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The present invention provides a photoreactive crosslinking agent that is capable of crosslinking a sequence which cannot be
photo-crosslinked by psoralen, and is capable of photo-crosslinking using a light having a longer wavelength, as compared with
psoralen. The present invention also provides a compound having a group represented by formula () coupled with a group

represented by formula (ll).
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ABSTRACT

The present invention provides a photoreactive

g
e

crosslinking agent that is capable of crosslinking a sequence

which cannot be photo-crosslinked by psoralen, and 1s capable
of photo-crosslinking using a 1light having a longer wavelength,

as compared with psoralen. The present invention also provides

a compound having a group represented by formula (I) coupled

with a group represented by formula (II).
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DESCRIPTION

LIGHT-RESPONSIVE ARTIFICIAL NUCLEOTIDE HAVING

PHOTO-CROSSLINKING ABILITY

TECHNICAL FIELD

[0001 ]

The presént invention relates to a'photoreactive
crosslinking agent having a photoreactive nucleobase-1like
structure, which can be crosslinked with a nucleic acid c'ompound,
and a light—responsive artificial nucleotide having a
photo-crosslinking ability, which has ‘the nucleobase-1like

structure as a base moiety.

BACKGROUND ART

1000271
A fundamental technology employed in the field of
molecular biology is coupling of nucleic acids. The coupling

F

O nuclelc acids is used, for example, in combination with

hybridization, for the introduction of genes or detection of

base Sequences."Pherefore, coupling of nucleic acids is an
extremely important technology used not only in the basic

research 1in molecqlar biology, but also in, for example, the
diagnosis or treatment in the field of medicine, the development
or production of therapeutic drugs, diagnostic drugs or the like,

or the development or production of CNzZymes, microorganisms or

the like in industrial and agricultural fields.
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[0003]

Coupling of nucleic acids has conventionally been carried

out ﬁsing, for example, DNA ligases and the like. However,

reactions carried out by taking out such in vivo enzymatic

reactions must be carried out under specially set conditions,

and the reactions have disadvantages such as relatively high

prices of the.'eDZymes used and 1nsufficient stability. n order

to overcome such disadvantages, research has been conducted to

ghe——

find technologies for the coupling of nucleic acids which do

-

" enzymes.

not make use o:
[0004]

As one such technology for the coupling of nucleic acids

that does not use enzymes, there is an available method of using

an organic compound which is capable of reacting with a nucleic '

acid. Inrecent years, technologies for the coupling of nucleic

acids utilizing photoreaction are increasingly attracting

attention because of their advantages such as that the temporal

and spatial control of the reaction is freely achieved, and the

reaction can be carried out under milder conditions as compared

with general organic chemical reactions.

Among photocoupling technologies as such, those

photocoupling technologies making use of

o-cyanovinyldeoxyuridine (Patent Document 1: ‘Japanese Patent
No. 3753938 and Patent Document 2: Japanese Patent No. 3753942)

are known.

10005]

1)

Another important technology similar to the coupling of
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P

nucleic acids 1s crosslinking of nucleic acids. For example,

a crosslinking reaction of DNA or RNA blocks the intracellular

flow of genetic information, and thus is used in the inhibition

Oof gene expression. As a crosslinkingagent for DNA, a compound
called psoralen has been traditionally used as a
photo-crosslinking agent (photo-crosslinking agent) that
induces crosslinking through a photoreaction. A therapeutic
method of internally taking psoralen, which is a
photo-crosslinking agent, as a medicine; and carrying out

greo-

photoirradiation, is in widespread use as one of standard

therapeutic methods for psoriasis, which is a skin disease.

[0006]

However, since the photo-crosslinking reaction of

psoralen occurs preferentiallywitha 5'-TA-3"' sequence between

P

the two strands o

nucleic acid, there is a problem that the

-

- the reaction that can be used is restricted.

target o:

Furthermore, since the photocoupling wavelength for psoralen

1s 350 nm while its photocleavage wavelength is 250 nm, it is

F

needed to use a short wavelength light source, .in the case of

usilng psoralen as a photo-crosslinking agent. Therefore,. -

there is a problem that photolirradiation is likely to cause

damages to DNA or cells.
Patent Document 1: Japanese Patent No. 3753938

Patent Document 2: Japanese Patent No. 3753942

DISCLOSURE OF THE INVENTION

[ —

PROBLEM TO BE SOLVED BY THE INVENTION
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[0007]

Because of the problems as described above, there has been

a demand for a photoreactive crosslinking agent that can be used

for those sequences which cannot be photo-crosslinked by

psoralen. There has also been a demand for a photoreactive

crosslinking agent that 1s capable of photo-crosslinking using
~a light having a longer wavelength, as compared with psoralen.

10008 ]

Therefore, 1t 1s an object of the present invention to

provide a photoreactive crosslinking agent (a photoreactive

crosslinker) that is capable-of crosslinking a sequence which
cannot be photo-crosslinked by psoralen. It is another object

of the present invention to provide a photoreactive

crosslinking agent capab-le' of photo-crosslinking using a light

having a longer wavelength, as compared with psoralen.

MEANS FOR SOLVING THE PROBLEM

10009]

The inventors of the present invention devotedly .

conducted search and investigation on photoreactive.

crosslinking agents, and as a result, the inventors found a

novel photoreactive crosslinking agent (photoreactive

crosslinker) compound that is capable of crosslinking a
sequence which cannot be photo-crosslinked by psoralen. Thus,
the inventors found that the objects described above can be
achieved by using this photoreactive crosslinking agent

compound.
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- [0010]

When this photoreactive crosslinking agent compound is

F

used, crosslinks induced by photoirradiation can be formed for

those sequences which cannot be photo-crosslinked by psoralen,

and this crosslink-forming reaction can be carried out using
a light having a longer wavelength, as compared wit'h psoralen.
[0011]

The compound according to the present invention has a

characteristic structure in which a vinyl group has been added

Lo a carbazole structure, and exhibits photo-crosslinkability

through this relatively small structure. Thus, the compound

can be modified by various ways and can be used for various

purposes, as in the case of psoralen. Furthermore, this

characteristic structure of the compound according to the

present 1nvention has a structure similar to the base of nucleic

acids, and therefore can be used as an artificial base

(artificial nucleobase). That is, an artificial nucleoside

and an artificial nucleotide can be produced by introducing the

characteristic structure of the compound according to the

present invention as an artificial base, and an artificial

nucleic acid compound containing such an artificial nucleotide

in the sequence can be produced. When such an artificial

nucleic acid compound forms a crosslink by a photoreaction, this

1s led to photo-crosslinks formed (photo-crosslinking) from one

of the strands of a double helix to the other strand. Thus,

a photoreactive nucleic acid compound can be used as a

I )

photo-crosslinking agent for double helix, which is capable o:



CA 02706222 2010-05-19

specifically reacting with a desired sequence.

(0012 ]

Therefore, the present invention provides the following
items [1] to [9].

[1] A compound having a group represented by the following

formuia (I):

[Chemical Formula 1]

(1)

(wherein i1n the formula (I), Ra represents a cyano group, an
amide group, a carboxyl group, a C2-C/ alkoxycarbonyl group,
or hydrogen; and

R1 and RZ2 each independently represent a cyano group, an

amide group, a carboxyl group, a C2-C7 alkoxycarbonyl group,

or hydrogen),

coupled with a group represented by the following formula

Formula (II1) Rb-

(wherein Rb represents hydrogen,'a sugar (the sugar includes

ribose and deoxyribose), a polysaccharide (the polysaccharide

ﬁ
i

includes a polyribose chain and a polydeoxyribose chain of

nucleic acids), a polyether, a polyol, a polypeptide chain (the
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polypeptide chain includes a polypeptide chain of peptide
nucleic acids), or a water-soluble synthetic polymer).

