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1
NUCLEOSIDE ANALOG OR SALT THEREOF,
OLIGONUCLEOTIDE ANALOG, GENE
EXPRESSION INHIBITOR, AND
NUCLEIC-ACID PROBE FOR DETECTING
GENE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 371 National Stage Application of
International patent application Serial No. PCT/IP2011/
077684, filed Nov. 30, 2011, and published as WO2012/
074012A1, which claims priority based on Japanese Patent
Application No. 2010-267314 filed Nov. 30, 2010 in the
Japan Patent Office, and Japanese Patent Application No.
2011-190048 filed Aug. 31, 2011 in the Japan Patent Office,
the entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to a nucleoside analog or a
salt thereof, an oligonucleotide analog, a gene expression
inhibitor, and a nucleic-acid probe for detecting gene.

BACKGROUND ART

A short double-stranded RNA, a microRNA (miRNA) and
a small interfering RNA (siRNA) are an oligonucleotide con-
taining a base sequence that is complementary to a target
messenger RNA (mRNA). The target mRNA includes a base
sequence of, for example, a gene responsible for a disease.
RNA interference is defined as an in vivo gene inhibition
mechanism in which a short double-stranded RNA, a miRNA
and an siRNA inhibit expression of the gene of a target mRNA
in vivo.

The siRNA is a double-stranded RNA which includes
complementary base sequences. The siRNA combines with a
target mRNA in a sequence specific manner. The siRNA
combined with the target mRNA is incorporated into an
RNA-induced silencing complex (RISC), so that the target
mRNA is cut. If the base sequence of the gene responsible for
a disease is apparent, it becomes possible to design and syn-
thesize an siRNA which has a sequence complementary to the
gene responsible for a disease. Therefore, the siRNA synthe-
sized as described above can cut the gene responsible for a
disease, and inhibit expression of a disease-related protein.

The miRNA is a double-stranded RNA which contains a
partially mismatched base pair. The miRNA recognizes a
target mRNA which partially has a complementary sequence,
and combines with the target mRNA. When the miRNA com-
bines with the target mRNA, the target mRNA is destabilized,
thereby inhibiting translation of the target mRNA. As a result,
expression of a gene is inhibited. It has been made clear that
miRNA precisely control various biological functions such as
generation, morphogenesis and cell growth of an organism.
Recently, a pharmaceutical agent utilizing the RNA interfer-
ence (a phenomenon of degrading an mRNA having a base
sequence complementary to a double-stranded RNA) is
actively studied. Especially, it is reported that the miRNA is
associated with various diseases such as cancer.
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For example, the expression amount of a let-7 miRNA is
reduced in a lung cancer patient-derived cancer tissue. It has
been reported that prognosis of a lung cancer patient can be
determined by measuring the expression amount of the let-7
miRNA. Furthermore, it has been reported that the let-7
miRNA has proliferation-inhibiting effect on lung cancer (see
Patent Document 1).

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 2005-192484

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, the let-7 miRNA is a normal oligonucleotide.
Therefore, the let-7 miRNA is readily degraded by a variety of
nucleases present in bloods or cells. Thus, it was difficult to
utilize the normal oligonucleotide such as a let-7 miRNA as a
miRNA drug. A miRNA having increased nuclease resistance
and improved gene expression-inhibiting effect compared to
the miRNA formed with a normal oligonucleotide is desirable
for development of a pharmaceutical drug utilizing the
miRNA. However, as long as the inventor knows, a report
regarding the above hardly exists.

Furthermore, the miRNA combines with the target mRNA
in a state of partially containing a mismatched base pair.
Therefore, a plurality of target mRNAs exist with respect to
one miRNA. As a result, a human miRNA targets a tremen-
dous number of mRNAs. Accordingly, it was difficult to
determine the base sequence of a targeted mRNA. Since
determination of the base sequence of a target mRNA leads to
elucidation of the miRNA gene expression control mecha-
nism, such a determination is one of the important problems
to be studied in the life science field.

Under such a background, the present invention is intended
to solve the above problems. An object of the present inven-
tion is to provide a nucleoside analog or a salt thereof and an
oligonucleotide analog which have increased nuclease resis-
tance and improved gene expression-inhibiting effect, and a
nucleoside analog or a salt thereof and an oligonucleotide
analog which can facilitate determination of the base
sequence of a target mRNA.

