-1- SUGAR CHAIN LIGAND COMPOSITE AND METHOD OF

ANALYZING PROTEIN WITH THE LIGAND COMPOSITE TECHNICAL
FIELD The present invention relates to a novel ligand conjugate in which

a sugar chain having a reducing end is introduced to a linker compound,
and to a ligand carrier which is a chip on which a large number of
molecules of the ligand conjugate arelimmobilized, the chip having a
surface coated with a metal such as gold, silver, copper, or the like.
Further, the present invention relates to a method for performing protein
analysis using the ligand conjugate. BACKGROUND ART Various
intraSEiGARICHAIN AGANDOGMPOSITE ANDMETHOD OF
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functions of the sugar chains based on a conjugate 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
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immobilized, the chip having a surface coated with a metal such

as gold, silver, copper, or the like. Further, the present
invention relates to a method for performing protein analysis

using the ligand conjugate.

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 clarify the functions of such
sugar chains, it is necessary to analyze the functions of the
sugar chains based on a conjugate 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 using 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



thereon, a substance, such as protein, which specifically interacts with an
oligosaccharide are identified. This makes it possible to properly evaluate
a biological activity based on the structure of the oligosaccharide.
Meanwhile, a single oligosaccharic molecule is not active enough.
Therefore, it is necessary to implement a large number of molecules of
oligosaccharide onto the sensor chip @ken evaluating a biological activity
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molecules of oligosaccharide for analysis of interaction with a protein_
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In view of this, the inventor of the present invention and
the others have so far found a linker compound including
molecules having therein (i) moiety capable of being
immobilizable onto the surface of the sensor chip and (ii) moiety
capable of taking in one or two units of oligosaccharide. Also,
the inventor of the present invention and the other 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 inventor of the present
invention and the others found that the use of such a ligand
conjugate makes it possible to introduce a large number of
molecules of oligosaccharide onto the sensor chip (for example,
see Patent literature 1, Non-patent literature 1).

[Patent Literature 1]

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

[Non-Patent Literature 1]

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



Meeting, Chemical Society of Japan, Mar. 15, 2001, p. 1042 -3- However,
the ligand conjugates described in the literatures are such that sugar
(oligosaccharides) introducible to the ligand conjugates are limited to
sulfated sugar synthesized by the inventor of the present invention and
the others. The literatures does not describe whether or not
commercially-available oligosaccharides having a reducing end, such as

maltose] faeckass:, andile likgs£88 bedprgdyerddntodéechaped conitigaie

to form a sensor therewith. Moreover, it _has been proposed to carry out
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thereby synthesizing a ligand
chain on the chip. However, no technique that can give
satisfactory data has not been established.

The present invention is accomplished in view of the
aforementioned problems, and has an object to provide a novel
ligand conjugate in which a commercially-available sugar

having a reducing end is introduced, and a ligand carrier which

can be used for protein identification.

DISCLOSURE OF INVENTION

As a result of diligent study to solve the above-mentioned
problems, the inventor of the present invention reacted, with
commercially-available maltose or lactose, a linker compound
described in the earlier application (Japanese Patent
Application No.: Tokugan 2003-190568, Japanese Unexamined
Patent Publication No.: Tokukai 2004-157108 (published on
June 3, 2004 which was after the priority date of the present
application (February 18, 2004)), thereby synthesizing a ligand
conjugate that has a-glucopyranose, or B-galactopyranose at its
end. Further, the inventor of the present invention produced

sugar chips (ligand carriers) by immobilizing the ligand



conjugate that has a-glucopyranose, or (3-galactopyranose at its end.
Further, the inventor of the present invention produced sugar chips

(ligand carriers) by immobilizing the ligand -4- conjugates on gold-coating
chips, respectively. The inventor of the present invention studied
interaction of the sugar chips with protein by performing MALDI-TOF/MS
with the sugar chips after confirming #he interaction by SPR analysis. As
doligRulathe invertel @f doe Areserhipention feui 13t itih PoaSIBIET of
identify the protein bound on the sugar. chips by. perfuming such analysis.
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where p and q are independently integers of not less than O but
not more than 6, in which X is a structure comprising one, two,
or three hydrocarbon derivative chains which have an aromatic
amino group at an end and may have a carbon-nitrogen bond in
a main chain, Y is a sulfur atom or a hydrocarbon structure
containing a sulfur atom, and Z is a straight-chain structure
comprising a carbon-carbon bond or carbon-oxygen bond, the
sugar having a reducing end and being bonded to the linker
compound through the aromatic amino group.

The “hydrocarbon derivative chain” is a hydrocarbon
chain made of carbons and hydrogens, wherein part of the
carbons and hydrogens may be substituted with another or

other atoms, or a substituent(s). That is, the hydrocarbon



other atoms, or a substituent(s). That is, the hydrocarbon -5- derivative
chain, which has an aromatic amino group at the end, may be such that
part of carbon-carbon bonds (C-C bond) that constitute the main chain
structure of the hydrocarbon chain is substituted with carbon-nitrogen
bond (C-N bond), carbon-oxygen bond (C-O bond), or amide bond
(CO-NH bond). Moreover, the "hydrecarbon structure having a sulfur
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wherejn part of the carbons is substituted with sulfur(ﬁzs. The hydrocarbon
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sulfur(s). The hydrocarbon structure having a sulfur atom may
be a chain (straight or branched), a ring, or a structure having a
chain and ring structures.

The ligand conjugate according to the present invention
may be arranged such that Y is a hydrocarbon structure having
a S-S bond or a SH group. That is, the hydrocarbon structure
having a sulfur atom may have a disulfide bond (S-S bond) or
thiol group (SH group).

The ligand conjugate according to the present invention
may be such that X has a structure represented by General

Formula (2):
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bH 00 N4{CHOM -6- where ml, m2, and m3 are independently integers

of not less than 0 but not more than 6, and R' is a hydrogen (H) or R, R
being a compound derived from a sugar chain. The ligand conjugate
according to the present invention may be such that X has a structure
represented by General Formula (3): R.0 R-N N -(CH2)m4 R'"0 H ~N-C_
...(3) 111 R-N~--N-(CH2)m5 0 whefe-m4 and m5 are independently
ipliegess pinNohiessdhan ghbubiet mRIeear Bnklys miygeegen{HIOF Ress
R being a compound derived from a sugar chain. The ligand conjugate
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Peinlwre teprasenied kie:Ganemotaranwaday: tiahh0 H 11 -7- where R’
is a hy en. (H), or R, R being a compqund derived from a sugar chain.
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Formula (3):

where m* and m> are independently integers of not less than O
but not more than 6, R’ is a hydrogen (H) or R, R being a
compound derived from a sugar chain.

The ligand conjugate according to the present invention
may be arranged such that X has a structure represented by

General Formula (4):
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/In1 H2 C+OCH2CH2 (6> n where nl and n2 are independently integers
of not less than 1 but not more than 6. A method according to the present
invention for producing a ligand conjugate includes performing reductive
amination using a linker compound and a sugar that has a reducing end,
the linker compound being any one of: a linker compound having a
structure represented by General Foffnula (7): -8- NH2 & O N \CH21ml
NH2 0 &N~(CH2)m2-N-C- CH1-NH YV'S NH2H 11 2)nH0/0 0 &N--k
(CH2)m3 ... (7) where ml, m2, and m3 are independently integers of not
BRETRAR 01BURNBY P8 tRant®) aRll A isTarPRtBge Ao RRLHANR 196TEVed
fed Maiesthaadca dnker compound having a structure represented by
Genera{,ﬁg rq}géan(g)'coorHljlljégfre_LaNc_c(grlﬁiz&lryt% the present invention
may be arranged such that Z has a structure of Formula (5) or

(6):

2
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where n! and n? are independently integers of not less than 1
but not more than 6.

A method according to the present invention for producing
a ligand conjugate includes performing reductive amination
using a linker compound and a sugar that has a reducing end,
the linker compound being any one of:

a linker compound having a structure represented by

General Formula (7):



H 0 N-C-(CH2)11-N H 11 H2N-r~-_N-(CH2)m5 0 0 (8) where m4 and
m5 are independently integers of not less than 0 but not more than 6, and
nl is an integer of not less than 1 but not more than 6; a linker compound
having a structure represented by General Formula (9): -9- H2N S H |
L)~NH-C-(CH2)nIN ~G S ... (9) 11 0 0 where nl and q are independently
integers of not less than 0 but not mde-than 6; a linker compound having
a structure represented by General Formula (10): S S ™ (10) HZN/-\
N-C-Ct+OCH2CH2 N H n 0 where n2 is an integer of not less than 1 but
not more than 6; and a linker compound having a structure represented
by (?\leHneral Formula (11): H2N 0 H2 0 NH2

2

@Hi (CH,)/1

NH,

Dt \ e
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@ni<CHz>m3/ h °

where ml!, m2, and m® are independently integers of not less
than O but not more than 6, and n! is an integer not less than 1
but not more than 6;

a linker compound having a structure represented by

General Formula (8):

Oy
HZN% >—“—N—(CH2)m4 S
|
H S
o N—C—(CH,),i—N

ai [
HN—¢ M- —(CHz)ms/ 0 0
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where m* and m5 are independently integers of not less than O
but not more than 6, and n! is an integer of not less than 1 but
not more than 6;

a linker compound having a structure represented by

General Formula (9):



H 11 ~,HHN-C C S-S- C CJ-CN (11) where nl is an integer of not less
than 1 but not more than 6. Moreover, a ligand carrier according to the
present invention is such that any one of the ligand conjugates - 10
mentioned above is immobilized on a supporter having a metal on a
surface thereof. The ligand carrier may be used for protein analysis.
Moreover, a method according to the §resent invention for analyzing
protein, includes (i) allowing any one of the ligand conjugates mentioned
above to stand in contact with a supporter so as to prepare a ligand
carrier in which the ligand conjugate is immobilized on the supporter; (ii)
analyzing intermolecular interaction after allowing th and carrier to
contact W|th a proteln soluti Pt and (iii) performing mass

\ g& ?) nt&ymolecgularyi ction, srad

a-n ote|n oup d oh the? Han 'e DESCRIPTION OF

DRAWINGS FIG. 1 |9a schematic diagram illustrating procedure of
protein analysis method using a ligand conjugate according to the present
invention. FIG. 2(a) is a graph illustrating results of analysis on bonding
behavior of ConA, using a sensor chip on which a ligand conjugate
having two molecules of a-glucopyranose was immobilized. FIG. 2(b) is a
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a linker compound having a structure represented by

General Formula (10):

H,N

@— N—C— C+OCH2CH2+N s rlo

where n? is an integer of not less than 1 but not more than 6;
and
a linker compound having a structure represented by

General Formula (11):

H,N NH;

Hy @ H
C S S\C C-'N

where n! is an integer of not less than 1 but not more than 6.

e+ (11)

Moreover, a ligand carrier according to the present

invention is such that any one of the ligand conjugates



conjugate having two molecules of a-glucopyranose was immobilized.
FIG. 2(c) is a graph illustrating results of analysis on bonding behavior of
LCA, using a sensor chip on which a ligand conjugate having two
molecules of a-glucopyranose was immobilized. FIG. 3(a) is a graph
illustrating results of analysis on - 11 bonding behavior of ConA, using a
sensor chip on which a ligand conjud#&te having three molecules of
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of analysis.on bonding behavior of PSA, using a sensor chip on which a .
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wiraopdized. FIG. 3(c) is a graph illustrating results of analysis on
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mass spectroscopy after the analysis of the intermolecular
interaction, so as to identify a protein bound on the ligand

carrier.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating procedure of
protein analysis method using a ligand conjugate according to
the present invention.

FIG. 2(a) is a graph illustrating results of analysis on
bonding behavior of ConA, using a sensor chip on which a
ligand conjugate having two molecules of a-glucopyranose was
immobilized.

FIG. 2(b) is a graph illustrating results of analysis on
bonding behavior of PSA, using a sensor chip on which a ligand
conjugate having two molecules of a-glucopyranose was
immobilized.

FIG. 2(c) is a graph illustrating results of analysis on
bonding behavior of LCA, using a sensor chip on which a ligand
conjugate having two molecules of a-glucopyranose was
immobilized.

FIG. 3(a) is a graph illustrating results of analysis on



immobilized. FIG. 5(b) is a graph illustrating results of analysis on

bonding behavior of PNA, using a sensor chip on which a ligand
conjugate having three molecules of (3-galactopyranose was

immobilized. FIG. 6(a) is a chart illustrating a result of mass spectroscopy
of ConA bound on a sensor chip. FIG. 6(b) is a chart illustrating a result of
mass spectroscopy of PNA bound-oh b sensor chip. FIG. 7 is a chart of

bldrMﬂE%gsnﬁ&tf@mpy&nmof A sike ligageriiugaia(Compoungh a
30). FIG. 8 is a chart of 1H-NMR spectroscopy analysis of a ligand
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anglysisibzedigand conjugate (Formula (37)). FIG. 10 is a chart of

1H-NM cQ yana ligand COI’I]U uIa (38))..FIG.
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M@M@(Bﬁhaﬁhﬁr lﬁIPSEhafsﬁig.fd-NMRSP&ﬂffqﬁmmmﬁhStS dfeamnd
and conjt gFormlﬁE%ﬂfO)) FIG. 13 is a chart of H NMR

%&t‘r&%opy Vi ard YsiGHlETe @ rrﬁ‘u%‘(&f‘ﬁ}’%ﬁ“ﬁ is & o>

chanm obilli=&MR spectroscopy analysis of a ligand conjugate (Formula

(42)). HG 15 chart of 1H-NM scopy analysis
conjugate FO% Ulal (43)). %r%pwi;ﬁsla ngqﬁk}llé spgcf:trosg? v on

aaiylis @ftee Higainok cohjugate (Fomguia :é¢41)3.or chip on which a hgand
conjugate having three molecules of a-glucopyranose was
immobilized.

FIG. 4(a) is a graph illustrating results of analysis on
bonding behavior of RCA, using a sensor chip on which a ligand
conjugate having two molecules of p-galactopyranose was
immobilized.

FIG. 4(b) is a graph illustrating results of analysis on
bonding behavior of PNA, using a sensor chip on which a ligand
conjugate having two molecules of p-galactopyranose was
immobilized.

FIG. 5(a) is a graph illustrating results of analysis on
bonding behavior of RCA, using a sensor chip on which a ligand
conjugate having three molecules of B-galactopyranose was
immobilized.

FIG. 5(b) is a graph illustrating results of analysis on
bonding behavior of PNA, using a sensor chip on which a ligand
conjugate having three molecules of B-galactopyranose was
immobilized.

FIG. 6(a) is a chart illustrating a result of mass
spectroscopy of ConA bound on a sensor chip.

FIG. 6(b) is a chart illustrating a result of mass
spectroscopy of PNA bound on a sensor chip.

FIG. 7 is a chart of TH-NMR spectroscopy analysis of a



FIG. 17 is a chart of 1H-NMR spectroscopy analysis of a ligand conjugate
(Formula (45)). FIG. 18 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (46)). FIG. 19 is a chart of 1H-NMR
spectroscopy analysis of a ligand conjugate (Formula (47)). FIG. 20 is a
chart of 1H-NMR spectroscopy analysis of a ligand conjugate (Formula
(48)). FIG. 21 is a chart of 1H-NMR-sp@ctroscopy analysis of a ligand

eRRiveRtetTRIBIa (6DInbKuRad is@ chart of 1H-NMR spectroscopy
analysis of a ligand conjugate (Formula %30)). FIG. 23 is a chart of
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protein in a non-specific manner. Therefore, the ligan ugate

digrondingprajthgadresBormula (40)).
FIG. 13 is a chart of 1H-NMR spectroscopy analysis of a

ligand conjugate (Formula (41)).

FIG. 14 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (42)).

FIG. 15 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (43)).

FIG. 16 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (44)).

FIG. 17 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (45)).

FIG. 18 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (46)).

FIG. 19 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (47)).

FIG. 20 is a chart of !'H-NMR spectroscopy analysis of a
ligand conjugate (Formula (48)).

FIG. 21 is a chart of 1H-NMR spectroscopy analysis of a
ligand conjugate (Formula (49)).

FIG. 22 is a chart of !'H-NMR spectroscopy analysis of a
ligand conjugate (Formula (50)).

FIG. 23 is a chart of 'H-NMR spectroscopy analysis of a



invention comprises a linker portion (linker compound) having a structure
represented by General Formula (1). The structure denoted as "Y" in the
structure represented by General Formula (1) contains a sulfur atom (S).
The sulfur atom (S), for example, forms a metal-sulfur bond (e.g., Au-S
bond) with a metal (e.g., Au) with which the surface of the supporter for
use in the protein analysis is coated lthereby allowing the ligand

eRRIvRRtEL # Redtien|y benaed testing supporter. Moreover, the linker

compound comprises, as "X" in General Formula (1), a structure having
one, two, or three hydrocarbon derivative chains which have an aromatic

BURT YQUD Bt HErRThaR YNaGhae B TH P INWENENd™Nd in its main
chain.

ith this, the linker compounds can_ pe aligned on the surface of
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for identification or isolation of a substance (such as protein)
that interacts with a sugar molecule specifically. Thus, the
ligand conjugate should not be interactive with the substance
such as protein in a non-specific manner.

Therefore, the ligand conjugate according to the present
invention comprises a linker portion (linker compound) having a
structure represented by General Formula (1). The structure
denoted as “Y” in the structure represented by General Formula
(1) contains a sulfur atom (S). The sulfur atom (S), for example,
forms a metal-sulfur bond (e.g., Au-S bond) with a metal (e.g.,
Au) with which the surface of the supporter for use in the
protein analysis is coated, thereby allowing the ligand conjugate
to be firmly bonded to the supporter.

Moreover, the linker compound comprises, as “X” in
General Formula (1), a structure having one, two, or three
hydrocarbon derivative chains which have an aromatic amino
group at the end and may have a carbon-nitrogen bond in its
main chain. With this, the linker compounds can be aligned on
the surface of the supporter so as to increase the number of the

sugar molecules on the surface. Meanwhile, the aromatic amino



cyclic hydrocarbon structure having a S-S bond, and Z has the structure
represented by Formula (5). This linker compound is exemplified by a
compound having a structure represented by General Formula (12): S H
,S..12) -ILH2)nl-N O The linker compound can be synthesized from
thioctic acid. Moreover, an example of the linker compound is a
compound represented by General-Fbfimula (1) whereinp=4,q =1,Y is

31yGle hxerogaebor S UCKITEWRaViRg 8yS-epd1ado 4 has thewstrustusar
represented by Formula (6). This linker compound is exemplified by a
BBRIE6UEthaving a structure - 15- represented by General Formula (13):

S H2 Ibteo(k?) Atk | Uuh2dV2compdAAd hedrkpricaspourd c@n in
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3 'enddg%fxlzqaebg Q%g%ﬁq%%fng 'eTpr?dSeullofgrrldently integers of not less
than O but not more than 6. Moreover, n! in Formula (5) and n?
in Formula (6) are not particularly limited provided that they
are independently integers of not less than 1 but not more than
6.

