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Abstract—A flexible synthetic procedure to access a new and biologically interesting class of N,O-psiconucleosides by 1,3-dipolar
cycloaddition of C-ethoxycarbonyl-N-methyl nitrone with ethyl 2-(acetyloxy)acrylate, followed by Vörbruggen nucleosidation and
sodium borohydride reduction, is described. © 2001 Elsevier Science Ltd. All rights reserved.

The chemical modification of nucleic acid fragments
offers a continuous challenge for organic chemists in
search of compounds with antiviral and anticancer
activity.1 Accordingly, considerable efforts have been
made in the last few years to develop new nucleoside
analogs2 likely to exhibit improved activity or decreased
toxicity with respect to 3%-azido-5%-deoxythymidine
(AZT), the first anti-HIV drug. In this context, the
design of novel ‘ribose’ rings has resulted in the discov-
ery of effective biologically active agents; in particular,
promising results have been obtained from a new gener-
ation of nucleoside analogs where the ribose moiety has
been replaced by alternative heterocyclic rings.3

The ever-growing interest for compounds with no cross
resistance and low cytotoxicity has led, in recent years,
to the investigation of the relatively unexplored, but
potentially interesting area of nucleosides branched at
the C1% position, i.e. the so called psicofuranosyl
nucleosides which carry an hydroxymethyl group at the
anomeric carbon atom.4 Typical examples are angust-
mycin A and angustmycin C (1) (Fig. 1) which show
interesting antimicrobial and antiviral properties, and

hydantodicin, a spironucleoside, which shows herbicide
feature able to regulate plant growth.5

In connection with our studies on the exploitation of
nitrones for the synthesis of biologically interesting
nitrogenated compounds, we have recently designed a
new synthetic route to N,O-nucleosides 2 via 1,3-dipo-
lar cycloaddition of C-alkoxycarbonyl nitrones to vinyl
acetate, followed by glycosylation with silylated nucle-
obases.6 The asymmetric version of the process has
been successfully investigated through the use of chiral
dipoles containing a chiral center a to the nitrone
functionality or a chiral auxiliary on the nitrogen
atom.7

On this basis, we realized that the application of our
methodology could serve as a strategy for the synthesis
of modified psiconucleosides 3, in which the sugar unit
is replaced by an isoxazolidine ring. This paper
describes a reaction route, of general applicability,
which leads to N,O-psiconucleosides 3, and we report
here the first synthesis of purine and pyrimidine
modified nucleosides, branched at the anomeric posi-

Figure 1.
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tion. In fact, to the best of our knowledge, no example
of this kind of compound has been reported in litera-
ture, until now.

Results and discussion

The synthetic design requires the acquisition of the enol
acetate 5 derived from ethyl pyruvate. Thus, ethyl
pyruvate in acetic anhydride was heated under reflux
for 20 h with p-toluensulphonic acid; subsequent distil-
lation under vacuum afforded the enol–acetate in 70%
yield.8

The 1,3-dipolar cycloaddition reaction of 5 with
alkoxycarbonylnitrone 4 took place in anhydrous ether
at room temperature to give a mixture of epimeric
isoxazolidines 6 and 7 in an isomeric ratio of ca. 8.6:1
and a combined yield of 96% (Scheme 1). The crude
mixture was purified by flash chromatography (chloro-
form/methanol 99:1 as eluant) and the main cycload-
duct 6 was obtained in pure form.9 The cis/trans
stereochemistry of this adduct was readily deduced by
means of NOE measurements. Thus, irradiation of H4a

(d 2.87) produced strong enhancements for H3 (d 3.70;
11%) and H4b (d 3.17; 20%), together with a minor
enhancement of the methyl group of the acetyl moiety
at C5 (d 2.06). Conversely, when H4b was irradiated, a
positive NOE effect was observed only for H4a, so
indicating the cis relationship between H4b and the
CO2Et groups at C3 and C5.

