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5’-Amino-2’,4’-BNA, a novel analogue of BNA series com-
pounds, was successfully synthesized, and its incorporated
oligonucleotides showed potent duplex- and triplex-forming
ability and resistance against snake venom phosphodies-
terase.

Inthelast decade the synthesis and eval uation of various nucleic
acid analogues have been devel oped for their practical antisense
and antigene applications.X-5> One promising chemical deriva-
tive of natural oligonucleotides is involved in the internucleo-
side linkage modifications. N3’ — P5’ phosphoramidate linked
oligonucleotides were known to show superior duplex- and
triplex-forming affinity because of the dominant N-type sugar
puckering which decreases the gauche effect between 3'-
nitrogen and 4’-oxygen by replacing from 3’-oxygen to
nitrogen, as well as excellent nuclease resistant ability.5-° On
the other hand, more easily preparable P’ — N5’ phosphor-
amidate can be cleaved at its phosphoramidate linkage under
mild acidic conditions,1© and this was applied to a novel
technology of DNA sequence-determination.1* However, oligo-
nucleotide P3' — N5’ phosphoramidates were reported to have
only weak binding affinity for complementary nucleic acid
strands, probably due to the difference in preferential sugar
conformation (Fig. 1).12-16

Recently, we achieved the synthesis of a novel nucleoside
with afixed N-type conformation, 2'-O,4’-C-methylene bridged
nucleic acid (2,4-BNA)17 and found that 2’,4’-BNA modified
oligonucleotides exhibited strong hybridizing ability with
complementary strands of RNA and DNA.18-20 Moreover,
these 2/,4-BNA oligonucleotides appeared to possess high
affinity for dsDNA .19-24

Therefore, we were interested in acombination of 2/,4’-BNA
and P3’ — N5’ phosphoramidate linkage to develop P3’ — NY’
phosphoramidate linked oligonucleotides having N-type sugar
puckering. We report here the synthesis, hybridizing properties
and enzymatic stability of novel oligonucleotide analogues with
a 5-amino-2',4-BNA monomer unit (Fig. 1).

The synthesis of the 5-amino-2’,4’-BNA modified oligonu-
cleotides is shown in Scheme 1. Starting material 125 was
coupled with silylated thymine to give 2. On exposure of 2 to
K>COg, bicyclic nucleoside 3 was obtained. Desilylation of 3
followed by mesylation provided 4, which underwent catalytic
reduction to afford 5. Reaction of 5with NaN3, and reduction of
an azide group gave the desired 5-amino-2’,4’-BNA 6; without
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Fig. 1 Structures of the modified oligonuclectides.

T Electronic supplementary information (ESI) available: acid-mediated
cleavage of modified or natural oligonucleotides. See http://www.rsc.org/
suppdata/cc/b3/b307290h/
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further purification, 6 was tritylated into 7, which was
phosphitylated to give amidite 8. By using 8 and natural amidite
building blocks, 5-amino-2’,4’-BNA modified oligonucleo-
tides 9-15 were successfully prepared according to a standard
phosphoramidite protocol.t

The duplex-forming ability of 5’-amino-2’,4’-BNA modified
oligonucleotides 9-11 with complementary ssDNA and ssRNA
was evaluated under near-physiological conditions by means of
melting temperature (T,,) experiments ( Table 1). Replacement
of natural nucleotides by 5-amino-2/,4-BNA resulted in
significant stabilization of the duplexes formed with both
complementary DNA and RNA, and increases in T,, per
modification by +2 to +5 °C towards DNA and +4 to +5 °C
towards RNA were observed. This increase in T, is roughly
comparable to that of the corresponding 2’,4’-BNA modified
oligonucleotides 16-18. Note that oligonucl eotides containing a
2/, 4-BNA unit and a P3’ — N5 phosphoramidate linkage
showed great affinity for complementary RNA and DNA, in
contrast with the decreasing stability of the duplex in the case of
P3’ — N5 phosphoramidate linked oligonucleotides having no
2’ 4-BNA framework.12

Next, the binding affinity of 5-amino-2’,4-BNA modified
oligonucleotides for homopurine-homopyrimidine dsDNA was
studied under neutral conditions with or without MgCl..
Although the T, vaues of 5-amino-2/,4-BNA modified
oligonucleotides 1214 were slightly lower than those of 2/,4’-
BNA modified oligonucleotides 19-21 (Table 2), the ATy,
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Scheme 1 Reagents and conditions: i, 2TMS-T, TMSOTf, CICH,CH,CI,
reflux, 97%; ii, K,COs, MeOH, r.t., 94%; iii, TBAF, THF, r.t., 92%; iv,
MSsCI, pyridine, r.t., 99%; v, Pd(OH),/C, cyclohexene, EtOH, reflux, 98%;
vi, NaN3, DMF, 100 °C, quant.; vii, PPhs, pyridine, r.t., then NH,OH aq.,
rt; viii, MMTrCI, pyridine, rt., 87% over 2 seps, ix, (i-
ProN),POCH,CH,CN, diisopropylammonium tetrazolide, MeCN—THF,
r.t., 90%; x, DNA synthesizer (AB Expedite™ 8909).
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Table 1 Ty, values of 5-amino-2',4’-BNA modified oligonucleotides with
complementary DNA and RNA2

