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ABSTRACT

The dissymmetric synthesis of a carbocyclic nucleoside was achieved by a novel double [3,3]-sigmatropic rearrangement/double ring-closing
metathesis strategy with a high stereoselectivity.

Classical one-directional methods such as linear synthesis
and convergent synthesis are the approaches most frequently
observed in the literature for the preparation of nucleosides.1,2

Another strategy, a two-directional synthesis by simultaneous
homologation, has received considerable attention recently.
When applied to the appropriate target molecules, namely,
those with a significant element of symmetry, this strategy
offers a highly efficient synthetic route for preparing stereo-
chemically pure products in relatively few steps compared
with the one-directional strategy.3 Although several synthetic
procedures for nucleosides have been developed on the basis

of one-directional strategy, no attempt has been made to
prepare nucleosides using a more efficient two-directional
strategy.

During our studies directed toward the synthesis of novel
carbocyclic nucleosides based upon sequential [3,3]-sigma-
tropic rearrangement and ring-closing metathesis (RCM),4

we accidentally discovered double [3,3]-sigmatropic re-
arrangement and double RCM, which led us to develop an
efficient and unprecedented synthetic method for nucleosides.
Herein, we would like to report a novel two-directional
synthesis route to carbocyclic nucleoside via simultaneous
homologation starting from aC2-symmetric chiral template
“L-tartrate”.

As depicted in Scheme 1, the initial efforts were focused
on preparing aC2-symmetric bis(divinyl),7. The axially
dissymmetric ester,2, was readily obtained starting from the
commercially available diisopropylL-tartrate with use of the
reported reaction procedure.5 The axially dissymmetric ester,
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2, was then reduced with DIBALH to afford the correspond-
ing C2-symmetric bis-allylic alcohol,3, in a quantitative
yield.

The bis-allylic alcohol,3, was then converted to a bis-
γ,δ-unsaturated ethyl ester,4, with the required stereochem-
istry at C-3 and C-3′ by the use of a double [3,3]-sigmatropic
rearrangement6 as the only product in an 86% yield. Although
the stereochemistry of4 was anticipated by invoking Saito’s
vicinal silyloxy group-controlled double chairlike transition
state7 (Figure 1), it was helpful for us to spectroscopically

characterize the synthetic intermediates until correct stereo-
chemistry was determined by the comparison of final
compound13 with the known antipode.

The slow addition of DIBALH to a solution of the ester
in CH2Cl2 at -20 °C gave the bis(diol) alcohol derivative,

5, which was subjected to PCC oxidation conditions to afford
theC2-symmetrical dialdehyde,6, in 87% yield for two steps.
The dialdehyde was subjected to double carbonyl addition
by vinylmagnesium bromide to give bis(divinyl) alcohol
derivative,7, as a diastereomeric mixture in a 72% yield
(Scheme 2). The stereochemical assignment was performed

in the subsequent reaction because it was difficult to separate
the mixture at this stage.

A double RCM8 of compound7 was effected with a 1,3-
dimesityl-4,5-dihydroimidazole-2-ylidene (Imp)-substituted
ruthenium-based catalyst, (Imp)Cl2Cy3RuCHPh,9 under mild
conditions (CH2Cl2, rt) to generate the unsaturatedC2-
symmetric bis(cyclopenteneol),8,10 and the less polar8′11
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Scheme 1. Synthesis of Bis-divinyl intermediate7a

a Reagents: (i) DIBALH, CH2Cl2, -50 °C, 99%; (ii) triethyl-
orthoacetate, propionic acid, 135°C, overnight, 86%; (iii) DIBALH,
CH2Cl2, -20 °C, 97%; (iv) PCC, 4 Å MS, CH2Cl2, rt, 5 h, 90%;
(v) CH2dCHMgBr, THF, -78 °C, 2 h, 72%.

Figure 1. Transition state for4.

Scheme 2. Dissymetric Synthesis ofD-Carbocyclic Nucleoside
13a

a Reagents: (i) (Im)Cl2Cy3RuCHPh, CH2Cl2, rt, overnight; (ii)
ClCO2Et, DMAP, pyridine, rt, overnight, 84%; (iii) adenine,
Pd2(dba)3.CHCl3, P(O-i-Pr)3, NaH, THF/DMSO, reflux, overnight,
42%; (iv) TBAF, THF, rt, 3 h, 80%; (v) NaIO4, MeOH/H2O, 0°C,
3 h; (vi) NaBH4, C2H5OH, 0 °C, 2 h, 76%.
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in 43 and 42.5% yields, respectively.12 The structural
dissymmetry of7 reasonably accounts for the outcome of
compounds8 and 8′. Unlike 8, which is aC2-symmetric
structure that shows only 9 peaks in the13C NMR spectrum
and a 2-fold simplification of the1H NMR spectrum,8′
exhibits 14 peaks in the13C NMR spectrum and many more
proton peaks in the1H NMR spectrum than8. Furthermore,
the absolute stereochemistries of8 and8′ were unambigu-
ously confirmed by comparison of final nucleoside13 with
the known antipode.13 The subsequent bis(ethoxycarbonyl-
ation) of compound8 with ethyl chloroformate gave the
corresponding allylic coupling substrate,9, in excellent yield.
Pd(0)-catalyzed reactions have been the most powerful tools
for the installation of functionality in the allylic position
because of their reliable high fidelity of regio- and stereo-
chemistry. This methodology was successfully adopted for
the synthesis of the desired nucleosides. The adenine anion
generated by NaH/DMSO in THF/DMSO at 60°C was
successfully condensed with compound9 using a tris-
(dibenzylideneacetone)dipalladium(0)-chloroform adduct as

a coupling catalyst to give the bis-adenine analogue,10, in
a 42% yield.14-15 TheC2-symmetric adenine derivative,10,
was deprotected by a treatment with tetrabutylammonium
fluoride (TBAF) to give desilylated adenine analogue,11,
in an 80% yield, which was sequentially treated with NaIO4

and NaBH4 to furnish the final adenine derivative in 76%
yield for two steps. The spectroscopic data (1H and13C) and
specific optical rotation of our synthetic nucleoside13 ([R]24

D

-4.98° (c 1.12, MeOH)) was in good agreement with that
of the reported antipode ([R]24

D 4.81° (c 0.52, MeOH)).13

In conclusion, a dissymmetric synthetic route to a nucleo-
side was investigated using a double [3,3]-sigmatropic
rearrangement and a double RCM starting from theC2-
symmetric chiral starting materialL-tartrate. The scope of
the present methodology and its application to the other
nucleosides are under investigation in our laboratory.

Supporting Information Available: Experimental condi-
tions for the synthesis of all compounds and their corre-
sponding spectral and analytical data. This material is
available free of charge via the Internet at http://pubs.acs.org.
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