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ABSTRACT

It is an object of the present invention to provide a novel molecule for
antisense therapies which is not susceptible to nuclease degradation in vivo and has a
high binding affinity and specificity for the target mRNAs and which can efficiently
regulate expression of specific genes. The novel artificial nucleoside of the present
invention has an amide bond introduced into a bridge structure of 2, 4 -BNA/LNA.
The oligonucleotide containing the 2, 4’ -bridged artificial nucleotide has a binding
affinity for a single-stranded RNA comparable to known 2’, 4 -BNA/LNA and has an
increased nuclease resistance over LNA. Particularly, it is expected to be applied to
nucleic acid drugs because of its much stronger binding affinity for single-stranded
RNAs than S-oligo’s affinity
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DESCRIPTION
BRIDGED ARTIFICIAL NUCLEOSIDE AND NUCLEOTIDE

Technical Field

[0001] The present invention relates to novel bridged artificial nucleosides and
nucleotides. More specifically, the invention relates to the bridged artificial
nucleosides and nucleotides having high binding affinities to single-stranded RNAs

and high nuclease resistance.

Background Art

[0002] Treatments of disorders using nucleic acid drugs include antisense therapies,
antigene therapies, aptamers, VsiRNAs and the like. An antisense therapy is the
procedure for treatment or prevention of diseases involving inhibiting a translation
process of pathogenic RNAs by externally introducing disease-associated mRNAs and
their complementary oligonucleotides (antisense strands) to form the double strands.
SiRNAs have the similar mechanism as the antisense therapies, involving inhibiting
translation from mRNAs to proteins by administration of double-stranded RNAs to
the body. Meanwhile, in the antigene therapies, transcription of DNA to RNA is
inhibited by externally introducing triple-strand-forming oligonucleotides
corresponding to the DNA sites transcribed into the pathogenic RNA. Aptamers,
which are small nucleic acid molecules (oligonucleotides), exert their functions by
binding to disease-related biological components, such as proteins.

[0003] Although various artificial nucleic acids has been developed as materials for
such nucleic acid drugs, there has not been found ideal molecules yet. For example,
the materials developed for nucleic acid drugs to date include S-oligo
(phosphorothioate), 2, 4 -BNA (bridged nucleic acid)/ LNA (locked nucleic acid) (See
Patent Documents 1 to 3 and Non-patent Documents 1 to 4). S-oligo is commercially
available as an antisense drug for cytomegalovirus in United States. While this drug
has a high nuclease resistance, it has a problem to be improved concerning about its
low binding affinity to the target nucleic acid strands. Every 2, 4 -BNA/LNAs which
have ever been developed have high binding affinities to their target nucleic acid
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strands and they are the most promising molecules as the materials for the future
nucleic acid drugs. However, they still remain to be improved with regard to their

nuclease resistance which is not enough to be stable in vivo.

Prior Art Documents
Patent Documents
[0004] Patent Document 1: WO98/39352

Patent Document 2: W02005/021570

Patent Document 3: WO2003/068795
Non-Patent Documents
[0005] Non-Patent Document 1: C. Wahlestedt et al., Proc. Natl. Acad. Sci. USA, 2000,
Vol. 97, No. 10, pp. 5633-5638.

Non-Patent Document 2: Y. Hari et al., Bioorg. Med. Chem., 2006, Vol. 14, pp.
1029-1038.

Non-Patent Document 3: K. Miyashita et al., Chem. Commun., 2007, pp.
3765-37617.

Non-Patent Document 4: S.M.A. Rahman et al., J. Am. Chem. Soc., 2008, Vol.
130, No. 14, pp. 4886-4896.

Non-Patent Document 5: M. Kuwahara et al., Nucleic Acids Res., 2008, Vol. 36,
No. 13, pp. 4257-4265.

Non-Patent Document 6: S. Obika et al., Bioorg. Med. Chem., 2001, Vol. 9, pp.
1001-1011.

Summary of Invention

Problems to be Solved by the Invention

[0006] 1t is desired to develop a novel molecule for antisense therapies which is not
susceptible to nuclease degradation in vivo and has a high binding affinity and
specificity for the target mRNAs and which can efficiently regulate expression of
specific genes.

Means for Solving the Problems

[0007] The inventors have found that the novel bridged artificial nucleic acids having
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both of a good binding affinity for a single-stranded RNA and a nuclease resistance can
be provided by introducing an amide bond into a bridge structure of 2, 4 -BNA/LNA
and have reached to the present invention.

[0008] The present invention provides compounds represented by the following
formula I or formula IT and salts thereof:

[0009]
Base

()

[0010]

Base
R30

( . x (In
RZO\CH:_ N

O R
[0011] (wherein,

Base represents a purin-9-yl group or a 2-oxo-1,2-dihydropyrimidin-1-yl group
that may have any one or more substituents selected from group a, wherein the group
a consists of a hydroxyl group, a hydroxyl group protected with a protecting group for
nucleic acid synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group protected with
a protecting group for nucleic acid synthesis, linear alkylthio groups having 1 to 6
carbon atoms, an amino group, linear alkylamino groups having 1 to 6 carbon atoms,
an amino group protected with a protecting group for nucleic acid synthesis and
halogen atoms;

R! represents a hydrogen atom, an alkyl group having 1 to 7 carbon atoms
that may be branched or form a cyclic group , an alkenyl group having 2 to 7 carbon
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atoms that may be branched or form a cyclic group, an aryl group h
aving 3 to 12 carbon atoms that may have any one or more substitu
ents selected from the group a and may contain heteroatoms, an aral
kyl group with an aryl moiety having 3 to 12 carbon atoms that ma
y have any one or more substituents selected from the group a and
may contain heteroatoms, or a protecting group for an amino group
on nucleic acid synthesis;

R? and R3 represents, each independently, a hydrogen atom,
a protecting group for a hydroxyl group on nucleic acid synthesis, an
alkyl group having 1 to 7 carbon atoms that may be branched or for
m a cyclic group, an alkenyl group having 2 to 7 carbon atoms that
may be branched or form a cyclic group, an aryl group having 3 to
12 carbon atoms that may have any one or more substituents selecte
d from the group a and may contain heteroatoms, an aralkyl group
with an aryl moiety having 3 to 12 carbon atoms that may have any
one or more substituents selected from the group a and may contain
heteroatoms, an acyl group that may have any one or more substitu
ents selected from the group a, a silyl group that may have any one
or more substituents selected from the group a, a phosphate groupt
hat may have any one or more substituents selected from the groupa,
a phosphate group protected with a protecting group for nucleic acid
synthesis, -P (R4 R5 (wherein R* and R5 represent, each independen
tly, a hydroxyl group, a hydroxyl group protected with a protecting g
roup for nucleic acid synthesis, a mercapto group, a mercapto group
protected with a protecting group for nucleic acid synthesis, an amin
o group, an alkoxy group having 1 to 5 carbon atoms, an alkylthio g

roup having 1 to 5 carbon atoms, an cyanoalkoxy group having 1 to

8824448_1
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4a

6 carbon atoms or an amino group substituted with an alkyl group h
aving 1 to 6 carbon atoms.);

X represents an oxygen atom, a sulfur atom, an amino group
or a methylene group;

m is an integer from 0 to 2; and

n is an integer from 0 to 1).
[0011A] In a first aspect, the present invention provides a compound

represented by the following formula I or formula II or a salt there

of:
Base
R30

( (D

R2O )
Base
R30
(@)
( : X (1)
2 \%_N
R0 O R!

wherein,

Base represents a purin-9-yl group or a 2-ox0-1,2-
dihydropyrimidin-1-yl group that may have any one or more substituents
selected from group a, wherein the group a consists of a hydroxyl group, a
hydroxyl group protected with a protecting group for nucleic acid
synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group

protected with a protecting group for nucleic acid synthesis, linear

8824448_1
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alkylthio groups having 1 to 6 carbon atoms, an amino group, linear
alkylamino groups having 1 to 6 carbon atoms, an amino group protected
with one or more protecting groups for nucleic acid synthesis and halogen
atoms:;

R! represents a hydrogen atom, an alkyl group having 1 to 7
carbon atoms that may be branched or form a cyclic group , an alkenyl
group having 2 to 7 carbon atoms that may be branched or form a cyclic
group, an aryl group having 3 to 12 carbon atoms that may have any one
or more substituents selected from the group a and may contain
heteroatoms, an aralkyl group with an aryl moiety having 3 to 12 carbon
atoms that may have any one or more substituents selected from the
group a and may contain heteroatoms, or a protecting group for an amino
group on nucleic acid synthesis;

R% and R3 represents, each independently, a hydrogen atom, a
protecting group for a hydroxyl group on nucleic acid synthesis, an alkyl
group having 1 to 7 carbon atoms that may be branched or form a cyclic
group, an alkenyl group having 2 to 7 carbon atoms that may be branched
or form a cyclic group, an aryl group having 3 to 12 carbon atoms that
may have any one or more substituents selected from the group a and
may contain heteroatoms, an aralkyl group with an aryl moiety having 3
to 12 carbon atoms that may have any one or more substituents selected
from the group a and may contain heteroatoms, an acyl group that may
have any one or more substituents selected from the group a, a silyl group
that may have any one or more substituents selected from the group a, a
phosphate group that may have any one or more substituents selected
from the group a, a phosphate group protected with one or more
protecting groups for nucleic acid synthesis, -P(RY)R? (wherein R* and R?
represent, each independently, a hydroxyl group, a hydroxyl group
protected with a protecting group for nucleic acid synthesis, a mercapto
group, a mercapto group protected with a protecting group for nucleic acid

synthesis, an amino group, an alkoxy group having 1 to 5 carbon atoms,

8824448_1
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an alkylthio group having 1 to 5 carbon atoms, an cyanoalkoxy group
having 1 to 6 carbon atoms or an amino group substituted with one or
more alkyl groups having 1 to 6 carbon atoms);
X represents an oxygen atom, a sulfur atom, or an amino group;
m is an integer from 0 to 2; and

n is an integer from 0 to 1.
[0012] In one embodiment, the Base in the formula I or formula II is a 6-a
minopurin-9-yl group, a 2,6-diaminopurin-9-yl group, a 2-amino-6-chloropurin-9
-yl group, a 2-amino-6-fluoropurin-9-yl group, a 2-amino-6-bromopurin-9-yl gro
up, a 2-amino-6-hydroxypurin-9-yl group, a 6-amino-2-methoxypurin-9-yl group,
a6-amino-2-chloropurin-9-yl group, a 6-amino-2-fluoropurin-9-yl group, a 2,6-d
imethoxypurin-9-yl group, a 2,6-dichloropurin-9-yl group, a 6-mercaptopurin-9-y
1 group, a 2-oxo-4-amino-1,2-dihydropyrimidin-1-yl group, a 4-amino-2-oxo-5-fl
uoro-1,2-dihydropyrimidin-1-yl group, a 4-amino-2-oxo-5-chloro-1,2-dihydropyri
midin-1-yl group, a 2-o0xo-4-methoxy-1,2-dihydropyrimidin-1-yl group, a 2-oxo-
4-mercapto-1,2-dihydropyrimidin-1-yl group, a 2-oxo-4-hydroxy-1,2-dihydropyrim
idin-1-yl group (uracilyl group), a 2-oxo-4-hydroxy-5-methyl-1,2-dihydropyrimid
in-1-yl group (thyminyl group) or a 4-amino-5-methyl-2-oxo0-1,2-dihydropyrimid
in-1-yl group.
[0013] In one embodiment, the R' in the formula I or formula II is a hydr
ogen atom, a methyl group, an ethyl group, an n-propyl group, an isopropyl g
roup, a phenyl group or a benzyl group.
[0014] In one embodiment, the m in the formula I is O.
[0015] In one embodiment, the n in the formula II is O.
[0016] In one embodiment, the Base in the formula I or formula II is a 2-
0x0-4-hydroxy-5-methyl-1, 2-dihydropyrimidin-1-yl group (thyminyl group).
[0016A] In a second aspect, the present invention provides an oligonucl

eotide containing at least one nucleoside structure represented by the

8824448_1
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4d

following formula III or formula IV or pharmacologically acceptable s

alts thereof:

Base
—O0
O
( (1)
N
m \C/ \R1
0 &

Base

wherein

Base represents a purin-9-yl group or a 2-ox0-1,2-
dihydropyrimidin-1-yl group that may have any one or more substituents
selected from group a, wherein the group a consists of a hydroxyl group, a
hydroxyl group protected with a protecting group for nucleic acid
synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group
protected with a protecting group for nucleic acid synthesis, linear
alkylthio groups having 1 to 6 carbon atoms, an amino group, linear
alkylamino groups having 1 to 6 carbon atoms, an amino group protected
with one or more protecting groups for nucleic acid synthesis and halogen
atoms;

R! represents a hydrogen atom, an alkyl group having 1 to 7
carbon atoms that may be branched or form a cyclic group, an alkenyl

group having 2 to 7 carbon atoms that may be branched or form a cyclic

8824448_1
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group, an aryl group having 3 to 12 carbon atoms that may have any one
or more substituents selected from the group a and may contain
heteroatoms, an aralkyl group with an aryl moiety having 3 to 12 carbon
atoms that may have any one or more substituents selected from the
group a and may contain heteroatoms, or a protecting group for an amino
group on nucleic acid synthesis;

X represents an oxygen atom, a sulfur atom, or an amino group;

m is an integer from 0 to 2; and

n is an integer from 0 to 1.
[0017] The present invention also provides oligonucleotides containing at lea
st one nucleoside structure represented by the following formula III or formula

IV or pharmacologically acceptable salts thereof:

[0018]
Base
—O0
O
( (1)
S~ /N\
0 &

[0019]

8824448_1
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(IV)

[0020] (wherein

Base represents a purin-9-yl group or a 2-oxo-1,2-dihydropyrimidin-1-yl group
that may have any one or more substituents selected from group a, wherein the group
a consists of a hydroxyl group, a hydroxyl group protected with a protecting group for
nucleic acid synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group protected with
a protecting group for nucleic acid synthesis, linear alkylthio groups having 1 to 6
carbon atoms, an amino group, linear alkylamino groups having 1 to 6 carbon atoms,
an amino group protected with a protecting group for nucleic acid synthesis and
halogen atoms;

R! represents a hydrogen atom, an alkyl group having 1 to 7 carbon atoms
that may be branched or form a cyclic group, an alkenyl group having 2 to 7 carbon
atoms that may be branched or form a cyclic group, an aryl group having 3 to 12
carbon atoms that may have any one or more substituents selected from the group a
and may contain heteroatoms, an aralkyl group with an aryl moiety having 3 to 12
carbon atoms that may have any one or more substituents selected from the group a
and may contain heteroatoms, or a protecting group for an amino group on nucleic acid
synthesis;

X represents an oxygen atom, a sulfur atom, an amino group or a methylene

group;
m is an integer from O to 2; and
n is an integer from 0 to 1.).
Effects of Invention

[0021] According to the present invention, novel 2, 4’ -bridged artificial nucleosides
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and nucleotides are provided. The oligonucleotide containing the 2, 4" -bridged

artificial nucleotide has a binding affinity for a single-stranded RNA comparable to
known 2, 4 -BNA/LNA and has an increased nuclease resistance over LNA.

Particularly, it is expected to be applied to nucleic acid drugs because of its much
stronger binding affinity for single-stranded RNAs than S-oligo’s affinity.

Brief Description of Drawings
[0022] [Fig. 1] FIG.1 is a graph illustrating a time course of remaining ratio of

various oligonucleotides when digesting them with exonuclease.

Mode for Carrying Out the Invention

[0023] The following definitions shall apply throughout the specification and the
appended claims.

[0024] The term "linear alkyl group having 1 to 6 carbon atoms", as used herein,
refers to any linear alkyl group having 1 to 6 carbons and specifically a methyl group,
an ethyl group, an n-propyl group, an n-butyl group, an n-pentyl group or an n-hexyl
group.

[0025] The term "linear alkoxy group having 1 to 6 carbon atoms", as used herein,
encompasses alkoxy groups having any linear alkyl group having 1 to 6 carbon atoms.
The linear alkoxy groups include a methyloxy group, an ethyloxy group, an
n-propyloxy group and the like.

[0026] The term "linear alkylthio group having 1 to 6 carbon atoms", as used herein,
encompasses alkylthio groups with any linear alkyl group having 1 to 6 carbon atoms.
The linear alkylthio groups include a methylthio group, an ethylthio group, an
n-propylthio group and the like.

[0027] The term "linear alkylamino group having 1 to 6 carbon atoms", as used
herein, encompasses alkylamino groups containing one or two alkylamino groups with
any linear alkyl group having 1 to 6 carbon atoms. The linear aJkylamino groups
include a methylamino group, a dimethylamino group, an ethylamino group, a
methylethylamino group, a diethylamino group and the like.

[0028] The term "an alkyl group having 1 to 7 carbon atoms that may be branched or
form a cyclic group", as used herein, encompasses any linear alkyl groups having 1 to 7
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carbon atoms, any branched alkyl groups having 3 to 7 carbon atoms and any cyclic
alkyl groups having 3 to 7 carbon atoms. It may be simply referred to as "lower alkyl
group”". For example, the linear alkyl groups having 1 to 7 carbon atoms include a
methyl group, an ethyl group, an n-propyl group, an n-butyl group, an n-pentyl group,
an n-hexyl group and an n-heptyl group; the branched alkyl groups having 3 to 7
carbon atoms include an isopropyl group, an isocbutyl group, a tert-butyl group, an
i1sopentyl group and the like; and the cyclic alkyl groups having 3 to 7 carbon atoms
include a cyclobutyl group, a cyclopentyl group, a cyclohexyl group and the like.

[0029] The term "an alkenyl group having 2 to 7 carbon atoms that may be branched
or form a cyclic group", as used herein, encompasses any linear alkenyl groups having
2 to 7 carbon atoms, any branched alkenyl groups having 3 to 7 carbon atoms and any
cyclic alkenyl groups having 3 to 7 carbon atoms. It may be simply referred to as
"lower alkenyl group". For example, the linear alkenyl groups having 2 to 7 carbon
atoms include an ethenyl group, a 1-propenyl group, a 2-propenyl group, a 1-butenyl
group, a 2-butenyl group, a 1-pentenyl group, a 2-pentenyl group, a 3-pentenyl group,
a 4-pentenyl group, a 1-hexenyl group and the like; the branched alkenyl groups
having 3 to 7 carbon atoms include an isopropenyl group, a 1-methyl-1-propenyl group,
a 1-methyl-2-propenyl group, a 2-methyl-1-propenyl group, a 2-methyl-2-propenyl
group, a 1-methyl-2-butenyl group and the like; and the cyclic alkenyl groups having 3
to 7 carbon atoms include a cyclobutenyl group, a cyclopentenyl group, a cyclohexenyl
group and the like.

[0030] The term "aryl group having 3 to 12 carbon atoms that may contain
heteroatoms", as used herein, encompasses any aromatic hydrocarbons having 6 to 12
carbon atoms and consisting of only hydrocarbons and any heteroaromatic compounds
having 3 to 12 caljbon atoms and ring structures containing heteroatoms (a nitrogen
atom, an oxygen atom or a sulfur atom). The aromatic hydrocarbons having 6 to 12
carbon atoms and consisting of only hydrocarbons include a phenyl group, a naphthyl
group, an indenyl group, an azulenyl group and the like; and the heteroaromatic
compounds having 3 to 12 carbon atoms and a ring structure containing heteroatoms
include a pyridyl group, a pyrrolyl group, a quinolyl group, an indolyl group, an
imidazolyl group, a furyl group, a thienyl group and the like.

[0031] The examples of the term "aralkyl group with an aryl moiety having 3 to 12
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carbon atoms that may contain heteroatoms", as used herein, include a benzyl group, a
phenethyl group, a naphthylmethyl group, a 3-phenylpropyl group, a 2-phenylpropyl
group, a 4-phenylbutyl group, a 2-phenylbutyl group, a pyridylmethyl group, an
indolylmethyl group, a furylmethyl group, a thienylmethyl group, a pyrrolylmethyl
group, a 2-pyridylethyl group, a 1-pyridylethyl group, a 3-thienylpropyl group and the
like.

[0032] The examples of the term "acyl group", as used herein, include aliphatic acyl
groups and aromatic acyl groups. Specifically, the examples of aliphatic acyl groups
include alkylcarbonyl groups such as a formyl group, an acetyl group, a propionyl
group, a butyryl group, an isobutyryl group, a pentanoyl group, a pivaloyl group, a
valeryl group, an isovaleryl group, an octanoyl group, a nonanoyl group, a decanoyl
group, a 3-methylnonanoyl group, a 8-methylnonanoyl group, a 3-ethyloctanoyl group,
a 3,7-dimethyloctanoyl group, an undecanoyl group, a dodecanoyl group, a tridecanoyl
group, a tetradecanoyl group, a pentadecanoyl group, a hexadecanoyl group, a
1-methylpentadecanoyl group, a 14-methylpentadecanoyl group, a
13,13-dimethyltetradecanoyl group, a heptadecanoyl group, a 15-methylhexadecanoyl
group, an octadecanoyl group, a 1-methylheptadecanoyl group, a nonadecanoyl group,
an eicosanoyl group and a heneicosanoyl group; carboxylated alkylcarbonyl groups
such as a succinoyl group, a glutaroyl group and an adipoyl group; lower halogeno
alkylcarbonyl groups such as a chloroacetyl group, a dichloroacetyl group, a
trichloroacetyl group and a trifluoroacetyl group; lower alkoxy lower alkylcarbonyl
groups such as a methoxyacetyl group; unsaturated alkylcarbonyl groups such as a
(E)-2-methyl-2-butenoyl group. The examples of aromatic acyl groups include
arylcarbonyl groups such as a benzoyl group, an a-naphthoyl group and a B-naphthoyl
group; halogenoarylcarbonyl groups such as a 2-bromobenzoyl group and a
4-chlorobenzoyl group; lower alkoxylated arylcarbonyl groups such as a
2,4,6-trimethylbenzoyl group and a 4-toluoyl group; lower alkoxylated arylcarbonyl
groups such as a 4-anisoyl group; carboxylated arylcarbonyl groups such as a
2-carboxybenzoyl group, 3-carboxybenzoyl group and a 4-carboxybenzoyl group;
nitrated arylcarbonyl groups such as a 4-nitrobenzoyl group and a 2-nitrobenzoyl
group; lower alkoxycarbonylated arylcarbonyl groups such as a 2-(methoxycarbonyl)
benzoyl group; arylated arylcarbonyl groups such as a 4-phenylbenzoyl group.
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Preferably the acyl group is a formyl group, an acetyl group, a propionyl group, a
butyryl group, an isobutyryl group, a pentanoyl group, a pivaloyl group or a benzoyl
group.

[0033] The examples of the term "silyl group", as used herein, include tri-lower
alkylsilyl groups such as a trimethylsilyl group, a triethylsilyl group, an
isopropyldimethylsilyl group, a t-butyldimethylsilyl group, a methyldiisopropylsilyl
group, a methyl di-t-butylsilyl group and a triisopropylsilyl group; tri-lower alkylsilyl
groups substituted with one or two aryl groups such as a diphenylmethylsilyl group, a
butyldiphenylbutylsilyl group, a  diphenylisopropylsilyl group and a
phenyldiisopropylsilyl group. Preferably the silyl group is a trimethylsilyl group, a
triethylsilyl group, a triisopropylsilyl group, a t-butyldimethylsilyl group or a
t-butyldiphenylsilyl group, more preferably a trimethylsilyl group.

[0034] The term "halogen atom", as used herein, includes, for example, a fluorine
atom, a chlorine atom, a bromine atom or an iodine atom. Preferably, the halogen
atom is a fluorine atom or a chlorine atom.

