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Summary: Appropriately protected guanosine derivatives were successfully
converted to the corresponding Os—substituted guanosine derivatives by treatment
with dialkyl- or diaryl-phosphoryl halides, dialkyl~ or diaryl-phosphinothioyl
halides, arenesulfonyl chlorides, and trialkylsilyl chlorides.

Introduction of new methodologies into nucleotide chemistry has dramati-
cally facilitated the chemical synthesis of defined oligonucleotides.1 In fact,
recent developments by use of arenesulfonylazoles and new protecting groups of
nucleotidic functional groups have led to satisfactory results considerably on
the aspects of the reaction time and the coupling yield of oligonucleotides.
However, there have been still observed complicated side reactions during the
chain elongation of cligomers. These side reactions are not clear even now but
this problem has often been encountered, especially in the condensation between
guanosine-containing fragments. 1In the ribo-series, these side reactions occur
to an appreciable extent. A few years ago, Reese2 reported that appropriately
protected guanosine derivatives were unexpectedly sulfonylated with arenesul-
fonyl chlorides in pyridine to afford Os—substituted guanosine derivatives.

The result suggests strongly that during the elongation reactions of oligo-
nuclectide chain unavoidable side reactions ofguanine residue might occur at
the Oﬁ-position. Though the 06-phosphorylated speacies have been discussed as
side products, they have never been characterized since they were thought to be
too unstable tec be isclated from the reaction mixture.

In this paper, we wish to report the isolation of 06—phosphory1ated guano-
sine derivatives and related electrophilic reactions such as sulfonylation and
silylation by use of 4-dimethylaminopyridine known as a strongly effective
catalyst for acylation reactions.a’

In the present experiments, 2',3',5Ltri-o—acetyl—Nz-tritylguanosine (1)
was chosen as a substrate. It was found that 1 was readily phosphorylated at
the 06-position under the conditicns described below to give Ob—phosphorylated
guanosine derivatives (2): Two mmol of 1 was treated with 2.94 mmol of an
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approprite phosphorylating reagent (3a, 3b, 3c, or 3d) and 3.3 mmol of triethyl-
anine in the presence of 0.2 mmol of 4-dimethylaminopyridine3'4 in 30 ml of
methylene chloride at room temperature for 12 h. After removal of the solvent
in vacuo, the residue was chromatographed on silica gel (benzene/ethyl acetate)
to afford the corresponding oe-phosphorylated derivative (2a, 2b, or 2d4) in 30-
40% yield. The Os—phosphorylated products were found to be essentially formed
guantitatively by monitorization of the products on tlc. However, the partial
decomposition of 2 took place during workup. In the case of 2¢., it could be
detected on the tlc as the single fluorescent spot, but it was too unstable to
be purified by repeated silica-gel column chromatography. The bright blue
fluorescence is characteristic of Os-dialkylphosphorylated guanosine derivatives
such as 2c¢ and 24, while 2a and 2b do not have such fluorescence. The structures
of the isolated compounds were confirmed by their elemental analyses, ultra-
viclet spectra, and nmr spectra.5 As one can expect the instability of the 06-
phosphorylated guanosine derivatives, they were quickly dephosphcorylated by
treatment with aqueous pyridine to give the parent nucleoside.

cn the other hand, phosphinothioyl halides (4) and (3) were employed in
place of the phosphoryl halides in order to introduce the phosphinothioyl groups
into the OG-position of guanosine. Consequently, the corresponding 06-phos—
phinothioyl guancsine derivatives (§) and (7) were successfully isolated in 98%
and 60% vields, respectively. ‘These products were found to be stable during
workup and also stable in aqueous pyridine for one day. Especially, the former
product, é, has a clean blue fluorescence and the dibutylprhosphinothioyl group
was relatively stable under the conditions for removal of acetyl groups. For
example, when 1.59 mmol of $ was treated with 16.4 mmol of t=butylamine in 12 mL
of methanol at room temperature for 15 min, the completely deacetylated product
(E) and 5'~O-monocacetyl product (3) were obtained in 50% and 10% yields,
respectively. On the other hand, treatment of with 60% formic acid gave
quantitatively 2',3',5'-tri-0O~acetylguanosine.

Furthermore, this DMAP/Et3N/CH2C12 system could be also applied to the
Os-sulfonylation and silylation of guanosine derivatives. Sulfonylation of
with toluenesulfonyl chloride (TsCl), mesitylenesulfonyl chloride (MsCl), and
2,4,6-triisopropylbenzenesulfonyl chloride (TPS) occured very smoothly and
cleanly under similar conditions to give the Os—sulfonylated products (10) in
75-87% yields. The 06-sulfonylation of Nz-benzoyl-2’,3',5'—tri—o-acetylguanosine
(11) with TPS also readily proceeded to give the corresponding Os-sulfonylated
product {12) in 78% yield. On the other hand, when Nz—unprotected 2',3',5'-tri-
O-acetylguanosine (13) was treated with TsCl, MsCl, and TPS, the Oé-sulfonyla-
tion took place selectively to afford the corresponding 06- sulfonates (}14) in
73-78% yields. The Ds—sulfonylated derivatives of guanosine have proved to be
useful synthetic intermediated for the transformation of guanosine
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derivatives.Zb Therefore, the above system provides quite useful pethod for the

synthesis of this type of compounds because the reaction is very c¢lean and rapid
to give the sulfonylated products in satisfactory vields. Selective depro-
tection of the trityl group of ]'.\g could be performed by using 80% acetic acid.
For example, treatment of 10 with B80% acetic acid in dioxane/water {4:1, v/v) at
room temperature for 1 h gaveld in quantitative yield,

Finally, we examined the silylation of A'using, t-butyldimethylsilyl
chloride and t-butyldiphenylsilyl chloride. As a consequence, the silylation
was essentially quantitative in each case. The t~-butyldimethylsilylated product
{15a: R'=t-Bu, R"=Me) was detected on tlc but was not stable enocugh to be isolated
by silica-gel column chromatography. On the other hand, the t-butyldiphenyl-
silylated derivative (l5b: R'=t-Bu, R"=Ph) could be isclated in 98% yield.

When the latter product was dissolved in aqueous pyridine, the t-butyldiphenyl-
silyl group 'was feasibly removed from 15a to give 1.

The results of the above experiments indicate that introduction of suitable
protecting groups into the Os-position of guanosine moiety might provide a
premising way for the prevention of side reactions encountered in oligonucleo-
tide synthesis and also even in nuclecside and nucleotide chemistry.

Quite recently, Reese8 has reported the reaction of l-arenesulfonyl-3-nitro-
1,2,4-triazoles and nucleoside base residues.
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