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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 targetthe sugar and/or the heterocyclic moiety have been modified
prodrugs for the clinical therapy of AIDSUnfortunately, has received much attention as a consequence of their general
several problems concerning the development of resistancebiological activity and the potential use of such molecules
against these drudgheir cytotoxicity? and their glycosidic as antiviral and antineoplasic therapeutic agéivnsparticu-
bond cleavageor enzymatic deaminatiGrprocesses have lar, isomeric nucleosides (isonucleosides) have revealed
led to the synthesis of new families of these compounds. In significant antiviral activitie, and their syntheses are
this manner, the synthesis of nucleoside analogues in whichcurrently receiving much attentiénin the past few years,
we have developed new methods for the stereoselective
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to access tricyclic 2,2anhydre3-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 suddScheme
1), which is readily available from the 1,2-di@l through

Scheme 1. Synthesis of the 2-Bromo Sugér
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the formation of the 1,2-thiocarbonate sugarand the
furanoid glycal4.*? The latter quickly reacts with NBS in
aqueous TH®2to afford compound. in high yield*

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

Scheme 2. Synthesis of Tricyclic Isonucleosidésand
3'-C-Branched Nucleosidé
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It is noteworthy that nucleobases do not have a preferenc
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
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'Table 1. Yields Obtained for the Addition Process via
Scheme 2

entry nucleobase used compound formed (yield %)®
1 thymine (Ty) 5T (71)
uracil (U) 5U (73)
3 5-fluoruracil (5-FU) 5F (58)
4 cytosine (Cy) 5C (na)®
5 theophylline (Tph) 6 (50)

aQOptimized yield.? No reaction was observe8Mixture of isomers
(~9:1).

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 nucleoba&e, different final product
was observed: a 3'-C-theophyllinyl nucleoside (6).

The structure of compounds has been unambiguously
secured by X-ray diffraction for the thymine derivatig&
(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 fo6 (or its benzoylated derivativéBz) in
attempts to ascertain its structure. Nevertheless, after an
extensive NMR study, we can conclude that structural
differences from compoundsare 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 3. Proposed Mechanism to Obtain DerivatiVies
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not allow the tricyclic formation (it has no hydrogens on clarify it (see Supporting Information). As a result, an
the nitrogens). The stereochemistry at 'Ck& the major attempted mechanism based on a cascade reaction, in which
isomer in6 can be deduced from thél NMR couplings, DBU is actively involved, is proposed in Scheme 3. It should
since the keyd values (in hertz) ar@y, uy = 6.0 (7.8 in be noted that DBU not only acts to catalyze the process but
6Bz) andJyz ne = 8.8, both indicative of an all-2,3,4-cis also controls the stereochemistry of the addition. The
arrangement. At the anomeric positiona 42> value of 1.5 regiochemistry, however, is controlled by the intermediate
Hz points to aro stereochemistry. These conclusions follow 1b. Thus, the positive charge is necessarily placed on C-3
the general behavior of the other bases employed. Neverthein order to avoid the vicinity of thé™ anomeric carbon. All
less, with regard to the minor isomer, thé NMR coupling these polar species are assumed to be significantly stabilized
constants are not conclusive, and it cannot be concluded thaby the solvent (DMF).
this compound corresponds to tfieanomer. In any case, We have also carried out several modifications over the
AM1 semiempirical calculatiort$ show that theox anomer tricyclic derivative 5T oriented to the synthesis of its
is thermodynamically more stable than {hésomer by 3.5 corresponding 3-deoxy-3-isonucleoside by regio- and ste-
kcal/mol (see Supporting Information). Moreover, calcula- reospecific ring-opening of the tricyclic system (Scheme 4).
tions also point out a theophylline unit bonding the sugar In this manner, derivative§T, 8T, and 9T have been
by the sterically less hindered N-7 position (preferred by 14.7 obtained following common protocols (see Supporting
kcal/mol according to AM1). The isomeric N-9 bonding Information). It should be noted that tif{& — 8T transfor-
generates a bigger steric hindrance caused by the methyimation takes place with retention of the configuration on
group at N-3 (see Supporting Information). C-2', because it does not go through a2 rocess at this
The mechanism involved in these transformations has notposition but instead goes through an O&tdition (alkaline
been ascertained, and other experiments have been carriebiydrolysis) at C-2 of the pyrimidin&.
out with derivatives chemically related within order to 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-
) o o mediated addition process using the readily available 2-bro-
Scheme 4. Chem'cal[)'\é'ﬁggt'i(\:/aetgs on the Tricyclic Sugar ), sygarl. The reaction conditions are soft, and we can
o o quickly provide the valuable title compounds in a few steps.
Me The stereochemistry of the tricyclic derivatives has been
\KBN\ \fkf“ ascertained by X-ray diffraction for the thymine derivative
Nett Bro— N o o and correlated to the other derivatives by finding similar
Q h e H' ‘h NMR patterns. The regio- and stereospecific ring-opening
OMe of the tricyclic derivative5T afforded the corresponding
3-deoxy-3-isonucleoside.
OAc
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Supporting Information Available: Complete physical additional experiments carried out in order to ascertain the

data (IR, ap, HMRS, and'H and **C NMR) of com- mechanism; and the protocols followed in t6& — 9T
pounds 1, 5T, 5U, 5F, 6, 6Bz, 7T, 8T, and 9T; the transformations. This material is available free of charge via

X-ray structure for derivativéT; AM1 structures, energies, the Internet at http://pubs.acs.org.
and Cartesian coordinates of the calculated structures;0L050496V
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