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Abstract—A series of anhydrohexitol nucleoside congeners was synthesized as ambiguous or so-called universal nucleosides and was
evaluated for their hybridization potential and discrimination properties. The 1,5-anhydro-2,3-dideoxy-2-(5-nitroindazol-1-yl)-DD-
arabino-hexitol 4e showed the lower spread in Tm values upon hybridization to the natural bases, with minimal destabilization,
and therefore behaved as a true ambiguous nucleoside.
� 2007 Published by Elsevier Ltd.
1. Introduction

In the design of oligonucleotide primers or probes, a
nucleoside pairing equally well with all four natural
bases, a so-called universal or ambiguous nucleobase,
could be used to overcome problems due to degeneracy
of the genetic code or to incomplete peptide sequence
data. Over the last years, different surrogate bases have
been evaluated as universal or degenerate nucleosides,
which either cannot associate through hydrogen bond-
ing but provide a polarized stackable heterocycle, like
5-nitroindazole and 4-nitroimidazole, or allow a flexible
hydrogen bonding pattern mimicking natural bases, like
the azole carboxamide derivatives.1,2 On the other hand,
duplex stability of nucleic acids can be increased by the
modifications of the carbohydrate moiety, like in con-
strained hexitol nucleic acids.3 Therefore, a series of
analogs (4a–c) was prepared bearing a 5-nitroindazole,
4-nitroimidazole or 1,2,4-triazole-3-carboxamide as the
base moiety attached to 1,5-anhydro-3-deoxy-DD-glucitol
as the sugar part. Following incorporation into oligo-
deoxynucleotides, their base pairing and discriminatory
properties have been evaluated.
0040-4039/$ - see front matter � 2007 Published by Elsevier Ltd.
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2. Results and discussion

The synthesis of the nucleoside congeners was accom-
plished by reacting tosylated precursor 2 with the differ-
ent heterocyclic bases (1a–c) in DMF using NaH as
basic catalyst (Fig. 1). Heating for 2 h at 110 �C with
nitroindazole afforded a mixture of the N1- and N2-
alkylated congeners (3a in 47% and 3b in 35%, respec-
tively). Prolonged heating (60 h) proved necessary for
alkylation with nitroimidazole (yielding 3c), and a lower
temperature of 90 �C was used with the triazole methyl-
carboxylate affording 3d. In addition, small amounts of,
respectively, the 5-nitroimidazolyl and the triazol-4-yl
congeners were obtained and were isolated by column
chromatography. Benzylidene deprotection with 80%
acetic acid at 70 �C for 1 h afforded 4a,c,e in about
85% yield.4 Treatment of 3d with methanolic ammonia
produced the required amide 3e. Dimethoxytritylation
and phosphitylation afforded the required phosphorami-
dites 6a,c,e.5 However, phosphitylation of tritylated 5e
was complicated by additional phosphitylation of the
carboxamide, reducing the yield to 38%. Phosphityl-
ation of carboxamide moieties of heterocyclic bases
was described before as a possible complication.6 Stan-
dard oligonucleotide assembly, deprotection, and purifi-
cation by anion exchange chromatography, afforded the
desired oligonucleotides, which were characterized by
HPLC–MS as described before.7 While phosphitylation
of 5e was troublesome, assembly using the unprotected
carboxamide 6e, afforded flawless coupling upon
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Figure 1. Synthetic scheme for preparation of the new anhydrohexitol nucleoside analogs 4a,c,e and their respective amidites 6a,c,e. Reaction
conditions: (i) NaH / DMF, 60 �C, 1 h (1a: 5-nitroindazole; 1b: 4-nitroimidazole; 1c: 1,2,4-triazole-3-methylcarboxylate); (ii) add 2, DMF, T (3a 47%;
3b 35%; 3c 59%; 3d 45%); (iii) NH3/MeOH; (iv) AcOH 80%, 70 �C (4a 87%; 4c 83%; 4e 86% combined); (v) 4,4 0-dimethoxytrityl chloride (DMTrCl,
1.1 equiv), Py, 3 h (5a 87%; 5c 77%; 5e 80%); (vi) EtN(iPr)2, CH2Cl2, (iPr)2NP(Cl)OCH2CH2CN (6a 89%; 6c 77%; 6e 36%).
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monitoring via trityl analysis. Yields for the isolated oli-
gonucleotides (30–45 OD260) proved the same for the
different modifications. Smaller amounts of slower elut-
ing products, however, were noticed, especially with
multiple incorporation of the triazole carboxamide.