An example of the linker compound is a compound
represented by General Formula (1) wherein p =4, q=1, Yis a
cyclic hydrocarbon structure having a S-S bond, and Z has the
structure represented by Formula (5). This linker compound is
exemplified by a compound having a structure represented by

General Formula (12):

X—(CHz)n1-—H S v+ (12)
Il

The linker compound can be synthesized from thioctic acid.
Moreover, an example of the linker compound is a
compound represented by General Formula (1) wherein p = 4, q
= 1, Y is a cyclic hydrocarbon structure having a S-S bond, and
Z has the structure represented by Formula (6). This linker

compound is exemplified by a compound having a structure



(S) in the S-S bond can form a metal-sulfur bond (e.g., Au-S bond) with a
metal (e.g., Au) coating the surface of the supporter for use in protein
analysis, thereby to form a strong bond with the supporter. Note that Y is
not limited to these represented by General Formulae (12), (13), and (14).
For easy formation of the metal-sulfur bond (e.g., Au-S bond), it is
preferable that Y be a hydrocarbon-sirGeture having a S-S bond or a SH
JEQHR B dEapy CRAHGRIE REERTEING (P3fhe present invention is
prepared by introducing a sugar chain having a reducing end - 16 into the
aromatic amino group of the linker compound. In other words, the ligand
conjugate according to the present invention has a structure in which the
sugar chain having the reducing end is bond itB the linker compound

via the ggpmatic amino group. fjhe introductiop of the suga.r.nﬁ2 g?
car%d%%kmwg@g%ﬁan%aﬁ mad-group (-NH )}o the
aromatic amino grodp of'thenfinkaf cotpound with the sugar. That is,
aldehyde group (-CHO group) or gtone group (-CRO group, where R is a
hydrocarbon group) occurred in the sugar due to equilibrium is reacted
with an amino group of the linker compound. Then, Schiff base formed by
the reaction is subsequently reduced, thereby to introduce the sugar into
{he e diigrraticcamipe grod poaithtease i titheipeeb énd mvemtiort i the sy ar
having cing, _end,| the sulfated su thesi the .
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reducing end" is a monosaccharide or

represented by Formula (5) or (6). An example of such a linker

compound is a compound represented by General Formula (14):

The linker compounds represented by General Formulae
(12), (13), and (14) contain disulfide bond (S-S bond). The sulfur
(S) in the S-S bond can form a metal-sulfur bond (e.g., Au-S
bond) with a metal (e.g., Au) coating the surface of the
supporter for use in protein analysis, thereby to form a strong
bond with the supporter. Note that Y is not limited to these
represented by General Formulae (12), (13), and (14). For easy
formation of the metal-sulfur bond (e.g., Au-S bond), it is
preferable that Y be a hydrocarbon structure having a S-S bond
or a SH group.

The ligand conjugate according to the present invention is

prepared by introducing a sugar chain having a reducing end



oligosaccharide whose anomer carbon atom is not substituted. That is,
"sugar having a reducing end" is a reducing sugar. Concrete examples of
the sugar having a reducing end include maltose, lactose, panose,
cellobiose, melibiose, mannooligosaccharide, chitooligosaccharide,
laminarioligosaccharide, and the like. Note that the present invention is
not limited to these. A ligand conjugal®having an oligosaccharide such

a5 tHaltesen laeesgc M thmiike 1o 1 a8 \entage puskiprts yrigis ARRUCalitytioe r
protein analysjs compared with the conventional Ii%and conjugate having
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amino group of the linker compound with the sugar. That is,
aldehyde group (-CHO group) or ketone group (-CRO group,
where R is a hydrocarbon group) occurred in the sugar due to
equilibrium is reacted with an amino group of the linker
compound. Then, Schiff base formed by the reaction is
subsequently reduced, thereby to introduce the sugar into the
aromatic amino group with ease.

In the present invention, the sugar having the reducing
end is not the sulfated sugar synthesized by the inventor of the
present invention and others as described in the earlier
application, but a sugar commercially available or prepared by
breaking down a polysaccharide commercially available. The
“sugar having a reducing end” is a monosaccharide or
oligosaccharide whose anomer carbon atom is not substituted.
That is, “sugar having a reducing end” is a reducing sugar.

Concrete examples of the sugar having a reducing end
include maltose, lactose, panose, cellobiose, melibiose,
mannooligosaccharide, chitooligosaccharide,
laminarioligosaccharide, and the like. Note that the present
invention is not limited to these. A ligand conjugate having an
oligosaccharide such as maltose, lactose, or the like is
advantageous in its wide applicability for protein analysis
compared with the conventional ligand conjugate having the
sulfated sugar.

Concrete examples of the ligand conjugate according to

the present invention include a ligand conjugate having a



where ml, m2, and m3 are independently integers of not less than 0 but
not more than 6, and nl is an integer of not less than 1 but not more than
6; a linker compound having a structure represented by General Formula
(8): 0 HH2N ~~-N-(CH2)m4 S i H N-C-(CH2)n1-N H/II
H2N~-N-(CH2)m5 0 0 (8) where m4, and m5 are independently integers
of not less than 0 but not more than 67and nl is an integer of not less than

SrictiSenst RAechan Shadnkes campaurshaving &aliugduiatroduced
represented by General Formula (9): HZN S \NH - C- (CH2~n11\NH G

§1to @ 13re B AHEr& HHAY FAreRnAE Seha Qs Mcdursiotiasyings drer

tobupbeindere than 6; a linker compound having a structure represented

by G | F la (10): S H2NHOH2H S ... (10
NYC_Ce%%l%aﬂxéﬂp%und [ﬁawong a strugctelre represented by

General Formula (7):

NH,

@Hi((}”z)w

NH,

HO \ | 7
@N_{(CHz)mz—C—N——C——(CHZ)n1—H °

NH, H |l

D,/

where ml!, m?, and m3 are independently integers of not less

(7)

than O but not more than 6, and n! is an integer of not less
than 1 but not more than 6;

a linker compound having a structure represented by

General Formula (8):

0y
HZN% >—“—N—(CH2)m4 S
|
HZN—Q‘ Qy—J—\I N —(CH, )5 0 0
e (8)

where m#, and m> are independently integers of not less than O

but not more than 6, and n! is an integer of not less than 1 but



0 where n2 is an integer of not less than 1 but not more than 6; and a
linker compound having a structure represented by General Formula (11):
H2N NH2 N_o+ C2+S-S~C J-6 _N nn (11) - 19 where nl is an integer of
not less than 1 but not more than 6. The ligand conjugate can be
produced by carrying out reductive amination using a sugar having a
reducing end and the linker compoun@ represented by any one of
Geperad rEamuiag (7) to (11). The linker compound having the structure
represented by General Formula (7).is a linker compound having three
hydroc&rbbi HEFvARE BARAS. THE YRS RydPEEAISH CdeiRRERRSEHS s, PY
eashaafavirgihasian@romatic amino group at the end, are bonded to
one carbon (C), thereby forming a branched structure. Note that in
General Formula (7), ml, m2, m3 and nl are not particularly limited
provided that ml, m2, and m3 are integers of not less than 0 but not more
thanygngnd nl is an integer of not less than 1 but not oreSthan 6. They

may %e' rent from one another, grigoge or all ofthem/may be the, (
same i «@r N ea@pn{dlldtjbn]' iblpreferableth ,m2, and m3 gg
the samé&Tmteger, andlit is especially pre that” ml, m2, and m3 are

2. The linker compourQl having the struciQre represented by General
Formula (8) is a linker compound having two

where n! and q are independently integers of not less than 1
but not more than 6;
a linker compound having a structure represented by

General Formula (10):

| S
H,N
(o) |
H & H2 : H ‘ S et (10)
N—C—C+OCH CH —)—N
@ 2¥r2 ]2

0

where n? is an integer of not less than 1 but not more than 6;
and
a linker compound having a structure represented by

General Formula (11):

H,N 0 NH,

N—C+C—+S—S-+-C—+C—N
yS—S{CT

«+(11)



hydrocarbon derivative chains. The two hydrocarbon derivative chains,
each of which has an aromatic amino group at its end, are bonded to one
nitrogen (N), thereby forming a branched structure. Note that in General
Formula (8), m4, m5 and nl are not particularly limited provided that m4
and m5 are integers of not less than 0 but not more than 6, and nl is an
integer of not less than 1 but not moi&than 6. They may be different from

QeeARQINgE ahspme Qiab ohibene saykmthe same sitederdah 829,
production, it is preferable that m4 and m5 be the same jnteger, and it is
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as a carbon, nitrogen, or the like to form a branching

m3 are integers of not less than O but not more than 6, and n!
is an integer of not less than 1 but not more than 6. They may
be different from one another, or some or all of them may be the
same integer. For easy production, it is preferable that m!, m2,
and m3 be the same integer, and it is especially preferable that
ml!, m?, and m3 are 2.

The linker compound having the structure represented by
General Formula (8) is a linker compound having two
hydrocarbon derivative chains. The two hydrocarbon derivative
chains, each of which has an aromatic amino group at its end,
are bonded to one nitrogen (N), thereby forming a branched
structure. Note that in General Formula (8), m*, m> and n! are
not particularly limited provided that m* and m> are integers of
not less than O but not more than 6, and n! is an integer of not
less than 1 but not more than 6. They may be different from one
another, or some or all of them may be the same integer. For
easy production, it is preferable that m* and m> be the same
integer, and it is especially preferable that m* and m> be 2.

The linker compound having the structure represented by

General Formula (9) is a linker compound having one



structure, like in General Formula (7) or (8). In case where the "X"
contains a plurality of hydrocarbon derivative chains, it is preferable that
these hydrocarbon derivative chains have the same structure. However,
these hydrocarbon derivative chains may have different structures,
provided that they have an aromatic amino group at their ends. As
described above, the linker compouriécentained in the ligand conjugate

LPFEEEIrSoHedU EIRRIE TRV MM CONR NS Ba SUICRERIBrWhiED £8108 (9),
bonded to the supporter for use in the_ pratein analysis, and an amino
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limited, provided that it is an integer of not less than 1 but not
more than 6.

The “X” may have a structure of a multibranching moiety
in which plural hydrocarbon derivative chains are bonded at an
atom such as a carbon, nitrogen, or the like to form a branching
structure, like in General Formula (7) or (8). In case where the
“X” contains a plurality of hydrocarbon derivative chains, it is
preferable that these hydrocarbon derivative chains have the
same structure. However, these hydrocarbon derivative chains
may have different structures, provided that they have an
aromatic amino group at their ends.

As described above, the linker compound contained in the
ligand conjugate according to the present invention contains a
sulfur atom which can be bonded to the supporter for use in the
protein analysis, and an amino group that can be bonded to a
sugar molecule such as oligosaccharide chain, etc. Therefore,
the linker compound is immobilized to the supporter for use in
the protein analysis via a metal-sulfur bond such as Au-S bond.
Thus, it is possible to firmly and easily bond the sugar molecule

to the supporter via the linker compound.



The linker compound is, for instance, produced by the following
production method. That is, the linker compound represented by General
Formula (7), (8), (9), or (10) is produced by a condensation reaction of
thioctic acid with an amine compound whose aromatic amino group end
is protected with a protection group, and then removing the protection
group from the aromatic amino grou@.1Moreover, the linker compound

represeviisek By &eneraliborBrladAd) éRradneed v ve cordansaiethched

reaction of a dimer of y-mercapto lactate with two molecules of an amino
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bgr®eadid. Fohmia the use of the linker compound to the ligand
conjugate according to the present invention makes it possible
to evaluate the interaction between the sugar and the protein
with good reproducibility.

The linker compound is, for instance, produced by the
following production method. That is, the linker compound
represented by General Formula (7), (8), (9), or (10) is produced
by a condensation reaction of thioctic acid with an amine
compound whose aromatic amino group end is protected with a
protection group, and then removing the protection group from
the aromatic amino group. Moreover, the linker compound
represented by General Formula (11) is produced by a
condensation reaction of a dimer of y-mercapto lactate with two
molecules of an amino compound whose aromatic amino group
end is protected with a protection group, and then removing the
protection group from the aromatic amino group end.

The thioctic acid has a structure represented by General
Formula (15):



(16): BocHNHO N (CH2)m1 BocHN HO N ICH2)m2 C- N- C (CH2)n1-
NH2 BocHN O HO N (CH2)m3 .... (16) -23- where ml to m3 are
independently integers of not less than 0 but not more than 6, and nl is an
integer of not less than 1 or not more than 6. The linker compound
represented by General Formula (7) is obtained by performing a
condensation reaction of thioctic aei@%vith the amine compound
represented by General Formula (16), and then removing the protection
group from the aromatj o group end. Another example of the amino
compound is a secon a{;ine compound represented by General

' ~N - (CH2)m4 H N(5(CHz)n1- NH2 " (17) /

ry

Moreover, the amine compound is not particularly limited,
provided that the amine compound has an aromatic amino
group end protected with a protection group.

The protection group is a substitute that is introduced to
prevent the amino group of the aromatic amino group from
being reacted in the condensation reaction. The protection
group is not limited to particular one, and may be
t-butoxycarbonyl group (-CHOC(CH3z)s group; hereinafter
referred to as Boc group), benzyl group, arylcarbonate group
(-COOCH2CH=CH,, Alloc group), or the like.

An example of the amine compound is a primary amine
compound having a structure represented by General Formula
(16):

BocHN
O~
N
_<(CH2)m1
BocHN
O~
N
_/<(CH2) 2—C—”—ﬁ (CH,),i— NH,
BocHN 0]



BocHN -CY--r N- CH2)m5 0 where m4 and m5 are independently
integers of not less than O but not more than 6, and nl is an integer not
less than 1 but not more than 6. The linker compound represented by
General Formula (8) is obtained by performing a condensation reaction
of thioctic acid with the amine compound represented by General
Formula (17), and then removing the3i¥otection group from the aromatic

W@Peg&%UIO&fl%?h&r%y'ﬂﬁ@é?eiﬂi'@ﬂt@wfiﬁmég%?@“%fiqlifmové@swimla% 0]
described later in Examples. The condensation reaction of the amjne
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General Formula (12), where X has a structure represented by General
Formula (2), R'is a hydrogen (H), and R is maltose having the structure
shown in Formula (18): OH OH 0

0

-0y,

N—C —(CH,)i—NH, ***(17)

/ I
0

H

BocHN @—( N—(CHy)rms

o)

where m* and m5 are independently integers of not less than O
but not more than 6, and n! is an integer not less than 1 but
not more than 6. The linker compound represented by General
Formula (8) is obtained by performing a condensation reaction
of thioctic acid with the amine compound represented by
General Formula (17), and then removing the protection group
from the aromatic amino group end. The synthesis scheme of
the amino compound will be described later in Examples.

The condensation reaction of the amine compound with

thioctic acid or y-mercapto lactate condenses the carboxylic



~0H 0~ OH \.--OH ... (1 0 HO OH OH A second ligand conjugate having a
structure represented by General Formula (12), where X has a structure
represented by General Formula (2), R' is a hydrogen (H), and R is
lactose having the structure shown in Formula (19): -25- tOHH OH HO 0
OH rO-- OH ..(19) OH OH The first and second ligand conjugates have
the linker compound having three hyZitocarbon derivative chains, to each
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conjugate has three units of a-glucopyranose at its ends, whereas the
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present invention is obtained. Concrete examples of the ligand
conjugate according to the present invention encompass the
following ligand conjugates.

A first ligand conjugate having a structure represented by
General Formula (12), where X has a structure represented by
General Formula (2), R’ is a hydrogen (H), and R is maltose

having the structure shown in Formula (18):

OH OH
o) );0
OH 0 OH OH +---(18)
HO

OH OH

A second ligand conjugate having a structure represented
by General Formula (12), where X has a structure represented
by General Formula (2), R’ is a hydrogen (H), and R is lactose

having the structure shown in Formula (19):



by General Formula (12), where X has a structure represented by
General Formula (3), R' is a hydrogen (H), and R is lactose having the
structure shown in Formula (19). The third and fourth ligand conjugates
have the linker compound having two hydrocarbon derivative chains, to
each of which one oligosaccharide is introduced. In other words, the third
ligand conjugate has two units of a-gRfepyranose at its ends, whereas
the fourth ligand compound has two units of -26- (3-galactopyranose at its

ends. In dral FormulagE)Hn4 and mb5 are not particularly limited,
proyi ey are intggers~of not less than 0 but not more than 6.
They nt from one R4, or some (o @) of them may be
the sa [ neral Formula (12), nl is not

it is an integer of not less than 1 but not
more than 6. A fifth ligand conj e having a structure represented by
General Formula (13), where Xhas a structure represented by General
Formula (4), R'is a hydrogen (H), and R is glucose. In General Formula
(13), n2 is not particularly limited, provided that it is an integer of not less

than 1 huyt nat more than 6. A sixth ligand conjugate having a stryctur.
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hydrogen (H), and R Is glucose. In General Formula (14), nl is not

PagrldatgnvigstD providéle ends. In General Formula (2), m! to m3

are not particularly limited, provided that they are integers of
not less than O but not more than 6. They may be different from
one another, or some or all of them may be the same integer.
Moreover, in General Formula (12), n! is not particularly limited,
provided that it is an integer of not less than 1 but not more
than 6.

A third ligand conjugate having a structure represented by
General Formula (12), where X has a structure represented by
General Formula (3), R’ is a hydrogen (H), and R is maltose
having the structure shown in Formula (18).

A fourth ligand conjugate having a structure represented
by General Formula (12), where X has a structure represented
by General Formula (3), R’ is a hydrogen (H), and R is lactose
having the structure shown in Formula (19).

The third and fourth ligand conjugates have the linker
compound having two hydrocarbon derivative chains, to each of
which one oligosaccharide is introduced. In other words, the
third ligand conjugate has two units of a-glucopyranose at its

ends, whereas the fourth ligand compound has two units of



that it is an integer of not less than 1 but not more than 6. An eighth ligand
conjugate having a structure represented by General Formula (14), where
X has a structure represented by General Formula (4), R' is a hydrogen
(H), and R is maltose. In General Formula (14), nl is not particularly
limited, provided that it is an integer of not less than 1 but not more than
6. Further concrete examples of the Rfand conjugate according to the

Br%@l@dkaESiFQﬁ@@éOmp@f%S sengntaen tpansr £PHegaieE 40 (\(BTI,iCEh‘* and
seventeen kinds of sugar chains are, respectively introduced to the linker

BB ASGnE HaRAg el laribliaitere sBhd by GERBEaf REVRAL (B tRRETS
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glﬁ())H H20H CHZOH H20H CH20H O1 0 (?330 00 0 CH20H H OH
BHOIE GReTHo OFt SPFLR B B B Y ORFCHYDRame
QHer HOHtddoe HOAHO GERZOHI\1/ Kdt@iHI@ OQ),0 @H O 0&bt
geg*‘ﬁcglggyl_lgrgﬁeq,ch))focx)lﬁdg(li_l l’EEecl)‘cl_|il‘E| 93 an integer of not less
than 1 but not more than 6.

A fifth ligand conjugate having a structure represented by
General Formula (13), where X has a structure represented by
General Formula (4), R’ is a hydrogen (H), and R is glucose. In
General Formula (13), n2? is not particularly limited, provided
that it is an integer of not less than 1 but not more than 6.

A sixth ligand conjugate having a structure represented
by General Formula (13), where X has a structure represented
by General Formula (4), R’ is a hydrogen (H), and R is maltose.
In General Formula (13), n? is not particularly limited, provided
that it is an integer of not less than 1 but not more than 6.

A seventh ligand conjugate having a structure represented
by General Formula (14), where X has a structure represented
by General Formula (4), R’ is a hydrogen (H), and R is glucose.
In General Formula (14), n! is not particularly limited, provided
that it is an integer of not less than 1 but not more than 6.