[0035] The term "protecting group" in phrases "a protecting group for an amino group
on nucleic acid synthesis", "protecting group for a hydroxyl group on nucleic acid
synthesis", "a hydroxyl group protected with a protecting group for nucleic acid
synthesis", "a phosphate group protected with a protecting group for nucleic acid
synthesis" and "a mercapto group protected with a protecting group for nucleic acid
synthesis", as used herein, is not limited to specific groups as far as the groups may
stably protect an amino group, a hydroxyl group, a phosphate group or a mercapto
group during nucleic acid synthesis. Specifically, the protecting groups refer to those
which are stable in acid or neutral condition and may be cleaved by chemical methods
such as hydrogenolysis, hydrolysis, electrolysis and photodissociation.  Such
protecting groups include, for exémple, lower alkyl groups, lower alkenyl groups, acyl
groups, a tetrahydropyranyl or a tetrahydrothiopyranyl group, a tetrahydrofuranyl or
a tetrahydrothiofuranyl group, a silyl group, lower alkoxymethyl groups, lower
alkoxylated lower alkoxymethyl groups, lower halogenoalkoxymethyl groups, lower
alkoxylated ethyl groups, halogenated ethyl groups, methyl groups substituted with
one to three aryl groups, "methyl groups substituted with one to three aryl groups with
the aryl ring substituted with a lower alkyl group, a lower alkoxy group, a halogen
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atom or a cyano group", lower alkoxycarbonyl groups, "aryl groups substituted with a
halogen atom, a lower alkoxy group or a nitro group”, "lower alkoxycarbonyl groups
substituted with a halogen atom or a tri-lower alkylsilyl group", alkenyloxycarbonyl
groups, "aralkyloxycarbonyl groups with aryl rings that may be substituted with a
lower alkoxy or a nitro group" and the like.

[0036] More specifically, the tetrahydropyranyl groups or tetrahydrothiopyranyl
groups include a tetrahydropyran-2-yl group, a 3-bromotetrahydropyran-2-yl group, a
4-methoxytetrahydropyran-4-yl group, a tetrahydrothiopyran-4-yl group, a
4-methoxytetrahydrothiopyran-4-yl group and the like. The tetrahydrofuranyl
groups or tetrahydrothiofuranyl groups include a tetrahydrofuran-2-yl group and a
tetrahydrothiofuran-2-yl group.  The lower alkoxymethyl groups include a
methoxymethyl group, a 1, 1-dimethyl-1-methoxymethyl group, an ethoxymethyl
group, a propoxymethyl group, an isopropoxymethyl group, a butoxymethyl group, a
t-butoxymethyl group and the like. The lower alkoxylated lower alkoxymethyl
groups include a 2-methoxyethoxymethyl group and the like. The lower halogeno
alkoxymethyl groups include a 2, 2, 2-trichloroethoxymethyl group, a bis
(2-chloroethoxy) methyl group and the like. The lower alkoxylated ethyl groups
include a 1-ethoxyethyl group, a 1-(isopropoxy) ethyl group and the like. The
halogenated ethyl groups include a 2, 2, 2-trichloroethyl group and the like. The
methyl groups substituted with one to three aryl groups include a benzyl group, an
a-naphthylmethyl group, a B-naphthylmethyl group, a diphenylmethyl group, a
triphenylmethyl group, an a-naphthyldiphenylmethyl group, a 9-anthrylmethyl group
and the like. The "methyl groups substituted with one to three aryl groups with aryl
rings substituted with a lower alkyl group, a lower alkoxy group, a halogen atom or a
cyano group" include a 4-methylbenzyl group, a 24,6-trimethylbenzyl group, a
3,4,5-trimethylbenzyl group, a 4-methoxybenzyl group, a
4-methoxyphenyldiphenylmethyl group, a 4,4-dimethoxytriphenylmethyl group, a
2-nitrobenzyl group, a 4-nitrobenzyl group, a 4-chlorobenzyl group, a 4-bromobenzyl
group, a 4-_cyanobenzyl group and the like. The lower alkoxycarbonyl groups include
a methoxycarbonyl group, an ethoxycarbonyl group, a t-butoxycarbonyl group, an
isobutoxycarbonyl group and the like. The "aryl groups substituted with a halogen
atom, a lower alkoxy group or a nitro group" include a 4-chlorophenyl group, a
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2-fluorophenyl group, a 4-methoxyphenyl group, a 4-nitrophenyl group, a 2,
4-dinitrophenyl group and the like. The "lower alkoxycarbonyl groups substituted
with a halogen atom or a trilower alkylsilyl group" include a 2, 2
2-trichloroethoxycarbonyl group, a 2-trimethylsilyl ethoxycarbonyl group and the like.
The alkenyloxycarbonyl groups include a vinyloxycarbonyl group, an aryloxycarbonyl
group and the like. The "aralkyloxycarbonyl groups with an aryl ring that may be
substituted with a lower alkoxy or a nitro group" include a benzyloxycarbonyl group, a
4-methoxybenzyloxycarbonyl group, a 3, 4-dimethoxybenzyloxycarbonyl group, a
2-nitrobenzyloxycarbonyl group, a 4-nitrobenzyloxycarbonyl group and the like. _
[0037] The "protecting groups for an hydroxyl group on nucleic acid synthesis"
include preferably aliphatic acyl groups, aromatic acyl groups, methyl groups
substituted with one to three aryl groups, "methyl groups substituted with one to three
aryl groups with aryl rings substituted with a lower alkyl group, a lower alkoxy group,
a halogen atom or a cyano group" or a silyl group, and more preferably an acetyl group,
a benzoyl group, a benzyl group, a p-methoxybenzoyl group, a dimethoxytrityl group, a
monomethoxytrityl group or a tert-butyldiphenylsilyl group. The protecting group in
the phrase "a hydroxyl group protected with a protecting group for nucleic acid
synthesis" is preferably an aliphatic acyl group, an aromatic acyl group, "a methyl
group substituted with one to three aryl groups", "an aryl group substituted with a
halogen atom, a lower alkoxy group or a nitro group", a lower alkyl group or a lower
alkenyl group, and more preferably a benzoyl group, a benzyl group, a 2-chlorophenyl
group, a 4-chlorophenyl group or a 2-propenyl group. The "protecting group for an
amino group on nucleic acid synthesis" is preferably an acyl group, and more
preferably a benzoyl group. The "protecting group" in the phrase "a phosphate group
protected with a protecting group for nucleic acid synthesis" is preferably a lower alkyl
group, a lower alkyl group substituted with a cyano group, an aralkyl group, "an
aralkyl group with an aryl ring substituted with a nitro group or a halogen atom" or
"an aryl group substituted with a lower alkyl group, a halogen atom or a nitro group",
and more preferably a 2-cyanoethyl group, a 2, 2, 2-trichloroethyl group, a benzyl
group, a 2-chlorophenyl group or a 4-chlorophenyl group. The "protecting group" in
the phrase "a mercapto group protected with a protecting group for nucleic acid
synthesis" is preferably an aliphatic acyl group or an aromatic acyl group, and more
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preferably a benzoyl group.

[0038] Herein, among the groups represented with -P (R9R5 (wherein R4 and R5 each
independently represent a hydroxyl group, a hydroxyl group protected with a
protecting group for nucleic acid synthesis, a mercapto group, a mercapto group
protected with a protecting group for nucleic acid synthesis, an amino group, an alkoxy
group having 1 to 5 carbon atoms, an alkylthio group having 1 to 5 carbon atoms, a
cyanoalkoxy group having 1 to 6 carbon atoms or an amino group substituted with an
alkyl group having 1 to 6 carbon atoms), the ones wherein R¢ can be represented with

OR% and R5 can be represented with NR5 are referred to as a "phosphoramidite

group".
formula -P (OC:H4sCN) (N (GPr) 2 or the formula -P (OCHs) (N (Pr) 2. In these

formulas, iPr represents an isopropyl group.

The phosphoramidite groups include, preferably, groups represented by the

[0039] The terms "artificial nucleoside" and "nucleoside analogue", as used herein,
refer to an unnatural "nucleoside" in which a purine or a pyrimidine base is bonded to
sugar, as well as those in which a heteroaromatic ring and an aromatic hydrocarbon
ring other than purine and pyrimidine, serving to substitute for a purine or a
pyrimidine base, are bonded with sugars.

[0040] The terms "artificial oligonucleotide" and "oligonucleotide analogue", as used
herein, refer to unnatural derivatives of "oligonucleotides" in which 2 to 50 of same or
different "nucleosides" or "nucleoside analogues" are bonded via phosphodiester bonds.
Such analogues include preferably sugar derivatives with sugar moieties modified;
thioated derivatives with phosphate diester moiety thioated; esters with terminal
phosphate moiety esterificated; amides in which amino groups on a purine base is
amidated and preferably sugar derivatives with sugar moiety modified.

[0041] The term "salts thereof', as used herein, refers to salts of compounds
represented by the formula I or IT according to the invention. These salts may include
preferably alkaline metal salts such as sodium salts, potassium salts and lithium salts;
alkaline earth metal salts such as calcium salts and magnesium salts; metal salts such
as aluminum salts, iron salts, zinc salts, cuprous salts, nickel salts and cobalt salts;
mineral salts such as ammonium salts; amine salts, for example organic salts such as
t-octylamine salts, dibenzylamine salts, morpholine salts, glucosamine salts,
phenylglycine alkylester salts, ethylenediamine salts, N-methylglucamine salts,
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guanidine salts, diethylamine salts, triethylamine salts, dicyclohexylamine salts,
N,N-dibenzylethylenediamine salts, chloroprocaine salts, procaine salts,
diethanolamine  salts, N-benzyl-phenethylamine salts, piperazine salts,
tetramethylammonium salts, Tris (hydroxymethyl) aminomethane salts; inorganic
acid salts such as halide acid salts (for example hydrofluoride, hydrochloride,
hydrobromide and hydriodide), nitrate, perchlorate, sulfate and phosphate; organic
acid salts including lower alkanesulfonates such as methanesulfonates,
trifluoromethanesulfonates and ethanesulfonates, arylsulfonates such as
benzenesulfonates and p-toluenesulfonates, acetates, malates, fumarates, succinates,
citrates, tartrates, oxalates and maleates; and amino acid salts such as glycine salts,
lysine salts, arginine salts, ornithine salts, glutamates and aspartates.

[0042] The term "pharmacologically acceptable salts thereof", as used herein, refers
to salts of oligonucleotide analogues containing at least one of nucleoside structures
represented by the formula III or the formula IV of the invention. These salts may
include preferably alkaline metal salts such as sodium salts, potassium salts and
lithium salts; alkaline earth metal salts such as calcium salts and magnesium salts;
metal salts such as aluminum salts, iron salts, zinc salts, cuprous salts, nickel salts
and cobalt salts; mineral salts such as ammonium salts; amine salts, for example
organic salts such as t-octylamine salts, dibenzylamine salts, morpholine salts,
glucosamine salts, phenylglycine alkylester salts, ethylenediamine salts,
N-methylglucamine salts, guanidine salts, diethylamine salts, triethylamine salts,
dicyclohexylamine salts, NN’ -dibenzylethylenediamine salts, chloroprocaine salts,
procaine salts, diethanolamine salts, N-benzyl-phenethylamine salts, piperazine salts,
tetramethylammonium salts, Tris (hydroxymethyl) aminomethane salts; inorganic
acid salts such as halide acid salts (for example hydrofluoride, hydrochloride,
hydrobromide, hydriodide), nitrates, perchlorates, sulfates, phosphates; organic acid
salts including lower alkanesulfonates such as  methanesulfonates,
trifluoromethanesulfonates and ethanesulfonates, arylsulfonates such as
benzenesulfonates and p-toluenesulfonates, acetate, malates, fumarates, succinates,
citrates, tartrates, oxalates and maleates; and amino acid salts such as glycine salts,
lysine salts, arginine salts, ornithine salts, glutamates and aspartates.

[0043] The invention is described in more detail below.
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[0044] 2, 4 -bridged artificial nucleoside and nucleotide of the invention or salts
thereof have the structures represented by the formula I or formula II as follows:

[0045]
Base

(D

[00486]

Base
R30

[0047] (wherein,

Base represents a purin-9-yl group or a 2-oxo-1,2-dihydropyrimidin-1-yl group
that may have any one or more substituents selected from group a, wherein the group
a consists of a hydroxyl group, a hydroxyl group protected with a protecting group for
nucleic acid synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group protected with
a protecting group for nucleic acid synthesis, linear alkylthio groups having 1 to 6
carbon atoms, an amino group, linear alkylamino groups having 1 to 6 carbon atoms,
an amino group protected with a protecting group for nucleic acid synthesis and
halogen atoms;

R? represents a hydrogen atom, an alkyl group having 1 to 7 carbon atoms
that may be branched or form a cyclic group, an alkenyl group having 2 to 7 carbon
atoms that may be branched or form a cyclic group, an aryl group having 3 to 12
carbon atoms that may have any one or more substituents selected from the group a

and may contain heteroatoms, an aralkyl group with an aryl moiety having 3 to 12
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carbon atoms that may have any one or more substituents selected from the group a
and may contain heteroatoms, or a protecting group for an amino group on nucleic acid
synthesis;

R? and R3 represents, each independently, a hydrogen atom, a protecting
group for a hydroxyl group on nucleic acid synthesis, an alkyl group having 1 to 7
carbon atoms that may be branched or form a cyclic group, an alkenyl group having 2
to 7 carbon atoms that may be branched or form a cyclic group, an aryl group having 3
to 12 carbon atoms that may have any one or more substituents selected from the
group a and may contain heteroatoms, an aralkyl group with an aryl moiety having 3
to 12 carbon atoms that may have any one or more substituents selected from the
group a and may contain heteroatoms, an acyl group that may have any one or more
substituents selected from the group q, a silyl group that may have any one or more
substituents selected from the group q, a phosphate group that may have any one or
more substituents selected from the group a, a phosphate group protected with a
protecting group for nucleic acid synthesis, -P (R9) R5 (wherein R¢ and R? represent,
each independently, a hydroxyl group, a hydroxyl group protected with a protecting
group for nucleic acid synthesis, a mercapto .group, a mercapto group protected with a
protecting group for nucleic acid synthesis, an amino group, an alkoxy group having 1
to 5 carbon atoms, an alkylthio group having 1 to 5 carbon atoms, an cyanoalkoxy
group having 1 to 6 carbon atoms or an amino group substituted with an alkyl group
having 1 to 6 carbon atoms.);

X represents an oxygen atom, a sulfur atom, an amino group or a methylene
group;

m 1s an integer from O to 2; and

n is an integer from O to 1.).
[0048] In formula I or formula II described above, Base is a purine base (e,
purin-9-yl group) or a pyrimidine base (.e., 2-0xo-1, 2-dihydropyrimidin-1-yl group).
These bases may have any one or more substituents selected from group a consisting
of a hydroxyl group, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, linear alkylthio groups having 1
to 6 carbon atoms, an amino group, linear alkylamino groups having 1 to 6 carbon

atoms and halogen atoms.
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[0049] The specific examples of base (Base) described above include a
6-aminopurin-9-yl group (adeninyl group), a 2,6-diaminopurin-9-yl group, a
2-amino-6-chloropurin-9-yl group, a 2-amino-6-fluoropurin-9-yl group, a
2-amino-6-bromopurin-9-yl group, a 2-amino-6-hydroxypurin-9-yl group (guaninyl
group), a 6-amino-2-methoxypurin-9-yl group, a 6-amino-2-chloropurin-9-yl group, a
6-amino-2-fluoropurin-9-yl  group, a  2,6-dimethoxypurin‘9-yl group, a
2,6-dichloropurin-9-yl group, a 6-mercaptopurin-9-yl group, a
2-0x0"4-amino-1,2-dihydropyrimidin-1-yl group (cytosinyl group), a

4-amino-2-oxo-5-fluoro-1,2-dihydropyrimidin-1-yl group, a
4-amino-2-oxo-5-chloro-1,2-dihydropyrimidin-1-yl group, a
2-0xo0-4-methoxy-1,2-dihydropyrimidin-1-yl group, a
2-0x0-4-mercapto-1,2-dihydropyrimidin-1-yl group, a

2-0x0-4-hydroxy-1,2-dihydropyrimidin-1-yl group (uracilyl group), a
2-0x0"4-hydroxy-5-methyl-1,2-dihydropyrimidin-1-yl group (thyminyl group) and a
4-amino-5-methyl-2-oxo-1,2-dihydropyrimidin-1-yl group.

[0050] Among them, considering the introduction into nucleic acid drugs, Base is

preferably one of compounds which have the structural formulas represented as

follows:
[0051]
o) NH, NH,
N N
e ff Tk
Ao a <T Ao

[0052] such as a 2-oxo-4-hydroxy-5-methyl-1,2-dihydropyrimidin-1-yl group -
(thyminyl group), a 2-0xo-4-amino-1,2-dihydropyrimidin-1-yl group (cytosinyl group), a
6-aminopurin‘9-yl group (adeninyl group), a 2-amino-6-hydroxypurin-9-yl group
(guaninyl group), a 4-amino-5-methyl-2-o0xo-1,2-dihydropyrimidin-1-yl group and a
2-0x0-4-hydroxy-1,2-dihydropyrimidin-1-yl group (uracilyl group), and more
particularly a 2-oxo-4-hydroxy-5-methyl-1,2-dihydropyrimidin-1-yl group (thyminyl
group). During the synthesis of the oligonucleotides, a hydroxyl group is preferably
protected by a protecting group.
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[0053] Informula I or formula II above, R! is a hydrogen atom, an alkyl group having
1 to 7 carbon atoms that may be branched or form a cyclic group, an alkenyl group
having 2 to 7 carbon atoms that may be branched or form a cyclic group, an aryl group
having 3 to 12 carbon atoms that may have any one or more substituents selected from
the group a and may contain heteroatoms or an aralkyl group with an aryl moiety
having 3 to 12 carbon atoms that may have any one or more substituents selected from
the group a and may contain heteroatoms. More preferably, R! is a hydrogen atom, a
methyl group, an ethyl group, an n-propyl group, an isopropyl group, a phenyl group or
a benzyl group, even more preferably R! is a hydrogen atom or a methyl group.

[0054] In formula I or formula II above, m is an integer from O to 2; and n is an
mteger from O to 1. Therefore, the ring containing position 2, position 3, position 4’
and a bridge region is a 5 to 7-membered ring.

[0055] In formula IT described above, X is an oxygen atom, a sulfur atom, an amino
group or a methylene group. Preferably, X is an oxygen atom or an amino group.
When X is an amino group or a methylene group, it may be substituted with a lower
alkyl group.

[0056] The novel 2, 4-bridged artificial nucleoside of the invention has an amide
bond introduced into a bridge structure of a conventional 2, 4 -BNA/LNA.
Specifically, an amide bond is formed between an amino group at the position 2’ and a
carbonyl group stretching from position 4’ on the sugar moiety. Thus, the nucleoside
has an amide bond which has less structural fluctuation and has a good hydrophilicity,
resulting in the structure of the sugar moiety fixed by the bridging.

[0057] 2, 4 -bridged artificial nucleotides may be easily prepared from the 2, 4
-bridged artificial nucleosides of the invention. For example, triphosphorylation may
be easily carried out according to the method described in Non-patent Document 5.
[0058] The oligonucleotides of the invention or pharmacologically acceptable salts
thereof contain at least one nucleoside structure represented by formula III or formula
IV below:

[0059]
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Base

( (1)
[0060]
Base
—0
O
( X
N~

[0061] (wherein Base, R!, X, m and n are as defined for formulas I and II above.).

[0062] The oligonucleotides of the invention have at least one of nucleoside structures
above at any positions in the structures. The position and number of the nucleoside
structures, which are not limited to the specific position and number, may be
conveniently selected depending on the purposes. |
[0063] An oligonucleotide analogue (antisense molecule) containing such a nucleoside
structure, due to having a structure fixed by an amide bond as described above, is
resistant to degradation by various nucleases and thus may remain in vivo for a
prolonged time after the administration. For example, the oligonucleotide analogue
forms a stable double strand with mRNA to inhibit biosynthesis of a protein
contributing to pathogenesis, or alternatively forms a triple strand with a
double-stranded DNA in a genome to inhibit its transcription into mRNA. Also the
oligonucleotide analogues may be used to inhibit multiplication of infecting virus.
Furthermore the oligonucleotide analogues are expected to have a high

‘biocompatibility because:they have amide bonds and also to serve as aptamers to

recognize biological substances such as proteins.

[0064] With all these facts, the oligonucleotide analogues synthesized using the 2, 4
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-bridged artificial nucleosides of the invention are expected their usefulness as
pharmaceutical agents (antisense molecules) inhibiting a function of a specific gene to
treat a disease, such as antitumor agents and antiviral drugs.

[0065] Particularly, for antisense therapies, both of a binding affinity for
complementary sense strand RNAs and a resistance to in vivo DNA are required.
Generally, a nucleic acid in the form of a single strand is known to constantly have a
structural fluctuation of a sugar moiety between the form close to a sugar moiety in a
double-stranded DNA and the form close to a sugar moiety in a double-stranded
DNA-RNA or a double-stranded RNA. When a single-stranded nucleic acid forms a
double strand with the complementary RNA strand, its structure of the sugar moiety
is fixed. Therefore, the 2, 4-bridged artificial nucleosides of the invention form
readily double strands with the intended RNA strands, which may be then maintained
stably, because the sugar moiety has been already kept to the structure capable of
forming double strands. Furthermore, a double-stranded nucleic acid is known to be
stabilized with hydrated water with a chain like structure referred to as "network of
water molecules". The 2, 4-bridged artificial nucleosides of the invention have amide
bonds which provide hydrophilicity to the bridges on their sugar moieties, as a result of
which the nucleosides may be more stabilized. Moreover, an amide bond in the bridge
of the sugar moiety in the nucleoside is thought to makes the nucleoside less
recognizable to in-vivo enzymes, which contributes to its nuclease resistance.

[0066] Additives typically used in the art of pharmaceuticals such as excipients,
binders, preservatives, oxidation stabilizers, disintegrants, lubricants and flavoring
substances can be added to the oligonucleotide analogues of the invention to prepare
parental formulations or liposomal formulations. Also, for example, topical
formulations such as liquids, creams and ointments may be prepared by adding

pharmaceutical carriers typically used in the art.

Examples

[0067] Synthesis of the 2, 4-bridged artificial nucleosides of the invention and
analogues thereof is described in detail in reference to the following examples.

[0068] (Example 1): Synthesis of the nucleoside analogue:
2-amino-8-0-[2-cyanoethoxy (diisopropylamino)




2

1

phosphino]-5-0-dimethoxytrityl-2-N,4-C-oxomethylene thymidine (compound 16:

amide NH)
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o o
:)?-? CH,Cly, reflux ]H\ ACOH, rt :)Hmm
HO N < TBDPSO o. TBDPSO
OBn 86% BnO (e} BnO  OAc
1 2 3
Me o Me o Q
hymine, BSA, TMSOTf Z//(NH e T ’Z)ﬁ(hﬂe
t 8 . . s
ymine a0 N,.go 40% MeNH, aq . . N,&Q fCl, DMAP 810 g N
MeCN, reflux w THF 1t ]H‘ CHCly, 1t ]?37
TBDPSO— ' TBOPSO TBDPSO
49% (2 steps) OBn OAc quant. BnO OH 97% OBn
4 5 6
o
Me o Me. o Me
N NaOH Z/)(NH T,0 idi [ " [
1N NaOH aq. Bno oo N’QO 20. pyndine 810 om N’&O NaN3 BnoO o N
N O-
THF, it )?_P/ CH,Cl,, 0°C p i DMF, 1t
TEDPSO TBDPSO TBDPSO—
quant. OBn 0Bn 66% (2 steps) BiO N,
7 8 9
Me 0 Me ? Meyz)
Zf(NH Z/(NH [
N TBAF/THF 810 AN POC, MS4A 80 N (n-Bu)P 80 VN
—_— o o o c ______ O . o [¢]
THF. Ho DMF, HOOG THF / H,0, rt HOOC
92% BnO Ny quant BnO Ns BnO  NH,
10 11 12
Me P Me. o e o
TN Z/”\NH TN
EDCI BnO o NN 20% Pd(OH),/C. H; HO o NN DMTrCI DMTrO N
DMF, nt THF, t pyridine, rt
o7 I=NH o7 |=NH o7 I=NH
54% (2 steps) OBn 93% OH 85% OH
13 14 15
o
. Me,
(i-PraN)2POCH,CH,CN,
N,N-diisopropylammonium- |~ NH
tetrazolide DMTrO N"Ng
- .
MeCN/THF, rt ,oo’}_\NH
_P.
22% N No~-en
16
[0070] (1) Synthesis of compound 2
BnO BnO
(o] > (0]
HO: | EOQ>< TBDPSO: | ( o)
0Bn Bno O

[0072] Under nitrogen stream, to a solution of compound 1 (14.7 g, 36.8 mmol) in
dichloromethane (80 mL) was added triethylamine (15.1 mL, 110 mmol) followed by,
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under ice-cooling, dimethylaminopyridine (0.90 g, 7.36 mmol), tert-butyldiphenylsilyl
chloride (15.1 mL, 58.9 mmol) and the mixture was then refluxed. Compound 1 may
be prepared according to Koshkin, A. A. et al, Tetrahedron, 1998, vol. 54, pp.
3607-3630 and Singh, S. K. et al, Chem. Commun., 1998, pp. 455-456. After 20
hours, water was added to the mixture which was then extracted with methylene
chloride, and the organic layer was washed with water and saturated saline and dried
over anhydrous sodium sulphate. The resultant crude product was purified by
silica-gel chromatography (n-hexane: ethyl acetate=9:1(v/v)) to give compound 2 (20.4
g: yield 85.9 %) as an oil.