[2] The compound according to [1], wherein Rb represents

a group represented by the following formula (I ) or formula
(IV) :

[Chemical Formula 2]

(111

OH

[Chemical Formula 3]

(1V)

OH OH

or hydrogen.
[3] A photoreaétive crosslinking agent containing the

compound according to any one of [1] and [2].

(4] Anucleoside having a grnup represented by the formula

.

(T) acCording to [1] (wherein in thé ﬁformula (ii) , Ra represent's

a cyano group, an amide group, a carboxyl group, a C2-C7
alkoxycarbonyl group, or hydrogen; Rl and R2 each independently
represent a cyano group, an amide group, a carboxyl group, a
C2-C7 alkoxycarbonyl group, or hydrogen) as a base molety.
(o] A photoreactive crosslinking agent containing the

nucleoside according to [4].
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(6] Anucleotide having a group represented by the formula

(I) according to [1] (wherein in the formula CI),E%irepresents
a cyano group, an amide group, a carboxyl group, a C2-C7
alkoxycarbonyl group, or hydrogen; Rl and R2 each 1ndependently
represent a cyano group, an amide group, a carbOXYl group, a
C2-C7 alkoxycarbonyl group, or hydrogén) as a base moilety.
. [ /] A photoreactive crosslinking agent containing the
nucleotide according to [6].

8] A nucleic acid Compound.(the nucleic acid compound

includes a nucleic acid and a peptide nucleic acid) having a

group represented by the formula (I) according to [1] (wherein

in the formula (I), Ra represents a cyano group, an amide group,

a carboxyl group, a C2-C7 alkoxycarbonyl group, or hydrogen;
R1 and R2 each independently repreSent a cyano group, an amide
group, a carboxyl group, a C2-C7 alkoxycarbonyl group, or
hydrogen) as a base moiety,
. [9] A photoreactive crosslinking agent containing the
nucleic acid compound according to- [8].
“[0013]
The present invention also provides the .following items

110] to [13].

[10] A method for forming a photo-crosslink(s) (a

photo-crosslinking(s)) using the compound according to any one

F

of [1] and [2], between the compound and a nucleobase having

a pyrimidine ring.

|11] A method for forming a photo-crosslink(s) (a

photo—crosslinking(s))'usingtjwanucleosidewaccordingTxa[4],
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between the nucleoside and a nucleobase having a pyrimidine

ring.

[12] A method for forming a photo—crosslink(s) (a
photo-crosslinking(s)) using the nucleotide according to [0],
between the nucleotide and a nucleobase having a pyrimidine

ring.

[13] A method for forming a photo-crosslink(s) (a

F

photo-crosslinking(s)), the method including the steps of:

hybridizing the nucleic acid compound according to [O]

and another nucleic acid compound having a pyrimidine ring as

a nucleobase to form a double helix; and

irradiating the formed double helix with light.

[0014]

Furthermore, the present invention also provides the

following items [14] to [17].

(14] Use of the compound according to any one of [1l] and

(2], for forming a photo-crosslink(s) (a
photo-crosslinking(s)) between the compound and a nucleobase

having a pyrimidine ring.

[15] Use of the nuclecoside according to [4], for forming -
a photo-crosslink(s) (a photo-crosslinking(s)) between the
nucleoside and a nucleobase having a pyrimidine ring.

F

[16] Use of the nucleotide according to [6], for forming

a photo-crosslink(s) (a photo-crosslinking(s)) between the

nucleotide and a nucleobase having a pyrimidine ring.

[17] Use of the nucleic acid compound according to [5],

for forming a photo-crosslink(s) (a photo-crosslinking(s))
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between the nucleic acid compound and another nucleic acid

compound having a pyrimidine ring as a nucleobase, 1n the double

helix formed by hybridization.

EFFECT OF THE INVENTION

[0015]

According to the present invention, a crosslink resulting

from photoirradiation can be formed for sequences which cannot

be photo—crosslinked by psoralen. That 1s, according to the

present invention, crosslinking can be extensively carried out

for the bases in a sequence that cannot be used with psoralen,

' aand P

of which the target of crosslinking 1s limited to 5'-TA-3'

sequences.

[0010]

Furthermore, the characteristic structure of the
compound according to the present invention, in which a vinyl

group has been added to a carbazole structure, can be used as

an artificial nucleobase. When nucleic acid compounds which

contain this artificial base and are included-in a specific

sequence, are hybridized with nucleic acid compounds in a -

sequenceijuﬂ:jﬁ;complementary'botﬁmafOIegoing'sequence, and

thereby form a double helix, a photo-crosslink can be formed

*

(photo-crosslinking) for the base of a nucleic acid compound

r—— ¥

in the complementary sequence, which is located at a specific

position 1in the sequence.
10017]

Therefore, according to the present invention, not only

10
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a photo-crosslink can be formed for the bases 1n various

sequences which cannot be photo-crosslinked by psoralen, but

also a photo-crosslink can be formed for the bases that are at

specific positions in a certain specific sequence, by forming

a complementary strand.
(00181

The crosslink-forming reaction according to the present

invention can be carried out using a light having a longer

wavelength, as compared with psoralen. Accordingly, 1t can be

avoided to use a 1ight source of short wavelength, and thus there
is less concern for any damage to DNA or cells due to

photoirradiation.

(0019]

Furthermore, the crosslink-forming reaction according to

the present invention can be carried out with photoirradiation

of a very short duration, as compared with psoralen. That 1s,

since crosslink formation is carried out rapidly, the reaction

can be used also for the uses where rapidity of reaction 1s

required. Moreover, even from the viewpoint of the time for

photoirradiation being short, there is-less concern for any -

damage to DNA or cells due to photoirradiation.

BRIEEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a diagram showing the NOESY spectrum of

3-1odocarbazole-1'-deoxyriboside;

F

FIG. 2 1s a set of chromatograms showing the results of

")

11
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an HPLC analysis of a photo-crosslinking reactlion experiment

for ODN(XT) and ODN (A“"VK) ;

ms showing the results of

FIG. 3 1s a set of chromatogre

an HPLC analysis of a photo-crosslinking reaction experiment

for ODN(XC) and ODN (G"VK) ;

- a photo-crosslink

FIG. 4 1s a graph comparing the rates o:

(photo-crosslinking) reaction between ODN (A*"K) and

ODN (G™"K) ;
- diagrams showing the expérimfent results

FIG. b 1s a set o:

CNV
K;

c1icity of ODNs containing

for examining the sequence-speci:

FIG. 6 1s a set of chromatograms showing the results of

- a photo-crosslinking reaction experiment

an HPLC analysis o:

for ODN (A™'K) and ODN (GT) ;

—

- chromatograms showling the results of

FIG. 7 1s a set o:

an HPLC analysis of a photo-crosslinking reaction experiment

for ODN(G™'K) and ODN (GC) ;

J—
p—

FIG. 8 1s a set of chromatograms showing the results of

an HPLC analysis of a photo-crosslinking reaction experiment

for ODN(A™K) and ODN(GT) ;

- chromatograms showing the results of

FZ'_'G. O 18 a set o:

an HPLC analysis of a photo-crosslinking reaction experiment

for ODN(GOHVK) and ODN (GC) ;

FIG. 10 1s a graph comparing the'rates of a

- ODN (A"MK), ODN (A™™*VK) and

photo-crosslinking reaction o:

ODN (A“"'K) ;
(G. 11 1s a set of chromatograms showing the results of

A

B

photoirradiation and HPLC analysis of ODN(A*K-GT); and

12
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H

FIG. 12 1is a set of chromatograms showing the results of

photoirradiation and HPLC analysis of ODN (G""'K-GC) .

‘BEST MODES FOR CARRYING OUT THE INVENTION

[0021]

The present invention will be explained below 1n detail.

The present invention is not intended to be limited to the

following specific embodiments.