An eighth ligand conjugate having a structure represented
by General Formula (14), where X has a structure represented
by General Formula (4), R’ is a hydrogen (H), and R is maltose.
In General Formula (14), n! is not particularly limited, provided
that it is an integer of not less than 1 but not more than 6.

Further concrete examples of the ligand conjugate
according to the present invention encompass seventeen ligand
conjugates to which seventeen kinds of sugar chains are
respectively introduced to the linker compound having the

structure represented by General Formula (9), the seventeen



CH20H CH20OH CH,OH 0 ICH20H 0 OH OH OH OH OHO OH 0 aL~/
OHOHLO OOHOH OHOHOHOH 20 2 HOHC~ | OH OH OH OH
OH HO HO 0 HO HO HOO OH /C\H aCOCHN O O OH Hp OH HO OH
OH OH HO, H COOHO HH HO O H3000H 0 OHO OH OH OH OH
CH20H cH,oH O OH OH HOH2C r-o OH O off NHCOCH3 H OH HO
NHCOCH3 off OH OH OH CH20H ZH20H OH O OH 0 OH HO "O

&REAHQH LHar chains being shown below in Group (20):

CH20H CH,0H CH20H

Hon
CHZOH
OH OH o
OHOH
CH2OH

HO
HO
OH
CH,OH
cngoH CHZOH CHZOH CH20H
OH OH
OH

OH OH\nns oH on Y OH
HgCOCHN%%
COOH
H3COCHN

CH,OH
CH,0H
HOH,C Q

@o@“
NHCOCH;
NHCOCH,
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CH,0H OHL___o
OH o o OH COOH
H3aCOCHN U'V‘OH

OH NHCOCH3
NHCOCH;

OH OH
OH
coo 0 0 0,
o)
(o] HO: OH
HaCOCHN o OH OH

NHCOCH3 e (20)



OHHO HaC OCO O 0O0OHOH OHNHCOCH3 OH NHCOCH3 O OH
OH HO HO COO OH H~ - HO OH HO HaCOCHN O 0/\ 0 OH OH OH
HO 0 OH OH ~/ NHCO C H3 (20) -28- The ligand conjugates respectively
contain the linker compound and any one of the sugar molecules.
Therefore, the ligand conjugate can be bonded with the metal on the
surface of the supporter for use in p%ein analysis via the metal-sulfur (S)

bond, erghe 9QldsHUr DuRIRAR. ByeHedtivdlosstaiaiRromtde dinker
ligand carrier in which a large number of sugar molecules are immobilized
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MayHhe confge e tdheblikednewaver thutisespecidllypreferalleface of
Ng:‘?reover, as described in,Examples, it was confirmed that the.li arﬁi
AT SRt i 55 dPe REQ MRty St VARtER Wi pRdeSHE Uh &P)
ispih &6, censidegeddheattiiese (Agas) doojudatesycahls effetsivplysisedeoto
identification of unkpown Protein. Th%oli%osaciharide introcliouced iP the
gand %nﬁhgglr%a% cording 10 the presthtindenfidrmayHe et o susar
hoaleolidesaeckaiidencdriléidgvaalythee AypeSobondosBedidide Au, the

MRecHISS: o NSIErPSACCHAYAR QNN YATIRNS BPTY, Ag, Pt, or the
monosaccharide
like. However, Au is especially preferable.

Moreover, as described in Examples, it was confirmed that
the ligand conjugates mentioned above show different
interaction with proteins. That is, it is considered that these
ligand conjugates can be effectively used for identification of
unknown protein.

The oligosaccharide introduced in the ligand conjugate
according to the present invention may be homooligosaccharide
containing only one type of monosaccharide molecules, or
heterosaccharide containing various type of monosaccharide
molecules and/or a derivative(s) thereof. Moreover, various
natural sugars obtained from the nature via isolation and
purification, and synthesized sugars may be the oligosaccharide
mentioned above. Moreover, the oligosaccharide may be an
oligosaccharide obtained by breaking down a polysaccharide.

Moreover, the present invention encompasses ligand
carriers in which a ligand conjugate of the present invention as
described above is immobilized, via a metal-sulfur bond, onto
the supporter having a metal on its surface. Application of the
ligand carriers is not limited to protein analysis. It is possible to
use the ligand carrier to analysis of interaction between a sugar
molecule and a substance other than protein.

The introduction of the ligand conjugate to the supporter

surface in the ligand carrier is carried out by allowing the



molecules and/or a derivative(s) thereof. Moreover, various natural
sugars obtained from the nature via isolation and purification, and
synthesized sugars may be the oligosaccharide mentioned above.
Moreover, the oligosaccharide may be an oligosaccharide obtained by
breaking down a polysaccharide. Moreover, the present invention
encompasses ligand carriers in which9-igand conjugate of the present

ByppinREs Hissaibed akave isimnebilized s énedaksatier bencbntact

ontq the supparter having a metal on its surface. Application of the ligand
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substance other than protein. The introduction of the ligand conjugate to
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SPesifpalter hakiag aumpgialrtibn ofoits auskacdto spanddincoataalywith ais
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limitation as to thé solvent of the ligand©conjugate sotution. For example,
eethaActupaerter surface.

There is no particular limitation as to the solvent of the
ligand conjugate solution. For example, methanol, water,
dimethylacetoamid (DMAc), or a mixture solution thereof, etc.
can be used as the solvent. Moreover, it is sufficient that
immersing time period is in a range of 0.5 to 12 hours, and the
ligand conjugate solution to be introduced is in an order of 1pM
to 1mM.

As described above, the ligand conjugate of the present
invention has a S-S bond. This makes it easier to immobilize the
ligand conjugate to the surface of the supporter for use in
protein analysis, and thus to introduce the sugar surface to the
supporter.

The ligand carrier according to the present invention is
applicable to analysis of interaction of a sugar molecule and,
e.g., a substance other than protein. Specifically, the ligand
carrier is applicable to SPR measurement, affinity
chromatography, etc.

For example, the SPR measurement as a protein analysis

may be carried out as follows. That is, the ligand carrier in



dimethylacetoamid (DMAC), or a mixture solution thereof, etc. can be
used as the solvent. Moreover, it is sufficient that immersing time period
is in a range of 0.5 to 12 hours, and the ligand conjugate solution to be
introduced is in an order of 1pM to 1mM. As described above, the ligand
conjugate of the present invention has a S-S bond. This makes it easier
to immobilize the ligand conjugate t133the surface of the supporter for use

KYHREEHM aNabysitd AWhiuuslReiIFaC) R sHIans¢TAGE N0 MRIsed as a

supporter. The ligand carrier accqrding to the present inyention is .
ShRABIE Tot andIPAof MRSk BB Skehy A hiidiBelfe [, 18 gerosited.
Fubstaneemethes thaerproteinuSpecificatly, the bgand cakierts gaplisableBy
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solution or the like, for example.

As shown in Example later, it was confirmed that the
ligand carrier of the present invention exhibited different
interactions with respective proteins. Thus, the ligand carrier
can be used for protein identification. That is, analysis of
unknown protein can be carried out using the ligand carrier of
the present invention in order to easily determine whether the
protein is sugar-binding protein or not, and which type of
protein it is. A chip set including at least two types of the ligand
carriers to which the ligand conjugates are immobilized
respectively is effective to more easily perform protein
identification (especially identification of sugar-binding protein).

Here, the application of the ligand carrier of the present
invention is explained. The ligand carrier of the present
invention can be used as a sensor chip for use in measurement
of intermolecular interaction (e.g., SPR measurement described
below). That is, by using a first sensor chip in which a first
ligand conjugate is immobilized on a supporter surface and a
second sensor chip in which a second ligand conjugate is

immobilized on a supporter surface, a difference between



solution or the like, for example. As shown in Example later, it was
confirmed that the ligand carrier of the present invention exhibited
different interactions with respective proteins. Thus, the ligand carrier

can be used for protein identification. That is, analysis of unknown protein
can be carried out using the ligand carrier of the present invention in
order to easily determine whether the brotein is sugar-binding protein or
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of the ligand _carriers to which the ligand conjugates are immobilized
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conjugates may be the respective ligand conjugates mentioned above, for
oligosaccharide structure (e.g., the set of the first ligand
conjugate and the second ligand conjugate, or the set of the
third ligand conjugate and the fourth ligand conjugate).

In the SPR measurement, a protein or the like that
specifically interacts with the sugar molecule of the first sensor
chip is caused to react with the two sensor chips under the
same measuring condition, thereby to observe the resonance
angle of the two sensor chips. By detecting a difference between
the resonance angle of the two sensor chips, it is possible to
measure a specific interaction between the sugar molecule and
the protein or the like.

Moreover, as to the substance to be observed for the
interaction with the sugar molecule, the present invention is not
limited to proteins.

The present invention is not limited to the case where two
types of sensor chips are measured at the same time. It is
possible to measure with more than two types of sensor chips,
and the sensor chips may not be measured at the same time.

Moreover, at least one of the sensor chips may be such that a

sugar molecule is not introduced. For example, the at least one



example. Moreover, it is preferable to select, from among the ligand
conjugates mentioned above, ligand conjugates having the same linker
compound structure but different oligosaccharide structure (e.g., the set
of the first ligand conjugate and the second ligand conjugate, or the set of
the third ligand conjugate and the fourth ligand conjugate). In the SPR
measurement, a protein or the like tha2 specifically interacts with the

SHIH MNSLL R @‘Hkﬁsf iIhlBeNSOIs GoIR igeaused ot ieagi MidBrthe pound
sensor chips under the same measuring condition, thereby to observe the
i8sBRMCEIHAGR of the two sensor chips. By detecting a difference
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Furthermore, the SPR measurement may be carried out
with two types of sensor chips in which ligand conjugates
having the same sugar molecule but different linker compound
structure. With such SPR measurement, it is possible to analyze
bonding behaviors of a protein with sensor chips in which the
number of sugar molecules present are different. An example of
such a set of sensor chips is the set of the first ligand conjugate
and the third ligand conjugate.

Moreover, mass spectroscopy may be carried out after the
SPR measure that confirms a specific interaction between a
sugar molecule and the other substance, thereby carrying out
mass spectroscopy of the ligand carrier used in the SPR
measurement and to which the protein is bonded. In this way, it
is possible to identify the protein bonded on the sensor chip.
The mass analysis may be carried out using a conventionally
known mass spectrometer such as a matrix-assisted laser
desorption/time of flight mass spectrometer (MALDI-TOF/MS),
or the like in the conventional known manner.

Through the procedure mentioned above, it is possible to



observed that the sugar molecules causes the difference. Thus, using
method including above measurement procedure, it is possible to reduce
non-specific interaction between the sites other than sugar molecules and
another substances and to observe the specific interaction between sugar
molecules and another substances. Furthermore, the SPR measurement
may be carried out with two types ef¥&nsor chips in which ligand

erirgae Sy Fadng the sareesswganmoteculs dah diffesetlbd®r according
compound structure. With such SPR measurement, it is possible to
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the procedure mentioned above, it i$ possible to -33- perform protein
antdysis tisingrihealigareieonjugaer foooritigy Mtk preeimosgepyoso as

TQ%@n@&WH@'@%@' P16 SRRiRed: AGERLANG 04N RIgSENt invention
comprises: preparing a ligand carrier by causing a ligand conjugate
accordiiy fdtherotein analysis method, it is possible to perform
protein analysis using two or more types of ligand carrier in
which different ligand conjugates are respectively immobilized.
By comparing the results from each types of the ligand carrier,
it is possible to analyze the characteristics of the proteins.
<Examples>

Hereinafter, the synthesis of the ligand conjugate
according to the present invention is described in details.
Moreover, in the present Examples, SPR measurement and
mass spectroscopy were carried out using synthesized ligand
conjugates so as to analyze proteins. This will be also explained
below.

[Example 1: Synthesis of Ligand conjugates (Compounds 1
to 4)]

In the present Example, four ligand conjugates classified
respectively as first to fourth ligand conjugates described in the
embodiment were synthesized.

(1) Synthesis of First Ligand Conjugate (Compound 1)

A ligand conjugate (Compound 1), which was a first ligand

conjugate mentioned above, was synthesized as follows, the



present invention to be in contact with a supporter having a metal on its
surface so as to immobilize the ligand conjugate on the supporter;
causing the ligand carrier to be in contact with a solution containing a
protein to be analyzed, so as to cause interaction, and then performing
intermolecular interaction measurement such as SPR; and after the
intermolecular interaction measureni¥ht; performing mass spectroscopy

sxas doddentifydhe preteipbanded jorkhe ligand earresHivthe dpetedented
analésis method, it is possible to perform protein analysis using two or
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cohivgats (conegpdgedn) davidg a)stiuedee rogreelidaethylammonium
hydroxide in dimethoxylethane of 65°C to 70°C, thereby
obtaining compound 7 at 91% yield. Next, under hydrogen
atmosphere (6kg/cm?), the nitro group of compound 7 was
reduced using Raney Ni in ethanol of 50°C, thereby obtaining
compound 8 at a 98% yield.

After that, compound 8 was condensed with z-glycine of
1.1 equivalent in the presence of water-soluble carbodimide
hydrochloride (in formula, EDC-HCI) of 1.1 equivalent, and

1-hydoxy-7-azapnezotriazol (in formula, HOAt) of 1.1 equivalent

in CH2Cl», thereby obtaining Z-glycine compound (compound 9).



by General Formula (12), where nl was 1, X was represented by General
Formula (2), R' was a hydrogen (H), and R is maltose shown by Formula
(18), and ml, m2, and m3 were 2. As prepreparation of the synthesis of
the ligand conjugate (compound 1), a linker compound A was
synthesized, which had three branches each of which had an aromatic
amino group end protected with a prdteetion group. Firstly, as shown in
Formula (21), three units of t-butylacrylate (compound 6) were
Michel-added to nitromethane (compound 5) und®

benzyltrimethylammoniurg, Byerexide Handimethoxylethane ofHa56iai70C,
thereby obtaining compouhdicidat 91% yield , Next; &gydhz grpm?)

atmosYi&ré @rg7tRzf Bhe pittetrayetas of comipound 7 was' reguceeHusing
Raney Nisin etharsol of 50C, t§&7@i§y obtaining co Ry 8 at a 98%
yield. After that, compound 8 was condensed withPz-glycine of 1.1
equivalent iy thggpresence of Water soluble carbodirhidé wehwchloride (in

formula, EDCHCI) of 1.1 dca@l tq) nd 1-hydoxy-7-az prBezotrlazoI (in
formula, Ab)Jof 1. 1 equigy; ) H Cl ereby tajhing Z-glycine

compbBdntl (compedad 9). 3@ , 2001BU Bezrrz%rr';le lamn¥Afum T-1

Raney Ni Hydoxide H2(6kgf/an2) MeNO2 + CH2=CHCO0Q t13u
Dimethoxyefhz#B:02N OtBu 50C, EtOH 5 6 65-70C 0 OtBI®Y 0

8 9

-+ (21)

To explain more specifically, compound 8 was prepared as
follows: In accordance with a method described in a literature
(G.R. Newkome et al. OPPI BRIEFS, vol. 28, p495, 1996),
nitromethane (12.2g, 200mmol) was firstly dissolved in S50mL of
1,2-dimethoxyethane and then heated to 65-70°C. Then, 40%
benzyltrimethyl ammonium-methanol solution (2mL) was added
therein, thereby obtaining a nitromethane solution. Next, the
nitromethane solution was heated to 75°C and then t-butyl
acrylate (90.8mL, 620mmol) was dropped therein slowly. After
that, 40% benzyltrimethylammonium-methanol solution was
added therein by pouring 1mL thereof 4 times, and then stirred
for 2.5 hours, thereby obtaining a nitromethane/t-butylacrylate
reaction solution. The nitromethane/t-butylacrylate reaction
solution was decanted to remove impurity therein, and
concentrated. The residue thus obtained was dissolved in
diethylether and washed with ice-cooled 10% hydrochloric acid,
with saturated sodium hydrogen carbonate aqueous solution
and then with water, twice each, thereby obtaining a residue

solution. After that, the residue solution was dried with



OtBu OtBu Z-Glydne (1.1 eq) O 0 EDO-HCI (1.1 eq) HOAt(1.1 q)
Z-HN~HN OtBu HpN OtBu CH2CI2 0 OtBu 0 OtBu 089 ... (21) To
explain more specifically, compound 8 was prepared as follows: In
accordance with a method described in a literature (G.R. Newkome et al.
OPPI BRIEFS, vol. 28, p495, 1996), nitromethane (12.2g, 200mmol) was
firstly dissolved in 50mL of 1,2-dimefifoxyethane and then heated to
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was added therein, thereby obtaining a nitromethane solution. Next, the
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%ﬁ%@%@agﬂgggﬁg%m'f‘ﬁ%ro epound 7 reaction solution. The
compound 7 reaction solution was concentrated under reduced
pressure, thereby obtaining concentrated residue. The
concentrated residue was purified via silica gel chromatography
(solvent: chloroform/methanol =20/1), thereby obtaining
compound 8 (yield 9.2g, 98%).

More specifically, in a Z-glycine solution in which
Z-glycine (1.26g, 6.62mol) and HOAt (0.90g, 6.62mmol), and
EDC-HCl (1.27g, 6.62mmol) were dissolved in anhydrous
dichloromethane (28mlL), a compound &8 solution in which
compound 8 (2.50g, 6.02mmol) was dissolved in anhydrous
dichloromethane (2mL) was added and stirred for 36 hours at
room temperature under argon atmosphere, thereby obtaining a
Z-glycine /compound 8 reaction solution. To the
Z-glycine/compound 8 reaction solution, dichloromethane and
10% citric acid solution were added. Then, extraction with
dichloromethane was performed to obtain an organic layer. The
organic layer was then washed with water, with saturated
sodium hydrogen carbonate solution, and then with water, once
each. The resultant was sequentially dried with anhydrous
sodium sulfate acting as a drying agent. After the drying agent
was filtered off, the resultant was concentrated under reduced

pressure, thereby obtaining a concentrated residue. The



drying agent was removed using Celite, the residue solution was
concentrated under reduced pressure. The concentrated residue was
dissolved in ethanol and recrystallized, thereby obtaining compound 7
(81.8g, 91%), which was white needle crystal. Then, the crystal of
compound 7 (I Og, 22.4mmol) and T-1 Raney Ni (6.0g) were added to
50mL of anhydrous ethanol, and stirééd-for 23 hours at 50C under
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each. The resultant was sequentially dried with anhydrous™ sodium sulfate

seohecas ar dryrRpage MOAREDP the drying agent was filtered off, the
resultaf was copeentiiRdindg] regueeuia  (22), deprotection of

t-butoxycarbonyl group (-COOC(CHs)s group; tBu in Formula
(22)) of compound 9 was carried out using trifluoro acetic acid
(hereinafter, TFA) in a mixture solvent of CH2Clo/H2O = 10/1,
thereby obtained compound 10 with 95% yield.