[0073] The physical property data of the resultant compound 2 was as follows: [alp2
+84.8 (¢ 1.00, CHCla); IR (KBr): 1457, 1372, 1105, 1025 cm; H-NMR (270 MHz,
CDCly: 61.03 (9H, s), 1.29 (6H, s), 3.62, 3.73 (2H, AB, J = 10.5 Hz), 4.03, 4.08 (2H, AB,
J =113 Hz), 420 (1H, d, J = 5.1 Hz), 4.45, 4.55 (2H, AB, J = 11.9 Hz), 4.49, 4.66 (2H,
AB, J = 12.2 Hz), 4.58 (1H, dd, J = 5.1 Hz, 4.1 Hz), 5.76 (1H, d, J = 4.1 H2), 7.21-7.70
(20H, m); 3C-NMR (75.45 MHz, CDCly): §19.9, 26.9, 27.2, 27.5, 65.3, 72.6, 73.0, 74.2,
78.8,80.2, 88.2, 104.8, 113.8, 128.2, 128.2, 128.3, 128.3, 128.8, 128.9, 130.1, 133.9, 134.1,
135.4, 136.3, 136.4, 138.5, 138.7; MS (FAB): m/z 661 (MNa*): Calculated C33H4606Si: C,
73.32; H, 7.26, Found C, 73.44; H, 7.32.

[0074] (2) Synthesis of compound 4

[0075]

Me 0

2 3 4
[0076] To 0.1 % (v/v) solution of compound 2 from (1) above (1.00 g, 1.57 mmol) in
concentrated sulfuric acid and acetic acid (1.11 mL) was added sulfuric anhydride (1.78
mL, 18.8 mmol) and the mixture was stirred. After 3.5 hours, the reactant was added
to saturated sodium bicarbonate solution, which was then extracted with ethyl acetate,
and next the organic layer was washed with water and saturated saline and dried over

anhydrous sodium sulphate. After the solvent was distilled away, the crude product

of compound 3 (1.07 g was given as an oil, which was used for the following
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introduction of thymine.

[0077] Under nitrogen stream, to a solution of crude product of compound 3 in
acetonitrile (5 mL) was added thymine (297 mg, 2.36 mmol), which was then dissolved
using an oil bath at 40°C, followed by addition of N, O- bis trimethylsilyl acetamide
(1.34 mL, 5.50 mmol), trimethylsilyl trifluoromethanesulfonate (0.28 mL, 1.57 mmol)
at room temperature, and stirring at reflux for 1 hour. After saturated sodium
bicarbonate solution was added to the mixture which was then extracted with ethyl
acetate, and the organic layer was washed with water and saturated saline and then
dried over anhydrous sodium sulphate. After the solvent was distilled away, the
resultant crude product was purified by silica-gel chromatography (n-hexane: ethyl
acetate=10:1—1:1 (v/v)) to give compound 4 (367 mg: yield 49 % (2 steps)) as a white
amorphous.

[0078] The physical property data of the resultant compound 4 was as follows:
melting point: 55-59°C; [alp* -11.7 (c 0.800, CHClw; IR (KBr):1747, 1693, 1232, 1113
cm; TH-NMR (300 MHz, CDCly): §1.04 (9H, s), 1.52 (3H, s), 1.96 (3H, s), 3.71, 3.76 (2H,
AB, J =10.5 Ha), 3.69, 3.94, (2H, AB, J = 10.8 Hz), 441 (1H, d, J = 6.0 H2), 4.54, 4.58
(2H, AB, J = 12.6 Hz), 4.54, 4.58 (2H, AB, J = 12.6 H2), 5.38 (1H, t, J = 6.0 Hz), 6.16 (1H,
d, J = 6.0 Hz), 7.187.63 (20H, m), 7.87 (1H, s); 3C-NMR (75.45 MHz, CDCly: §12.0,
19.2, 20.6, 26.9, 63.8, 72.2, 73.7, 74.6, 74.9, 77.7, 85.5, 87.9, 111.3, 127.6, 127.7, 127.7,
127.8, 128.1, 128.3, 128.6, 129.7, 129.9, 132.6, 132.9, 135.5, 135.7, 135.7, 137.2, 137.5,
150.4, 163.6, 170.2; MS (FAB): m/z 749 (MH?), Calculated CssHisN2OsSi: C, 68.96; H,
6.46; N, 3.74. Found C, 68.92; H, 6.45; N, 3.74.

[0079] (3) Synthesis of compound 5

[0080]

o) ¢}

Me Me
Z//<NH Z//(NH

BnO o N‘&o . BnO o N"&O

TBDPSO]H‘ TBDPSO)H‘

BnO  OAc BnO OH

4 5

[0081] To a solution of compound 4 from (2) above (326 mg, 0.435 mmol) in
tetrahydrofuran (2.4 mL) was added 40% (v/) methylamine solution (1.1 mL, 13
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mmol) and the mixture was stirred for 30 minutes at room temperature. After the
solvent was distilled away, the mixture was extracted with ethyl acetate and dried
over anhydrous sodium sulphate. After the solvent was distilled away, the resultant
crude product was purified by flash column chromatography (n-hexane: ethyl
acetate=1:1 (v/v)) to give compound 5 (312 mg: yield 100 %) as a white amorphous.
[0082] The physical property data of the resultant compound 5 was as follows:
melting point: 61-63°C; [alp? -12.2 (c 0.750, CHCly); IR (KBr): 3403, 3175, 1688, 1468,
1272, 1113 cm’; 'H-NMR (270 MHz, CDCly): 61.06 (9H, s), 1.60 (3H, s), 3.54, 3.63 (2H,
AB, J=10.5Hz), 3.64 (1H, d, J = 10.8 Hz), 3.73, 3.83 (2H, AB, J =10.5 H2), 4.31 (1H, d,
J =49 Hz,) 441 (1H, ddd, J = 49 Hz, 4.9 Hz, 10.8 Hz), 4.50 (2H,s), 4.67, 4.73 (2H, AB,
J=11.1Hz), 595 (1H, d, J = 4.9 Hz), 7.21-7.66 (20H, m), 8.12 (1H, s); 13C-NMR (67.80
MHz, CDCly): 612.1, 19.1, 26.8, 64.2, 72.2, 73.8, 74.2, 74.5, 77.2, 78.5, 88.1, 90.9, 110.9,
127.7, 127.8, 127.9, 128.0, 128.1, 128.2, 128.6, 130.0, 132.2, 132.2, 135.6, 135.7, 136.5,
137.2, 150.3, 163.4 MS (FAB): m/z 707 (MH*).Calculated C41HsN2O7Si: C, 69.66; H,
6.56; N, 3.96. Found C, 69.59; H, 6.59; N, 3.93.

[0083] (4) Synthesis of compound 6

[0084]

o) o)
N
/ NH A#Me
J
N’QO - BnO O°N
o)

BnO
o}
TBDPSO TBDPSO

BnO OH OBn

Me

5 ' 6
[0085] Under nitrogen stream, to a solution of compound 5 from (3) above (262 mg,
0.37 mmol) in dichloromethane (7mL) was added dimethylaminopyridine (181 mg,
1.48 mmol). Trifluoromethanesulfonyl chloride (0.12 mL, 1.11 mmol) was then added
to the mixture on ice cooling, which was then warmed gently to room temperature and
stirred for 1 hour. Saturated sodium bicarbonate solution was added to the mixture
which was then extracted with dichloromethane, and the organic layer was then
washed with saturated saline and dried over anhydrous sodium sulphate. After the
solvent was distilled away, compound 6 (248 mg’ yield 97%) was give as a white

amorphous.
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[0086] The physical property data of the resultant compound 6 was as follows:
melting point: 51-54°C; [alp? -33.5 (c 1.000, CHCly); IR (KBr): 1667, 1650, 1563, 1482,
1112 em'l; 1H-NMR (300 MHz, CDCly): 61.03 (9H, s), 1.99 (3H, s), 3.29, 3.34 2H, AB, J
=10.8 H2), 3.68, 3.82 (2H, AB, J = 10.5 Hz), 4.31 (1H, d, J =3.9 H2), 4.32, 4.38 (2H, AB,
J =12 Hz), 4.60, 4.81 (2H, AB, J = 11.4 H2), 5.50 (1H, dd, J =6.3, 3.9 H2), 6.23 (1H, d, J
= 6.3 Hz), 7.08-7.66 (21H, m); 3C-NMR (75.45 MHz, CDCly: §14.0, 18.9, 26.7, 64.0,
69.4, 73.4, 84.0, 87.1, 88.7, 89.9, 119.0, 127.4, 127.6, 127.7, 127.8, 128.1, 128.3, 128.4,
128.5, 129.8, 129.8, 130.1, 131.9, 132.3, 135.3, 135.5, 136.4, 137.0, 159.2, 172.3; MS
(FAB): m/z 689 (MH"), Calculated C41HuNOgSi: C, 71.48; H, 6.44; N, 4.07. Found C,
71.38; H, 6.49; N, 4.08.

[0087] (5) Synthesis of compound 7

[0088]

\ 2 Me

BnO glﬁ N > BnO o~0Hz/N)’<Z:
6 7

[0089] To a solution of compound 6 from (4) above (510 mg, 0.74 mmol) in
tetrahydrofuran (11mL) was added 1N aqueous sodium hydroxide (1.90 mL) and the
mixture was stirred for 11.5 hours at room temperature. After neutralization with
aqueous ammonium chloride solution, the mixture was concentrated, extracted with
dichloromethane, washed with saturated sodium bicarbonate solution and then dried
over anhydrous sodium sulphate. After the solvent was distilled away, the resultant
crude product was purified by flash column chromatography (n-hexane: ethyl
acetate=1:1(v/v)) to give compound 7 (524 mg: yield 100%) as a white amorphous.
[0090] The physical property data of the resultant compound 7 was as follows:
melting point: 67-700C; [alp2 + 24.5 (c 0.840, CHCly); IR (KBr): 3347, 3184, 1690, 1471
cml; tH-NMR (270 MHz, CDCly): §1.02 (9H, s), 1.65 (3H, s), 3.48, 3.70 (2H, AB, J =
10.3 Hz), 3.50 (1H, d, J = 7.0 Hz), 3.62, 3.76 (2H, AB, J =10.8 H), 4.22 (1H, d, J = 7.0
Hz,) 4.51,4.78 (2H, AB, J = 7.6 Hz), 4.54 (1H, d, J =11.6 Hz), 4.69 (1H, ddd, J = 5.1, 7.0,
7.6 Hz), 6.15 (1H, d, J = 5.1 Hz), 7.29-7.64 (20H, m), 8.10 (1H, s); 3C-NMR (67.80 MHz,
CDCly): 512.0, 18.8, 26.5, 63.9, 69.7, 72.6, 73.6, 75.3, 81.9, 85.3, 85.5, 109.5, 127.5, 127.6,
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127.8, 128.0, 128.2, 128.5, 129.5, 129.6, 132.4, 135.4, 135.5, 136.8, 137.2, 137.9, 151.1,
164.3; MS (FAB): m/z 707 (MH*), Calculated CsnHiN207Si: C, 69.66; H, 6.56; N, 3.96.
Found C, 69.42; H, 6.54; N, 3.97.

[0091] (6) Synthesis of compound 9

[0092]
Me. f Ve, Me_ [
/ NH T N J NH
8n0 ° ‘OH N ’&o BnO o ~O’f'f N "&O BnO ° N ’QO
TBDPSO: TBDPSO: TBDPSO:
OBn OBn BnO N;
7 8 9

[0093] Under nitrogen stream, to a solution of compound 7 from (5) above (2.86 g,
4.10 mmol) in dichloromethane (40 mL) was added pyridine (1.65 mL, 20.5 mmol),
trifluoromethanesulfonic anhydride (1.37 mL, 8.20 mmol) on ice cooling and the
mixture was stirred for 1 hour in ice-cooling condition. After decomposition of the
acid anhydride by addition of water, the mixture was extracted with dichloromethane
and the organic layer was then dried over anhydrous sodium sulphate. After the
solvent was distilled away, the resultant crude product was given as a yellow oil, which
was then simply purified by flash chromatography (n-hexane: ethyl
acetate=3:1—2:1(v/¥)) to give the crude product of compound 8 as a yellow amorphous.
[0094] Then, under nitrogen stream, to a solution of compound 8 (1.96 g, 2.34 mmol)
in dimethylformamide (80mL) was added sodium azide (0.23 g, 3.60 mmol) and the
mixture was stirred. After 48 hours, the solvent was distilled away from the mixture
to which water was then added, followed by extraction with dichloromethane to obtain

the organic layer, which was washed with saturated saline and then dried over

~anhydrous sodium sulphate. After the solvent was distilled away, the resultant crude

product was purified by flash column chromatography (n-hexane: ethyl acetate=3:1) to
give compound 9 (1.71 g: yield 66 % (2 steps)) as a white amorphous.

[0095] The physical property data of the resultant compound 9 was as follows:
melting point: 53-56°C; [alp2” -32.7 (c 0.840, CHCly); IR (KBr): 3175, 2109, 1686, 1268,
1111 em'’; H-NMR (300 MHz, CDCly): §0.99 (9H, ¢), 1.58 (3H, ¢), 3.63, 3.69 (2H, AB, J
=10.5 Hz), 3.69, 3.91 (2H, AB, J = 10.5 Hz), 391 (1H, dd, J = 7.2 Hz, 5.4 Hz), 4.23 (1H,
d, J = 5.4 Hz), 447, 4.53 (2H, AB, J = 11.4 H2), 4.57, 4.75 (2H, AB, J = 11.4 Hz), 6.03
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(1H, d, J = 7.2 H2), 7.23-7.60 (20H, m), 8.70 (1H, s); 3C-NMR (75.45 MHz, CDCly):
812.1, 19.1, 26.9, 64.0, 64.6, 72.4, 73.8, 74.6, 79.5, 85.2, 87.9, 111.3, 127.7, 127.7, 127.8,
1280, 1282, 128.4, 128.7, 129.7, 129.9, 132.5, 132.8, 135.1, 135.5, 135.7, 136.8, 136.9,
150.2, 163.4; MS (FAB): m/z 732 (MH?*), Calculated C4H4sN506Si: C, 67.28; H, 6.20; N,
9.57. Found C, 67.25; H, 6.27; N, 9.45.

[0096] (7) Synthesis of compound 10

[0097]

0] 0

Me Me
BnO N’& > BnO N"&
>FO? ) © >Fo? ] ©
TBDPSO HO

BnO N, BnO N

9 10

[0098] Under nitrogen stream, to a solution of compound 9 of (6) above (1.10 g, 1.50
mmol) in tetrahydrofuran (30 mL) was added 1N solution of tetrabutylammonium
fluoride in tetrahydrofuran (2.20 mL, 2.20 mmol) and the mixture was stirred for 12.5
hours. After the solvent was distilled away, water and ethyl acetate were
sequentially added and the organic layer was dried over anhydrous sodium sulphate.
After the solvent was distilled away, the crude product was purified by flash column
chromatography (hexane: ethyl acetate=10:1 (v/v) — 100 % ethyl acetate) to give
compound 10 (682.2 mg: yield 92 %) as a white amorphous.

[0099] The physical property data of the resultant compound 10 was as follows:
melting point: 41-45°C; [a]p + 13.3 (c 0.950, CHCly); IR (KBr): 3435, 2113, 1694, 1459,
1268, 1097 cm'’; TH-NMR (300 MHz, CDCly): §1.63 (3H, s), 2.09 (1H, br), 3.73 (1H, s),
4.04 (1H, t, J = 6.3 Hz), 4.39 (1H, d, J = 6.3 Hz), 4.51, 4.55 (2H, AB, J = 10.2 Hz), 4.56,
491 (2H, AB, J = 114 H2), 6.18 (1H, d, J = 6.3 Hz), 7.26-7.44 (10H, m), 8.50 (1H, s);
1BC-NMR (75.45 Hz, CDCly): 612.2, 63.4, 64.9, 71.8, 73.8, 74.8, 79.4, 86.4, 87.5, 111.5,
127.7, 128.2, 128.2, 128.6, 128.7, 128.8, 135.2, 136.5, 137.0, 150.3, 163.5; MS (FAB): m/z
494 (MH~), high-resolution MS (FAB): Calculated CasHxsN350g (MH*): 494.2040. Found
494.2045.

[0100] (8) Synthesis of compound 11

[0101]
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0
Me ? Me
| NH I "NH
BnO N ’Q BnO N"&
0 o > 0 0
HO HooC
BnO N, BnO Nj

10 11

[0102] Under nitrogen stream, to a solution of compound 10 from (7) above (0.20 g,
0.40 mmol) in dimethylformamide (3.1 mL) was sequentially added molecular sieve
powder 4A (0.31 g) and pyridinium dichromate (1.50 g, 4.00 mmol) and the mixture
was stirred at room temperature. After 4.5 hours, water was added to the mixture
and stirred for a few minutes, followed by adding acetic acid (2 mL) and further
stirring for 1 hour. After diluting with ethyl acetate, the mixture was filtered through
Celite and the filtrate was extracted with ethyl acetate. The organic layer was
washed with 0.4 M aqueous oxalic acid solution (30 mL) and 0.3 M aqueous
ammonium oxalate solution (30 mL) and then dried over anhydrous sodium sulphate.
The solvent was distilled away to give compound 11 (0.20 g yield 100 %) as a light
yellow solid.

[0103] The physical property data of the resultant compound 11 was as follows:
H-NMR (300 MHz, CDCly): 81.64 (3H, s), 3.83 (1H, dd, J = 8.4, 5.4 Hz), 3.84, 4.12 (2H,
AB, J =10.5 Hz), 445 (1H, d, J = 5.4 Ha), 4.59, 4.65 (2H, AB, J = 11.4 Hz), 4.75, 4.82
(2H, AB, J = 10.5 Hz), 5.89 (1H, br), 6.54 (1H, d, J = 8.4 H2), 7.28-7.44 (10H, m), 7.99
(1H, s), 9.31 (1H, br); MS (FAB): m/z 508 (MH*), high-resolution MS (FAB): Calculated
CasHasN507 (MH-): 508.1832. Found 508.1825.

[0104] (9) Synthesis of compound 13

0 0
Me Me Me_ |
| NH | NH | NH
BnO N BnO N
’ o (e} fo) (o) . BnO o N 0
Hooc HOOC
B0 N, BnO  NHz o7 |I=NH

11 12 13

[0106] Compound 11 from (8) above (389.7 mg, 0.77 mmol) was dissolved in a mixed
solution of water: tetrahydrofuran=1:3 (5 mIL), to which tributylphosphine (0.96 mL,
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3.85 mmol) was added and the mixture was stirred at room temperature. After 3.5
hours, the solvent was distilled away from the mixture, which was then dissolved in
methanol and washed with hexane. After the solvent was distilled away, the crude
product of compound 12 (380 mg) was given as an oil, which was used for the following
ring-closing reaction.

[0107] Under nitrogen stream, to a solution of compound 12 in DMF (11mL) was
added 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (221 mg, 1.16
mmol) on ice cooling and the mixture was stirred for 21.5 hours at room temperature.
After the solvent was distilled away, the residue was extracted with ethyl acetate and
dried over anhydrous sodium sulphate. After the solvent was distilled away, the
crude product was purified by column chromatography (hexane: ethyl acetate=5:1 (v/v)
— 100 % ethyl acetate) to give compound 13 (191.3 mg: yield 54 % (2 steps)) as an oil.
[0108] The physical property data of the resultant compound 13 was as follows: [a]p?
+62.1 (c 0.400, CHCLy; IR (KBr): 3186, 1692, 1469, 1455, 1272, 1112 cm;; 'H-NMR
(300 MHz, CDCly): 81.61 (3H, ), 3.96, 4.11 (2H, AB, J = 11.4 H2), 413 (1H, 8), 4.22 (1H,
s), 4.56 (2H, s), 4.60, 4.67 (2H, AB, J = 114 Hz), 5.45 (1H, ¢), 6.58 (1H, br), 7.21-7.56
(10H, m), 7.57 (1H, s), 9.24 (1H, br); 3C-NMR (67.80 Hz, CDCL): 12.3, 58.4, 63.0, 72.4,
74.0, 78.3, 86.2, 86.6, 110.9, 127.8, 127.8, 128.1, 128.3, 128.5, 128.6, 135.1, 136.2, 137.4,
142.0, 150.5, 163.8, 174.3; MS (FAB): m/z 464 (MH?).

[0109] (10) Synthesis of compound 14

[0110]
Me ? Me 2
/  NH / NH
BnO o N’&O . HO o N’&O
)l\NH >i\NH
° OBn 0 OH
13 14

[0111] Under nitrogen stream, to a solution of compound 13 from (9) above (101 mg,
0.22 mmol) in tetrahydrofuran (2.2 mL) was added 20 % (v/v) palladium hydroxide on
carbon (100 mg) and the mixture was stirred for 3 hours under hydrogen stream.
After hot filtration and washing with warm methanol (150mL), solvent was distilled
away to give the crude product. The crude product was recrystallized using methanol
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to give compound 14 (57.2 mg: yield 93 %) as a white solid.

[0112] The physical property data of the resultant compound 14 was as follows: [alp?
+31.6 (c 0.700, CH;0H); IR (KBr): 3255, 2925, 2852, 1692, 1466, 1231, 1065 cm'L;
1H-NMR (300 MHz, CD;0D): §1.89 (3H, s), 3.88, 4.04 (2H, AB, J = 129 H2), 4.12 (1H,
s),4.30 (1H, s), 5.38 (1H, ), 7.86 (1H, s).

[0113] (11) Synthesis of compound 15

[0114]

MeTEEH Mez///iZH

HO DMTrO N
: 0 N{ o : fo?/ o
o7 |=NH o7 I™NH

OH OH

Y

14 15
[0115] Under nitrogen stream, to a solution of compound 14 from (10) above (27.3 mg,
0.10 mmol) in anhydrous pyridine (0.8 mL) was added 4,4-dimethoxytrityl chloride
(48.8 mg, 0.14 mmol) and the mixture was stirred for 3 hours. After adding sodium
bicarbonate solution, stirring for a few minutes and distilling away the solvent, the
residue was extracted with saturated sodium bicarbonate solution/ethyl acetate to
recover the organic layer which was then dried over anhydrous sodium sulphate.
After the solvent was distilled away, the crude product was purified by flash column
chromatography (n-hexane: ethyl acetate=10:1 (v&) —100 % ethyl acetate) to give
compound 15 (47.6 mg: yield 85 %) as a white foam.
[0116] The physical property data of the resultant compound 15 was as follows:
melting point: 79-81°C; IR (KBr): 3342, 3063, 2928, 1690, 1509, 1270, 1253, 1177, 1035
cm’; TH-NMR (300 MHz, CDCly): 81.66 (3H, s), 3.61, 3.92 (2H, AB, J = 12.8 Hz), 3.78
(6H, ), 4.26 (1H, s), 4.46 (1H, s), 5.42 (1H, s), 6.86-7.45 (13H, m), 7.78 (1H, 8); MS
(FAB): m/z 586 (MHY).
[0117] (12) Synthesis of compound 16
[0118]
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(o) 0]

Me Me

DMTrO
DMTrO o N 0 . \ o o)
>i~ : O /~NH
0o NH ’L /O

OH ~P,
N \O’\/CN

15
16

[0119] Under nitrogen stream, to a solution of compound 15 from (11) above (100 mg, 0.17
mmol) in anhydrous acetonitrile-tetrahydrofuran (3:1(v/v)) (2.0mL) was added N,N-
diisopropyl ammonium tetrazolide (22.2 mg, 0.13 mmol) and 2-cyanoethyl N,N,N’,N’-
tetraisopropyl phosphorodiamidite (54.0 pL, 0.17 mmol) and the mixture was stirred. After
1.5 hours, saturated sodium bicarbonate solution was added to the mixture, which was stirred
for a few minutes and then extracted with water/ ethyl acetate to recover the organic layer
which was then dried over anhydrous sodium sulphate. After the solvent was distilled away,
the residue was purified by flash column chromatography (dichloromethane: methanol:
triethylamine=50:1:1 (v/v/v)) to give the crude product. The resultant crude product was
dissolved in dichloromethane and added to n-hexane for reprecipitation to give compound 16
(29.4 mg, 22 %) as a white powder.
[0120] The physical property data of the resultant compound 16 was as follows: melting
point: 110-112°C (CH,Cl,); *'P-NMR (202.35 MHz, CDCl): §149.74, 150.12; MS (FABY):
m/z 786 (MH+), high-resolution MS (FAB): Calculated CqH4NsOo (MH'): 786.3268.
Found 786.3266.
[0121] (Example 2) Synthesis and purification of oligonucleotide analogues

10mer of the oligonucleotide analogues containing compound 16 from Example 1
above (compounds 17-20: showed in Table 1 below) were synthesized using Expedite™
8909 (from ABI) in the scale of 0.2 umol. In this synthesis, the capping step in the standard
phosphoramidite protocol was skipped. The compound 16 (amidite unit) was dissolved in
tetrahydrofuran to use in the synthesis. In Table 1, the compound 16 is indicated by X.
Duration of the coupling reaction between an amidite unit (compound 16) and a hydroxyl
group at 5’- terminus was extended from 1.5 minutes (standard condition) to 20 minutes. The

oligonucleotide analogues with

(7762210_1):MGH
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5- terminus protected with a DMTr group supported on a solid phase were treated
with 0.05 M solution of potassium carbonate in methanol and then neutralized with
5 % (w/v) hydrochloric acid, after which the solvent was distilled away. The resultant
crude product was partially purified by the gel filtration column NAP™ 10 Column
(GE Health Care) and then purified by reversed-phase HPLC (SHIMADZU
LC-10ATvp, SHIMADZU SPD-10Avp, SHIMADZU CTO-10vp, using Waters X Terra®
(10 mm x 50 mm) as a preparative column).