[0022]

The present invention lies in a compound having a group

represented by the following formula (I):

[Chemical Formula 4]
R;

(D)

(wherein in the formula (I), Ra represents a cyano group, an
amide group, a carboxyl group, a C2—C7:aikQXyCérbonyl'grdﬁp,'
or hydrogen; and

R1 and R2Z each 1ndependently represent a cyano group, an
amide group, a carboXyl group, a C2-C7 alkoxycarbonyl group,

or hydrogen,

coupled with a group represented by the following formula

Formula Rb-
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(whérein Rb represents hydrogen, a sugar (the sugar includes

riboseenuideoxyribose);eapolysaccharide (the polysaccharide

includes a polyribose chain and a polydeoxyribose chain of
nucleic acids), a polyether, a polyol, a polypeptide chain (the

i—

polypeptide chain includes a polypeptide chain of peptide

nucleic acids), or a water-soluble synthetic polymer).

(0023]

That is, the present invention lies 1in a compound

represented by the following formula (V), in which the group

represented by the formula (I) 1s coupled with the group

represented by the formula (I1):

[Chemical Formula 5]
R,

(V)

Ry,

(wherein in the formula (V), Ra, R1l, R2 and Rb have the same

definitions as described for the formula (I) and formula (II)).

[0024 ]

The above compound according to the present invention can

form crosslinks by photoirradiation for a sequence that cannot

be photo-crosslinked by psoralen, and can also induce a
photo-crosslinking reaction using a light having a longer

wavelength, as compared with psoralen.

[0025]

14
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Ra represents a cyano group, an amide group, a carboxyl

group, an alkoxycarbonyl group, or hydrogen; preferably a cyano

group, an amide group, a carboxyl group, an alkoxycarbonyl group,
or hydrogen; and even more preferably a cyano group, an amide

group, a carboxyl group, or an alkoxycarbonyl group. For the

alkoxycarbonyl group, preferably a C2-C7 group, more preferably

a C2-C6 group, even more preferably a CZ2-C5 group, even more

preferably a C2-C4 group, even more preferably a CZ2-C3 group,
and particularly preferably a C2 group can be used.
[0026]

R1 and R2 each independently represent a cyano group, an

amide group, a carboxyl group, an'alkoxycarbonyl group, Or

hydrogen; preferably a cyano group, an amide group, a carboxyil

group, an alkoxycarbonyl group, or hydrogen; and even more

preferably a cyano group, an amide group, a carboxyl group, oOr

an alkoxycarbonyl group. For the alkoxycarbonyl group,

preferably a C2-C7 group, more preferably a C2-Cb6 group, even

more preferably a C2-C5 group, even more preferably a C2-C4

group, even more preferably a C2-C3 group, and particularly
preferably a C2 group can be used.
[0027] ‘

Rb répresents hydrogen, a sugar (the sugar includes
ribose and deoxyribose), a polysaccharide (the polysaccharide

e
o

~includes a polyribose chain and a polydeoxyribose chain of

nucleic acids), a polyether, a polyol, a polypeptide chain (the

F

polypeptide chain includes a polypeptide chain of peptide

nucleic acids), or a water-soluble synthetic polymer.

15
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[0028]

According to a preferred embodiment, hydrogen can be used

as Rb, and the compound according to the present invention 1in

this case is represented by the following formula (VI):

[Chemical Formula 6]
R

(V1)
N .

H

(wherein in the formula (VI), Ra, Rl and RZ have the same

definitions as described for the formula (I).
[0029]

According to another preferred embodiment, ribose can be

F

used as Rb, and an example of the compound according to the

present invention in this case is a nucleoside (ribonucleoside)

represented by the following formula (VII):

[Chem1ical Formula 7]
R

o (VII)

OH OH

16
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(wherein in the formula (VII), Ra, Rl and R2Z have the same

definitions as described for the formula (I)).

10030]

According to another preferred embodiment, deoxyribose

can be used as Rb, and an example of the compound according to

the present invention in this case 1s a nucleoside

(deoxyribonucleoside) represented by the following formula

(VIIT):

(Chemical Formula 8]
R

(VIII)

OH

(wherein in the formula (VIII), Ra, Rl and RZ have the same
definitions as described for the formula (I)).
[0031]

The compound according to the present invention can be
used as a nucleic acid compound (a photo-crosslinkable nucleic
acid compound) having a characteristic structure 1n which a

vinyl group has been added to a carbazole structure as a

photoreactive artificial nucleobase. The nucleic acid
compound can be hybridized with a sequence having a base

sequence that is complementary to the nucleic acid compound,

17
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and can thereby form a double helix with the complementary chain.

When the formed double helix is subjected to photoirradiation,

the photoreactive artificial nucleobase forms a
photo—crosslink with a base which 1s present 1n the
complementary chain of the photo-crosslinkable nucleic acid
cquxnnmL The base to be crosslinked to the photoreactive

artificial nucleobase is the next base on the 3'-terminal side

P

to a base which is located to a position sultable for

base-pairing with the photoreactive artificial nucleobase.
[0032]
The counterpart base with which the photoreactaive

artificial nucleobase according to the present invention can

form a photo-crosslink, is a base having a pyrimidine ring. On

the other hand, the photoreactive artificial nucleobase

according to the present invention does not form a
photo-crosslink with a base having a purine ring. That 1s, the

photo-crosslinkable compound according to the present

invention has a strong specificity such that the compound forms
a photo-crosslink with cytosine, uracil and thymine amOng

naturally occurring-nucleobases, but does not form a

photo-crosslink with guanine and adenine.
[0033]

The photo-crosslinking agent (photo cross-linker)
compound acCording to the present invention, when used as a

nucleic acid compound having a photoreactive artificial

nucleobase (1.e. photo-crosslinkable nucleic acid compound),

can be hybridized with a seguence having a base sequence that

18
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is complementary to the nucleic acid compound, and can thereby

form a double helix. Therefore, the photo-crosslinking agent

compound can cause a photo-crosslinking reaction to be carried

out only for an intended specific sequence (a target sequence).
'That 1s, the photo-crosslinking agent compound ac:cordihg to the
present i1nvention can impart a very high sequence-selectivity
that 1s 1mpossible with conventional photo-crosslinking agents
such as psoralen, through designing of a seqguence _as desired.
[0034]

Furthermore', when the photo-crosslinking agent compound

according to the present invention is used as a nucleic acid

compound having a photoreactive artificial nucleic acid base
(a photo-—cro'sslinkable nucleic acid compound), is hybridized

with a sequence having a base sequence complementary to the

nucleic acid compound to thereby form a double helix, the base

which should form a base pair with the photoreactive artificial

nucleobase according to the present invention in the

P

complementary chain of photo-crosslinkable nucleic acid

compounds, 1s not-particularly limited, and can be freely

selected.
[0035]

The nucleic acid compound according to the present
invention includes a nucleic acid and a peptide nucleic acid
(PNA), and also includes a anonucleotideu The nucleilic acid

includes DNA and RNA, which are natural nucleic acids, and also

includes modified nucleic acids such as LNA (BNA), which are

non—-natural (artificial) nucleic acids.

19
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[0036]_

The light that is irradiated for photo-crosslinking is

preferably a light having a wavelength in the range of generally

350 to 380 nm, more preferably in the range of 360 to 370 nm,

and even more preferably 366 nm. The light is particularly

preferably a laser light having a single wavelength of 366 nm.

[0037]

The photo-crosslinking agent compound according to the

present invention can further undergo photocleavage Dby

photoirradiation, after being photo-crosslinked with another
nucleic acid (nucleic acid compound) Dby photoirradiation.
That is, the photo-crosslinking agent compound according to the
present invention enables reversiblepheto—crosslinking, and
thus can be used as a reversible photo-crosslinking agent.

[0038]

Regarding the light that is irradiated for photocleavage,

a light having a wavelength in the range of generally 330 to

370 nm, and preferably in the range of 330 to 360 nm, can be

used. Furthermore, according to a preferred embodiment, a -

light having a wavelength of 366 nm, and particularly preferably

a laser light having a single wavelength of 366 nm, can be used.