After that, in the presence of
pentafluorophenyldiphenylphosphate (FDPP in the formula) of
4.5 equivalent, diisopropylethylamine (DIPEA in the formula) of
11 equivalent, N,N-dimethylformaldehyde (DMF), compound 10
was condensed with m-phenylene diamine derivative (compound
11, 10 equivalent) whose amino group was protected with Boc
group, thereby obtaining N-Boc amine derivative (compound 12)
with 99% yield. Then, catalytic hydrogen reduction was carried
out in methanol (MeOH in the formula) in the presence of Pd/C
(palladium supported in activated carbon). After that,
deprotection of benzyloxycarbonyl group (Z group in formula) of
Z-glycine that had been condensed with compound 12 was
carried out. Consequently, compound 13 was obtained with a
79% yield.



pressure, thereby obtaining a concentrated residue. The -37-
concentrated residue was purified via silica gel chromatography (solvent:
chloroform), thereby obtaining compound 9 (yield: 3.09g, 85%), which
was white solid. ESI-MS (positive) analysis (flight-time mass spectrometer
measurement) of compound 9 thus obtained showed that m/z
(mass/charge) was 629.4 [(M+Na)'l. ®reover, nuclear magnetic
resonance (1H-NMR, 400MHz, CDC13) analysis of compound 9 showed
that 67.37-7.26 (5H, m, Ph), 6.43 (1H, bs, CONHC), 5.38 (1H, bs,
Gly-NH), 5.13 (2H, s, CH2Ph), 3.78 (2H, d, J = 7.7 Hz, Gly-CH2), 2.20
(6H, t,J =7.7 Hz, CCH2 6496 (6H,t, J = 7.7 Hz, CCH2CH2), 1.44
(27H, s, CH). With this, th¢ stgucture of compound 9 was confirmed. In
addition, co und 9 hias a molecular mass of 606.35. Next, as shown in
Formulzgﬁ’% rotEction of t- BGWBxycarbonyl group (-COOC(CH3)3
group; tBu in Formula (22)) of compound 9 was carried out using trifluoro
acetic acid (hereinafter, B a mixture solvent of CH2C12/H20 =
10/1, thereby obtained compound 10 with 95% yield. After that, in the
presence of pentaffuorophenyldiphenylphosphate (FDPP in the formula)
of 4.5 equivalent, diisopropylethylamine (DIPEA in the formula) dedel

equivalent) \ﬁt)pse amino gro Hﬁ:
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Specifically, compounds 10 to 13 were prepared as
follows.

The preparation of compound 10 was carried out as below.
Compound 9 (2.98g, 4.90mmol) was dissolved in
dichloromethane (15mlL). After TFA (15mL) and water (1.5mL)
was added therein at a temperature of -10°C, the mixture was
stirred at room temperature for 1.5 hours, thereby obtaining the
compound 9 reaction solution. Then, the compound 9 reaction
solution under was concentrated under reduced pressure. Then,

in an ice bath, 10% sodium hydroxide was added until pH 5 was



deprotection of benzyloxycarbonyl group (Z group in formula) of Z-glycine
that had been condensed with compound 12 was carried out.
Consequently, compound 13 was obtained with a 79% vyield. -38- 0 OtBu
0 Z-HN~HN OtBu O 0 OtBu 9 0 NHBoc OH HZN\/ TFA > Z-HN~HN
OH 11 (10 eg) CH2012/ H20=10/1 0 FDPP (4.5 eq), DIPEA (11 eq) OH
DMF 10 O NHBoc NHBoc O N\ /039 Y}/ O NHBoc O A\ NHBoc
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NHBoc 13 12 ... (22) L , . .
pH 2 was obtained, thereby precipitating white solid. The white

solid thus obtained was washed with water, thereby obtaining
Compound 10 (yield 2.04g, 95%) in the form of white solid.

ESI-MS (negative) analysis of compound 10 thus obtained
showed that m/z was 437.1 [(M-H)|. Moreover, nuclear
magnetic resonance (IH-NMR, 400MHz, de-DMSO) analysis of
compound 10 showed that 67.34-7.30 (6H, m, Ph, CONHC),
7.15 (1H, s, Gly-NH), 5.01 (2H, s, CHoPh), 3.55 (2H, d, J = 5.9
Hz, Gly-CH2), 3.33 (3H, brs, CO2H), 2.11 (6H, m, CCH2CH,),
1.81 (6H, m, CCH2CH>). These results confirmed the structure
of compound 10. In addition, molecular mass of compound 10
was found to be 438.16.

The preparation of Compound 11 was carried out as
follows. Firstly, m-phenylenediamine (0.50g, 4.62mmol) was
dissolved in methanol (35mL). Then, (Boc)2O (1.06mL,
4.62mmol) and triethylamine (0.65mL, 4.65mmol) were added
therein at 0°C, and then stirred at room temperature for 24
hours. After that, the resultant solution was concentrated
under reduced pressure, thereby obtaining the concentrated
residue. The concentrated residue was purified via silica gel
chromatography (solvent: chloroform/acetone = 10/1), thereby
obtaining Compound 11 (yield 665mg, 68%), which was white
solid.

ESI-MS (positive) of Compound 11 showed that m/z was
231.2 [M+Nal]*]. 'H-NMR (400MHz, CDClz) analysis of
Compound 11 showed that §7.02 (1H, t, J = 8.0 Hz, aromatic),
6.95 (1H, bs, aromatic), 6.54 (1H, dd, J = 2.0 Hz, J = 8.0 Hz,
aromatic), 6.41 (1H, bs, CONH), 6.35 (1H, dd, J = 2.2 Hz, J =
7.9 Hz, aromatic), 3.66 (2H, bs, NH»), 1.50 (9H, s, t-butyl).
These results confirmed the structure of Compound 11. In

addition, Compound 11 was found to have a molecular mass of



Specifically, compounds 10 to 13 were prepared as follows. The
preparation of compound 10 was carried out as below. Compound 9
(2.98g, 4.90mmol) was dissolved in dichloromethane (15mL). After TFA
(15mL) and water (1.5mL) was added therein at a temperature of -10C,
the mixture was stirred at room temperature for 1.5 hours, thereby
obtaining the compound 9 reaction-s#lution. Then, the compound 9
rpa@gtion  solution under was concentrated under reduced pressure. Then,
in an ice bath, 10% sodium hydroxide was added until pH 5 was -39-
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temperature for 24 hours. After that, the resultant Solution was
esHepdratey sodium sulfate acting as a drying agent, thereby

obtaining dried reaction solution. After filtering off the drying
agent therefrom, the drying reaction solution thus obtained was
concentrated wunder reduced pressure, thereby obtaining
concentrated residue. The concentrated residue was purified via
silica gel chromatography (solvent: chloroform/acetone =3/1),
thereby obtaining Compound 12 (yield 228mg, 99%) in the form
of white solid.

ESI-MS (positive) analysis of Compound 12 showed that
m/z = 1009.5 [(M+H)*]. Moreover, 'H-NMR (400MHz, CDCl3)
analysis of Compound 12 showed that 68.75 (3H, s, NHCO2tBu),
7.67 (3H, s, CONHPh), 7.30-6.95 (15H, m, aromatic, CHoCONH),
6.52 (1H, bs, Gly-NH), 5.04 (2H, s, CH2Ph), 3.71 (2H, d, J = 5.0
Hz, Gly-CHp), 2.23 (6H, m, CH.CH2CO), 1.97 (6H, m,
CH2CH2CO), 1.47 (27H, s, t-butyl). These results confirmed the
structure of Compound 12. In addition, Compound 12 was
found to have a molecular mass of 1008.50.

Moreover, the preparation of Compound 13 was carried
out as follows. Firstly, Compound 12 (200mg, 198umol) was
dissolved in methanol (3mL). Then 10% Pd/C (62.3mg) was



under reduced pressure, thereby obtaining the concentrated residue. The
concentrated residue was purified via silica gel chromatography (solvent:
chloroform/ acetone = 10/1), thereby obtaining Compound 11 (yield
665mg, 68%), which was white solid. ESI-MS (positive) of Compound 11
showed that m/z was 231.2 [M+Na]']. 1H-NMR (400MHz, CDC13)
analysis of Compound 1 1 showed-thdt 67.02 (1 H, t, J = 8.0 Hz,
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confirmed that structure of Compound 13. In addition,
Compound 13 was found to have a molecular mass of 874.46.

Furthermore, as shown in Formula (23), in the presence of
EDC-HCl of 1.0 equivalent, 1-hydroxybenzotriazol (HOBt in
Formula (23)) of 1.0 equivalent, and CH2Cl2, Compound 13 was
condensed with thioctic acid (Compound 14) of 1.0 equivalent,
thereby obtaining a thioctic acid derivative (compound 15) with
75% yield.

The Boc group of Compound 15 thus obtained was
removed under an acidic condition in the presence of
trimethylsilylchloride (TMSCI in formula) and phenol (PhOH) in
CH:Cly, thereby obtaining Compound A, which was a linker
compound having three hydrocarbon derivative chains, each of

which had an aromatic amino group (Yield 32%).



concentrated residue. The concentrated residue was purified via silica gel
chromatography (solvent: chloroform/ acetone =3/1), thereby obtaining
Compound 12 (yield 228mg, 99%) in the form of white solid. ESI-MS
(positive) analysis of Compound 12 showed that m/z = 1009.5 [(M+H)].
Moreover, 1H-NMR (400MHz, CDC13) analysis of Compound 12 showed
that 68.75 (3H, s, NHCO2tBu), 7.6742H, s, CONHPh), 7.30-6.95 (15H,
m, aromatic, CH2CONH), 6.52 (1H, bs, Gly-NH), 5.04 (2H, s, CH2Ph),
3.71(2H, d, J=5.0 Hz, Gly-Cljgy2-23 (6H, m, H2CH2CO), 1.97 (6H,
m, CH2CH2CO), 1047%t butyl). Thesenres Its conflrmed the
structure of Compo ddition, Compo ég nd to have
a molecular mass 0£/10@3.50. M er, the preparatlon or Co
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filtered off therefromg, t nt solution was concentrated under
reduced pressure, thereby obtaalBg: concentrated residue. The
concentrated resid#@ was then purified via silica gel chromatography,
thereby obtaining Compound 13 (yield 136mg, 78%) in the form of white
solid. ESI-MS (positive) analysis of Compouggdgha showed that m/z was
875.5 [(M+H)]. Moreover, 1H-NMR (400 , CDC13) of Compound 13
showed that 6 9.00 (3H, s, NHCOBY); (2H, s, NH2), 7.35 (1H, bs,
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More specifically, the preparation of Compound 15 and
Compound A was carried out as follows.

To obtain Compound 15, Compound 14 (23.6mg, 114mol)
and HOBt (15.4mg, 114mmol) were dissolved in anhydrous
dichloromethane (2.3mL). Then, Compound 13 (250mg,
6.02mmol) was added therein at 0°C, and then stirred in argon
atmosphere at room temperature for 36 hours in the dark. After

that, 10% citric acid solution was added therein and extraction



Compound 13 was found to have a molecular mass of 874.46.
Furthermore, as shown in Formula (23), in the presence of EDCHCI of
1.0 equivalent, 1-hydroxybenzotriazol (HOBt in Formula (23)) of 1.0
equivalent, and CH2C12, Compound 13 was condensed with thioctic acid
(Compound 14) of 1.0 equivalent, thereby obtaining a thioctic acid
derivative (compound 15) with 75% $tiéld. The Boc group of Compound

A thustoliphTe frivaga ke ad Brkter am acidieaendiigrinthe PIeBeased
of trimethylsilylchloride (TMSC1 in formula) and phenol (PhOH) in
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8E|ta(1)r%12ng concentrated residue. The concentrated residue was

then purified via silica gel chromatography (solvent:

chloroform/methanol =40/1), thereby obtaining Compound 15

(Yield: 91.0mg, 75%).

ESI-MS (positive) analysis of Compound 15 showed that
m/z was 1085.5 [(M+H)*]. Moreover, 'H-NMR (400MHz, CD3Cl)
analysis of Compound 15 showed that 69.01 (3H, bs,
NHCO»2tBu), 7.67 (3H, s, CONHPh), 7.31 (1H, bs, CONHCH,),
7.27-7.00 (12H, m, aromatic), 3.71 (2H, bs, Gly-CHy), 3.64-3.39
(1H, m, SSCH), 3.12-2.99 (2H, m, CH»SS), 2.33 (1H, m,
CH>CH»SS), 2.32 (6H, m, CCH:CH.CO), 2.20 (2H, m,
CH>CONHCH2), 2.04 (6H, m, CCH2CH2CO), 1.82-1.73 (1H, m,
CH,CH2SS), 1.62-1.47 (4H, m, CH2(CH2).CONH,
(CH2)2CH>CH2CONH), 1.47 (27H, s, t-butyl), 1.39-1.25 (2H, m,
CH2CH2(CH2)2CONH). These results confirmed the structure of
Compound 15. In addition, Compound 15 was found to have a
molecular mass of 1062.49.

Moreover, the preparation of Compound A was carried out
as follows. Firstly, trimethylsilylchloride (0.25mL, 2.64mmol)
was dissolved in dichloromethane (0.49mL). Then, a phenol
solution prepared by dissolving phenol (549mg, 5.83mmol) in
dichrolomehane (1.46mL) was added therein and stirred.
Furthermore, Compound 15 (34.7mg, 32.6pmol) was added
therein and stirred for 1.5 hours at room temperature in the
dark, thereby obtaining a compound 15 reaction solution.
Subsequently, chloroform was added to the compound 15

reaction solution. The organic layer thus obtained was washed



O S\(ITMSC12 0OH O 15NHBoc NH2 OHN g O0NH2 S HN~HN H
..(23) OO HVANH2 More specifically, the preparation of
Compound 15 and Compound A was carried out as follows. To obtain
Compound 15, Compound 14 (23.6mg, 114mol) and HOBt (15.4mg, 1
14mmol) were dissolved in anhydrous dichloromethane (2.3mL). Then,
Compound 13 (250mg, 6.02mmol)-wkk added therein at 0C, and then
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After that, 10% citric acid solution was added therein an extractlon -43-
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(Yield 7.mg, 32%) in the form of white solid.

ESI-MS (positive) analysis of Compound A showed that
m/z was 763.6 [(M+H)*]. Moreover, 'H-NMR (400MHz, CDCl3)
analysis of Compound A showed that 69.57 (3H, m, CONHPh),
7.97 (1H, m, CONHCH3), 6.87(6H, m, aromatic), 6.67 (3H, d, J =
7.7 Hz, aromatic), 6.21 (3H, d, J = 7.7 Hz, aromatic), 4.98 (6H,
bs, NH»), 3.67 (2H, d, J = 5.1 Hz, Gly-CH»y), 3.56 (1H, m, SSCH),
3.16-3.04 (2H, m, CH>SS), 2.36 (1H, m, CH>CH>SS), 2.25 (6H,
m, CCH2CH>CO), 2.19-2.07 (2H, m, CH2CH>CONHCH), 1.93
(6H, m, CCH2CH.CO), 1.83 (1H, m, CH>CH>SS), 1.50 (4H, m,
CH2(CH2)3sCONH, (CH2)2CH>CH>CONH), 1.33 (2H, m,
CH2CH2(CH2)2CONH). These results confirmed the structure of
Compound A. In addition, Compound A was found to have a
molecular mass of 762.33.

Next, using linker compound A thus obtained, a ligand
conjugate (Compound 1) was prepared, the ligand conjugate
(Compound 1) having a structure as represented in General
Formula (12) where n! was 1, X was a structure represented by
General Formula (2), and m!, m?2 and m3 were 2 was

synthesized as shown in Formula (24):



resultant was concentrated under reduced pressure, thereby obtaining
concentrated residue. The concentrated residue was then purified via
silica gel chromatography (solvent: chloroform/ methanol =40/1), thereby
obtaining Compound 15 (Yield: 91.0mg, 75%). ESI-MS (positive) analysis
of Compound 15 showed that m/z was 1085.5 [(M+H)']. Moreover,
1H-NMR (400MHz, CD3C1) analysigbf-Compound 15 showed that 69.01
(3H, bs, NHCO2tBu), 7.67 (3H, s, CONHPh), 7.31 (1H, bs, CONHCH?2),
7.27-7.00 (12H, in, aroma.lalc el (2H, bs, Gly-CH2), 3.64-3.39 (1H, in,

S$6H), 3.12-2.99 (2H% ), 2.339P1q MifateCH2 G RSS ;N2 :3:2)(6H,
i CHZM

ins.GCH CHICO), 7
CCH2 ) 1:82-1773 (1FIn, CH2EPIZS8BY; £®@P. 1.4FQ4R7 SN,
CH2(CH2)2CONH, CH2CONH), 1.47627H, s, t-butyl),

1.39-1.25 (2HAIn, CH2C 2)2CONH). These results confirmed the
structure of Compound 15. In adéition, Compound 1%%as found to have
a molecular mass of 1062.49. Moreover, the preparation of Compound A
was carried out as follows. Firstly, trimethylsilylchloride (0.25mL,
2.64mmol) wag disslyed in dichloromethang (0.4 L)OThen a phenol

in‘and stirfed. Fu rmore,
therein and stirred for 1.5
hours at room mperaiure in thex dark, ther obtaining a compound (28)
reaction solution. Subsequently, chloroform was added to the compound

15 reaction sqlution T he organic layer, 1S obtained was washed -44-
with a saturated sodium hydrogen gabonate aqueous solution,

As shown in Formula (24), linker compound A thus
obtained, and a commercially available maltose hydrate (4.5
equivalent), which was an oligosaccharide represented by
Formula (18) were dissolved in a mixture solvent of
H2O/dimethylacetoamide (DMAc in formula)/acetic acid (AcOH)
= 1/1/0.1. Then, Schiff base was formed at pH 4 to 4.5 and a
temperature of 37°C. Then, AcOh was added to the solvent.
After 95% NaBH3CN of 10 equivalent was added therein,
reductive amination was carried out at pH 3 to 4.5 and a
temperature of 37°C. Then, the resultant was purified via gel
filtration chromatography using Sphadex G-50 (Amersham
biosystems), and subjected to desalting, thereby obtaining
Compound 1, which was a ligand conjugate having three units
of a-glucopyranose at its ends. The identification of Compound
1 was conducted via MALDI-TOF/MS and NMR.

