-1- LINKER COMPOUND, LIGAND COMPLEX AND PROCESS FOR
PRODUCING THEM TECHNICAL FIELD The present invention relates to
a linker compound capable of immobilization of sugar chains of
oligosaccharide or the like on a protein-analyzing supporter such as a
sensor chip of a surface plasmon resonance, a ligand conjugate including
the linker compound having a sugar chain introduced therein, a ligand
carrier, and production methods thefebf, BACKGROUND ART Various
intravital sugar chains play an important role in a mechanism for
sustaining activities and lives of living organisms. In order to specifically
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functions of the sugar chains based on a congIex structure thereof.
Functional analysis of the s out by the following
technique. The structure of a sugar chain is reproduced part by part by
analyzing the function of oligosaccharide whose structure is elucidated,
so as to clarify the relation between the structure of a whole sugar chain
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and production methods thereof.

BACKGROUND ART

Various intravital sugar chains play an important role in a
mechanism for sustaining activities and lives of living organisms. In
order to specifically reveal the functions of such sugar chains, it is
necessary to analyze the functions of the sugar chains based on a
complex structure thereof. Functional analysis of the sugar chains is
carried out by the following technique. The structure of a sugar chain
is reproduced part by part by analyzing the function of
oligosaccharide whose structure is elucidated, so as to clarify the
relation between the structure of a whole sugar chain and its
functions.

As the technique of the functional analysis of sugar chains, the
surface plasmon resonance (hereinafter referenced to as SPR) method
is known, for example. That is, the ligand conjugate containing the
oligosaccharide which imitates a part of sugar chain is immobilized
on the sensor chip surface. By using the sensor chip having
oligosaccharide immobilized thereon, substance, such as protein,

which specifically interacts with oligosaccharide are identified. This



Meanwhile, a single oligosaccharic molecule is not active enough.
Therefore, it is necessary to collect sugar chains of oligosaccharide onto
the sensor chip when evaluating a biological activity of an
oligosaccharide. In other words, the use of collected sugar chains of
oligosaccharide for analysis of interaction with a protein allows for
evaluation of biological activity of sugar chains of oligosaccharide. In view
of this, the inventors of the present invéntion have so far found a linker
compound including molecules having therein (i) moiety capable of being
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mdbiolyyicapadiivity bitstigar chrainebilizable onto the surface of the sensor
chip and (ii) moiety capable of taking in sugar chains of
oligosaccharide. Also, the inventors have so far found a ligand
conjugate which includes the linker compound having one or two
units of sugar chains of oligosaccharide introduced thereinto. Then,
the inventors found that the use of such a ligand conjugate makes it
possible to collect and introduce sugar chains of oligosaccharide onto
the sensor chip (for example, see Patent document 1, Non-patent
document 1).

[Patent document 1]

Japanese Unexamined Patent Publication No. 836969/2003
(Tokukai 2003-836969; published on March 19, 2003)

[Non-patent document 1]

Tentative Lecture Proceedings II in the 79th Spring Meeting,
Chemical Society of Japan, Mar. 15, 2001, p. 1042

The use of the ligand conjugates disclosed in Patent document 1
and Non-patent document 1 makes it possible to arrange sugar
chains of an oligosaccharide two-dimensionally on a surface of a
sensor chip. However, there is a technical problem left in that it is

difficult to arrange the sugar chains with high reproducibility.



of an oligosaccharide by using sugar chains of oligosaccharide molecules
collected onto a surface of a sensor chip as described above, itis

necessary to observe with high reproducibility an interaction between the
sugar chains of the oligosaccharide and a protein, with the sugar chains

of the oligosaccharide collected uniformly. Especially, in order to observe

a biological activity of sugar chains of an oligosaccharide, it is important

to evaluate a biological activity of su‘gér‘chains of oligosaccharide with
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one ligand conjugate has sugar chains of one or two units of
oligosaccharides. In other words, the ligand conjugate consists of one
linker compound and sugar chains of one or two oligosaccharides
bonded to the linker compound. Therefore, in order to observe a
biological activity of sugar chains of an oligosaccharide, it is
necessary to collect sugar chains of three or more units of
oligosaccharides onto a surface of a sensor chip by increasing a
concentration of a ligand conjugate to collect the sugar chains, which
are a ligand, in arranging the ligand conjugate onto the surface of the
sensor chip.

The use of such techniques for collection of sugar chains of
oligosaccharides makes it difficult to obtain with high reproducibility
an arrangement of oligosaccharides wherein an interval between
sugar chains of oligosaccharides is controlled so as to be a
predetermined interval. Therefore, the functional analysis of
oligosaccharide by using the conventional ligand conjugate makes it
impossible to observe biological activities of oligosaccharides with

high reproducibility. This might make it difficult to reveal a structure



of sugar and to evaluate biological activities of oligosaccharides. The
present invention was made to solve the above problems. It is an object
of the present invention to provide a novel linker compound with which
oligosaccharides can be two -dimensionally arranged with high
reproducibility while an interval between their sugar chains on a surface
of a sensor chip is controlled. The present invention also provides a novel
ligand conjugate which includes the lifiker compound and a sugar
molecule introduced into the linker compound, a ligand carrier, and a
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moiety capable of taking in three or more units of sugar molecules.
The novel linker compound also has a moiety capable of forming a
bond with a protein-analyzing supporter such as a sensor chip of
surface plasmon resonance (SPR) and a carrier of an affinity
chromatography. The inventors also found that the novel linker
compound can be used to arrange three or more units of sugar
molecules two-dimensionally on the supporter with high
reproducibility.

The inventors disclose another linker compound found to solve
the above problems in their previously filed patent application
(Japanese  Patent  Application No. 190568/2003 (Tokukai
2003-190568), Japanese Unexamined Patent Publication No.
157108/2004 (Tokukai 2004-157108; published on June 3, 2004)
which was not published as of a priority date of the present
application (February 5, 2004)). However, such another Ilinker
compound has the problem that in analyzing a protein with extremely
high hydrophobic property, the linker compound makes non-specific

binding interaction with the protein at an alkyl group of a linker



section thereof Further, the another linker compound has an insufficient
length of the alkyl group which makes up the linker section, and therefore
has the problem that when a sugar chain of oligosaccharide to be
immobilized is large, the linker compound does not effectively make
metal-sulfur bond due to steric hindrance of sugar chains of
oligosaccharide. In view of this, the inventors of the present application
found that introduction of oligoethyle‘n% Oxide group into the linker section
makes it possible for the linker compound to minimize non-specific
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thereby completing the present invention, That is, in order to solve the
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bond, thereby completing the present invention.

That is, in order to solve the above problems, a linker
compound of the present invention has a structure represented by
following general formula (1), where a, b, d, e are independently an
integer of O to 6, and X has a structure serving as a multi-branched
structure moiety including three or more hydrocarbon derivative
chains, wherein the hydrocarbon derivative chains each include an

aromatic amino group at an end thereof, and may or may not include

a carbon-nitrogen bond in a main chain thereof.
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Further, a linker compound of the present invention may have a
structure represented by following general formula (2), where n is an
integer of 1 to 6, and X has a structure serving as a multi-branched

structure moiety including three or more hydrocarbon derivative



aromatic amino group at an end thereof, and may or may not include a

carbon-nitrogen bond in a main chain thereof. 0 CH2C - X .. ~(2) S)~HN

- (CH,CH,0)n 0 Each of the hydrocarbon derivative chains is a

hydrocarbon chain, consisting of carbon and hydrogen, part of whose

carbon and hydrogen may be replaced with another atom and a

substituent. That is, the hydrocarbon derivative chain is a hydrocarbon

chain, having an aromatic amino grdu@ at an end thereof, part of whose

carbon-carbon bond (C--C bond), serving as a main chain structure of the
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bond). According to the above arrangement, the linker compound has an
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sugar molecules. Since the aromatic amino group is included in each
hydrocarbon derivative chain, three or m@ye units of sugar molecules can
bejntroduced into the linker compound. kurther, the linker compound has
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collect and iffroduce three or more units of sugar molecules onto the
supporter. Siyce three or more units of sugar molecules are introduced
into one linker compound, it is possible to arrange three or more units of
sugar molecules on the surface of the supporter with -7- high
reproducibility. This makes it possible to observe an interaction between
2 sugaroiepuls and 8 proteln on,hg surfaee of g HEPALL AdRocarbon
evaluats a biological Vs |V|(fy of A sugar mofecule
chain, consisting of carbon and hydrogen, part of whose carbon and

hydrogen may be replaced with another atom and a substituent. That
is, the hydrocarbon derivative chain is a hydrocarbon chain, having
an aromatic amino group at an end thereof, part of whose
carbon-carbon bond (C--C bond), serving as a main chain structure of
the hydrocarbon chain, may be replaced with a carbon-nitrogen bond
(C--N bond), a carbon-oxygen bond (C--O bond), and an amide bond
(CO--NH bond).

According to the above arrangement, the linker compound has
an aromatic amino group serving as a moiety capable of easily taking
in sugar molecules. Since the aromatic amino group is included in
each hydrocarbon derivative chain, three or more units of sugar
molecules can be introduced into the linker compound. Further, the
linker compound has a S--S bond serving as a moiety immobilizable
onto the protein-analyzing supporter.

Thus, the use of the linker compound makes it possible to
collect and introduce three or more units of sugar molecules onto the
supporter. Since three or more units of sugar molecules are
introduced into one linker compound, it is possible to arrange three

or more units of sugar molecules on the surface of the supporter with



with high reproducibility. Further, the linker compound has an
oligoethylene dioxide group in a linker thereof. This linker compound
makes it possible to significantly reduce the possibility of causing a
non-specific interaction with a target to be analyzed with high
hydrophobicity, as compared with a linker compound having alkyl group
in a linker thereof. Moreover, the linker section being made up of
oligoethylene dioxide makes it possib% to easily adjust a length from a
disulfide group subjected to metal bond to a sugar chain of
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b preeehe et Fes g eprescueg by ol
ineredotiependiahilyhatarget to be analyzed with high hydrophobicity, as
compared with a linker compound having alkyl group in a linker
thereof. Moreover, the linker section being made up of oligoethylene
dioxide makes it possible to easily adjust a length from a disulfide
group subjected to metal bond to a sugar chain of oligosaccharide
bound to an amino group end. This makes it possible to effectively
form a metal-sulfur bond without the disulfide group affected by
chains of oligosaccharide.

In the linker compound having the structure represented by the
general formula (1) or (2), it is preferable that X has a structure
represented by following general formula (3), wherein m!, m2, m3, m4,

pl, and p? are independently an integer of 1 to 6.

<+ (3)



integer of 0to 6. NH20~11iH HU~r NH,0(x IHU H"jo;~e~-N il /H2

N CI! cda Hit-i Since X of the linker compound has the three or more

hydrocarbon derivative chains, the linker compound makes it possible to

introduce three or more units of sugar molecules onto the supporter.

Therefore, the use of the linker compound makes it possible to control an

interval between three or more sugar molecules introduced on the

surface of the supporter, thereby makiﬁg‘ it possible to obtain an

arrangement of the sugar molecules with high reproducibility. This allows
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Since X of the linker compound has the three or more
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hydrocarbon derivative chains, the linker compound makes it possible
to introduce three or more units of sugar molecules onto the
supporter. Therefore, the use of the linker compound makes it
possible to control an interval between three or more sugar molecules
introduced on the surface of the supporter, thereby making it possible
to obtain an arrangement of the sugar molecules with high
reproducibility. This allows for evaluation of a biological activity of a
sugar molecule with high reproducibility.

Further, in order to solve the above problems, a ligand
conjugate of the present invention comprises the aromatic amino
group of any of the foregoing linker compounds and a sugar molecule

introduced into the aromatic amino group.



H R-N*X,N ,zCH20 R--NKT HC 'fid4 M R'0 where in', M2, M3,
M4, n, pl, and p2 are independently an integer of | to 6, R'is hydrogen (H)
or R, and R is an oligosaccharide- derived compound selected from
among the following formulae (6-1) through (6-6). CH'~'OH qH20H
CH20H OH/L-'O OH (\OH OH OH UN (6 .... 2) NaO3SO0OH GH G
2N ZOHO meoHON/ JL 104~20 1 5|O NHSOSNa 6SC3Na OH W 1 -3)
I-10
More specifically, it is preferable that the ligand conjugate has a

structure represented by following general formula (5),
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where m!, m2, m3, m*, n, p!, and p? are independently an integer of 1
to 6, R' is hydrogen (H) or R, and R is an oligosaccharide-derived

compound selected from among the following formulae (6-1) through
(6-6).

CH,OH CH20H CH,OH
OH OH
OH
(0]
OH
(6—1) (6—2)

NBO3SO
OH
MeQO C
NHSO;Na OSO3Na Oy
(6—3)



H 0OMHOH OH CH20H CH20H CH2C OH_OH OH J 0 rOH CH20H
01 CH2OH '00CHOH OXOH~0 HOHNHCOCH O)L (;0C ~q (6-6)
gH NHCOCHS3 (6--4) (6-5) More specifically, it is preferable that the
ligand conjugate has a structure represented by following general formula
(7), where a, b, d, e, ql, g2, g3, r', r2, r3, tl, t2, t3, U1, U2, and U3 are
independently an integer of O to 6, tl, t2, and t3 are not 0 when b is O, b is
not O when t', t2, andt3 are O, R’ ish}&’régen (H)orR,and R is an
oligosaccharide- derived compound selected from among the above
formulae (6-1) through (6-6). R-N-Fe 0 11 H'H Q-CH2C~ Q)Hgéjpl, R-N-R'0
00_~H4S/S

OH OH
CH,OH CH,0
o CH,OH 0
CH OH CH OH

20 © : C/— N j
NHCOCH; (6—6)

NHCOCH,

(6—4) (6—5)

More specifically, it is preferable that the ligand conjugate has a
structure represented by following general formula (7), where a, b, d,
e, q!, g2, q3, rl, rZ, r3, t1, t2, t3, ul, u2, and ud are independently an
integer of O to 6, t!, t2, and t3 are not O when b is O, b is not O when t!,
t2, and t3 are O, R' is hydrogen (H) or R, and R is an
oligosaccharide-derived compound selected from among the above

formulae (6-1) through (6-6).

R N R

N-é-{c)—-(-t}—-u—zzcm il
H b +
o f!

R —N—R'

q (o C{
N-E——(CHOWCHQCHQ Nl
] o? @2 ?Hg

| ad

R~ N R

oot b) 9. O

O
il

i)‘\wué—(ﬂf)-—-{»o~0ﬁ2¢:ﬂz)——( c}ﬁoﬂz ¢

(7

The use of any one of the ligand conjugates makes it possible to
collect and immobilize three or more or four or more (in case of a

ligand conjugate having a structure represented by general formula



C.H2CH2--Cd 6-N C P4 R-N-R'(7) O-CH2CH2 C The use of any one

of the ligand conjugates makes it possible to collect and immobilize three

or more or four or more (in case of a ligand conjugate having a structure
represented by general formula - 11 (5) or (7)) units of sugar molecules

onto the surface of the protein-analyzing supporter. Also, since one ligand
conjugate has three or more units of sugar molecules, it is not necessary

to collect the ligand conjugates onto the surface of the supporter. The use

of one ligand conjugate makes it possible to collect three or more units of
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use of the protein-analyzing supporter including a ligand conjugate of
the present invention immobilized thereon makes it possible to
evaluate a biological activity of a sugar molecule with high
reproducibility.

Further, in order to solve the above problems, a producing
method of a linker compound of the present invention, includes the
steps of: carrying out a condensation reaction between thioctic acid
and an amine compound including three or more branched chains
each having an aromatic amino group end protected by a protecting
group; and deprotecting the protecting group at the aromatic amino
group end.

According to the above method, it is possible to obtain a linker
compound of the present invention including an S--S bond serving as
a moiety capable of being immobilizable on the protein-analyzing
supporter and a aromatic amino group serving as a moiety capable of
easily taking in sugar molecules.

In order to solve the above problems, a producing method of a
ligand conjugate of the present invention, includes the step of
carrying out a reductive amination reaction by using the foregoing
linker compound and a sugar molecule.

According to the above method, it is possible to obtain a ligand

conjugate of the present invention by easily introducing a sugar



According to the above method, it is possible to obtain a linker compound

of the present invention including an S--S bond serving as a moiety

capable of being immobilizable on the protein-analyzing supporter and a

aromatic amino group serving as a moiety capable of easily taking in

sugar molecules. In order to solve the above problems, a producing

method of a ligand conjugate of the present invention, includes the step

of carrying out a reductive amination }&attion by using the foregoing

linker compound and a sugar molecule. According to the above method, it
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u?frtial disaccharide _ structure_represented hy the following general
S

Ateth (8)1898768H3H66- 0RAVEL'MD NPEPATBSoBH HHer, diRaccharide

stiiefaiabledpat Hensudabnelacylsi is witgagicong 0ligasacaragie
selected from the group (9). CH20H 0 ~(CH 3 0 OP, OH CH

OH
\0
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Further, it is preferable that the sugar molecule is at least one

oligosaccharide selected from the group (9).

CH,OH

CH,OH CH,OH
0 0 0
A OH CH,0H
ol OH OH OH OH o
0 o
OH OH OH O
0
CHz%H CH,0OH CH,0
i 0
CH,OH CH,0H E >
QH OH 2
OH—0, OQ 9 JACH OH OOHO OH
OH
e N NHCOCH, -
H NHCOCH, s+ (9)

In order to solve the above problems, a sugar molecule
introducing method includes the step of: causing a solution
containing the foregoing ligand conjugate to come into contact with a

supporter including metal on a surface thereof.



CHPH GH'20H CH,\2 CHkOH "CH HO KOH In order to solve the above
problems, a sugar molecule introducing method includes the step of.
causing a solution containing the foregoing ligand conjugate to come into
contact with a supporter including metal on a surface thereof - 13
According to the above method, the S--S bond of the linker compound
included in the ligand conjugate is converted into a bond with metal on
the surface of the supporter, so as to immobilize a sugar chain serving as
a ligand onto the surface of the supporter. Therefore, a sugar molecule

bindihgaersingeteopounben BBetRafgethisn & stRfdeensf aduppbsitdinker
colypgbeitRleMeethedOf AaHRING @ SAUIRHREYIHING & KGR FRIUIAIR 19 bond

.come into contact with a supporter. Further, in order to solve the above
WithodRft8] adiyabaccatHef 3 cthlpfése it RRATHH cobfprisestthd mmobilize a

sulsegengiligand-congigate ainpakitzeshen &ﬁ@p@m@awl@@i%@@a{i&ﬁbrter.
a surface thereof. According to the above arrangement, since metal-sulfur

f
ThsgsOTrakds PRGBSI RidHIZe'] IigatiEsmjugamRaynd can be
arsitiged ehthe suppoaciecitds Pappiblade prpvidsianigineheakiicd in¢ledinging a
Soﬂ%b&i]luralit of sygar molecules arrar{ﬁed on a surface of a supporter with

RpIOIEBTRG helERRe! 58 DR he yaitrasrBimageutact with a

supqssitierto observe an interaction between sugar molecules included in a
T e AT ST
thquamtitatvely enskatéobiolegicapactivdieslod sdgae gonteculégaAdditiomajugate
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According to the above arrangement, since metal-sulfur bond
makes it possible to firmly immobilize a ligand conjugate on a surface
of the supporter, it is possible to provide a ligand carrier including a
plurality of sugar molecules arranged on a surface of a supporter with
high reproducibility. Therefore, the use of the ligand carrier makes it
possible to observe an interaction between sugar molecules included
in a ligand conjugate and substances, such as proteins, which
interact with the sugar molecules with high reproducibility. Thus, it
is possible to quantitatively evaluate biological activities of sugar
molecules.
Additional objects, features, and strengths of the present
invention will be made clear by the description below. Further, the
advantages of the present invention will be evident from the following

explanation in reference to the drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic diagram illustrating an example of
synthetic pathway of a linker compound (Compound 15) according to
the present invention.

Fig. 2 is a schematic diagram illustrating an example of



advantages of the present invention will be evident from the following
explanation in reference to the drawings. BRIEF DESCRIPTION OF
DRAWINGS Fig. | is a schematic diagram illustrating an example of
synthetic pathway of a linker compound (Compound 15) according to the
present invention. Fig. 2 is a schematic diagram illustrating an example of
- 14 synthetic pathway of a ligand cond"ugate (Compound 17) according to
the present invention. Fig. 3 is a graph showing binding behavior of bFGF

to a chip including Mono-GIcNS6S-1doA2S-Glc immobilized thereon in
Sy ghics arridrmapria. FRAds cogptrdRolngrard i hbphrarcording to

thinpipdiomefibRehtfyading interactions to the chips respectively including
Mono-GIcNS6S-1doA2S-Glc, Tri-GIcNS6S-1doA2S-Glc, and Tetra-

GlcN$85 FdA AseErPihmbon aeiirndn g eltayion gapt sHowifga chip
in&otad raectivpiflarRANeSSIRHA 38ectia of hirfaisli2ed-1dafd@dzic ah  the

different mixture proportions in a solution. Fig. 5(b) is a graph showing
PrisisPetidiBARMAR absorption spectra of Tetra- GICNS6S-1doA2 S-Glc

at diffgsent mixturezpEgReridnswiha seluienoFitiei{aria ai gtepitsbows O bFGF

. a relative intensity of sulfuric acid group on a chip with respecttoa . .
bl‘f’rﬁ[iﬂﬁe prOpbHiBREP P-GIERIS68M80A2S 81 in aTSSIRESH Y 6(bjREHding
M enapiG3bN8i6 s -d delate- Biensity of saifuriG R @Rld @BSedpayith and
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interBiegjord by the SRR apdinet avhanga totetlineefitiottdn infrared absorption
spectra of Tri-GlcNS6S-IdoA2S-Glc at different mixture proportions in
a solution.

Fig. 5(b) is a graph showing total reflection infrared absorption
spectra of Tetra-GIcNS6S-IdoA2S-Glc at different mixture proportions
in a solution.

Fig. 6(a) is a graph showing a relative intensity of sulfuric acid
group on a chip with respect to a mixture proportion of
Tri-GlcNS6S-1doA2S-Glc in a solution.

Fig. 6(b) is a graph showing a relative intensity of sulfuric acid
group on a chip with respect to a mixture proportion of
Tetra-GlcNS6S-IdoA2S-Glc in a solution.

Fig. 7(a) is a graph showing a result of observing h-vWF binding
interaction by the SPR method when a mixture ratio of
Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc was 100:0.

Fig. 7(b) is a graph showing a result of observing h-vWF binding
interaction by the SPR method when a mixture ratio of
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc was 100:0.

