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A FACILE CONVERSION OF DIALKYL PHOSPHONATES TO
DIALKYL PHOSPHORODITHIOATES
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SUMMARY: Dialkyl phosphonates were converted into the corresponding.
phosphorodithioates in three steps by one-pot procedure. The reaction was applied to
the synthesis of nucleoside phosphorodithioate derivatives.

Oligonucleotides having phosphonate diester linkages are versatile intermediates
for the synthesis of oligonucleotides and their analogues. The internucleotidic
phosphonate linkages can be transformed into the phosphate!, phosphorothioate?2.
phosphoramidate2b, acylphosphonate3, and alkylphosphonate#4 linkages. However,
transformation of the phosphonate diesters into the phoshorodithioates has not been
reported. Recently, oligonuclectides having phosphorodithioate linkages were found
to be stable against nucleases® and applied to the inhibition of gene expression as
antisense DNAs. Therefore, several methods for the synthesis of oligonucleotide
phosphorodithioates have been proposed.8

Here, we report a facile conversion of dialkyl phosphonates 1 (phosphonate
diesters) to dialkyl phosphorodithioates 4 as a model study for the synthesis of
oligonucleotide phosphorodithioates.

Diethyl phosphonate 1a (31P-NMR, 7.27 ppm, 13 pl, 0.1 mmol) was converted into
diethyl phosphorochloridite 2a (166.24 ppm) in pyridine quantitatively using
tris(2,4,6-tribromophenoxy)dichlorophosphorane (BDCP) as a chiorinating reagent.”
2a was treated with dry HoS saturated THF for 5 min. 31P-NMR suggested the
quantitative formation of diethyl phosphonothioate 3a8 (69.65 ppm, Jpy = 648.4 Hz).
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Hexamethyldisilathiane was also an effective liquid reagent for the
transformation of 2 to 3. To a solution of 2a in pyridine, hexamethyldisilathiane
(210 pl, 1.0 mmol) was added. After 5 min, quantitative formation of 3a was
observed by 31P-NMR. In this reaction, diethyl S-trimethylsilyl phosphite was not
detected. Resuiting’ phosphonothioate 3a was further treated with Sg (5 equiv) in
pyridine-water (98:2, v/v)® for 1.5 h to give diethyl phosphorodithioate 4a (114.22
ppm, pyridinium salt) in 98% yield.1©

The reaction was applied to the synthesis of nucleotide derivatives. Methyl 5-O-
dimethoxytrityl- N3-benzoylthymidine-3'-yl phosphorochloridite 2b (167.02 ppm,
mmol), in situ prepared from the corresponding phosphonate 1b7b (9.12 ppm, 73 mg,
0.1 mmol) and BDCP (164 mg, 0.15 mmol), was treated with hexamethyldisilathiane
(105 ul, 0.5 mmol) in pyridine for 5 min to afford the nucleoside 3'-phosphonothioate
3b (72.46, 72.95 ppm, JpH = 664.2 Hz). It was in situ treated with Sg (5 equiv) in
pyridine-water (98:2, v/iv) for 2 h. The mixture was extracted with 0.5 M
triethylammonium hydrogencarbonate and purified by preparative TLC, the nucleoside
3'-phosphorodithioate 4b (117.71 ppm, 62 mg, triethylammonium salt) was obtained
in 71% yield (based on 1b).
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