[0122] The purities of the synthesized oligonucleotide analogues (compounds 17-20)
were determined by reversed-phase HPLC (Waters X Terra® MS Cjs 2.5 pm, 4.6 mm x
50 mm)) (condition: gradient 7—13 % (v/v) acetonitrile in 0.1 M triethyl ammonium
acetate buffer (pH 7.0), 1 mL/ min for 30 minutes). The molecular weights were
determined by MALDI-TOF-MASS. The results are shown in Table 1.

[0123] [Table 1]

MALDI-TOF-MASS

Oligonucleotide
Calculated (M-H") Found (M-H")

5 -TTTTTXTTTT-3" (Compound 17) 3019.97 3020.35
5 -TTTXTXTTTT-3’ (Compound 18) 3059.98 3058.99
5’ -TTTXTXTXTT-3" (Compound 19) 3099.99 3098.99
5 -TTTTTTTTXT-3" (Compound 20) 3019.97 3019.32

[0124] The oligonucleotides containing natural forms of oligonucleotides (compound
21) (shown in Table 2 below), and the oligonucleotide analogues containing known 2, 4
‘BNA/LNA (5-methyl-2-0, 4-C-methyleneuridine (synthesized according to
Non-patent Document 6) (compounds 22-24: shown in Table 2 below) were also
synthesized according to the standard phosphoramidite protocol and purified as
described above for comparison. In Table 2, 2, 4 -BNA/LNA is indicated by Y.

[0125] (Example 3) Determination of the melting temperature (Tm)

After compounds 17-19 and 21-24 (antisense strands), which were the
oligonucleotide strands synthesized in Example 2 above, and sense strands
(3-AAAAAAAAAA-5) were subjected to an annealing treatment, their Tm values were
measured to determine the hybridization ability of the antisense strands. The Tm
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value means the temperature at which 50% of the double-stranded nucleic acids
dissociate into single strands and the higher Tm value means the stronger binding
force between the strands constituting the double-stranded nucleic acid.

[0126] The sample solution (130. uL) containing 100 mM NaCl, 10 mM sodium
phosphate buffer (pH 7.2), 4 uM antisense strands and 4 pM sense strands was heated
in a boiled water bath and then cooled to room temperature over 10 hours. Nitrogen
stream was passed into a cell chamber of a spectrophotometer (Shimadzu,
UV-1650PC) for dew condensation prevention and the sample solution was gradually
cooled to 5°C and kept at 10°C for 20 minutes before starting the measurements. The
temperature was raised to 85°C at the rate of 0.5°C/ min while ultraviolet absorption
spectra were measured at 260 nm at intervals of 0.1°C. Lidded cells were used to
prevent concentration change due to rising temperature. The results are sho§vn in
Table 2.

[0127] [Table 2]

Sense strand

Antisense strand RNA complementary strand DNA complementary strand

Tm(°C) ATm/mod.(°C) Tm(C) ATm/mod.(°C)

5 -TTTTTTTTTT-3" (Compound 21) 18.8 22.9

5 -TTTTTYTTTT-3' (Compound 22) 25.5 +6.7 239 +1.3
5 -TTTTTXTTTT-3' (Compound 17) 24.9 +6.2 220 -0.9
5 -TTTYTYTTTT-3' (Compound 23) 35.1 +8.2 29.7 +3.4
5" -TTTXTXTTTT-3' (Compound 18) 33.7 +71.5 244 +0.8
5 -TTTYTYTYTT-3’ (Compound 24) 415 +1.6 36.6 +4.6
5 -TTTXTXTXTT-3" (Compound 19) 4117 +1.7 322 +3.1

ATm/mod. = A Tm/modified base

[0128] As shown in Table 2, the oligonucleotide analogues of the invention have
higher affinities to single-stranded RNAs than to single-stranded DNAs and their
affinities were comparable to known 2, 4 -BNA/LNA. Also, the more artificial nucleic
acids introduced into an oligonucleotide, the higher Tm value it has. Therefore, the
nucleotide analogues of the invention are believed to be as useful for the synthesis of
oligonucleotides suitable for antisense therapies as 2, 4 -BNA/LNA.
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[0129] (Example 4) Synthesis of nucleoside analogue: 2-amino-2-deoxy-2-N,
4-C-oxomethyleneadenosine (compound 34)

[0130]

o) 0 Q

M Me
e\fl\/t{ Me\[{( NH \[tk/t‘
TFAA
BnO N0 n-BuyP BnO N/&O pyridine BnO N“ 0
Fo? - o) - . o
TBDPSO THFAHzo TBDPSO CHftc'z TBOPSO

BnO N; BnO NH; 62% (2 steps) BnO NHCOCF;
2
& NHBz 27 NHBz 28 NHBz
NE-Benzoyl Adenine Ny N X
N N
BSA < ¢ ¢ ]
TMSOT! 8O-y N N/) TBAF 8o N N/) foga  BnO o N N/)
CICH,CH,CI  TBDPSO THF HO DMF HOOC
reflux BnO  NHCOCF, 86% BnO  NHCOCF, 0% BnO NHCOCF,
7% 29 30 31
NH, NH, NH,
N B N S N D
N N N
¢ ]l\/L ¢ Pd(OH),/C 4 I‘\
NHj aq. BnO o N N//, EDCI BnO o N N) cyclohexene ~ HO— o N N/)
MeOH DMF EtOH
i HOC;(;O N, rt g NH reflux o NH
25% (2 steps) OBn 90% OH
32 33 34
[0131] (1) Synthesis of compound 28
[0132]

o
Me Me Me
z)( ))(NH T«NH

AN /& TFAA (1.1 eq.)

O n- Bu;P 5eq.) BnO o N o Pyidine (3eq)  BnO o NN
TBDPSO THF/H;O (3/1) TBDPSO CH.Cl; TBDPSO
r

rt, 0.5h
BnO NH; 62% (2 steps) BnO NHCOCF,

27 28
[0133] Under nitrogen stream, compound 26 (500 mg, 0.68 mmol) was dissolved in

the solution of water: tetrahydrofuran=1:3 (v/v) (4.5 ml), to which tributylphosphine
(0.85 mL, 3.42 mmol) was added and stirred for 8 hours at room temperature. After
the solvent was distilled away, the residue was dissolved in methanol and washed with
hexane. After the solvent was distilled away, the crude product 27 was given as an oil,
which was then simply purified by column chromatography (hexane: ethyl
acetate=5:1—2:1(v/v)) before application for the next reaction.

[0134] Under nitrogen stream, to a solution of crude product 27 in dichloromethane
(6 mL) was added pyridine (0.16 mL, 2.05 mmol). After ice-cooling, trifluoroacetic
anhydride (0.10 mL, 0.75 mL) was added to the mixture and stirred for 0.5 hours.
Water was then added to the mixture, which was then extracted with dichloromethane,
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and the extract was washed with aqueous sodium hydrogen carbonate solution and
dried over anhydrous sodium sulphate. After the solvent was distilled away, the
resultant crude product was purified by column chromatography (hexane: ethyl
acetate=5:1—2:1(v/v)) to give compound 28 (341.4 mg: yield 62 % (2 steps)) as a white
foam.

[0135] The physical property data of the resultant compound 28 was as follows: IR
(KBr): 3185, 2961, 1713, 1211, 1158, 1094 cm'}; 1H-NMR (300 MHz, CDCly): §1.04 (9H,
s), 1.59 (3H, s), 3.54, 3.78 (2H, AB, J = 10 H2), 3.65, 4.02 (2H, AB, J = 10.5 Hz), 428 (1H,
d, J=5.5 Hz), 4.55, 4.71 2H, AB, J = 11 H2), 4.58, 4.63 (2H, AB, J = 12 Hz), 4.94 (1H,
dd, J = 5.5 Hz, 8 Hz), 6.22 (1H, d, J = 8 Hz), 7.19-7.84 (20H, m), 8.68 (1H, s); 13C-NMR
(100.53 MHz, CDCly): §12.1, 19.1, 27.0, 55.9, 63.7, 73.0, 75.4, 79.6, 85.0, 88.2, 112.1,
115.4, 127.7, 127.8, 128.1, 128.1, 128.2, 128.5, 128.7, 129.8, 151.1, 157.8, 163.9; MS
(FAB): m/z 802 (MH*), high-resolution MS (FAB): Calculated C43sH47F3N30-Si (MH):
802.3135. Found 802.3143.

[0136] (2) Synthesis of compound 29

[0137]
0 NHBz
Me . .
NH Né-Benzoyl Adenine NN
N BSA <
BnO N" 70 TMSOTS BnO NN
0—J o
TBDPSO CICH,CH,CI  TBDPSO
BnO NHCOCF, reflux BnO NHCOCF,
28 7% 29

[0138] Under nitrogen stream, to a solution of compound 28 from (1) above (103 mg,
0.13 mmol) in dichloroethane (2.5 mL) was added N&- benzoyladenine (80.4 mg, 0.34
mmol) and N,O- bis trimethylsilyl acetamide (246 pL, 1.01 mmol) and heated and
stirred until clear. After the reactant was cooled to ambient temperature,
trimethylsilyl trifluoromethanesulfonate (16.3 pL, 0.09 mmol) was added to the
reactant and stirred at reflux for 3.5 hours. Then saturated sodium bicarbonate
solution was added to the reactant which was then extracted with dichloromethane,
and the organic layer was washed with water and then sodium bicarbonate water and
then dried over anhydrous sodium sulphate. After the solvent was distilled away, the
resultant crude product was purified by column chromatography (hexane: ethyl
acetate=5:1—3:1(v/v)) to give compound 29 (90.3 mg: yield 77 %) as a white foam.

[0139] The physical property data of the resultant compound 29 was as follows: IR
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(KBr): 3402, 3246, 3068, 2931, 2858, 1722, 1638, 1218, 1105 cm’L; 'H-NMR (300 MHz,
CDCly): §1.06 (9H, s), 3.54, 3.83 (2H, AB, J = 10 Hz), 3.78, 4.10 (2H, AB, J = 11 Ha),
4.44 (1H, d, J = 6 Hz), 4.51, 4.66 (2H, AB, J = 11.5 Hz), 4.54, 4.76 (2H, AB, J = 11 Ha2),
5.29 (1H, dd, J =6 Hz, 7.5 Hz), 6.11 (1H, d, J = 7.5 H2), 7.16-8.02 (25H, m), 8.26 (1H, s),
8.70 (1H, s); 13C-NMR (100.53 MHz, CDCly: §19.1, 26.9, 56.4, 63.4, 72.0, 73.8, 75.5,
79.7, 86.1, 89.1, 122.9, 127.8, 128.0, 128.2, 128.3, 128.6, 128.7, 128.8, 129.9, 130.0,
132.3, 132.6, 132.6, 133.6, 135.5, 135.7, 136.3, 136.9, 141.1, 149.5, 151.7, 152.6, 157.1,
1646 MS (FAB): m/z 915 (MH), highresolution MS (FAB): Calculated
CsoHs0F3NsO6S1 (MH):915.3513. Found 915.3537.

[0140] (3) Synthesis of compound 30

[0141]

NHBz NHB:z
SN SN
S v Y
n N BnO N

o _ TR o

TBDPSO THF HO
BnO NHCOCF, nt BnO NHCOCF;
86%
29 30

[0142] Under nitrogen stream, to a solution of compound 29 from (2) above (40 mg,
0.044 mmol) in tetrahydrofuran (1.0mL) was added tetra-n-butylammonium fluoride
(1 M tetrahydrofuran solution, 49 pL, 0.049 mmol) and the mixture was stirred for 15
minutes at room temperature. After the solvent was distilled away, water was added
to the residue which was then extracted three times with ethyl acetate, and the
organic layer was washed with saturated saline and then dried over sodium sulfate.
After the solvent was distilled away under reduced pressure, the resultant crude
product was purified by column chromatography (2g, n-hexane: ethyl
acetate=2:1—2:3) to give compound 30 (25.5 mg: yield 86 %) as a white foam.

[0143] The physical property data of the resultant compound 30 was as follows: [al p2
-15.9 (c 1.00, CHCly); IR (KBr): 3395, 2928, 3271, 1722, 1613, 1216, 1184 cm'l; 1H-NMR
(300 MHz, CDCLy): §1.60 (1H, s), 3.24 (1H, s), 3.40, 3.47 (2H, AB, J = 10 Hz), 3.78, 3.91
(2H, AB, J=11.5 Hz), 4.33 (2H, ), 4.52, 4.62 2H, AB, J = 11.5 Hz), 489 (1H, d, J = 6.0
Hz), 5.41 (1H, d, J = 6.0 H2), 6.33 (1H, ), 7.12-7.71 (13H, m), 8.02 (2H, d, J = 7.5 Ha),
8.25 (1H, s), 8.68 (1H, s), 9.4 (1H, ¢); MS (FAB): m/z 677 (MH?), high-resolution MS
(FAB): Calculated CasHs2F3N¢Og (MH): 677.2335. Found 677.2349.
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[0144] (4) Synthesis of compound 31

[0145]
NHBz NHBz
N
<1 s
BnO N"S\T fosa Bo— NN
ol o MsA o
HO DwE HOOC
BnO NHCOCF; 78% BnO  NHCOCF,
30 31

[0146] Under nitrogen stream, compound 30 from (3) above (213 mg, 0.315 mmol)
was dissolved in dimethylformamide (1.5 mL), to which pyridinium dichromate (872
mg, 3.15 mmol) and 300mg of molecular sieves 4A were added, and the mixture was
stirred for 17 hours at room temperature. Water and then acetic acid (1.5 mL) was
added to the mixture which was then stirred, diluted with ethyl acetate and then
filtered through Celite. The filtrate was extracted with ethyl acetate and the organic
layer was washed with oxalate buffer and then dried over sodium sulfate. After the
solvent was distilled away, the crude product 31 was given as a white solid (169 mg:
yield 78 %).

[0147] The physical property data of the resultant compound 31 was as follows: [a]lp®
-43.8 (¢ 1.000, CHCLy); IR (KBr): 3256, 3061, 2923, 2871, 1725, 1613, 1584, 1218, 1173
cm'}; TH-NMR (400 MHz, CDCly): 63.76, 3.97 (2H, AB, J = 10.6 Hz), 4.41, 4.60 (2H, AB,
J =11.4 Hz), 4.44, 4.54 2H, AB, J = 12.0 Hz), 463 (1H, d, = 6.5 Hz), 519 (1H, dd, J =
6.5 Hz, 8.7 Hz), 6.40 (1H, d, J = 6.5 Hz), 7.17-7.58 (18H, m), 7.99 (2H, d, J = 7.8 H2),
8.37 (1H, s), 8.56 (1H, s), 9.57 (1H, s); 3C-NMR (100.53 MHz, CDCly): 555.8, 70.4, 73.8,
75.3,778.7, 87.7, 90.4, 116.7, 122.6, 127.9, 128.2, 128.4, 128.6, 128.7, 133.0, 135.8, 136.6,
141.9, 149.5, 151.8, 157.4, 165.2.

[0148] (5) Synthesis of compound 33

[0149]

NHBz NH, NH
N B
¢ j@“ f f )
B0 NN _ NHsaa _ Eoci &no
HOOC MeOH HOOC
o NHCOCF; BnO  NH, 25% (2 steps) © Sen N
31 33
[0150] Under nitrogen stream, compound 31 from (4) above (1.09 g, 1.58 mmol) was

dissolved in methanol (15mL), to which 28 % (v/7) aqueous ammonia (10mL) was
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added at room temperature, and then stirred for 19 hours. After the solvent was
distilled away, the residue was extracted with ethyl acetate/water to recover the
aqueous layer from which the solvent was then distilled away. The resultant
powdery crude product 32 was azeotroped with acetonitrile before applying to the next
reaction.

[0151] The crude product 32 (766 mg 156 mmol) was dissolved in
dimethylformamide (20 mL), to which 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (299 mg, 1.87 mmol) was added, and then stirred at room temperature
for 16 hours. After the solvent was distilled away, the residue was extracted with
ethyl acetate and dried over anhydrous sodium sulphate. After the solvent was
distilled away, the resultant crude product was purified by column chromatography
(chloroform: methanol=20:1 (v/v)) to give the white solid 33 (185 mg: yield 25 % (2
steps)). |

[0152] The physical property data of the resultant compound 33 was as follows:
TH-NMR (400 MHz, CDCly): §3.94, 4.07 (2H, AB, J = 12 Hz), 4.31 (1H, s), 4.43, 4.54 (2H,
AB, J =12 Hz), 448 (1H, ), 4.63, 4.72 (2H, AB, J = 12 Hz), 5.61 (2H, s), 5.85 (1H, 9),
6.01 (1H, s), 7.00-7.52 (10H, m), 8.15 (1H, s), 8.32 (1H, s).

[0153] (6) Synthesis of compound 34

[0154]

NH, NH;

Pd(OH),/C
BnO N N/) cyclohexene  HO N N/)
(¢} - . o
EtOH
o NH reflux o NH

OBn 90% OH
33 34

[0155] Under nitrogen stream, compound 33 from (5) above (33.6 mg, 0.071 mmol)
was dissolved in ethanol (1 mL), to which 20% palladium hydroxide on carbon (33mg)
and cyclohexene (Iml) was added, and then heated at reflux for 4 hours under
nitrogen stream. After the reactant was spontaneously filtered and washed with
warm methanol, the solvent was distilled away The resultant crude product was
purified by column chromatography (chloroform: methanol=10:1) to give a white solid
34 (18.7 mg: yield 90 %).

[0156] The physical property data of the resultant compound 34 was as follows:
'H-NMR (400 MHz, CD30D): §3.82, 3.98 (2H, AB, J = 12 Hz), 434 (1H, s), 4.40 (1H, s),
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5.76 (1H, s), 8.12 (1H, s), 8.26 (1H, s).
[0157] (Example 5)
2-amino-3-0-[2-cyanoethoxy

Synthesis of

analogue:
(diisopropylamino)

the nucleoside

phosphino]-5-O-dimethoxytrityl-2-N,4’-C-oxoethylenethymidine (compound 51: amide

6NH)
[0158]
SO+pyridine
BnO DMSO BnO PhsPCH,Br
o EtsN o n-BuLi
O  CHJCl, _ o THF
Ho~ OBn 07L rt,4h OBn 07/\ rt, 12h = San 0
54%, 2 steps
35 o 4 Siep 36
1)9-BBN
THF BnO TBDPSCI BnO Ac0
rt, 19 hr o DMAP o cH,S0, Ac
2)NaOH, 0O CHCl, O  AcOH
H,0, oBn O rt, 16 h OBn 071\ rt,2h OBn OAc
rt,0.5h HO 37 quant. TBDPSO a8 91% TBDPSO
87%
thymine
BSA NH MsClI
TMSOTf /& _ KL  pno /& Et;N
MeCN "~ MeOH O " chye,
reflux, 3.5h rt.,1h 0°C,15h H
84% " OBnOAc 95% OBn OH 91% OBn OMs
TBOPSO TBDPSO TBOPSO
o
NH 110 \fk
2
NaOH /§ pyridine BnO fO
EtOH CH,Cl, 0- DMF
rt, 12 h 0°C.05h rt,13h
89% r~ oen 83% quant. OBn N3
TBOPSO . TBDPSO TBDPSO
o}
PDC
TBAF BnO )§ _ MS4A  gno MesP
THF Y ° THE, 10
rt,17h rt.,12h r.t., 24
quant. OBn N3 94% OBn N 43% BnG Jr—NH
46 o]
o) 48
1)H,, Pd(OH),/C, THF
rt, 26 h l /'1'4 l /’t
2)H,, Pd(OH),/C, MeOH HO DMTrO
(1, 24h o N 0 DMTICI o N0
61% { pyridine
NH rt,3h NH
HO ' HO
s 81% -
49 (o] 50

2-cyanoethyl NN N N'-
tetraisopropylphosphordiamidite
1H-tetrazole
THF, MeCN

DMTrO
r WI o N/&o
rt. 12 h (PriN_ g

4209, AN
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[0159] (1) Synthesis of compound 35

[0160]
SO4+pyridine
BnO DMSO BnO
}Yi? _EN o
O  CH.Ch _ o
HO™ Ogn O~ rh.4m O oBn o~
1 35

[0161] Under nitrogen stream, to a solution of compound 1 (6.03 g, 15.1 mmol) in
anhydrous dichloromethane (150 mL) was added dimethyl sulfoxide (13.0 mL, 181
mmol), triethylamine (8.50 mL, 60.2 mmol) and sulfur trioxide pyridine complex (9.60
g, 60.2 mmol) and the mixture was stirred for 4 hours at room temperature. The
reaction was quenched by adding water to the reactant which was then diluted with
diethyl ether and extracted three times. The organic layer was recovered and washed
three times with water and once with saturated saline and then dried over sodium
sulfate. The solvent was distilled away under reduced pressure to give the crude
product of compound 35 (4.29 g).

[0162] (2) Synthesis of compound 36

[0163]

BnO Ph;PCH3Br BnO
0o n-Buli 0
_—
_ o] THF - 0
0= San o\/\ rt., 12 hr 0Bn O\/\
54%, 2 steps
35 36

[0164] Under nitrogen stream, to the suspension of methyltriphenyl phosphonium
bromide (11.5 g, 32.3 mmol) in anhydrous tetrahydrofuran (30 mL) was added
dropwise n-butyllithium (1.6 M n-hexane solution, 27.0 m1, 43.1 mmol) at 0°C and the
mixture was stirred for 1 hour at room temperature. The solution of crude product of
compound 35 from (1) above in anhydrous tetrahydrofuran (100 mL) was added
dropwise to the reactant which was then stirred at room temperature for 12 hours.
The reaction was quenched by adding aqueous ammonium chloride solution to the -
reactant which was then extracted three times with diethyl ether and dried over
sodium sulfate. After the solvent was distilled away under reduced pressure, the
resultant crude product (8.91 g) was purified bv silica-gel column chromatogranhv (150
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g, n-hexane: ethyl acetate=5:1 (v/v)) to give compound 36 (3.22 g: yield 54 % (2 steps))
as a colorless oil.

[0165] The physical property data of the resultant compound 36 was as follows:
1H-NMR (400 MHz, CDCly): 61.27 (s, 3H), 1.51 (s, 3H), 3.30, 3.32 (AB, J = 12.5 Hz, 2H),
424 (d, J = 5.0 Hz, 1H), 4.50, 4.39 (AB, J = 12.5 Hz, 2H), 4.55:4.59 (m, 2H), 4.75 (AB, J
=12.5 Hz, 1H), 5.23 (d, J = 11.0 Hz, 1H), 5.51 (d, J = 17.5 Hz, 1H), 5.75 (d, J = 4.0 Hz,
1H), 6.18 (dd, J = 11.0, 17.5 Hz, 1H), 7.20-7.38 (m, 10H).