Fig. 7(c) is a graph showing a result of observing h-vWF binding
interaction by the SPR method when a mixture ratio of
Tetra-GlcNS6S-IdoA2S-Glc and Mono-Glc was 100:0.

Fig. 8(a) is a graph showing a result of observing h-vWF binding



Mono-GIcNS6S-IdoA2S-Glc and Mono-Glc was 100:0. Fig. 7(b) is a graph
showing a result of observing h-vWF binding interaction by the SPR
method when a mixture ratio of Tri-GIcNS6S-1doA2S-Glc and Mono-Glc
was 100:0. Fig. 7(c) is a graph showing a result of observing h-vWF
binding interaction by the SPR method when a mixture ratio of Tetra-
GIcNS6 S-ldoA2 S- Glc and Mono-Glc was 100:0. Fig. 8(a) is a graph
showing a result of observing h-vWF B'r'i_’iding - 15 interaction by the SPR
method when a mixture ratio of Mono-GIcNS6S-IdoA2S-Glc and
intgEABLEIE wakY20:8D.eFigSEB) isaeraps shdWisé a résulidrebs&vingatio  of

MEnoME1BIREBG -iferes oty HiedSRIR Meited wagnmrgyiure ratio of
Tri-GIcNS6S-1doA2S-Glc and Mono-Glc was 20:80. Fig. 8(c) is a gra

h
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50:591g. 9(c) is a plot of h-vWF binding amounts obtained from the
results shown in Figs. 7(c) and 8(c) at different concentrations.

Fig. 10(a) is a graph showing results of measurements of
interactions between a chip including Mono-GlcNS6S-IdoA2S-Glc
immobilized thereon and rhvWF-Al when a ratio of
Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc is 100:0.

Fig. 10(b) is a graph showing results of measurements of
interactions between a chip including Mono-GlcNS6S-IdoA2S-Glc
immobilized thereon and rhvWF-Al when a ratio of
Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc is 50:50.

Fig. 11(a) is a graph showing results of measurements of
interactions between a chip including Tri-GlcNS6S-IdoA2S-Glc
immobilized thereon and rhvWF-Al when a ratio of
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc is 100:0.

Fig. 11(b) is a graph showing results of measurements of
interactions between a chip including Tri-GlcNS6S-IdoA2S-Glc
immobilized thereon and rhvWF-Al when a ratio of
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc is 50:50.

Fig. 12(a) is a graph showing results of measurements of



Fig. I | (a) is a graph showing results of measurements of interactions
between a chip including Tri-GIcNS6S-IdoA2S-Glc immobilized thereon
and rhvWF-Al when a ratio of Tri-GICNS6S-IdoA2S-Glc and Mono-Glc is
100:0. Fig. 11(b) is a graph showing results of measurements of
interactions between a chip including Tri-GIcNS6S-IdoA2S-Glc
immobilized thereon and rhvWF-Al when a ratio of
Tri-GIcNS6S-1doA2S-Glc and Mono-GIR is 50:50. Fig. 12(a) is a graph
showing results of measurements of - 16 interactions between a chip
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synthetic pathway of a hgand conjugate (Compound 27) according to
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the present invention.

Fig. 15 is a schematic diagram illustrating an example of
synthetic pathway of a linker compound (Compound 32) according to
the present invention.

Fig. 16 is a schematic diagram illustrating an example of
synthetic pathway of H2N-TEG-NHBoc (Compound 30).

Fig. 17 is a schematic diagram illustrating an example of
synthetic pathway of a ligand conjugate (Compound 34) according to

the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe details of the present invention.

A linker compound of the present invention intervenes between
(i) a protein-analyzing supporter, such as a sensor chip of surface
plasmon resonance (SPR) and a carrier of affinity chromatography,
and (ii) sugar such as oligosaccharide (hereafter referenced to as a
sugar molecule), and used to immobilize the sugar molecule onto the
supporter. Therefore, the linker compound needs to include a moiety

immobilizable onto the supporter and a moiety capable of easily



BEST MODE FOR CARRYING OUT THE INVENTION The following will
describe details of the present invention. A linker compound of the present
invention intervenes between (i) a protein-analyzing supporter, such as a
sensor chip of surface plasmon resonance (SPR) and a carrier of affinity
chromatography, and (ii) sugar such as oligosaccharide (hereafter
referenced to as a sugar molecule), and used to immobilize the sugar
molecule onto the supporter. Therefdfg, the linker compound needs to
include a moiety immobilizable onto the supporter and a moiety capable
talsfrrgdiy a srgkhgiplacuaimeredariilemoktbrdislae ferapound.

compyichvMOreqQyRr, tepRPRyafl affififyi 6 rorlteaReRBE APRRAL aims  at

. _identifying and separating substances which specifically interact with '
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suBeirhaue R BaNSHECHicdRteraCtipRorEhsURFangesiseEh eteiy Thesrefore
the linker compound of the present invention has a_ disulfide bond (S--S
myshaRal théfoidty MRBACUe BHETREippBidt, sURHIRESTh fech as
preesieial formula (1) or (2). Sulfur (S) constituting the disulfide bond can
for metal-g:elfuif, bgnd with metal s#]ch s gold (Au), for example, with
oft g%u
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Moreover, in order to arrange a plurality of sugar molecules
two-dimensionally onto the surface of the protein-analyzing supporter
and to control an interval between separate sugar chains of sugar
molecules, the linker compound has a multi-branched structure
moiety consisting of a plurality of amino groups as a moiety capable
of easily taking in sugar molecules. That is, the multi-branched
structure moiety of the linker compound of the present invention is a
moiety having a structure represented by X in the general formula (1)
or (2). The X, as described previously, has a structure including three
or more hydrocarbon derivative chains, wherein the hydrocarbon
derivative chains each include an aromatic amino group at an end
thereof, and may include a carbon-nitrogen bond or amido bond in a
main chain thereof.

Amino group (--NHz group) of the aromatic amino group is used
as reactive group for introducing a sugar molecule of oligosaccharide
or like the into linker compound when reductive amination reaction
occurs between the amino group and the sugar molecule. Specifically,

an aldehyde group (--CHO group) or a ketone group (--CRO group



or (2). The X, as described previously, has a structure including three or
more hydrocarbon derivative chains, wherein the hydrocarbon derivative
chains each include an aromatic amino group at an end thereof, and may
include a carbon-nitrogen bond or amido bond in a main chain thereof.
Amino group (--NH2 group) of the aromatic amino group is used as
reactive group for introducing a sugar molecule of oligosaccharide or like
the into linker compound when reducthfe amination reaction occurs
between the amino group and the sugar molecule. Specifically, an
whgenyRe Gr68p $--CHOXABAFREP alke BFRAGRbUP {OECRS Grdep -aguilibration
wi%%&@%ﬁ?%&%ﬁ?@@@é‘cﬂ@WHrQﬁ@ﬁ%hgogﬂliﬁﬁﬂi?ﬁcM@Bﬁain the
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. amino grqup. Thus, by including three or more hydrocarbon derivative

in S HRLR MRy R BC R PERR B TOMRULa (1) or (2) has a
multiFrasched slicicidin g eiets dinga UKl 6t arpivatid @miadive chains
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argpaongy; as ghlowalitgenéraifgemula¢lEon{2y Tiws ndakesrisspossille tmto the
1aduce aenpRePEelichiyd ‘%P%‘fp' IDIEIARION- A% MUEN A%, PORS RIS, A bilit
Sueaslﬁy agdgustalgngt Y10 t&e [ uI](f:lljd% gro% sﬂ%?ecte to mggl % LY
through the linker compound including the structure represented by
general formula (1) or (2).

Further, a linker compound of the present invention has an
oligoethylene oxide between a disulfide group and the aromatic amino
group, as shown in general formula (1) or (2). This makes it possible
to reduce a nonspecific hydrophobic interaction as much as possible
and to easily adjust a length to the disulfide group subjected to metal
bond, thus effectively forming a metal-sulfur bond. In general formula
(1), a, b, d, and e can be independently an integer of O to 6. In this
case, however, when b is 0, X must have an oligoethylene oxide
therein. In general formula (2), n is not limited as long as n is an
integer of 1 to 6.

As specifically shown in general formula (3), X may have two
double-branched structures each formed by two hydrocarbon
derivative chains bonding to a nitrogen atom (N) at the opposite end
of the aromatic amino groups. The nitrogen atoms of the two

double-branched structure bond to a single nitrogen atom (N) through

the --CO--CHz-- group to form a multi-branched structure. With this,



bond, thus effectively forming a metal-sulfur bond. In general formula (1),
a, b, d, and e can be independently an integer of O to 6. In this case,
however, when b is 0, X must have an oligoethylene oxide therein. In
general formula (2), n is not limited as long as n is an integer of | to 6. As
specifically shown in general formula (3), X may have two
double-branched structures each formed by two hydrocarbon derivative
chains bonding to a nitrogen atom (N) &t the opposite end of the aromatic
amino groups. The nitrogen atoms of the two double-branched structure
X bérd o HEHYIEFRSEERESH AN Blighbisnched-appictyrdnsliading four

hy@P&'Q‘r@f éﬁCH%gi\Q/‘élﬂﬁFEf%h\é_’iiﬁkt.hi% i'slﬁ)%'éaﬁ@téHl,JﬁW rgeﬁ%ymgt@%ula (3),
multi-branched moiety including four hydrocarbon derivative chains. It is
thi balhotB - ifgenéafofiuRI@) N datimiing, e vddedathathbhey are an

intiegitedTavided thek theyigeal feisaesaiida Byl heliniagers, and m* may
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beyrmubnal i AeHBEFRf o PEMBRERS. AD GRS, GAOEH BBk completely.

Anyedustignief Fkempiued SaviTy phe dudktidianghaed daeigiviid having the
preferable that ml to.M4 be mutually the, same integer, 2 in particular.
e A Bl I06 Wor YRR BIGURIRIE (APInE) af6 4 intsy@ bf naly the
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paﬁgﬁgﬁqaarn oligoethylene oxide between CH2 and NH in each of the
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rocarbon derivative chains.
Note that X including four hydrocarbon derivative chains

indicated in general formula (3) can be of a structure having an
oligoethylene oxide in each of the hydrocarbon derivative chains. For
example, as indicated in general formula (4), X can be of a structure
having an oligoethylene oxide between CHz and NH in each of the
hydrocarbon derivative chains.

As shown in general formula (4), X may have a triple-branched
structure formed by three hydrocarbon derivative chains bonding to a
carbon atom (C) at the opposite end of the aromatic amino groups. In
this case, the carbon atoms of the triple-branched structure bond to a
single nitrogen atom (N) through the --C--N-- group to form a
multi-branched structure. With this, X has a structure serving as a
multi-branched moiety including three hydrocarbon derivative chains.

It is to be noted, in general formula (4), that q!, g2, and g3 are
not limited provided that they are an integer of O to 6. The integers
represented by q!, g2, and g2 may be mutually different, or may be the
same either partly or completely. Above all, in view of ease of

production of a compound having the multi-branched moiety, it is



As shown in general formula (4), X may have a triple-branched structure
formed by three hydrocarbon derivative chains bonding to a carbon atom

(C) at the opposite end of the aromatic amino groups. In this case, the

carbon atoms of the triple-branched structure bond to a single nitrogen

atom (N) through the --C--N-- group to form a multi-branched structure.

With this, X has a structure serving as a multi-branched moiety including

three hydrocarbon derivative chains: #®& 1o be noted, in general formula

(4), that q1, g2, and g3 are not limited provided that they are an integer of

profgrgbindnbgerd aepideeatmipdly heapamemayegemuduyparticular.
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thégrranta 41) is tygeeralfiormula (Ahit ispefersble thatssn2edndyt3tireBrand t3
%};e er of 119 6 nbhep prin.ggperal formula ¢1) i }Q Inyview.of ease of | .+
m ogﬁction, tt:@lls eferla{)% tﬁa‘t tt0 t%%amutuasﬁ yqthés’%arr?e Fntegerr, oy o
copapiettdy. However, in a case where X in general formula (1) is
general formula (4), it is preferable that t!, t2, and t3 are an integer of
1 to 6 when b in general formula (1) is 0. In view of ease of production,
it is preferable that t! to t3 be mutually the same integer, 4 in
particular.

Thus, X has a structure serving as a multi-branched moiety
which causes an atom such as carbon and nitrogen to bind the
plurality of hydrocarbon derivative chains so as to form a branched
structure. It is to be noted that although it is preferable that the
plurality of hydrocarbon derivative chains included in X be all the
same, they may have different structures so long as they have an
aromatic amino group at an end thereof.

As described above, the linker compound having a structure
represented by general formula (1) or (2) includes: S--S bond capable
of binding to a protein-analyzing supporter; and an amino group
capable of binding to a sugar molecule of oligosaccharide or the like.

Therefore, since the linker compound is immobilized onto the

protein-analyzing supporter by metal-sulfur bond such as Au--S bond,



Thus, X has a structure serving as a multi-branched moiety which causes

an atom such as carbon and nitrogen to bind the plurality of hydrocarbon

derivative chains so as to form a branched structure. It is to be noted that

although it is preferable that the plurality of hydrocarbon derivative chains

included in X be all the same, they may have different structures so long

as they have an aromatic amino group at an end thereof. As described

above, the linker compound having a fructure represented by general

formula (1) or (2) includes: S--S bond capable of binding to a protein-
forar%fwm@@upéaﬁeh,ralﬁraﬁ@ﬂﬂiﬂ@t@%ptﬂ@d@%éfomﬁaﬂ&to@ség@ly and
eaglﬁﬁﬁﬁliﬁioéoi@%%cﬁ@éf%@é badikend @@IEES’(B‘%téP’.‘CG the linker

compound is immobilized onto the protein-analyzing supporter b

metdl$tHE boHacs lithked Aemsaminad-Rasor duathid iae fhgst moiety and

ar 6N NG IS St PApHbIet tau iy @neh easHy. binH & sEgi, mRleRUIg ligand
onto the supporter. Further, the linker co,rr%?hound has a multi-branched

CORNBIEE tEnd CaRS TR AHAME Y55 alvaH Shd reRE bR fdR Withmpound
anliyants egaitgatel dodle mentinmaddaterhvirieh ioclydrtathedivketules can be
Ig:omgoimd nd a sygar m%llecule iptroduc d.thereinto, S@ar lecules h
e B E LRGSR B OrnHE 86Tl SPheSHPBBHET ARG interce the
lirtker lioken pompaunthikas armultitsanehdted otatyi et pusalippof sligarof sugar
olecules can he arranged wjth high reproducibility when.a ligand .
A L5 06 RS coBUNAE BNy Al ack g @ ligand
cosijpparterifddredireg, sHirecéithiedinkemecpopadnisidbardly affiebied dyeHace of a

nonslpcecific interaction with a protein, the use of a linker compound of the

SUBRBEent invention makes it possible to evaluate biological activities of
sugdvimmdewales witickigthie phiotkeibilitynfurthad the dhavélnentfonted by a

no&?}éﬁ?&%ﬁiﬁ%@%ﬁaﬁ%%ﬁ% PPPUMSIT OIS REMER e diRTde WM ound
of the present invention makes it possible to evaluate biological
activities of sugar molecules with high reproducibility.

Further, the above-mentioned linker compound has an
oligoethylene oxide between the disulfide group and the aromatic
amino group, as shown in general formula (1) or (2). This makes it
possible to reduce a nonspecific hydrophobic interaction as much as
possible and to easily adjust a length to the disulfide group subjected
to metal bond, thus effectively forming a metal-sulfur bond.

The above-mentioned linker compound is produced by a
producing method described below. That is, the linker compound is
produced by carrying out a condensation reaction between thioctic
acid and an amine compound having a multi-branched structure
including three or more branched chains each having an aromatic
amino group end protected by a protecting group, and deprotecting
the protecting group at the aromatic amino group end.

The thioctic acid has a structure represented by the following

general formula (10).



amino group, as shown in general formula (1) or (2). This makes it
possible to reduce a nonspecific hydrophobic interaction as much as
possible and to easily adjust a length to the disulfide group subjected to
metal bond, thus effectively forming a metal-sulfur bond. The
above-mentioned linker compound is produced by a producing method
described below. That is, the linker compound is produced by carrying out
a condensation reaction between thiotfic™ acid and an amine compound
having a multi-branched structure including three or more branched
chains each having an aromatic amino group end protected by a
protecting group, and deprotecting the protecting group at the aromatic
iQ group end. The thioctic acid has a structure represented by the
general formula (10). -22- 1 .... Ox')) Zi S::Z~OH Furm,eh@?
compound is not particularly limited if it includes a branched chain
mﬁ%cqf ino group end protected by a protecting group.
The amine compou &Heeds to have a structure equivalent to the
multi-branched moiety of the linker compound. Therefore, the branched
chain only needs to have a structure included in the hydrocarbon
deriiativehatmint becepntiveat thenbramehed thanohapahéi ardandyc Emiffed if it

- roct Cinst e ami
indQURSY RERCHEA/ AR SRR, BT SO ALIR AL AN end
preha@iedappea npadifiect seghgrpan-of the earbioe ordiyrogerdammy ineeds to
hath€ NLPERRATRPD CR/NSIBHIEYR0 HlCAIRAR: ARFLBYAROLHAUNS 5F the linker

replaced with other atoms or substituents. More specifically, the” branched
cogrBRLIASving an aromatic amino group end protected by a

Therefore, the branched chain only needs to have a structure

included in the hydrocarbon derivative chain except that the
branched chain has the aromatic amino group end protected by a
protecting group, instead of the aromatic amino group included in the
hydrocarbon derivative chain. That is, the branched chain may be
modified so that part of the carbon or hydrogen atoms in the
hydrocarbon chain consisting of carbon and hydrogen atoms is
replaced with other atoms or substituents. More specifically, the
branched chain, having an aromatic amino group end protected by a
protecting group, may be modified so that part of the carbon-carbon
bonds constituting the main chain structure of the hydrocarbon chain
is replaced with a carbon-nitrogen bond (C--N bond), a carbon-oxygen
bond (C--O bond), or an amide bond (CO--NH bond).

Further, the protecting group is a substituent which is
introduced to prevent an amino group of the aromatic amino group
from undergoing the condensation reaction. Such a protecting group
is not particularly limited provided that it is not affected when
deprotecting a protecting group for a secondary amino group. The
protecting group is for example a t-butoxycarbonyl group

(--COOC(CH3)3 group; referred to as a Boc group), a benzyl group, or



protecting group, may be modified so that part of the carbon-carbon
bonds constituting the main chain structure of the hydrocarbon chain is
replaced with a carbon-nitrogen bond (C--N bond), a carbon-oxygen bond
(C--O bond), or an amide bond (CO--NH bond). Further, the protecting
group is a substituent which is introduced to prevent an amino group of
the aromatic amino group from undergoing the condensation reaction.
Such a protecting group is not partic ﬁrry limited provided that it is not
affected when deprotecting a protecting group for a secondary amino
angpdpCFHea prafecting drlp is®P € =4 BoutdirRarseryRdroup
(--CORLEHRR %B%prﬁﬁ‘%f&?%of% 2B @)’&)B?ﬁéﬁdﬁép%h%h has a
-23- an arylcarbamate group (--COOCH2CH=CH2, Alloc group). The
StRHGHAT CORSBIGRE T8 fist B eWisghpTRAtANERITHARa( Sthicture
represented by following general formula (11). oo 0 (CH2 Pi 0 -N & H2N
-~CHJGH20).- GH2- C-N 0 0 0 (CH ),a kCH);2-C N /)-N§iBoo Itis to be
noted that n, MI to M4, pl, and p2 in general formula (NHBoc
independently an integer of I to 6. A synthea’s megheg of the"amine
compound will be described in detail in Examples/%'I ®' mentioned later.
In the condensation reaction of the(&lﬂg);tie—@c' ith the amine
compound, a carboxyl group (--C@OH group) of t ISligctic acid
condenses with the amino groug’ (--NH2 group) to foff'an amide bond.

HN NHBoc
' 0
H,N —(CH,CH,0) — CH,— ﬁ:-“N
0 n 0
_ . ‘L@‘NHB oc
0 (CH,) 3
(CH,) 2—C —N
(CH,) 4
N
HN NHBoc
0
(11)

It is to be noted that n, m! to m*, p!, and p? in general formula (11)
are independently an integer of 1 to 6. A synthesis method of the
amine compound will be described in detail in Examples to be
mentioned later.

In the condensation reaction of the thioctic acid with the amine
compound, a carboxyl group (--COOH group) of the thioctic acid
condenses with the amino group (--NH2 group) to form an amide bond.
Thereafter, a protecting group of the aromatic amino group end is
deprotected and removed to free the aromatic amino group, thereby
obtaining the linker compound.

It is to be noted that since the foregoing linker compound has a

structure of including oligoethylene oxide in a linker section thereof,



Thereatfter, a protecting group of the aromatic amino group end is

deprotected and removed to free the aromatic amino group, thereby

obtaining the linker compound. It is to be noted that since the foregoing

linker compound has a structure of including oligoethylene oxide in a

linker section thereof, -24- as described previously, it is preferable to use

a substance including an oligoethylene oxide structure as a material in a

production method of the linker compotind. Examples of the material

include bis [ 2 - (2 - hydroxyethoxy) eth%/g) ether (Compound | in ) )
aspskapsigdangcrinhinbreidt polyialteadlayte s arfsrahstrdiscuigcluding

anVGIBe (YWe 209,300, ¢4Q: 6QBand 1000) (r1ade PR SiFAdction method

Corporation). Particularly, it is preferable to use bis [ 2 - ( _ .
of _hjoxyHih6sy) et ePen dconkpamPI# Exanpldis forfifd ¢&ibn include
bi?@%b%@lr&%yéﬂ%&&){@t@@i}’éﬁi@ﬂ] ethanrudatructyee imwdishrs), and
egree of polymerization is completely controlled, that js, a length is

comptriifdal TRt Ge g8 s ighi oA RRLT G fabsatEights (Mw:
200yea@m, Hepe), thedliganthebnjlge®' mernrtctherone igilggiag Werporation).

aromatic amino .group of the linker compoun a sugar mqlecul
o SO (e AL T o o bl e B e hydlether
(Coralpoule ¢ introducedinto thEaensies pmindgroup. tHus is deadoa that
.contj s,reduction of the Schiff base formed by the reaction of.the
b S R DS b A ot WG degree
of gnooly predixzeddy aisequolinatete byithtothtersligd;, nbletules,That iktiggh  is

redu%iv& amination reaction binds the linker compound to a sugar
contro .

molecule. The sugar molecule included in the ligand conjugate of the

pres€hteinvedtiowii gotdearticibharlydimlierh pbvided tharités avfredbeingpresent
infnggr?gg%%‘gﬁ%%éegf#gﬁi 0% Q%gliﬁga%g'e %Sﬁssfocﬁagxéﬁ‘é"?n%luding the

, gosaccharide, or a polysaccharide.

aromatic amino group of the linker compound and a sugar molecule
introduced therein. In a ligand conjugate of the present invention, a
sugar molecule is introduced into the aromatic amino group. This is
due to a continuous reduction of the Schiff base formed by the
reaction of the amino group of the linker compound with the aldehyde
group or ketone group produced by an equilibration within the sugar
molecule. That is, the reductive amination reaction binds the linker
compound to a sugar molecule.