Means for Solving the Problems

A characteristic structure employed in the present inven-
tion will be described below.

The nucleoside analog or the salt thereof according to the
present invention is characterized by being the general for-
mulae (1) to (10) (wherein R,, R,, and R; are the same or
different groups, and each of the R, R,, and R; is selected
from a hydrogen atom, a protecting group for a functional
group in nucleic acid synthesis, and a phosphate group; and
Ar is one of an aromatic hydrocarbon group and a polyaro-
matic hydrocarbon group.)
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In the above general formulae (1) to (10), a portion corre-
sponding to a sugar part of the nucleoside is ring opened, and
includes a triple bond. Also, the above-described functional
group includes a hydroxyl group and an amino group. The
above-described protecting group is defined as an organic
molecule which is introduced so as to protect a functional
group such as a hydroxyl group and an amino group from
proceeding with a side reaction.

The Ar in the general formula (10) is an aromatic hydro-
carbon group or a polyaromatic hydrocarbon group, and is
preferably a naphthalene group, an anthracene group, a
phenanthrene group and a pyrene group.

In the above-described formulae (1) to (10), R, is prefer-
ably one of a hydrogen atom and a protecting group for a
hydroxyl group that is a functional group in nucleic acid
synthesis. R, is preferably selected from a hydrogen atom, a
protecting group for a hydroxyl group that is a functional
group in nucleic acid synthesis, and a phosphate group. R, is
preferably a hydrogen atom or a protecting group for an
amino group that is a functional group in nucleic acid synthe-
sis.

Specific examples of the protecting group for a hydroxyl
group that is a functional group in nucleic acid synthesis may
include an aliphatic acyl group (e.g., an acetyl group), an
aromatic acyl group (e.g., a benzoyl group), an alkyoxy
group, a methyl group substituted with an aryl group (e.g., a
benzyl group, a p-methoxybenzyl group, a 4,4'-dimethoxytri-
tyl group, a 4-monomethoxytrityl group), a silyl group sub-
stituted with an aliphatic series (e.g., atert-butyldimethylsilyl
group), and a silyl group substituted with an aromatic series
(e.g., a tert-butyldiphenylsilyl group).

Specific examples of the protecting group for an amino
group that is a functional group in nucleic acid synthesis may
include an aliphatic acyl group, an aromatic acyl group, an
alkyoxy group, a methyl group substituted with an aryl group,
a silyl group substituted with an aliphatic series, and a silyl
group substituted with an aromatic series. Other than these, a
sulfonyl group substituted with an aliphatic series, a sulfonyl
group substituted with an aromatic series (e.g., a p-toluene-
sulfonyl group), a carbonyl group (e.g., a tert-butoxycarbonyl
group, a benzyloxy carbonyl group), an amide group (a dim-
ethylformamide group, a dimethylacetamide group) and the
like may be included.

The phosphate group is preferably a phosphate group pro-
tected by a protecting group in nucleic acid synthesis, or an
activated phosphate group for solid phase synthesis.
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Specific examples of the phosphate group protected by a
protecting group in nucleic acid synthesis may include a
2-chlorophenylphosphate group and a 4-chlorophenylphos-
phate group.

Specific examples of the activated phosphate group for
solid phase synthesis may include —P(OC,H,CN)(N(CH
(CHs),),) and —P(OCH;)(N(CH(CH;),),).

The nucleoside analog or the salt thereof according to the
present invention is characterized by being the general for-
mula (11) below (wherein R, and R, are the same or different
groups, and selected from a hydrogen atom, a protecting
group for a hydroxyl group in nucleic acid synthesis, and a
phosphate group; X, is a photoreactive group that reacts to
light and provides active species capable of covalent bonding;
and X, is an alkyl group or an alkyl group including at least
one hydrogen substituted with halogen).

The photoreactive group in X, is defined as a group that
absorbs light to generate a highly reactive intermediate car-
bene and can covalently bond with a target molecule.

Examples of the alkyl group in X, may include an alkyl
group having 1 to 5 carbons. Examples of the halogen may
include fluorine, chloride bromine and iodine.