[0166] (3) Synthesis of compound 37

[0167]

9-BBN
BnO THF

B
o rt.19hr  oMO o
_ 0] then, NaOH, 0
OBn O\/\ H20, OBn OjL

rt,05hr  HO

0,
36 87% 37

[0168] Under nitrogen stream, to a solution of compound 36 from (2) above (4.36 g,
110 mmol) in anhydrous tetrahydrofuran (150 ml) was added dropwise
borabicyclononane (0.5 M tetrahydrofuran solution, 66 mlL, 33.0 mmol) and the
mixture was stirred for 19 hours at room temperature. The reaction was quenched
by adding water to the reactant, to which aqueous sodium hydroxide (3 M, 23.0 mL,
70.4 mmol) and 35 % (v/v) hydrogen peroxide solution (6.0 mL, 70.4 mmol) were added,
and stirred for 0.5 hours at room temperature. After completion of the reaction, the
reaction mixture was extracted three times with ethyl acetate to recover the organic
layer which was then dried over sodium sulfate. After the solvent was distilled away
under reduced pressure, the resultant crude product (7.43 g) was purified by silica-gel
column chromatography (100 g, n-hexane: ethyl acetate=3:1 (v/v)) to give compound 37
(3.96 g yield 87 %) as a colorless oil.

[0169] The physical property data of the resultant compound 37 was as follows:
IH-NMR (400 MHz, CDCly): 61.32 (s, 3H), 1.64 (s, 3H), 1.77 (ddd, J = 4.0, 6.5, 15.5 He,
1H), 2.50 (ddd, J = 4.0, 8.5, 15.5 Hz, 1H), 2.85 (s, 1H), 3.29, 3.53 (AB, J = 10.0 Hz, 2H),
3.72-3.85 (m, 2H), 4.11 (d, J = 5.5 Hz, 1H), 4.42, 450 (AB, J = 12.5 Hz, 2H), 4.53, 4.76
(AB, J = 12.0 Hz, 2H), 4.64 (dd, J = 4.0, 5.5 Hz, 1H), 5.76 (d, J = 4.0 Hz, 1H), 7.23-7.33
(m, 10H).
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[0170] (4) Synthesis of compound 38
[0171]

TBDPSCI

__DmAP
T CHCl,
OBn 0 rt., 16 hr OBn 0

quant, TBDPSO

[0172] Under nitrogen stream, to a solution of compound 37 from (3) above (3.96 g,
9.56 mmol) in dichloromethane (100 mL) was added N,N-dimethyl-4-aminopyridine
(350 mg, 2.87 mmol) and triethylamine (4.0 mL, 28.7 mmol) and then added dropwise
tert-butyldiphenylchlorosilane (4.0 ml, 15.3 mmol) at 0°C, and the reactant was
stirred for 16 hours at room temperature. The reaction was quenched by adding
water to the reactant which was then extracted three times with dichloromethane and
dried over sodium sulfate. After the solvent was distilled away under reduced
pressure, the resultant crude product (8.82 g was purified by silica-gel column
chromatography (200 g, n-hexane: ethyl acetate=10:1 (v/v)) to give compound 38
(6.28¢g: quantitative) as a colorless oil.

[0173] The physical property data of the resultant compound 38 was as follows: [a]p?
+16.3 (c 1.00, CHCLw); IR (KBr): 3068, 3031, 2932, 2857, 1454, 1428, 1382, 1209 cm'};
H-NMR (400 MHz, CDCla): §0.99 (s, 9H), 1.28 (s, 3H), 1.53 (s, 3H), 1.85 (ddd, J = 7.0,
8.0, 14.5 Hz, 1H), 2.43 (ddd, J = 5.0, 6.5, 14.5 Hz, 1H), 3.28, 3.69 (AB, J = 10.5 Hz, 2H),
3.83-3.94 (AB, m, 2H), 4.20 (d, J = 5.5 Hz, 2H), 4.33, 4.46 (AB, J = 12.5 Hz, 2H), 4.58
(dd, J = 3.5, 5.5 Hz, 1H), 452, 4.73 (AB, J = 12.5 Hz, 2H), 5.74 (d, J = 3.5 Hz, 1H),
7.17-7.68 (m, 20H); 13C-NMR (100 MHz, CDCly): §19.2, 26.3, 26.7, 26.9, 35.0, 59.9, 68.1,
72.5, 713.5, 78.0, 79.4, 86.8, 104.3, 113.1, 127.7, 127.7, 127.7, 127.9, 127.9, 1284, 1284,
129.6, 134.0, 134.0, 135.7, 138.2, 138.3; MS (FAB): m/z 675 (M+Na*), high-resolution
MS (FAB) Calculated C40HsO6SiNa (M+Na*):675.3118. Found: 675.3115.

[0174] (5) Synthesis of compound 39

[0175]
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Ac,0
C. H2804
AcOH
OBn O rt,2hr OBn OAc
TBDPSO 91% TBDPSO

[0176] Under nitrogen stream, to a solution of compound 38 from (4) above (5.86 g,
8.98 mmol) in acetic acid (30 mL) was added dropwise acetic anhydride (10 mL, 108
mmol) and 0.1 % (w/v) sulfuric acid (4.0 mL, acetic acid solution) and the mixture was
stirred for 2 hours at room temperature. The reaction was quenched by adding
saturated sodium bicarbonate solution to the reactant at 0°C, which was then
extracted three times with ethyl acetate. The organic layer was washed once with
saturated sodium bicarbonate solution, once with water and once with saturated
saline, and then dried over sodium sulfate. After the solvent was distilled away
under reduced pressure, the resultant crude product (6.18 g) was purified by silica-gel
column chromatography (200 g, n-hexane: ethyl acetate=5:1 (v/v)) to give compound 39
(5.67 g yield 91 %) as a colorless oil.

[0177] The physical property data of the resultant compound 39 was as follows: [alp2*
-16.3 (c 1.00, CHCly); IR (KBr): 3069, 3031, 2931, 2857, 1748, 1428, 1369, 1219 cm'};
IH-NMR (400 MHz, CDCly): 61.01 (s, 9H), 1.82 (s, 3H), 1.92 (s, 3H), 1.96-2.13 (m, 2H),
3.37, 3.49 (AB, J = 10.0 Hz, 2H), 3.79-3.92 (m, 2H), 4.34-4.42 (m, 3H), 4.45, 4.56 (AB, J
=12.0 Hz, 2H), 5.27 (d, J = 5.5 Hz, 1H), 6.01 (s, 11D, 7.20-7.67 (m, 20H); 3C-NMR (100
MHz, CDCly): §19.2, 20.7, 21.1, 26.9, 35.9, 59.9, 73.3, 73.6, 74.8, 78.2, 86.8, 97.8, 127.5,
127.6, 127.7, 127.8, 127.9, 128.4, 128.5, 129.6, 134.0, 134.0, 135.7, 138.0, 138.3, 169.5,
169.8, MS (FAB): m/z 719 (M+Na*), highresolution MS (FAB): Calculated
C41Hug0sSiNa (M+Nat): 719.3016. Found: 719.2999.

[0178] (6) Synthesis of compound 40

[0179]
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. (e]
thymine
BnO BSA ] NH
TMSOTf
0O OAc ———» BnO N /l%O
: MeCN 0
0Bn OAc reflux, 3.5 hr
TBDPSO 84% OBn OAc
TBDPSO
39 40

[0180] Under nitrogen stream, to a solution of compound 39 from (5) above (5.57 g,
8.00 mmol) in anhydrous acetonitrile (20 mL) was added thymine (1.41 g, 11.2 mmol)
and then added dropwise N,O-bis trimethylsilyl acetamide (6.8 mL, 28.0 mmol), which
was then heated at reflux for 1.5 hours. The reactant was cooled to room
temperature, to which trimethylsilyl trifluoromethane sulfonate (1.9 mL, 10.4 mmol)
was added dropwise at 0°C, and heated at reflux for 3.5 hours. The reaction was
quenched by adding saturated sodium bicarbonate solution to the reactant at 0°C,
which was then diluted with ethyl acetate and extracted three times. The organic
layer was washed once with water and once with saturated saline, and then dried over
sodium sulfate. After the solvent was distilled away under reduced pressure, the
resultant crude product (5.71 g) was purified by silica-gel column chromatography (150
g, n-hexane: ethyl acetate=3:2(v/v)) to give compound 40 (5.14 g: yield 84 %) as a white
foam.

[0181] The physical property data of the resultant compound 40 was as follows:
melting point 45-48°C; [a]p +10.2 (¢ 1.00, CHCly); IR (KBr): 3172, 3068, 2930, 2857,
1747, 1693, 1470, 1372, 1234 cm'’; 'H-NMR (400 MHz, CDCL): §1.01 (s, 9H), 1.48 (s,
3H), 1.76-1.83 (m, 1H), 2.04 (s, 3H), 2.03-2.11 (m, 1H), 3.41, 3.89 (AB, J = 10.5 Hz, 2H),
3.71-3.83 (m, 2H), 4.35 (d, J = 6.5 Hz, 1H), 4.39, 4.44 (AB, J = 9.5 Hz, 2H), 4.38, 4.57
(AB, J = 11.5 Hz, 2H), 5.35 (dd, J = 5.0, 6.5 Hz, 1H), 6.08 (d, J = 5.0 Hz, 1H), 7.20-7.41
(m, 16H), 7.49 (s, 1H), 7.60-7.65 (m, 4H), 7.83 (s, 1H); 13C-NMR (100 MHz, CDCLy:
612.1, 19.2, 20.9, 27.0, 35.2, 59.4, 73.2, 73.5, T4.4, 75.4, 7.6, 86.2, 87.5, 111.3, 127.7,
127.8, 128.0, 128.1, 128.6, 128.7, 129.8, 133.6, 133.6, 135.6, 135.8, 137.5, 137.6, 150.4,
163.7, 170.2.

[0182] (7) Synthesis of compound 41

[0183]
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TBDPSO TBDPSO
40 41
[0184] To a solution of compound 40 from (6) above (5.04 g, 6.61 mmol) in methanol

(10 mL) was added potassium carbonate (450 mg, 3.30 mmol) and the mixture was
stirred at room temperature for lhour. After the solvent was distilled away under
reduced pressure, water was added to the residue, which was then extracted three
times with ethyl acetate. The organic layer was washed once with saturated saline
and then dried over sodium sulfate. After the solvent was distilled away under
reduced pressure, the resultant crude product (4.76 g) was purified by silica-gel column
chromatography (100 g, n-hexane: ethyl acetate=4:3 (v/v)) to give compound 41 (4.54 g:
yield 95 %) as a white foam.

[0185] The physical property data of the resultant compound 41 was as follows:
melting point 62-64°C; [alp? -10.3 (c 1.00, CHCly); IR (KBr): 3423, 3179, 3066, 2928,
2856, 1695, 1471, 1428, 1270 cm'’; 1H-NMR (400 MHz, CDCly: §1.06 (s, 9H), 1.56 (s,
3H), 1.77 (ddd, J = 6.5, 8.0, 14.5 Hz, 1H), 2.14 (dt, J = 5.0, 14.5 Hz, 1H), 2.83(d, J=8.0
Hz, 1H), 3.45, 3.85 (AB, J = 10.5 Hz, 2H), 3.73-3.88 (AB, m, 2H), 3.85 (d, J = 10.5 Hz,
1H), 4.14 (d, J = 6.0 Hz, 1H), 4.30 (m, 1H), 4.46, 449 (AB, J = 12.0 Hz, 2H), 4.56, 4.63
(AB, J = 11.0 Hz, 2H), 5.82 (d, J = 6.0 Hz, 1H), 7.22-7.65 (m, 21H), 8.12 (s, 1H);
1BC-NMR (100 MHz, CDCly): 6§12.2, 19.2, 27.0, 35.5, 59.5, 73.6, 74.2, 74.7, 75.2, 79.5,
87.2, 88.6, 111.1, 127.6, 127.8, 127.8, 128.1, 128.2, 128.4, 128.7, 128.7, 129.8, 129.8,
133.6, 135.6, 136.0, 137.2, 137.5, 150.9, 163.8.

[0186] (8) Synthesis of compound 42

[0187]
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[0188] Under nitrogen stream, to a solution of compound 41 from (7) above (3.26 g,

4.52 mmol) in anhydrous dichloromethane (40 ml) was added triethylamine (6.3 mL,
45.2 mmol) and methanesulfonyl chloride (0.70 mL, 9.04 mmol) and the mixture was
stirred at 0°C for 1.5 hours. The reaction was quenched by adding saturated sodium
bicarbonate solution to the reactant at 0°C, which was then extracted three times with
dichloromethane. The organic layer was washed once with water followed by once
with saturated saline and then dried over sodium sulfate. After the solvent was
distilled away under reduced pressure, the resultant crude product (3.80 g was
purified by silica-gel column chromatography (100 g, n-hexane: ethyl acetate=43 (v/v))
to give compound 42 (3.29 g: yield 91 %) as a white foam.

[0189] The physical property data of the resultant compound 42 was as follows:
melting point 57-62°C; [a]p2 +214.8 (c 1.00, CHCIy); IR (KBr): 3168, 3068, 3031, 2932,
2857, 1694, 1471, 1361, 1178 cm'l; 1H-NMR (400 MHz, CDCly): §1.02 (s, 9H), 1.44 (s,
3H), 1.85 (ddd, J = 6.5, 8.0, 14.5 Hz, 1H), 2.10 (dt, J = 5.0, 14.5 Hz, 1H), 3.07 (s, 3H),
3.44, 3.95 (AB, J = 6.5 Hz, 2H), 3.70-3.86 (m, 2H), 4.33 (d, J = 5.0 Hz, 2H), 4.37, 4.42
(AB, J = 12.0 Hz, 2H), 4.45, 4.83 (AB, J = 12.0 Hz, 2H), 5.26 (dd, J = 3.0, 5.0 Hz, 1H),
6.01 (d, J = 3.0 Hz, 1H), 7.18-7.63 (m, 21H), 8.29 (s, 1H);}3C-NMR (75.5 MHz, CDCly):
611.9, 19.1, 26.8, 35.1, 38.8, 59.1, 72.6, 73.4, 73.8, 75.7, 80.3, 86.7, 87.8, 111.2, 127.6,
127.6, 127.7, 128.1, 128.3, 128.4, 128.6, 129.7, 129.7, 133.3, 133.4, 135.3, 135.5, 137.1,
137.2, 150.5, 163.5.

[0190] (9) Synthesis of compound 43

[0191]



10

15

20

47

0 0
[ NH \fLNH
BnO O ’J*o NGOH _ Bro— |5 o
EtOH 0-
rt, 12 hr
OBn OMs 89% OBn
TBDPSO TBDPSO

42

43

[0192] To a solution of compound 42 from (8) above (3.16 g, 3.95 mmol) in ethanol (40
mL) was added dropwise aqueous sodium hydroxide (1 M, 12 mL, 12.0 mmol) and the
mixture was stirred at room temperature for 12 hours. The reaction was quenched
by adding aqueous ammonium chloride solution to the reactant which was then
extracted three times with ethyl acetate. The extract was washed once with water
followed by once with saturated saline and then dried over sodium sulfate. After the
solvent was distilled away under reduced pressure, the resultant crude product (2.72
g was purified by silica-gel column chromatography (100g, n-hexane: ethyl
acetate=1:1 (v/v)) to give compound 43 (2.55 g: yield 89 %) as a white foam.

[0193] The physical property data of the resultant compound 43 was as follows:
melting point 56-58°C; [alp2 +43.5 (c 1.00, CHCly); IR (KBr):3357, 3181, 3068, 3031,
2929, 2856, 1695, 1472, 1428, 1281 ecm'l; 'H-NMR (400 MHz, CDCly): §1.02 (s, 9H),
1.71(d, J = 1.5 Hz, 3H), 1.83-1.98 (m, 2H), 3.55, 3.94 (AB, J = 10.5 Hz, 2H), 3.70-3.86
(m, 2H), 3.96 (d, J = 9.0 Hz, 1H), 4.06 (d, J = 3.0 Hz, 1H), 4.28 (ddd, J = 3.0, 4.0, 9.0 Hz,
1H), 4.45, 4.70 (AB, J = 12.0 Hz, 2H), 4.49, 4.53 (AB, J = 11.5 Hz, 2H), 5.93 d, J = 4.0
Hz, 1H), 7.22-7.63 (m, 20H), 7.48 (d, J = 1.5 Hz, 1H), 8.02 (s, 1H); 13C-NMR (100 MHz,
CDCly): 812.4, 19.2, 27.0, 35.3, 59.7, 72.8, 73.1, 73.8, 74.8, 83.9, 84.8, 85.2, 109.4, 127.8,
128.0, 128.1, 128.5, 128.8, 129.9, 133.6, 135.6, 136.8, 137.5, 137.7, 150.8, 164.1.

[0194] (10) Synthesis of compound 44

[0195]

(0]

NH
BnO

pyridine BnO
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43 44

[0196] Under nitrogen stream, to a solution of compound 43 from (9) above (2.07 g,
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2.87 mmol) in anhydrous dichloromethane (30mL) was added anhydrous pyridine (1.9
mL, 17.2 mmol) and then added dropwise trifluoromethanesulfonic anhydride (1.4 mL,
8.60 mmol) at 0°C and the mixture was stirred for 0.5 hours. The reaction was
quenched by adding saturated sodium bicarbonate solution to the reactant at 0°C,
which was then extracted three times with dichloromethane. The organic layer was
washed once with water followed by once with saturated saline and then dried over
sodium sulfate. After the solvent was distilled away under reduced pressure, the
resultant crude product (2.56 g) was purified by silica-gel column chromatography (100
g, n-hexane: ethyl acetate=2:1) to give compound 44 (2.03 g' yield 83%) as a white
foam.

[0197] The physical property data of the resultant compound 44 was as follows:
melting point 37-40°C; [a]p2 +37.1 (c 1.00, CHCly); IR (KBr): 3190, 3069, 2930, 2858,
1695, 1455, 1426, 1245, 1215, 1143 em’; tH-NMR (400 MHz, CDCly: §1.02 (s, 9H),
1.68 (s, 3H), 1.81-1.94 (m, 2H), 3.36, 3.69 (AB, J = 10.5 Hz, 2H), 3.72-3.86 (m, 2H), 4.38,
443 (AB, J = 12.0 Hz, 2H), 4.48, 4.72 (AB, J = 11.5 Hz, 2H), 4.57 (d, J = 4.5 Hz, 1H),
5.35 (t, J = 4.5 Hz, 1H), 6.20 (d, J =4.5 Hz, 1H), 7.19-7.63 (m, 21H), 8.81 (s, 1H);
13C-NMR (100 MHz, CDCly): §12.4, 19.2, 26.9, 34.2, 59.2, 71.4, 73.5, 73.7, 80.7, 81.7,
84.6, 87.7, 111.1, 127.8, 128.1, 128.2, 128.5, 128.7, 129.9, 129.9, 133.5, 135.6, 136.7,
137.3, 150.1, 163.4; MS (FAB): m/z 853 (M+H"), high-resolution MS (FAB): Calculated
C43H4sN200F3SiS (M+H?*):853.2802. Found: 853.2813.

[0198] (11) Synthesis of compound 45

[0199]

OB
TBDPSO TBDPSO
44 45

[0200] Under nitrogen stream, to a solution of compound 44 from (10) above (2.03 g,
2.38 mmol) in anhydrous N,N-dimethylformamide (20 mL) was added sodium azide
(464 mg, 7.14 mmol) and the mixture was stirred for 13 hours at room temperature.
Water was added to the reactant which was then extracted three times with diethyl
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ether, and the extract was washed once with saturated saline and dried over sodium
sulfate. After the solvent was distilled away under reduced pressure, the resultant
crude product (2.20 g) was purified by silica-gel column chromatography (150 g,
n-hexane: ethyl acetate=2:1 (v/v)) to give compound 45 (1.80 g: quantitative) as a white
foam.

[0201] The physical property data of the resultant compound 45 was as follows:
melting point 46-49°C; [a]p? -5.1 (c 1.00, CHCly); IR (KBr): 3179, 3068, 2929, 2857,
2109, 1694, 1470, 1428, 1268 cm'}; tH-NMR (400 MHz, CDCly): §1.02 (s, 9H), 1.56 (s,
3H), 1.77 (ddd, J = 6.5, 8.0, 14.5 Hz, 1H), 2.15 (dt, J = 5.0, 14.5 Hz, 1H), 3.44, 391 (AB,
J = 11.0 Hz, 2H), 3.70-3.85 (m, 2H), 3.97 (t, J = 6.0 Hz, 1H), 428 (d, J = 6.0 Hz, 1H),
4.42, 448 (AB, J = 11.5 Hz, 2H), 4.48, 4.78 (AB, J = 11.5 Hz, 2H), 5.99 (d, J = 6.0 Hz,
1H), 7.20-7.63 (m, 20H), 7.49 (s, 1H), 8.66 (s, 1H); 13C-NMR (100 MHz, CDCly): §12.2,
19.2, 27.0, 35.4, 59.4, 65.3, 73.6, 73.6, 74.4, 79.2, 86.1, 87.7, 111.2, 127.7, 127.8, 128.2,
128.3, 128.4, 128.6, 128.8, 129.8, 128.9, 133.6, 135.4, 135.7, 137.0, 137.3, 150.3, 163.6;
MS (FAB): m/z 746 (M+H*), high-resolution MS (FAB): Calculated Ci2H4sN506Si
(M+H?*): 746.3374. Found: 746.3404.

[0202] (12) Synthesis of compound 46

[0203]

o 0

\E‘L NH o
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45 46
[0204] Under nitrogen stream, to a solution of compound 45 from (11) above (1.78 g,

2.39 mmol) in anhydrous tetrahydrofuran (20 ml) was added dropwise
tetra-n-butylammonium fluoride (1M tetrahydrofuran solution, 2.6 mL, 2.60 mmol)
and the mixture was stirred for 17 hours at room temperature. Water was added to
the reactant which was then extracted three times with diethyl ether, and the organic
layer was then washed once with saturated saline and dried over sodium sulfate.
After the solvent was distilled away under reduced pressure, the resultant crude

product (2.20 g was purified by silica-gel column chromatography (75 g, n-hexane:
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ethyl acetate=1:1 (v/v)) to give compound 46 (1.22 g* quantitative) as a white foam.
[0205] The physical property data of the resultant compound 46 was as follows:
melting point 45-500C; [alp2 +10.2 (c 1.00, CHCly); IR (KBr): 3441, 3181, 3063, 2927,
2108, 1693, 1469, 1455, 1267 cm'’; 1H-NMR (400 MHz, CDCLy): §1.56 (s, 3H), 1.66 (br, .
1H), 1.76 (dt, J = 6.0, 15.0 Hz, 1H), 2.21 (dt, J = 6.0, 15.0 Hz, 1H), 3.44, 3.82 (AB, J =
10.5 Hz, 2H), 3.75 (t, J = 6.0 Hz, 2H), 4.04 (t, J = 6.0 Hz, 1H), 4.30 (d, J = 6.0 Hz, 1H),
4.47, 453 (AB, J = 11.5 Hz, 2H), 4.55, 4.83 (AB, J = 12.0 Hz, 2H), 6.10 (d, J = 6.0 Hz,
1H), 7.22-7.38 (m, 10H), 7.44 (s, 1H), 8.34 (s, 1H); 13C-NMR (100 MHz, CDCly): §12.2,
34.9, 58.3, 65.0, 73.4, 73.8, 74.6, 79.6, 86.4, 87.9, 111.5, 127.8, 128.2, 128 .4, 128.5, 128.7,
128.8, 135.4, 136.9, 137.1, 150.5, 163.8; MS (FAB): m/z 508 (M+H), high-resolution MS
(FAB): Calculated CzHsoN506 (M+H?): 508.2196. Found: 508.2204.

[0206] (13) Synthesis of compound 47

[0207]

0 o]
NH PDC NH
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[0208] Under nitrogen stream, to a solution of compound 46 from (12) above (1.22 g,
2.40 mmol) in N,N-dimethylformamide (20 mL) was added molecular sieves 4A
powder (3.0 g and pyridinium dichromate (10.9 g, 28.8 mmol) and the mixture was
stirred for 12 hours at room temperature. Acetic acid (5.0 mL) and water was added
to the reactant which was then diluted with ethyl acetate and filtered through Celite.
The filtrate was extracted three times with ethyl acetate and the organic layer was
washed once with aqueous oxalic acid solution (0.4 M, 200 mL) followed by once with
aqueous ammonium oxalate solution (0.2 M, 200 mL) and once with saturated saline,
and then dried over sodium sulfate. After the solvent was distilled away under
reduced pressure, the resultant crude product (3.20 g) was purified by silica-gel éolumn
chromatography (75 g, n-hexane: ethyl acetate: acetic acid=50:50:1 (v/v/v)) to give
compound 47 (1.18 g: yield 94 %) as a white foam.