The sugar molecule included in the ligand conjugate of the
present invention is not particularly limited provided that it is a
reducing sugar having a reducing end. The sugar molecule is for
example a monosaccharide, an oligosaccharide, or a polysaccharide.
The monosaccharide is for example a glucose, galactose, or mannose.
The oligosaccharide is for example a maltose, lactose or a sulfated
oligosaccharide to be mentioned later, having two to ten sugar
molecules bonding to one another. The polysaccharide is for example

a heparin, chondroitin sulfate, or heparan sulfate, having 11 or more

sugar molecules including monosaccharides and oligosaccharides.



The monosaccharide is for example a glucose, galactose, or mannose.

The oligosaccharide is for example a maltose, lactose or a sulfated

oligosaccharide to be mentioned later, having two to ten sugar molecules

bonding to one another. The polysaccharide is for example a heparin,

chondroitin sulfate, or heparan sulfate, having I | or more sugar molecules

including monosaccharides and oligosaccharides. -25- Further, the

oligosaccharide is for example a suITa?éd‘oIigosaccharide which has a

specific partial disaccharide unit (GICNS6S-1doA2S), represented by

folloWitbtB&herathemupdigns RisdDntafned M suffsfid Bllysaechikfated
oli e KaQYUEfor: ARG m@ntigoagglg@fp@ti - GHP0ER3 69arf88  unit

OHO, COH .... NHSOS- 0803 Another example is an oligosaccharide

(GRAEIIRPS SHARAZS hepFresusRen b tolBWintp Janemegrosatarak) fomeria  (8),

whhersuliatesh ptigpsegcharids iaingiin atecha AWCOREIAIGR known for
hydroxyl group which is a reducing end of the sulfated oligosaccharide. v

haxgBRR G5 PP IR2NAT SEHBHOH OH ... 1 H 0 MeO 0 NHS03Na
OSOsNa OH It is to be noted that the oligosaccharide and the
polysaccharide may be a homooligosaccharide or homopolysaccharide
consi€trig @B4 single monosaccharide, or a complex carbohydrate
igtt saccharides or derivatives thereof, or a

cren(8)

0803“

Another example is an oligosaccharide having a structure represented
by following general formula (12), which is the sulfated
oligosaccharide having incorporated a glucose into a hydroxyl group

which is a reducing end of the sulfated oligosaccharide.

MeO ey O
NHSO;Na  OS04Na OH

It is to be noted that the oligosaccharide and the polysaccharide
may be a homooligosaccharide or homopolysaccharide consisting of a
single monosaccharide, or a complex carbohydrate consisting of
different monosaccharides or derivatives thereof, or a conjugated

polysaccharide including various monosaccharides or derivatives



polysaccharide including various monosaccharides or derivatives -26-

thereof, and oligosaccharides. Further, the sugar may be natural sugar

obtained through isolation and purification from nature, or artificially

synthesized sugar. Specifically, a ligand conjugate of the present

invention has a structure represented by general formula (5). The ligand

conjugate having a structure represented by general formula (5) is

obtained by introducing a sugar moletfie into a linker compound

represented by general formula (2), where X has a structure represented
theyegdnerdr ¥ohBaIa e it nidlsEhRTis HBEliMiER o AYeduliRg natural

su oBexiRka refveingients it Arefsrably asveaitpeleeipselesietde, or
rom_general formula group (9) and general formula (12). Since X
artifirdabytsy By Rfetigrd isHEa% (3) has a structure which includes four

hydrgeRiba-deryvatvei sAAS cd Hgapd eorjugate Wiehdias asbHEIYIe has a
represented by general formula (5) includes the linker compound and four

SUGH AU URRB BT M ONEc 188 BithdO TRt |t is' tobe RatRg, Homiugate
hageneral formudandy thasiasionvdd likeg MineM4 ibgeneral (eymylatikined by
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geaidhel faitiy ol gofdpleteherEURhRE 1 is BOIpaticWarkydireied ravisedeeneral
f that he)l( re,ﬁiinte er of | t§6.1§}' onl% neetd .to e(? hﬁdrogendatomé[Hé

drEho '81‘sac Rand&derRit Cotifotid” BLrth&H 'S fgiR ot drightd sr Suear
hathimpreserddnventprelnal absttutiuEretpredeliytea sugereraldbrowla (F¢lected

The ligand jugate , having a strycture represented e r?Tk lé?

o SRR By ISR ol SRCIR oD d ALY Borpalnt mce X
repepeesentdd by gemsredfofuia(ly, WHerleas has ststratiure refregentadludes
I la (4).. leculei tli i%ﬂ 0 i
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structure represented by general formula (5) includes the linker
compound and four or more units of sugar molecules bound
therewith. It is to be noted, in general formula (5), that m! to m#*, like
m! to m* in general formula (3), are not limited provided that they are
an integer of 1 to 6. The integers represented by m! to m* may be
mutually different, or may be the same either partly or completely.
Further, n is not particularly limited provided that they are an integer
of 1 to 6. R' only needs to be a hydrogen atom (H) or an

oligosaccharide-derived compound.

Further, a ligand conjugate of the present invention has a
structure represented by general formula (7). The ligand conjugate
having a structure represented by general formula (7) is obtained by
introducing a sugar molecule into a linker compound represented by
general formula (1), where X has a structure represented by general
formula (4). The sugar molecule is not limited to a reducing sugar
having a reducing end, but is preferably a sugar molecule selected
from general formula group (9) and general formula (12). Since X

represented by general formula (7) has a structure which includes



from general formula group (9) and general formula (12). Since X

represented by general formula (7) has a structure which includes -27-

three hydrocarbon derivative chains, a ligand conjugate which has a

structure represented by general formula (7) includes the linker

compound and three or more units of sugar molecules bound therewith.

Since both of the foregoing ligand conjugates include a linker compound

and sugar molecules, S--S bond in thé linker compound makes it possible

to bind a metal on the surface of the protein-analyzing supporter by a
thpsstdrydrocesPeshd &y agye-shirimaua djgend. ogmugate which has a

stﬂﬁ'&”&%ﬂ%@bf@ééﬁﬁe@ thy AdeiebNdBIakRAH PEASIBIEIRIPIYIdER linker
ligand carrier including three or more sugar molecules collected or

CORRRAIBMde PEHhE RIFRACOB! PO SUpHOHES. THeréiBRaThdiRlseHigs Pbound
thligandtigpnjugate makes it possible to arrange a plurality of sugar
molecules two -dimensionally onto a surface_ of the protein-analyzing )
SupporR&e kR bIt RGP IR RBr SRR OIS EiniF Mlany linker
cogafRinthem deuge of i ahidngd §gapduaiden makes lipessibie@dpound
evaluate biological . activities of spygar molecules with hig%l: reprodgjcibility
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prA’gatiﬁf-Btt';ﬁayMﬁg QSséslt_ppaﬂtbe US&yja?rtimwﬁlr&?é&pref@b;&)_ond, e.g.
rther, the fore inker nd has an oligoethylene oxide n.a
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disulfide group subjected to,metal pond, thus gffectively forming a
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e ligan rieris not limited to the protein
onto a surface of the protein-analyzing supporter, for example, with

high reproducibility, thus obtaining a ligand carrier. Then, the use of
the obtained ligand carrier makes it possible to evaluate biological
activities of sugar molecules with high reproducibility. Note that for
the metal on the surface of the supporter, metal such as Cu, Ag, or Pt,
as well as Au, can be used. Particularly, Au is preferable.

Further, the foregoing linker compound has an oligoethylene
oxide in a linker thereof. This makes it possible to reduce a
nonspecific hydrophobic interaction as much as possible and to easily
adjust a length to the disulfide group subjected to metal bond, thus
effectively forming a metal-sulfur bond.

Thus, the present invention also includes a ligand -carrier
including the ligand conjugate of the present invention immobilized
on a surface of a supporter through a metal-sulfur bond. The
applicable field of the ligand carrier is not limited to the protein
analysis. For example, the ligand carrier can be used for analyzing
substances other than a protein so as to examine an interaction with

sugar molecules.



analysis. For example, the ligand carrier can be used for analyzing
substances other than a protein so as to examine an interaction with
sugar molecules. -28- The ligand carrier makes contact between a
solution including the ligand conjugate and a supporter having a metal film
on a surface thereof, so that S atoms of the S--S bond in the ligand
conjugate are bound to a metal on the surface of the supporter by
metal-sulfur bond, and the ligand cén?@gate Is introduced on the surface
of the supporter. More specifically, the protein-analyzing supporter is

soakEantzae digemiEr kohjijake sokfiB Aot P BFBRABr ANt pEifdy isrcluding

thE“PFgeH{&hédﬁgﬁﬁ‘gé%%”_w&t% %ﬂﬁp@ﬂ&?‘jﬁﬁt@ﬁn@ thesuppatiier BRea surface
ligand conjugate solution is flown onto the surface of the supporter), so

thefgahess-hgbnd LB FRELBSMYomPRLdBdtheighgihFonjugate are

botanlgaieds aoanarteshintd @nstitfreond. sHeh asEdeaner Wi galetan sulfur
the surface of the supporter, thereby making it possiple to immobilize the

bopdndBshitBstd A tHE SHRULBt thdssUpEREHAthRightRSoRIRiaRGE P the
sufeptia diganiienjugate saledanis ndiepagiaderty-bmiedzingthangbporter  is

water, dimethylacetamide (DMAC), a mixture solvent of these substances .
SO R e PR 8 AR LML ARG e RIS SeRRCperiod
of diatproef thienéigiand iy njegds dodidabiout A5 injE2 fwalirso loloasagfporter

' n, a concentration of th d conjugate
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su@pyugeate, of thehpretdrd iBveBtioordsodnt e -Brikad dbenljgand damebateed in
oS8 SERUDTAOEAN B0, e e AR AT bona
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Although a solvent used for the ligand conjugate solution is not
particularly limited, methanol, water, dimethylacetamide (DMAc), a
mixture solvent of these substances can be for example used. In case
of immersion in the ligand solution, the duration of immersion only
needs to be about 0.5 to 12 hours. In case of injection of the ligand
solution, a concentration of the ligand conjugate solution injected
only needs to be 1uM to 1mM.

Thus, since a ligand conjugate of the present invention has an
S--S bond, the ligand conjugate allows for easy immobilization onto
the surface of the protein-analyzing supporter and easy introduction
of sugar molecules onto the supporter.

Note that the present invention also includes the above method
of introducing sugar molecules into the supporter.

A ligand carrier of the present invention is applicable to
analysis of an interaction between a sugar molecule and other
substance such as a protein, for example. More specifically, the

ligand carrier can be applied to SPR measurement, affinity

chromatography, or the like.



analysis of an interaction between a sugar molecule and other substance

such as a protein, for example. More specifically, the ligand carrier can be
applied to SPR measurement, affinity chromatography, or the like. -29-

For example, an SPR measurement for protein analysis is carried out as
follows. That is, if a ligand carrier including a ligand conjugate of the

present invention immobilized on a Slt,lé) orter where metal thin film such

as gold thin film is deposited is used rfing the ligand carrier into

contact with a protein so as to measure a resonant angle with a surface
plasHoh re38maRte, aparanidiin e asuarmeRiefahe PIYIRIG beHaiysis is

caPHE8§ ligandhearierowd theREOIRINi£aD Ng LRseves:iiSiiodie dRigddhdlsand
glass, plastic, or the like can be used to form the carrier (sensor chip
COpdEERIF A IPR MESSEREnIBTCBiIpT ARy ofitlized KitaplpUaRprter where

métdthelia fand carie s ke thievahhinte @1@3&@@%@ id RigtINtBYbring the
an

flowjng a solutjon including a running buffer a protein dissolved

liggreineditsa SPaCOBFAE GERPCRARIEIS BY it sMganEfigandesonant

angayiekinlihexsalutign cicipisenba ryering ufer sglpiaaand the prateinusual
dissolved, therein, The

unning buffer is for. example a phosphate byffer .

M EBEr (e B R CEPRST T 150 fRSe AU ot FISE (6 Hordgtimg rotein
caligdrdaiosgugaie, &t dkiralithofigat tiecglas srbuigedritive like can be
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sugar.molecule and guantitatively evaluate a biological activity of a_sugar,.
br IR RPN ST BT, BARRECR, St At iing o
rutheiegn basfeligand carmaooé the giresehtddvéhtoricaort® ugesifofader of the

lig%wpggrgﬁﬁpIgrm8§s%%%eé}tsq8§0r{%eed ?%QWdT%%tﬂlsl’&*lsin the solution
including the running buffer solution and the protein dissolved
therein. The running buffer is for example a phosphate buffer
solution.

Since a ligand carrier of the present invention has the foregoing
ligand conjugate, a plurality of sugar molecules are arranged
two-dimensionally on a surface of a supporter with high
reproducibility. This makes it possible to observe a biological activity
of a sugar molecule with high reproducibility, thereby making it
possible to reveal a structure of a sugar molecule and quantitatively
evaluate a biological activity of a sugar molecule.

Further, a sensor chip including a sugar molecule immobilized
thereon, as a ligand carrier of the present invention, can be used for,
for example, an SPR measurement described below. That is, it is
possible to observe an interaction between sugar molecules by
comparing a detection result of an SPR measurement obtained by
using the first sensor chip which has a first sugar molecule
immobilized on a surface of a supporter with a detection result of an

SPR measurement obtained by using the second sensor chip which a



possible to observe an interaction between sugar molecules by
comparing a detection result of an SPR measurement obtained by using
the first sensor chip which has a first sugar molecule immobilized on a
surface of a supporter with a detection result of an SPR measurement
obtained by using the second sensor chip which a -30- second sugar
molecule wholse end structure is different from that of the first sugar
molecule and immobilized on a surfacdof the supporter. The sensor
chips only need to be formed of ligand conjugates havint%different sugar

seqileb B AR nRRlraY tharbohsesapsr flslactiiecctd beltdpfsaredipmp that of

th@a%?@%a@aﬁor gxammele1dacione aﬁﬁﬂiH?ﬁﬁ%e@[‘_a'Eﬁ%e andQYIULase: of the
and kojibiose and glucose. Although two sensor chips are used here, two

SUPRABETsenSBE cHigS SRIvirgPdRRredttypedssidudar meledarged of ligand
cotiflpshieed thergerymaiRe disedsiida fo Begretad ératiththessifze $UdRkreon.

molecule means the sjde not immobilized onto a sensor chip. In the
SUGRIRPIRHLERuFBMBRL, SPGB A Bp &Gl HAGEr T8 Wit tfgcample
ladifsbeugadmiaculeds Heel de @cina WRIvEs Seas Huphisseraeasiicose.

easurement conditions, so as to obserye resonant angles of the two .
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hasengoditiipseatspepific diteragienmelveeness siigaodalesdlelaetkan may be
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Howegver, this is not for limitation. More than two sensor chips.may be ...
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iImmobilized thereon
observe resonant angles of the two sensor chips. By comparing

between the resonance angles of the two sensor chips, a specific
interaction between a sugar molecule and a protein or the like can be
measured.

Also, a substance whose interaction with a sugar molecule is
observed is not limited to a protein.

In the above arrangement, two kinds of sensor chips are
simultaneously measured. However, this is not for limitation. More
than two sensor chips may be measured and do not need to be
measured simultaneously. Also, at least one sensor chip not including
a sugar molecule introduced thereon may be used. For example, a
sensor chip including only a linker compound immobilized thereon
may be used.

The above SPR measurement enables a measurement using at
least two sensor chips including immobilized ligand conjugates of the
same structure except for sugar molecules. A difference in a degree of
an interaction measured by using at least two sensor chips is

observed as resulting from sugar molecules. Thus, the above



may be used. The above SPR measurement enables a measurement
using at least two sensor chips including immobilized ligand conjugates of
the same structure except for sugar molecules. A difference in a degree
of an interaction measured by using at least two sensor chips is
observed as resulting from sugar molecules. Thus, the above -31
measurement method, suppressing a nonspecific interaction with another
substance, makes it possible to meastite a specific interaction of a sugar
molecule with another substance. [Examples] The following will describe
M RSAHCHR Sith B3R BPE HinREP BERTSINRD andi®RgdrrEdRjulatersiaHon with

anyasent '@‘(ﬁ@é‘%&}heﬁ@agé§mﬁp%ﬁ%‘wﬁ?m§&f GRERSAve gtudypecific
_of a synthesized ligand conjugate and another ligand conjugate were
interAeH 0t 3ha THsRINBPLRIHE [BibmpR AthsintE i 8NChker

Compnttnch fEegppound 15)] One of linker compounds according to the

present invention, i.e. a linker compound (Compound 15) havin

) ng a .
struchth® rEPHOSEHEd BY lheAERt i muE@ifhert s¥nibesis” of a linker
cotapiesenrtedmy gengralfarmolsjghtehefethpl phdgpharentiditidni?, M3these
M4 are 2, was synthesized according to.the following procedure. Fig. I, _.
EiiRipAi8e £ PRSABAH Sy RInGOTMG TR IHker BoMpOlift e R dsbigand
coNpiig#hat refarbncen otieeralld gived tacoerjpganes iwdhe desatiptidn ofut and
Efamgtlg {O clorrespond to reference numerals shown in Fig. 1. As
Xhiraed i RIy: 1, first of all, bis [ 2 - (2 - hydroxyethoxy) ethyl] ether
(Corfiprandpl} ak: Syt medésial { \Laslbeoughhinto weatt{Growithoatiyd 15)]
diazppsetale (GRTPound Bin, sichlorametfianc, inhe presenee gherion. i.c
BF3-Et20 to syn fesize an eoter compounla% ompound 3?) at the ylé}(tj gt &
a UokerToem Compbytd fwas tdod gt rnviregclictwithture represented by

geﬁéggﬂepﬁsﬂiﬂryl(%l%w&i@ n is 4, X is represented by general formula
(3), wherein p! and p2 are 1, m!, m?2, m3, m* are 2, was synthesized
according to the following procedure. Fig. 1 illustrates a process of
synthesizing the linker compound (Compound 15). Note that reference
numerals given to compounds in the description of Example 1
correspond to reference numerals shown in Fig. 1.

As illustrated in Fig. 1, first of all,
bis[2-(2-hydroxyethoxy)ethyllether (Compound 1) as a raw material
was brought into reaction with ethyl diazoacetate (Compound 2) in
dichloromethane in the presence of BF3'Et2O to synthesize an ester
compound (Compound 3) at the yield of 40 %. Then, Compound 3 was
brought into reaction with p-toluenesulfonyl chloride in
dichloromethane in the presence of DMAP and pyridine to obtain a
tosyl compound (Compound 4) at the yield of 78 %. Compound 4 was
caused to act with sodium azide in N,N-dimethylformamide to obtain
an azide compound (Compound 5) at the yield of 90 %.

Compound 5 was hydrolyzed with 1IN NaOH in methanol to
obtain a carboxylic acid derivative (Compound 6) at the yield of 98 %.

Compound 6 and Compound 7 were condensed in dichloromethane by



dichloromethane in the presence of DMAP and pyridine to obtain a tosyl

compound (Compound 4) at the yield of 78 %. Compound 4 was caused

to act with sodium azide in N,N-dimethylformamide to obtain an azide

compound (Compound 5) at the yield of 90 %. Compound 5 was

hydrolyzed with IN NaOH in methanol to obtain a carboxylic acid

derivative (Compound 6) at the yield of 98 %. Compound 6 and

Compound 7 were condensed in dichffomethane by -32- using HOBt,

EDC-HCI to obtain a diester derivative (Compound 8) at the yield of 80 %.
usipgh pHIRT 8 WS bIyecaRiARD BNIASDRT il ariamENs| {&epprand 8) at

theiGAReIC 8eiddertaiivg {araPraurshl) ﬁ%?og;b%@cpfvgﬁf){%ﬁN NaOH in
Compound 9 and a diamine derivative (Compound 10) were condensed

Mehaae) EDePtaiR BISERIPostic S SFTdTaaY aHE g orasiod) at the

yidid AP MBI | Awassubigaied dodeaialytic Bydres8Bound 10)
reduction to obtain an amine comgoundeﬁggcﬁ:n\gound 12) at the yield of 80

wege PROESRSE CoWdoaHLE WhE @R itPaBEREaGempound 11 at
théCorandwid438) 96. oftain £iampetsigpl 4 Atcbentrid AH59 Yowrigallyibjected to

Campound 14 is caused to act on TFA to deprotect a Boc group and then
CalBEG I R S (SRR 25) R reo P S B g e M pound
(Carapatiadming grotips sscad ofj8d &t the yield of 91 %. The following will

oo ORI IS AL TR o aci
(Cepeptiumdnédgutenadrticand Geaspspactiohdetsy theasuedd et 5egdtdidinally,
AR e SRR LSOO and
th AT RERRiIR)a These warerngmed b Caoogrding do g fbliowing four units of
B T L A O

JEo’[l'DNM)LlQ’mbggaNH?b describe more specificpally a synthesis méthod
of the compounds obtained in the foregoing synthesis process, and
results of 'H-NMR spectrum measurement and mass spectrometry
measurement regarding the synthesized compounds. A relative
concentration of a sugar molecule on a tip as a ligand was obtained
by measuring a total reflection FT-IR (ATR-FT-IR). These were carried
out according to the following procedures.

[TH-NMR spectrum, mass spectrometry, ATR-FT-IR
measurement, reagents, and others]

For 'H-NMR spectrum measurement, JEOL-JNM-Lambda-500
NMR spectrometer, JEOL JNM-GSX400 NMR spectrometer, JEOL
EX-270 NMR spectrometer were used. Chemical shifts in CDCl3; are
expressed in 6-values in accordance with chemical shift of
tetramethylsilane as a reference substance. Chemical shifts in CD30OD
and DMSO-de are expressed in 6-values in accordance with chemical
shift of proton of a remaining solvent as a reference substance. Mass

spectrometry was measured by using Applied Biosystems, Mariner™.