MALDI-TOF/MS of Compound 1 showed that m/z was
1764.414 [(M+Na)*]. Further, 'H-NMR spectrometer (600MHz,



thereby precipitating yellow solid. The precipitated yellow solid was
dissolved in acetic acid and cooled down to 4C. Then, aggregated solid
was filtered off, thereby obtaining Compound A (Yield 7.mg, 32%) in the
form of white solid. ESI-MS (positive) analysis of Compound A showed
that m/z was 763.6 [(M+H)']. Moreover, 1H-NMR (400MHz, CDC13)
analysis of Compound A showed tha#69-.57 (3H, in, CONHPh), 7.97 (1H,

D, OPNRGH, €:34(8H. 0 qB¥Made), §.67434, 8,3 H2(- AidnaHaB)28)70
6.21 (3H, d, J =7.7 Hz, aromatlc) 4.98 (6H bs NH2), 3.67 (2H, d, J =

£35S, (ﬁ&%ﬁl&‘}l@, 56-0f1 (HHs8cr)™ 316 Hbuaseinatich g 43, 4,
(1H, 812CHZ2CHiTot 2254660 (BICGH2CH2E@)H2 1812107 (213)in3.79 —

St olbas)™ 44 i %&%&?C@ﬁ%ﬁzcﬁ%ﬁ%@ﬁs 5
k38 (@H4n(3CH2EH2(GH2)2CQNH). laeddresults xBnfignse t@H, dd, J
SIS T CHPRUIAL afdion.Conenupd oo ediales
8J@an(£6}donmgz}ﬂe4®6mbb®d 1¥@igshrepai@H,, thiellighred cofjudéted Hz,
(GRS Jevba TOye iEPEeIEIRGEra AR L) -
and nﬂl.@iﬂzaﬂrﬁ-@ﬁ weg, 23/\/25 EyHthesizedl as%skovih nEoyrblid (24%.3),
T 5 ST NABLANG PR O 0527
13.7 Hz, H-1bx3), 2.98—2.86 (2H, m, -SCH»-), 2.27—2.23 (6H
m, -CH>CH2CO-x3), 2.19—2.14 (1H, m, -SCH>CH>(1H)-), 2.10
(2H, t, J = 7.6 Hz, -NHCOCH>CH»-), 1.98 — 1.94 (6H, m,
-CH>CH>CO-x3), 1.72 —1.65 (1H, m, -SCH2CH>(1H)-), 1.43 —
1.36 (2H, m, -COCH:CH>:CH:CH»-), 1.39 — 1.29 (2H, m,
-COCH2CH2CH2CH>-), 1.19—1.13 (2H, m, -COCH>CH>CH>CH>-).
67.01 (3H, dd, J = 8.2, 8.2 Hz, aromatic), 6.70 (3H, s, aromatic),
6.58 (3H, d, J = 8.2 Hz, aromatic), 6.44 (3H, d, J = 8.2 Hz,
aromatic), 4.90 (3H, d, J = 3.4 Hz, H-1" x3), 3.79—3.73 (6H, m,
H-2x3, H-5x3), 3.71—3.66 (6H, m, H-3x3, H-5" x3), 3.64 (3H,
dd, J = 2.1, 12.4 Hz, H-6a’ x3), 3.59 (3H, dd, J = 4.8, 12.4 Hz,
H-6b’ x3), 3.59—3.52 (3H, m, H-6ax3), 3.54—3.51 (6H, m,
H-4x3, H-3" x3), 3.43 (3H, dd, J = 6.9, 12.4 Hz, H-6bx3), 3.39
—3.34 (1H, m, CH2CH(CH2-)(S-)), 3.37 (3H, dd, J = 3.4, 9.6 Hz,
H-2° x3), 3.25 (3H, dd, J = 9.6, 9.6 Hz, H-4" x3), 3.11 (3H, dd,
J = 4.8, 13.7 Hz, H-1ax3), 3.01 (3H, dd, J = 7.7, 13.7 Hz,
H-1bx3), 2.98 — 2.86 (2H, m, -SCH»-), 2.27 — 2.23 (6H, m,
-CH2CH2CO-x3), 2.19—2.14 (1H, m, -SCH2CH2(1H)-), 2.10 (2H, t,
J = 7.6 Hz, -NHCOCH:CH,-), 198 — 194 (6H, m,
-CH2CH2CO-x3), 1.72 —1.65 (1H, m, -SCH2CH3(1H)-), 1.43 —
1.36 (2H, m, -COCH2:CH2CH:CH»-), 1.39 — 1.29 (2H, m,
-COCH2CH2CH2CH>-), 1.19—1.13 (2H, m, -COCH2CH2CH2CH>-).



As+i~ NH250% 0 O3E-OHOONG6tiNW.C7Si HCc? HOH OH 3|
(24) MAM-TOFIMS Exact Mass; 1740.70 miz; 176441 ;h'+Na ' As shown
in Formula (24), linker compound A thus obtained, and a commercially
available maltose hydrate (4.5 equivalent), which was an oligosaccharide
represented by Formula (18) were dissolved in a mixture solvent of
H20/dimethylacetoamide (DMAc infdkula)/acetic acid (AcOH) = 1/1/0.1.

ThereSchifhase wasn formed attpld 44ert.etand ao‘ie”m%@f&{féﬁ8379 In
Then, AcOh was added to the solvent. After 95% NaBH3CN of 10

aaivHRR WRSaGpan RS, TatasiiRp SR Na LR rbecatRg TS S

sta&s@mba temperature of 37C. Then the resultant was purified via

gel filtr chromatogr %1 u5| %' G- SHé[%m
Doy SR e 0 R et BTG OB
which wad igligahdoeatjugate: he&mﬁmsemdmm) okehgtlcoppranasaatdnd
Ehnds he |dent|f|c tion of Compo % Kv%fcondu g V|a . d
R TGRS N ALY of ComSBLRY Y sHoWed HEa"
ovnyvesa 7 644t (vitida) 2). Hmethmgll-diMREpﬁmeomeqerc(ﬁeﬁwdz by
D2Q) showed that 62,01 (3H. d 82 8. aromatlc) 6,70
éﬁns zﬁon%?a{gubl%S %;5-? “%' r§2‘1|1|z aroma?&:) 4‘2(%\'?H d, }rugtilre
Fezp aesmatied, H P EHethl) E3hHIA H2), X8) wBa9a hydrogen (H), and
R was lactose shown in Formula (19), and m!, m?, and m3 were
2.

The synthesis of the ligand conjugate (Compound 2) was
carried out as follows. Firstly, linker compound A was
synthesized as described above for the synthesis of the first
ligand conjugate.

Subsequently, from the obtained linker compound A, the
linker compound (Compound 2) was synthesized as shown in
Formula (25), the ligand conjugate (compound 2) having a
structure represented by General Formula (12) where n! was 1,
X was a structure represented by General Formula (2), R’ was a
hydrogen (H), and R was lactose shown in Formula (19), and m!

m?2, and m3 were 2.



3.73 (6H, m, H-2x3, H-5x3), 3.71-3.66 (6H, m, H-3x3, H-5' x3), 3.64 (3H,
dd, J = 2.1, 12.4 Hz, H-6a’ x3), 3.59 (3H, dd, J = 4.8, 12.4 Hz, H-6b' x3),
3.59-3.52 (3H, m, H-6ax3), 3.54- 3.51 (6H, m, H-4x3, H-3' x3), 3.43 (3H,
dd, J = 6.9, 12.4 Hz, H-6bx3), 3.39-3.34 (1H, M, CH2CH(CH2-)(S-)), 3.37
(3H, dd, J = 3.4, 9.6 Hz, H-2' x3), 3.25 (3H, dd, J = 9.6, 9.6 Hz, H-4' x3),
3.11 (3H, dd, J = 4.8, 13.7 Hz, H-lax383.01 (3H, dd, J = 7.7, 13.7 Hz,
H-1bx3), 2.98-2.86 (2H, m, -SCH2-), 2.27-2.23 (6H, m, -CH2CH2CO-x3),
2.19-2.14 (1H, m, -SCH2GH2(M).), 2.10 (2H, t, J = 7.6 Hz,

"NHQOCH2CH2-), 1.98o N ,m, -BHROMREO-X3)y, heb? oSy 1H,
nﬁéﬁ%ﬁﬁz 1H)-), A4 H1/38 (2H, mEEDCH2CH2CH2CH2-), 1,39 -
1.29 (2H, & N- 2C H2-), 1HL9+DM@I§:(»2:B_I—%_\m, AcOH 37°C
-COCH2CH2CH2CH2™), 6 7.04 (3H, dd, J = 8.2,'8:2Hz, aromatic), 6.70
(38H, s, aromatig), 6.580(3I-|§'; = 8.2 Hz, aromatic), 6.44 (3H, d, J =8.2
Hz, aromatic), 4.90 (3H, d, J = 8% Hz, H-1' x3), 3.79-3®8 (6H, m, H-2x3,
H-5x3), 3.71-3.66 (6H, m, H-3x3, H-5' x3), 3.64 (3H, dd, J = 2.1, 12.4 Hz,
H-6a’ x3), 3.59 (3H, dd, J = 4.8, 12.4 Hz, H-6b' x3), 3.59-3.52 (3H, m,
H-6ax3), 3.54-3.51¢6H, m, H-4x3, H-3' x3), 343 (3}, d¢, J = 6.9, 12.4

Hz, H-6bx3)[ 3639/ 3,34 (1H, n, GH2GH(CH2Y) §QN§)MQ, J=3.4,
9.6 Hz, H-2| x3)X32 9 BOMIH2 H-4' x3), 3.11 B, dd, J =
4.8, 13.7 Hz\ H-la%3)/ 3.01 3N dfl, § = 7.7, 137 Hz, H-Ibx3), 2.98 - 2.86
(2H, m, -SCHR-), 2.22.23 (6H,dn, -CH2CHZ2GO-x3), 2.39-2.14 (1H; m(25)
-SCH2CH2(1H)-), 2.10 (2H, t, J = 7.6 Hz, -NHCOCH2CH2-), 1.98 - 1.94
(6H, m, -CHZ%%%%?@, 1.72.- 1.65 (14, m, -SCH2CH2(1H)-), 1.43 -
1.36 (2H, m, - & 2CH22§)Z—_%};%&9;[§&5]41.29 (2H, m,

-COCH2CH2CH2CH2-), 1.19- 1.13 (2H, m, -COCH2CH2CH2CH2-). -47-

As shown in Formula (25), linker compound A thus
obtained as above and a commercially available lactose hydrate
(4.5 equivalent), which was an oligosaccharide represented by
Formula (19) were dissolved in a mixture solvent of
H2O/dimethylacetoamide (DMAc in formula)/acetic acid (AcOH)
= 1/1/0.1. Then, Schiff base was formed at pH 4 to 4.5 and a
temperature of 37°C. Then, AcOH was added to the solvent.
After 95% NaBH3CN of 10 equivalent was added therein,
reductive amination was carried out at pH 3 to 4.5 and a
temperature of 37°C. Then, the resultant was purified via gel
filtration chromatography using Sphadex G-50 (Amersham
biosystems), and subjected to desalting, thereby obtaining
Compound 2, which was a ligand conjugate having three units
of P-galactopyranose at its ends. The identification of
Compound 2 was conducted via MALDI-TOF/MS and NMR.

MALDI-TOF/MS of Compound 2 showed that m/z was
1766.92 [(M+Na)*]. Further, 'H-NMR spectroscopy (600MHz,
D20) showed that 6 6.99 (3H, dd, J = 7.9, 8.2 Hz, aromatic),



These results confirmed the structure of Compound 1. In addition, this
Compound 1 was found to have a molecular mass of 1740.70. (2)
Synthesis of Second Ligand Conjugate (Compound 2) A ligand conjugate
(Compound 2), which was a second ligand conjugate, was synthesized
as follows, the ligand conjugate (compound 2) having a structure
represented by General Formula (12)Qvhere nl was 1, X was a structure

@m@swtm,ya%@ﬁau?prmt&q (DR’ waga-hydwaen (HrcandtRwas 43

lactose shown in Formula (19), and ml, m2 and m3 were 2. The

§9hthékisloT tRedidirueritgate) (Compdaid S wis dafiddrodial’  *3),
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hydrbged (H,),]a(hd)ﬂ-lwai—]]a’&fose&hd@vﬂ& (Bdﬂmblﬁt(19)= an@ ridz,nk2; Bnd),
ﬁg?glfﬁ%;{_t%%el\l 27 I?MA}CUA@J AS@?ST? 81%3191 RS 669 (1H, m,
CH.CH(CH2-)(S-)), 3.12 (3H, brd, J = 10.7 Hz, H-1ax3), 2.91 (3H,
dd, J = 7.6, 12.0 Hz, H-1bx3), 2.90—2.83 (2H, m, -SCH»-), 2.23
— 2.16 (6H, m, -CH>CH,CO-x3), 2.18 — 2.10 (1H, m,
-SCH.CH»>(1H)-), 2.06 (2H, t, J = 5.8 Hz, -NHCOCH>CH>-), 1.95
— 1.89 (6H, m, -CH>CH,CO-x3), 1.68 — 1.59 (1H, m,
-SCH>CH>(1H)-), 1.41—1.30 (2H, m, -COCH2CH>CH>CH>-), 1.32
— 1.22 (2H, m, -COCH2CH2CH>CH»-), 1.15 — 1.08 (2H, m,
-COCH2CH2CH2CH>-). These results confirmed the structure of
Compound 2. In addition, Compound 2 was found to have a
molecular mass of 1740.70.

(3) Synthesis of Third Ligand Conjugate (Compound 3)

A ligand conjugate (Compound 3), which was a third
ligand conjugate, was synthesized as below, the ligand
conjugate having a structure represented by General Formula
(12), where n! was 1, X was a structure represented by General
Formula (3), R’ was a hydrogen, R was maltose as shown in
Formula (18), and m* and m® were 2.

As a pre-preparation of the synthesis of the ligand
conjugate (Compound 3), linker compound B having two
branches, each of which had an aromatic amino group end
protected with a protection group was synthesized.

As shown in Formula (26), amino benzoic acid derivative
(B-2), in which an amino group of an amino benzoic acid (B-1)

was protected with a Boc group, and diethylenetriamine (B-3)



A NH2 50% UH O HC? O OH N/\ N U VH-Itih~S H G'i H 333333 H OH
CH 3 2 (25) MAL.f)t-TOeh,+?S End Mass: 1740,70 nfz; 1Tfxi.92 M+Nar
As shown in Formula (25), linker compound A thus obtained as above
and a commercially available lactose hydrate (4.5 equivalent), which was
an oligosaccharide represented by Formula (19) were dissolved in a
mixture solvent of H20/dimethylacetd@mide (DMAc in formula)/acetic acid
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-3.66 (3H, m, H-4x3), 3.68-3.62 (3H, m, H-6a’ x3), 3.65- 3.62 (3H, m,
H-3x3), 3.57 (3H, br, H-4' x3), 3.53 (3H, dd, J = 5.8, 11.7 Hz, H-6b' x3),
3.47-3.43 (6H, m, H-6x3), 3.41 (3H, m, J=3.1, 10.0 Hz, H-3' x3), 3.38
(3H, brt, J = 5.8 Hz, H-5x3), 3.35 (3H, dd, J = 7.6, 10.0 Hz, H-2' x3),
3.36-3.29 (1H, m, CH2CH(CH2-)(S-)), 3.12 (3H, brd, J = 10.7 Hz, H-lax3),
2.91 (3H, dd, J=7.6, 12.0 Hz, H-Ibx3), 2.90-2.83 (2H, m, -SCH2-), 2.23 -
2.16 (6H, m, -CH2CH2CO-x3), 2.18 - 2.10 (1H, m, -SCH2CH2(1H)-), 2.06
(2H, t, J = 5.8 Hz, -NHCOCH2CH2-), 1.95 - 1,89 (8§H..m

-CHZC@O ):-X3), 868 F459 (1HﬁNm SCHZCHBéiliﬂ &”‘1 41-1.30 (2H,

m, -COCH2CRPCHAGHZ-), 1.35° @ . -GQGH2CH2CH2CH2-),
1.15-1,08 (2H, m, -COCH2CH2CH2CH2) These ‘results confirmed the
structure of Compound 2. In addition, 2Compound 2 was found to have a
molecular mass of 1740.70. (3) Synthesis of Third Ligand Conjugate
(Compound 3) A ligand conjugate (Compound 3), which was a third
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astmm@ﬁﬂ%enteqjg Y Geperal rensdl)-( @ (.99 where nI was 1, X was
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amino group end protected with a protection group was synthesized. As
shown in Formula (26), amino benzoic acid derivative (B-2), in which an
amino group of an amino benzoic acid (B-1) was protected with a Boc
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More specifically, Compound B-2 was obtained as follows.
4-amino benzoic acid (B-1) (2.00g, 14.6mmol) was dissolved in
140mL of methanol. Then, (Boc)2O (6.7mL, 29.1 mmol) and



were condensed with HOBt and EDC-HCL, thereby obtaining diamido
compound with a yield of 79%. The diamido compound (B-4) was reacted
with glycine whose amino group was protected with Z group, using, in
DMF, FDPP as a condensing agent, thereby to obtain (B-5) with a yield of
75%. The Z group was removed by catalytic hydrogen reduction, thereby
obtaining (B-6). After that, (B-6) wasXbndensed with thioctic acid (B-7),

hecehy Ritaineg (B-6hwilh, a vield af 564 Rinally, thedRQt HeeHYaS and
removed by TFA, thereby obtaining, with a yield of 95%, linker compound
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BauBauB-68hrtidiOQS0mL) was added to the residue thereby
performing extraction to obtain a water layer. The water layer
was mixed with 10% sodium citric acid aqueous solution until
pH 4 was obtained, thereby precipitating out white solid. The
thus obtained solid was dissolved in ethyl acetate and washed
with water. The resultant was concentrated under reduced
pressure. The residue from the concentration was recrystalized
in ethyl acetate-hexane, thereby obtaining Compound B-2
(3.25g, Yield: 91.3%) in the form of colorless crystals.

IH-NMR (270MHz, CD30D) analysis of the thus obtained
Compound B-2 showed that §9.24 (1H, s, NH), 7.96 (2H, d, J =
8.9 Hz, aromatic), 7.55 (2H, d, J = 8.6 Hz, aromatic), 1.56 (9H, s,
t-butyl). Moreover, ESI-MS (negative) analysis of Compound B-2
showed that m/z was 236.20 [(M-H)-]. These results confirmed
the structure of Compound B-2. In addition, Compound B-2
was found to have a molecular mass of 237.25.

Next, Compound B-2 (1.30g, 5.46mmol), HOBt (0.738g,
5.46mmol), and EDC-HCI (1.05g, 5.46mmol) were dissolved in
anhydrous dichloromethane (30mL), and then stirred for 50
minutes at 0°C under the argon atmosphere. Into the solution
thus prepared, diethylenetriamine (B-3) (0.283mL, 2.60mmol)
was added and stirred over night at room temperature in the
dark, thereby obtaining white crystal. The white crystal was
separated by filtration and then recrystalized in methanol,
thereby to obtain Compound B-4 (1.23g, Yield: 87.4%) in the
form of white crystal.

IH-NMR (400MHz, CD3OD) analysis of Compound B-4
thus obtained showed that 67.77-7.74 (4H, d, J = 8.67 Hz,



O BOCHN ~\'NH BDC-HCI, HOBt BoCHN /NH NO NH, DMFO C B-6 O
BoeHN \ NFI p TPA BwHN () NH O H S CFI,CI20-C O B-8 O %N /\ NH
ON---47TH,N/\NH NO H S ™ (26) O B More specifically, Compound B-2
was obtained as follows. 4-amino benzoic acid (B-1) (2.00g, 14.6mmol)
was dissolved in 140mL of methanol. Then, (Boc)20 (6.7mL, 29.1 mmol)
and -52- triethylamine (3.06mL, 21.9&nol) were added therein and

stioedderc 6 hosis at4gom temaergtute sTHE repctigRsRIHiRY, VY 0-3.66
concentrated under reduce(j\h%essure therebg obtaining a residue.
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mass of 541.60.

Next, Compound B-4 (1.03g, 1.85mmol), Z-glycine (0.430g,
2.04mmol) and FDPP (1.07mg, 2.78mmol) were dissolved in
anhydrous dimethylformamide (8mL). Then,
diisopropylethylamine (0.36mL, 2.78mmol) was added therein,
and stirred for 20 hours at room temperature under argon
atmosphere, to obtain a reaction solution. This reaction solution
was concentrated under reduced pressure, thereby obtaining a
residue. The residue was dissolved in chloroform thereby to
obtain an organic layer. The organic layer was washed with 10%
citric acid, and then with saturated sodium hydrogen carbonate
aqueous solution. After the washing, the organic layer was dried
using anhydrous sodium sulfate. After the drying agent was
filtered off, the filtrate was concentrated under reduced
pressure. The residue of the concentration was purified via
silica gel chromatography (50g, chloroform: acetone =1:2),
thereby obtaining Compound B-5 (1.02g, Yield: 75.0%) in the
form of white solid.