[0039]

According to a preferred embodiment, the photoreactions

according to the present i1nvention 1nvolving

photo-crosslinking and photocleavage can be carried out by

'l

irradiation with a light having a wavelength in the range o:

350 to 370 nm, and preferably, the photoreactions can be carried

20
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out using a laser light having a single wavelength of 366 nm.
When a light having a wavelength in this range is used, both

of the photoreactions such as photo-crosslinking and

photocleavage can be carried out by means of a same light source,

and thus it is advantageous in that there is no need to provide

two types of light sources. 1In the case of usinga light having

a wavelength in this range, control of which photoreaction

between photo-crosslinking and photocleavage would proceed,

- can be achieved by the temperature conditions. In order tomake

a photo-crosslinking reaction to proceed, photoi rradiation is

carried out at a temperature in the range of generally 0 to 50°C,

preferably 0 to 40°C, more preferably 0 to 30°C, even more

preferably 0 to 20°C, even more preferably 0 to 10°C, and even

more preferably 0 to 5°C, and particularly preferably at 0°C.

In order to make a photocleavage reaction to proceed,

photoirradiation is carried out at a temperature in the range

of generally 60 to 100°C, preferably 60 to 90°C, and more

preferably 70 to 90°C.

[0040]
Since the photo-crosslinking and photocleavage according

to the present invention utilize photoreactions, there is no

particular limitation on the pH, temperature, salt
concentration or the like, and the reactions can be carried out
by photoirradiation in a solution set at a pH, a temperature
and a salt concentration, at which biopolymers such as nucleic
acid compounds can stably exist.

(0041 ]
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The photo-crosslinking and photocleavage according to

the present invention proceed very rapidly, and for example,

the photoreaction proceeds'for only one second (under

irradiationwith a light at 366 nm) under the conditions at which

psoralen would require several hours (under irradiation with

a light at 350 nm). That is, when the photo-crosslinking agent

according to the present invention 1is used, photo-crosslinks

can be formed by carrying out the photoreaction by

o~

photoirradiation for a time period of several seconds, for

example, for 1 to 9 seconds, for 1 to 7 seconds, for 1 to 5 seconds,

or for 1 to 3 seconds.

{*]
2

EXAMPLE

10042]

B

The present invention will be described below by way of

Examples. The present invention is not intended to be limited

to the following Examples.
[0043]

[1. Synthesis of ODN having vinylcarbazole at base site]

Synthesis was carried out according to the following-- -

Scheme 1. In the explanation given below, the compounds may
be occasionally represented by the numbers attached to the
compounds.

[Chemical Formula 9]
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Acrylonitrile, Pd(OAc),, PPha; NEts

In dioxane

o - _' ‘ . lo, NalOy4, HoSOy4
TN in EtOH

KOH, TDA-1, Sugar-Cl  TolOx
in CH3CN

DMTrCl, DMAP

T

in Pyridine

[N(Pr2)]2PO(CH2)2CN, tetrazole

in CH3CN

Scheme 1

(0044 ]

(3-Iodocarbazole (1) ]

To an ethanol solution (500 mL) of carbazole (2.50 g, 15.0

mmol), NaIOs (0.80 g, 3.75mmol) and I, (1.89 g, /.45 mmol) were

added in this order, and then an ethanol solution (100 ml) of

H>S0Oy4 (1.60 mlL,, 30.0 mmol) was added thereto. The reaction

solution was heated to reflux for one hour at 65°C.

r—

Disappearance of the raw materials was confirmed by TLC

(HexH:AcOEt = 4:1), and an ethanol solution (100 mL) of NaOH
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(1.4 g) was added thereto to neutralize the reaction solution.

Fthanol was removed, and then the reaction solution was

extracted two times with chloroform and washed two times with

water. The organic phase was dried over Na,SO4, and the solvent

was removed. The residue was purifiedby column chromatography

t =4:1), and compound (1) (3.06 g, 70%) was obtained

L+

(HexH:AcO!

as a white powder. Thus, 3,6-diiodocarbazole (0.47 g, 7.5%)
was obtained as a white powder.
J = 1.7 Hz),

'4 1H’
8.4, 1.7 Hz), 7.48
2H, J = 8.4 Hz),

1: 'H NMR (DMSO-d¢) & 11.4 (s, 1H), 8.49 (d
8.14 (d, 1H, J = 8.0 Hz), 7.62 (dd, 1H, J =
(d, 1H, J = 8.0 Hz), 7.40 (m, 1H), 7.33 (d,
7.10 (m, 1H).

3, 6-Diiodocarbazole: 'H NMR (DMSO-dg¢) & 11.5 (s, 1H), 8.56 (d,
2H, J = 1.7 Hz), 7.65 (dd, 2H, J = 8.5, 1.7 Hz), 7.34 (d, 2H,
J = 8.5 Hz).

10045

[3-Cyanovinylcarbazole (2) ]

To a dioxane solution (10 mL) of triphenylphosphine (139
mg, 0.53 umol), palladium acetate (40.0 mg, 0.18 pmol) and

triethylamine (0.59 pL, 4.23 mmol) were added in this order.

The mixture was stirred fdr 5_minutes at 75°C.. A dioxane
solution (15 mL) of the compound (1) (1.03 g, 3.52 mmol) and

acrylonitrile (0.46 uL, 7.04 mmol) were added thereto, and the

reaction solution was heated to reflux for 11.5 hours.

Generation<xfagnxxhuﬁ:wascxnr“hﬁmajbyfﬂli(HexH:AcOEt==4dl),

and then palladium powder was removed by cotton filtration. The

residue was purified by column chromatography (HexH:AcOEt =

4:1), and compound (2) (0.14 g, 18%, trans:cis = 9/:3) was
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obtained as a white powder. Thus, compound (1) (0.37 g,
recovery rate 37%) was recovered as a white powder.
. 1y NMR (DMSO-d¢) & 11.6 (s, 1H), 8.44 (s, 1H), 8.11 (d, 1H, J =

2
8.0 Hz), 7.75 (d, 1H, J =16.7 Hz), 7.69-7.72 (m, 1H), 7.40-7.52 (m,
34H), 7.19-7.24 (m, 1H), 6.36 (d, 1H, J 16.7 Hz).

(0040]

[3—Cyanovinylcarbazole-1'—B—deoxyriboside—B',5'—di—(p-toluo

v1l) ester (3)]

To an acetonitrile solution (20 mL) of KOH (0.22 g, 3.87

mmol) and TDA-1 (11 mg, 34 umol), compound (2) (0.26 g, 1.20

mmol) was added at room temperature. The mixture was stirred

for 20 minutes. Chlorosugar (0.53 g, 1.24 mmol) was added to

the reaction solution, and the resulting mixture was stirred

for 20 minutes at room temperature. Disappearance of the raw

materials was confirmed by TLC (HexH:AcOEt = 4:1).
Precipitates were removed, and then the reaction solution was

purified by column chromatography (CHCls). Thus, compound (3)

(0.23 g, 33%) was obtained as a yellow oil.

3: 'H NMR (CDCls) & 8.09 (s, 1H), 8.02 (d, 2H, J ='8.4 Hz), 7.98 (d,

2H, J = 8.4 Hz), 7.62-7.65 (m, 1H), 7.62 (d, 1H, J = 8.8 Hz), 7.49
(d, 1H, J=16.5Hz), 7.25-7.31 (m, 7H), 7.17-7.20 (m, 1H), 6.68 (dd,
1H, J = 9.3, 5.8 Hz), 5.78 (m, 1H), 5.76 (d, 1H, J = 16.5 Hz), 4.91
(dd, 1H, J=12.4, 2.7 Hz), 4.78 (dd, 1H, d=12.4, 3.3 Hz), 4.55-4.57
(m, 1H), 3.09-3.20 (m, 1H), 2.45-2.52 (m, 1H), 2.45 (s, 3H), 2.44
(s, 3H), HRMS (MALDI): calcd. for Cs¢H3oN,OsNa [ (M+ Na)'] 593.2053,
found 593.2018.

