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Several alkyl dinucleoside phosphotriesters were easily
obtained by use of the reaction of S-aryl dinucleoside
phosphorothicates with tributyltin alkoxides. This reaction

proceeds at room temperature under neutral conditions.

Letsingerl) founded so-called the phosphotriester method where inter-
nucleotidic bond of the synthetic intermediate bore protecting groups. The
phosphotriesters are neutral compounds which can be easily handled by means
of general synthetic techniques such as silica gel chromatography. In this
laboratory, phenylthio groupz) was frequently used as the protecting group
and found to be the most suitable for this purpose, because during the
coupling reaction the corresponding tetrasubstituted pyrophosphorodithioate
intermediate was highly reactive than that of the pyrophosphate. The
phenylthio groups could be removed easily from the fully protected oligo-
nucleotide by treatment with bis(tributyltin) oxide to convert into the tin
salt.3) The driving force of the reaction seems to be the affinity between
tin and sulfur. On the other hand, Watanabe?) described the transformation
of O-alkyl S,S'-diaryl phosphorodithicates into S-aryl O,0'-dialkyl
phosphorothiocates by means of tributyltin alkoxides. This result prompted
us to examine the conversion of the protected oligonucleotide having phenyl-
thio group into the corresponding nucleoside phosphotriester by using tri-
butyltin alkoxide. This type of reaction may be applied to the modification
of the internucleotidic bond consisting of marker or reporter molecules.9s6)

In this paper, we wish to report the reaction of appropriately
protected S-aryl phosphorothiocate derivatives of thymidylyl(3'~5')thymidine
(1 and 2) with tributyltin alkoxides.

The fully protected thymidylyl(3'-5")thymidine (1) synthesized by the
phosphotriester method?) was allowed to react with 2 equiv of tributyltin

methoxide’) in CDCl3 at room temperature and the reaction was monitored by

means of 31P-NMR.
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In this case, the reaction proceeded very sluggishly. For example,
after 12 h, the desired phosphotriester was obtained in only 8% yield. When
a large excess amount of the tributyltin methoxide was employed, the yield
was improved. Especially, when 2 having 4-chlorophenyl group8) was
employed, the result was successful: To a solution of 2 (160 mg, 0.12 mmol)
in CH2Cl2 (2 ml) was added 3a (1.22 g, 3.80 mmol), and the mixture was
stirred at room temperature for 24 h. After the usual work-up, the reaction
mixture was applied to a silica gel column chromatography. Elution was
performed by CH2Clp - MeOH. Compound 4a was obtained in 80% (117 mg) yield.

The reaction conditions and the results are shown in Table 1.

Table 1. The reaction of tributyltin alkoxides with 1 and 2

X R equiv. of 3 Time / h Yield / % 31P—NMRa)/ ppm (ratio)
H Me 40 12 76 -0.68, -1.02 (39 : 61)
Et 40 12 41 -1.84, -2.13 (65 : 35)

i-Pr 40 12 traceb) -1.94
Cl Me 20 20 80 -0.68, -1.11 (45 : 55)
Et 40 24 61 -1.89, -2.28 (66 : 34)
i-Pr 40 48 40 -2.27, -2.65 (56 : 44)
t-Bu 40 36 34 -0.68, -1.07 (65 : 35)

31
a) P-NMR was mesured in CDCljy using 85% H3PO, as external standard.

1 .
b) Trace amount of the product was assigned as 4c¢ by 3 P-NMR analysis.
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Compound 2 gave much better results than those of 1, even when the
bulky tributyltin t-butoxide was employed. 31p-NMR spectra of 4 in CDCl13
showed two signals which corresponded to the diastereoisomers due to the
chiral phosphorus atom.

To obtain the unprotected phosphotriester derivative from 4, the
benzoyl group could be removed with concentrated aqueous ammonia at 55 °c.9)
However, under the conditions the phosphotriester bond was also cleaved at
the same time. To avoid the cleavage of the phosphotriester bond, ethylene-
diamine was chosen.l0) When ethylenediamine was added to 4 in MeOH, the
corresponding phosphotriester of thymidylyl(3'-5')thymidine was obtained in
good yield. Typical procedure is described as follows: Compound 4c was
treated with 10 equiv of ethylenediamine in MeOH at room temperature for 6 h
and the reaction mixture was concentrated. The residual oil was treated
with a solution of 2% trifluorocacetic acid in 0.5% MeOH - CH2Clz for removal
of the DMTr group. Resulting alkyl dinucleoside phosphotriester (5) was
isolated by silica gel column chromatography in 48% yield. Two diastereo-
isomers could be separated by reversed phase HPLC and each was determined to
be the Rp or Sp configuration.ll)

DMTIO- o Thoz HO7 o J"
0 H2N’\/NH2 2% TFA 0
>-0-P-0- o ThoZ 0-P-04 o IN
(") k ) MeOH 0.5% MeOH - CH,Cl, @) U
OBz r.t., 6h r.t., 10 min OH
4c 5, 48%

Here, we have described introduction of simple alkoxy groups into the
internucleotidic bond. The reaction may be applied to the introduction of
reporter or marker molecules®) since the reaction proceeded at room

temperature under neutral conditions.
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