IH-NMR (400MHz, CDCI3) analysis of Compound B-5
showed that 67.88 (1H, bs, NHCOPh), 7.73-7.66 (10H, m,
NHCOPh, aromatic), 7.56 (1H, bs, NHCOPh), 7.38 (4H, d, J =
8.4 Hz, COPhNH), 7.34-7.29 (8H, m, aromatic), 5.37 (1H, bs,
Gly-NH), 5.00 (2H, s, PhCH»), 3.64 (4H, m, NCH>CH,NH,
NCH2CH.NH ), 3.49, 3.47 (4H, m, NCH>CH.NH ), 3.43, 3.27,
3.17 (6H, bt, bt, bt, NCH2CH2NH ), 1.50, 1.49 (36H, s, s, t-butyl).
ESI-MS (positive) of Compound B-5 showed that m/z was 755.



pressure. The residue from the concentration was recrystalized in ethyl
acetate-hexane, thereby obtaining Compound B-2 (3.25g, Yield: 91.3%)

in the form of colorless crystals. 1H-NMR (270MHz, CD30D) analysis of
the thus obtained Compound B-2 showed that 69.24 (1H, s, NH), 7.96

(2H, d, J = 8.9 Hz, aromatic), 7.55 (2H, d, J = 8.6 Hz, aromatic), 1.56 (9H,
s, t-butyl). Moreover, ESI-MS (negath#)-analysis of Compound B-2
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structure of Compound B-2. In addition, Compound B-2 Was found to

AL H R0l SoMEPRYES B287768S Nl & i Jofka B-Brplagiglar mass of
546n3nol), HOBt (0.738g, 5. 46mmol) and EDCHCI (1.05g, 5.46mmol)

were gseredin annydrgup dengoneiate Gl e et o
Dﬂ’ﬁn@éeﬂa(ﬂlelhykﬂemamﬁﬂer(a-@%m 1 2®engheva svasldddedtanein,
BRSO ATREAYS L Rt feby bR .
rﬂeﬂnystﬁhlz,é@ |waﬂathhmrbdrmnebwtceohtmféomaeundrﬂcédﬂrﬁﬁgd\tm«ﬂer
PSR R A S E, PRt PR S feDe
Pflzel@@‘hrﬂa%au@ théGoru8 ¢dhvllite s8l&¥.Hz, aromatic), 3.70-3.66
nCHzCH NN PO Ll el isempanng B-o
shalgsisstGorehelrnBd shewdiPtivet iftlwds §42.64 J(Ni)E.ORRNH),
SO NS SOOI Sl qjon SOTBRTSE ),
7.56 (1H, bs, NHCOPh), 7.76-7.73 (8H, m, aromatic), 7.53-7.48
(8H, m, aromatic), 4.39, 4.24 (4H, bs, bs, CONCHy), 3.80 (2H,
bs, CHoNHj), 3.42-3.33 (16H, m, NCH2CHoNH, NCH>CH:NH),
1.46, 1.45 (36H, s, s, t-butyl). ESI-MS (positive) analysis of
Compound B-6 showed that m/z was 599.33 [(M+H)*]. This
confirmed the structure of Compound B-6. In addition,
Compound B-6 was found to have a molecular mass of 598.39.
Subsequently, thioctic acid (B-7) (41.0mg, 0.200mmol),
HOBt (35.0mg, 0.200mmol) and EDC-HCI (42.1g, 0.200 mmol)
was dissolved in dimethylformamide (3mL), and then stirred for
1.5 hours at 0°C in the dark under nitrogen atmosphere,
thereby preparing a dimethylformamide solution. Then,
Compound B-6 (0.1g, 0.167mmol) was dissolved in
dimethylformamide (2mL) and then dropped into the
dimethylformamide solution, and then stirred for 19 hours at
room temperature. Chloroform was added in the reaction
solution thus obtained and extraction was performed to obtain
an organic layer. The organic layer was washed with 10% citric
acid aqueous solution and saturated sodium hydrogen

carbonate aqueous solution, and then dried using anhydrous



Next, Compound B-4 (1.03g, 1.85mmol), Z-glycine (0.430g, 2.04mmol)
and FDPP (1.07mg, 2.78mmol) were dissolved in anhydrous
dimethylformamide (8mL). Then, diisopropylethylamine (0.36mL,
2.78mmol) was added therein, and stirred for 20 hours at room
temperature under argon atmosphere, to obtain a reaction solution. This
reaction solution was concentrated uridler reduced pressure, thereby

Qb@inifY aviesidue. AheresiHee Wagidissalyed in GARrofdarib@redlr othe
gbtain an organic layer. The grganic layer was washed with 10% citric
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ilum sylfate, After the drying.agept was _ filtered off, the filtrate was
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L2 Bl A Corpmen e (0 Y TS e,
sl’nxtwﬁn_ietdi%ﬁﬁsﬂSc(lt—h:bs,&VHlK)PlﬂQ?M&-Hﬁﬁr(l(lﬂ-ﬂ,_moNH,C@ﬂ%hnatic),
8 B GV o120 Ti/1-ba, i &0 M PACHDED
3.0MB(AH, DONCHICHZBHI, MSHIAGH?2WK,), GATIEAT) (415.83 (1H, bs,
PROBHL O TR PGS SR e o date B oo,
B2 s ¥65( 1541, 361 [N G H N oNEHe€ tHeMNHucdRE€ BICH2), 3.41,
Sompouna Brgpin additign, COMPRREIBAWREIPUNG 6MaV6R o m,
molecular mass of 732.32. Next, Compound B-5 &.1939, O.264mr£nol)
Wb §S$oNpbd2.39 (1H, m, CH2CH2SS), 2.02 (2H, t, J = 6.9 Hz,
CH2CH,CH>CONH), 1.84 (1H, m, CHCH»SS), 1.58-1.52 (4H, m,
CH2CH,CH>CONH, CHCH.CH>CONH), 1.51, 1.49 (18H, s, s,
t-butyl), 1.35 (2H, m, CH2CH2CH2CH>2CONH). ESI-MS (positive)
analysis of Compound B-8 showed that m/z was 809.33
[(M+Na)*]. This confirmed the structure of Compound B-8. In
addition, Compound B-8 was found to have a molecular mass of
787.30.

Compound B-8 (0.128g, 0.16mmol) was dissolved in
dichloromethane (1ML). After TFA (2mL) was added therein, the
solution was stirred for 1.5 hours at 0°C in the dark, and then
concentrated under reduced pressure, thereby obtaining a
residue. The residue was dissolved in methanol and neutralized
through a column Dowex Marathon A (OH- form), and then
concentrated wunder reduced pressure, thereby obtaining
Compound B (89.3mg, Yield: 95.2%) in the form of yellow solid.

IH-NMR (400MHz, de-DNSO) of Compound B thus
obtained showed that 68.20, 8.07 (2H, m, NHCOPh), 7.83 (1H, t,
J = 5.5 Hz, Gly-NH), 6.51-6.48 (8H, m, aromatic), 5.57 (8H, d, J
= 14.3 Hz, PhNH,), 4.34, 4.12 (4H, bs, bs, CONCHo), 3.82 (2H,



in methanol (3 mL). After 10% Pd/C (120 mg) was added therein, the
solution was stirred for 3 hours under hydrogen atmosphere. After Pd/C
was filtered out, the filtrate was concentrated under reduced pressure,
thereby obtaining Compound B-6 (0.230g, Yield:94.4%) in the form of
white solid. 1H-NMR (400MHz, d6-DMSOQ) analysis of Compound B-6
thus obtained showed that 69.54 (4H5d,-J = 9.5 Hz, COPhNH), 8.58,

853, G196 (DS, Do sz NFHCORN), 81042 e iNgi2)3 . 6663 BH Ra.6H,
NHCOPhHh 7.76-7.73@(8H in, aromatic), 7.53-7.48 (8H, in, aromatic

lpagds NHeCEL NE RN A1 (24 1 B3 Ookdb) 1845 H33SCH),
A& in(NCH2aH2NEINCH2E8INH), 0D46(3145 (I6H, $, s=t-batyl). Hz,
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onate aqueous solution; and then dried using anhydrous -55- sodium
sapaes aadhes ing eigantwesfilerdd 2ff, where n! was 1, X had a

structure represented by General Formula (3), R’ was a
hydrogen (H), R was maltose shown in Formula (18), and m*

and mS were 2.

0 ltose hydrat
. . maltose NYArale 959, NaBH4CN (10eq)
. N (4.58q)

,\ o
NN S<g  H,0:DMAG: AcOH AcOH 37°C
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H,N N
o]
B

37°C
42%
OH OH
OH
on W A3 2 2
HN N N S.
HO 0 _@H \O\'/\H)\/\/\(//s
OH OH
2
3
MALDI-TOF/MS Exact Mass: 1238.48 e (27)
Mol, Wt; 1239.36

As shown in Formula (27), linker compound B thus

obtained above and a commercially-available maltose hydrate



filtrate was concentrated under reduced pressure. The residue of the
concentration was purified via silica gel chromatography (509, chloroform:
methanol = 7:1), thereby obtaining Compound B-8 (0.128g, Yield: 97.0%)
in the form of white solid. 1H-NMR (400MHz, CDC13) analysis of
Compound B-8 thus obtained showed that 67.76-7.69 (11H, in, NHCOPh,
aromatic), 7.55 (1H, bs, NHCOPh); $.45-7.35 (9H, in, aromatic,

COBh&INIvAIEStY; OREH RHsbarboibse S4RMNIFY S B3dREbdisted by
Gly-NH), 4.04 (2H. bs, Gly- CH2), 3.73-3.66 (4H, in, CONCH2 ).
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2CH2CH2CH2CONH). ESI- iti analysis,of Compound B-8
TRt S el bee SRR e e fe hfeein feer
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molecular, mass of. 7872.3Q. C ound B-8 (0.128¢g. 0.16mmol) was
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h (eSS t tqini res

B e e s el EFeby
Dbmmméﬂmp\m f3smy el tivems @dégansitefwmuga@mb@d has
pes i erey gbiaining, Grampound,p (BR3MAXIed A AMIIMOE of
form of yellow solid. TH-N (400MHz, d6-DNSO) of Compound B thus

Snanielsrdwety eraceg i dgort (by, MANREDPH)/ MeBand, NMR.5 5

Hz, GlyyN A -A48 {BH dBndpuTiae). 357%:8Bvld) that m/z was
1239.36[(M+H)*]. TH-NMR spectroscopy (600MHz, D>0O) showed
that 67.39 (2H, d, J = 8.2 Hz, aromatic), 7.38 (2H, d, J = 8.2 Hz,
aromatic), 6.56 (2H, d, J = 8.2 Hz, aromatic), 6.55 (2H, d, J =
8.2 Hz, aromatic), 4.91 (2H, d, J = 3.4 Hz, H-1" x2), 3.84 (2H,
s, -NHCOCH,>NH-), 3.83—3.78 (2H, m, H-2x2), 3.75 (2H, dd, J =
4.1, 6.9 Hz, H-5x2), 3.72 (2H, dd, J = 2.7, 4.8 Hz, H-3x2), 3.69
(2H, dd, J = 4.1, 4.8 Hz, H-4x2), 3.69—3.66 (2H, m, H-5x2),
3.64 (2H, dd, J = 2.1, 12.4 Hz, H-6a’ x2), 3.58 (2H, dd, J = 4.8,
12.4 Hz, H-6b’ x2), 3.55—3.51 (2H, m, H-6ax2), 3.53 (2H, dd,
J = 89. 9.6 Hz, H-3'’ x2), 3.47 — 3.40 (8H, m,
-CONHCH2CH:N-x2), 3.44—3.41 (2H, m, H-6bx2), 3.37 (2H, dd,
J =3.4,9.6 Hz, H-2 x2), 3.37—3.30 (1H, m, CH>CH(CH2-)(S-)),
3.23 (2H, dd, J = 8.9, 10.3 Hz, H-4" x2), 3.20 (3H, dd, J = 4.8,
13.7 Hz, H-1ax2), 3.12 (2H, dd, J = 8.2, 13.7 Hz, H-1bx2), 3.00
—2.89 (2H, m, -SCH»-), 2.22—2.15 (1H, m, -SCH2>CH>(1H)-),
1.98 (2H, t, J = 6.9 Hz, -NHCOCH,CH»-), 1.72—1.64 (1H, m,
-SCH2CH>(1H)-), 1.45—1.37 (1H, m, -COCH2CH2CH2CH>(1H)-),
1.35 — 1.23 (3H, m, -COCH2CH>CH2CHa>-,



= 14.3 Hz, PhNH?2), 4.34, 4.12 (4H, bs, bs, CONCH2), 3.82 (2H, -56- bs,
Gly- CH2), 3.64-3.55 (1H, m, SSCHCH?2), 3.50-3.32 (16H, band,
NCH2CH2NH, NCH2CH2NH), 3.18-3.04 (2H, m, CH2SSCH), 2.38 (1H,

m, CH2CH2SS), 2.02 (2H, t, J = 7.1 Hz, CH2CH2CH2CONH), 1.85 (1H,
m, CH2CH2SS), 1.57-1.47 (4H, m, CH2CH2CH2CONH,
CH2CH2CH2CH2CONH), 1.35 (2H, B8 -CH2CH2CH2CONH). Moreover,
ESOI? S (easiive) analysisipf) Compound B showed thepm/z wasp87.24m

[(M+H)']. This confirmed the structure of Compound B._ In addition,

Compdiinta s wHs fdiid 10 RARCaTHDIIESIF HAERF S867254 ST ke P
cwRppYnth thus lebtaingdkia inkeo eapgaate GompeURSLTIdva® have a
synﬁ%esi%ed as show ig)sF rmgla (27), the linker conjugate (compound 3)
RE\ 55 St p % té by General Formula (12), where n1 was 1,

X had g43t8iotiticersipresehtadrby Ganenal Eymulg43y KCoapaund 4)
hydrogen (H), R was maltose shown in Formulg (18),,and m4 and m

wore 5B R AR BRI (THay BB DS B0 urth
Ke@hdft BodgugareO Was---dyhtieCiz€H 3a8AbUIOFEIMEExatigand
7)Flinker

Mc?rslsﬁ1621§84 avﬁ%?o glol[ kl'YI :t:{'lzfg’ gfs%l"o‘ess%rﬁ%\évg "Ei Fog’gular%Zl rrmula
(o0) o%ndeB us taine a%ove anda commercia X/-avaﬁgb e ma?tose

y@atwtse n! was 1, X had a structure represented by General
Formula (3), R’ was a hydrogen (H), R was lactose represented
by General Formula (19), m* and m> were 2.

As a pre-preparation of the synthesis of the ligand
conjugate (Compound 4), linker compound B having two
branches, each of which had an aromatic amino group end
protected with a protection group was synthesized. Next, the
ligand conjugate (Compound 4) was synthesized using the thus
obtained linker compound B as shown in Formula (28), the
ligand conjugate having a structure represented by General
Formula (12), where n! was 1, X had a structure represented by
General Formula (3), R’ was a hydrogen (H), R was lactose

represented by General Formula (19), and m* and m5 were 2.



(4.5 equivalent), which was an oligosaccharide represented by Formula
(18), were dissolved in a mixture solvent of H20/dimethylacetoamide
(DMACc in the formula) /acetic acid (AcOH) = 1/1/0.1. After forming a Shiff
base at pH of 4 to 4.5 and a temperature of 37C, AcOH was added to the
solvent. Then, 10 equivalent of 95%NaBH3CN was added therein. After
that, reductive amination was conduci®d-at pH of 3 to 4.5 and a
temperature of 37C. Then, the resultant compound was purified by gel

fllt{rat atography using Sephaldc@xe@#@@ (AmesshancRiesystems)
and th ted to desalting thered$58htaining- Compound 3, which
was a Iland c Shyo uactsmtaa, -glacopyréaddseat its ends.
Identifca) é’ompound 3 &sfcamed ouf By MALDI-TOF/MS and

NMR. N - n -TOF of Compound 3 showed that m/z was

1239.36[(M+H)'].B H-NMR spectroscopy (600Mttz, D20) showed that
67.39 (2H d, J=8.2 Hz, aromatlc) 7.38 (2H, d, J = 8.2 Hz, aromatic),
J = 8.2 Hz, aromatic), 4.91
CH2NH-), 3.83- 3 78 (2H

124Hz H-bb' x2), 355351(2H m, H6ax2 3.53 (2H, dg 7=89.9.6
Hz, H-3 " x2), 3.47 - 3.40 (8H, m, -CONHCH2CH2N-x2), 3-44-3.41 (2H,
m, H-6bx2), 3.3WAQiTatdls J = 3.4, EGdtitashisDen), 3.37-3.30 (1H, m(2g)
CH2CH(CH2-)(S-)), 3.23 (2H, dd, Jmz8:881118l8MHk, H-4' x2), 3.20 (3H, dd,
J=4.8, 13.7 Hz, H-lax2), 3.12 (2H, dd, J = 8.2, 13.7 Hz, H-Ibx2), 3.00
-2.89 (B¢, mheen2n2 Peumula H(48) .sERkerH2¢pmpournd (B4, thus

o6t idea NERPCH2CH A dréealtf4ddlifble lactose hydrate (4.5
equivalent), which was an oligosaccharide represented by
Formula (19), were dissolved in a mixture solvent of
H2O/dimethylacetoamide (DMAc in formula)/acetic acid (AcOH)
= 1/1/0.1. Then, Schiff base was formed at pH 4 to 4.5 and a
temperature of 37°C. Then, AcOH was added to the solvent.
After 95% NaBH3CN of 10 equivalent was added therein,
reductive amination was carried out at pH 3 to 4.5 and a
temperature of 37°C. Then, the resultant was purified via gel
filtration chromatography using Sphadex G-50 (Amersham
biosystems), and subjected to desalting, thereby obtaining
Compound 4, which was a ligand conjugate having two units of
B-galactopyranose at its ends. The identification of Compound 4
was conducted via MALDI-TOF/MS and NMR.

MALDI-TOF/MS of compound 4 showed that m/z was
1261.15[(M+Na)*]. Moreover, 'H-NMR spectroscopy (600MHz,
D70) showed that § 7.40 (2H, d, J = 8.9 Hz, aromatic), 7.39 (2H,
d, J = 8.9 Hz, aromatic), 6.59 (2H, d, J = 8.9 Hz, aromatic), 6.58
(2H, d, J = 8.9 Hz, aromatic), 4.30 (d, 1H, J = 7.6 Hz, H-1" ),



-SCH2CH2(1H)-), 1.45- 1.37 (1H, m, -COCH2CH2CH2CH2(1H)-), 1.35
1.23 (3H, m, -COCH2CH2CH2CH2-, -58- -000H2CH2CH2CH2(1H)-),
1.09 1.02 (2H, m, -COCH2CH2CH2CH2-). These results confirmed the
structure of Compound 3. In addition, Compound 3 was found to have a
molecular mass of 1238.48. (4) Synthesis of Fourth Ligand Conjugate
(Compound 4) A ligand conjugate (€6thpound 4), which was a fourth

ligand qanjugate, waseHesized s Bedpv-theskipane canjugapebavipgr4
a structure represented by General Formula (12), where nlwas 1, X had
ucturé &S%IQJM " Genefdl Forhbid45); Awadd 2hydrodbn ! —
B.6os(l@Etosh represented-py Gepprd l6ormdacd QR mAandims veyreR65
pre-prepagation of esis of the li jugagte (Co u
ﬁ%ﬁnléea’cgerﬁpéu dblh?\jfé;ﬁ:i anc s,%ﬁ:?ﬁ @ﬁ\??/hf%ﬁ’héd’ aﬁ'%c: ??7
dMomaticaimnino gr@)p eBch Protedta@ withZHprotectiod -Feap wids3 ’ x2,
S ized. th>< lig onjugate ( pound. 4) sypthesize
O S SN o el bomatia & 4s howH 8 Felml o8, 118
lig&hdregn{lba Havidg-H(St)ctars fef@iEente) by SeneralsForidalalit2),
re;nbwas 1. X had a stryctur nt 3ener lay3), R'_
ggi’ s‘imé ro%e}_r%’('d‘;(,iR“%vaS%arcl:t’oile%e 'Irllerzgla:zSen é%%)? ge%i?éé? Iqi%?_ryﬁ u?ﬁ(’léi ,
ﬁ_nd,mMSaﬁ’dHﬁ \/I_r‘la’ré’tzz< 29-Jadtbsehdrate 3, Hav £S5 2p, NaR3M,CNL6
(i) O SeafQ GINART A IMSCHAM 1015 — 60 ny,
-NHCOCH2CH»-), 1.73—1.66 (1H, m, -SCH2CH»(1H)-), 1.46 —
1.39 (1H, m, -COCH2CH>CH2CH»(1H)-), 1.35 — 1.30 (1H, m,
-COCH2CH2CH2CH>(1H)-), 1.32 — 1.26 (2H, m,
-COCH2CH>CH2CH»-), 1.11—1.04 (2H, m, -COCH2CH>CH>CH>-).

