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ABSTRACT

The L-r-lyxopyranosyl (4′f3′) oligonucleotide system shows cooperative base-pairing in spite of containing only five instead of the usual six
covalent bonds per repetitive backbone unit. In contrast, corresponding D-â-ribofuranosyl (4′f3′) oligonucleotides do not show adenine−
thymine pairing under comparable conditions. The difference in pairing behavior relates to the conformation of the two systems’ vicinal
3′,4′-phosphodiester substituents, which is diaxial in the lyxopyranosyl system and 3′-axial-4′-equatorial in the ribopyranosyl system.

The backbones of almost all oligonucleotidic nucleic acid
analogues that have become known in this decade contain
the same number of six covalent bonds per repetitive
backbone unit as the natural nucleic acids.3 Important
exceptions are the (5′f2′) isomers of RNA4 and DNA,5,6

where this number is seven. Although base-pairing strength
in these latter systems is distinctly lower than in their natural
counterparts, they still have the properties of informational
base-pairing systems.

In the context of our studies toward a chemical etiology
of nucleic acid structure7,8 it seems relevant to the general
aim of the project to establish whether, in the family of
pentopyranosyl oligonucleotide systems, phosphodiester
junctions other than those between positions 2′ and 4′
(corresponding to six bonds per backbone unit) can be
compatible with informational base pairing.9 It would not
be surprising if, for example, pentopyranosyl (4′f3′) oli-
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gonucleotide systems behaved differently from the corre-
sponding (4′f2′) systems and lacked the capability of
cooperative base pairing, since they contain only five, instead
of the usual six, bonds per backbone unit. Here we report
thatL-R-lyxopyranosyl (4′f3′) oligonucleotidessin marked
contrast to correspondingD-â-ribopyranosyl (4′f3′) oligo-
nucleotidessdo show cooperative base-pairing. The lyxo-
pyranosyl (4′f3′) system is, as far as we are aware, the first
phosphodiester base-pairing system with a “shortened”
backbone3 (Figure 1).

The preparation of base sequences containing a (4′f3′)
phosphodiester junction in theD-â-ribopyranosyl andL-R-
lyxopyranosyl series (Figure 1) follows a pattern analogous
to that of the previously summarized synthesis of base
sequences in the (4′f2′) pentopyranosyl series, using ben-
zoyl protection for the sugar’s extra hydroxyl group.8,10,11

The required building blocks1a,b and 2a-d containing a
free 3′-hydroxyl and a benzoyl-protected 2′-hydroxyl group
(Figure 2) were prepared in both series from intermediates
previously used for the synthesis of (4′f2′) oligomers.12

Characterization of base sequences was of the same standard
as previously adopted and described;8,10,11 specifically, all

oligomers were over 95% pure according to HPLC and had
the expected molecular weight according to the MALDI-
TOF spectrum.13

Table 1 summarizes duplex stabilities in terms ofTm values
and thermodynamic data for duplexes of selected base
sequences ofL-R-lyxopyranosyl (4′f3′) oligonucleotides;

correspondingTm data of theD-â-ribopyranosyl (4′f3′), D-â-
ribopyranosyl (4′f2′), andL-R-lyxopyranosyl (4′f2′) series8

are given for comparison. Base pairing in the (4′f3′)
lyxopyranosyl series is additionally documented byTm curves
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Figure 1. Idealized pairing conformations ofD-â-ribopyranosyl
(4′f2′) andL-R-lyxopyranosyl (4′f2′) strands and of the corre-
sponding (4′f3′) isomers.

Figure 2. Intermediates used for the solid-support synthesis of
D-â-ribopyranosyl (1a,b) andL-R-lyxopyranosyl (4′f3′) oligo-
nucleotides (2a-d).12

Table 1. Tm Values of Duplexes of theL-R-Lyxopyranosyl
(4′f3′) Oligonucleotide Series (in°C, c ) 10 µM, 1.0 M NaCl,
in 0.01 M Tris‚HCl or 0.01 M NaH2PO4, 0.1 mM Na2EDTA,
pH 7.0) in Comparison to Corresponding Values of the
D-â-Ribopyranosyl (4′f3′),D-â-Ribopyranosyl (4′f2′), and
L-R-Lyxopyranosyl (4′f2′) Seriesa

a Thermodynamic data are ofL-R-lyxopyranosyl (4′f3′) series (1.0 M
NaCl, 0.01 M NaH2PO4, 0.1 mM Na2EDTA, pH 7.0), determined from
plots of Tm

-1 versus Ln (c);19 experimental error estimated in∆H values
(5%. Legend: (*) in 0.15 M NaCl; (**) in 1.0 M NaCl.
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(Figure 3), CD spectra (Figure 4), and a mixing curve14

