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Deoxyribonucleoside analogues bearing acetylene group at the pseudo-5 -position and azido group at the
pseudo-30-position have been synthesized by transglycosylation reaction of deoxythymidine analogue
with adenine, cytosine, and guanine nucleobases as nucleophiles. The structures of analogues were stud-
ied in crystalline state by X-ray crystallography as well as in solution phase by NMR spectroscopy and
showed the puckering conformations similar to the natural congeners.

� 2010 Elsevier Ltd. All rights reserved.
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Artificial oligonucleotides with non-natural backbones are an
important class of compounds that cannot be biologically degraded
but can be used as biological tools upon binding to the natural tar-
get strand of DNA. The oligonucleotide needs a sequence of four
different nucleobases to target the natural strand where four
deoxyribonucleosides, that is, deoxythymidine (dT), deoxyadeno-
sine (dA), deoxycytidine (dC), and deoxyguanosine (dG), are coding
genes in the complementary sequence.1 Recently, we have devel-
oped a triazole-linked analogue of DNA (TLDNA, Fig. 1) as a new
artificial oligonucleotide and demonstrated that the oligonucleo-
tide of 10-mer forms a stable double helix with a natural DNA
strand.2 However, the oligomer was synthesized only with dT
analogue and therefore targeted a poly-dA strand. In this Letter,
we report on the synthesis of analogues of the other deoxyribonu-
cleosides, dA, dC, and dG via transglycosylation reaction. Structural
analysis shows that the analogues have conformational flexibility
similar to the natural congeners.

As we have previously validated a method for the large-scale
synthesis of dT analogue 1,2 transglycosylation reaction3 seems a
straightforward route to the nucleobase diversity. Thus, the trans-
glycosylation of 1 with protected adenine 2A proceeded with cat-
alytic amount of Me3SiOTf in refluxing 1,2-dichloroethane to
afford the desired analogues 3A in moderate yield.4 The stereose-
lectivity of the glycosylation was similar to that of natural congen-
ers,3 and we obtained a-anomer (3A-a) in 29% yield and b-anomer
ll rights reserved.

: +81 22 795 6589.
be).
(3A-b) in 26% yield after the separation by middle pressure liquid
chromatography (MPLC; Scheme 1). Transglycosylation of 1 with
the other nucleobases (2C and 2G) also proceeded under similar
conditions, and the desired analogues 3C and 3G were obtained
in moderate yield, respectively.5 Although the anomers of dC ana-
logue 3C could not be chromatographically separated, benzoyla-
tion of amine residue of the base moiety led to the successful
MPLC separation (Eq. 1). Protecting groups of all the nucleosides
were removed under basic conditions to give the corresponding
nucleosides 5 in moderate to good yield (Scheme 2 and Supple-
mentary data). The structures of each anomer were first estab-
lished spectroscopically and later confirmed by X-ray analysis of
the single crystals (vide infra).
Natural DNA TLDNA

Figure 1. Structures of natural DNA, TLDNA, and dT analogue 1.
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Scheme 2. Deprotection of deoxyribonucleoside analogues.
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Scheme 1. Synthesis of deoxyribonucleoside analogues.
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With single crystals of dT 1, dA 5A, dC 5C, and dG 3G-b, the
structural analysis by X-ray crystallography unequivocally estab-
lished the structures and revealed the preferred conformations in
solid state. Representative molecular structures and the puckering
parameters are shown in Figure 2 (see Supplementary data for the
a-anomers). In all the analogues, the glycosidic linkage to the
nucleobase adopts anti conformations favorable for the base pair-
ing. The azido group preferred the geometry trans to the C20–C30

bond,6 which may help to free the group from steric hindrance
for the subsequent click coupling.2,7 Pyrimidine analogues (dT 1
and dC 5C) adopt two puckering conformations both with geome-
dT-1 1
(P = 142.9º, νmax = 32.5º)

dA 5A
(P = 23.3º, νmax = 3

dC-1 5C
(P = 156.6º, νmax = 26.1º)

dG 3G-β
(P = 10.6º, νmax = 3

(a)

Figure 2. (a) Representative molecular structures and the structural parameters of analo
viewed along the plane of C10–O40–C40 . One of the two conformers found for dT and dC
shown. Solvent molecules were omitted for clarity. Carbon: gray, hydrogen: white, nitrog
of analogues in the pseudorotational cycle where twist and envelope forms appear alter
tries in the South of pseudorotational cycle (S-type, 20-endo).3,8 On
the other hand, the puckering of purine analogues (dA 5A and dG
3G-b) was in the North (N-type, 30-endo).9

In solution, puckering conformations of b-anomers equilibrate
between S-type and N-type, as such observed with natural congen-
ers. Proton NMR spectra of b-analogues were recorded in DMSO at
room temperature (25 �C),10 and the puckering population was esti-
mated by Altona–Sundaralingam approximation using the vicinal
coupling constants (3J) of H10, H20 and H30, H40 (Table 1).1,11 Thus,
in all the analogues, the population of S-type conformer was slightly
higher than that of N-type and estimated as 56% for dT (1), 56% for dA
(3A-b), 53% for dC (4C-b), and 53% for dG (3G-b), respectively.

In summary, we have developed a method for the synthesis of
deoxyribonucleoside analogues bearing adenine, cytosine and
guanine nucleobases. All the analogues showed the puckering flex-
ibility similar to the natural congeners, which may help the duplex
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gues obtained by X-ray diffraction analysis of the single crystals. The structures are
is shown, respectively. The phase angle (P) and the puckering amplitude (mmax) are
en: blue, oxygen: red, and silicon: yellow. (b) Locations of puckering conformations
natively every 18�.



Table 1
Vicinal coupling constants and puckering population in DMSO

Analogue 3JH10 ,H20 (Hz) 3JH30 ,H40 (Hz) %South

1 (dT) 6.8 5.2 57
3A-b (dA) 7.2 5.6 56
4C-b (dC) 6.2 5.6 53
3G-b (dG) 6.4 5.6 53
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formation of the oligonucleotides. The puckering preference of the
new analogues may also be informative for the 30-azidonucleosides
of biological importance.12 With the library of four nucleoside ana-
logues, we can now design and synthesize functional TLDNA that
targets a specific natural complementary strand. In addition, the
transglycosylation reaction should be applicable to artificial nucle-
obases, and we will explore the scope in future.
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