The crude mixture of epimeric isoxazolidines 6 and 7
was then transformed into two isoxazolidine nucleoside
analogs as depicted in Scheme 1. The condensation
with silylated thymine, using the glycosylation method-
ology developed by Vörbruggen,10 resulted in
nucleoside products consisting of a-(9a) and b-(8a)
anomers (1:1) which were isolated in 57% combined
yield. The anomers could be separated by flash chro-
matography, the cis isomer (b) showing the lower Rf.11

The anomeric configuration of 8a and 9a was assigned
on the basis of 1H NMR and NOE experiments in
which irradiation of H2%a (d 2.83) in 8a increased the

proton signals of H2%b (d 3.80) and H6 (d 7.46) by 32
and 3%, respectively. Conversely, when H2%b was irradi-
ated, strong NOE effects were observed for H3% (d 3.56)
and H2%a, so indicating that the thymine moiety at C1%,
H2%a and the CO2Et group at C3% are in a topologically
cis relationship. Similarly, in compound 9a, upon irra-
diation of H2%a (d 2.97), the signal of H2%b (d 3.81) was
enhanced, but no NOE effect was observed for the H3%

proton (d 4.18) as well as for the resonance of H6 in the
thymine moiety; while irradiation of H2%b induced an
enhancement of H3% and H6 in the thymine group. As a
consequence, the relative configuration of the CO2Et
groups at C1% and C3% must be cis.

Several attempts to optimize the reaction yield and
conditions, in favor of formation of the b-isomer 8a,
were carried out by varying the temperature and the
nature of the catalyst. The results are summarized in
Table 1. As can be seen in entries 2–4, the use of higher
temperatures (45–80°C) with respect to entry 1 (25°C)
resulted in a better diastereoselectivity, leading to the
exclusive formation of the b-isomer 8a. In particular,
the best yields were obtained using 0.4 equiv. of
trimethylsilyl trifluoromethanesulfonate (TMSOTf) as
the catalyst and a temperature of 45°C (see entry 3).

The results obtained can be rationalized by assuming
that equilibration of the products is possible under the
reaction conditions.12 As reported, nucleosidation can
proceed under kinetic or thermodynamic control
through an intermediate oxonium ion: in our case, 8a
appears to be the thermodynamically controlled
compound.

As confirmation, compound 9a was heated at 45°C in
acetonitrile, in the presence of TMSOTf and silylated
thymine: the result was the complete formation of the
isomer 8a.

The initial goal of the design of a synthetic approach to
a new class of N,O-psiconucleosides was then reached
by NaBH4 reduction of 8a in a 1:1 dioxane/water
solution at 0°C for 30 min. Thus, 8a, as the selected
model, furnished the expected compound 10 in 80%
yield.13

Scheme 1.
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Table 1. N-Glycosidation of 6 and 7 with silylated thymine and adenine in acetonitrile

Conditions B/I/Ca a:b RatioBase Combined yield (%)Entry

Thymine1 TMSOTf, 25°C, 24 h 2:1:1 1:1 57
TMSOTf, 45°C, 10 h 2:1:1Thymine 0:12 70

Thymine3 TMSOTf, 45°C, 10 h 2:1:0.4 0:1 80
TMSOTf, 80°C, 6 h 2:1:1 0:1 404 Thymine
SnCl4, 25°C, 24 h 2:1:0.3Thymine 1:15 10
SnCl4, 45°C, 10 h 2:1:0.36 0:1Thymine 30
TMSOTf, 25°C, 24 h 2:1:0.4Adenine 1:17 30

8 TMSOTf, 45°C, 10 hAdenine 2:1:0.4 0:1 50
TMSOTf, 25°C, 24 h 2:1:1Adenine NIb9 25

10 TMSOTf, 45°C, 10 hAdenine 2:1:1 NIb 35

a Molar ratio of the base (B), isoxazolidine (I) and catalyst (C).
b Inseparable mixture.

The generality of this synthetic approach was tested
with a purine nucleobase, by reaction of the mixture of
isoxazolidines 6 and 7 with silylated adenine.

The results obtained are shown in Table 1. Also in this
case, an increase in temperature leads to the formation
of only the b-isomer 8b.14 Control of the amount of
catalyst appears to be essential to produce the desired
nitrogen substitution product (N9): when the amount of
TMSOTf is more than 0.4 equiv., a complex and not a
separable mixture of different derivatives was obtained
which probably originates from nucleosidation at the
other nitrogen atoms (N7, N1, N3).12

In conclusion, we have described a flexible synthetic
procedure to access a new and biologically interesting
class of N,O-psiconucleosides: the methodology is
applicable to purine and pyrimidine derivatives. The
synthesis of both D- and L-isomers, using homochiral
nitrones, is also in progress.
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