These results confirmed the structure of Compound 4. In
addition, Compound 4 was found to have a molecular mass of
1238.48.

[Example 2: SPR Measurement and Mass Spectroscopy for
Protein Analysis]

In Example 2, binding properties between sugar chains
and proteins were analyzed wusing the ligand conjugates
prepared in Example 1 by SPR measurement and mass
spectroscopy. The analysis was carried out as follows.

In FIG. 1, steps of the protein analysis in the present
Example were denoted as steps 1 to 12. In FIG. 1, Steps 1 to 7
are steps for preparing a ligand carrier (sensor chip) by
immobilizing a ligand conjugate (any of Compounds 1 to 4) onto
a surface of a supporter coated with gold (Au). The steps carried
out after Step 8 at which the ligand carrier was allowed to stand
in contact with a solution containing a protein to be analyzed
are steps for carrying out the SPR measurement. Furthermore,

the steps carried out after Step 10 for washing the surface of



B 31% OH HO OH Ol!1 Ott ~ hi t. ALM-0(0t NIS "not N4ess' 1223 0
Mia=1261.15[M+ttia] (J.ti. As shown in Formula (28), linker compound B
thus obtained and a commercially-available lactose hydrate (4.5
equivalent), which was an oligosaccharide represented by Formula (19),
were dissolved in a mixture solvent of H20/dimethylacetoamide (DMAc in
formula)/acetic acid (AcOH) = 1/1/6.@1Then, Schiff base was formed at

PhleA40 fpvateavieMResati e ok 36¢ idbeni et thaspddeddoilemass
solvent. After 95% NaBH3CN of 10 equivalent was added therein,

ARSI P vas carried out at pH 3 to 4.5 and a temperature of
37C. Than, the restésphwagRuiifipleyia ged filbpionelvamategiapty was
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was conduct&%vBﬁ/lALDl-TO /MS and NMR. MALEI-.TOF/MS 012jl 1
USVBREhd 4 Showkd thal hiEas 1961157 M+ REFH RABReavEr aser

tidsdiiR ispecttiaseopy @M HD aBR 03 sbotvedribatc IMAIPH; TOFZELS),

Hz, gro atécé’ 71-3%@-"6 dsg = 8.9 Hz, aromatic), 6.59 (2H, d, J = 8.9 Hz,
aromaticy, 6.58 ]& APz, aromatic), 4.30 (d, 1H, J = 7.6 Hz, H-1'

), -60- B¢ (fiMedpdot&isHayetd' ar5adRz8@9 (RHNlyHQuRAY, B84 qHH, A
%hé?g'r\l'éﬁé%'\'g'@bﬁe?ﬁ}ﬁeﬁ iy ’5'05%%1 X%)Sg',nénd LCD which are
lectin proteins that can be bonded with glucopyranose, and RCA
and PNA, which are lectin proteins that can be bonded with
galactopyranose. Bovine serum albumin (BSA) was used as
negative control.

Firstly, following Steps 1 to 7 in FIG. 1, 4 types of ligand
carriers were prepared, on each of which Compound 1 to 4 were
respectively immobilized. Next, protein solutions were prepared
by respectively dissolving the 5 lectin proteins mentioned above
and BSA in PBS buffer. Then, Step 8 in FIG. 1 was carried out
so as to allow the respective ligand carriers to stand in contact
with the respective protein solutions, in order that interaction
might occur. Next, the SPR measurement was carried out so as
to analyze the bonging between the ligand carriers and the
proteins.

FIGS. 2 and 3 and Table 1 shows results of bonding
behaviors of the lectin proteins with respect to the ligand
carriers (sensor chips) on which a-glucopyranose was
immobilized. FIG. 2 shows the results for the sensor chip on
which the ligand conjugate of Compound 3 (Di-valent type) was
immobilized. FIG. 3 shows the results for the sensor chip on
which the ligand conjugate of Compound 1 (Tri-valent type) was
immobilized. Both in FIGS. 2 and 3, (a) shows the bonding



3.69 (4H, in, H-4x2, H-4' x2), 3.69-3.66 (2H, in, H-3x2), 3.65 (2H, dd, J =
3.0, 11.7 Hz, H-6a' x2), 3.53 (2H, dd, J = 5.5, 11.7 Hz, H-6b ' x2), 3.48
3.42 (12H, in, H-5x2, H-3 ' x2, -CONHCH2CH2N-x2), 3.41 3.39 (4H, in,
H-6x2), 3.37 3.32 (1H, in, CH2CH(CH2-)(S-)), 3.35(2H, dd, J=7.6, 8.9
Hz, H-2' x2), 3.23 (2H, dd, J = 4.1, 13.7 Hz, H-lax2), 3.04 (2H, dd, J =
7.6, 13.7 Hz, H-Ibx2), 3.01-2.90 (2H,®2, -SCH2-), 2.23-2.16 (1H, in,
GHIH2EHM A s Rolvs O it oNHERGRBENZ). 3(78d60and
ng in, -SCH2CH2(1H)-), 1.46- 1,39 (1H -COCH2CH2CH2CH2L1H)
ks hows e PorEnRReRSFEB G ﬁ#}) 1.32 1.26 (2H, m,
-COCH2CH2CH2CH2-), 1.11-1.04 (2H, in, -COCH2CH2CH2CH2-).
éh er sults confirmed the structure of Compound 4. In addition,

4 was found to have a molecular mass of 1238.48., [Example

2: SPR Measuremgntwa;bMas%@eectrosc py for Protaialenalysigldn

Example 2, binging properties betwegn sugar chains and orem;weEE:
analyzed ysind'the ligand‘¢®njugates™prepared TPExample™f by $PR ¢

measyurement prIEBMassospectroscopy.1The anplygis was cayged outrs 5

follows. INFIG. 1. _Ste f{e protein anal SIS I the present Exampie
werd dencteosaééte slaogz.l i’ ? epgl81%7 ar s%’e'sf 1.01

peparing g ligand ca«rﬂeb(ﬁﬁﬂmg chip) by imneobifzing adigrnd | 1.45

conjugate [(any of L,omp']%un i Tto4)yonto @ surface of a supporter

&atéd with gold (AUN S Pi&arried out after Step @ BORAiAEhe

flpend cartier was alﬁqwqﬁot@cﬁtﬁgd in contact with a solution containing a

oD

protein tope d[ldIyZEU dare 5[eps for (,d.rrylng out the SPRmMeasurement.
Furthermore, the steps carried out after Step 10 for washing the surface

of Kp: Dissociation Constant (uM)
Ka: Assosication Rate Constant (M-1s-1 x 109)

Kq: Dissosicaiton Rate Constant (s-! x 101)

As understood from FIGS. 2 and 3, ConA and PSA showed
similar bonding behaviors for both the sensor chips regardless
of the difference in the structures of the linker portions of the
ligand conjugates. However, LCA could bond with Compound 1,
which was a ligand conjugate having three units of sugar
molecules, but not with Compound 3, which was a ligand
conjugate having two units of sugar molecules. Even though it
is not illustrated here, it was found that the negative control
BSA did not bind with the chips to which Compound 1 or 3 was
immobilized.

Moreover, in Table 1, the bonding behaviors of the
respective proteins are shown collectively. It was observed that
the lectin proteins that can bind with a-glucose was specifically
bonded. Further, it was possible to calculate out binding
constant for the lectin proteins that can bind with a-glucose.

The calculation showed that dissociation constant (Kp) for




-61- the supporter with water are for identifying the protein via mass
spectroscopy (MS). In the present Example, the SPR measurement was
conducted by using SPR-8B manufactured by Nippon laser electronics

Co. The mass spectroscopy was carried out by using voyager RP-DE,
which was a matrix-assisted laser desorption/time of flight mass
spectrometer (MALDI-TOF/MS), ma6@8 by Applied Biosystems. The five
arateinseMerelanaiyded, paaely Cangssrmabe AwhsrenpiinfadbRrevigtedr
as ConA), PSA, and LCD which are lectin proteins that can be bonded

RPYIGESIAEh 6B tIAT REA A PR HI P AL IR STARS thal B4
be hansed mdtbr gdactophtanase. Bovireiserum albemindBSA)Ywas wseghr

as negative control, Firstly, following Steps 1 to 7 in FIG. 1, 4 types.of
TR SRE GRNIGR B AR SPvan e ALt B 2 AP B
respeci€hsimmabitizéd aNexT aniteid stlotivrisomelingrépdiedibys of the
es ectivefl;}/ dissolving the 5 Iec{ir}gr tei mer%ioned .abovte and BSAhin
'Bulté .“Fh%%,‘%ﬂé’ﬂ BGRRTEL IWHACAIREH DUt L 5L o SR A TIPS)
mspettivd lifagdleartgry ta st macontach otiihizieel reSp@ctwesprotes the
selipns. dg.order thatnieraction mighypseur Nexthe SPR i care of
measutemant was carfied out 56 as to ana?yze € bonging betW]ee'%at%e
Gentbcarnel Aaldithe lproteipp el (@ Ss 4 rmmd GoaliderhbE G silosk oesulthe
oL Ranpling, pehaviors of ine, 'FCE&QQVSE?{Q%W'E%E%S%%F&%E liggy dlgl%and
carriers (sensor chips) on which a-glucopyranose was immobilized. .
2ahpngate esults foptiesdnsbr (@b valemtichthe)ligeiad comjuyeiélofed.

%%r{}pq&ﬁn%f‘d@-\@lgﬁt&ygf—‘)(maghows the bonding behavior of RCA,
and (b) shows the bonding behavior of PNA.



immobilized. FIG. 3 shows the results for the sensor chip on which the
ligand conjugate of Compound 1 (Tri-valent type) was immobilized. Both
in FIGS. 2 and 3, (a) shows the bonding -62- behavior of ConA, (b) shows
the bonding behavior of PSA, and (c) shows the bonding behavior of
LCA. Table 1 Di-Valent Type Tri-Valent Type KD Ka Kd KD Ka Kd Con A
11.330.45 0.51 4.34 1.95 0.85 PSA158 0.87 0.759.86 2.34 1.01 LCA
fawrending 6.04 2.40 1.45 RCA No bonding No bonding PNA No

[) (M LZIN - : i > b +f W AN V4 A M i D + > 4 +
DOTUINy U, DISSOCIAUOIT COTISIATNT (PIVI) ANd. ASSUSILAUUNT RAleE CUTISLAllt

(M-1s-1 x[104) Kd?D¥8dsRhitefPRate Conistant (s ATk Yeis Ak Type

understood frog FIGS. 2 and 3, Cong and PSAgRowed sigilar bondigg

behaviorsiforboththe sensor chips regardtess—of the difference-inthe

§iRRthres|of the Iinkgropbﬂi'éﬁg{ﬁ the ligand conjugates. However, LCA

¢aaid bond with Compoehliingich was a ligand com@gg@ﬂﬁy{gg three
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withthe-chips-to-which-Compound-1-or 3-was—immobitized-Moreoverin
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collectively. It was observed that the lectin proteins that can bind with
a-glucose was specifically

Kp: Dissociation Constant (uM)

Ka: Assosication Rate Constant (M-1s-1 x 109)

Kq: Dissosicaiton Rate Constant (s-! x 101)

*1: Non-specific adsorption independent of protein

concentrain was observed

As understood from FIGS. 4 and 5, RCA and PNA showed
similar bonding behaviors for both the sensor chips regardless
of the difference in the structures of the linker portions of the
ligand conjugates. Even though it is not illustrated here, it was
found that the negative control BSA did not bind with the chips
to which Compound 2 or 4 was immobilized.

Moreover, in Table 2, the bonding behaviors of the
respective proteins are shown collectively. It was observed that
the lectin proteins that can bind with B-glucose was specifically
bonded. Further, it was possible to calculate out binding
constant for the lectin proteins that can bind with B-galactose.
Moreover, non-specific bonding behavior of ConA independent of
the concentration of the proteins was observed when the chip
with Compound 3 was used. The calculation showed that
dissociation constant (Kp) for Tri-valent ligand bonding
substance was equivalent to or smaller than that for Di-valent

ligand bonding substance. Thus, it was understood that an




bonded. Further, it was possible to calculate out binding constant for the
lectin proteins that can bind with a-glucose. The calculation showed that
dissociation constant (KD) for -63- Tri-valent ligand bonding substance
was equivalent to or smaller than that for Di-valent ligand bonding
substance. Thus, it was understood that an increase in the number of
sugar chains per ligand conjugate te@8s-to a greater binding activity.

hefedsandb and Tabie Bahayy kanging braamiory et thzderdindyaieibate
with respect to the ligand carriers (sensor chips) on which

(saflattopyRARBLE WALIHIRBIAIEE tHIG. 4 shows the results for the

sensor ERimont wbih hesligand rorjugate o &empsindd {Diélesinding
type) was inilmobilized. FIG. 5 shows the results for the(gles,ult for the d b
é@% YhifforPRRIG e MH4Ad SHhGSAtetSr CHRASUIT S @Fi-VARHd be

gifeg meas ineishilitacg Bothhiow|Giadyandigata)cshons thedaneisgnt. It
B S T R B
piREk bl ebaoidibg Modzendind Witk Nhisosdatgido bonding RCA 12.23
074 06,1,79.0:52,0.41 PNA 4951 71005 5821 QAT KDL o
Dissociation tonstant (pl%ﬁl 3: ASS0SiCation Rate onstantW-ﬁsﬂLx
toffiKohcdisdosicaiton Ratg Gotistahe(pdotctitd) werbldndpenifignalyzed
%%Brpttf%] ﬁ%%%e%%%%ttgg%@teép after Steps 9 and 10. Thereby the
proteins bonded with the ligand carriers were identified. In the
mass spectroscopy, molecular mass of the sample was
measured with the mass spectrometer after the sample was
treated such that a matrix solution (saturated aCHAA or sinapic
acid) was placed on the part at which the bonding was
measured, and dried.

After conducting the series of steps to confirm the
bonding behavior between a ligand carrier and a protein, the
bonding between the ligand carrier and the protein was
dissociated at Step 11, and washing with PBS buffer was
carried out at Step 12. After that, Steps 8 to 10 were repeated
with another protein solution, and then the SPR measurements
and mass spectroscopy were carried out. This was repeated for
each ligand carrier and protein.

The results of the mass spectroscopy are shown in FIGS.
6 and Table 3. FIGS 6(a) shows the result of the analysis for
ConA, meanwhile FIG. 6(b) shows the result of the analysis for
PNA.



concentrain was observed As understood from FIGS. 4 and 5, RCA and
PNA showed similar bonding behaviors for both the sensor chips
regardless of the difference in the structures of the linker portions of the
ligand conjugates. Even though it is not illustrated here, it was found that
the negative control BSA did not bind with the chips to which Compound
2 or 4 was immobilized. Moreover, in6kable 2, the bonding behaviors of
the respective proteins are shown collectively. It was observed that the
lectin proteins that can bind with (3-glucose was specifically bonded.
€r3it was possible to calculate out binding constant for the lectin

pedeinspRatean bind with\iGaalaciosweMereover minePgsifczponding
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activity. From these resu tsg é%)\ﬁ?i nderstood that the bonding activity of

proteins with respect to sug would be different depending on
gmAmany sugar chains areqoesed. 8 yvas shown thatfihazzu(gﬁbhhahﬂ)
bonding properties of lectin proteins could be meas %dg it system.
Further, the ligand carriers thgafm R measurem f%’ 4 i?ﬂ)
bonding with the proteing wete ir@gRanalyzed with the mass
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RCA 120000 (azpB2) Not Detected
31000 (a)
32000 (PB)

As shown in FIGS. 6(a) and 6(b), ion peaks were found
that correspond molecular masses of monovalent or divalent
ions corresponding to subunits that constitute the respective
proteins.

Moreover, Table 3 shows the results for the other lectin
proteins. lon peaks were found in the vicinity of the molecular
masses of monovalent or divalent ions corresponding to the
subunits of the lectin proteins. However, for RCA, the mass
spectrometer used could not detect the ion peak of the subunit
of RCA because the subunit of RCA had a large molecular mass
of 30,000 or more Dalton. It was predicted that the ion peak
could be detected by using an MALDI-TOF/MS apparatus of a
higher performance.

The mass spectroscopy found the molecular masses

corresponding to the bound lectin proteins, except RCA,




mass spectroscopy, molecular mass of the sample was measured with
the mass spectrometer after the sample was treated such that a matrix
solution (saturated aCHAA or sinapic acid) was placed on the part at
which the bonding was measured, and dried. After conducting the series
of steps to confirm the bonding behavior between a ligand carrier and a
protein, the bonding between the lig&id-carrier and the protein was

disnoeiaipd Rk Sterikl prodamashinerwidiRBSsRuifek Was raaffied out at
Step 12. After that, Steps 8 to, 10 were repeated  wijth another protein

solutior St BEAHH SO REm Ea (R EntORt TRAMHRR (SpELIBHLS 5Pk Pe
caviedfoed. Hisuageppepied iy pashdigantheasrigsanthpiorEm. agly sis
resylts of the mass spectroscopy are shown in FIGS.. 6 and Table 3, .

BRE BEF SHNCIHE SEORY P HE ErHsi S g € s Ban Gk rId IR o
shewpites ceqult afithetdnaly s doe RNA. -Obe Tablaidtkeaiih Pheteipresent

olecular weight Found (m/z), Con A 104000 (a4) 25523 (a chain) 25572

FERR o0 (H4140) LB (L Enbih ot () SO P Ky AbB00"
(Bpic 46000{ad{82) & 74D (adhibn) Giffér(a)t8594(3 bhameen) ligand
%E?Z?eé(%ﬁ’v'\{ﬁgg 81 %91@04 12é‘171%%$a%?1%{5‘ szééoaq@r ends when there
was a difference therebetween in terms of the number of the
sugar chains present. That is, the protein analysis according to
the present invention is deemed to be applicable to analysis on
the relationship between the number of sugar chains and the
bonding activity of the proteins. Any existing method cannot
detect the relationship between the number of sugar chains and
the bonding activity of the proteins. So, the present invention
will be deemed to be more useful, when considering the analysis
on the relationship between the number of sugar chains and the
bonding activity of the proteins.

