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ABSTRACT

A very simple methodology to stereoselectively achieve tricyclic isonucleosides (nucleobase ) thymine, uracil, and 5-fluoruracil) and 3 ′-C-
branched nucleosides (nucleobase ) theophylline) was performed by means of a DBU-mediated addition process using a readily available
2-bromo sugar. The mechanism for these transformations implies the loss of both substituents at C-2 and C-3 on the sugar moiety, and
although it seems that DBU is probably involved, its involvement has not yet been ascertained. Cytosine did not react under these conditions.

Nucleoside derivatives are the predominant molecular target
prodrugs for the clinical therapy of AIDS.1 Unfortunately,
several problems concerning the development of resistance
against these drugs,2 their cytotoxicity,3 and their glycosidic
bond cleavage4 or enzymatic deamination5 processes have
led to the synthesis of new families of these compounds. In
this manner, the synthesis of nucleoside analogues in which

the sugar and/or the heterocyclic moiety have been modified
has received much attention as a consequence of their general
biological activity and the potential use of such molecules
as antiviral and antineoplasic therapeutic agents.6 In particu-
lar, isomeric nucleosides (isonucleosides) have revealed
significant antiviral activities,7 and their syntheses are
currently receiving much attention.8 In the past few years,
we have developed new methods for the stereoselective
synthesis of nucleosides by means of furanoid glycals9 or
1,2-thiocarbonate sugars.10 New strategies have also been
performed concerning the synthesis of isonucleoside ana-
logues andseco-nucleosides through exocyclic methylene
furanoid-like sugars.11 In this study, we present a simple way
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to access tricyclic 2,2′-anhydro-3-deoxy-3-isonucleosides and
their corresponding open forms (3-deoxy-3-isonucleosides),
along with a 3′-C-branched nucleoside derivative incorporat-
ing two units of theophylline.

Our key starting material is the 2-bromo sugar1 (Scheme
1), which is readily available from the 1,2-diol2 through

the formation of the 1,2-thiocarbonate sugar3 and the
furanoid glycal4.12 The latter quickly reacts with NBS in
aqueous THF9a,13 to afford compound1 in high yield.14

When the bromo derivative1 was treated with pyrimidinic
bases [thymine (Ty), uracil (U), 5-fluoruracil (5-FU), and
cytosine (Cy)] in the presence of DBU, the corresponding
tricyclic sugars5 were formed (as tricyclic isonucleosides
analogues),15 with cytosine being the only exception for
which we were not able to obtain the corresponding iso-
nucleoside derivative (Scheme 2, Table 1).

It is noteworthy that nucleobases do not have a preference
for either the anomeric position or the C-2 position. These
positions are a priori highly sensitive to a possible nucleo-
philic attack. Conversely, they enter at the C-3 position on

the sugar in a highly stereoselective fashion, with the loss
of both substituents at C-2 and C-3, the anomeric position
remaining unreacted. On the other hand, when theophylline
(Tph) was used as a nucleobase,16 a different final product
was observed: a 3′-C-theophyllinyl nucleoside (6).

The structure of compounds5 has been unambiguously
secured by X-ray diffraction for the thymine derivative5T
(CCDC 250080, see Supporting Information), which presents
unique NMR patterns clearly recognizable on all the other
tricyclic derivatives. Unfortunately, we have not achieved
good crystals for6 (or its benzoylated derivative6Bz) in
attempts to ascertain its structure. Nevertheless, after an
extensive NMR study, we can conclude that structural
differences from compounds5 are due to the insertion of a
new nucleobase unit at the anomeric position, not being a
tricycle derivative. This is possible since theophylline does
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Scheme 1. Synthesis of the 2-Bromo Sugar1

Scheme 2. Synthesis of Tricyclic Isonucleosides5 and
3′-C-Branched Nucleoside6

Table 1. Yields Obtained for the Addition Process via
Scheme 2

entry nucleobase used compound formed (yield %)a

1 thymine (Ty) 5T (71)
2 uracil (U) 5U (73)
3 5-fluoruracil (5-FU) 5F (58)
4 cytosine (Cy) 5C (na)b