[Chemical Formula 2]

(€3]
X1

R,0 X2

7

R,O

Furthermore, in the general formula (11), a portion corre-
sponding to a sugar part of the nucleoside is ring-opened, and
has a triple bond.

In the above general formula (11), R, and R, are preferably
a group similar to the R; and R, described in the general
formulae (1) to (10).

X, is preferably a diazirine group.

X, is preferably selected from a trifluoromethyl group, a
difluoromethyl group and a monofluoromethyl group.

Also, the oligonucleotide analog according to the present
invention is characterized by being an oligonucleotide analog
which contains one or more structures represented by any of
the formulae (1a) to (10a) as a component (wherein Ar is one
of'an aromatic hydrocarbon group and a polyaromatic hydro-
carbon group).
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Also, the oligonucleotide analog according to the present
invention is characterized by being an oligonucleotide analog
which contains one or more structures represented by the
formula (11a) as a component (wherein X is a photoreactive
group that reacts to light and provides active species capable
of covalent bonding; and X, is an alkyl group or an alkyl
group including at least one hydrogen substituted with halo-
gen).

The photoreactive group in X, is defined as a group that
absorbs light to generate a highly reactive intermediate car-
bene and can covalently bond with a target molecule.

Examples of the alkyl group in X, may include an alkyl
group having 1 to 5 carbons. Examples of the halogen may
include fluorine, chloride bromine and iodine.

[Chemical Formula 4]

(11a)

X1

X2

7
—-0

In the above general formula (11a), X, is preferably a
diazirine group.

X, is preferably selected from a trifluoromethyl group, a
difluoromethyl group and a monofluoromethyl group.

Furthermore, in the above general formulae (1a) to (10a)
and (11a), a portion corresponding to a sugar part of the
nucleoside is ring-opened, and has a triple bond. An example
of an oligonucleotide derivative forming the sugar-part ring-
opened nucleoside is a glycol nucleic acid (GNA). The GNA
has a structure in which a glycerol unit is repeated by a
phosphoric diester bond. With respect to an (S)-GNA, it is
known that the double strand of an (S)-GNA is stabilized due
to the gauche effect. Thus, in the oligonucleotide analog that
contains one or more of the similarly-structured formulae
(1a) to (10a) and (11a) as a component, it is expected that the
stability of a double strand is improved. Furthermore, since
the formulae (1a) to (10a) and (11a) have an unsaturated
bond, stacking interaction is formed between the oligonucle-
otides forming a double strand, thereby stabilizing the struc-
ture. Accordingly, loss in entropy when forming a double
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strand is reduced. As a result, it is expected that the double
strand is thermodynamically stabilized.

“A salt thereof” according to the present invention is
defined as a salt of the nucleoside analog and the oligonucle-
otide analog according to the present invention, since these
analogs can be converted into a salt. Although the salt is not
particularly limited, examples of the salt may suitably include
alkali metal salts such as sodium salts, potassium salts and
lithium salts, alkali earth metal salts such as calcium salts and
magnesium salts, metal salts such as aluminum salts, iron
salts, zinc salts, copper salts, nickel salts and cobalt salts,
inorganic salts such as ammonium salts, amine salts as
organic salts such as t-octylamine salts, dibenzylamine salts,
morpholine salts, glucosamine salts, phenylglycine alkyl
ester salts, ethylenediamine salts, N-methylglucamine salts,
guanidine salts, diethylamine salts, triethylamine salts, dicy-
clohexylamine salts, N,N'-dibenzylethylenediamine salts,
chloroprocaine salts, procaine salts, diethanolamine salts,
N-benzyl-phenethylamine salts, piperazine salts, tetramethy-
lammonium salts and tris(hydroxymethyl)aminomethane
salts, hydrohalic acid salts such as hydrofiuoric acid salts,
hydrochloric acid salts, hydrobromic acid salts and
hydroiodic acid salts, inorganic acid salts such as nitric acid
salts, perchloric acid salts, sulfuric acid salts and phosphoric
acid salts, lower alkanesulfonic acid salts such as methane
sulfonic acid salts, trifluoromethanesulfonic acid salts and
ethanesulfonic acid salts, aryl sulfonic acid salts such as
benzenesulfonic acid salts and p-toluenesulfonic acid salts,
organic acid salts such as acetic acid salts, malic acid salts,
fumaric acid salts, succinic acid salts, citric acid salts, tartaric
acid salts, oxalic acid salts and maleic acid salts, and amino
acid salts such as glycine salts, lysine salts, arginine salts,
ornithine salts, glutamic acid salts and aspartic acid salts.