For an ATR-FT-IR measurement, Shimadzu, IRPrestige-21 was used



NMR spectrometer, JEOL JNM-GSX400 NMR spectrometer, JEOL
EX-270 NMR spectrometer were used. Chemical shifts in CDC13 are
expressed in 6-values in accordance with chemical shift of
tetramethylsilane as a reference substance. Chemical shifts in CD30D
and DMSO-d6 are expressed in 6-values in accordance with chemical
shift of proton of a remaining solvent as a reference substance. Mass
spectrometry was measured by usin‘gs,éépplied Biosystems, MarinerTM.
For an ATR-FT-IR measurement, Shimadzu, IRPrestige-21 was used -33-
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chip for an SPR measurement. For a Medium-pressure column silica gel
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silsHicacee! ehinaieemryh pilica1964 681264 (Nercb3 8@ Mre ) Nwas used.
anhydrous dichloromethane was obtained by distillation in the air of

Fogittddon 1y 65ird LshigH HaFeR adrRatgREY% driig2agehtCRof gthér (Merck)

wiehgkatinusalMentdadqriedact Madertierh kartay &hepicdiied. bigd diasilation

. _purchased to use. For other reagent and. solvent, ig&-grade.products drvi
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agethyl] siber ¢Cosipelsttyt)rddhgy mb18ennmal) prskdBic3-Bi241 2520nh Kanto
er dis]srﬁl(xed in 50 ml of, anh r(%us dichlorometh ge, sutgected

cipme 4
}%Srﬁﬂoﬁ\gin Ot e yl’ dia28adttde s poﬁ’nduzg)?l. A, 1935 'miS tn(} an
sol@eand ttigh - giterdd for dQuitsitesat osealtemperature. To a reaction
solu(ilgﬂzszgt | of a se&ttgglated ague L\I? solution of ammonium chloride was

add Riraction with dichioromethane was performed, and the extract

was i@ vk laydanobgdrtue mpefitesii ahlsttfdeoTheodryidg 1agdrt wads ml, 80
ol e S 204 praCote LA DR gt A feige0 ™ of
anhasl porifed ldthéqngmptéggum preperigiveed  to d.ropping of ethyl
diazoacetate (Compound 2)(1.8 ml, 17.35 mmol) at O °C, and then
stirred for 70 minutes at room temperature. To a reaction solution,
20ml of a saturated aqueous solution of ammonium chloride was
added. Extraction with dichloromethane was performed, and the
extract was dried with an anhydrous magnesium sulfate. The drying
agent was filtered out from the dried residue to obtain a filtrate. The
filtrate was concentrated under reduced pressure to obtain a residue.
The residue was purified by medium-pressure preparative
chromatography (600 g, hexane: ethyl acetate=1:3) to obtain a
colorless liquid serving as Compound 3 (2.26g, yield of 47 %).

IH-NMR (400 MHz, CDCI3) measurement was conducted on
Compound 3 so obtained to find that 64.22 (2H, q, J = 7.0, 14.2 Hz,
CO2CH2), 4.14 (2H, s, OCH2CO), 3.75-3.62 (14H, m, CH2CH.0O x 3,
HOCH.CH>), 3.61 (2H, t, J = 4.4 Hz, HOCH>), 1.84 (1H, bs, OH), 1.28
(3H, t, J = 7.3 Hz, CH2CH3). An ESI-MS (positive) measurement was
conducted on Compound 3 to find that the m/z was 303.27[(M+Na)*].

This could examine a structure of Compound 3. It is to be noted that



chromatography (600 g, hexane: ethyl acetate=1:3) to obtain a colorless
liquid serving as Compound 3 (2.264, yield of 47 %). IH-NMR (400 MHz,
CDC13) measurement was conducted on Compound 3 so obtained to
find that 64.22 (2H, q, J = 7.0, 14.2 Hz, C02Q12), 4.14 (2H, s, OCH2CO),
3.75-3.62 (14H, in, Q12Q120 x 3, HOCH2CH?2), 3.61 (2H, t, J = 4.4 Hz,
HOCH2), 1.84 (IH, bs, OLD, 1.28 (3H, t, J = 7.3 Hz, CH2CH3). An
ESI-MS (positive) measurement was Fbnducted on Compound 3 to find
that the m/z was 303.27[(M+Na)+]. This could examine a structure of

a mekssetad 3nass wivdsoterarausd 3 ivlccalBriRis2 8PHe -

Compyusdh 3 iseGil? B2 ¢288dRd(2) Synthesis of Compound 4 The
ethyl compound 3 (2.15 g, 7.66 mmol) and DMAP (41.7 mg, 337 mmol
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333ubiesied tq/drepaiRg ofvr goluiehin whish Hytoldenrepianate chferidenixture
%.7_5 g, 9.19mmol) was dissolved in 8 ml .of anhydrous dichloromethane
SO
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dickducednprtdssure foambtath e resikterd heotedithie. WAk puifgginby phase was
mediym-pressure preparative chromatography (100 g, chlgroform: .
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the dried residue to obtain a filtrate. The filtrate was concentrated
under reduced pressure to obtain a residue. The residue was purified
by medium-pressure preparative chromatography (100 g, chloroform:
acetone=4:1) to obtain a yellow liquid serving as Compound 4 (2.59 g,
yield of 78 %).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 4 so obtained to find that 67.80 (2H, d, J = 8.4 Hz,
aromatic), 7.35 (2H, d, J = 8.4 Hz, aromatic), 4.21 (2H, q, CO2CHoy),
4.16 (2H, t, J = 4.8 Hz,TsOCH2), 4.14 (2H, s, OCH2CO), 3.76-3.59
(14H, m, CH.CH20 x 3, TsOCH2CH>), 2.45 (3H, s, CHsAr), 1.28 (3H, t,
J = 7.0 Hz, CH2CH3z). An ESI-MS (positive) measurement was
conducted on Compound 4 to find that the m/z was 457.16[(M+Na)*].
This could examine a structure of Compound 4. It is to be noted that
a molecular mass of the Compound 4 is C19H3009S: 434.16.

(3) Synthesis of Compound 5

The tosyl compound 4 (1.01 g, 2.31 mmol) and sodium azide
(1.53 g, 2.31 mmol) were dissolved in 50 ml of anhydrous

dimethylformamide and stirred in a shade for 10 hours under



4.16 (2H, t, J = 4.8 Hz,TSOCH?2), 4.14 (2H, s, OCH2CO), 3.76-3.59 (14H,
in, CH2CH20 x 3, TsSOCH2CH?2), 2.45 (3H, s, CH3Ar), 1.28 (3H,t, J=7.0
Hz, CH2CH3). An ESI-MS (positive) measurement was conducted on
Compound 4 to find that the m/z was 457.16[(M+Na)+]. This could
examine a structure of Compound 4. It is to be noted that a molecular
mass of the Compound 4 is C19H3009S: 434.16. (3) Synthesis of
Compound 5 The tosyl compound 4‘(5??.%1 g, 2.31 mmol) and sodium azide
(1.53 g, 2.31 mmol) were dissolved in 50 ml of anhydrous
NigiREIRY HoRRSRRR &rditstHéd ifr a RaEg8110 ﬁi{ﬁ%ﬂﬂ@? gxtracted from
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reaction solution with chloroform, and washed once each by water and a

anghyRatéd SATRECSbItRINEnSATBE MRth aAhhytiisss Whdhesiimanhydrous
maphiigiuie siyfagagenavasitaresdut fram dheddedd residug §noRin dried

a filtrate. The filtrate was_concentrated under reduced pressure to obtain

regifiifuul? TARIREILR WiTRffied By idHiahf prEasurE PrEsARkEd under
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serving as Compound 5 (638 mg, yield of 90%). IH-NM 00 MHz
i G SR GRS SO A RIHEBENY & Lb hbincihiproform:
actindrieatt4 Peo(Atgid a FSlday GQRAGHAedvihd2d €GP RAGRPELY 638 mg,
. 31%5}1580 2H, in, OCH2Cjj20), 3.69 (2H, in, N3CH2CH2), 3.39 (2H, t, J
YIEE 247 K3CH2), 1.29 (3H, t, J = 7.3 Hz, CO2CH2CH3). An ESI-MS
(posiivell Meas(HODedhas coDdligledmeaSompauantt 5 toafindcibmtitheted on

m/z was 328.14[(M+Na)+]. Thjs cquld examjn C of Compou
CtpHiRGeE ol bhied o A IR 58 S I S TP s e,
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J = 7.3 Hz, CO2CH2CH3). An ESI-MS (positive) measurement was
conducted on Compound 5 to find that the m/z was 328.14[(M+Na)*].
This could examine a structure of Compound 5. It is to be noted that
a molecular mass of the Compound S is C12H23N306: 305.16.

(4) Synthesis of Compound 6

The above azide compound 5 (614 mg, 2.01 mmol) was dissolved
in 24ml of methanol. 4.3 ml of 1IN NaOH was added to the mixture at
O °C in a shade. Thereafter, the mixture was stirred for 21 hours at
room temperature. The reaction solution was concentrated under
reduced pressure to obtain a residue. After chloroform was added to
the residue, 1N HCl was added to the residue until the pH of the
residue becomes 2. Then, an organic phase was extracted with
chloroform. The organic phase was washed once by a saturated saline
solution, and dried with an anhydrous magnesium sulfate. The drying
agent was filtered out from the dried residue to obtain a filtrate. The
filtrate was concentrated under reduced pressure to obtain a colorless
liquid serving as Compound 6 (549 mg, yield of 90%).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on



0 'C in a shade. Thereafter, the mixture was stirred for 21 hours at room
temperature. The reaction solution was concentrated under reduced
pressure to obtain a residue. After chloroform was added to the residue,
IN HCI was added to the residue until the pH of the residue becomes 2.
Then, an organic phase was extracted with chloroform. The organic
phase was washed once by a saturated saline solution, and dried with an
anhydrous magnesium sulfate. The‘d%@hg agent was filtered out from the
dried residue to obtain a filtrate. The filtrate was concentrated under
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(posmvi measurement was conducted on Compound 6 to find that the

WaR/P 4 AR N BESTRALGUFBRBHRR LA HAE DOE SnfsB R nd 6-
It Gis Ittis tybe ﬂ@t%dithﬁi@tm@eﬁlﬂdﬂemﬂ%ﬁ@frﬁ&@oﬁﬂ)m @ismpound 6 is

C Cf'%H'ﬁN 06; %qdité (5) Synthesis of Compound 7 Iminodiacetate (10.0
1§, 78.13 Fho% and BF3'OEt2 (22 ml, 173 mmol) were dissolved in
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added to an aqueous phase until the pH thereof becomes 9, and
extraction with chloroform was performed again. The extract was
dried with an anhydrous sodium sulfate as a drying agent. Thereafter,
the drying agent was filtered out from the dried residue to obtain a
filtrate. The filtrate was concentrated under reduced pressure to
obtain a yellow oily object serving as Compound 7 (9.61 g, yield of
79 %).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 7 so obtained to find that 63.74 (6H, s, OMe), 3.48 (4H, s,
CH2N), 2.00 (1H, s, NH). An ESI-MS (positive) measurement was
conducted on Compound 7 to find that the m/z was 162.1[(M+H)*].
This could examine a structure of Compound 7. It is to be noted that
a molecular mass of the Compound 7 is CeH11NO2: 161.07.

(6) Synthesis of Compound 8

The Compound 6 (0.35 g, 1.26 mmol), EDC-HCI (0.27 g, 1.39
mmol), and HOBt (0.19 g, 1.39 mmol) were dissolved in 2 ml of
anhydrous dichloromethane. The mixture was stirred for 80 minutes

at 0 °C in a shade under argon atmosphere. Thereafter, a solution



79 %). 1H-NMR (400 MHz, CDC13) measurement was conducted on

Compound 7 so obtained to find that 63.74 (6H, s, OMe), 3.48 (4H, s,

CH2N), 2.00 (IH, s, NH). An ESI-MS (positive) measurement was

conducted on Compound 7 to find that the m/z was 162.1[(M+H)+]. This

could examine a structure of Compound 7. It is to be noted that a

molecular mass of the Compound 7 is C6H,,NO2: 161.07. (6) Synthesis of

Compound 8 The Compound 6 (0.35 5,71‘.26 mmol), EDC-HCI (0.27 g,

1.39 mmol), and HOBLt (0.19 g, 1.39 mmol) were dissolved in 2 ml of
inghkrgusfciicrarremase. MhetRixBirdvd3 dtrealiofspspiratbdt ml of

anfky B fsHade LANSF HIhamosphera s Thergafien saldtioRisdlre, and the
including the Compound 7(1.42 g, 6.83 mmol) dissolved in | ml of
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extracted with chloroform from the reaction solution. The organic phase
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sodium sulfate as.a drying agent. Then, the drying agent was filtered out
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Compound 8 so obtained to find that 64.23, 4.11 (4H, s, s, CONCHo,),
4.18 (2H, s, OCH-CON), 3.69, 3.66 (4H, s, s, CO2CHz3), 3.69-3.56 (12H,
m, OCH2CH20), 3.61 (2H, t, J = 5.1 Hz, N3CH2CH»), 3.32 (3H, t, J =
5.0 Hz, N3CH»). An ESI-MS (positive) measurement was conducted on
Compound 8 to find that the m/z was 443.17[(M+Na)+]. This could
examine a structure of Compound 8. It is to be noted that a molecular
mass of the Compound 8 is C16H28N409: 420.19.
(7) Synthesis of Compound 9
The Compound 8 (398 mg, 947 umol) was dissolved in methanol
(5 ml), mixed with 2N NaOH (2.1 ml), and stirred for 2.5 hours at O °C.
Thereafter, the mixture solution was mixed with Dowex 50WX-8
(H*form) until the pH becomes 2 for neutralization. The Dowex
SO0WX-8 was filtered out and separated from the neutralized solution
to obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue obtained by concentration
under reduced pressure was mixed with water, and an insoluble
object is filtered out and separated from the residue. The filtrate was

concentrated under reduced pressure and freeze-dried to obtain a



examine a structure of Compound 8. It is to be noted that a molecular
mass of the Compound 8 is C16H28N409: 420.19. (7) Synthesis of
Compound 9 The Compound 8 (398 mg, 947 pmol) was dissolved in
methanol (5 ml), mixed with 2N NaOH (2.1 ml), and stirred for 2.5 hours
at 0 'C. Thereafter, the mixture solution was mixed with Dowex 50WX-8
(H+form) until the pH becomes 2 for neutralization. The Dowex 50WX-8
was filtered out and separated from terieutralized solution to obtain a
filtrate. The filtrate was concentrated under reduced pressure to obtain a
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separated from the residue. The filtrate was concentrated under reduced
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measurement was conducted on Compound 9 so obtained to find that
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notedtlh t a molecular SS ttlg%% ou %iﬁg14H24N409: 392.15.

MASS Shtfisis PEIHESING TN BGE Airobéngoic acid derivative (3.33
g, 148) @mothaxds O Bioih 8 gnt¥d BOmmol) were suspended in

th%’f%sc décl#‘l'f’r{‘é ﬁ}lhz"%%rl% (g%f?')aset{f{\?éjé%’él " tgs a}f%S 429851 and
gon atmosphere. e stirred solution was mixed wi 5olution
H(iﬂﬁludit(l(l}.%bCfgCI (2.87, ]ﬁlﬁ_lnilhol)ﬂﬁs'sol_vedl'ﬁrpami@dﬂpusin an_hydrous
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atgvesphhre. The stirred solution was mixed with a solution including
EDC-HCI (2.87 g, 15.0 mmol) dissolved in anhydrous dichloromethane
(30 ml) and stirred for 50 minutes. The mixture solution was mixed
with diethylene triamine (0.79 ml, 7.00 mmol), and stirred overnight
at room temperature in a shade to obtain a white crystal. The white
crystal filtered out and obtained was recrystalized from methanol to
obtain a white crystal serving as Compound 10 (3.53 g, yield of
92.9 %).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 10 so obtained to find that 67.77-7.74 (4H, d, J = 8.67 Hz,
aromatic), 7.50-7.48(4H, d, J =8.57 Hz, aromatic), 3.70-3.66 (4H, m,
J =5.19 Hz CONHCH>), 3.34-3.28 (4H, m, J = 5.61 Hz CH>CH>ONH),
1.53 (18H, s, CH3). An ESI-MS (positive) measurement was conducted
on Compound 10 to find that the m/z was 542.4[(M+H)*]. This could
examine a structure of Compound 10. It is to be noted that a
molecular mass of the Compound 10 is C2gH39N506: 541.29.

(9) Synthesis of Compound 11

The Compound 9 (333 mg, 847 umol), diisopropylethylamine



at room temperature in a shade to obtain a white crystal. The white

crystal filtered out and obtained was recrystalized from methanol to obtain
a white crystal serving as Compound 10 (3.53 g, yield of 92.9 %).
1H-NMR (400 MHz, CDC13) measurement was conducted on Compound
10 so obtained to find that 67.77-7.74 (4H, d, J = 8.67 Hz, aromatic),
7.50-7.48(4H, d, J =8.57 Hz, aromatic), 3.70-3.66 (4H, in, J =5.19 Hz
CONHCH2), 3.34-3.28 (4H, in, J = 5.6FHz CH2CH20ONH), 1.53 (18H, s,
CHB3). An ESI-MS (positive) measurement was conducted on Compound
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concentrated under ;edﬁced pressure to obtain a r%sidue. The residue
was purified by preparative silica gel chromatography (80 g,
chloroform: methanol=10:1) to obtain a white solid serving as
Compound 11 (125 mg, yield of 59%).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 11 so obtained to find that 68.18 (1H, bs, NHCOPh), 7.86
(2H, d, J = 8.4 Hz, aromatic), 7.80 (1H, bs, PhNHCO), 7.75-7.68 (8H,
m, NHCOPh, aromatic, PhNHCO), 7.54 (1H, bs, PhNHCO), 7.48 (2H, d,
J = 8.4 Hz, NHCOPh, aromatic), 7.42 (SH, m, aromatic, NHCOPh),
7.34 (2H, d, J = 8.8 Hz, aromatic), 7.28 (1H, bs, PhNHCO), 3.84 (4H,
bs, CONCH>), 3.62-3.48 (20H, m, OCH2CH.0, NCH>2CH2>NH), 3.56 (2H,
t, J = 5.1 Hz, N3CH2CH2), 3.43 (2H, bs, OCH>CON), 3.35-3.30 (4H, m,
NCH.CH2NH), 3.26 (2H, t, J = 5.1 Hz, N3CH»), 3.13, 2.98 (4H, bs, bs,
NCH.CH,NH), 1.52, 1.50, 1.49 (36H, s, s, s, t-butyl). An ESI-MS
(positive) measurement was conducted on Compound 11 to find that
the m/z was 1461.72[(M+Na)*]. This could examine a structure of

Compound 11. It is to be noted that a molecular mass of the

Compound 11 is C70HogN14019: 1438.71.



Compound 11 (125 mg, yield of 59%). 1H-NMR (400 MHz, CDC13)
measurement was conducted on Compound I | so obtained to find that
68.18 (IH, bs, NHCOPh), 7.86 (2H, d, J = 8.4 Hz, aromatic), 7.80 (IH, bs,
PhNHCO), 7.75-7.68 (8H, in, NHCOPh, aromatic, PhNHCO), 7.54 (IH,
bs, PhANHCO), 7.48 (2H, d, J = 8.4 Hz, NHCOPh, aromatic), 7.42 (5H, in,
aromatic, NHCOPh), 7.34 (2H, d, J = 8.8 Hz, aromatic), 7.28 (IH, bs,
PhNHCO), 3.84 (4H, bs, CONQ12); 482-3.48 (20H, in, OCH2CHZ20,
NCH2CH2NH), 3.56 (2H, t, J =5.1 Hz, N3CH2CH?2), 3.43 (2H, bs,
0Q12CDRyHRs 38O AP AP ML ER2NH), 3.26 (2H, t, J = 5.1 Hz,
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g, wid confeatitratechentenretluced prejstusedd alitaimawdsittiesolide serving as
residue w rilfé% by preparative _silica gel chromatography (10 g,
CogﬁlIBPc}félr(rir?i g‘ui cﬂ¥ «_%%Y:Pﬂ%’éiérg’ ‘white solid serving as
CompdtNVIR (B0 ¥eld GI39%). IHddbiR (A8 MHey BZDCb3)ducted on
COmeaSH;-?é%e{ Was sppducted on gn‘é“ﬁé{?%?fg?b%‘?gﬁ find thal yatic)
6787, , N, aromatic : 94{- , In, aromatic), 4.21, .10n(14l-ﬁrbs, ’
7.68, CONQ@L2p 1 8%a(@k), bk, 20CHICOME3.62,3044 QENGHOCREF2(AH, bs,
NH CHZNH),3.50 (2H, t, J = Hz H2NCH2
OO s LT ANABE ) 1o a8l HGHE an EThgHaNH
76 (2Ht, 3 = 5.1 HZ, H2NC 2), 1.50 (36H; 5, t-butyl), An ESI- GHe
NQ@pbsitleNH), 3.50 (2H, t, J = 5.1 Hz, HoNCH2CH»), 2.76 (2H, t, J =
5.1 Hz, HoNCH2CHy), 1.50 (36H, s, t-butyl). An ESI-MS (positive)
measurement was conducted on Compound 12 to find that the m/z
was 1413.74[(M+H)*]. It is to be noted that a molecular mass of the
Compound 12 is C70H100N12019: 1412.72.

The Compound 12 is an amine compound having a structure
represented by general formula (11) wherein n is 4, p! and p? are 1,
and m!, m2, m3, and m* are 2.