(0047 ]

[3-Cyanovinylcarbazole-1'-f-deoxyriboside (4)]
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To a methanol solution (20 mL) of compound (3) (0.22 g,
0.39 mmol), 0.5 M methanolic NaOMe (2.3 mL, 1.2 mmol) and

chloroform (5.0 mL) were added, and the reaction solutlon was

F
p—

stirred for 3.5 hours at room temperature. Disappearance of

" the raw materials was confirmed by TLC (CHCl3:MeOH = 9:1). The

solvent was removed, and then the residue was purified by column
chromatography (CHCls3:MeOH = 9:1). Thus, compound (4) (0.11
g, 81%) was obtained as a white powder.

4: 'H NMR (CDCls) & 8.12 (d, 1H, J = 1.7 Hz), 8.06 (d, 1H, J = 7.7

Hz), 7.59 (d, 1H, J=9.1Hz), 7.43-7.57 (m, 4H), 7.26-7.31 (m, 1H),
6.64 (dd, 1H, J =8.2, 6.9 Hz), 5.87 (d, 1H, J = 16.5Hz), 4.77-4.32

(m, 1H), 3.95-4.06 (m, 3H), 2.95 (dt, 1H, J = 14.0, 8.2 Hz), 2.30
(ddd, 1H, J=14.0, 6.9, 3.3 Hz), HRMS (MALDI): calcd. for CyoH;18N,0O3Na
[(M+ Na)'] 357.1215, found 357.1265.

(0048 ]

[5'-0-(4,4'-dimethoxytrityl)-3-cyanovinylcarbazole-1"
-B-deoxyriboside (5)]

Pyridine (0.5 mL) was added to compound (4) (97 mg, 0.29

mmol), which had been azeotropically boiled with pyridine (1.0

mL x 2). To the reaction solution, a pyridine solution (1.0
mL) of 4,4'-dimethoxytrityl chloride (118 mg, 0.35 mmol) and:
4--(dimethylamino)pyridine (7.0 mg, 58 umol) was added, and the

reaction solution was stirred for 18 hours at room temperature.

Generation of a product was confirmed by TLC (CHCl3:MeOH=95:5),

‘and then pyridine was removed. The residue was purified by

98:2), and thus compound

I

column chromatography (CHCl;:MeOH

(9) (113 mg, ©1l%) was obtained as a vyellow powder.
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5. '§ NMR (CDCl,) & 8.07 (d, 1H, J = 1.7 Hz, 8.02-8.05 (m, 1H), 7.71
(d, 1H, J =8.5Hz), 7.62-7.65 (m, 1H), 7.45-7.52 (m, 3H), 7.33-7.37
(m, 4H), 7.25-7.28 (m, 4H), 7.12 (dd, 1H, J=8.8, 1.7 Hz), 6.81 (dd,
44, J = 8.8, 1.7 Hz), 6.61 (dd, 1H, J = 8.2, 6.3 Hz), 5.7/ (d, 1H,
J = 16.7 Hz), 4.80-4.82 (m, 1H), 4,05—4.07 (m, 1H), 3.77 (s, 3H),
3.76 (s, 3H), 3.56-3.58 {(m, 2H), 2.89 (dt, 1H, J = 13.8, 8.2 Hz),
2.23 (ddd, 1H, J=13.8, 6.3, 2.7 Hz), 1.98 (d, 1H, J = 3.6 Hz), HRMS
(MALDI) : calcd. for CsH3¢N,OsNa [ (M+ Na)'] 659.2522, found 659.2485.

[10049]

[5'-0-(4,4"'-dimethoxytrityl)~-3-cyanovinylcarbazole-1"

-B-deoxyriboside~3'-0-(cyanoethoxy-N,N-diisopropylamino) pho
sphoramidite (6) ]

Acetonitrile (1.5 mL) was added to compound (5) (0.11 g,

0.17 mol), which had been azeotropically boiled with

acetonitrile (1.5 mL). To the reaction solution,

2-cyanoethyl-N,N,N',N'~-tetraisopropylphosphorodiamidite (52

uL; 0.17 mol) and an acetonitrile solution (0.37 mL, 0.17 mol)

P

of 0.45 M tetrazole was added, and the reaction solution was

stirred for 1.0 hour at room temperature. The reaction solution

was extracted two times with deacetation-treated ethyl acetate,

and the residue was washed with a saturated aqueous solution

of NaHCO3; and HQO.‘ The organic phase was dried over M’gSO4, ‘and

the solvent was removed. Compound (6) (0.12 g), which was a

crude product in the form of yellow o0il, was transferred 1in
acetonitrile to a rubber-sealed bottle, and was azeotropically

boiled three times. The resultant was used in DNA synthesis

without further purification.

[0050]

[Synthesis of ODN containing

3-cyanovinylcarbazole-1'-B-deoxyriboside (“"'K) ]
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ODNs containing ““YK as shown below were synthesized.

ODN (A“YVK) : 5'-TGCA""KCCGT-3"

ODN (G*"VK) : 5'-TGCG"KCCGT-3"
ODN (C™K) : 5'-TGCCMKCCGT-3'
ODN (T“YK): 5'-TGCT*"VKCCGT-3"

'Chemical Formula 10]

Synthesis was carried out according to the following
Scheme 2.

[Chemical Formula 11]
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uW, Methyl acrylate, Pd (‘OAC)Q, NBujz

-

in Hgo

NaH, Sugar-Cl

DMTCl, DMAP

-

in Pyridine

DMTrO._

[N(:tPrg-)]2-.PQ(CH:2,-).2C'N,_ tetrazole

Scheme Z/
(00511

[ 3-Methoxycarbonylvinylcarbazole (7) ]

- To a DMF solution (0.25 mL) of palladium acetate (38.0

mg, 0.17 pmol), compound (1) (0.50 g, 1.71 mmol) as well as

tributylamine (0.41 uL, 1.7 mmol),.methy' acrylate (0.38 L,

4.27 mmol) and H,O (1.0 mL) were added in this order. The

reaction solution was allowed to react for 10 minutes at 160°C
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using microwaves, and the reaction was traced by TLC to confirm

the disappearance of compound (1). The palladium powder was

removed by Kiriyama filtration, and then the residue was

purified by column chromatography (HexH:AcOEt = 3:1). Thus,

compound (7) (0.26 g, 62%) was obtailned as a white powder.

7: 'H NMR (CDCls, & 8.26 (s, 1H), 8.21 (s, 1H), 8.07 (d, 1H, J = 8.0
Hz), 7.89 (d, 1H, J=15.9Hz), 7.61 (dd, 1H, J=1.7, 8.5Hz), 7.39-7.44
(m, 3H), 7.23-7.29 (m, 1H), 6.47 (d, 1H, J = 15.9 Hz), 3.81 (s, 3H).

[0052]
[3-Methoxycarbonylcarbazole-1'-pB-deoxyriboside-3"',5"'-di-(p-
toluoyl) ester (8)]

To an acetonitrile solution (49 mL) of compound (7) (0.55

g, 2.22 mmol), NaH (92.0 mg, 2.31 mmol) was added at room

temperature, and the mixture was stirred for 10 minutes.

Chlorosugar (1.14 g, 2.66 mmol) was added to the reaction

solution, and the resulting mixture was stirred for 60 minutes

at room temperature. Disappearance of the raw materials was

confirmed by TLC (HexH:AcOEt =4:1). Precipltates were removed,

and then the residue was purified by column chromatography
(HexH:AcOEt = 4:1). Thus, compound (8) (0.98 g, 71%) was
obtained as a white powder.

