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ABSTRACT

The first synthesis of constrained altritol nucleic acids (cANA) containing antisense oligonucleotides (ASOs) was carried out to ascertain how
conformationally restricting the D-altritol backbone-containing ASO (Me-ANA) would affect their ability to form duplexes with RNA. It was found
that the thermal stability was reduced (cANA/RNA�1.1 �C/modification) compared to DNA/RNA, suggesting the constrained system results in a
small destabilizing perturbation in the duplex structure.

Some antisense oligonucleotides (ASOs)1 modified with
monomers having a conformationally constrained pento-
furanosyl sugar show an increase in binding affinity with
their complementary mRNA; this has been well documen-
ted in the case of LNA (1, Figure 1).2�6 LNA can be
thought of as a conformationally restricted 20-OMeRNA,
where the methyl group is constrained to the 40-position,
thereby locking it into its ‘northern’ conformation. When
incorporating this conformational restricted 20-OMeRNA,
i.e. LNA, into an ASO, a large increase in affinity is
observed when paired with complementary RNA. This

observation also holds for a variety of other conformation-
ally restricted analogs, such as cEt-BNA (2),7R-LNA,8 and
ENA.9

Herdewijn et al. have been studying anhydrohexitol-
based oligonucleotides, where the pyranosyl ring system is
replaced with a hexitol ring system.10�16 The parent in this
series is hexitol nucleic acid (3, HNA), which was incorpo-
rated into anASOand reported to possess a strong binding
affinity when duplexed with RNA, in addition to many
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interesting biological properties.12 An improvement in hy-
bridizationwas also demonstrated for D-altritol nucleic acids
(4, ANAs) and its methylated analog (5, Me-ANA).13,17

Due to the reported strong affinity that altritol nucleic acids
have toward RNA,14 we sought to discover if we could
conformationally restrict the sugar moiety in an analogous
manner to the pentofuranosyl sugars to further increase the
affinity in the altritol class of nucleoside analogs. Toward
this end, we prepared an ASO containing a constrained
ANA monomer (6, cANA) and ascertained its biophysical
properties.

The synthesis of amidites suitable forASO incorporation,
18 and 19, began with the widely available and inexpensive
diacetone glucose 7 (Scheme1).Conversion to the protected
hexitol (8) was carriedout by a slightmodificationof known
methods.18,19 A subsequent deoxygenation of compound 8

at the anomeric position was achieved by converting the
anomeric acetate to its corresponding chloride with HCl
followed by a reduction of the R-chloride under radical
conditions, deacetylation with methanolic ammonia, and
4,6-benzylidine formation to give the monoprotected diol
(9) in 30% yield over four steps.20 The 2-methylnapthyl
group (Nap) was removed with DDQ in aqueous DCM in
81% yield, followed by bis-tosylation, and then selective
hydrolysis gave the monotosylated alcohol 11 in 61% yield
over two steps.21

Treatment of compound 11with sodiumhydride rapidly
gave epoxide 12 in a 91% yield, which was converted into
the alcohol 13 by an ozonolysis�borohydride reduction
sequence. Our key intermediate, 13, could then be coupled

to uracil or thymine by an epoxide ring-opening reaction
under sodium salt conditions to give the corresponding
nucleoside, 14a and 14b, in 52% and 69% yields,

Scheme 1

Figure 1. Several modified nucleic acid monomers.

Scheme 2
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respectively (Scheme 2). Tosylation of the primary hydro-
xyl followed by ring closure gave the corresponding pro-
tected, constrained nucleosides 15a and 15b.
It is known that the 5-methyl analog of ANA possesses

a higher Tm than the 5-unsubstituted analog; therefore,
we sought to further transform the thymidine derivative
(i.e., 15b) into an amidite suitable forASO synthesis forTm

studies while using 15a for X-ray crystallography studies
(Figure 2).WhileX-ray analysis unambiguously confirmed
the structure of the uracil derivative, the thymine derivative
was assigned by its nearly identical NMR spectra. With
the structure of 15b verified, we removed the benzylidine to
give the unprotected nucleoside 16 in quantitative yield,
installed a DMTr group at the 50-position in 78% yield,
and followed this by conversion into the T and MeC
amidites using well-known and previously reported
methodology.7 We were able to obtain both phosphorami-
dites of the pyrimidine analogs in quantities sufficient for
Tm studies.

The synthesis of the ASO was carried out (mCTTAG-
CACTGGCmCT), and the Tm of this ASO duplex with
complementary RNA was determined using previously
reported procedures.7 As shown in Table 1, the cANA
ASO (20) Tm was reduced by �1.1 �C/modification com-
pared toDNA(23), while theHNA(22) andMe-ANA(21)

were stabilizing, resulting in 1.6 �C/mod and 0.1�/mod,
respectively.
To explain the destabilizing behavior of the cANA

incorporation, we speculated that the conformation of
the cANA monomer in the duplex differs somewhat from
that ofMe-ANA.Recently, it has been suggested that very
slight perturbations in the lean of the nucleobase or the
rotation angle of the glycosidic bond axis can result in a
large destabilizing effect.22 While the crystal structure of
15a suggests that a nearly perfect overlay with Me-ANA
or HNA is possible, it is also likely that the addition of
the 30,50-CH2O- bridge may introduce additional steric
effects modifying the preferred conformation. As shown
in Figure 3a, the Me-ANA monomer prefers to adopt
a conformation that situates the nucleobase in an axial
orientation which is necessary for Watson�Crick base
pairing in the duplex. However, as seen in Figure 3b, an
additional 1,6 steric interaction could render this confor-
mation undesirable, with the six-membered ring adopting
the preferred chair conformation, while the outer seven-
membered prefers a chair or twist-chair conformation. This
would situate the nucleobase in an equatorial position,
preferentially, resulting in a destabilizing, rather than sta-
bilizing, effect in the context of the ASO/RNA duplex.
Additionally, in the case ofMe-ANA, themethyl group lies
‘outside’ the main pyranosyl ring, whereas in the con-
strained system themethyl group lies ‘underneath’ the ring.
This gives rise to additional steric bulk being added under-
neath the pyranosyl ring which may be unfavorable within
the duplex structure.

In conclusion, we were able to report the first synthesis
of a constrained altritol nucleoside and incorporate it into
an ASO to determine that it is a destabilizing modification
as compared to the unconstrained hexitol nucleic acids.
Additional work will need to be carried out to determine
the precise nature of the destabilizing effect of cANA
and determine if alternative modes of conformational

Figure 2. Structure of compound 15a from crystal structure
coordinates.

Table 1. Biophysical Data of ASOs Containing Me-ANA,
HNA, and cANA Modificationsa

no. sequences (50-30) chemistry

Tm

(�C)

20 d(mCB1TB1TAGCACTGGCmCB1TB1) cANA 44

21 d(CAUATAGCACTGGCCAUA) Me-ANA23 48.9

22 d(mCHTHTAGCACTGGCmCHTH) HNA23 54.9

23 d(CTTAGCACTGGCCT) DNA 48.5

aAll internucleosidic linkages are phosphorothioate, mCB1= cANA-
5-methyl-cytidine, TB1 = cANA thymidine, CA = 30-O-methyl-ANA-
cytidine, UA = 30-O-methyl-ANA-cytidine uridine, mCH = HNA-5-
methylcytidine, TH = HNA-5-methylcytidine.

Figure 3. Conformational analysis ofMe-ANA (a) and cANA (b).
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constraint will result in a stabilizing effect when paired
with RNA.
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