The oligonucleotide analog according to the present inven-
tion may be a single-stranded oligonucleotide or a double-
stranded oligonucleotide. The single-stranded oligonucle-
otide may combine with an oligonucleotide which contains a
sequence at least partially complementary to one strand to
form a double strand. An oligonucleotide is defined as a
polymer formed by polymerizing several to 100 nucleotides.

The gene expression inhibitor according to the present
invention is characterized by containing the oligonucleotide
analog according to the present invention.

The gene expression inhibitor is defined as a molecule
which encourages a DNA or an mRNA to inhibit the process
of replicating, transferring and translating a DNA or an
mRNA.

The nucleic-acid probe for detecting gene according to the
present invention is characterized by comprising an oligo-
nucleotide analog which contains one or more structures rep-
resented by any of the above-described general formula (11a)
as a component.

In the above general formula (11a), X, is preferably a
diazirine group.

X, is preferably selected from a trifluoromethyl group, a
difluoromethyl group and a monofluoromethyl group.

The nucleic-acid probe for detecting gene is defined as a
short-stranded DNA or RNA molecule for visualizing and
detecting a DNA or an mRNA.

Examples of such a nucleic-acid probe for detecting gene
include a DNA microarray which comprises an oligonucle-
otide analog containing one or more structures represented by
the formula (11a) as a component.

Effects of the Invention

According to the oligonucleotide analog containing one or
more structures of the nucleoside analog according to the
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present invention (formulae (1) to (11)) as a component, the
portions corresponding to the sugar part and the base part of
a normal nucleoside are chemically modified, so that the
oligonucleotide analog becomes difficult to be recognized by
a nuclease. As a result, it is considered that nuclease resis-
tance is increased compared to the normal oligonucleotide.
Furthermore, it is considered that the gene expression-inhib-
iting effect can be increased compared to the normal oligo-
nucleotide by the fact that thermodynamical stability of a
miRNA is changed.

According to the gene expression inhibitor according to the
present invention, the oligonucleotide analog containing one
or more structures of the nucleoside analog according to the
present invention (formulae (1) to (11)) as a component func-
tions as amiRNA. The miRNA recognizes and combines with
a target mRNA which has a partially complementary
sequence, so that the target mRNA is destabilized, thereby
inhibiting translation of the target mRNA. As a result, gene
expression can be inhibited.

Furthermore, the oligonucleotide analog containing one or
more structures of the oligonucleoside analog represented by
the formula (11) as a component functions as a nucleic-acid
probe for detecting gene. When the nucleic-acid probe for
detecting gene is irradiated by light, active species capable of
covalent bonding is formed. Therefore, the nucleic-acid
probe for detecting gene is cross-linked with a target mRNA,
thereby enabling capturing of the target mRNA. As a result,
the base sequence of the captured mRNA can be determined
by utilizing the nucleic-acid probe for detecting gene.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph illustrating results of Tm measurement.

FIG. 2 is a graph illustrating results of Tm measurement.

FIG. 3 is a graph illustrating results of Tm measurement.

In FIGS. 4A and 4B, FIG. 4A is a graph illustrating results
of investigating gene expression inhibiting abilities when a
psil99a3p vector is used; and FI1G. 4B is a graph illustrating
results of investigating gene expression inhibiting abilities
when a psil 99a5p vector is used.

In FIGS. 5A and 5B, FIG. 5A is a gel photograph after
electrophoresis for investigating nuclease resistance of a nor-
mal RNA; and FIG. 5B is a gel photograph after electrophore-
sis for investigating nuclease resistance of an RNA having a 3'
terminal substituted with a nucleoside analog (1).

FIG. 6 is a graph illustrating results of investigating the
nuclease resistance of a normal RNA and the nuclease resis-
tance of an RNA having a 3' terminal substituted with a
nucleoside analog (1).