[0209] The physical property data of the resultant compound 47 was as follows:
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melting point 78-81C; [alp2 -29.4 (¢ 1.00, CHCly; IR (KBr): 3510, 3179, 3033, 2929,
2108, 1705, 1470, 1455, 1269, 1213 cm’; H-NMR (400 MHz, CDCly): §1.56 (s, 3H),
2.71,2.88 (AB, J = 16.5 Hz, 2H), 3.77, 3.94 (AB, J = 10.0 Hz, 2H), 3.99 (dd, J = 5.5, 7.0
Hz, 2H), 4.37 (d, J = 5.5 Hz, 1H), 4.53, 4.61 (AB, J = 10.5 Hz, 2H), 4.49, 4.88 (AB, J =
11.0 Hz, 2H), 6.22 (d, J = 7.0 Hz, 1H), 7.20-7.48 (m, 11H), 9.65 (s, 1H); 13C-NMR (100
MHz, CDCly): 612.1, 38.0, 65.0, 73.8, 74.0, 75.3, 80.3, 85.3, 86.4, 111.7, 127.8, 128.1,
128.2, 128.5, 128.5, 128.9, 135.6, 136.8, 137.0, 150.1, 164.4, 175.1; MS (FAB): m/z 522
(M+H"), high-resolution MS (FAB): Calculated CaHsNsO7 (M+H+): 522.1989. Found:
522.1979.

[0210] (14) Synthesis of compound 48

[0211]
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[0212] To a solution of compound 47 from (13) above (241 mg, 0.462 mmol) in

tetrahydrofuran/water (5:1 (v/v)) (241 mg, 0.462 mmol, 6 ml) was added dropwise
trimethylphosphine (IM toluene solution, 0.55 mL, 0.550 mmol) and the mixture was
stirred for 24 hours at room temperature. After the solvent was distilled away under
reduced pressure, the resultant crude product (293 mg) was purified by silica-gel
column chromatography (10 g, chloroform: methanol=30:1 (v/v)) to give compound 48
(106 mg: yield 43 %) as a white powder.

[0213] The physical property data of the resultant compound 48 was as follows:
melting point 112-114°C; [alp2! +78.9 (c 1.00, CHCl); IR (KBr): 3500, 3169, 3063, 292&,
1684, 1454, 1367, 1273, 1211 cm;; 'H-NMR (400 MHz, CDCly): 61.36 (d, J = 1.0 Hz,
3H), 2.40, 2.57 (AB, J = 18.0 Hz, 2H), 3.58, 3.72 (AB, J = 11.0 Hz, 2H), 4.05 (dd, J = 3.5,
5.5 Hz, 2H), 4.24 (d, J = 3.5 Hz, 1H), 4.54, 4.58 (AB, J = 11.5 Hz, 2H), 4.51, 4.65 (AB, J
= 11.5 Hz, 2H), 5.76 (s, 1H), 6.86 (br, 1H), 7.24-7.35 (m, 10H), 7.92 (d, J = 1.0 Hz, 1H),
9.40 (br, 1H); 13C-NMR (100 MHz, CDCly): §11.9, 38.6, 55.7, 68.7, 70.6, 71.9, 73.6, 83.8,
90.1, 109.6, 127.5, 127.9, 128.0, 128.2, 128.4, 128.7, 135.5, 137.0, 137.1, 150.7, 164.2,
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169.6; MS (FAB): m/z 478(M+H"), high-resolution MS (FAB): Calculated Cz6H2sN3O¢
(M+H-): 478.1978. Found: 478.1983.

[0214] (15) Synthesis of compound 49

[0215]

- \f:jto Ha, 20°/?erF(OH)2-C o \f:ro
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anGy K then, H,, ;(::/;:d(OH)z-C A
© rt, 24hr ©
48 61% 49
[0216] Under nitrogen stream, to a solution of compound 48 from (14) above (50 mg,
0.105 mmol) in tetrahydrofuran (2 ml) was added 20% (v/v) palladium hydroxide on
carbon (50 mg) and the mixture was stirred for 26 hours at room temperature under
hydrogen stream. After filtration through a pleated filter paper, the filtrate was
washed with methanol, from which the solvent was then distilled away. To the
residue was added methanol (2 mL) and 20% (v/v) palladium hydroxide on carbon (50
mg) and the mixture was further stirred for 24 hours under hydrogen stream. After
filtration through a pleated filter paper, the filtrate was washed with methanol from
which the solvent was then distilled away. The residue was recrystallized with
methanol to give compound 49 (19.1 mg: yield 61 %) as a white solid.
[0217] The physical property data of the resultant compound 49 was as follows: [a]lp2
+36.5 (¢ 0.200, CHs0OH); IR (KBr): 3449, 3318, 3175, 3060, 2926, 2819, 1707, 1651,
1469, 1386, 1272, 1215 cm'’; 1H-NMR (300 MHz, CDs;0D): §1.86 (d, J = 1.0 Hz, 3H),
2.29, 2.46 (AB, J = 18.0 Hz, 2H), 3.69, 3.75 (AB, J = 12.5 Hz, 2H), 3.83 (d, J = 4.0 Hz,
1H), 4.34 (d, J = 4.0 Hz, 1H), 5.69 (s, 1H), 8.36 (d, J = 1.0 Hz, 1H); 13C-NMR (100.53
MHz, CDsOD): §12.5, 38.8, 60.0, 61.8, 64.4, 86.0, 91.0, 110.1, 137.8, 152.1, 166.6, 173.3;
MS (FAB): m/z 298 (M+H-), high-resolution MS (FAB): Calculated CosH2sN3Os
(M+H?): 208.1039. Found: 298.1044.
(0218] (16) Synthesis of compound 50
[0219]
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[0220] Under nitrogen stream, to a solution of compound 49 from (15) above (28 mg,

'0.094 mmol) in anhydrous pyridine (2 mL) was added 4,4-dimethoxytrityl chloride

(95.7 mg, 0.283 mmol) at 0°C and the mixture was stirred for 3 hours at room
temperature. The reaction was quenched by adding saturated sodium bicarbonate
solution to the reactant at 0°C, which was then extracted three times with
dichloromethane. The organic layer was washed once with saturated saline and then
dried over sodium sulfate. After the solvent was distilled away under reduced
pressure, the resultant crude product (159 mg) was purified by silica-gel column
chromatography (5.0 g, chloroform: methanol=20:1) to give compound 50 (45.9 mg:
yield 81 %) as a white foamy solid.

[0221] The physical property data of the resultant compound 50 was as follows: [a]p®
+80.7 (c 1.00, CHCly); IR (KBr): 3562, 3341, 3062, 2933, 2838, 1704, 1657, 1608, 1509,
1465, 1253 cm;'H-NMR (400 MHz, CD;OD): §1.21 (d, J = 1.0 Hz, 3H), 2.42 (s, 2H),
3.36 (s, 2H), 3.77 (s, 6H), 3.93 (d, J = 4.0 Hz, 1H), 4.56 (d, J = 4.0 Hz, 1H), 5.67 (s, 1H),
6.86-7.48 (m, 13H), 7.90 (d, J = 1.0 Hz, 1H); 3C-NMR (100 MHz, CDs;0D) &: 12.26,
39.34, 55.72, 59.80, 64.27, 65.71, 79.46, 85.55, 88.07, 91.72, 110.64, 114.27, 128.20,
129.02, 129.46, 131.46, 136.40, 136.61, 136.90, 145.76, 152.01, 160.36, 166.56, 173.01;
MS (FAB): m/z 600 (M+H"), high-resolution MS (FAB): Calculated C2sH2sN30s
(M+H?*): 600.2346. Found: 600.2347.

[0222] (17) Synthesis of compound 51

[0223]

o o
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[0224] Under nitrogen stream, to a solution of compound 50 from (16) above (72 mg,
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0.120 mmol) in anhydrous tetrahydrofuran/acetonitrile (3:1 (v/v)) (2.0 mL) was added 1H-
tetrazole (10.1 mg, 0.144 mmol) and 2-cyanoethyl-N,N,N’,N’-tetraisopropyl
phosphorodiamidite (46 uL, 0.14 mmol) and the mixture was stirred for 12 hours at room
temperature. The reaction was quenched by adding saturated sodium bicarbonate solution to
the reactant at 0°C, which was then extracted three times with dichloromethane. The organic
layer was washed once with saturated sodium bicarbonate solution followed by once with
saturated saline, and then dried over sodium sulfate. After the solvent was distilled away
under reduced pressure, the resultant crude product (99 mg) was purified by silica-gel column
chromatography (3.0 g, chloroform: methanol=20:1) to give the crude product (70.2 mg, 73
%). The resultant crude product was dissolved in dichloromethane, which was then added to
n-hexane for reprecipitation to give compound 51(40.1 mg, 42 %) as a white solid.
[0225] The physical property data of the resultant compound 51 was as follows: 3'p.NMR
(161.83 MHz, CHCls): 8149.13, 150.91; MS (FAB): m/z 800 (M+H"), high-resolution MS
(FAB): Calculated CysH2sN30¢(M+H"): 800.3424. Found 800.3406.
[0226] (Example 6) Synthesis and purification of the oligonucleotide analogues

10mer of the oligonucleotide analogues containing compound 51 from Example 5
above (compounds 52-55: showed in Table 3 below) were synthesized using ExpediteTM
8909 (from ABI) in the scale of 0.2 pmol. In this synthesis, the capping step in the standard
phosphoramidite protocol was skipped. The compound 51 (amidite unit) was dissolved in
tetrahydrofuran to use in the synthesis. In Table 3, the compound 51 is indicated by X.
Duration of the coupling reaction between an amidite unit (compound S1) and a hydroxyl
group at 5’- terminus was extended from 1.5 minutes (standard condition) to 30 minutes. The
oligonucleotide analogues with the 5’- terminus protected with a DMTr 'group supported on a
solid phase were treated with 0.05 M solution of potassium carbonate in methanol and then
neutralized with S % (w/v) hydrochloric acid, after which the solvent was distilled away. The
resultant crude product was partially purified by the gel filtration column NAP™ 10 Column
(GE Health Care) and then purified by reversed-phase HPLC (SHIMADZU LC-10ATyp,
SHIMADZU SPD-10Avp, SHIMADZU CTO-10vp, using WatersXBridge™ OST Cj3 2.5um
(10 mm x 50 mm) as a preparative column).

[0227] The purities of the synthesized oligonucleotide analogues (compounds 52-55)

(7762210_1):MGH
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were determined using reversed-phase HPLC (WatersXBridge™ Shield RP18 2.5 pym,
4.6 mm x 50 mm)) (condition: gradient 7—13 % (v/v) acetonitrile in 0.1 M triethyl
ammonium acetate buffer (pH 7.0), 1 mL/ min for 30 minutes). The molecular
weights were determined by MALDI-TOF-MASS. The results are shown in Table 3.
[0228] [Table 3]

MALDI-TOF-MASS

Oligonucleotide
Calculated (M—H)  Found (M-H")

5 -TTTTTXTTTT-3" (Compound 52) 3034.00 3033.71
5 -TTTXTXTTTT-3" (Compound 53) 3089.03 3088.89
5 -TTTXTXTXTT-3" (Compound 54) 3144.07 314594
5 -TTTTTTTTXT-3" (Compound 55) 3034.00 3035.17

[0229] (Example 7) Determination of the melting temperature (Tm)

After compounds 52-54 (antisense strands), which were the oligonucleotide
strands synthesized in Example 5 above, and sense strands (3-AAAAAAAAAA-5)
were subjected to an annealing treatment, their Tm values were measured to
determine the hybridization ability of the antisense strands.

[0230] The sample solution (130 pl) containing 100 mM NaCl, 10 mM sodium
phosphate buffer (pH 7.2), 4 nM antisense strands and 4 pM sense strands was heated
in a boiled water bath and then cooled to room temperature over 10 hours. Nitrogen
stream was passed into a cell chamber of a spectrophotometer (Shimadzu,
UV-1650PC) for dew condensation prevention, and the sample solution was gradually
cooled to 5°C and kept at 10°C for 20 minutes before starting the measurements. The
temperature was raised to 85°C at the rate of 0.5°C/ min while ultraviolet absorption
spectra were measured at 260 nm at intervals of 0.1°C. Lidded cells were used to
prevent concentration change due to rising temperature. The results are shown in
Table 4.

[0231] [Table 4]
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Sense strand

Antisense strand RNA complementary strand DNA complementary strand

Tm(C) ATm/mod.(°C) Tm (°C) ATm/mod.(°C)

§ -TTTTTTTTTT-3' (Compound 21) 19 209

5 -TTTTTXTTTT-3’ (Compound 52) 192 +02 157 -5.2
5" -TTTXTXTTTT-3’ (Compound 53)  28.3 +4.7 195 0.7
5 ~TTTXTXTXTT-3’ (Compound 54)  33.3 +44 26.9 20

ATm/mod. = A Tm/modified base

[0232] As shown in Table 4, the oligonucleotide analogues of the invention have
higher affinities to single-stranded RNAs than to single-stranded DNAs. The more
artificial nucleic acids introduced into an oligonucleotide, the higher Tm value it has.
Therefore, the nucleotide analogues of the invention are believed to be useful for the
synthesis of the oligonucleotides suitable for antisense therapies.

[0233] (Example 8) Synthesis  of  the nucleoside analogue:
N2-methyl-2-amino-3-0-[2-cyanoethoxy (diisopropylamino)
phosphino]-5-O-dimethoxytrityl-2-N,4-C-oxoethylenethymidine (compound 60: amide
6NMe)

[0234]
0 o o)
NH NBOM NBOM
BOMCI Mel \f‘\
BnO I N/&O DBU BnO \El:/&o NaH BnO I N/&O
o) Y 0 °
0°C,05h 0°C,2h
Bno )r—NH 86% gn0 Jy— NH 60% Bn0 Jy—NMe
0 0 o)
48 56 57 o
o o
NH NH ipr,NP(CI)O N | ,Ng
Pd(OH),/C | i-PraNP(CIO(CH,).CN pmTrO
cyclohexene HO ol NNg_ DMTCi DMTO o o DIPEA o-N ©
EOH pyridine}é1 @ CHZC# (Pri)oN
ux, | rt, 17 n,6 P-O NMe
quant. HO J—NMe 69% HO y—NMe 45% o g,/
o) (o} \/\CN
58 59 60

[0235] (1) Synthesis of compound 56
[0236]
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0

NH NBOM
BOMCI

BnO PN DU BnO \fl

DMF

[o}

0°C, 0.5 h T4

Bno Jr—NH 86% BnO
0 o
48 56

[0237] Under nitrogen stream, to a solution of compound 48 (94 mg, 0.197mmoD) in
anhydrous N,N-dimethylformamide (2.0 mL) was added 1,8-diazabicyclo [5.4.0]
undec-7-ene (0.12 mL, 0.79 mmol) and benzyl chloromethyl ether (55 pL, 0.39 mmol)
at 0°C and the mixture was stirred for 0.5 hours. The reaction was quenched by
adding saturated sodium bicarbonate solution to the reactant at 0cC, which was then
extracted three times with ethyl acetate. The organic layer was washed once with
water and once with saturated saline and then dried over sodium sulfate. After the
solvent was distilled away under reduced pressure, the resultant crude product (112
mg) was purified by silica-gel column chromatography (5.0 g, n-hexane: ethyl
acetate=1:1) to give compound 56 (101 mg: yield 86 %) as a white foamy solid.

[0238] The physical property data of the resultant compound 56 was as follows:
IH-NMR (400 MHz, CDCly): 61.43 (d, J = 1.0 Hz, 3H), 2.45, 2.60 (AB, J = 17.5 Hz, 2H),
3.59, 3.76 (AB, J = 10.5 Hz, 2H), 3.96 (dd, J = 4.0, 5.5 Hz, 1H), 4.19 (d, J = 4.0 Hz, 1H),
451,4.63 (AB, J =11.0 Hz, 2H), 4.55, 4.60 (AB, J = 11.0 Hz, 2H), 4.69 (s, 2H), 5.43, 5.46
(AB, J=9.5 Hz, 2H), 5.74 (s, 1H), 6.15 (d, J = 5.5 Hz, 1H), 7.25-7.38 (m, 15H), 7.92(d, J
= 1.0 Hz, 1H); 13C-NMR (100 MHz, CDCly): §12.53, 38.68, 56.09, 70.27, 70.57, 72.27,
72.37, 73.69, 83.76, 90.53, 109.48, 127.55, 127.64, 127.71, 127.91, 128.30, 128.34,
128.58, 128.73, 133.97, 136.59, 136.88, 137.82, 150.79, 163.29, 169.26.

[0239] (2) Synthesis of compound 57

[0240]
(0] (@]

\“\)kNBOM Mel \fJ\NBOM
BnO PN NaH BnO PN
o_N"So o_N"0
DMF
[o)
T 0°C, 2h

BnO 60% BnO )y NMe
0 0

56 57
[0241] Under nitrogen stream, to a solution of compound 56 from (1) above (130 mg,
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0.218 mmol) in anhydrous N, N-dimethylformamide (2.0 ml) was added sodium
hydride (10.4 mg, 0.260 mmol) at 0°C and the mixture was stirred for 0.5 hours, to
which methyl iodide (68 pL, 1.1 mmol) was then added at 0°C and the mixture was
stirred for 2 hours. The reaction was quenched by adding water to the reactant at
0°C, which was then extracted three times with diethyl ether. The organic layer was
washed once with saturated saline and then dried over sodium sulfate. After the
solvent was distilled away under reduced pressure, the resultant crude product (139
mg) was purified by silica-gel column chromatography (5.0 g, n-hexane: ethyl
acetate=3:2) to give compound 57 (79.6 mg, 60 %) as a white foamy solid.

[0242] The physical property data of the resultant compound 57 was as follows:
H-NMR (400 MHz, CDCl): §1.45 (d, J = 1.0 Hz, 3H), 2.42, 2.60 (AB, J = 17.0 Hz, 2H),
3.07 (s, 3H), 3.68, 3.74 (AB, J = 12.0 Hz, 2H), 3.82(d, J = 4.0 Hz, 1H), 416 (d, J = 40
Hz, 1H), 4.55, 4.60 (AB, J = 11.0 Hz, 2H), 4.70 (s, 2H), 5.43, 5.47 (AB, J = 9.5 Hz, 2H),
4.56 (s, 2H), 5.66 (s, 1H), 7.23-7.39 (m, 15H), 7.91 (d, J = 1.0 Hz, 1H); 3C-NMR (100
MHz, CDCly): §12.55, 34.17, 38.77, 63.11, 68.51, 70.20, 71.19, 72.27, 72.72, 73.64, 84.24,
88.87, 109.38, 127.52, 127.66, 127.70, 127.89, 128.27, 128.30, 128.32, 128.62, 128.69,
133.93, 136.69, 136.92, 137.81, 150.68, 163.35, 167.29.

[0243] (3) Synthesis of compound 58

[0244]
0} (@]

NBOM  pg(oH),/ic NH
BnO \Ei\/go cyclohexene HO | N/go
(0] o]
EtOH
b reflux, 2 h b
BnO Jy— Me quant. Ho ) —NMe
(0] 0]

57 58
[0245] To the 20 % suspension of palladium hydroxide on carbon (91.0 mg) in ethanol
(2.0 mL) was added the solution of compound 57 from (2) above (79.6 mg, 0.130 mmol)

in ethanol (8.0 mL) and cyclohexene (1.3 mL, 13 mmol) and the mixture was heated at
reflux for 2 hours. After filtrating off palladium hydroxide on carbon through a

pleated filter paper, the solvent was distilled away under reduced pressure and the
resultant crude product was purified by silica-gel column chromatography (2.0 g,
chloroform: methanol=10:1) to give compound 58 (40.8 mg: quant.) as a white powder.
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[0246] The physical property data of the resultant compound 58 was as follows:
IH-NMR (400 MHz, CD;0D): 61.77 (d, J = 1.0 Hz, 3H), 2.21, 2.39 (AB, J = 18.0 Hz, 2H),
3.02 (s, 3H), 3.57, 3.64 (AB, J = 12.5 Hz, 2H), 3.80 (d, J =4.0 Hz, 1H), 423 (d, J = 4.0
Hz, 1H), 5.60 (s, 1H), 8.18 (d, J = 1.0 Hz, 1H); 13C-NMR (100 MHz, CD;OD): §12.54,
34.92, 39.01, 61.62, 64.88, 67.70, 86.54, 89.34, 110.21, 137.46, 152.07, 166.63, 170.82.
[0247] (4) Synthesis of compound 59

[0248]
' 0 o)
[ NH 7 NH
HO Ao DMTCI DMTO A
NS0 N0
0 — o)
pyridine
rt, 17 h T
HO ) NMe 69% Ho yy—NMe
o} 0
58 59

[0249] Under nitrogen stream, to a solution of compound 58 from (3) above (26.8 mg,
0.0861 mmol) in anhydrous pyridine (2.0 mL) was added 4,4 -dimethoxytrityl chloride
(175 mg, 0.567 mmol at 0°C and the mixture was stirred for 17 hours at room
temperature. The reaction was quenched by adding saturated sodium bicarbonate
solution to the reactant at 0°C, which was then extracted three times with
dichloromethane. The organic layer was washed once with saturated saline and then
dried over sodium sulfate. After the solvent was distilled away under reduced
pressure, the resultant crude product (320 mg) was purified by silica-gel column
chromatography (5.0 g, chloroform: methanol=25:1) to give compound 59 (36.6 mg:
yield 69 %) as a white foamy solid.

[0250] The physical property data of the resultant compound 59 was as follows:
H-NMR (400 MHz, CDCly): §1.29 (s, 3H), 2.4, 2.53 (AB, J = 17.5 Hz, 2H), 3.08 (s, 3H),
3.33, 3.37 (AB, J = 12.0 Hz, 6H), 3.75 (s, 3H), 3.76 (s, 3H), 3.94 (d, J = 3.5 Hz, 1H), 4.49
(d, J = 3.5 Hz, 1H), 5.61 (s, 1H), 6.80-7.41 (m, 14H), 7.90 (s, 1H); 13C-NMR (100 MHz,
CDCly: §11.91, 34.51, 38.54, 55.20, 62.87, 65.43, 65.98, 84.96, 86.88, 88.60, 110.39,
111.34, 127.20, 128.07, 130.10, 134.92, 135.08, 144.05, 152.35, 158.69, 164.37, 168.32.
[0251] (5) Synthesis of compound 60

[0252]
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o (0]

NH
i-PraNP(CO(CH2):CN pMTrO | o

| NH
(o] B o T ——
h CH:Clz (Pri)oN. %/

1,6 h . NMe
: p-O
Hog//NMe 45% 5 QF

59 60
[0253] Compound 59 from (4) above (116 mg, 0.189 mmol) was azeotroped with

pyridine and toluene and dissolved into anhydrous dichloromethane (1.9 mL) under
nitrogen stream, to which N-ethyldiisopropylamine (0.20 mL, 1.13 mmol) was then
added. Subsequently 2-cyanoethyl diisopropyl chlorophosphoramidite (85 ulL, 0.378
mmol) was added to the mixture at 0°C, which was then stirred for 6 hours at room
temperature. After saturated sodium bicarbonate solution was added to the mixture
which was then stirred for a while and extracted with ethyl acetate, the organic layer
was washed with water and saturated saline and then dried over sodium sulfate.
After the solvent was distilled away, the resultant crude product was purified by
column chromatography (chloroform: methanol: triethylamine=30:1:0.05) to give a
white foamy solid. The resultant white foamy solid was dissolved in dichloromethane,
which was then added to n-hexane for reprecipitation to give compound 60 (70 mg:
yield 45 %) as a white powder.

[0254] The physical property data of the resultant compound 60 was as follows:
131P-NMR (161.83 MHz, CDCly): 5148.84, 149.97.