(11) Synthesis of Compound 14

The Compound 13 (thioctic acid) (3.4 mg, 16.6'mol), HOBt (1.6
mg, 16.6 pmol), and EDC-HCI (3.2 mg, 1.66 umol) were dissolved in
anhydrous dimethylformamide (2 ml) and stirred at O °C under argon
atmosphere in a shade. The mixture solution was mixed with a
solution including Compound 12 (23.5 mg, 16.6 umol) dissolved in
anhydrous dimethylformamide (2 ml) and stirred for 22 hours at room
temperature. The reaction solution was concentrated under reduced
pressure to obtain a residue. An organic phase was extracted with

dichloromethane from the residue. The organic phase was washed



measurement was conducted on Compound 12 to find that the m/z was

1413.74[(M+H)+]. It is to be noted that a molecular mass of the

Compound 12 is C70HiooNI2019: 1412.72. The Compound 12 is an

amine compound having a structure represented by general formula (11)

whereinnis 4, pland p2 are 1, and in', M2, M3, and M4 are 2. (11)

Synthesis of Compound 14 The Compound 13 (thioctic acid) (3.4 mg,

16.6-mol), HOBt (1.6 mg, 16.6 pmo1),4&n‘d EDC-HCI (3.2 mg, 1.66 pmol)
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rying agent. Subsequently, tée drying agent was filtered out from the .
iR EG e BURAN Mo, Thu AL cchobFiAeB UHdeFcrving as
Coetpisathdragsiestq ablgjnyaelesisiie 9PbR residue was purified by

preparat jlic I CM at (7 g, chloroform : methanol =.10 ;
1)t BB w Loh HErvicg A5 o BaoHt L FEa7 W' yBergficied on
CaamyuitdNIIR (GO0 btz ldC18) Hieakutbmend&ax0cor@ldfed4H, bs, bs,

n 0 ined t figdg; t 68.20, 8.00 (4H, bs % _WP
Nﬁ%@%ﬁ’ (di713é:88 Z, gronslatic), g]?- .728(]}%11%‘%1(80% a,a'roma{?c%?’ ™,
COR3NH, bardNHTORh),77.58-7(B6I(10+s, mMN foBlg, J2 8@ W46 (10H, m,

1200, & 51 1% (RNt iR, O
ar@%ﬁ% R A e ﬁ Lot 289 ¢hPRYH, cONHCHL,),
3.89 (4H, bs, CONCH2CO), 3.64-3.37 (26H, m, NCH>CH.NH,
NCH2.CHoNH, OCH»>CH>O, CONHCH,, CONHCH2CHy), 3.53 (1H, m,
SSCH), 3.48 (2H, m, NCH>CH:NH), 3.32 (4H, m, OCH:CON,
NCH2CH:NH), 3.18, 2.85 (4H, bs, bs, NCH>CH:;NH), 3.17-3.04 (2H, m,
CH>SSCH), 2.44-2.36 (1H, m, CH2CH.SS), 2.16 (2H, m,
CH>CH2CH>CONH), 1.89-1.81 (1H, m, CH2CH>SS), 1.69-1.56 (4H, m,
CH2CH>CH>2CONH, CH.CH>CH>CH>CONH), 1.51, 1.50 (36H, s, s,
t-butyl), 1.42-1.34 (2H, m, CH>2CH2CH2CONH). An ESI-MS (positive)
measurement was conducted on Compound 14 to find that the m/z
was 1601.81[(M+H)*]. This could examine a structure of Compound
14. It is to be noted that a molecular mass of the Compound 14 is
C78H112N12020S2: 1600.76.

(12) Synthesis of Linker Compound (Compound 15)

The Compound 14 (60.3 mg, 31.2 umol) was dissolved in
dichloromethane (1 ml), mixed with TFA (3 ml), and stirred for one
hour at 0 °C in a shade. Subsequently, the mixture solution was
concentrated under reduced pressure to obtain a residue. The residue

was dissolved in methanol, and the mixture solution was poured into



NCH2CH2NH, OCH2CH20, CONHCH2, CONHCH2CH?2), 3.53 (IH, m,
SSCjD, 3.48 (2H, m, NCH2CH2NH), 3.32 (4H, m, OCH2CON,
NCH2CH2NH), 3.18, 2.85 (4H, bs, bs, NCH2CH2NH), 3.17-3.04 (2H, m,
Cjj2SSCH), 2.44-2.36 (IH, m, CH2CH2SS), 2.16 (2H, m,
CH2CH2Cjj2CONH), 1.89-1.81 (IH, m, Cjj2CH2SS), 1.69-1.56 (4H, m,
CH2Cjj2CH2CONH, Cjj2CH2CH2CH2CONH), 1.51,1.50 (36 H, s, 5,
t-butyl), 1.42-1.34 (2H, m, CH2CH2Cﬁ1gCONH). An ESI-MS (positive)
measurement was conducted on Compound 14 to find that the m/z was

a ¢ghams(M+P)¢mTHistotld Stininadrgueerecs danpbhaa v (R tdorm)

filRRINARG dhat @ MRlesyBiNass of e, GABWOIRE 14 {fate was concentrated
C78H112N12020S2:1600.76. (12) Synthesis of Linker Compound
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1 5d{ghloromethanadl 61)o mixpd with TFA (3 ml), and stirred for one hour at
0 'Cin a shade, Subseauentl the mixture solution was concentrated

under TN (R0 Ve, oRMIF @ 78sla MR FRE TR WRASIRRBRESRd on
Conghaned and theomixbigi seldtiaid Wis gouedtin®s-4 a USINHED cim, m,

wPAEACD AR RACRE AP L o) Hed e acay, o,
ddto. bbtain, vihBerdo)ic sendingi@ls GoripaUsd (SHS In2 Mg yield.aM9140).1 (4H,
« SR, VSO P R g it
N TEBRIEHNGT, CONHoERM), N33 (8K Iy @Hraptic; 6SH(BH,,ddCONHEH-CHo,
SSCOIcH2Eb) /8 o U O Hg s GHTE T 2.42-2.2 (1,
m NCHRCHRISIS) NCHRCHRZNH 0 C 220 (CONKOHD), CORHAHZ8HZ,H, m,
e Ez59), 2101 12 1, CHaCBEr 20N, 187.1 (el 2CONH,
CHACICICISSY Ho CONED (4H  3H-CH28HEZIH20ONHCH2CH2CH2CONH).  An
ESI-MS (positive) measurement was conducted on Compound 15 to
find that the m/z was 623.27[(M+2Na)2*]. It is to be noted that a
molecular mass of the Compound 15 is CsgsHgoN12012S2: 1200.55.

The Compound 15 is a linker compound having a structure
represented by general formula (2) where n is 4, X is represented by
general formula (3), wherein p! and p2? are 1, and m!, m?2, m3, and m*
are 2.

[Example 2: Synthesis of Ligand conjugate (Compound 17)]

Using the linker compound 15 obtained in Example 1, a ligand
conjugate having an oligosaccharide-derived structure represented by
general formula (5) where n is 4, p! and p? are 1, m!, m?2, m3, and m*
are 2, R' is hydrogen (H), and R is represented by general formula (12)
was synthesized according to the following procedure. Fig. 2
illustrates a chemical reaction formula of the synthesis.

As shown in Fig. 2, reductive amination reaction was performed
using the linker compound 15 obtained in Example 1, and the

compound 16 (7 equivalents) which is a sugar molecule represented



CH2CH2CH2CH2CONH), 1.34-1.28 (2H, m, CH2CH2CH2CONH). An
ESI-MS (positive) measurement was conducted on Compound 15 to find
that the m/z was 623.27[(M+2Na)2+]. It is to be noted that a molecular
mass of the Compound 15 is C58H80N12012S2: 1200.55. The
Compound 15 is a linker compound having a structure represented by
general formula (2) where n is 4, X is represented by general formula (3),
wherein pl and p2 are 1, and ml, mZ, m3,”and m4 are 2. [Example 2:

Synthesis of Ligand conjugate (Compound 17)] Usingéthe linker
bycgaipitidfesBbtanddin B%HRAHBIS, LRfRrPessubatahdgindaqn example
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reduced pressure to obtain a residue. The residue was desalinated by

using Sephadex G-25 (1.6 cm ® x 40 cm, water). A target fraction
obtained by the desalination was concentrated under reduced
pressure, dissolved in water, and freeze-dried to obtain a white
powder serving as Compound 17 (1.7 mg, yield of 22%).

IH-NMR (400 MHz, D>0) measurement was conducted on
Compound 17 so obtained according to a method described in
Example 1 to find that 67.65-7.58 (8H, m, aromatic), 6.78-6.67 (8H,
m, aromatic), 5.37 (4H, bs, H-1"), 5.13 (4H, bs, J = 2.5 Hz), 4.52 (4H,
bs, H-5’), 4.29 (10H, m, H-6a”, H-3’, CONCH2CO), 4.19 (10H, m,
H-6b”, H-2°, CONCH.CO), 4.05 (3H, m, H-4’), 3.99-3.92 (14H, m, H-2,
H-6a, H-5”, OCH-CON), 3.87 (8H, m, H-5, NCH>CH2NH), 3.83 (8H, m,
H-3, NCH>CH.NH), 3.77-3.70 (8H, m, H-4, NCH>CH2NH), 3.71 (4H, t,
J =9.9 Hz, H-37), 3.64-3.50 (25H, m, H-6b, NCH>-CH2NH, OCH2CH-O,
CONHCH,, CONHCH>CH>, SSCH), 3.54 (3H, s, OCHs), 3.45-3.19 (14H,
m, H-1a, H-1b, NCH>CH>NH, CH>SS), 3.34 (4H, t, J = 9.6 Hz, H-4"),
3.24 (4H, dd, J = 3.4, 10.5 Hz, H-2"), 2.35-2.28 (1H, m, CH2CH,SS),
2.27 (2H, bt, CH2CH>CONHCH3j), 1.89-1.84 (1H, m, CH>CH.SS),



target fraction obtained by the purification was concentrated under
reduced pressure to obtain a residue. The residue was desalinated by
using Sephadex G-25 (1.6 cm (D x 40 cm, water). A target fraction
obtained by the desalination was concentrated under reduced pressure,
dissolved in water, and freeze-dried to obtain a white powder serving as
Compound 17 (1.7 mg, yield of 22%). IH-NMR (400 MHz, D20)
measurement was conducted on Co ﬁio‘und 17 so obtained according to
a method described in Example | to find that 67.65-7.58 (8H, in,
1. aforhei®), 6.1878:67 (8R; in, &BetBCONIH, bsl 1371518 4HAE; 3 m,
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Exverifidatior? of iatedactibavigtgeena sughdgohaipcharide-derived  structure
represented by general formula (5) where n is 4, p! and p2? are 1, m!,
m2, m3, and m* are 2, R' is hydrogen (H), and R is represented by
general formula (6-3) (This ligand conjugate is hereinafter referred to
as '"Tetra-GlcNS6S-IdoA2S-Glc"), an intermolecular interaction
between Tetra-GIcNS6S-1doA2S-Glc and a protein was verified.

In the present Example, for the purpose of comparison, similar
experiments were conducted on another two ligand conjugates that
the inventors of the present application found before, and
comparative study on their interactions was conducted. One of the
two ligand conjugates, more specifically, is the ligand conjugate
described in Patent document 1 and represented by general formula
(13). Hereinafter, this ligand conjugate 1is referred to as

"Mono-GlcNS6S-IdoA2S-Glc".

0SO3Na N s @—Nuoc
OH H OH s
MeO O HO
H

NHSO3Na  OSO;Na o

cee2(13)



serving as ligand and a protein] In the present Example, using a ligand
conjugate obtained in Example 2 and having an oligo saccharide -derived
structure represented by general formula (5) where n is 4, pl and p2 are
1,in', M2, M3, and M4 are 2, R' is hydrogen (H), and R is represented by
general formula (6-3) (This ligand conjugate is hereinafter referred to as
"Tetra- GIcN S6 S-ldoA2 S- Glc "), an intermolecular interaction between
Tetra- GICNS6S-IdoA2 S-Glc and a‘pﬂﬁe‘ln was verified. In the present
Example, for the purpose of comparison, similar experiments were
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Japanese Unexamined Patent Publication No. 157108/2004 was not
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[Example 3-1: Confirmation of Specific Interaction]

First of all, in Example 3-1, an inhibition experiment was
conducted to confirm a specific interaction between (i) a chip
including a disaccharide unit (GIlcNS6S-IdoA2S) represented by
general formula (8) immobilized thereon and (ii) a heparin-binding
protein. That is, in the presence of an inhibitor which inhibits a
binding between the heparin-binding protein and the GIcNS6S-IdoA2S
structure, whether a binding of the heparin-binding protein to the
chip was inhibited was studied.

The present experiment used heparin (derived from small
intestine of a pig, Mw = 17600) serving as an inhibitor and bFGF
serving as a heparin-binding protein. The bFGF, which is also termed
as FGF-2, is known to facilitate wound healing by working on
vascular endothelial cells and fibroblasts for its vascularization and
granulation promotion. In vivo, bFGF interacts with heparan sulfate
which is a heparin-like substance on a cell surface, and expresses its

biological activity. It has been reported that a minimum binding
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OH 0 4:H NHSO3Na OS03Na OH (14) [Example 3- 1: Confirmation of

Specific Interaction] First of all, in Example 3-1, an inhibition experiment

was conducted to confirm a specific interaction between (i) a chip

including a disaccharide unit (GICNS6S-IdoA2S) represented by general

formula (8) immobilized thereon and (ii) a heparin-binding protein. That is,
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The above structure does not contain a structure having
sulfation at 6 position of glucosamine residues. However, it has been
confirmed that an indefinite number of sulfations at 6 of glucosamine
residues are not necessary for association between the IdoA2S-GIcNS
structure and DbFGF in heparan sulfate, but are necessary for
formation of active site. Therefore, bFGF was selected as a protein for
observing an interaction with the GIcNS6S-IdoA2S structure.

Next, an experiment for inhibition of bFGF binding was
conducted in the presence of haparin by using chips respectively
including the foregoing Mono-GlcNS6S-IdoA2S-Glc,
Tri-GlcNS6S-1doA2S-Glc, and Tetra-GlcNS6S-I1doA2S-Glc immobilized
thereon. That is, 200nM of bFGF solution was mixed with each of
heparins in different concentrations, i.e. concentrations of 3, 10, 100,
300, and 1000 nM, and mixture solutions were injected into chips.

Fig. 3 illustrates binding behaviors of bFGF to a chip including
Mono-GlcNS6S-IdoA2S-Glc immobilized thereon. From Fig. 3, it was
confirmed that bFGF binding to the chip including
Mono-GlcNS6S-IdoA2S-Glc immobilized thereon decreases with

2
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0 0 OS03Na NH503Na OSOaNa NHS03Na OS03Na The above structure
does not contain a structure having sulfation at 6 position of glucosamine
residues. However, it has been confirmed that an indefinite number of
sulfations at 6 of glucosamine residues are not necessary for association
between the 1doA2S-GIcNS structure and bFGF in heparan sulfate, but

are necessary for formation of activetite. Therefore, bFGF was selected

as a protein for observing an interaction with the GICNS6S-IdoA2S
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In a graph illustrated in Fig. 4, a point having 50 % of inhibition
rate of bFGF binding to the chip was defined as ICso. As a result, the
chip including Mono-GIcNS6S-I1doA2S-Glc immobilized thereon had
ICso = 2.5 nM, the chip including Tri-GlcNS6S-IdoA2S-Glc
immobilized thereon had ICso = 94 nM, and the chip including
Tetra-GlcNS6S-IdoA2S-Glc immobilized thereon had ICso = 71 nM.
This confirmed that the chip including Mono-GIcNS6S-IdoA2S-Glc
immobilized thereon was one order lower in ICso value than the other
two chips and was strongly influenced by inhibition effect of heparin.
From the fact that all inhibition rates obtained by using the above
chips changed with dependence upon a concentration of haparin, we
can come to a conclusion that these chips specifically recognize bFGF
which is a heparin-binding protein.

[Example 3-2: Study on Relative Density of Sugar Chain on
Chip Surface]

First of all, Tri-GlcNS6S-1doA2S-Glc or
Tetra-GlcNS6S-IdoA2S-Glc and a linker compound including bound
molecules having no sugar chains (non-sugar chain-linker binding
compound, hereinafter referred to as Mono-Glc) were mixed into a

solution to immobilize them onto the chip. Then, change in density of



experiment, inhibition rates of bFGF binding to the chips were calculated.
The result of the calculation is shown in Fig. 4. It is to be noted that the
inhibition rate is a percentage of a maximum angle change amount in the
presence of haparin in a different concentration to a maximum angle
change amount in the absence of heparin. In a graph illustrated in Fig. 4,
a point having 50 % of inhibition rate of bFGF binding to the chip was
defined as IC50. As a result, the ch‘|p4'|ﬁc1uding
Mono-GIcNS6S-1doA2S-Glc immobilized thereon had IC50 = 2.5 nM, the
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group was observed in a wavenumber domain from 1200 to 1303 cm-!,
sulfuric acid was quantified according to a multivariate analysis
method by using an absorbance curve of this domain, and a relative
intensity of sulfuric acid group on a chip with respect to a percentage
of mixture of a ligand conjugate in a solution was plotted. A result of
plotting is shown in Figs. 6(a) and 6(b). Fig. 6(a) is a graph
illustrating a relative intensity of sulfuric acid group on a chip with
respect to a percentage of mixture of Tri-GlcNS6S-IdoA2S-Glc in a
solution. Fig. 6(b) is a graph illustrating a relative intensity of sulfuric
acid group on a chip with respect to a percentage of mixture of
Tetra-GlcNS6S-IdoA2S-Glc in a solution. Since correlation coefficients
of a first-order curve illustrated in Figs. 6(a) and 6(b) are 0.9993 and
0.9610, respectively, percentages of immobilization of a sulfated
disaccharide serving as a ligand (densities of sugar chains on a chip
surface) are in proportion to abundance ratio of a ligand conjugate to
a solution.

[Example 3-3: Study on Influence of a Relative Density of Sugar

Chains on Interaction with h-vWF]



Tri-GIcNS6S-1doA2S-Glc or Tetra- GICNS6 S-IdoA2 S- Glc in a solution
were as follows: 0.25%, 50%, 75%, and 100 %. The result is shown in
Figs. 5(a) and 5(b). Fig. 5(a) indicates total reflection spectra of
Tri-GIcNS6S-1doA2S-Glc obtained with changes in percentage of mixture
of Tri-GIcNS6S-IdoA2S-Glc in a solution. Fig. 5(b) indicates total
reflection spectra of Tetra- GICN S6S- IdoA2 S- Glc obtained with
changes in percentage of mixture of TEtra- GIcNS6S-1doA2 S-Glc in a
solution. Since stretching vibration of S=O derived from sulfuric acid

groul&s oSeray i Stedisdinisdhasnegn fbnh12sdabivgoslersity of a
suSEiftuie %ﬁiga‘@@ﬁgi"ﬁmif@gﬁ?ﬁ%rdﬂ?g to aplivagatearalypissteted on an

by using an absorbance curve of this domain, and a relative intensity of

INtGHRRFIE ARidGrdup T @Hipwithtedpdst FH pErcdhisga cSitmixitidlnr fuman
pldigang eriingateiw e geletiemwhe pledird rad e b OThPONIRY W sheMn iR zed.
Figs. 6(a{and 6(b). Fig. 6(a) is a graph illustrating a relative intensity of
SulfURiZ 2@ gFotih SRR MR 1EBAEECd ™ PEICRMaGtPSHHTktté bfnixture
rafﬁtlisﬁ_Icl\_lSﬁS-I_doA?eS-IGIc_ﬂmae%olutiQpp%ig- Gr(lpbiﬁ'a gragailgstratiogAajugates
elative i [ s ic_acid group,on th re t 10
(M i C U AR OF Fila: CIoNCES MR AT, Since 20
TetosraldidrsastiideadSoGad)rstardeNdoive-dhilstraied én HiQe.:6(axard 20:80.
6(b) are 0.9993 and 0.9610, respectivel entages of immaqbilization.
UGk e S acth S B0y 10 AN (RS e S  r dh Qe to
SRt archih cslirfabeyareaingaropedioretocdbuncasoeeatiordf aliganding to SPR
m %1%%?%?}@3 a a%Iutilg%ﬁ[gxample 3-3: Study on Influence of a Relative
ensity o INS O
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Electronics Co., Ltd.) prepared by depositing chromium of 2 nm thick
as a contact layer on a glass substrate of 13 mm X 20 mm x 0.7 mm
and further depositing a gold thin film of 50 nm thick on the contact
layer. The sensor chip was placed in a UV ozone cleaner (product
name: NL-UV253, Japan Laser Electronics Co., Ltd.) and was exposed
to ultraviolet rays for 30 minutes so as to wash the surface of the
sensor chip with ozone.

Next, after the sensor chip was placed in a dedicated PTFE cell
(Japan Laser Electronics Co., Ltd.), the six types of chips were
dissolved in a mixture solution (0.1 mM) with a mixture of methanol
and water in a 1:1 ratio (methanol solution for a mixture of
Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc). 50 ul of the solution was
taken into the PTFE cell, and sealed with a Parafilm. The PTFE cell
having the chip therein was gently shaken overnight at room
temperature on a Bio Dancer (New Brunswick Scientific Co., Ltd.).

The chip was washed with methanol six times, washed with
water once. Subsequently, the chip was washed with methanol once

and washed with water. The chip was air-dried and then mounted on



plasma-derived VWF (hereinafter referred to as h-vWF) was analyzed. Six
types of chips were prepared in such a manner that mixture ratios of the
three types of ligand conjugates (Mono-GICNS6S-1doA2S-Glc,
Tri-GIcNS6S-1doA2S-Glc, and Tetra- GICNS6 S-ldoA2 S- Glc) and
Mono-Glc were 100:0 and 20:80. Using the chips, interaction with h-vWF
was observed according to SPR method. Here, a procedure of
measurement according to SPR meétR&d-will be described. For the
measurement, SPR670 (Japan Laser Electronics Co., Ltd.) was used. A
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and 160 nM,ybindinggintera.ction was ’observed, and a state of h-vWF
immobilized onto the chip was monitored. In this case, a dissociation
agent for completely dissociating h-vWF from the chip without
denaturation of sulfated disaccharide serving as a ligand was not
found. Therefore, a dissociation constant (Kp) was calculated from the
amount of h-vWF binding on the chip. As the amount of h-vWF
binding used was a difference in amount of h-vWF binding between a
state where the ligand conjugate was immobilized as a base and a
state where a curve of a sensor gram of h-vWF injected with each
different concentration became substantially level.

Figs. 7(a) through 7(c) illustrate measurements of binding
interactions obtained with mixture of any of the three types of ligand
conjugates (Mono-GIcNS6S-1doA2S-Glc, Tri-GlcNS6S-IdoA2S-Glc, and
Tetra-GlcNS6S-IdoA2S-Glc) and Mono-Glc in a 100:0 ratio. Fig. 7(a)
illustrates measurement of binding interaction obtained with
Mono-GlcNS6S-I1doA2S-Glc, Fig. 7(b) illustrates measurement of
binding interaction obtained with Tri-GlcNS6S-IdoA2S-Glc, and Fig.

7(c) illustrates measurement of binding interaction obtained with



irradiated onto the gold film. A surface plasmon resonant angle change
then observed was monitored. A phosphate buffer solution (PBS) at PH
7.4 was used as the running buffer. Also, all SPR measurements were
conducted at a constant temperature of 25 'C. In the measurements, a
used bFGF was bFGF made from STRATHMANN BIOTEC AG
(Recombiant Human FGF-basic, MW;_17000, Lot No.; 471120), and a
used h-vWF was h-vWF made from™ BIOCHEM (von Willebrand
Factor, Human Plasma, MW; 270000 (on a Monomer Unit basis), Lot No.;
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obBERhRHORIN BRSNS 6S-1d0A2S-Glc. Also, Figs. 9(a) through 9(c)
indicate calculation results of dissociation constants (Kp) from curves
of the plots.