[0053]

[3-Methoxycarbonylcarbazole-1'-~deoxyriboside (9) ]

To a methanol solution (46 mL) of compound (8) (0.96 g,
1.59 mmol), 0.5 M methanolic NaOMe (9.6 mL, 4.8 mmol) and

dichloromethane (12 mL) were added, and the reaction solution
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was stirred for one hour at room temperature. Disappearance

of the raw materials was confirmed by TLC (CHCl3:MeOH = 9:1).

The solvent was removéd, and then the residue was purified by
column chromatography (CHCl;:MeOH = 9:1). Thus, compound (9)
(0.28 g, 48%) was obtained as a white powder.

9: 'H NMR (CDCls) & 8§.20 (s, 1H), 8.06 (d, 1H, J=7.7 Hz), 7.86 (d,
I1H, J=15.9Hz), 7.53-7.61 (m, 3H), 7.44 (t, 1H, J=7.1Hz), 7.24-7.27
(m, 1H), 6.63 (dd, 1H, J = 8.2, 7.0 Hz), 6.46 (d, 1H, J = 15.9 Hz),

4.75-4.80 (m, 1H), 3.95-4.04 (m, 3H), 3.81 (s, 1H), 2.95 (dt, 1H,
J = 14.0, 8.2 Hz), 2.28 (ddd, 1H, J = 14.0, 7.0, 3.6 Hz).

[0054]
(0'-0-(4,4"-dimethoxytrityl)-3-methoxycarbonylvinylcarbazol
e-1'-P-deoxyriboside (10)]

‘Pyridine (0.5 mL) was added to compound (9) (0.23 g, 0.63
mmol), which ha'd. been azeotropically boiled with pyridine (1.0
mL x 2). To the reaction solution, a pyridine solution (2.2

ml,) of 4,4'-—dimethoxytrityl chloride (0.260 g, 0.75 mmol) and.

4-(dimethylamino)pyridine (15.0 mg, 0.13 umol) was added, and

the reaction solution was stirred for 16 hours at room

temperature Generatlon of a product Was conﬁ rmed by TLC

(CHC1;: MeOH = 90:0), and then pyridine was removed. The residue

was puri fied by column chromatography (CHC13:MeOH = 99:1), 'and

thus compound (10) (0.21 g, 51%) was obtained as a vellow powder.

10: 'H NMR (CDCls) & 8.17 (s, 1H), 8.02-8.05 (m, 1H), 7.83 (d, 1H,
J = 15.9 Hz), 7.62~7.66 (m, 3H), 7.46-7.49 (m, 2H), 7.34-7.38 (m,
4H) , 7.25-7.28 (m, 4H), 7.15 (d, 1H, J = 8.8 Hz), 6.81 (dd, 4H, J
=8.8, 1.4 Hz), 6.61 (dd, 1H, J=8.5, 6.3 Hz), 6.40 (d, 1H, J = 15.9
Hz), 4.76-4.80 (m, 1H), 4.05-4.09 (m, 1H), 3.80 (s, 3H), 3.77 (s,
3H), 3.76 (s, 3H), 3.56-3.57 (m, 2H), 2.89 (dt, 1H, J = 14.0, 8.5
Hz), 2.18 (m, 1H), 2.17 (d, 1H, J = 3.8 Hz).
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10055]

[5'—0—(4,4'—dimethoxytritYl)—3—methoxycarbonylvinylcarbazol
e-1'-P-deoxyriboside-3"'-0- (cyanoethoxy-N,N-diisopropylamino
) phosphoramidite (11) ]

Acetonitrile (1.3 mL) was added to compound (10) (0.20
g, 0.29 umol), which had been azeotropically boiled with '

acetonitrile (1.0 mL). To the reaction solution,

2-cyanoethyl—N,N,N',N'~tetraisopropylphosphorodiamidite (92

ulh, 0.29 umol) and an acetonitrile solution (0.65 mL, 0.29 pymol)

of 0.45 M tetrazole was added, and the reaction solution was

stirred for 2 hours at room temperature. The reaction solution

was extracted two times with deacetation-treated ethyl acetate,
and the residue was washed with a saturated agqueous solution
of NaHCO3; and H,O. The organic phase was dried over MgSO4, and

the solvent was removed. Compound (11) (0.25 g), which was a

crude product in the form of yellow o0il, was transferred in
acetonitrile to a rubber-sealed bottle, and was azeotropically

boiled three-times. The resultant was used in DNA synthesis

without further purification. = | | . .

[0056]

(Synthesis of modified ODN]

ODN (AX) (5'-TGCAXCCGT-3', X = 9) and ODN (GX)

(5"'-TGCGXCCGT-3', X = 9) were synthesized using an ABI 3400 DNA

synthesizer. The CPG of each of the obtained reaction mixtures

was divided into two portions, and one portion of the reaction

r—

mixture was deprotected by incubating the mixture at 37°C for
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17 hours using 0.4 M NaOH in H,O0:CH30H = 1:4, and was subjected

AA, followedby freeze-drying. The

L]

toneutralizationwith Z2MT!

P

other portion of the reaction mixture was deprotected Dby

incubating the mixture at room temperature for 17 hours using

0.05 M K,CO; in CH3OH, and was subjected to neutralization with

2 M TEAA, followedby_freeze—drying; The DNAs of ODN (A”W'K),

ODN (G”*'K) , ODN (A™*VK) and ODN (G™*'K) were purified by reverse
phase HPLC. Each of the DNAs was enzymatically degraded. The

isolation yields were 5, 10, 11 and 13%, respectively. The

" molecular weights were measured by MALDI-TOF-MS.

calcd. for ODN(A®™K), 5/-TGCA®"KCCGT-3’: [ (M+H)"] 2801.93, found
2802.12. - _
calcd. for ODN(G™K), 5’-TGCG™KCCGT-3’: [(M+H) "] 2817.93, found

2818.08. .
calcd. for ODN(AMVK), 5/ -TGCA™'KCCGT-3’: [(M+H) "] 2815.95, found

2816.07.
calcd. for ODN(G™VK), 5’-TGCG™'KCCGT-3’: [(M+H) "] 2831.95, found

2831.98.

(0057

ODNs containing Y&V

K as shown below were synthesized.
ODN (AM4VK) : 57 -TGCAMYKCCGT-3"

ODN (G™VK) : 5'-TGCG™*YKCCGT-3"

[Chemical Formula 12]

(0058 ]

[2. Measurement of NOESY spectrum of nucleoside having
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vinylcarbazole at base site]

A NOESY spectrum of 3-iodocarbazole-1'-deoxyriboside was

measured. In the NOESY spectrum, cross peaks were seen between

H1' and H4' (FIG. 1). 3-Iodocarbazole-1'-deoxoyriboside 1s

believed to be a P-form.

10059]

(3. Photo-crosslinking reaction using ODNs containing “"K]

Photo-crosslinking reactions were carried out using ODNs

CNV
K

containing (see the following Scheme 3).

Photo-crosslinking reactions of ODN(A“YK) (20 pM) and ODN (XT)

(20 uM, X = A, G, C and T) were carried out (50 mM sodium

cacodylate, 100 mM NaCl, total volume: 30 pL). A light at 366

nm was irradiated using a UV-LED for one second at 0°C. The

results of an HPLC analysis of the resulting photoreaction

products are presented in FIG. 2 (elutionwith a solvent mixture

of 50 mM ammonium formate, pH 7.0; linear gradient over 30 min

from 3% to 20% acetonitrile). Photoirradiation of ODN (A“V'K)

was carried out in the presence of ODN(XT). FIG. 2(a) presents

=

the results of an HPLC analysis before irradiation, and FIG.

2 (b) presents the results of the HPLC analysis obtained atter - -

irradiation with a light at 366 nm for one second.