[0255] (Example 9)  Synthesis of  the nucleoside analogue:
N2-methyl-2-amino-3-0-[2-cyanoethoxy (diisopropylamino)
phosphino]-5-O-dimethoxytrityl-2-N,4-C-oxomethylene thymidine (compound 65:
amide NMe)

[0256]
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|
Me Me
NBOM NBOM
\Em/g BOMCI (2.0 eq.) \fk/g NaH (1.5 eq.) \“\/J\/g
DBU (4.0 eq.) BnO o N” 0 Mel (5.0 eq.) BnO ° N0
o}\NH DMF o} —NH DMF o} —N

0Bn 0C— 1, 075h OBn 0L~ 1h OBn Me
82% 86%
13 61 62
o] o] 0]
Me NH Me NH  (-PraN)POCH,CHACN, Me NH
20% Pd(OH),/C | /& | /g N,N-diisopropylammonium- | /&
H, HO N~ ~O DMTrCI (1.5 eq.) DMTrO N tetrazolide DMTrO N” S0
- . o - . o - . o
THF pyridine lH MeCN/THF (3:1)
m1h ° OH\N'M b 2':/h ° OH\NVM " Sh © O\N'M
e 90% e , e
95% 97% FPrN-P,
OC,HsCN
63 64 65

[0257] (1) Synthesis of compound 61
[0258]

0
Me NBOM
/g BOMCI (2.0 eq.) | e
DBU (4 0eq) Bno— N0
o} — DMF 0} — N

OBn 0C—rt, 0.75h OBn
82%

13 61
[0259] After compound 13 (30 mg, 0.065 mmol) was dissolved in

N,N-dimethylformamide (0.7 ml) under nitrogen stream, to which
1,8-diazabicyclo[5.4.0]-7-undecene(38.6 pul,, 0.259 mmol) was added on ice cooling, the
mixture was stirred for 15 minutes, to which benzyl chloromethyl ether (17.7 uL, 0.129
mmol) was then added, and was stirred for 30 minutes on ice cooling. After adding
methanol to the mixture which was then stirred, the solvent was distilled away and
the residue was diluted with ethyl acetate. After addition of water and extraction
with ethyl acetate, the organic layer was washed with saturated saline and then dried
over sodium sulfate. After the solvent was distilled away, the resultant crude product
was purified by column chromatography (n-hexane: ethyl acetate=3:1—1:1) to give
compound 61 (31 mg: yield 82 %) as a white foamy solid. |

[0260] The physical property data of the resultant compound 61 was as follows: [a] p
+61.6 (c 0.700, CHCls, 26°C). tH-NMR (400 MHz, CDCly): §1.62 (3H, s), 3.95, 4.10 (2H,
AB,J=12Hz),4.11 (1H, s), 422 (1H, ), 4.52, 4.56 (2H, AB, J = 13.5 H2), 4.59, 4.64 (2H,
AB, J=11H2), 4.72, 469 (2H, AB, J = 13 Hz), 543 (1H, s), 5.43, 5.48 (2H, AB, J=9.5
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Hz), 7.54-7.20 (15H, m), 7.54 (1H, s). 3C-NMR (100.53 MHz, CDCly): §12.92, 58.47,
63.06, 70.26, 72.31, 72.42, 73.98, 78.72, 86.37, 86.58, 109.99, 127.68, 127.72, 127.75,
128.09, 128.29, 128.31, 128.52, 128.54, 133.93, 136.27, 137.40, 137.76, 150.63, 163.15,
172.57.

[0261] (2) Synthesis of compound 62

[0262]
o) v0
Me NBOM Me NBOM
| PN NaH (1.5 eq.) | P
BnO N0 Mel (5.0eq.)  BnO N0
o) e 0
DMF
0”7 | "NH 07 TN
OBn 0L~ 1h OBn Me
86%
61 62

[0263] Under nitrogen stream, compound 61 from (1) above (30 mg, 0.051 mmol) was
dissolved in N,N-dimethylformamide (0.5 mL), to which sodium hydride was then
added on ice cooling, and the mixture was stirred for 30 minutes. Methyl iodide (15.9
nl, 0.255 mmol) was added to the mixture on ice cooling, which was then warmed
gently to room temperature with stirring. After 30 minutes, water was added to the
mixture which was then stirred for 10 minutes and extracted with ethyl acetate. The
organic layer was washed with saturated saline and then dried over sodium sulfate.
After the solvent was distilled away, the resultant crude product was purified by
column chromatography (n-hexane: ethyl acetate=3:1—1:1) to give compound 62 (26.1
mg: yield 86 %) as a white foamy solid.

[0264] The physical property data of the resultant compound 62 was as follows: [a] p
+ 39.0 (c 0.350, CHCls, 23°C). 'H-NMR (400 MHz, CDCla): §1.65 (3H, s), 2.96 (3H, s),
3.95,4.10 (2H, AB, J = 11.5 Hz), 4.01 (1H, s), 4.06 (1H, s), 4.50, 4.59 (2H, AB, J = 12 Ha),
4.59, 4.63 (2H, AB, J = 11 H2), 4.70 (2H, s), 5.40 (1H, s), 5.44, 5.48 (2H, AB, J = 9.5 Ha),
7.19-7.39 (15H, m), 7.52 (1H, s). 13C-NMR (100.53 MHz, CDCly): § 12.92, 28.39, 63.23,
64.52, 70.24, 72.26, 72.54, 73.84, 78.06, 84.42, 87.09, 109.94, 127.58, 127.62, 127.65,
127.70, 127.99, 128.24, 128.27, 128.48, 128.50, 133.78, 136.39, 137.41, 137.72, 150.52,
163.09, 170.93.

[0265] (3) Synthesis of compound 63

[0266]
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(o]

o] Me NH
Me\fL /IEOM 20% Pd(OH),/C | PN

H, HO N0
BnO N0 0
THF
n1h ° OH\N"M
07 I TN, 5 e
OBn Me 95%
62 63

[0267] Under nitrogen stream, compound 62 from (2) above (130 mg, 0.218 mmol)
was dissolved in tetrahydrofuran (2 mL), to which 20 % palladium hydroxide on
carbon (130 mg) was then added, and stirred for 1 hour at room temperature under
hydrogen stream. After the reactant was naturally filtered and washed with warm
methanol, the solvent was distilled away. The resultant crude product was purified
by column chromatography (chloroform: methanol=10:1) to give compound 63 (61.7
mg: yield 95 %) as a white solid.

[0268] The physical property data of the resultant compound 63 was as follows: [a] p
+63.7 (¢ 0.900, CHCls, 26°C). tH-NMR (400 MHz, DMSO-D6): §1.77 (3H, s), 2.88 (3H,
s), .67, 3.84 (2H, AB, J = 12.5 Hz), 4.03 (1H, ¢), 412 (1H, s), 5.28 (1H, ), 5.38 (1H, 9),
5.90 (1H, s), 7.73 (1H, s), 11.44 (1H, s). 13C-NMR (100.53 MHz, CD;0D): 512.64, 28.65,
55.75, 68.53, 72.85, 85.48, 89.99, 110.93, 137.24, 151.96, 166.45, 174.14.

[0269] (4) Synthesis of compound 64

[0270]

Me Me

| NH | NH
HO o N’go DMTrCI (1.5 eq.) DMTrO o N’go
pyridine
o7 N, t,3h o1 N
OH Me 90% OH Me
63 64

[0271] Under nitrogen stream, compound 63 from (3) above (61.7 mg, 0.208 mmol)
azeotroped with pyridine was dissolved in anhydrous pyridine (2 ml), to which
4,4-dimethoxytrityl chloride (106 mg, 0.311 mmol) was added, and then stirred for 3
hours at room temperature. After saturated sodium bicarbonate solution was added
to the mixture which was then stirred for a while and extracted with ethyl acetate, the
organic layer was washed with water and saturated saline and then dried over sodium
sulfate. After the solvent was distilled away, the resultant crude product was purified
by column chromatography (chloroform: methanol: triethylamine=20:1:0.05) to give
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compound 64 (113 mg: yield 90 %) as a white foamy solid.

[0272] The physical property data of the resultant compound 63 was as follows: [a] p
+2.0 (¢ 0.300, CHCl3, 25°C). 'H-NMR (400 MHz, CDCl3): §1.66 (3H, s), 2.97 (3H, s),
3.62,3.90 2H, AB, J =12.5 Hz), 3.77 (6H, s), 4.13 (1H, 5), 4.42 (1H, 5), 5.40 (1H, s),
6.82-6.85 (4H, m), 7.21-7.34 (7TH, m), 7.43 (2H, d, J =8 Hz), 7.77 (1H, s), 9.45 (1H, s).
[0273] (5) Synthesis of compound 65

[0274]
[o]
Me NH  (-PraN)POCH,CHACN, Me NH
| /& N, N-diisopropylammonium- | /g
DMTrO N” 70 tetrazolide DMTrO N™ "0
ﬁo?l - . fO?
MeCN/THF (3:1)
0”7 TN, n.5h 07 TN,
OH Me . 0 Me
97% i-PraN—P{
OC3HsCN
64 65

[0275] Under nitrogen stream, compound 64 from (4) above (1.18 g, 1.97 mmol)
azeotroped with pyridine and toluene was dissolved in anhydrous acetonitrile/
tetrahydrofuran (3:1) (23 mL), to which N,N-diisopropyl ammonium tetrazolide (253 mg,
1.48 mmol) and 2-cyanoethyl N,N,N’ N’-tetraisopropyl phosphorodiamidite (752 pL, 2.37
mmol) was added, and stirred for 5 hours at room temperature. After saturated sodium
bicarbonate solution was added to the mixture which was then stirred for a while and
extracted with ethyl acetate, the organic layer was washed with water and saturated saline and
then dried over sodium sulfate. After the solvent was distilled away, the resultant crude
product was purified by column chromatography (chloroform:  methanol:
triethylamine=30:1:0.05) to give a white foamy solid. The resultant white foamy solid was
dissolved in dichloromethane, which was then added to n-hexane for reprecipitation to give
compound 65 (1.53 g: yield 97 %) as a white powder.
[0276] The physical property data of the resultant compound 65 was as follows: 3'P-NMR
(161.83 MHz, CDCl;): 8150.43, 150.59.
[0277] (Example 10) Synthesis and purification of the oligonucleotide analogues

10mer of the oligonucleotide analogues containing compound 65 from Example 9
above (compounds 66-69: showed in Table 5 below) were synthesized using Expedite™ 8909
(from ABI) in the scale of 0.2 pmol. The compound 65 (amidite unit)

(7762210_1):MGH
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was dissolved in acetonitrile to use in the synthesis. In Table 5, the compound 65 is
indicated by X. Duration of the coupling reaction between an amidite unit (compound
65) and a hydroxyl group at 5- terminus was extended from 1.5 minutes (standard
condition) to 5 minutes. The oligonucleotide analogue with the 5 terminus protected
with a DMTY group supported on a solid phase was treated with saturated aqueous
ammonia and then neutralized with 5 % (w/v) hydrochloric acid, after which the
solvent was distilled away. The resultant crude product was partially purified by the
gel filtration column NAP™ 10 Column (GE Health Care) and then purified by
reversed-phase HPLC (SHIMADZU LC-10ATyp, SHIMADZU SPD-10Avp,
SHIMADZU CTO-10vp, using WatersXBridge™ OST Cis 2.5 pm (10 mm x 50 mm) as
a preparative column).

[0278] The purities of the synthesized oligonucleotide analogues (compounds 66-69)
were determined using reversed-phase HPLC (WatersXBridge™ Shield RP18 2.5 ym,
46 mm x 50 mm)) (condition: gradient 7—13 % (v/v) acetonitrile in 0.1 M triethyl
ammonium acetate buffer (pH 7.0), 1 mIL/ min for 30 minutes). The molecular
weights were determined by MALDI-TOF-MASS. The results are shown in Table 5.
[0279] [Table 5]

MALDI-TOF-MASS

Oligonucleotide
Calculated (M-H)  Found (M-H)

5 -TTTTTXTTTT-3’ (Compound 66) 3034.00 3034.33
5 -TTTXTXTTTT-3" (Compound 67) 3089.03 3089.46
5 -TTTXTXTXTT-3" (Compound 68) 3144.07 3144.55
5 -TTTTTTTTXT-3" (Compound 69) 3034.00 303429

[0280] (Example 11) Determination of the melting temperature (Tm)

After compounds 66-68 (antisense strands), which were the oligonucleotide
strands synthesized in Example 10 above, and sense strands (3-AAAAAAAAAA-5)
were subjected to an annealing treatment, their Tm values were measured to
determine the hybridization ability of the antisense strands.

[0281] The sample solution (130 pl) containing 100 mM NaCl, 10 mM sodium
phosphate buffer (pH 7.2), 4 M antisense strands and 4 1M sense strands was heated
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in a boiled water bath and then cooled to room temperature over 10 hours. Nitrogen
stream was passed into a cell chamber of a spectrophotometer (Shimadzu,
UV-1650PC) for dew condensation prevention, and the sample solution was gradually
cooled to 5°C and kept at 10°C for 20 minutes before starting the measurements. The
temperature was raised to 85°C at the rate of 0.5°C/ min while ultraviolet absorption
spectra were measured at 260 nm at intervals of 0.1°C. Lidded cells were used to
prevent concentration change due to rising temperature. The results are shown in
Table 6.

[0282] [Table 6]

Sense strand

Antisense strand RNA complementary strand DNA complementary strand

Tm (°C) A Tm/mod.(°C) Tm(C) ATm/mod.(°C)

5 -TTTTTTTTTT-3" (Compound 21) 185 212

5 -TTTTTXTTTT-3’ (Compound 66) 240 +5.5 210 -0.2
5 -TTTXTXTTTT-3" (Compound 67) 33.7 +1.6 21.6 +0.2
5 -TTTXTXTXTT-3" (Compound 68) 39.7 +7.1 25.7 +1.5

ATm/mod. = A Tm/modified base

[0283] As shown in Table 6, the oligonucleotide analogues of the invention have
higher affinities to single-stranded RNAs than to single-stranded DNAs and their
affinities were comparable to known 2,4 -BNA/LNA and the more artificial nucleic
acids introduced into an oligonucleotide, the higher Tm value it has. Therefore, the
nucleotide analogues of the invention are believed to be as useful for synthesis of the
oligonucleotides suitable for antisense therapies as 2', 4 -BNA/LNA.
[0284] (Example 12) Assessment of the nuclease resistance

Each oligonucleotide of compound 20 (amide NH) synthesized in Example 2
above, compound 55 (amide 6NH) synthesized in Example 6 and compound 69 (amide
NMe) synthesized in Example 10 was subjected to the test for determining the
resistance to an exonuclease which degrades an oligonucleotide in the direction from 3’
to 5 direction. The conventional 2, 4-BNA/LNA and NC (NH) (2, 4-BNANC (NH):
the structure with a bridging structure containing a nitrogen atom but not an amide)

were used as a control.
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[0285] A buffer solution containing 750 pmol of oligonucleotides (65 pl) was kept at
37°C for Sminutes and then mixed with a buffer solution (35 plL) contéining 0.175
mg/mL, of snake venom phosphodiesterase (Crotalus admanteus venom
phosphodiesterase (CAVP): Pharmacia Biotech). Degradation of oligonucleotides was
determined with HPLC (SHIMADZU LC-20AD, SPD-20A, CTO-20A, SIL-20AC,
using WatersXBridge™ Shield RP18 2.5 pm (4.6 mm x 50 mm) as an analytical
column) over time. The employed buffer contains 50 mM Tris HC1 (pH 8.0), 10 mM
MgCl;, (final concentration) and was sufficiently degassed before measurement. The
condition of quantification with HPLC is as follows.
[0286] [HPLC quantification condition]

Mobile phase: Solution A 0.1 M triethyl ammonium acetate buffer, pH 7.0

Solution B 0.1M triethyl ammonium acetate buffer: acetonitrile=1:1(v/), pH
7.0

Gradient: 5—11.4 % (v/v) solution B (16 minutes)

Employed column: WatersXBridge™ Shield RP18 2.5 ym (4.6 mm x 50 mm)

Flow rate: 0.8 mL/minute

Column temperature: 50°C

Detection: UV (268 nm)

[0287] The result was shown in Figure 1. In Figure 1, "Remaining oligonucleotides

(%)" refers to a remajnjhg ratio of the undegraded oligonucleotides (10mer) at the time
of measurement to the undegraded o]igonucleoﬁdes (10mey) at the time 0.

[0288] As shown in Figure 1, compound 20 (amide NH), compound 55 (amide 6NH)
and compound 69 (amide NMe) were found to have a much higher enzyme-resistance
than an oligonucleotide containing the conventional 2', 4-BNA/LNA.

[0289] (Example 13) Assessment of serum stability of the oligonucleotides (FBS)

1 nmol of oligonucleotides (5-(XTXTXTXTXT)-3’, where compound 65 from
Example 9 was introduced at the position "X" in the sequence according to the method
of Example 10) was mixed with 10 pL of 25% FBS, to which sterile water was added to
make the whole volume to 25 nl.. After the incubation of the solution for a given time
at 37°C, 5 pL of the sample was removed at regular time intervals, which was heated
to 90°C and then cooled to inactivate the nucleolytic enzyme in FBS. These samples
were stored at -80°C until the analysis with HPLC. For the HPLC analysis, sterile
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water was added to the sample to adjust the whole volume to 200 pl. before
determining the oligonucleotide degradation over time with HPLC (SHIMADZU
LC-20AD, SPD-20A, CTO-20A, SIL-20AC). The employed buffer contains 50mM Tris
HCI (pH 8.0), 10 mM MgCl; (final concentration) and was sufficiently degassed before
measurement. The oligonucleotides where X is the sequence of naturally occurred
DNA-T or LNAT were subjected to the same test as described above for the
comparison.
[0290] [HPLC quantification condition]
Mobile phase: Solution A 0.1M triethyl ammonium acetate buffer, pH7.0
Solution B 0.1M triethyl ammonium acetate buffer: acetonitrile=1:1, pH7.0
Gradient: 10—26% (v/v) Solution B (16 minutes)
Employed Column: WatersXBridge™ Shield RP18 2.5 pm (4.6 mm x 50 mm)
Flow rate: 0.8 mL/minute
Column temperature: 500C
Detection: UV (268 nm)
[0291] The result was shown in Table 7. In Table 7, "Remaining oligonucleotides
(%)" refers to a remaining ratio of the undegraded oligonucleotides (10mer) at the time
of measurement to the undegraded oligonucleotides (10mer) at the time 0.
[0292] [Table 7]

Remaining oligonucleotides(%)

Time (minutes) X =DNA-T X = LNA-T X = compound 65
30 40 3 88
60 15 2 63

[0293] As shown in Table 7, the oligonucleotide to which compound 65 of the
invention has been introduced has a much better serum stability than oligonucleotides
consisting of natural DNAs and oligonucleotides modified with LNA and thus may be
expected to have beneficial effects in vivo.

[0294] (Example 14) Synthesis  of  the nucleoside  analogue:
N2"-methyl-2-amino-3-O-[2-cyanoethoxy | - (diisopropylamino)
phosphinol-5-0-dimethoxytrityl-2-N,4’-C-oxomethylene-4-(1,2 4,-triazole-1-y1)
thymidine (compound 70: triazolyl of thymidine analogue, 5-methylcytocine analogue
equivalent)
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[0295]

o
Me Me
\fLNH 1,2,4-triazole (35.4 eq.) [N
A 'POCI; (8.1 €q.) A

DMTrO o N (o] TEA (40.3 eq.) DMTrO o N o]
} I CH,CN
—{ [N, : { j N,
0 e
(@)

65 70
[0296] Under nitrogen stream, 1,2,4-triazole (306 mg, 4.43 mmol) azeotroped with

pyridine and toluene was dissolved in anhydrous acetonitrile (10 mL), to which
phosphoryl chloride (94 pL, 1.01 mmol) was then added on ice cooling, and then stirred
vigorously for 10 minutes. Next, triethylanﬁne (700 L, 5.04 mmol) was added to the
mixture which was then stirred vigorously for 1 hour. Compound 65 (100 mg, 0.125
mmo)) was dissolved in anhydrous acetonitrile (2 mL) on ice cooling, which was then
added to the reactant and stirred vigorously for 2 hours at room temperature. After
adding saturated sodium bicarbonate solution and stirring, the mixture was extracted
with ethyl acetate and the organic layer was washed with water and saturated saline
and then dried over sodium sulfate. After the solvent was distilled away, the
resultant crude product was purified by column chromatography (n-hexane: ethyl
acetate=1:1) to give compound 70 (90.4 mg: yield 85 %) as a white foamy solid.

[0297] The physical property data of the resultant compound 70 was as follows:
3IP-NMR (161.83 MHz, CDCly): §150.9, 149.6.

[0298] (Example 15) Synthesis of the nucleoside analogue:
N-methyl-3-0-[2-cyanoethoxy (diisopropylamino)
phosphino]-5-0-dimethoxytrityl-2-0,4"-C-aminooxomethylene-5-methyluridine
(compound 81: amide NC-NMe)

[0299]



70

Me.
M H Merﬁ\
Bn H ! ,§o Tf,0, pyridine Bn Nhydroxgprﬁhahmde " TEA.3HF
raops: O CHaCly D@L@“ MeCN TBDPS 08n J)—N THE : i zw
TBOPSC™ Gpn 79%, 2 steps 91%

8 71

o]
M M
D% LA
PDC/DMF, MS 4A Bn NHoNHoHO g N’% HCHO BnO. o 0 NaBH;CN/ 1M PPTS
_— _—
25 % EIOH ?ﬁ‘ MeOH HOOC oi &n Oi—N=CH2 MeOH

H
2 65%, 2 step

75 76
o O Me. [o]
Me 7 "NH
/N /gH —& H DMTr-0 N
Bn o 0 EDC!, HOBt H2 Pd(OH),/C DMTCI
H EtOH CHCI % i TEA pyridine mi; o}
HOOC OBn O-N~Me DMF 3 HU\N/
80 %, 2 steps 90 % |
Me
77 78 79 80
O
/ NH
2-cyanoethyl-N,N,N'N'- DMTr=0. O
tetra|sopropylphosphorodlamxdlte
4,5- dxcyanonmtdazole MeCN
\N/
70% N—P (o]
NCN

81
[0300] (1) Synthesis of compound 71

[0301]
M Me
QTENH Tf,0, pyridine \(&NH
Bn HoNY, 120 P Bn N
TBDPS CH,Cl i
Bn 2“2 18DPSO” fpn

8 71
[0302] The solution of compound 8 (3 gm, 4.24 mmol) in dichloromethane (15 mL)
was mixed with pyridine (1.5 mL, 8.48 mmol) and trifluoromethanesulfonic anhydride
5 (0.7 mL,2.828 mmol) at 0°C and stirred for 40 minutes on ice cooling. After ice-cold
water was added to the mixture which was then extracted with dichloromethane, the

organic layer was washed with water and saturated saline and dried over sodium
sulfate. After the solvent was distilled away, the resultant compound 71 (4.64 g) was
used for the next reaction.

10 [0303] (2) Synthesis of compound 72
[0304]
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" f‘
an \(i,& N- hydroxyphthallmlde BnO
v oTf J ! i
MeCN TBDPS
TBDPsoci iBn ro% 2 )&3
b, 2 steps

7
[0305] To a solution of compound 71 from (1) above in acetonitrile (20 mL) was added

N-hydroxyphthalimide (4.5 mg, 27.66 mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene
(4.2 mL, 27.66 mmol) and the mixture was stirred for 24 hours at room temperature.
After dilution with dichloromethane and addition of water, the mixture was extracted
with dichloromethane. The organic layer was washed with water and saturated
saline and then dried over sodium sulfate. Aﬁer the solvent was distilled away, the
resultant crude product was purified by column chromatography (n-hexane: ethyl
acetate=2:1) to give compound 72 (2.88 g: yield 79 % (2 steps)) as a white foamy solid.
[0306] The physical property data of the resultant compound 72 was as follows: [alp?
=+43.0 (c 1.00, CHCl3); IR vmax (KBr):3188, 3067, 2934, 2862, 1791, 1730, 1692, 1465,
1427, 1421, 1366, 1267, 1189, 1106, 973 cm'’; 1H-NMR (400 MHz, CDCly): di1.08 (9H,
s), 1.38 BH, ), 3.65 (1H, d, J = 10.4 Hz), 4.02 (H, d, J = 11.6 Hz), 4.09 (1H, d, J = 10.4
Hz), 422 (1H, d, J = 11.6 Hz), 448 (1H, d, J = 11.2 H2), 452 (1H, d, J = 5.2 Ha), 4.55
(1H, d, J=11.2 Hz), 473 (1H, d, J = 11.2 H2), 4.85 (1H, dd, J = 3.2 Hz, 2.8 H2), 5.13 (1H,
d,J=11.2 Hz), 6.40 (1H, d, J = 3.2 Hz), 7.16-7.86 (26H, m).