As illustrated in Fig. 9(a), for the chips including a sulfated
disaccharide serving as a ligand immobilized with
Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc in a 100:0 ratio and the
chips including a sulfated disaccharide serving as a ligand
immobilized with Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc in a 20:80
ratio, dissociation constants were Kp = 35 nM and 41 nM, respectively.
As illustrated in Fig. 9(b), for the chips including a sulfated
disaccharide serving as a ligand immobilized with
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc in a 100:0 ratio and the chips
including a sulfated disaccharide serving as a ligand immobilized with
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc in a 20:80 ratio, dissociation
constants were Kp = 27 nM and 24 nM, respectively. Further, for the

chips including a sulfated disaccharide serving as a ligand

immobilized with Tetra-GlcNS6S-IdoA2S-Glcto and Mono-Glc in a



measurements of binding interactions obtained with mixture of any of the

three types of ligand conjugates (Mono - GIcN S6 S-ldoA2 S- Glc,

Tri-GIcNS6S-1doA2S-Glc, and Tetra- GIcN S6S-IdoA2 S- Glc) and

Mono-Gilc in a 20:80 ratio. Fig. 8(a) illustrates measurement of binding

interaction obtained with Mono - GIcN S6S-IdoA2 S- Glc, Fig. 8(b)

illustrates measurement of binding interaction obtained with

Tri-GIcNS6S-1doA2S-Glc, and Fig. 8(5’)2ilrustrates measurement of

binding interaction obtained with Tetra- GIcN S6S- IdoA2 S- Glc. Figs.
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interval between sugar chains did not reflect a dissociation constant.

[Example 3-4: Study on Influence of a Relative Density of Sugar
Chains on Interaction with Protein]|

The following experiment was conducted, considering that using
an Escherichia-coli-derived recombinant human vWF partial protein
having only Al loop having one heparin binding domain (hereinafter
referred to as rhvWF-A1l), makes it possible to study on influence of
difference in interval between sugar chains upon interaction between
a sugar chain and sugar chain binding protein in interaction between
a sugar chain clustered on the chip and a protein in interaction
between sugar chains clustered on a chip and a protein. rhvWF-A1l
was prepared according to the document (A. Cruz, R. I. Handin & R. J.
Wise, J. Biol. Chem. Vol. 264, p.21238, in1933).

Chips wused in the experiment were (i) chips respectively
including combinations of any of the three ligand conjugates
(Mono-GIlcNS6S-1doA2S-Glc, Tri-GlcNS6S-1doA2S-Glc,
Tetra-GlcNS6S-IdoA2S-Glc) as ligand conjugates and Mono-Glc in a



100: 0 ratio and the chips including a sulfated disaccharide serving as a
ligand immobilized with Tetra- GICNS6S-1doA2 S-Glcto and Mono-Glc in
a 20:80 ratio, dissociation constants were KD = 32 nM and 35 nM,
respectively. From these results, it was found that in a case where h-vWF
was used as analight, changes in abundance of sugar chains serving as
a ligand on a chip had almost no influence on affinity. Further, even with
the use of a chip including a ligand Co?ﬁhgate having a different interval
between sugar chains immobilized thereon, difference in interval between
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of a plurality of haparin binding domains caused due to a multimer

Trigtilabie OP I Sifhlfeantly dedediel QR4 N Wltity, ahd  ligand

cotinsodiflesensel iV biRIvel befweeseusar ehaips ditbgotreflestdugh 12 show
dissociation constant. [Example 3-4: Study on Influence of a Relative

MRS Blghr SEAEnS brP it adiof it PRBiInP FhE t6foiny W F-A1 and
thexpehiipentwias calidfited t cansitastng had Hsing fary ksWBrighia-Plg.  10(a)
.., derived recombinant human yWF partial protein havin onIyAIA]O .
1S Shd bR AT g ot te (R PLHERCTAah b L5 R S, ohip
withakde t paSs NS ESildy ARnIntiienaa df Miffaw@eciniintaned Oedvestio. Fig.
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theophigates hn8mténelBsOR-ddoA2S-Glc and Mono-Glc in a 50:50 ratio.
Fig. 12(a) illustrates measurement of binding interaction obtained for
the chip with Tetra-GlcNS6S-IdoA2S-Glc and Mono-Glc in a 100:0
ratio. Fig. 12(b) illustrates measurement of binding interaction
obtained for the chip with Tetra-GlcNS6S-IdoA2S-Glc and Mono-Glc
in a 50:50 ratio.

Table 1 shows dissociation constants, binding constants,
binding velocity constants, and dissociation velocity constants
calculated from these results. In Table 1, dissociation constant is
represented by Kp (ka/ka), binding constant is represented by Ka
(ka/kq), binding velocity constant is represented by ki, and

dissociation velocity constant is represented by kq.



-53-100:0 ratio and (ii) chips respectively including combinations of any
of the three ligand conjugates (Mono - GIcN S6 S-1doA2 S- Glc,
Tri-GIcNS6S-1doA2S-Glc, Tetra- GIcN S6S- IdoA2 S- Glc) as ligand
conjugates and Mono-Glc in a 50:50 ratio. Figs. 10 through 12 show
measurement results of binding interaction between rhvWF-Al and the
chips with different concentrations of rhvWF-Al. Fig. 10(a) illustrates
measurement of binding interaction oBthined for the chip with Mono-
GIcNS6S-1doA2 S-Glc and Mono-Glc in a 100:0 ratio. Fig. 10(b)
ilustrhédzltnddsurement of binding interaction obtained for the chip with
Mono - GIcN S6S-IdoA2 S- Glc and Mono-Glc in a 50:50 ratio. Fig. |11 (a)
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p -Gle/Mono-Gle 50/50 1.00 | 9.96 5.24 5.26
As shown in Table 1, the chip including

Mono-GlcNS6S-IdoA2S-Glc immobilized had a larger dissociation
constant (Kp = 2.60 uM) than  the chip including
Tri-GIcNS6S-1doA2S-Glc immobilized and the chip including
Tetra-GlcNS6S-IdoA2S-Glc immobilized. A relative decrease in density
of sugar chains immobilized on the chip further increased a value of
the dissociation constant (Kp = 3.79 uM). On the other hand, in case
of the chip including Tri-GlcNS6S-IdoA2S-Glc immobilized, a relative
decrease in density of sugar chains immobilized on the chip increased
a value of the dissociation constant to some extent (Kp = 1.20 pM —
1.50 uM). In case of the chip including Tetra-GlcNS6S-IdoA2S-Glc
immobilized, change in density of sugar chains immobilized on the
chip brought about almost no change in value of the dissociation
constant (Kp = 0.99 uM — 1.00 uM).

Further, as shown in Table 1, it was confirmed that the chip
including Mono-GlcNS6S-IdoA2S-Glc immobilized had one order

higher dissociation velocity constant (kq) than the other two chips



X 103) 1 Mono-GIcNS6S-1doA2A 100/0 2.60 3.85 8.38 21.9 2

-Glc/Mono-Glc 50/50 3.79 2.64 14.6 55.2 3 Tri-GICNS6S-IdoA2A- 100/0

1.20 8.33 6.60 8.05 4 Glc/Mono-Glc 50/50 1.50 6.65 4.52 6.83 5

Tetra-GIcNS6S-1doA2A 100/0 0.99 10.1 6.50 6.44 6 -Glc/Mono-Glc 50/50

1.00 9.96 5.24 5.26 As shown in Table 1, the chip including

Mono-GIcNS6S-IdoA2S-Glc immobilized had a larger dissociation

constant (KD 2.60 pM) than the chip iﬁéluding Tri-GIcNS6S-1doA2S-Glc

immobilized and the chip including Tetra- GICNS6S-IdoA2 S-Glc
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sugar chains immobilized on the chips is decreased.

From the above results, it was established that in order to
increase binding forces in interaction between sugar chains of a
sulfated oligosaccharide and a sugar-chain-binding protein, a
structure in which sugar chains of a sulfated oligosaccharide having
the same ligand conjugate structure are two-dimensionally clustered
on a chip, as in the chip including Mono-GlcNS6S-IdoA2S-Glc
immobilized thereon, is not enough, and a clustering structure in
which an interval between sugar chains is controlled in molecular
level, Tri-GIcNS6S-IdoA2S-Glc and Tetra-GIcNS6S-IdoA2S-Glc, is
necessary.

[Example 4: Synthesis of Linker Compound (Compound 26) and
Ligand conjugate (Compound 27)]

One of the linker compounds according to the present invention,
i.,e. the linker compound (Compound 26) having a structure
represented by general formula (1) where ais 1, bis 4, dis 1, e is 4

and X is represented by general formula (4) wherein q!, g2, q3 are 2,

and rl, r2, r3, t1, t2, t3, ul, u?, and ud are 0, and the ligand conjugate



That is, in terms of interaction with rhvWF-AI, it was confirmed that the
chip including Mono-GIcNS6S-1doA2S-Glc immobilized thereon
decreases its binding force as a density of sugar chains immobilized on
the chip is decreased. On the other hand, in case of the chip including
Tri-GIcNS6S-1doA2S-Glc immobilized thereon and the chip including
Tetra- GIcNS6 S-ldoA2 S- Glc immobilized thereon, it was confirmed that
their binding forces change little as a é@n‘sity of sugar chains immobilized
on the cg(isg)s is decreased. From the above results, it was established that
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6-values in accordance with chemical shift of tetramethylsilane (0.00
ppm) as a reference substance. Chemical shifts in D>O are expressed
in 6-values in accordance with chemical shift of DHO (4.65 ppm) as a
reference substance. A mass spectrometry measurement was carried
out by wusing PerSeptive Biosystem Mariner™ Biospectrometry
Workstation. A medium-pressure silica gel chromatography was
carried out by wusing Silicagel 60 (Merck, 0.040-0.063 mm). A
thin-layer chromatography was carried out by using Precoated
Silicagel 60 F254 (Merck, 0.5 mm). All reagents and dehydrated
solvents were purchased from Kanto Chemical Co. Ltd.

(1) Synthesis of N3-TEG-Trivalent-(OtBU)3 (Compound 20) (see
Fig. 13)

O2N-Trivalent-(OtBu)s (Compound 18) (757 mg, 1.70 mmol) and
nickel chloride hexahydrate (NiCly'6H20) (80.8 mg, 0.340 mmol) were
dissolved in methanol (20 ml). To the solution, sodium borohydride
(322 mg, 8.50 mmol) was added with five-equivalent portions, and the
resulting mixture was stirred for 30 minutes at room temperature.

After Methanol was removed by concentration, water and chloroform



(Compound 26). Fig. 14 illustrates a process of synthesizing the ligand
conjugate (Compound 27) from the linker compound (Compound 26).
Reference numbers given to the compounds in the descriptions of
Example 4 correspond to reference numbers described in Figs. 13 and
14. [Measurement Method, Reagent, and Others] For IH-NMR spectrum
measurement, JOEL-Delta6OO Spectrometer was used. Chemical shifts
in CDC13 are expressed in 6-values R accordance with chemical shift of
tetrametrglsrlane (0.00 ppm) as a reference substance. Chemical shifts in
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organic phase was Washed W1th a saturated saline solution, and dried

with an anhydrous magnesium sulfate. Then, the drying agent was
filtered out from the dried residue to obtain a filtrate. The filtrate was
concentrated under reduced pressure to obtain a residue. The residue
was purified by silica gel column chromatography (50g,
chloroform:acetone = 50:1) to obtain N3-TEG-Trivalent-(OtBu)s
(Compound 20) as a colorless oily object. A yield thereof was 839 mg
(73%).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 20 so obtained to find that 63.90 (s, 2H,
-OCH,CONH-), 3.70-3.67 (m, 14H, -OCH>CH>O- x 3, N3CH2CH»0-),
3.39 (t, 2H, J = 4.8 Hz, N3CH2CH20-), 2.21-2.18 (m, 6H, -CH2CH>CO-
x 3), 2.00-1.96 (m, 6H, -CH>,CH2CO- x 3), 1.43 (s, 27H, -CH3 x 9). An
ESI-MS (positive) measurement was conducted to find that the m/z
was 697.45[(M+Na)*]. This could examine a structure of Compound 20.
It is to be noted that a molecular mass of the Compound 20 is
C32Hs8N4O11: 676.41.

(2) Synthesis of TEG-Trivalent-(OtBUu)s (Compound 22) (See Fig.



a filtrate. The filtrate was concentrated under reduced pressure to obtain
a residue (Compound 19). The obtained residue and N3-TEG-COOH
(Compound 6) (441 mg, 1.70 mmol) were dissolved in anhydrous
dimethylformamide (10 ml). To the mixture, DIEA (592 pl, 3.40 mmol),
HOAt (463 mg, 3.40 mmol), and EDC-HCI (652 mg, 3.40 mmol) were
added in this order under argon atmosphere at room temperature, and
the resulting mixture was stirred for 18%aurs. After the reaction solution
was mixed with water, an organic phase was extracted with ethyl acetate
13three times from an aqueous phase. The organic phase was washed with

a satpyrriedtealipferidionrnihdried with dpAhydious MagkResiuiMng, 1.24
sulfate. Then, the drying agent was filtered out from the dried residue to
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three times from an aqueous phase. The organic phase was washed
with saturated saline solution, dried with an anhydrous magnesium
sulfate. The drying agent was filtered out from the dried residue to
obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue was purified by silica-gel
column chromatography (50g, chloroform:methanol = 30:1) to obtain
TEG-Trivalent-(OtBu)s (Compound 22) as a colorless oily object. A
yield thereof was 1.05 g (99%).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 22 so obtained to find that 63.91 (s, 2H,
-OCH>CONH-), 3.70-3.54 (m, 13H, -OCH>CH>0- x 3, CH2CH(CH2-)(S-)),
3.55 (t, 2H, J = 5.5 Hz, -CONHCH.CH20-), 3.45 (q, 2H, J = 5.5 Hz,
-CONHCH>2CH,0-), 3.20-3.16 (m, 1H, -SCH>(1H)-), 3.14-3.09 (m, 1H,
-SCH3(1H)-), 2.49-2.43 (m, 1H, -SCH2CH2(1H)-), 2.22-2.17 (m, 8H,
-CH2CH,CO- x 3, -NHCOCH2CHz-), 2.00-1.96 (m, 6H, -CH>CH2CO- x
3), 1.94-1.88 (m, 1H, -SCH2CH2(1H)-), 1.74-1.62 (m 4H,
-COCH2CH2CH2CH>-), 1.52-1.41 (m, 2H, -COCH2CH2CH>CH>-), 1.44

(s, 27H, -CH3x9). This could examine a structure of Compound 22.




mg), and stirred for 1.5 hours under hydrogen atmosphere at room
temperature. Pd/C was filtered out to obtain a filtrate. The filtrate was
concentrated under reduced pressure to obtain a residue (Compound
21). The residue and thioctic acid (385 mg, 1.87 mmol) were dissolved in
anhydrous dimethylformamide (10 ml). To the reaction solution, DIEA
(325 pl, 1.87 mmol), HOAt (254 mg, 1.87 mmol), and EDC-HCI (358 mg,
1.87 mmol) were added in this order 75 13 hours at room temperature
under argon atmosphere. After a saturated agueous sodium bicarbonate

soluforwad ewisd 96 the GeheticH 2Bl BRomy darpresendadS) (see Fig.

1 3e;xtracted with ethyl acetate three times from an aqueous phase. The
organic phase was washed with saturated saline solution, dried with an
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sodium bicarbonate solution was added to the reaction solution, an
organic phase was extracted with AcOEt three times from an aqueous
phase. The organic phase was washed with saturated saline solution,
dried with an anhydrous magnesium sulfate. The drying agent was
filtered out from the dried residue to obtain a filtrate. The filtrate was
concentrated under reduced pressure to obtain a residue. The residue
was  purified by silica-gel column chromatography (50g,
chloroform:acetone = 3:1) to obtain TEG-Trivalent-(NHBoc)s3
(Compound 25) as a light yellow oily object. A yield thereof was 230

mg (31%).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 25 so obtained to find that 68.72 (bs, 3H,
-NHCO-), 7.56 (bs, 3H, aromatic), 7.22-7.10 (m, 6H, aromatic), 6.91
(bs, 3H, -NHCO-), 3.85 (s, 2H, -OCH2CONH-), 3.67-3.57 (m, 9H,
ethylene glycol chain, CH2CH(CH2>-)(S-)), 3.55-3.47 (m, 6H, ethylene
glycol chain, -CONHCH:CH20O-), 3.38 (q, 2H, J = 5.2 Hz,
-CONHCH>2CH,0-), 3.14 (ddd, 1H, J = 5.5, 6.9, 12.4 Hz, -SCH2(1H)-),
3.08 (ddd, 1H, J = 6.9, 6.9, 12.4 Hz, -SCH»2(1H)-), 2.43-2.35 (m, 7H,



The Compound 22 (TEG-Trivalent-(OtBU)3) (500 mg, 0.587 mmol) was

dissolved in a mixture solution of dichloromethane and water (2.2 ml, 10:

1), mixed with TFA (2 ml) at 0 'C, and stirred for | hour at 0 'C. The

reaction solution was concentrated and then subjected to azeotropy with

toluene to obtain a residue (Compound 23). The residue and

N-Boc-phenylenediamine (Compound 24) (612 mg, 2.94 mmol) were

dissolved in anhydrous dimethylforrﬁa@ﬁde (10 ml). To the reaction

solution, DIEA (380 pl, 2.94 mmol), HOAt (400 mg, 2.94 mmol), and
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sulige6t¢,cethyleree afiyoplychvaibh - COMNEIGH 20HEDER 13138 (1 2iduk=(E8rHpound
e e
reaCHoGHCDox8, beTig2omafiegl) 2 peetd 2Heteo59a#z252 mg.

The following will describe with reference to Fig. 14. The
obtained residue (Compound 26)(12.1 mg, 8.88 umol) and maltose
(9.60 mg, 26.7 pmol) were dissolved in a mixture solution of
dimethylacetamide and water (1:1, 600 pl), and incubated for 7 hours
at 37 °C. To the reaction solution, acetic acid (30 ul) and sodium
cyanoborohydride (5.58 mg, 88.8 umol) were added. The reaction
mixture was again incubated for 70 hours at 37 °C. The reaction
mixture was freeze-dried to obtain a residue. The residue was purified
by a preparative high-performance liquid chlomatography (ODS
column, methanol:water = 50:50). A ligand conjugate
TEG-Trivalent-(Mal)z(Compound 27) was obtained as a white solid.

IH-NMR spectrum (600 MHz, D>O) measurement was conducted
on Compound 27 so obtained to find that 67.02 (dd, 3H, J = 7.6, 8.2
Hz, aromatic), 6.72 (s, 3H, aromatic), 6.60 (dd, 3H, J = 1.4, 7.6 Hz,
aromatic), 6.44 (dd, 3H, J = 1.4, 8.2 Hz, aromatic), 4.91 (d, 3H, J =
3.4 Hz, H-1’x3), 3.82-3.73 (m, 8H, H-2x3, H-5x3, -OCH>CONH-),
3.73-3.67 (m, 9H, H-3x3, H-5" x3, H-6a’ x3), 3.65 (dd, 3H, J = 2.1,



-NHCOCH2CH2-), 2.17-2.12 (in, 6H, -CH2CH2CO- x 3), 1.88-1.83 (in, IH

-SCH2CH2(IH)-), 1.65-1.50 (in 4H, -COCH2CH2CH2CH2-), 1.50 (s, 27H,

-CH3 X 9), 1.46-1.29 (in, 2H, -COCH2CH2CH2CH2-). This could

examine a structure of Compound 25. (4) Synthesis of Liagnd Conjugate

TEG-Trivalent-(Mal)3 (Compound 27) (see Figs. 13 and 14) The

Compound 25 (TEG-Trivalent-(OtBu)3)(500 mg, 0.587 mmol) was

dissolved in a mixture solution of dichtbromethane and water (4.4 ml, 10:

1), mixed with TFA (2 ml) at 0 'C, and stirred for 1. 5 hours at 0 'C. The
12réndhan Hﬂﬁhréfﬁa@cé cthetaablant thénSsubfeéted o Brrodl witR> (dd,

3HOluene BJthé'@aH‘%S'qu%@@m@@S'd &8)- Jhe residug Wa@%?eﬁi“ 4-3’x3),
subsequent reductive amination_reaction, without belngé?unfled A y|eId

3. 4ikraof Rak2s2l Rl THE SoHladilg Wil testriba R Peftere toFlg, Ha6b*3),

3.4he3obrined residueiGompewnd 18)(12.2 e, 188 mepl)and @altos®.3 He,
éQ 60 Mg, 26.7 pm?_g were dissolved in a mixture solution of
iyt hic

&Halhi nd warer31HE; 600 M bl atesial brdhédfs at J =
9.87 "§36TQ-Itfle rea@ticm saution,Aqeicacid380 p/CoNETHYCH,0-, H-1ax3),

3 TR P i 25 ARl e Ol ..
2. @6e2e9djne(@htp Qmaln&@eﬂdUH)theQrmws(mnffﬂd byHE,CH,CO- x 3),

2. BEERaka Woter B 50] CKRGAFE LB loate0 TGP Oz CHzCO-

3)(Coragouitd ZMiyas obtetned Hea \ANEECS@I(EIHHCHMIR sfe@dumh.@0(m, 1H,

SRR ppreuemon g5 G BY CAPUIALSRDISIERE: 1o
(m6. GOZ(HQ BFCG)SHszH@gC&‘bﬁ')atIC)Aﬁ 44K8d - Bk J mk4s8eHrKNnt was
cof LB 0 8 W, Wi, B AL T, coud
ex@dnige, a=Xmuagure of Compound 27. It is to be noted that a
molecular mass of the Compound 27 is Cg2H132Ng039S2: 1916.80.