5 theophylline (Tph) 6 (50)c

a Optimized yield.b No reaction was observed.c Mixture of isomers
(∼9:1).
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not allow the tricyclic formation (it has no hydrogens on
the nitrogens). The stereochemistry at C-3′ for the major
isomer in6 can be deduced from the1H NMR couplings,
since the keyJ values (in hertz) areJH2′,H3′ ) 6.0 (7.8 in
6Bz) andJH3′,H4′ ) 8.8, both indicative of an all-2,3,4-cis
arrangement. At the anomeric position, aJH1′,H2′ value of 1.5
Hz points to anR stereochemistry. These conclusions follow
the general behavior of the other bases employed. Neverthe-
less, with regard to the minor isomer, the1H NMR coupling
constants are not conclusive, and it cannot be concluded that
this compound corresponds to theâ anomer. In any case,
AM1 semiempirical calculations17 show that theR anomer
is thermodynamically more stable than theâ isomer by 3.5
kcal/mol (see Supporting Information). Moreover, calcula-
tions also point out a theophylline unit bonding the sugar
by the sterically less hindered N-7 position (preferred by 14.7
kcal/mol according to AM1). The isomeric N-9 bonding
generates a bigger steric hindrance caused by the methyl
group at N-3 (see Supporting Information).

The mechanism involved in these transformations has not
been ascertained, and other experiments have been carried
out with derivatives chemically related with1 in order to

clarify it (see Supporting Information). As a result, an
attempted mechanism based on a cascade reaction, in which
DBU is actively involved, is proposed in Scheme 3. It should
be noted that DBU not only acts to catalyze the process but
also controls the stereochemistry of the addition. The
regiochemistry, however, is controlled by the intermediate
1b. Thus, the positive charge is necessarily placed on C-3
in order to avoid the vicinity of theδ+ anomeric carbon. All
these polar species are assumed to be significantly stabilized
by the solvent (DMF).

We have also carried out several modifications over the
tricyclic derivative 5T oriented to the synthesis of its
corresponding 3-deoxy-3-isonucleoside by regio- and ste-
reospecific ring-opening of the tricyclic system (Scheme 4).
In this manner, derivatives7T, 8T, and 9T have been
obtained following common protocols (see Supporting
Information). It should be noted that the7T f 8T transfor-
mation takes place with retention of the configuration on
C-2′, because it does not go through an SN2 process at this
position but instead goes through an OH- addition (alkaline
hydrolysis) at C-2 of the pyrimidine.18

In summary, we have developed a very simple methodol-
ogy to stereoselectively achieve tricyclic isonucleosides and
3′-C-branched nucleoside derivatives by means of a DBU-
mediated addition process using the readily available 2-bro-
mo sugar1. The reaction conditions are soft, and we can
quickly provide the valuable title compounds in a few steps.
The stereochemistry of the tricyclic derivatives has been
ascertained by X-ray diffraction for the thymine derivative
and correlated to the other derivatives by finding similar
NMR patterns. The regio- and stereospecific ring-opening
of the tricyclic derivative5T afforded the corresponding
3-deoxy-3-isonucleoside.
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Scheme 3. Proposed Mechanism to Obtain Derivatives5

Scheme 4. Chemical Modifications on the Tricyclic Sugar
Derivative5T

Org. Lett., Vol. 7, No. 11, 2005 2163



Supporting Information Available: Complete physical
data (IR, RD, HMRS, and 1H and 13C NMR) of com-
pounds 1, 5T, 5U, 5F, 6, 6Bz, 7T, 8T, and 9T; the
X-ray structure for derivative5T; AM1 structures, energies,
and Cartesian coordinates of the calculated structures;

additional experiments carried out in order to ascertain the
mechanism; and the protocols followed in the5T f 9T
transformations. This material is available free of charge via
the Internet at http://pubs.acs.org.
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