FIG. 7 is a gel photograph after electrophoresis illustrating
results of cross coupling.

FIG. 8 is an illustrative view of the nucleic-acid probe for
detecting gene according to the present invention.

FIG. 9 is a graph illustrating results of Tm measurement.

FIG. 10 is a graph illustrating results of investigating gene
expression inhibiting abilities of a siRNA containing a
nucleoside analog (1) as a component.

FIG. 11 is a graph illustrating results of investigating gene
expression inhibiting abilities of an siRNA containing a
nucleoside analog (10) as a component.

MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be described
below.
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Since abbreviations will be used herein, the list of abbre-
viations used herein will be first shown below.

LIST OF ABBREVIATIONS

BF,EOEt: Boron trifluoride etherate THF': tetrahydrofuran

EtOAc: ethyl acetate

TBDMSCI: tert-Butyldimethylsilyl chloride

Pd(PPh,): Tetrakis(triphenylphosphine)palladium

TEA: triethyamine

TBAF: Tetra-n-butylammonium fluoride

PdCl1,(PPh,),: Bis(triphenylphosphine)palladium(II)
chloride

TsCl: p-toluenesulfonyl chloride

DMAP: N,N-dimethyl-4-aminopyridine

DMTrCl: dimethoxytriphenylmethyl chloride

DIPEA: N,N-diisopropylethylamine

Amidite reagent, i-Pr,NP(C1)OCE:

2-cyanoethyldiisopropylchloro-phosphoramidite

DMF-DMA: N,N-Dimethylformamide dimethyl acetal

CPG: controlled-pore glass

WSC: water soluble carbidiimide

X-phos: 2-Dicyclohexylphosphino-2',4',6',-triisopropylbi-
phenyl

NaHCO; aq.: aqueous solution of sodium hydrogen car-
bonate

NaCl aq.: aqueous solution of sodium chloride

NMBR: nuclear magnetic resonance

CDCl;: Deuterochloroform

Tm: melting temperature
[Outline of Nucleoside Analog and Method of Synthesizing
Nucleoside Analog]

Next, the outline of a nucleoside analog and a method of
synthesizing the nucleoside analog will be described.

A sugar part of the nucleoside analog according to the
present invention is synthesized by using as a starting mate-
rial primary alcohol provided with an epoxy group. More
particularly, first, after protecting a hydroxyl group of the
primary alcohol provided with an epoxy group by a silyl
compound, an acetylene group having a terminal protected
with a silyl group is introduced when the epoxy group is
ring-opened. Subsequently, a hydroxyl group formed by the
ring-opening of an epoxy group is protected by the silyl
group. Thereafter, the terminal silyl group of the acetylene
side chain is selectively removed, thereby to obtain a sugar
part precursor which enables a coupling reaction with a base
part of the nucleoside analog according to the present inven-
tion described below.

On the other hand, the sugar part of the nucleoside analog
according to the present invention is selected from a halogen
substitution product in which one hydrogen atom of a hetero-
cyclic ring is substituted with a halogen atom, a halogen
substitution product in which one hydrogen atom of an aro-
matic hydrocarbon is substituted with a halogen atom, and a
halogen substitution product in which one hydrogen atom of
a polyaromatic hydrocarbon is substituted with a halogen
atom. The halogen substitution product in which one hydro-
gen atom of an aromatic hydrocarbon is substituted with a
halogen atom includes a halogen substitution product in
which one hydrogen atom of the aromatic hydrocarbon,
which has a photoreactive group that reacts to light and pro-
vides active species capable of covalent bonding as well as an
alkyl group or an alkyl group having at least one hydrogen
atom substituted with halogen, is substituted with a halogen
atom.

The sugar part precursor and the base part described above
are subjected to a coupling reaction in the presence of a
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palladium catalyst to obtain a coupling body. Thereafter, the
silyl group is deprotected, and then processes of extraction,
washing and purification are performed. Accordingly, a
desired nucleoside analog can be obtained.