[Example 5: Synthesis of Linker Compound (Compound 32) and
Ligand conjugate (Compound 34)]

One of the linker compounds according to the present invention,
i.,e. the linker compound (Compound 32) having a structure
represented by general formula (1) where a is 4, bis 0, dis 0, e is O
and X is represented by general formula (4) wherein q!, g2, g3 are 2, rl,
r2, and r3 are 1, t1, t2, and t3 are 4, and ul, u2, and us are 1, and the
ligand conjugate (Compound 34) having a structure represented by
general formula (7) where a is 4, b is 0, d is O, e is O, q!, g2, an g3 are
2, and rl, r?2, and r3 are 1, tl, t2, and t3 are 4, and u!, u?, and us are 1,
R' is hydrogen (H), and R is represented by general formula (6-2) were
synthesized by the following procedure. Fig. 15 illustrates a process
of synthesizing the linker compound (Compound 32). Fig. 16
illustrates a process of synthesizing Compound 30 used in the
process of synthesizing the linker compound (Compound 32). Fig. 17

illustrates a process of synthesizing the ligand conjugate (Compound



12.4 Hz, H-6b'x3), 3.59 (dd, 3H, J = 4.8, 12.4 Hz, H-6ax3), 3.55 (dd, 3H, J
= 5.5, 6.2 Hz, H-4x3) 3.55 (dd, 3H, J = 9.6, 9.6 Hz, H-3'x3), 3.50-3.36 (m,
12H, -Q~142CH20- x 3), 3.45-3.40 (m, 3H, H-6bx3), 3.42-3.38 (m, IH,
CH2LH(CH2-)(S-)), 3.38 (dd, 3H, J = 3.4, 10.3 Hz, H-2'x3), 3.40 (t, 2H, J
= 5.5 Hz, -CONHCH2LH20-), 3.25 (dd, 3H, J = 9.6, 9.6 Hz, H-4'x3),
3.15-3.10 (m, 5H, -CONHCH2CH20-, H-lax3), 3.02 (dd, J = 8.2, 13.7 Hz,
H-1bx3), 3.01-2.97 (m, IH, -SCH2(IH)§22.96-2.91 IH, -SCH2(IH)-),
2.29-2.25 (m, 6H, CH2CH2CO- x 3), 2.26-2.19 IH, -SCH2CH2(IH)-),

34) dsormsths, bimkeHsormond dCameeund, $2) Raerence’ numbers

givBi¢@EhieCHRth dutfdd: Ei%(@héﬂie {dia(Ib-E 2l gisG(Bdtespond
-COCH2CH2CH2CH2-), 1.16-1.10 ( -COCH2CH2CH2CH2-). An

to refavRisR ANARRRRR wés§06&ﬁ@dt@dﬁkgﬁnd hat Preafid Wds
981 Aik M 2Nt + TVisteridd I%éﬁ%’é&‘ﬁ Aok Compound 27. It is

to be noted that a_molecular mass of the Compound 27 is

c82fPR2Ng0363P MY 16 6P FEEMPle 5:BFAFEETF Rinker SGFsURa!tac00
sd&ﬁmméﬁ%o@@dléaane‘@@@mtﬁ (Gamepaitnd 3 Paegbthadbtedised in

s CEIRRIAESCIALS LR DT e BAEL AR o o0
pp\z[(ﬂi])er@_a ised, pase@ethiseO, gub@t@ndex |sFrepreB)@med bheatiet fashifta are
R RN TR T T e
ppsttjjcmsrearemﬁsmfmeﬁ: byudertatatéormu Ialgéwhgreoanem,ehmy et ssrement
wdf S0 T RS R TERIE L Bt M
Blfiﬂpﬂﬂar@ﬁamw;re Wnﬂiwaéd_)by theXollomindiprocgogss i 15silica  gel
o R e et L e ARt o, Whereie
0. QAdt3 D6 Bynthesizmgtinantilkee coplpsund (Corapdundiagy. Firrigd out by
ustiSBIRR SROFESH U PNNES A e NpANd.ConBofiedComPYAEents and
dehydrated solvents were purchased from Kanto Chemical. Co. Ltd.
(1) Synthesis of Trivalent-(OtBu)s (Compound 28) (see Fig. 15)
O2N-Trivalent-(OtBu)s (Compound 18) (757 mg, 1.70 mmol) and
NiCl2'6H20 (80.8 mg, 0.340 mmol) were dissolved in methanol (20 ml).
To the mixture, sodium borohydride (322 mg, 8.50 mmol) was added
with five-equivalent portions at O °C. The reaction mixture was stirred
for 30 minutes at room temperature. Methanol was removed by
concentration. To the reaction solution, water and chloroform were
added. After the mixture was filtrated with celite, an organic phase
was extracted from an aqueous phase with chloroform three times.
After the organic phase was dried with anhydrous sodium sulfate, the
drying agent was filtered out from the dried residue to obtain a
filtrate. The filtrate was concentrated under reduced pressure to
obtain a residue (Compound 19). The obtained residue and thioctic
acid (351 mg, 1.70 mmol) were dissolved in anhydrous

dimethylformamide (10 ml). To the mixture, DIEA (592 ul, 3.40 mmol),



-62- 34) from the linker compound (Compound 32). Reference numbers
given to the compounds in the descriptions of Example 5 correspond to
reference numbers described in Figs. 15, 16, and 17. [Measurement
Method, Reagent, and others] For IH-NMR spectrum measurement,
JOEL-Delta6OO Spectrometer was used. For CDC13, chemical shifts are
expressed in 6-values in accordance with chemical shift of
tetramethylsilane (0.00 ppm) as a reference substance. For D20,
chemical shifts are expressed in 6-values in accordance with chemical

HQAit (6 DHOI@.65 T Bel reISEnED&bdtah (652 mags Spébramegl) were

addeasHrey Wﬁéé%arﬂ%lek't ngb’iiﬁgaf’ﬁf&eﬁﬂ%‘%@@%ﬁw%ﬁﬁﬁi\éture,
Biospectrometry Workstation. A medium-pressure silica gel

anchidifat6grapii sV RAHTED Bashy TG MEabRI 8O Rferddter the reaction

so MO REZ Mk tiitlake b eBrOMAOgF2aM Wah e3¢ 8HLHU Rt rHeh from
Precoated Silicagel 60 F254 (Merck, 0.5 mm). All reagents and

anyagrRla N Withe ptidHa2E8tRém KiiRE CHBRTcal *5 AP Phase
wasyRthesis @fwitvaleQIBARI(Campeuwssid8logegrtddal&turated aqueous

2N-Trivalent-(OtBu)3 (Compound 18) (757 mg, 1.70 mmol) and

SO, o PIEFS B0 8 o, SNt HiFhol) Aefb Ui MR Adrous
md@ribeinnintusel Bodiumberghydedé (PR demggéhdOwasof)lvasddded fviln the

five-equivalent portions at 0 \C. The reaction, mixture was stirred for 30
ey R B D CT AR ot FER LG s, CEblcrFatsH, under
redadkd reaetiaruselutmn biatan andreldodofernTwereeaddes. Aftes tipeirified by

.mixture was filtrated with celite, an organic phase was extracted from an, .

S R S A e AR TR 25:1) 0
obdseal Wfﬂvgmwﬂf@%mniummenHeQ&)ym adeghivysflievedibubbject. A
yi éianm@% éi(gpg,gessygg t&%b@%/?%‘flltrate. The filtrate was concentrated

under reduced pressure t a residue (Compound 19). The
obtatfed\dERlues@eg thivatic HeO(35M g, 1.8DGh0l) weea dissoinedin was

coRYAQHS on Compound 28 so obtained to find that 65.91 (s, 1H,
-CONH-), 3.57 (ddd, 1H, J = 6.2, 6.2, 12.4 Hz, CH>CH(CH2-)(S-)), 3.18
(ddd, 1H, J = 5.5, 5.5, 12.4 Hz,-SCH>(1H)-), 3.11 (ddd, 1H, J = 6.9,
7.6, 12.4 Hz, -SCH>(1H)-), 2.46 (ddd, 1H, J = 6.2, 6.2, 12.4
Hz,-SCH2>CH2(1H)-), 2.22 (t, 8H, J = 7.6 Hz, -CH2CH,CO-x3), 2.11 (dd,
2H, J = 6.9, 7.6 Hz, -COCH2CH>2CH2CH>-), 1.97 (t, 6H, J = 7.6 Hz,
-CH>CH2CO-x3), 1.91 (ddd, 1H, J = 6.9, 6.9, 12.4 Hz -SCH>CH>(1H)-),
1.74-1.57 (m 4H, -COCH2CHCH2CH>-), 1.51-1.38 (m, 2H,
-COCH2CH2CH2CH»-), 1.43 (s, 27H, -CHzx9). 13C-NMR (150 MHz,
CDCl3) measurement was conducted to find that §172.9, 172.1, 80.7,
57.3, 56.3, 40.2, 38.5, 37.2, 34.6, 30.0, 29.8, 28.9, 28.1, and 25.3.
This could examine a structure of Compound 28.

(2) Synthesis of N3-TEG-NHBoc (Compound 33) (see Fig. 16)

N3-TEG-CO2Et (Compound 5)(500 mg, 1.64 mmol) was dissolved

in 1,4-dioxane (6 ml). An aqueous sodium hydrate solution (1 ml, 150
mg/ml) was added to the reaction mixture at O °C, and stirred for 3

hours at O °C. After 1,4-dioxane was removed by concentration, 5 %



dimethylformamide (10 ml). To the mixture, DIEA (592 pl, 3.40 mmol),
-63- HOAt (463 mg, 3.40 mmol), and EDC-HCI (652 mg, 3.40 mmol) were
added in this order under argon atmosphere at room temperature, and
the resulting mixture was stirred for 16 hours. After the reaction solution
was mixed with water, an organic phase was extracted from an aqueous
phase with ethyl acetate three times. The organic phase was washed with
a saturated saline solution and a safurated aqueous sodium bicarbonate
solution, and dried with an anhydrous magnesium sulfate. Then, the

aqmmg%g&ﬁ%&&umr@d’@ap%ﬁ] glalfated yeliieno ap@irchiFaferm were

ad e filtiate Neaseanaenthated undsy, é‘%ﬁ%ceﬂﬁ%s%&o eR@INAL8SIESm an
The residue was purified by silica gel column chromatography (50g,

aqhseIne: BiMPacuttie <BlajelropathneRdunctoBls3 fEsrpuRIEgE Was
drasde lghhyellonseiborhiedo Aivvialddhereal wah é604ne £/ 30k IdWE agent

spectrum 600 MHz, CDC13) measurement was conducted on

WaSOHIbBLRG S8 5dTsHmiRRE (iR FeRissi61te RFaiR ENiITate7 Th filtrate

wdkl, l:erﬁc%rﬁ;%tb@ﬁ dade2ldd(Gided(Spre3d8réddeb Il HtaimS, ». 5r631due
12 4 Hz,- C:.g%“ ,3.11 i% d,IH,J=6.9, 7., 12.4 Hz, -SCH2(IH)- li
9%?&&1 615 SIAUE Yascsedo I"Il—l)‘r)l Zsélg)&egHeﬁlt f%up ng

rezideH 2CHRCQEXBRiAg Iddifidd, JA §i8ld.Gibteof was 435 mg (96%).

-CO HZCH CH2C ( J CH2C 3),1.91
THE APH s B Qi 216 Py e SRR oG aripotnd 24)
(32CQ6E2 CHICHREHP- drb1di3® lie Rkt GOFHPOMAHACHR)dr48amide.

oG RED fr D R e B 72 1 b7 S 0, D) s, 573 mmol)

an3d.BI3C:0]29.8433.90128. 12 &3l Zﬁlﬁorrhvsmwldcwadnmn dlimiotudeof under
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was4sdioradef® nift Arvagsectieodibm hqdrztu@somﬂoﬁ(omlm mixed with

water, an organic phase was extracted from an aqueous phase with
ethyl acetate three times. The organic phase was washed with a
saturated saline solution and a saturated aqueous sodium
bicarbonate solution, and dried with an anhydrous magnesium
sulfate. Then, the drying agent was filtered out from the dried residue
to obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue was purified by silica-gel
column chromatography (50g, toluene:ethyl acetate = 1:1) to obtain
N3-TEG-NHBoc (Compound 33) as a light yellow oily object. A yield
thereof was 597 mg (81 %).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 33 so obtained to find that 68.81 (bs, 1H,
-NHCO-), 7.61 (s, 1H, aromatic), 7.35 (d, 1H, J = 6.9 Hz, aromatic),
7.26-7.20 (m, 2H, aromatic), 6.71 (bs, 1H, -NHCO-), 4.10 (s, 2H,
-OCH,CONH-), 3.78- 3.70 (m, 8H, ethyleneglycol chain), 3.67-3.62 (m
6H, ethylene glycol chain, -CONHCH>CH>0-), 3.35 (t, 2H, J = 5.5 Hz,
-CONHCH2CH20-). 13C-NMR (150 MHz, CDCIl3) measurement was



mg/ml) was added to the reaction mixture at 0 'C, and stirred for 3 hours
at 0 'C. After 1,4-dioxane was removed by concentration, 5 % -64-
agueous potassium hydrogen sulfate solution and chloroform were added
to the resultant. An organic phase was extracted from an aqueous phase
with chloroform three times. The organic phase was dried with anhydrous
sodium sulfate. Thereafter, the drying agent was filtered out from the
dried residue to obtain a filtrate. The fittate was concentrated under
reducedﬁt)ressure to obtain a residue (Compound 6). The residue was

copsbicted stdsBabnteatipi® Fedctibn2withol? Bebhg hafied. hAfeRy 114.5,

1 1tpeseot wasgi3Rmg (96%) The lanedresidus and.s, 70.4, 70.2, 70.0,
N-Boc-phenylenediamine (Compound 24) (327 mg, 1.57 mmol) were

500f3s810E04S ahraid FotilHeBXABHRSS R TetinEeakemmeand 193,
2.35(B)n3h tHeAL A0 Y A B o aNd ERG 3l d430)Ree2r82. 16)

mmol) were added in this order under argon atmos&here at room

tempetStfr@ R Heded ikt reN WA og PR r B St 2 RriBHIRGY Was

diseattien selutinptian Blixeriifh wated apietgan® phape \as @o@ciad), and
se with ethyl acetate three times. The orgé:lnic hase

from_an aquequ ph@
SHEESvatfba vith a RAkFSteddalié SBhutdHRE St ratcd Bfibougy drogen
atsoskph ebicaioadte galutier, fitteddddonithtanctayereusibpgresitinereafter,
sulfate. Then, the drying agent was filtered out from the dried residue .
th A O R R b H U HOSH Rl EER U brocn g Byain @
reshtaio a(GsidpeUie réiduetias purifidaiby siica-gedecblumna subsequent
chromato hy (50g, toluene:ethyl acetate =,1:1) tqg-obtai o
re g Ko aini® ISR ATTIRIS TR S 74 g (93 %)
theldof Ypas theEs mgoBT fis)al erNMRESpedtHiBo(geq MinpoD@d3P 1) (see Fig.
1 Sneasurement was conducted on Compound 33 so obtained to find that
8.81 (bs, IH, -NHCO-), 7.61 (s, IH, aromatic), 7.35 (d, IH, J = 6.9 Hz,
aromiziie) Comeqnodil 2 [ mmsrtenit) (@ BLb aH, 2NHE () 19 60ngnol) was

digtbived in a mixture solution of dichloromethane and water ((2.2 ml,
10:1), mixed with TFA (2ml) at O °C, and stirred for 1 hour at O °C.
The reaction mixture was concentrated and then subjected to
azeotropy with toluene to obtain a residue (Compound 29). The
residue and HoN-TEG-NHBoc (Compound 30) (174 mg, 0.425 mmol)
were dissolved in anhydrous dimethylformamide (3 ml). To the
mixture, DIEA (92.6 ul, 0.532 mmol), HOAt (72.3 mg, 0.532 mmol),
and EDC-HCI (102 mg, 0.532 mmol) were added in this order under
argon atmosphere at room temperature, and the resulting mixture
was stirred for 14 hours. After the reaction solution was mixed with
water, an organic phase was extracted from an aqueous phase with
ethyl acetate three times. The organic phase was washed with a
saturated saline solution, and dried with an anhydrous magnesium
sulfate. Then, the drying agent was filtered out from the dried residue
to obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue was purified by silica-gel

column chromatography (50g, chloroform:methanol = 30:1) to obtain



-OCH2CONH-), 3.78- 3.70 (in, 8H, ethyleneglycol chain), 3.67-3.62 (in,

6H, ethylene glycol chain, -CONHCH2CH20-), 3.35 (t, 2H, J = 5.5 Hz,

-CONHCH2CH20-). 13C-NMR (150 MHz, CDC13) measurement was -65-

conducted to find that 6168.3, 152.6, 139.0, 138.0, 129.5, 114.5, 114.3,

109.8, 80.5, 71.2, 70.6, 70.6, 70.6, 70.5, 70.4, 70.2, 70.0, 50.6, and 28.3

This could examine a structure of Compound 33. (3) Synthesis of

H2N-TEG-NHBoc (Compound 30)(s‘e@ ig. 16) The Compound 33

'(N3-TEG-NH5,‘OT]§)’£200 mg, 0.425 mmol) was dissolved in methanol _
Trpdg ikl Wik HBog kdiEquopar@dapd) strradisht 5eidevs atlioahiect. A

yid&NPREFIE Wadebhydregen 3@mgpphere. The Pd/C was filtered out to
obtain a filtrate. Thereafter, the filtrate was concentrated under reduced

presSrd ¥ BbtafPs Ctasidte (E8RpodiEZ0). FRGLiduBGASWERRTE  Was
cossetrens Heaeiapovit@us bekyy pwitieded Mslditharasfavass 88Msds, 3H,
93 %). (4) Synthesis of Trivalent-(TEG-NHBoC)3 (Compaound 3 12<r%see
-i!&N -Orsy3thed Gomifbundt2e A tlotet Aaess. 3 thy, BEGE afnibi)7-31 (d,
3Hvas dizsplveg ineomixtice, splationdf gighlgrenethang, anebwaderdf(22.22 (dd,
l,.10:.]). mixed with TFA (2ml).at0 ' d stired for | hour at 0 'C. T
3%&@%&@?&%@8‘68 ftHfed 5%§‘?‘n1%tsu%}%ewjd_to4a eﬁ%p' @843)’
4. 10lugse t6Ibtai0 @ FEsiud [CoBpod . 8398 B® (asjdd®and ethylene glycol
H2N-TEG-NHBo¢ (Compoun ) 0,,0.425 ) were dissolv
- oﬁlg%di%%t %foﬁ%m%ﬁ@%?%%ﬁéﬁmgﬁg TRt pﬂ,e‘r’d-S Hz,
-CO5E2 QHR)H20AK 2.3 186 (GE3BHMAl)= @ BDE-HCONIRGH, OF32-x3),
Jwere gdded in-this order r. Argo ere gt _
3 ?eg;@e?a o théhr'?suﬁrr%g bt igﬁePﬁ%asggrg]éz?ror 08 (RAS 1 H, J
6.9ea6tidn $dludiod zyasSaikled Mith) watér? afdddaditiphhse wd3, ektidctéd.4 Hz,
) ys phase, with ethyl acetate three ti . The organi _
Sv&v%g;v(?%?vwh a sa%gt% égﬁe solution, and r?é%d with ar@% Séﬁ‘) 3,
-NH&gpedila@HoCH2-), 1.95-1.88 (m, 6H, -CH>CH2CO-x3), 1.87 (ddd,
1H, J = 6.9, 6.9, 12.4 Hz, -SCH2CHy(1H)-), 1.70-1.50 (m 4H,
-COCH2CH,CH2CHp-), 1.50 (s, 27H, -CH3x9), 1.48-1.33 (m, 2H,
-COCH2CH2CH2CH>-). 13C-NMR (150 MHz, CDCIl3) measurement was
conducted to find that 6173.3, 172.8. 168.4, 152.8, 139.3, 137.8,
129.3, 114.5, 114.4, 110.1, 80.2, 71.1, 70.5, 70.4, 70.4, 70.3, 70.1,
70.1, 69.7, 57.3, 56.4, 40.1, 39.2, 38.3, 37.0, 34.5, 31.1, 30.5, 28.8,
28.3, and 25.4. An ESI-MS measurement was conducted to find that

the m/z was 875.41[(M+2Na)2*]. This could examine a structure of

Compound 31. It is to be noted that a molecular mass of the
Compound 31 is Cg1H128N1002552:1704.85.