The base pairing properties of the analogs were exam-
ined by hybridizing the modified oligomers with natural
DNA strands carrying one of the four natural bases in
juxtaposition to the modification, using temperature-
dependent UV spectroscopy. Hereby, the spread in Tm

is given with Tm for the best hybridizing base minus
Tm for the least hybridizing base.

Compared to the DNA reference,7 introduction of one
of the new nucleosides (4a–c) in the sequence 5 0-
Table 1. Hybridization studiesa for the new anhydrohexitol analogs
(X) within the oligonucleotide duplex 5 0-d(CACCGXTGCTACC)-3 0/
3 0-d(GTGGCYACGATGG)-5 0

X Y = T A C G DTm
b Average Tm

c

T 46.8 57.0 44.4 50.9
A 57.4 46.6 44.7 53.5
4a 50.1 49.4 50.3 48.6 1.7 49.6
4c 42.5 43.4 42.7 50.1 7.6 44.7
4e 46.3 47.1 41.8 53.6 11.8 47.2
9 46.2 45.4 45.0 45.0 1.2 45.4

a Tm as determined by taking the first derivative of the melting curve by
slow heating and cooling (0.2 �C/min) in 0.1 M NaCl, potassium
phosphate (0.2 M, pH 7.5) EDTA (0.1 mM).

b The spread in Tm (DTm) is calculated as the Tm for the highest
melting complementary oligo minus the lowest melting one for each
specific modification.

c Average Tm versus the matched sequence A/T (57.4 �C).
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Figure 2. Structures for the acyclic nitroindazole congeners 7 and 9 and the
d(CACCGXTGCTACC)-3 0 led to moderately reduced
thermal stability of the resulting duplexes with the
respective natural complements (Table 1). Thus, with
introduction of 5-nitroindazole nucleoside analog (4a),
Tm values in the range of 48.6–50.3 �C were observed,
which proved to be the least destabilizing congener
among the newly tested compounds. In addition, it
showed the least spread in Tm values (DTm of 1.7 �C)
which is a prime requirement for a true universal nucleo-
side. With an average destabilization of 7.8 �C versus
the A/T matched sequence, this analog perfectly
matches the results for the acyclic nitroindazole analog
7 (DTm of 1.7 �C, average destabilization of 7.8 �C,
Fig. 2),6 as well as for the ribosylated 5-nitroindole ana-
log 8 (DTm of 1.0 �C, average destabilization of 8.1 �C).8

A shorter acyclic chain carrying the nitroindazole base
under the form of the glycol nucleic acid analogue 9,
was evaluated as well and was prepared9 in analogy with
the report of Zhang et al.10 The higher flexibility of acy-
clic 7 presumably allows optimal positioning of the base
analog, where this seems counterbalanced by the re-
duced entropic penalty upon duplex formation for the
constrained anhydrohexitol 4a, affording the same over-
all outcome. In terms of ambiguity 9 performs even
slightly better with a DTm of only 1.2 �C. However, this
analog gives a larger decrease in hybridization tempera-
ture, probably as of the shorter chain length.

Analysis for a second sequence [5 0-d(AGTATTGX-
CCTA)-3 0] afforded the same overall picture with a
spread in Tm of 2.2 �C for congener 4a. Finally, the
self-complementary sequence [5 0-d(CGCXAATTY-
GCG)-3 0] reported before11 and comprising two points
NO2
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ribosylated 5-nitroindole 8.
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of modification per double stranded complex, was stud-
ied with X being one of the different new analogs. How-
ever, even under high salt conditions (1.0 M NaCl) a
mixture of hairpins and duplex structures prevailed, in
contrast with data reported for other modified
analogs.11
3. Conclusions

Three new anhydrohexitol nucleoside analogs were syn-
thesized, characterized, and incorporated into several
oligonucleotide sequences for thermal denaturation
studies. While all modifications destabilized the double
helix upon a single incorporation, 5-nitroindazole con-
gener 4a was the least destabilizing and showed the least
spread in Tm values and therefore is behaving almost
like a true ambiguous nucleoside analog comparable to
the commercially available 5-nitroindazole deoxyribo-
furanoside. The performance of 4a in sequencing and
for PCR primers is under study and is clearly important
in validating its final usefulness as a universal base.
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