[0307] (3) Synthesis of compound 73

[0308]

TEA.3HF
91%
[0309] To a solution of compound 72 from (2) above (2.88 g 3.38 mmol) in
tetrahydrofuran (15 mL) was added triethylamine trihydrofluoride (5.6 mL, 33.8
mmol) and the mixture was refluxed for 18 hours at 70°C. Ice-cold water was added
to the reactant on ice cooling, which was then extracted with ethyl acetate, followed by
the extract washed with saturated sodium bicarbonate solution and saturated saline
and then dried over sodium sulfate. After the solvent was distilled away, the
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resultant crude product was purified by column chromatography (n-hexane: ethyl
acetate=1:1) to give compound 73 (1.89 g: yield 91 %) as a white foamy solid.

[0310] The physical property data of the resultant compound 73 was as follows: [a]p2
=+39.1 (¢ 1.00, CHCl3); IR vmax (KBr): 3504, 3181, 3062, 2881, 1789, 1733, 1689, 1466,
1375, 1272, 1187, 1105, 1057, 974 cm’}; ITH-NMR (400 MHz, CDCly): du 1.36 (3H, s),
3.84 (1H, d, J =104 Hz), 3.92 (1H, d, J = 7.2 Hz), 3.96 (1H, d, J = 10.4 Hz), 412 (1H, d,
J=172Hz),449 (1H, d, J = 11.2 Hz), 454 (1H, d, J = 11.2 H2), 4.63 (1H, d, J = 6 H2),
4.74 (1H, d, J = 12 Hz), 4.93 (1H, dd, J = 6 Hz, 1.6 Ha), 5.16 (1H, d, J = 11.6 Hz), 6.35
(1H, d, J=1.2 Hz), 7.15-7.87 (15H, m), 7.92 (1H, br ).

[0311] (4) Synthesis of compound 74

[0312]
Mem\/ﬂ\ro Me\(&r

PDC/DMF, MS 4A BN N0

Bn N (o}
—_—
HO~ OBn O_N:% 75% HOOC 4, %
o

73 74
[0313] To a solution of compound 73 from (3) above in N,N-dimethylformamide (20
mL) was added molecular sieves 4 A (2 g) and the mixture was stirred for 10 minutes.
Pyridinium dichromate (11.6g, 30.8mmol) was added to the reactant which was then
stirred for 16 hours at room temperature. Ice-cold water and acetic acid (2 mL) was
added to the reactant which was then stirred. The product was extracted with ethyl
acetate, which was then purified by column chromatography (n-hexane: ethyl
acetate=1:1—ethyl acetate: methanol=10:1) to give compound 74 (1.44 g: yield 75 %) as
a white foamy solid.
[0314] The physical property data of the resultant compound 74 was as follows: [a]p®
=+23.9 (¢ 1.00, CHCl3); IR vmax (KBr): 3178, 3066, 3032, 2873, 1790, 1736, 1468, 1376,
1275, 1187, 1125, 967 cm'}; 1H-NMR (400 MHz, CDCly): d 1.59 (8H, s), 3.90 (1H, d, J =
10.4 Hz), 411 (1H, d, J = 10.4 Ha), 4.59 (1H, d, J = 11.6 Hz), 4.63 (1H, d, J = 11.6 Ha),
4.68 (1H, d, J = 4.4 Hz), 491 (1H, d, J = 11.2 H2), 5.05 (1H, t, J = 5.6 Hz) 527 (1H, d, J
=112 H2),6.70 (1H, d, J = 6.4 H2), 7.32-7.86 (16 H, m), 8.75 (1H, br s).
[0315] (5) Synthesis of compound 75
[0316]
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/
3“07 : N NHNHH20  Bno. o
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HOOC % EtOH
0Bn O-N Hooc o8\,
d
74 75

[0317] To a solution of compound 74 from (4) above (400 mg, 0.636 mmol) in ethanol
(2 mL) was added hydrazine monohydrate (0.04 mL, 1.02 mmol) and the mixture was
stirred for 10 minutes at room temperature. The solvent was distilled away from the
reactant to which ethyl acetate was then added. After the residue was filtered and
the filtrate was extracted with ethyl acetate, followed by the extract washed with
water and saturated saline, the solvent was disti]led away to give the resultant
compound 75 (380 mg) which was then used for the next reaction.

[0318] (6) Synthesis of compound 76

[0319]

Me_ 9
7 ONH I "NH

Bn N’&O HCHO Bn o 0
/ﬁ MeOH HoOC .
HOOC OBn Hy 65% 2 step OBn O-N=CH,
75 76
[0320] To a solution of compound 75 from (5) above (380 mg, 0.763 mmol) in
methanol (5 mL) was added formalin (37 wt% in H,0, 0.08 mL, 0.840 mmol). After

M

the reactant was stirred for 2 hours at room temperature, the solvent was distilled
away. Water was added to the residue, which was then extracted with ethyl acetate,
followed by the extract washed with water and saturated saline and then dried over
sodium sulfate. After the solvent was distilled away, the residue was purified by
column chromatography (n-hexane: ethyl acetate=1:1—1:2) to give the resultant
compound 76 (250 mg: yield 65 % (2 steps)) as a white solid.

[0321] The physical property data of the resultant compound 76 was as follows: [a]p%
=-29.3 (¢ 1.00, CHCla); IR vmax (KBr): 3172, 3064, 2944, 2872, 1699, 1469, 1366, 1274,
1127, 1070, 916 cm';; TH-NMR (400 MHz, CDCly):dx 1.56 (3H, s), 3.84 (1H, d, J = 10.4
Hz), 4.14 (1H, d, J = 10.4 Hz), 4.64-4.79 (6H, m), 5.11 (1H, dd, J = 4.6 Hz, 3.2 H2), 6.59
(1H, d, J = 6.8 Hz), 7.28-7.64 (11H, m).

[0322] (7) Synthesis of compound 77
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[0323]
Me. Me. P
| NH T‘(NH
Bn o N™No NaBH;CN/ 1M PPTS CLCN N’Qo
—_— =
H
HOOC (Ggn O-N=cH,  MeCH - HOOC gy O-N-Me

[0324] To a solution of compound 76 from (6) above (250 mg, 0.491 mmol) in
methanol was added p-pyridinium toluenesulfonate (1 M, 4.9 mL, 4.91 mmol) and
sodium cyanoborohydride (62 mg, 0.982 mmol) and the mixture was then stirred for 10
minutes at 0°C. The reactant was warmed to room temperature and stirred for
further 2 hours. After the solvent was distilled away, the resultant product was
diluted with ethyl acetate, washed with water and saturated saline and then dried
over sodium sulfate. After the solvent was distilled away, the resultant compound 77
(235 mg) was used for the next reaction.

[0325] (8) Synthesis of compound 78

[0326]
0 Me_ {
Me. / H
I "NH - N,z
BnO N’% EDCI, HOBt °
—_—
H o]
HooC 0Bn O-N-Me DMF Bn N/
80 %, 2 steps )
Me
77 78

[0327] To a solution of compound 77 from (7) (235 nig, 0.459 mmol) in
N,N-dimethylformamide (4 ml) was added 1l-ethyl-3- (3-dimethylaminopropyl)
carbodiimide hydrochloride (105.5 mg, 0.551 mmol) and 1-hydroxybenzotriazole (74.5
mg, 0.551 mmol) and the mixture was stirred for one day at room temperature. After
adding the water, the mixture was extracted with ethyl acetate, followed by the extract
washed with water and saturated saline and then dried over sodium sulfate. After
the solvent was distilled away, the resultant crude product was purified by column
chromatography (n-hexane: ethyl acetate=4:1—1:1) to give compound 78 (190 mg:
yield 80 % (2 steps)) as a white solid.

[0828] The physical property data of the resultant compound 78 was as follows: [alp®
=+62.3 (¢ 1.00, CHCly); IR vmax (KBr): 3164, 3029, 2926, 2878, 1698, 1456, 1392, 1362,
1274, 1215, 1155, 1094, 1065, 983 cm'l; IH-NMR (400 MHz, CDCly: du 1.42 (3H, s),
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3.25 (3H, s), 3.95 1H, d, J = 11.6 Hz), 4.25 (1H, d, J = 11.6 H2), 4.34 (1H, d, J = 3.2 H2),
4.56 (1H, d, J = 10.8 Ha2), 4.59-4.64 (3H, m), 4.73 (1H, d, J = 10.8 Hz), 6.08 (1H, s),
7.23-7.37 10 H, m), 7.62 (1H, d, J = 1.6 H2).

[0329] (9) Synthesis of compound 79

[0330]

T Tk

Bn! N H N
Hy,. PA(OH),/C
! -
. OLN o EtOH:CHCl5 N0
| N

90 %
Me Me

78 79
[0331] T a solution of compound 78 from (8) above (190 mg, 0.385 mmol) in ethanol:

chloroform=5:1 (5mL) was added palladium hydroxide on carbon (190 mg) and the

mixture was stirred. After several replacements with hydrogen gas were performed
in the reaction container, the content was stirred overnight at room temperature under
hydrogen stream. After filtration of the solution, the solvent was distilled away and
the resultant crude product was purified by column chromatography (n-hexane: ethyl
acetate=1:1—100 % ethyl acetate) to give compound 79 (105 mg: yield 90 %) as a white
solid.

[0332] The physical property data of the resultant compound 79 was as follows: [a]p?
=+ 14.9 (¢ 1.00, CHCly); IR vmax (KBr):3444, 3226, 3070, 2941, 1678, 1469, 1412, 1281,
1199, 1078, 988 cm%; tH-NMR (400 MHz, CD;0D): dx 1.88 (3H, s), 3.25 (3H, s), 3.90
(1H, d, J = 12.8 Hz), 422 (1H, d, J = 12.8 Hz), 4.55 (1H, J = 3.6 Hz), 4.73 (1H, J = 3.6

Hz),6.08 (1H, ¢), 7.98 (1H, d, J = 1.2 H2).

[0333] (10) Synthesis of compound 80

[0334]
H o) DMTr—0. N’%
DMTCI FO?‘
_— >
> TEA, pyridine O HON /O
N N

60% |
Me Me

79 80
[0335] To a solution of compound 79 from (9) above (50 mg, 0.159 mmol) in pyridine

(3 mL) was added 4,4"-dimethoxytrityl chloride (65 mg, 0.191 mmol) and triethylamine
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(0.1 mL, 0.795 mmol) and the mixture was stirred for 8 hours at room temperature. On ice
cooling saturated sodium bicarbonate solution was added to the mixture which was then
extracted with ethyl acetate, and the organic layer was washed with water and saturated saline
and then dried over sodium sulfate. After the solvent was distilled away, the resultant product
was purified by column chromatography (1% triethylamine-added n-hexane: ethyl acetate
=2:1— 100 % ethyl acetate) to give compound 80 (58 mg: yield 60 %) as a light yellow solid.
[0336] The physical property data of the resultant compound 80 was as follows: [a)p® = -
21.1 (c 1.00, CHCl,); IR vyax (KBr): 3339, 3189, 3062, 2926, 2850, 1693, 1608, 1509, 1464,
1395, 1253, 1177, 1080, 1033, 978 cm™'; 'H -NMR (400 MHz, CDCl;): dy 1.41 (3H, s), 3.22
(3H, s), 3.72 (1H, d, J = 12 Hz), 3.78 (6H, s), 3.97 (1H, d, ] = 12 Hz), 4.69 (1H, d, ] = 3.6
Hz), 4.72 (1H, d, J = 3.6 Hz), 6.05 (1H, s), 6.82-6.85 (4H, m), 7.25-7.42 (9H, m), 7.67 (I1H,
S).

[0337] (11) Synthesis of compound 81

[0338]
Me, / ONH Me o)
DMTr-O. N’% ( ’zn

2-cyanoethyl-N,N,N’N*- DMTr-0. N o
tetraisopropylphosphorodiamidite 0
—_—
O H N/ 4,5-dicyanoimidazole, MeCN Y O \
| o N—P—O N
Me 70% \
Me
80 avs

NC 81

[0339] To a solution of compound 80 from (36) above (50 mg, 0.08 mmol) in anhydrous |
acetonitrile was added 2-cyanoethyl-N,N, N’,N’tetraisopropyl phosphorodiamidite (0.04 mL,
0.138 mmol) and 4,5-dicyanoimidazole (9.5 mg, 0.08 mmol) and the mixture was then stirred
for 7 hours at room temperature. After the reaction, saturated sodium bicarbonate solution
was added to the reactant which was then extracted with ethyl acetate. The organic layer was
washed with water and saturated saline and then dried over sodium sulfate. After the solvent
was distilled away, the resultant crude product was purified by column chromatography (1%
triethylamine-added n-hexane: ethyl acetate=2:1—1:1) to give compound 81 (46 mg, 70 %)
as a white solid.

[0340] The physical property data of the resultant compound 81 was as follows:
JIP.NMR(100 MHz, CDCl3):dp 151.23, 151.82.

(7762210_1):MGH
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[0341] (Example 16) Synthesis and purification of the oligonucleotide analogues
10mer of the oligonucleotide analogues containing compound 81 (amidité)
from Example 15 above (compounds 82-85: showed in Table 8 below) were synthesized
using Expedite™ 8909 (from ABD in the scale of 0.2 pmol. This synthesis was carried
out according to the standard phosphoramidite protocol and the compound 81 (amidite
unit) was dissolved in acetonitrile to use in the synthesis. In Table 8, the compound
81 is indicated by X. Duration of the coupling reaction between an amidite unit
(compound 81) and a hydroxyl group at 5- terminus was extended from 1.5 minutes
(standard condition) to 30 minutes. The oligonucleotide analogues with the 5-
terminus protected with a DMTr group supported on a solid phase were treated with
0.05 M solution of potassium carbonate in methanol and then neutralized with 1.0 M
TEAA (triethylamine monoacetate), after which the solvent was distilled away. The
resultant crude product was partially purified by the gel filtration column NAP™ 10
Column (GE Health Care) and then purified by reversed-phase HPLC (SHIMADZU
LC-10ATvp, SHIMADZU SPD-10Avp, SHIMADZU CTO-10vp, using WatersXBridge™
OST Ci8 2.5 pm (10 mm x 50 mm) as a preparative column).
[0342] The purities of the synthesized oligonucleotide analogues (compounds 82-85)
were determined using reversed-phase HPLC (WatersXBridge™ Shield RP18 2.5 ym
(4.6 mm x 50 mm) (condition: gradient 5—14 % (v/) acetonitrile in 0.1 M triethyl
ammonium acetate buffer (pH 7.0), 1 mL/ min for 30 minutes). The molecular
weights were determined by MALDI-TOF-MASS. The resﬁlts are shown in Table 8.
[0343] [Table §] |

MALDI-TOF-MASS

Oligonucleotide
Calculated (M-H") Found (M-H")

5 -TTTTTXTTTT-3' (Compound 82) 3048.50 3049.40
5 -TTTXTXTTTT-3' (Compound 83) 3119.51 3120.71
5 -TTTXTXTXTT-3" (Compound 84) 3190.10 3191.50

5 -TTTTTTTTXT-3' (Compound 85) 3048.50 3049.21

[0344] (Example 17) Determination of the melting temperature (Tm)
After compounds 82-84 (antisense strands), which were the oligonucleotide
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strands synthesized in Example 16 above, and sense strands (3-AAAAAAAAAA-5)
were subjected to an annealing treatment, their Tm values were measured to
determine the hybridization ability of the antisense strands.

[0345] The sample solution (130 pl) containing 100 mM NaCl, 10 mM sodium
phosphate buffer (pH 7.2), 4 uM antisense strands and 4 pM sense strands was heated
in a boiled water bath and then cooled to room temperature over 10 hours. Nitrogen
stream was passed into a cell chamber of a spectrophotometer (Shimadzu,
UV-1650PC) for dew condensation prevention, and the sample solution was gradually
cooled to 5°C and kept at 10°C for 20 minutes before starting the measurements. The
temperature was raised to 85°C at the rate of 0.5°C/ min while ultraviolet absorption
spectra were measured at 260 nm at intervals of 0.1°C. Lidded cells were used to
prevent concentration change due to rising temperature. The results are shown in
Table 9.

[0346] [Table 9]

Sense strand

Antisense strand RNA complementary strand DNA complementary strand

Tm(°’C) A Tm/mod.(°’C) Tm(°’C) ATm/mod.(°C)

5 -TTTTTTTTTT-3’ (Compound 21)  18.2 19.7

5 ~TTTTTXTTTT-3' (Compound 82)  19.8 +33 15 73
5 ~TTTXTXTTTT-3' (Compound 83) 250 +34 14.6 -2.5
5’ ~TTTXTXTXTT-3" (Compound 84)  29.1 +3.6 227 +1.0
ATm/mod. = A Tm/modified base

[0347] As shown in Table 9, the oligonucleotide analogues of the invention have
higher affinities to single-stranded RNAs than to single-stranded DNAs and the more
artificial nucleic acids introduced into an oligonucleotide, the higher Tm value it has.
Therefore, the nucleotide analogues of the invention are believed to be useful for the

synthesis of the oligonucleotides suitable for antisense therapies.

- Industrial Applicability

[0348] According to the present invention, the novel 2, 4 -bridged artificial
nucleosides and nucleotides with a bridging containing an amide bond are provided.

An oligonucleotide containing the 2', 4’ -bridged artificial nucleotide has a good binding
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affinity for a single-stranded RNA comparable to that of publicly known 2, 4
-BNA/LNA and a stronger nuclease resistance than LNA. Since the binding affinity
of the aforementioned oligonucleotide to a single-stranded RNA is much higher than
that of S-oligo, it is expected that the oligonucleotides are applicable to nucleic acid
drugs.
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CLAIMS:

1. A compound represented by the following formula I or formula II or a

salt thereof:

Base
R3O
O
(1)
R20 ¢
Base
R3O
@)
( X (1)
n2 \%_N\
R0 @) R!

wherein,

Base represents a purin-9-yl group or a 2-oxo0-1,2-
dihydropyrimidin-1-yl group that may have any one or more substituents
selected from group a, wherein the group a consists of a hydroxyl group, a
hydroxyl group protected with a protecting group for nucleic acid
synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group
protected with a protecting group for nucleic acid synthesis, linear
alkylthio groups having 1 to 6 carbon atoms, an amino group, linear
alkylamino groups having 1 to 6 carbon atoms, an amino group protected
with one or more protecting groups for nucleic acid synthesis and halogen
atoms;

R! represents a hydrogen atom, an alkyl group having 1 to 7
carbon atoms that may be branched or form a cyclic group , an alkenyl

group having 2 to 7 carbon atoms that may be branched or form a cyclic
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group, an aryl group having 3 to 12 carbon atoms that may have any one
or more substituents selected from the group a and may contain
heteroatoms, an aralkyl group with an aryl moiety having 3 to 12 carbon
atoms that may have any one or more substituents selected from the
group a and may contain heteroatoms, or a protecting group for an amino
group on nucleic acid synthesis;

R? and R3 represents, each independently, a hydrogen atom, a
protecting group for a hydroxyl group on nucleic acid synthesis, an alkyl
group having 1 to 7 carbon atoms that may be branched or form a cyclic
group, an alkenyl group having 2 to 7 carbon atoms that may be branched
or form a cyclic group, an aryl group having 3 to 12 carbon atoms that
may have any one or more substituents selected from the group a and
may contain heteroatoms, an aralkyl group with an aryl moiety having 3
to 12 carbon atoms that may have any one or more substituents selected
from the group a and may contain heteroatoms, an acyl group that may
have any one or more substituents selected from the group a, a silyl group
that may have any one or more substituents selected from the group a, a
phosphate group that may have any one or more substituents selected
from the group a, a phosphate group protected with one or more
protecting groups for nucleic acid synthesis, -P(RY)R> (wherein R* and R®
represent, each independently, a hydroxyl group, a hydroxyl group
protected with a protecting group for nucleic acid synthesis, a mercapto
group, a mercapto group protected with a protecting group for nucleic acid
synthesis, an amino group, an alkoxy group having 1 to 5 carbon atoms,
an alkylthio group having 1 to 5 carbon atoms, an cyanoalkoxy group
having 1 to 6 carbon atoms or an amino group substituted with one or
more alkyl groups having 1 to 6 carbon atoms);

X represents an oxygen atom, a sulfur atom, or an amino group;

m is an integer from 0 to 2; and

n is an integer from 0 to 1.

8824448_1
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2. The compound or salt thereof according to claim 1, wherein the Base
in the formula I or formula II is a 6-aminopurin-9-yl group, a 2,6-
diaminopurin-9-yl group, a 2-amino-6-chloropurin-9-yl group, a 2-amino-
6-fluoropurin-9-yl group, a 2-amino-6-bromopurin-9-yl group, a 2-amino-
6-hydroxypurin-9-yl group, a 6-amino-2-methoxypurin-9-yl group, a 6-
amino-2-chloropurin-9-yl group, a 6-amino-2-fluoropurin-9-yl group, a 2,6-
dimethoxypurin-9-yl group, a 2,6-dichloropurin-9-yl group, a 6-
mercaptopurin-9-yl group, a 2-oxo-4-amino-1,2-dihydropyrimidin-1-yl
group, a 4-amino-2-oxo-5-fluoro-1,2-dihydropyrimidin-1-yl group, a 4-
amino-2-0x0-5-chloro-1,2-dihydropyrimidin-1-yl group, a 2-0xo0-4-methoxy-
1,2-dihydropyrimidin-1-yl group, a 2-0x0-4-mercapto-1,2-
dihydropyrimidin-1-yl group, a 2-0x0-4-hydroxy-1,2-dihydropyrimidin-1-yl
group, a 2-0xo-4-hydroxy-5-methyl-1,2-dihydropyrimidin-1-yl group or a
4-amino-5-methyl-2-0x0-1,2-dihydropyrimidin-1-yl group.

3. The compound or salt thereof according to claim 1, wherein the R! in
the formula I or formula II is a hydrogen atom, a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, a phenyl group or a benzyl

group.

4. The compound or salt thereof according to any one of claims 1 to 3,

wherein the m in the formula I is 0.

5. The compound or salt thereof according to any one of claims 1 to 3,

wherein the n in the formula II is 0.

6. The compound or salt thereof according to any one of claims 1 to 5,
wherein the Base in the formula I or formula II is a 2-oxo0-4-hydroxy-5-

methyl-1, 2-dihydropyrimidin-1-yl group.

7. An oligonucleotide containing at least one nucleoside structure

8824448_1
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represented by the following formula III or formula IV or
pharmacologically acceptable salts thereof:

Base

Base

wherein

Base represents a purin-9-yl group or a 2-ox0-1,2-
dihydropyrimidin-1-yl group that may have any one or more substituents
selected from group a, wherein the group a consists of a hydroxyl group, a
hydroxyl group protected with a protecting group for nucleic acid
synthesis, linear alkyl groups having 1 to 6 carbon atoms, linear alkoxy
groups having 1 to 6 carbon atoms, a mercapto group, a mercapto group
protected with a protecting group for nucleic acid synthesis, linear
alkylthio groups having 1 to 6 carbon atoms, an amino group, linear
alkylamino groups having 1 to 6 carbon atoms, an amino group protected
with one or more protecting groups for nucleic acid synthesis and halogen
atoms;

R! represents a hydrogen atom, an alkyl group having 1 to 7
carbon atoms that may be branched or form a cyclic group, an alkenyl

group having 2 to 7 carbon atoms that may be branched or form a cyclic
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group, an aryl group having 3 to 12 carbon atoms that may have any one
or more substituents selected from the group a and may contain
heteroatoms, an aralkyl group with an aryl moiety having 3 to 12 carbon
atoms that may have any one or more substituents selected from the
group a and may contain heteroatoms, or a protecting group for an amino
group on nucleic acid synthesis;

X represents an oxygen atom, a sulfur atom, or an amino group;

m is an integer from 0 to 2; and

n is an integer from 0 to 1.

8. A compound represented by formula I or formula II or a salt thereof
according to claim 1, substantially as herein before described with

reference to any one of the Examples of the specification.

9. An oligonucleotide containing at least one nucleoside structure
represented by formula III or formula IV, or pharmacologically acceptable
salts thereof, according to claim 7, substantially as herein before

described with reference to any one of the Examples of the specification.

Osaka University
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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