetermined sense of chirality at each
internucleotide phosphorothioate linkage.

In the light of our observation that 3’-exonucleases present in cellular media are not

able to cleave internucleotide phosphorothioates of [Sp]-conﬁguration“m

, stereocon-
trolled synthesis of PS-oligos is of special importance. OTP method allows for the
synthesis of PS-oligos or PO/PS chimeric oligonucleotides“” (mixed backbone
oligonucleotides) protected at flanking 3'- and/or 5’-internucleotide with [S;)-
phosphorothioates from exonucleolytic degradation. Therefore, PS-oligo constructs,

broadly used in antisense strategy of suppression of translation proce.ss“”, if
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appropriately protected can keep their structural integrity. Interference of biological
activity of PO-oligos with products of their enzymatic degradation, namely
nucleoside 5°-O-phosphates, has been recently demonstrated ™ Moreover, short-
mers resulting from degradation of PS-oligos may be responsible for the side-effects
accompanying antisense experiment. We demonstrated that nucleoside 3’-O-(2-oxo-
1,3,2-oxathiaphospholanes) (5, R=3"-nucleoside; for P™.PY conversion SeQ, is the
reagent of choice) can be used for the synthesis of short PO-oligonucleotides (e.g.
dodecamers), or, if used in combination of 5 and 6, for the synthesis of PO/PS-
chimeric molecules, where PS-internucleotide linkages posses predetermined sense of
chirality."!

Recently, new generation of oligonucleotide constructs, bearing attached to antisense
oligonucleotide at S5'-end tetra(adenosine 2',5’-phosphorothioate)s, has been
described.I'! psA2’,5°psA2’,5'psA2°,5"psA plays an important role of activation of
RNase L, an ubiquitous enzyme responsible for cleavage of mRNA complementary
to antisense oligonucleotide. We demonstrated that 5'-0-DMT-N°-benzoyladenosine
3'-O-t-butyldimethyisilyl-2’-0-(2-thiono-1,3,2-oxathiaphospholane), if separated into
pure diastereomers, allows for the first solid-phase, stereocontrolled synthesis of
[All-R;)- and [All-S}) tetra-adenosine (2’,5") phosphorothioates (12).1

The synthesis of corresponding dodecamers is in progress.
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Somehow disappointing were the results on application of OTP method to the

synthesis of oligo(nucleoside phosphoramidate)s“"’. Although nucleoside 3’-deoxy--
3'-amino-3’-N-(2-0x0-1,3,2-oxathiaphospholane) (13) react with 5’-OH nucleoside
providing in >95% yield dinucleoside phosphoramidate (14), solid-phase synthesis

of oligo(nucleoside phosphoramidate)s can not be achieved because of poor solubility
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of anchored to solid support 14 in non-hydroxylic medial®. Studies on ,in-solution”
synthesis of 10 and the ring-opening polymerization of 6 leading to P-homochiral

poly(nucleotide phosphorothioate)s are in progressm'.
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