[Chemical Formula 13]

ODN(ACNVK) ODN(ASNVK-XT)
5 ~ A CNVL/ — 3 366 nm 5_ SRV 3
TGCA“NKCCGT - TGCACyKCCGT
4 ACGT-—-XGGCA 4, o ACGT--XGGCA 4,
ODN(XT)
Scheme 3
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10060 ]

Similarly, a photo-crosslinking reaction was carried out

CNV
K

using ODNs containing , in which C serves as a

photo-crosslinking site (see the following Scheme 4).

Photo-crosslinking reactions of ODN(G*"'K) (20 uM) and ODN (XC)

(20 uM, X = A, G, C and T) were carried out (50 mM sodium

cacodylate, 100 mM NaCl, total volume: 30 pL). A light at 366

nm was irradiated using a UV-LED for 25 seconds at 0°C. The

P fr—

results of an HPLC analysis of the resulting photoreaction

products are presented in FIG. 3. Photoirradiation of

ODN (G""'K) was carried out in the presence of ODN(XC). FIG. 3(a)

F

presents the results of an HPLC analysis before irradiation,

and FIG. 3(b) presents the results of the HPLC analysis obtained

after irradiation with a light at 366 nm for 25 seconds.

(Chemical Formula 14]

ODN(GENVK) ODN(GENVK-XC)
°TacaNkeeaT © 38MM 5 TGCGC>VKCCGT d
. ACGC-----XGGCA g . ACGC—--XGGCA 5

ODN(XC) "
Scheme 4
[0061]

In the photo-crosslinking reaction using ODNs contalning

@WK{ the photo-crosslinking reaction proceeded suxfjciently

regardless of whether the phbto—crosslinking site was T or C

P

(FIG. 4). FIG. 4 1is a graph comparing the rates of

photo-crosslink (photo-crosslinking) reactions of ODN(A“"K)

(closed circles) and ODN(G""'K) (open circles).
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[0062]
[4. Sixteen kinds of photo-crosslinking reactions using ODNs

containing “"'K]

Sixteen kinds of photo-crosslinking reactions were

CNV
K.

carried out using ODNs contalning Photo-crosslinking

reactions of ODN (A®YK), ODN (GYK), ODN (C*™K) and ODN(T*"'K) (10

uM) as well as ODN(XT), ODN (XC), ODN(XG) and ODN (XA) (X = A,
G, Cand T, 10 uM) were carried out (50 mM sodium cacodylate,

100 mM NaCl, total volume: 200 uL). A light at 366 nm was

irradiated using a UV-LED for one second at 0°C, and an analysis

was made using UPLC (elution with a solvent mixture of 50 mM

ammonium formate, pH 7.0; linear gradient over 3.4 min from 2%

to 15% acetonitrile, column temperature 30°C). The results are

presented 1n FIG. O.

100063]

gr—

Sixteen kinds of photo-crosslinking reactions were

carried out, and as a result, the following was discovered.

The photo-crosslinking reactions proceed efficiently

pr—

when the target of crosslinking is T and C. Particularly, if

B

the target of crosslinking-is T, the reaction proceeds

quantitatively in one second. On the other hand, 1f the target

P

of crosslinking is A or G, the reaction does not proceed.

(00064 ]

OMeV

[5. Photo-crosslinking reaction using ODNs contalning K or

OHVK ]

Photo-crosslinking reactions were carried out using ODNs

OMeVK . OMeVK )

contalning Photo-crosslinking reactions of ODN (A
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(20 uM) and ODN(GT) (20 uM) were carried out (50 mM sodium

cacodylate, 100 mM NaCl, total volume: 105 uL) . A light at 360

nm was irradiated using a UV-LED for 0.5, 1, 2, 3, 5, 10 and

20 seconds, respectively, at 0°C (see the following Scheme 5) .

The results of an HPLC ahalysis of the photoreaction products

are presented in FIG. 6 (elution with a solvent mixture of 50

mM ammonium formate, pH 7.0; linear gradient over 30 min from

3% to 20% acetonitrile).

[Chemical Formula 15]

ODN(ACMeVK)
' rGoAMeVkeoaT S
o ACGT--—GGGCA 5
ODN(GT)

S

l' 366 nNm

ODN(A®MEVK.GT)

o TGCAO/M""VKCC GT >
o ACGTL—GGGCA g

Scheme 5

" [0065]

Similarly, photo-crosslinking reactions were carriedout .

OMeVK

using ODNs containing , 1n which C serves as a

F
—

photo-crosslinking site. Photo-crosslinking reactions of

ODN (G™VK) (20 puM) and ODN(GC) (20 uM) were carried out (50 mM

sodium cacodylate, 100 mM NaCl, total volume: 30 puL). A light

D for 180 seconds at 0°C

L]

at 366 nm was irradiated using a UV-L!

(Scheme 6). The results of an HPLC analysis of the resulting

photoreaction products are presented in FIG. 7.
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[Chemical Formula 16}

ODN(GOMeVK)
> TGCGOMeVKCCGT
, ACGG----GGGCA 5,
ODN(GC)

3{
3
l 366 nm

ODN(GPMeVK-GC)

S 1GCGOMeVikeoGT

Scheme 6

3

[0060]

Photo~crosslinking reactions were carried out using ODNs

containing “*YK. Photo-crosslinking reactions of ODN(A""K) (20
uM) and ODN (GT) (20 uM) were carried out (50 mM sodium cacodylate,

100 mM NaCl, total volume: 30 uL). A light at 366 nm was

irradiated using a UV-LED for 1, 10, 25, 40, 60, 120 and 180

séconds, respectively, at 0°C (see the following Scheme 7). The

results of an HPLC analysis of the photoreaction products are

presented 1in FIG. 8.

[Chemical Formula 17]
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ODN(ACHYK)
> TGCACHVKCCGT
ACGT----GGGCA g
ODN(GT)

3
.3'
l 366 nm

~ ODN(ACHYK-GT)

5'roACHYKkeeaT

ACGT~-GGGCA "

Scheme 7

3

10067]

Similarly, photo-crosslinking reactions were carriedout

OBVK in which C serves as a

using ODNs containing

F
—

photo-crosslinking site. Photo-crosslinking reactions of

ODN (G*"YK) (20 uM) and ODN(GC) (20 puM) were carried out (50 mM

sodium cacodylate, 100 mM NaCl, total volume: 30 pL). A light

at 366 nm was irradiated using a UV-LED for 180 seconds at 0°C

g

(Scheme 8). The results of an HPLC analysis of the resulting

photoreaction products are presented in FIG. 9.

[Chemical Formula 18}
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ODN(G°HVK)
5 1GCGOHVKCCGT °
o ACGC-—-~GGGCA g,
ODN(GC)

l 366 nm

ODN(G®HVK-GC)

Scheme 8

[0068]

CA 02706222 2010-05-19

In the photo-crosslinking reactions using ODNs

containing OMeVK  when the photo-crosslinking site was T, the

photo-crosslinking reaction was completed in 10 seconds. When

the photo-crosslinking site was C, the photo-crosslinking

reaction was completed in 180 seconds. On the other hand, in

the photo-—crosslinking reactions using ODN cont'aining

OHV

K, when

the photo-crosslinking site was T, the photo-crosslinking

reaction was completed in 180 seconds, withayieldof 75%. When

the photo-crosslinking site was C, the photo-crosslinking

reaction was completed in 180 seconds. A comparison of changes

CNV
f

K an

d OMeV

K shows significant differences (FIG.

10). FIG. 10 is a graph comparing the rates of

photo-crosslinking reactions of ODN(A*"'K) (closed circles),

ODN (A“M¢VK)
[0069]

[ 6.

(open circles) and ODN(A"'K) (closed squares).