Next, an embodiment of the present invention will be
described with reference to examples. However, the present
invention is not limited to these examples. It is noted that, in
the examples described below, to facilitate understanding of
the relationship between the nucleoside analog exemplified
as an example and the general formula explained earlier, the
nucleoside analog described as an example of the nucleoside
analog represented by a general formula (n) is designated as
anucleoside analog (n) (nis an integer of 1 to 11), utilizing the
number (n) given to a general formula. However, this desig-
nation does not mean that the nucleoside analog represented
by the general formula (n) is limited to the nucleoside analog
(n) exemplified in the examples below.

EXAMPLES

1. Synthesis of nucleoside analog (1): (S)-5-(4,5-
dihydroxypent-1-ynyl)-1-methylpyrimidine-2,4(1H,
3H)-dione)

A nucleoside analog (1) was synthesized by means of
Synthesis method 1 shown in [Chemical Formula 5]below.

[Chemical Formula 5]
H0v<(l) @ TBDPSOv<(I) RON
(13a) (13b)
OH ™S
TBDPSO\)\/ o,
(13¢)
OTBDMS T™S @
TBDPSO\/'\/ T
(13d)
OTBDMS H
TBDPSO A
(13¢)
OTBDMS o
TBDPSO A
(13¢)
0
M
Sy NH @,
L,
I

22)

w
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-continued |
N 0
| ®
—_—
OTBDMS NH
TBDPSO 4
0
(23)
N 0
OH | NH
HO 4
0

L
(a) TBDPSC, imidazole, DMF, 70% (b) TMS-acetylene, n-BuLi, BFsEOEt, THF, 70%
(c) TBDMSCI, imidazole, DMF, 89% (d) CH;ONa, dry MeOH, NH,CI, 97%
(e) Cul, Pd(PPhy), DMF, TEA (f) TBAF, THF

<1.1. Synthetic Route (a) in Synthesis Method 1>

Imidazole (6.6 g, 97.2 mmol) and DMF (75 ml) were added
to (R)-glycidol (2.7 ml, 40.5 mmol) (13a), and the resulting
mixture was stirred. Then, TBDPSCI (12.6 ml, 48.6 mmol)
was added and reacted at 0° C. overnight. Next day, after
disappearance of the spots of the raw material was observed
by thin-layer chromatography (TLC) (hereinafter referred to
as TLC), the product was extracted with ethyl acetate and
distilled water, to recover an organic layer. The organic layer
was washed with saturated sodium hydrogen carbonate and a
saturated salt solution, and dried with anhydrous sodium sul-
fate. The solvent was evaporated using a vacuum evaporator,
and the residue was isolated and purified by silica gel column
chromatography (hexane:ethyl acetate=50:1). Thus, a com-
pound (13b) (S)-tert-butyl(oxiran-2-ylmethoxy)diphenylsi-
lane (4.5664 g, 15 mmol, 37%) was obtained as a colorless
and transparent liquid.

'H NMR (400 MHz, CDCL,) §: 7.67-7.65 (4H, m), 7.41-
7.35 (6H, m), 3.83 (1H, dd, J=12.0 Hz, 3.2 Hz), 3.69 (1H, dd,
J=12.0 Hz, 4.8 Hz), 3.13-3.09 (1H, m), 2.73 (1H, dd, J=9.2
Hz, 4.0 Hz), 2.59 (1H, dd, J=5.2 Hz, 2.8 Hz), 1.0 (9H, s). 1°C
NMR (CDCl,) 8: 135.5,129.7, 127.7, 64.3, 52.2, 44.4, 26.7,
19.2.
<1.2. Synthetic Route (b) in Synthesis Method 1>

The compound (13b) (2.5268 g, 8.0 mmol) was added into
a 50 ml pear-shaped flask under an argon atmosphere, and
dissolved in THF (10 ml), to obtain a solution (A). TMS-
acetylene (1.656 ml, 12.0 mmol), THF (10 ml), n-Buli
(7.2288 ml, 12.0 mmol) and BF;.OEt, (1.5968 ml, 13.0
mmol) were added into a 50 ml recovery flask in this order
under an argon atmosphere, and finally the solution (A) was
added in the mixture. The obtained product was reacted at
-78° C. overnight. Next day, after disappearance of the spots
of the raw material was observed, NH,C1 (20 ml) was added
as a buffer to terminate the reaction. The reaction pr