(Figure 5) of selected examples. The pairing is generally
weaker than in the isomeric (4′f2′) system and, above all,

more base-sequence dependent. The observed pattern points
to a partial obstruction of pairing, presumably due to a less
than optimal fit between the partner strands. It is also
probable that, depending on base sequence, more than a
single pairing mode are involved.15 A special aspect of the

behavior of the (4′f3′) lyxopyranosyl system is the ability
of some of its sequences to undergo intersystem cross-pairing
with DNA and RNA, a property shown by none of the
pentopyranosyl (4′f2′) systems investigated thus far. In this
cross-pairing (Table 2) we observe a drastic difference in

the stability of duplexes An‚Tn, depending on which of the
partner strands contain the pyrimidine and which the purine
bases. This is reminiscent of the analogous, yet less
pronounced, phenomenon encountered in the intersystem
cross-pairing within the pentopyranosyl (4′f2′) family; there

Figure 3. UV Tm curves for selected duplexes in theL-R-
lyxopyranosyl (4′f3′) oligonucleotide series. Curves of (non-self-
complementary) single strands are also shown. For conditions see
the footnote of Table 1.

Figure 4. (A) Temperature-dependent CD curves of a duplex in
theL-R-lyxopyranosyl (4′f3′) oligonucleotide series (temperature
range 12-78°C, intervals 6°C). For conditions see the footnote
of Table 1. (B) Comparison of the CD spectra (T ) 12 °C) of
duplexes derived from the sequences-ATTCAGCG and-CGCT-
GAAT (written in the 4′f3′, 4′f2′, or 5′f3′ direction) in L-R-
lyxopyranosyl (4′f3′), L-R-lyxopyranosyl (4′f2′), RNA, and DNA
series. For conditions see the footnote of Table 1.

Figure 5. Mixing curve14 for the pairing between A8 and T8 in
the L-R-lyxopyranosyl (4′f3′) series (c) 10 µM in 1 M NaCl,
0.01 M Tris‚HCl, pH 7.0;T ) 20 °C).

Table 2. Tm Values of Cross-Pairing Duplexes Formed
betweenL-R-Lyxopyranosyl (4′f3′) Oligonucleotide Sequences
and Complementary DNA and RNA Sequences in the Ratio 1:1a

a For conditions see the footnote of Table 1. The symbols denotes that
no Tm was observed.
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we conjectured that the phenomenon is related to backbone
adjustments via strand-specific changes of nucleosidic torsion
angles.2 The mixing curve for the 4′,3′-pl(A)8‚d(T)8 cross-
pairing (Figure 6) indicates the formation of a (1:1) duplex

as well as of a (1:2) triplex under standard conditions.
Intersystem cross-pairing with DNA and RNA involving the
antiparallel complementary sequences-ATTCAGCG and
-CGCTGAAT shows unexceptional behavior; its strength
is comparable to that of correspondingintrasystem pairings
(Table 1, Figure 4).

Since none of the members of the pentopyranosyl (4′f2′)
oligonucleotide family show intersystem cross-pairing with
DNA or RNA, the behavior of theL-R-lyxopyranosyl (4′f3′)
system toward these natural systems is striking. One of the
general prerequisites of a system to undergo cross-pairing
with DNA or RNA could be that the backbone inclination16

must be small, as is the case in B-DNA.17 The inclination in
the lyxopyranosyl (4′f3′) system is supposed to be smaller
than that in all the members of the pentopyranosyl (4′f2′)
family, as the conformational presentation given in Figure
1 suggests.16 On the other hand, the fact that theR-lyxo-
pyranosyl (4′f3′) system behaves as a base-pairing system,
whereas theâ-ribopyranosyl (4′f3′) system does not,18 may
relate to the diaxial arrangement of the vicinal phosphodiester
functions in the lyxo system. The two phosphodiester
substituents in this conformation are as far apart from each
other as they possibly can be while being bound to two
adjacent carbons. This may be responsible for the violation
of the rule that oligonucleotide base-pairing systems should
have (at least) six covalent bonds per backbone unit. The
case calls for a corresponding loosening of the constitutional
constraints for backbone design in oligonucleotide chemistry.
In our own work, the findings about theD-â-lyxopyranosyl
(4′f3′) oligonucleotide system led us to extend the experi-
mental screening of base-pairing behavior of potentially
natural nucleic acid alternatives to the uncharted territory of
tetrofuranosyl (3′f2′) oligonucleotides.
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Figure 6. Mixing curve14 for the intersystem cross-pairing between
3′,4′-pl(A8) and d(T8) (for conditions see the caption for Figure 3;
T ) 15 °C). Note the formation of a duplex 3′,4′-pl(A8)‚d(T8) as
well as of a triplex 3′,4′-pl(A8)‚2d(T8).

1534 Org. Lett., Vol. 1, No. 10, 1999


