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a b s t r a c t

An amine group was synthesized starting from an optically active bicyclo[2.2.1]heptane compound,
which was then used to build the 5 atoms ring of a key 6-chloropurine intermediate. This was then
reacted with ammonia and selected amines obtaining new adenine- and 6-substituted adenine conform-
ationally constrained carbocyclic nucleoside analogues with a bicyclo[2.2.1]heptane skeleton in the sugar
moiety. X-ray crystallography confirmed an exo-coupling of base to the ring and a L configuration of the
nucleoside analogues. The compounds were tested for anticancer activity.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

For a long time, nucleosides and their analogues have been rec-
ognized as efficient antitumor1 and antiviral2 drugs. However, their
side effects and resistance after prolonged use has led to numerous
studies, mainly focused on the discovery of new analogues, more
active and potentially less toxic, by changing both the base as well
as the sugar moiety.3 Remarkable metabolic stability of nucleoside
analogues has been realized by replacing the endocyclic oxygen of
the nucleoside sugar moiety with a methylene group to obtain car-
banucleosides,4 which are unaffected by phosphorylases and
hydrolases that cleave the glycosidic bond.5 Also, conformationally
restricted nucleoside analogues are studied with great interest by
fixing the sugar puckering in a rigid conformation that could have
an optimal fitting to the enzymes involved in the metabolism of
nucleosides or nucleotides.6

Following this trend, we have previously realized the synthe-
sis of new compounds, in which we replaced the usual sugar

moiety with an oxabicyclo[3.3.0]octane fragment from the skele-
ton of the Cloprostenol prostaglandin analogue. We have ob-
tained new pyrimidine nucleoside analogues I, in racemic or
optically active form.7,8 These were tested for antitumor activity
on standard Jurkat T lymphoblast and U937 cells. The more ac-
tive analogue proved to be the one with 5-iodouracil as base
(e.g., whilst uracil analogue has no major effect, 5-iodouracil ana-
logue decreases by 64% uridine incorporation by U937 blasts at
30 lM concentration). We also have tried to introduce a bicy-
clo[2.2.1]heptane fragment as sugar moiety, by Mitsunobu reac-
tion with pyrimidine bases, however instead of the desired
products, mainly O-alkylated compounds were obtained.9 Two
of the compounds with thymine and 5-fluorouracil as base
‘exhibited mainly a cytostatic activity in Jurkat lymphoblasts
and on U937 monocytic blasts’.9

This motivated us to synthesize new carbocyclic nucleosides II,
with a purine base (adenine and 6-substituted adenines) instead of
a pyrimidine base and with the same bicyclo[2.2.1]heptane radical.
The goal of our work was to find if these new structures could also
have antitumor activity.

This bicyclo[2.2.1]heptane fragment will give a conformational-
ly restricted nucleoside structure. Structure II mimics a L nucleo-
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side with 1,4 correlation between the base and the hydroxymethyl
group on the upper part and 1,3 correlation on the lower part of the
cyclopentane ring. On the other hand, a 1,4 correlation proved to
be fruitful for antiviral activity of cyclohexene nucleosides,10 and
in compounds II there is a cyclohexane fragment constrained in a
norbornane structure. It is also known that some N6-substituted
adenine nucleosides (studied mainly as adenosine A3 receptor)
are already in Phase II clinical trials for the treatment of colorectal
cancer (IB-MECA11a) or are studied to be used in antitumor combi-
nation chemotherapy (Cl-IB-MECA11b).

We believe that the introduction of an adenine moiety substi-
tuted at the N6-amino group could be useful for the antitumor
activity of the new carbocyclic nucleosides II.
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Therefore, we have worked to obtain new nucleoside analogues
with adenine and N6-substituted adenines as base linked exo to po-
sition 5 of a 2-chloro-(bicyclo[2.2.1]heptan-7-yl)methanol fragment
used as sugar moiety. Our strategy, which we will describe below, is
to build first the 6-chloro-purine ring on a bicyclo[2.2.1]heptane
amine intermediate and finally to substitute the chlorine atom with
selected amines.

2. Results and discussion

2.1. Chemistry

The synthesis of these nucleoside analogues started from an
optically active intermediate 2, which had been previously ob-

tained by NaBH4 reduction of the keto-intermediate 1.9 The syn-
thesis strategy was to obtain an amine intermediate from 2, and
then to use it further to build the 5-atoms ring of the 6-chloropu-
rine skeleton, and in the final stage, to substitute the chlorine atom
with selected amines, with groups ranging from dimethyl to cyclo-
alkyl (C-3, C-5, C-6), phenethyl, 1- and 3-methylpiperazine, mor-
pholine and a diethylamino group spaced from 6-NH-group by a
chain of two or three CH2 groups.

Alcohol 2, isolated pure by multiple column chromatography
operations (CCO), was now mesylated to the easily crystallized
compound 4 (Scheme 1). This enabled us to perform the mesyla-
tion of the crude reaction mixture of alcohols 2 and 3, obtained
in the sodium borohydride reduction of 1, and to isolate the pure
compound 4 by simple crystallization in 83% yield. The absolute
configuration of the starting compound 4, which will determine
the configuration of the following compounds in the synthesis se-
quences, was obtained by X-ray crystallography, as is presented
below. The isomer compound 5 was concentrated in mother liquor,
and was isolated pure, as oil, through multiple CCO. The mesyl
group was then substituted by a SN2 reaction with NaN3 to the
azide compound 6, with inversion of configuration. The reduction
of the azide group to the amine group was performed by Stauding-
er reaction,1 or by catalytic hydrogenation over Pd/C13 or Pd(OH)2/
C14 catalysts with benzoate–azide 6 (route A), respectively, with
the deprotected compound 7 (route B), in 77–87% yield, to the cor-
responding amine 8, respectively, 9.

The benzoate group of azide 6 and, respectively, of amine 8 was
removed by transesterification (MeONa/MeOH), to the deprotected
compound 7 and, respectively, 9, in about 91% in both cases.

In order to build the 6-chloropurine skeleton of the key inter-
mediate 12 (Scheme 2), amine 9 was first reacted with 4,6-dichlo-
ropyrimidine-5-amine,15 and then with triethylorthoformate in
the presence of concentrated HCl. The absolute configuration of
intermediate 12, which will give the configuration of all the nucle-
oside synthesized, was determined by X-ray crystallography and
confirmed the entire stereocontrolled sequence of reactions from
intermediate 1–12. The chloropurine base is exo-linked to the bicy-
clo[2.2.1]heptane ring and is in a cis relation with the 7-hydroxy-
methyl group.
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Scheme 1. Synthesis of the amine intermediate 9.
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