Photocleavage reaction of photo-crosslinked body]

A photo-crosslinked body, ODN(A“"K-GT) or ODN (G™K-GC),
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in which the photo-crosslinking site was T or C, was prepared

by a photoreaction and was preparatively isolated by HPLC. Then,

a photo-crosslinking reaction of ODN (A*"WK-GT) (20 uM) was

carried out (50 mM sodium cacodylate, 100 mM NaCl, total volume:

30 pL) . A light at 366 nm was irradiated using a

transilluminator for 5minutes at 70°C (see the following Scheme

9). The results of an HPLC analysis of the photoreaction

product are presented in FIG. 11. FIG. 11 shows the results

of photoirradiating ODN (A*"'K-GT) at 0°C and analyzing the

resultant by HPLC, and FIG. 11 (a) presents the results obtained

before irradiation, while FIG. 11 (b) presents the results

obtained after irradiation with a 1light at 366 nm for 5 minutes.

[Chemical Formula 19]

ODN(ACNVK-GT) o ODN(ACNVK)
e 3 366 nm 5 "
TGCACNYKCCGT 70 °C TGCANVKCCGT
yd —— _ N
3, ACGT"’"'GGGCA 51 3, ACGT """ GGGCA 5!
' ODN(GT)
Scheme Y
[0070]

~Similarly, a photo-crosslinking reaction of ODN_(GCI\_WK—-GC)

was carried out (50 mM sodium cacodylate, 100 mM NaCl, total

volume: 30 pL) . A light at 366 nm was 1lrradiated using a

transilluminator for Sminutes at 70°C (see the following Scheme

10). The results of an HPLC analysis of the photoreaction

product are presented in FIG. 12. The photocleavage reaction

F

proceeded with a yield of 29 and 28%, respectively, when the

photo-crosslinking site was T or C. 1In a photo-crosslinking
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CNV

reaction using ODNs containing

K, photo-reversible

reactivity was observed by changing the reaction temperature.

FIG. 12 shows the results of photoirradiating O

ON (GEWVK-GC) at

70°C and analyzing the resultant by HPLC, and FIG. 12 (a) presents

the results obtained before irradiation, while F:

G. 12 (b)

presents the results obtained after irradiation with a light

at 366 nm for 5 minutes.

[Chemical Formula 20]

ODN(GYNVK-GC ARN((CNV;

ot I(C ) . 366 nm . ODN(G*"VYK) .
> TGCGEVKCCGT 70 °C TGCGCNVKCCGT
. ACGC~-GGGCA o+ ACGC-—~GGGCA 5,
' ODN(GC)
Scheme 10

42



CA 02706222 2010-05-19

CLAIMS

1. A compound having a group represented by the following

formula (I):

[Chemical Formula 21]

(D)

(wherein in the formula (I), Ra represents a cyano group, an
amlde group, a carboxyl group, a C2-C7 alkoxycarbonyl group,
or hydrogen; and

R1 and R2 each independently represent a cyano group, an

amide group, a carboxyl group, a CZ2-C/7 alkoxycarbonyl group,

or hydrogen),

coupled with a group represented by the following formula
(11):

Formula I1 Rb-
(wherein Rb represents hydrogen, a sugar (the sugar includes
ribose and deoxyribose), a polysaccharide (the polysaccharide

[

includes a polyribose chain and a polydeoxyribose chain of

nucleic acids), a polyether, a polyol, a polypeptide chain (the

—

polypeptide chain includes a polypeptide chain of peptide

nucleic acids), or a water-soluble synthetic polymer).
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2. The'compound according to claim 1, wherein

Rb represents a group represented by the following

formula (III) or formula (IV):

(Chemical Formula 22]

(111)

OH

[Chemical Formula 23]

(IV)

OH OH

or hydrogen.

3. A photoreactive crosslinking agent comprising the

compound according to any one of claims 1 and 2.

- ’ =

4. A nucleoside having a group represented by the formula

(I) according to claim 1 (wherein in the formula (I), Ra

represents a cyano group, an amide group, a carboxyl group,'a
C2-C’7 alkoxycarbonyl group, or hydrogen; and

R1 and R2 each independently represent a cyano group, an
amide group, a.carboxyl group, a C2-C7 alkoxycarbonyl group,

or hydrogen), as a base molety.

44



CA 02706222 2010-05-19

0. A photoreactive Crosslinking agent, comprising the

nucleoside according to claim 4.

. A nucleotide having a group'represented by the formula

(I) according to claim 1 (wherein in the formula (I), Ra
represents a cyano group, an amide group, a carboxyl group, a

C2-CJ alkoxycarbonyl group, or hydrogen; and

R1 and RZ each independently repre.sent a cyano group, an
amide group, a carboxyl group, a C2-C7 alkoxycarbonyl group,

or hydrogen), as a base moliety.

. A photoreactive crosslinking agent comprising the

nucleotide according to claim 6.

8 . A nucleic acid compound (provided that the nucleic acid

compound includes a nucleic acid and a peptide nucleic acid)

having a group represented by the formula (I) according to claim

1 (wherein in the formula (I), Ra represents a cyano group, an

amide group, a carboxyl group, a C2-C7 alkoxycarbonyl group,

or hydrogen;

and Rl and RZ each independently represent a cyano group,‘

an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl group,

or hydrogen), as a base moiety.

9. A photoreactive crosslinking agent comprising the

nucleic acid compound according to claim 8.
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ODN(AT)  ODN(A®NYK)

w o

(b) 1s

ODN(ACNVK-AT)

F.

A FEATY

0 10 20 S0
Retention time (min)

(a) 0s ODN(A®™K)
ODN(CT)

dU

___k . AT

(b)1s

ODN(ASNVK-CT) l

0 10 20 30

Retention time (min)

48

(@) 0s ODN(GT) _

ODN(ACNVK)

du

(b) 1s

ODN(ACNVK-GT) |

0 10 20 30
Retention time (min)

(2) Os

ODN(TT) , OBNATTK)

K i JL JL

(b) 1s

ODN(ACNVK-TT) l

0 10 20 30
Retention time (min)
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(a) O's T
ODN(AC) | ODN(GN'K)

1

du

(b) 25

.

ODN{G“NVK-AC)

Retention time {min)

(@) 0s

ODN(CC)

du -

(b) 25 s :

ODN(GENVK-CC)

T eepb—

fak .t E Emt o e e W M o - _— o e

by-product :
;\; O

0 10 20 30
Retention time (min)

.

(b)25 s

ODN(GNVK-GC)

\ i

f N\ - -\ o N P o

0 10 20 30
Retehtion time (min)

SOYNETC ODN(GENVK)Y
ODN(TC) ( )

|
|

ODN(GENYK-TC)
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17 A OMeV
opn@T) , OPNA K)

du

(b) 10 s

ODN(ACMVK.GT)

Retention time. (min)
[FIG. 7] '
(a).0 s ODN(GOMeVK)

ODN(GC)

(b) 18D 3

'ODN(GOMeVK-GC)

0 10 20 30
Retention time (min)
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(a)0s

ODN(AYTVK-GT)

o
B S VP

0 10 20 30
Retention time: (min)

|FIG. 9]

(@) 0 ODN(GOHVK)

ODN(GC)

du

(b) 180 s

ODN(GCHVK-GC)

0 10 20 30
Retention time (min)
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w ¢, EBIG. 10]

_e— ODN(ACNVK)/ODN(GT)
—o— ODN(AOMeVI)/ODN(GT)
—m— ODN(APHVK)/ODN(GT)

100 1. — % ﬁ —

g 30 | >

2

o 40

E 6

§ 2
5 | i T T l
-0 5 10 15 20 25

~Irradiation time (sec)

(FIG. 11]

(a) 0 min _
ODN(ANVK-GT)
I.
du
A\ N
(b) 5 min
ODN(GT) |
- ODN(A“NYK)
. L A
0 10 20 30

Retention time (min)
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. ¢ [EIG. 12]

(a) O min
ODN(G“MVK-GC)
du |
L B
(b) 5 min
ODN(GC) ODN(G"™K)
- l\ _Lu A
0 10 20 30

Retention time (min)

o4



[FIG. 4]
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