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Letters
Synthesis of 1-(20-O-methyl-b-DD-ribofuranosyl)-5-nitroindole
and its phosphoramidite derivative
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Abstract—The synthesis of 1-(20-O-methyl-b-DD-ribofuranosyl)-5-nitroindole, a new nucleoside containing the universal base
5-nitroindole, and its phosphoramidite derivative for incorporation into oligonucleotides is described.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
The naturally occurring base hypoxanthine, as its ribo-
nucleoside or deoxyribonucleoside I has been used for
many years as a universal base analogue, that is an ‘inert
nucleotide’ forming isoenergetic base pairs with each of
the natural DNA bases (DNA nucleotide monomers).1;2

This has led to applications in primers3;4 and in probes
for hybridization.1;5;6 However, nucleotide I is not
indiscriminate in its base pairing properties and a wide
range of melting temperatures are found when it is
paired opposite the natural bases in duplexes,5;7 and
multiple incorporations of I often induce a large de-
crease in the stabilities of the duplexes formed between
these modified oligonucleotides and DNA comple-
ments.7 These drawbacks have encouraged many efforts
towards the discovery of new universal bases.8 Among
these, the 5-nitroindole 20-deoxyribonucleoside II was
found to be superior, giving more favourable duplex
stabilities and behaving indiscriminately towards each of
the four natural bases in duplex melting experiments
(Fig. 1).9

20-O-Methyl-RNA10;11 oligonucleotides are among the
preferred modifications for antisense oligonucleotides.
Their structure mimics the structure of RNA,12 and we
became interested in synthesizing the novel 5-nitroindole
20-O-methylribonucleoside III to evaluate the properties
of the 5-nitroindole base surrogate in an RNA-type
oligonucleotide. For synthetic reasons, that is the con-
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venience of not needing a protective group for the 20-
hydroxy group, we preferred the 20-O-methyl-RNA
derivative over the corresponding RNA derivative. To
our knowledge, only one publication from a Russian
group has dealt with the preparation of the ribo-ana-
logue of III.13 This synthetic sequence included glyco-
sylation of 2,3-dihydro-5-nitroindole with a protected
sugar, protection of the hydroxy groups, oxidation of
the heterocyclic base, separation of the two anomers and
finally complete deprotection. This process appeared
rather long and tedious to us and furthermore furnished
the RNA, and not the 20-O-methyl-RNA, derivative.
This letter reports the synthesis of the novel 20-O-
methyl-5-nitroindole ribofuranoside III and its phos-
phoramidite derivative suitable for incorporation into
oligonucleotides.

Bromination of tetra-O-acetyl-b-DD-ribofuranose 1 using
trimethylsilyl bromide provided the bromo sugar
derivative 2 as a mixture of the two anomers. The
sodium salt of 5-nitroindole was formed by the action of
sodium hydride on 5-nitroindole in acetonitrile, and was
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Scheme 1. Reagents and conditions: (a) TMSBr, CHCl3, 0 �C; (b) sodium salt of 5-nitroindole, CH3CN; (c) NH3, MeOH, 78% from 1, mixture of

diastereoisomers.
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14 R1 = DMT; R2 = H
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Scheme 2. Reagents and conditions: (a) Ref. 17; (b) CCl4, P(NMe2)3, THF, )80 �C; (c) sodium salt of 5-nitroindole, CH3CN; (d) TFA/H2O 9/1, 35%

from 7; (e) TIPDSCl2, pyridine, 60%; (f) BDDDP, MeI, CH3CN, 75%; (g) NEt3/3HF, THF, 95%; (h) DMTCl, pyridine, 80%; (i) ClP(N(i-

Pr)2)(OCH2CH2CN), DIPEA, CH2Cl2, 68%.
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then reacted with 2 following the same procedure as
reported by Loakes and Brown9 for the synthesis of the
corresponding 20-deoxyribo-analogue. Interestingly, this
procedure did not yield the expected ribofuranose 4, but
instead compound 5 was obtained as a mixture of two
diastereoisomers. This result can be explained by intra-
molecular attack of the adjacent 2-O-acetyl group on the
anomeric position to give intermediate 3, followed by
nucleophilic attack by the 5-nitroindolyl anion on the
carbon atom of the O2-carbonyl moiety and not the C1-
carbon as would be expected. Similar products have
been reported in the literature by reacting other het-
erocyclic bases with a protected O2-benzoylated pro-
tected sugar.14;15 The fully deacetylated compound 6 was
obtained by treatment of 5 with saturated methanolic
ammonia (78% from 1, mixture of diastereoisomers)
(Scheme 1). The structure of 6 was confirmed by high
resolution mass spectroscopy, 1H NMR, 13C NMR and
elementary analysis.16

In order to avoid the side reactions induced by the
presence of the participating 2-O-acetyl group of the
sugar moiety, the protected derivative 717 was selected as
starting material. After chlorination of ribofuranose 7
using CCl4 and P(NMe2)3 at low temperature,18 deriv-
ative 8 was reacted with the sodium salt of 5-nitroindole
under the same conditions as applied above furnishing
the protected 5-nitroindole ribofuranoside 9 and the
corresponding a-anomer (inseparable by silica gel col-
umn chromatography) in a yield of 35% (from 7; �2:3
mixture of anomers according to 1H NMR). This mix-
ture was treated with aqueous TFA to cleave the pro-
tecting groups giving, in quantitative yield, a mixture of
fully deprotected 1-(b-DD-ribofuranosyl)-5-nitroindole 10
and the corresponding a-anomer.19 In order to prepare
for O20-methylation, the 30- and 50-hydroxy groups of
nucleoside 10 (and its a-anomer) were protected by
reaction with 1,3-dichloro-1,1,3,3-tetraisopropyldisilox-
ane (TIPDSCl2) in pyridine to give the desired b-anomer
11 in 60% yield after column chromatographic separa-
tion from a mixture of the two anomers. Attempts to
O20-methylate nucleoside 11 using NaH/MeI, Ag2O/MeI
or DBU/MeI failed. However, the use of BDDDP/MeI20

provided the desired nucleoside in 75% yield. 1H NOE
experiments confirmed the b-DD-ribo configuration of
nucleoside 12.21 Cleavage of the silyl protective group
afforded 1-(20-O-methyl-b-DD-ribofuranosyl)-5-nitroin-
dole 13 in 95% yield.22 In order to obtain the desired
building block for automated oligonucleotide synthesis,
nucleoside 13 was selectively protected at the primary
hydroxy group using 4,40-dimethoxytrityl chloride
(DMTCl) in pyridine to give nucleoside 14 (80% yield),
which was phosphitylated using the standard method to
give the desired phosphoramidite derivative 15 in 68%
yield (Scheme 2).23

In conclusion, we have developed a viable route to the
novel 20-O-methyl-5-nitroindole ribofuranoside and its
phosphoramidite derivative suitable for automated oli-
gonucleotide synthesis. Incorporation of this RNA-type
5-nitroindole nucleoside into oligonucleotides and
evaluation of its potential as a universal base will be
reported in due course.
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