Tm (AT/modification)/°C

Oligonucleotide DNA RNA
5-GCGTTTTTTGCT-3 47 45
5-GCGTTTTTTGCT-3'(9) 52 (+5) 50 (+5)
5-GCGTTTTTTGCT-3/(10) 52 (+3) 54 (+5)
5-GCGTTTTTTGCT-3'(11) 53 (+2) 58 (+4)
5-GCGTTtTTTGCT-3'(16) 53 (+6) 52 (+7)
5-GCGTTtTtTGCT-3/(17) 54 (+4) 57 (+6)
5-GCGtTtTtTGCT-3/(18) 56 (+3) 62 (+6)

aUV melting profiles measured in 10 mM sodium phosphate buffer (pH
7.2) containing 100 mM NaCl at ascan rate of 0.5 °C min—1 at 260 nm. The
concentration of oligonucleotide used was 4 uM for each strand. The
sequence of target DNA or RNA complementsis 5-AGCAAAAAACGC-
3. T: 5-amino-2’,4-BNA with thymine. t: 2/,4-BNA with thymine.

values per modification of 12—14 were over 7 °C higher than
those of the natura oligonucleotide.

Table 2 Ty, values of 5-amino-2',4-BNA modified oligonucleotides with
dsDNAa

Tm (AT/modification)/°C

Oligonucleotide —MgCl,  +10 mM MgCl,
5-TTTTTMCTTTmCTmCT™CT-3 32 42
5-TTTTTCTTTMCT™CTMCT-3 (12) 40 (+8) 50 (+8)
5-TTTTTCTTTMCTMCT™CT-3 (13) 45 (+7) 57 (+8)
5-TTTTTMCTTTMCT™CTMCT-3 (14) 52 (+7) 64 (+7)
5-TTTTTMCTtTMCTMCTMCT-3 (19) 42 (+10) 52 (+10)
5-TTTTTMCTtTMCtmCT™CT-3 (20) 48 (+8) 60 (+9)
5-TTTTtmCTtTMCtmCTMCT-3 (21) 56 (+8) 70 (+9)

aUV melting profiles were 7 mM sodium phosphate buffer (pH 7.0)
containing 140 mM KCI at a scan rate of 0.5 °C min—1 at 260 nm. The
concentration of oligonucleotide used was 1.5 uM for each strand. The
sequence of target dsDNA is 5-GCTGCTAAAAAGAAAGAGA-
GATCGTCG-3/3-CGACGATTTTTCTTTCTCTCTAGCAGC-5. T: 5-
amino-2',4-BNA with thymine. t: 2/,4’-BNA with thymine. ™C: 2’-deoxy-
5-methylcytidine.

The nuclease-resistance of 5-amino-2',4-BNA modified
oligonucleotide 15 against 3’-exonuclease (snake venom phos-
phodiesterase, SVPDE) was compared with that of natural
oligothymidilate 22 and 2’,4’-BNA modified oligonuclectide 23
(Fig. 2). The degradation of oligonucleotides was analyzed by
reversed-phase HPLC analysis, and was determined by the
percentage of full-length oligonucleotides at several time
points. Although natural oligonucleotide 22 was immediately
digested within 5 min, 50% of 5-amino-2’,4-BNA modified
oligonucleotide 15 was unchanged after 40 min (Fig. 2). In
addition, the nuclease-resistance of 5’-amino-2’,4’-BNA mod-
ified oligonucleotide 15 wasfound to be superior to that of 2/,4’-
BNA oligonucleotide 23.
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Fig. 2 Enzymatic stability of modified oligonucleotides (5-TTTTTTTTTX-
3, X: natural T (22) (open circles), 2/,4-BNA T (23) (triangles) or 5'-
amino-2/,4-BNA T (15) (closed circles)) against SVPDE. Hydrolysisof the
oligonucleotides (10 ng) was carried out at 37 °C in a buffer (320 ul)
containing 50 mM Tris-HCI (pH 8.0), 10 mM MgCl, and SVPDE (0.05

ug).

5-Amino-2’,4’-BNA modified oligonucleotide 15 was read-
ily cleaved under mild acidic condtions, while the correspond-
ing natural (22) and 2’,4’-BNA modified (23) oligonucleotides
were quite stable under the same conditions (ESI ).

In conclusion, the synthesis of 5’-amino-2/,4’-BNA monomer
and its modified oligonucleotides was successfully accom-
plished. The modified oligonucleotides showed great properties
of hybridization to sSDNA, ssRNA and dsDNA, along with
resistance to enzymatic degradation. We also confirmed that 5'-
amino-2’,4-BNA modified oligonuclectide can be cleaved
under mild acidic condtions. These properties of 5’-amino-2',4'-
BNA modified oligonucleotides would be useful not only for
antisense/antigene applications but a so for many novel technol-
ogies in the post-genome-segquencing era.
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Notes and references

¥ The coupling yields for attachment of amidite 8, determined by a trityl
monitor, were >94%. The synthesized oligonucleotides were purified by
reversed-phase HPL C, and the compositions were determined by MALDI-
TOF-MS: 9 [M — H]~ 3659.50 (calc. 3659.45); 10 [M — H]— 3686.56
(calc. 3686.47); 11 [M — H]— 3713.70 (calc. 3713.50); 12 [M — H]—
4523.63 (calc. 4523.09); 13 [M — H]— 4550.33 (calc. 4550.11); 14 [M —
H]— 4577.95 (calc. 4577.14); 15 [M — H]— 3006.37 (calc. 3006.08).
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