(5) Synthesis of Ligand Conjugate Trivalent-(TEG-Mal)s
(Compound 34) (see Figs. 16 and 17)

The Compound 31 (Trivalent-(TEG-NHBoc)3) (64.7 mg, 37.9
umol) was dissolved in a mixture solution of dichloromethane and
water (2.2 ml, 10:1), mixed with TFA (2 ml) at O °C, and stirred for 2.5
hours at 0 °C. The reaction mixture was concentrated and then

subjected to azeotropy with toluene to obtain a residue (Compound



sulfate. Then, the drying agent was filtered out from the dried residue to

obtain a filtrate. The filtrate was concentrated under reduced pressure to

obtain a residue. The residue was purified by silica-gel column

chromatography (50g, chloroform: methanol = 30:1) to obtain -66-

Trivalent-(TEG-NHB0C)3 (Compound 3 1) as a light yellow oily object. A

yield thereof was 64.7 mg (36 %). 1H-NMR spectrum (600 MHz, CDC13)

measurement was conducted on Cblﬁzo‘und 31 so obtained to find that

68.88 (bs, 3H, -NHCO-x3), 7.67 (bs, 3H, aromatic), 7.42 (bs, 3H, o
32)NHB:xBpSEBIqd WA, Yp&dHiNar8matid)sepre@t srpducsiyeyamination

reRQMBHICY IR (b e %ﬁ-ﬁf&&."ﬂ@aﬁ@@l‘%ﬂ@r@o@%g&, Ftd the 4-8 Hz,
“NHCO-x3), 4.11 (s, 6, -OCH2CONH-x3), 3.78-3.58 (m, 36H, ethylene

glycdnéndif}laeng 49ith, e seHPeH@EHR ) (5f5886%t, BN, Jig55 7. The

o bl nCONHRCHIZINB L 36 61)6lbohTen? bz.6 OBNHEHZLH2QRI) and
3.15 (ddd, |IH, J =5.5, 6.9, 11.0 Hz, -SCHZ2(IH)-), 3.09 (ddd, IH, J- 6.9,

malepsq (7 - Seohihg) onelkduar Hdisseleed 9719 migture solution of

dinS&EH7 (20 hh] d2 18206 EteH (1CH2G0BCRHK3,and incubated for 13

“NHCOCH2CH2CH2-), 1.95-1.88 (m, 6H, -CH2CH2CO-x3), 1.87 (ddd, |
hoyrs :96.932@.9,%2.f%z?%c%ﬁﬁm)-s)‘?lf’i&ilfs&&ﬁ%ﬁ,aClJ (56" 1) ana

sodiRH2GHACHZEOMZdride0 (2.24H,n(1389)61.48nbB3 (er2H.added. The
-COCH2CH2CH2CH2-)- 13C-NMR (150 MHz, CDC13) measurement was

re A S LB LTI (i B980T Y6 a1 o 6 SO ity B¢ 1565 C. The

redddionl izt ite.w86.Xrétzb-ddied/Gd, dB#in0.3, ¥Osidu6.11ek7residue

57.3,56.4 Odl’ 39.2, 38.3, 37.0, 34,5, 31.1, 30.5,.28.8 2?.3 and 25.4.
1€ 1 ;[Reer

VR e measure?fnent%vas ggﬁé’u"’};’% {6 find m {i\}vlgsn ce” " liquid

chiamatf(taziig) 24Q) DRis coliidexamineth atrottwratet Confgdunfd) 3toltadbtain

TSRS IR 08, SR, o vield hereor
waRidattdtEEGMA)3 (Compound 34) (see Figs. 16 and 17)
IH-NMR spectrum (600 MHz, D>O) measurement was conducted

on Compound 34 so obtained to find that 67.05 (dd, 3H, J = 7.6, 8.2
Hz, aromatic), 6.77 (s, 3H, aromatic), 6.63 (dd, 3H, J = 1.4, 7.6 Hz,
aromatic), 6.47 (dd, 3H, J = 1.4, 8.2 Hz, aromatic), 4.92 (d, 3H, J =
3.4 Hz, H-1'x3), 4.01 (s, 6H, -OCH>CONH-x3), 3.81 (ddd, 3H, J = 2.1,
4.8, 7.6 Hz, H-2x3), 3.71 (ddd, 3H, J = 4.1, 7.6 Hz, H-5x3), 3.74-3.68
(m, 9H, H-3x3, H-5'x3, H-6a’x3), 3.65 (dd, 3H, J = 2.1, 12.4 Hz,
H-6b’x3), 3.64-3.60 (m, 3H, H-6ax3), 3.64-3.42 (m, 36H,
-OCH2CH»0-x9), 3.56-3.52 (m, 6H, H-4x3, H-3'x3), 3.47-3.43 (m, 3H,
H-6bx3), 3.42-3.39 (m, 1H, CH2CH(CH2-)(S-)), 3.38 (dd, 3H, J = 3.4,
9.6 Hz, H-2’x3), 3.37 (t, 6H, J = 4.8 Hz, -CONHCH>CH>0-x3), 3.26 (dd,
3H, J = 9.6, 9.6 Hz, H-4'x3), 3.15 (dd, 3H, J = 4.8, 13.7 Hz, H-1ax3),
3.14 (t, 6H, -CONHCH>CH>0-x3), 3.06 (dd, J = 7.6, 13.7 Hz, H-1bx3),
3.01 (ddd, 1H, J = 6.2, 6.2, 11.0 Hz, -SCH»(1H)-), 2.95 (ddd, 1H, J =
6.9, 6.9, 11.0 Hz, -SCH3(1H)-), 2.24 (ddd, 1H, J = 6.2, 6.2, 12.4 Hz,
-SCH>CH>(1H)-), 2.00 (t, 2H, J = 6.9 Hz, -NHCOCH>CH>-), 1.96-1.92
(m, 6H, CH:CH2CO-x3), 1.77-1.69 (m, 7H, -CHxCH2CO-x3,



The Compound 31 (Trivalent-(TEG-NHBOC)3) (64.7 mg, 37.9 pmol) was
dissolved in a mixture solution of dichloromethane and water (2.2 ml, 10:
1), mixed with TFA (2 ml) at 0 'C, and stirred for 2.5 hours at 0 'C. The
reaction mixture was concentrated and then subjected to azeotropy with
toluene to obtain a residue (Compound -67- 32). The residue was used in
a subsequent reductive amination reaction, without being purified. A yield
thereof was 70 mg. The following Wl‘ll‘a%scrlbe with reference to Fig. 17.

The obtained residue (Compound 32) (content of 6.95 mg, 3.77 pmol)
-S&iide elArbsE 4,07 nig 1h- %%nﬁm) Wéte dl@&@b@%ﬁ%&ﬁﬂﬁgolutlén?& 1.14

mdimethylacegamitig and yeaierdH L) 400,pY), aE@mMQateHlféHs]lﬁé}%lérﬁ@t was

37 'C. To the reaction solution, acetlc acid (20 pl) and sodium

copghinstRAoky i (2 batmdr e5m8/gmblfvete ééa%&[%é%&a&.% hixgreould

exWasiAgain inpyhriedior 69 howragbd3h & 3he reagiondnigerenydsd that a
freeze-dried to obtain a residue. The residue_was purified by a

molecalafi Ath PeHof eRERARKRA chibatafourih PR edent2 83 - 06.
metlanel: wai®od hdeR) 40 abl@incdrivateie- ('&éiﬂ‘fba&)@ (eomposRdEtation

as a white solid, A yield thereof was 4. 0,%). IH- NMR ectru
dissys tS’zofﬁ?e ﬁ%’r‘&ﬁl%lrﬂ%va %@ﬁﬁ aézcﬁ'ﬁ];%bntf solely to
illabtabned thélrﬁémﬁﬁﬁhDﬂédd;l@—bﬂ ’Eh% Qaﬁagehlz iarernatioh 6:%1711(6h3d5h0u1d
matic), 6.47

romatic d H J=1.4, 7. H, J
ol Pha A Aa, 12 Qg St SR g of St empodiments
an@@bﬁﬁ@bﬁiex%\)xr&)ﬂiés(ﬂﬁdlﬁfatheﬁ ﬂn,ag;t &e?aﬁppbhddl-ﬁxB)n&ﬁjz (daidations
ngtég (t %1 71561tH82 Hl-i X%sgsgﬁltségﬁ éﬂg%li ggsé&ﬁ#%ichg Vﬁrle}tlons do

no3. 64348 (th.e38eh peOTHRE HRO:X9}, Gl8838s52efirfoith HhelxBy H-3'x3),
3.47-3.43 (in, 3H, H-6bx3), 3.42-3.39 (in, IH, CH2LH(CH2-)(S-)), 3.38 (dd,
3H, J = 3.4, 9.6 Hz, H-2'x3), 3.37 (t, 6H, J = 4.8 Hz,
INIZORHIAZCARBLIS ABRBI(Y,

As described above, a linker compound of the present invention
includes an aromatic amino group end as a moiety capable of taking
in three or more units of sugar molecules. The linker compound
further includes an S--S bond as a moiety capable of binding to a
protein-analyzing supporter such as a sensor chip of surface plasmon
resonance (SPR) and affinity chromatography carrier. Still further, the
linker compound includes an oligoethylene oxide between a disulfide
group and the aromatic amino group, so that a nonspecific
hydrophobic interaction can be reduced as much as possible, and a
length to the disulfide group for a metal bond can be easily adjusted.

Thus, the use of the linker compound brings about the effect of
two-dimensional arrangement of three or more units of sugar
molecules onto the supporter with high reproducibility. Since the
linker compound is hardly affected by a nonspecific interaction with a
protein, it is possible to evaluate biological activities of sugar
molecules with high reproducibility in observing interaction between

sugar molecules and a protein. Further, it is possible to effectively



3H, J = 9.6, 9.6 Hz, H-4'x3), 3.15 (dd, 3H, J = 4.8, 13.7 Hz, H-lax3), 3.14

(t, 6H, -CONHCH2CH20-x3), 3.06 (dd, J = 7.6, 13.7 Hz, H-lbx3), 3.01

(ddd, IH, J = 6.2, 6.2, 11.0 Hz, -SCH2(IH)-), 2.95 (ddd, IH, J - 6.9, 6.9,

11.0 Hz, -SCH2(IH)-), 2.24 (ddd, IH, J = 6.2, 6.2, 12.4 Hz,

-SCH2CH2(IH)-), 2.00 (t, 2H, J = 6.9 Hz, -NHCOCH2CH2-), 1.96-1.92 (in,

6H, CH2CH2CO-x3), 1.77-1.69 (in, 7H, -CH2CH2CO-x3, -68-

-SCH2CH2(IH)-), 1.52-1.32 (in 4H, -'C@CHZCHZCHZCHZ-), 1.20-1.14 (in,

2H, -COCH2CH2CH2CH2-). An ESI-MS measurement was conducted to
fomganamatl rizlivbs Rona 57[(M+2Na)2+]. This could examine a

SUUQW(S?éH\ﬁé?[nEOH At Ed’il(g%gﬁt’éo@fj that ?r@@%&uﬁw_@ﬁ%m thecludes

Compound 34 is C102H170N10049S2: 2283.06. The embodiments and
thedinlets soampmsnd ikpdre Ratidga8iseaieetin iRdTorBysHsY dwanéa-

explaation sefvesalehiol dlustiate thedeckyesl detalsaitbepresece of a

invention, which should not be narrowly interpreted within the limijts of
Prele s BRSNS SHRPO\EfetB 8 Mpks At THiker Raf Be &ipheR Hhonally
arfaaipyevarpligpalithod espiribiibeaseritiiveniinsepevidadiBitity. This

variations do not exceed the scope of the patent claims set forth below. . .
briqBuEPRIL WSPEIABICH PAL U AREA SUIE, KRR LSt e gical
acthieipiresentt isveatiom sleladéssamvarhntatichamipe gleuienit s Butoledyr, it is

capable, of taking. in.three or more units of sugar mqlecules. The linker
PR SHIGL H NG el AE it SR8t LU Ry capable of binding

to a Arotatdiarpalyainthsu pperserdudhasret samsadr cisp pbsuitalee to obtain a
._plasmon_resonance (SPR) and affinity chromatography.carrier, Still
e (R Smpotiinciudab e org R R A GEsweesan  be
twdisdifidengiommHyd themangraiic amito glogh, so¢paoal nonbpetyfic while an
. 0 ragtion c r a c sible .
i e, S SR B S el Mo chip is
comhpslled uddssf thi lirkep esripdantcorirgidboat tHgaffdctasinjugate which

includes the linker compound and a sugar molecule introduced into

the linker compound. The linker compound and the ligand conjugate
are very useful for commercialization and communization of a chip
including sugar chains of oligosaccharide.

It is expected that development of a chip including sugar chains
of oligosaccharide immobilized thereon as a tool for functional
analysis of sugar chains and a protein will not only contribute to
revealing vital phenomena associated with sugar chains of
oligosaccharide, but also become an important technique in
development of pharmaceuticals. Therefore, it is considered that the

present invention is highly beneficial.



two-dimensional arrangement of three or more units of sugar molecules
onto the supporter with high reproducibility. Since the linker compound is
hardly affected by a nonspecific interaction with a protein, it is possible to
evaluate biological activities of sugar molecules with high reproducibility
in observing interaction between sugar molecules and a protein. Further,
it is possible to effectively -69- form a metal-sulfur bond. Moreover, a
ligand conjugate of the present inventfChincludes the linker compound
having a sugar molecule introduced therein. Thus, introduction of the
C”@M(géonjugate onto a surface of a protein-analyzing supporter makes it
possible to two -dimensionally arrange a plurality of sugar molecules with
high reproducibility. This brings about the effect of making it possible to
evaldatihd BBRHiEaMRAVREsYr sugar molecules with high

repradyeihilit Felirteyy dsenpeasible to1ebiwetelydaena matahsiun), where
bond. According to the present invention, it is possible to obtain a linker

a, Bynshotdd with avepﬁgﬁégc%ﬂaﬂa@éearpﬂﬁ {00 difthsionally
arrangethwith bigh eepreddeibilitygvhieam intenist HabreeD S1eli sHgsd moiety

. _Cchains on a surface of a sensor. chip is controlled. Also, it is possible to .
i P AT ol AL PR R Rt SFIREH BV BOE S eFein. the

hysligarariotac Ul itrativeedliniin thedickerrcdmpeund. Zheriiakée amino group
tcompou%ﬂﬁld the Iigan%cong’lu ate are veg/ gseful for, commercﬁalizgtiog
at A% cORMUIAEEESH of B eniB AXciobing RigTPenSiHe B SiighsatEhgRaR frogen
bomn @xpeated diat dexéeto phreartadt a chip including sugar chains of
oligosaccharide immobilized thereon as a tool for functional analysis of
sugar chains and a protein will not only contribute to revealing vital

phenomena associated with sugar chains of oligosaccharide, but
becork® an,jmportant technique in development of ph rIr_r|1a euticals.
Theretbre, iE& onsitiered that the \ fH ||0\ 2% S
%"’C C O—CH,CH, N—C/ C e
T N7 e
a

e S

+{1)

2. The linker compound according to claim 1 of

a structure represented by following general formula (2), where
n is an integer of 1 to 6, and

X has a structure serving as a multi-branched structure moiety
including three or more hydrocarbon derivative chains, wherein the
hydrocarbon derivative chains each include an aromatic amino group
at an end thereof, and may or may not include a carbon-nitrogen

bond in a main chain thereof.

0

I

\S HN = (CHQCHQO)“ CHgC - X Coaol()

0



present invention is highly beneficial. -70- CLAIMS: 1. A linker compound
of a structure represented by following general formula (1), where a, b, d,
e are independently an integer of 0 to 6, and X has a structure serving as
a multi-branched structure moiety including three or more hydrocarbon
derivative chains, wherein the hydrocarbon derivative chains each include
an aromatic amino group at an end thereof, and may or may not include a
carbon-nitrogen bond in a main chairl thereof. 0 ,»VOH2/H1H -t7TN-S
X _C--tCHO-CH,CH2jbdeS .~.""1I ki, 2. The linker compound
according to claim | of a structure represented by following general

fOfmS‘!a’I(_%)e whater rb@rﬁ@&ﬁ%ﬁffa@dd@cﬁn%”?oxﬁéﬁﬁ ireetyre fRIG X has
as a multi-branched structure moiety _including three or more hydrocarbon

a YeERvetNECCRERES SHtesh e fallosiam 85 aerRhdos erdias(hcinelfie M’

mBNARatiCHIMIAA @reYRrt ﬁi&ﬁ%&h&@fﬂﬁﬁ@lm@t’e@e?‘é}y notdnelude a
carbon-nitrogen bond in a main chain thereof. 0 S HN - (CH,CH,O)n
GH2G - X (2) 0-71

0

i/ (o) ¥ )‘\@" NH,
(C'Hﬁ)pr S \
(cH)az Ny
0

N .+ (3)
’ 0
() AL
(CHZ);:T ﬁ o \
: (o)~ L
0

4. The linker compound according to claim 1 or 2, where X has
a structure represented by following general formula (4), wherein q!,
q?, q3, ri, r2, r3, t1, t2, t3, ul, u?, and ud are independently an integer

of O to 6.



3. The linker compound according to claim | or 2, where X has a structure
represented by following general formula (3), wherein ml, M2, M3, M4, p
I, and p2 are independently an integer of I1to 6. 0 HN NH2 0 (CH2)~-,
(CH2ZNNH2 HO.... NOH NNH2 (OH2)p-20N 11 0 (CH2) N NH2 H
0 4. The linker compound according to claim | or 2, where X has a
structure represented by following general formula (4), wherein gl, g2, g3,
r',r2, r3, tl, t2, t3, U1, U2, and U3 are ||?dépendently an integer of 0 to 6.
-72- 0 114H2HO H 101, tjf N-C C-CH2CH2t4 _CHL HU1riOr'gl &

O4112~,\l-{_|4§2
Q Q
it [H2 Hoodl
g -G C O —-CHyCHa . N-C #~CH

NHy

@)

?x Hy H Il
N-C C O~—CHyCHy NG #-C
H u? 2 Ha

r?

Zx

NH,

i [H2 H ,
N-C ( c L 0—CH,CH, N—C{-CH,/ ¢
H \"/ \

3 3
u t
3

5. A ligand conjugate including the linker compound according
to any one of claims 1 through 4, wherein an aromatic amino group of

the linker compound includes a sugar molecule introduced therein.

6. A ligand conjugate of
a structure represented by following general formula (5), where
m!, m?, m3, m% n, p!, and p? are independently an integer of 1 to 6,

R' is hydrogen (H) or R, and

(0]

|
A
N~g{cnz)p1

H
R4~ S ~fondfue
O
R Q H S
— N
N-C~CH,~{ ocH,CcH, ), 3
T, :
R-N—@—“\N.GCHZ%S
H

H
—@—n’”‘(cm’{mdt o
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R_

n—z



t2 ItHH 11 IN N-C C-CH2CH2N-CC-H 112+ H2'2 r2~q 01t3 It

4H2~ . ~,0_CIld2Cf,, H &N-C C N--OC H2 g~ H U3 r3 5. A ligand

conjugate including the linker compound according to any one of claims |
through 4, wherein an aromatic amino group of the linker compound

includes a sugar molecule introduced therein. 6. A ligand conjugate of a
structure represented by following general formula (5), where MI, M2, M3,

M4, n, pl, and p2 are independently‘aﬁc?nteger of 1to 6, R'is hydrogen (H)
orR,and NHX,, it RR1-4/ NH H R --N---~/\% N-~C, 1 tX"4 R'-73-R

is atoli§ordahgnaacabavedcslapoiath serReyrentalsshgdngom among

thEOHeWiRGiIoeHIaa (821 [BroYIHh&s Bl -sH

CH-OH CH,OH CHLOH
2 OH (@) OH
OH OH OH
o OH ®)
OH OH OH
(6—1) (6 —2)
N303SD 0 O OH
OsNa
OH o DHZ OH
MeQO HQO
NHSO3Na OSOgNa OH
(6—3)
CH,OH
0
OH 0
OH
CH,OH CH,OH CH,0
H-CH > CH,0H or o
C 2 OH 2 0
0 o] 0 OH OH
0 0 OH
OH HO OH
A NHCOCH; (6—6)
OH NHCOCH;
(6—4) (6—5)

7. A ligand conjugate of

a structure represented by following general formula (7), where
a, b, d, e, q!, g%, g3, rl, r2, r3, tl, t2, t3, ul, u?, and ud are
independently an integer of O to 6, t!, t2, and t3 are not O when b is O,

b is not O when t!, t2, and t3 are O, R' is hydrogen (H) or R, and



A - OHOHOH ((j~ .... 22 NaOaSO 00 2--0H OH If OH 0 HxNa
MeOL ~A CO HON ..... ....... dr NHSO3Na Osoama J CH~OH CHO OH
H CH20H 0 "H -0 OH OH t4H.C,3CH,, 7. A ligand conjugate of a
structure represented by following general formula (7), where a, b, d, e,
al, 92, g3, r', r2, r3, tl, t2, t3, U1, U2, and U3 are independently an integer
of 0 to 6, tl, t2, and t3 are not 0 when b is 0, bis not O when t', t2, and t3
are 0, R' is hydrogen (H) or R, and -7Z-4R-N_r' 417V ~40 Ris an
oligosaccharide -derived compound selected from among the following

fotr1|mLNJIa§ (6- 1) through (6-6). H20H CH20H OH ------- IAOH~ - ----- OH 0"
oR—"—
Qg &
ﬁ-—c——(c);—(-o—cmcuz : ¢ ICH
I
R=—n—R'
(o} e}
0 9 HOE [ H Hq_[\
QE-E$%0~CHECHZ - H_g}fﬁz N—c—{c)—{o“emcm}ﬁw&)d—(-c —\
b
R —n=—R'

R is an oligosaccharide-derived compound selected from among

the following formulae (6-1) through (6-6).

CH,OH CH,OH CHzOH
OH OH OH
fo) OH O
OH OH OH
(6—1) (6—2)

CH,0H
9]
OH 0O
OH
CHz%';L CH,OH CH20
CHZ0OH o o
OH O
(8] OH
0l o Q o .
OH HO OH
OH NHCOCH;

(6—4) (6—5)



1) (lj~ N&O3SG 00 OML~,1V_ MOO 1,4 "0 NHS03% OH 1X

CH2011i _OH DH i-irocii, kmcorH~, 6 4, ~ ~,, --- ~I) -75- 8. A producing
method of a linker compound according to any one of claims | through 4,
comprising the steps of-. carrying out a condensation reaction between

thioctic acid and an amine compound including three or more branched

chains each having an aromatic amino group end protected by a

protecting group; and deprotecting th%SpFotecting group at the aromatic

amino group end. 9. A producing method of a ligand conjugate,
compristh@liRd eeipsf BARg vk & ridlesvcampaivndeactornding to any

on'éStIdNa niskerennoid otamy s idfLlaimsstéyough 4 and a sugar
molecule. 10. The producing method according to claim 9, wherein; the
sugdriAioéRg e b UfRRIFARRER SRS 194viRG BV ReBathipstig  acid and

anStasfliHe fispeehaddmenidenesented b thaotdllaying @gparalhains each
formula (8). 00 1\0 &OHO COH .
aving an aromatic amino group end protected by a protecting group;
and
deprotecting the protecting group at the aromatic amino group

end.

9. A producing method of a ligand conjugate, comprising the
step of carrying out a reductive amination reaction by using the
linker compound of any one of claims 1 through 4 and a sugar

molecule.

10. The producing method according to claim 9, wherein:
the sugar molecule is a sulfated oligosaccharide having a
heparin partial structure of disaccharide unit represented by the

following general formula (8).

ceee(8)

NHSO,~ 080"

11. The producing method according to claim 9, wherein:
the sugar molecule is at least one oligosaccharide selected from

the group (9).



NHSO03 11. The producing method according to claim 9, wherein: the
sugar molecule is at least one oligosaccharide selected from the group
(9). -76- OH ~OH 014~ OH ~qtHO OR H OH Q4 C OH CP20 CH'Ofi
PH20H OH j. OH H6 | QOH CH NHCOCHS3 12. A sugar molecule
introducing method of arranging a sugar molecule on a surface of a
supporter, comprising the step of: causing a solution containing the ligand
conjugate of any one of claims 5 thFoZ@h‘ 7 to come into contact with a
supporter including metal on a surface thereof. 13. A ligand carrier which
comprises the ligand conjugate of any one of claims 5 through 7
immobilized on a supporter including metal on a surface thereof.

CH,OH CH,0H CHzOH
0 0 0
CH,O0H
oH /™OH OH oH /“OH 0
HO :
0
OH OH OH s
CH;OH CHQOH CH20
O 0 0
CH,OH OH CH,0H
H—0 o AoH )VOH Cal /S
c OH
o HO 00” NHCOCH;
OH NHCOCH; reee(9)

12. A sugar molecule introducing method of arranging a sugar
molecule on a surface of a supporter, comprising the step of:

causing a solution containing the ligand conjugate of any one of
claims 5 through 7 to come into contact with a supporter including

metal on a surface thereof.

13. A ligand carrier which comprises the ligand conjugate of any
one of claims 5 through 7 immobilized on a supporter including metal

on a surface thereof.