[Example 3: Synthesis of Ligand Conjugates (Compounds
21 and 22)]

In the present Example, ligand conjugates classified as
fifth and sixth ligand conjugates explained in the embodiment
were synthesized. That is, a ligand conjugate (Compound 21),
which was a fifth ligand conjugate, was synthesized as below,
the ligand conjugate having a structure represented by General
Formula (13), where n? was 4, X had a structure represented by
General Formula (4), R’ was a hydrogen (H), and R was glucose.
Further, a ligand conjugate (Compound 22), which was a sixth
ligand conjugate, was synthesized as below, the ligand
conjugate having a structure represented by General Formula
(13), where n2? was 4, X had a structure represented by General

Formula (4), R’ was a hydrogen (H), and R was maltose.



RCA 120000 (a2(32) Not Detected 31000 (a) 32000 ((3) As shown in
FIGS. 6(a) and 6(b), ion peaks were found that correspond molecular
masses of monovalent or divalent ions corresponding to subunits that
constitute the respective proteins. Moreover, Table 3 shows the results
for the other lectin proteins. lon peaks were found in the vicinity of the
molecular masses of monovalent or @&alent ions corresponding to the

subuni@g{é%ﬁcﬂm&%@pg , for RCA, the mass spectrometer
used could not detect the ion peak of the subunit of RCA because the

subunit 5F RENhaPE RS e i £ 16 90 986 oV thdre BAbRDf1ta
w9 pRysticiad that die i0h peak agosld fiefdeteTivdlbywad@icated by 6

MALDI-TOF/MS apparatys of a high formance. The mass .
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iyﬁ?sguléy identified. As fescried abo:%/efit ga ﬁonfirmed that proteins
QU e dRRIHEY ARSI DY the PRSI anaiss VI8 SpRRGI SRCOPY
arabmasapedirossapy ussig ghe Rk panjegatB acopsting to Nheriner™
BIEseL invention, Marsoner. e tesulis of (e RIsRet FXAmBleatocaph
confirme ]iﬂafﬁr%ybonﬁng ac |V|f§/' betweartthe sugar chains and pﬁ)te heY
wod ddzer tiffdrent evert beWidiea ighndO cdMiesdkavin didiOntioalls Ogedmm) .
ins ir difference t bet I
P e e L i P e
Sitioragge) 10 OtHErdséMdnobntiorbisgepneld tochgepplicabléd wrinwsmELs
QBlvents were purchased from Kanto Chemical Co., Ltd.
(1) Synthesis of Compound 16
The synthesis of Compound 16 is described below

referring to Formula (29):
J W
HoN NHBoc
| A OBt H PdIC, H
Na/\/o{/\ohon DIEA, _ NS/\/O{\/\O%\(N NHBoc 12
30 inC 30 in MeOH
17 :

H,Cl
95%

16

thioctic acid

o] : H
HzN’\/o{\/‘oJﬁ(n NHBoc HOB, EDC-HCI N/\/o{/\o’h(N NHBoc
: 30 \O in DMF s—s H 8
63%
18 19

2 H
TRAIGH,CllH,0 (Y\/\)LN/\/O{\/\OHNU"”Z «++(29)
—— H 3
s—8

(1/1/0.1)
0°C
20

Firstly, Compound 16 of Formula (29) was synthesized as
below.

Bis [2-(2-hydroxyethoxy)ethyllether (14.57 ml, 80mmol)
and BF3'Et20 (252ml, 2mmol) were dissolved in 50ml of



the relationship between the number of sugar chains and the bonding
activity of the proteins. Any existing method cannot detect the relationship
between the number of sugar chains and the bonding activity of the
proteins. So, the present invention will be deemed to be more useful,
when considering the analysis on the relationship between the number of
sugar chains and the bonding activitg9f-the proteins. [Example 3:

awnbesis s Ligans &iveaiemCompewndsi2doafH Y2 hkethe £resesinl,
Examgle, ligand conjugates classified as, fifth and sixth ligand conju%atetsh
H ] , e
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eesjubaia { GamRpstindel Yo wimohmias a éfthaligershaoniugptaavase. After
%gnth sizfed as below, the ligand conjlémtth ving a structure
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lucose. Further, a.ligand conjugate (Compound 22), which was a sixth
s S o i R s s s
asigretwiermpraskiated Bfeendial Bopimuga add) twhate fiker@sldoX thathe
tructure represented by General Formula (4 'was a hydrogen .
B AR A AR ML MR8 BERARRY o
siietinseopyonas naracdd utesitl JEO[Delteo 60618padctrdmeteidue was

B e o) Seid00e, Helole, Ay scergig s 1
), Db vedsyiradidated bg 6 tajleagingoDHD (2.68pnYisddeféitein the
%qt&rigk IBFoﬁééé §%3§@.scopy was carried out. using .PerSeptive
Biosystem MarinerTM "Biospectroscopy Workstation. Silica gel column
chromatbgrappihyl compound (2.15g, 7.66mmol) and DMAP
(41.7mg, 337mmol) were dissolved in 8ml of anhydrous pyridine.
Into the solution thus prepared, a solution in which p-toluene
sulfonic chloride (1.75g, 9.19mmol) was dissolved in 8ml of
anhydrous dichloromethane was dropped at 0°C, and stirred for
three hours at room temperature. Dichloromethane and ice
water were added into the reaction solution, the reaction
solution was extracted with dichloromethane. The organic layer
thus obtained was washed with saturated sodium hydrogen
carbonate aqueous solution, with water, and with saturated
saline, once each. Then, the organic layer was dried with
anhydrous magnesium sulfate. After the drying agent was
filtered out, the filtrate was concentrated under reduced
pressure, thereby to obtain concentrated residue. The
concentrated residue was purified via chromatography (100g,
chloroform: acetone = 4 : 1), thereby obtaining tosyl compound
(2.59g, Yield: 78%) in the form of yellow liquid.

The tosyl compound (1.01g, 2.31 mmol) and sodium azide
(1.53g, 2.31mmol) were dissolved in 50ml of anhydrous
dimethylformamide, and then stirred at 120°C for 10 hours



was carried out with Silicagel 60 (Merck, 0.040 to 0.063mm). Thin layer
chromatography was carried out using Precoated Silicagel 60 F254
(Merck, 0.5mm). All reagents and anhydrous solvents were purchased
from Kanto Chemical Co., Ltd. (1) Synthesis of Compound 16 The
synthesis of Compound 16 is described below referring to Formula (29): n
11 H2N O NHBoc EDCHCI | fHF6HORSf Il H NHBoc Pd/C. Hx Nx~~,~

Rarder NN PSe&2 J80 B Vs 16 LR tlagtic asid QExQNNHRRAtIon
HOBO, EDC.HCI (*r™~" IXI*"Q ], ,N a NHBOC HxNsO/inDMF$N

HRE $BERC i Fighcrprpiss - Theoqrepnifdpypmthus obtained
s waldhédIdath.. wdiéd GHd 1e1)10 e20ursstyl Sampeunsihik@oéach,

BiRGr L0 3, S oD RIER-BEOOTANE ISR ANE dALebne
50y afgbAt anhydrdils elieklomntgthdne. fibem thazoathykacataietrated
gh%%lf reduced pressure, thereby to obtain a concentrated
residue. The concentrated residue was purified via
chromatography (10g, chloroform: acetone = 2:1), thereby
obtaining azide compound (638mg, Yield: 90%) in the form of
yellow liquid.

The azide compound (614mg, 2.01 mmol) was dissolved in
24ml of methanol. After 4.3ml of 1N NaOH was added therein at
0°C in the dark, the resultant solution was stirred at room
temperature for 21 hours. The reaction solution thus obtained
was concentrated under reduced pressure, thereby obtaining a
concentrated residue. After chloroform was added to the
concentrated residue, 1N HCIl was added therein until pH 2 was
obtained. Then, extraction with chloroform was carried out. The
organic layer was washed once with saturated saline, and then
dried with anhydrous magnesium sulfate. After the drying agent
was filtered out, the filtrate was concentrated under reduced
pressure, thereby obtaining Compound 16 (549mg, Yield: 90%)
in the form of colorless liquid.

IH-NMR (400MHz, CDCI3) analysis of Compound 16
showed that 66.19 (1H, bs, CO2H), 4.16 (2H, s, OCH2CO2H),
3.75-3.64 (12H, m, OCH2CH20), 3.68 (2H, m, N3CH2CH»), 3.41
(2H, t, J = 5.1 Hz, N3CH2). Moreover, ESI-MS (negative) analysis
of Compound 6 showed that m/z was 328.14 [(M+Na)*]. This
confirmed the structure of Compound 6. In addition, Compound
16 was found to have a molecular mass of 277.13.

(2) Synthesis of Compound 17

Compound 16 (228mg, 0.823mmol) was dissolved in



17.35mmol) was dropped therein at OC. After that, the resultant was
stirred for 70 minutes at room temperature. After 20m1 of saturated
ammonium chloride aqueous solution was added into the reaction
solution, the reaction solution was extracted with dichloromethane, and
then dried with anhydrous magnesium sulfate. After the drying agent was
filtered out, the filtrate was concentratéd under reduced pressure thereby

i a Saneailsias cepidue. [haregneemiatedtegidue v\&ﬁﬂ&m@&e
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yellow liquid. The tosyl compound (1.01g, 2.31 mmol) and sodium azide

@rssguzB1Nthehehare obsahuad s SQmFQﬂmWMQd residue. The

concentrated residue was purified via silica gel chromatography
(80g, chloroform:methanol = 10:1), thereby obtaining Compound
17 (367mg, Yield: 95%) in the form of yellow oily material.
ESI-MS (positive) analysis of Compound 17 showed that m/z
was 490.24 [(M+Na)*]. This confirmed the structure of
Compound 3. In addition, Compound 17 was found to have a
molecular mass of 467.24.

(3) Synthesis of Compound 18

Compound 17 (29mg, 0.062mmol) was dissolved in
methanol (3ml). After 10% Pd/c (5.0mg) was added therein, the
solution thus obtained was stirred for 9 hours under hydrogen
atmosphere. After Pd/C was filtered out, the filtrate was
concentrated under reduced pressure, thereby obtaining a
concentrated residue. The concentrated residue was purified via
silica gel chromatography (1.5g, chloroform: methanol = 7:1),
thereby obtaining Compound 18 (22mg, Yield: 82%) in the form
of yellow oily material. ESI-MS (positive) analysis of Compound
18 showed that m/z was 442.27 [(M+H)*]. This confirmed the

structure of Compound 18. In addition, Compound 18 was



dimethylformamide, and then stirred at 120C for 10 hours -70- under
nitrogen atmosphere in the dark. The reaction solution was extracted with
chloroform. The organic layer thus obtained was washed with water and
with saturated saline, once each, and then dried with anhydrous
magnesium sulfate. After the drying agent was filtered out, the filtrate was
concentrated under reduced pressuré? thereby to obtain a concentrated

RRRIdNE tdhetrneeties IRSIdHR wa D Purifiedsvia, oyomatogsphy (10g,
chloroform; acetone = 2:1), thereby obtaining azide compound (638mg,

Yield: 9096 HHRSS Yt %Wlmﬁ.lﬁe azide compound (614mg,
2.01 mmigipwas dissetved i 241, ofgnedenth éfferwaam ldasdNe@H in

was added thergin at. OC_in the dark, the resultant soluti s stirred at
R AT R P A v i) et (o) 0
cnogentrateah older aeducatipt=$5aie, (Heredy ehigininy @6 tonaesikyatedere
residue.gft rchlcr)%:rl%foﬁqn as added to the concentrated residue, IN HAC‘R‘
§ it p et

ad'add it AR obtafeh. PAES exPARIBRRI <

erei
thdeiofgrivroaghartied eanbleeadiganib dajertwawashedngpeeawithe, the
saturated saline, and.then dried with anh?[jr us magnesium.sulfgte. After.

it patchstin B S Sl el bl C L

edutpduprds3drd 2eteny, obtaining Cor) poarsd dis $640ndy 1Y ieklhgobus
B R T A e S R R oom
CorpgOLHEe 3i75-3t62 (d2HkKin, Oite20KHPaN8.687(xH, #addlded in the
Né&éﬂ?o%%bﬁ;ﬁ?or{?%hte Jeactiba: g‘@ﬁ@@n%éesovc%n%gé%%ed. The

(negative) analysis of Compound 6 showed that m/z was 328.
rgavdy] lasigr thus obtained was washed sequentially with 10%

citric acid, and then with saturated sodium hydrogen carbonate
aqueous solution, and dried with anhydrous magnesium sulfate.
After the drying agent was filtered out, the filtrate was
concentrated under reduced pressure, thereby obtaining a
concentrated residue. The concentrated residue was purified via
silica gel column chromatography (3g, chloroform: methanol =
10:1), thereby obtaining Compound 19 in the form of yellow oil
material. Yield was 27mg (84%). ESI-MS (positive) analysis of
Compound 19 showed that m/z was 652.28 [(M+Na)*]. This
confirmed the structure of Compound 19. In addition,
Compound 19 was found to have a molecular mass of 629.28.

(5) Synthesis of Compound 20

Compound 19 (31 mg, 0.050mmol) was dissolved in
dichloromethane (2ml). At a temperature of 0°C, TFA (147 nl)
was added and stirred for 3 hours at this temperature. After
being concentrated, the reaction solution was azeotropically
boiled with toluene, thereby obtaining a concentrated residue.
The concentrated residue was dissolved in dichloromethane.

After triethylamine aqueous solution was added therein thereby



confirmed the structure of Compound 6. In addition, Compound 16 was
found to have a molecular mass of 277.13. (2) Synthesis of Compound 17
Compound 16 (228mg, 0.823mmo1) was dissolved in -71- anhydrous
dichloromethane (4 ml). Then, at room temperature, HOBt (135mg,
0.987mmo1l), EDCHCI (192mg, 0.987mmo1), and then at 0C Compound
11 (205mg, 0.987mmo1) were added 3herein and then stirred for 20 hours

btheifiag. fihe waﬁéipqgﬁﬁwéi%tb% shitaiedbyasenpenigriedandaried
reduced pressure thereby obtaining a concentrated residue. The

261 Be AREG TR LB RBL BSEH Bx At Swith Ao ST YIRS Gr§aRiE Was
ayerthas ebiainethwasiMashed witis1 086 aitégnacicte @ndumtiesatueadetted

sodium hydrggen carbonate agueous. solutign, once each, and then dried
RRRSHA ol A SORES M St BTG ARG, Kter g fied

diying«igient waslfiltesidiaut theliittrateatsgregriegntreted Undsi ieebfoatn:
S AP SR A S o
nedffeamol sily: 1)nthesebyl obtdidhd Cormpoudb . 17867039 K)eld: 1 FbIMR
B AT LI AT R ) speshoung oo
stngotied oh@obpdunds3. ]Hac&iitimat_jomﬁodndiﬁl Wk fdunBtohéve dlz
LR P R i A A
Bomgpweas il ddd théseir? the -saubiof (ADd bihtaidetBraS stiteofor 9 SH,
BoHS ERESLINERRAIROPRRIR TR Rf; wea [l ed Aty e ST8ats,,
-CONHCH>CH»0-), 3.16 (m, 1H, -SCH>(1H)-), 3.08 (m, 1H,
-SCH»>(1H)-), 2.46—2.44 (m, 1H, -SCH2CH»(1H)-), 2.13-2.10 ({t,
2H, J = 7.6 Hz, -NHCOCH,CH.-), 1.92 — 1.88 (m, 1H,
-SCH>CH»(1H)-), 1.43—1.40 (m 4H, -COCH>CH>CH>CH>-), 1.26
—1.24 (m, 2H, -COCH2CH2CH>CH>-). ESI-MS (positive) analysis
of Compound 20 showed that m/z was 552.31 [(M+Na)*]. From
this, the structure of Compound 20 was confirmed. In addition,
Compound 20 was found to have a molecular mass of 529.23.

(6) Synthesis of Ligand Conjugate (Compound 21)

The synthesis of a ligand conjugate (compound 21) is

explained below referring to Formula (30):

H 0
HN N Y{o/\,}ov\Nw
0 s H 5-5
20

1) Glucose (3.0 eq)
2) NaBH3CN (10 eq)

OH ‘
OH (¢}
. ae o 10 2 e
MeOHH.0/ACOH (1/1/0.2) ~ HO U 0 3 H -
37°C OH

21 cee (30)



concentrated under reduced pressure, thereby obtaining a concentrated
residue. The concentrated residue was purified via silica gel
chromatography (1.5g, chloroform: methanol = 7:1), thereby obtaining
Compound 18 (22mg, Yield: 82%) in the form of yellow oily material.
ESI-MS (positive) analysis of Compound 18 showed that m/z was 442.27
[(M+H)']. This confirmed the structuré%sfCompound 18. In addition,

Compogesnlsbuasi- 220 fpupdsiorhayesm molgenlsly agss of G2d SB35 K g,
441.25. (4) gnthe&s of Compound 19 Thioctic acid (12.6mg, 0.061mmaql)

asigsBARY iX Sithy HiSE Rkt @IRY). fPhdn, HiBk g’ ter
a@etpcoabmmdm@nﬁlﬁwcbﬂde%imgq@r@ﬁlmmw wese tieguestiation

ded therejn under argo sphere. After_having brought t
AT DS RAD oA PSS aRs T oINS el Gradhtter
sthraed sy d haursya thsbdath ydeisieo 5 51 8n(@2 8‘m@ g asdwaell wasded
g'éssolved igr%lankrgdrgus di eth [formami (‘1" the Ptlrred fo&1 6
v At toom- temperatite’in d%wYXaﬁfte foffe InARe et
tb@yﬁom'solm’ 08, thEhreactioh sohatzortiwas &mhuemnateda‘s?heomrgenltrated
er tte)us oé) alned was Washded se&;&;lentlals\{ (thlth 10% CItI’IC fac (9 and

en With Fated Sodium hydrogen Carbonate agueods solution, ah
dnédmmh anhytinous atagresitnmg sulfa(t@hﬁcﬁwraherdvylng a@énSwas 30g,

#%S'E%da%% i PUALe g5 segn h.{{ﬁé%&“'&dc% R PSR FE%ng

taining a’ concentrated residue ncentr YESI ue was pUI’I

Via tlaﬂc’éoge} cu’ unkn%mhatogralpr@l ysglctmérﬁféﬁnmgetﬁa%l = 10:1),
thereby phiqipiRg C%%E?P&Qc%% ) 8’(5’“ Hryelow gil dpaterial O}éﬁ@ of

was 27mg (84%). ESI-MS (positi aIyS|s of Compound 19 sh
franriewad 650 SBqWeNEYptTHIS?-17 (s, 1H, aromatic), 7.1 (dd, 1H,

J = 8.6, 8.3 Hz aromatic), 6.91 (d, 1H, J = 8.2 Hz aromatic) 6.45
(d, 1H, J = 8.2 Hz aromatic) 4.1 (s, 2H, -OCH>,CONH-), 3.80—
3.76 (m, 1H, H-2), 3.68 — 3.35 (m, 19H, ethylene glycol
chain,H-3,H-6a,H-5,H-4,H-6b), 3.20-3.10 (m, 2H, H-1-a,
CH>CH(CH2-)(S-)), 3.05-2.94(m,1H,H-1b, -SCH>), 2.28 —2.23 (m,
1H, -SCHyCH»(1H)-), 2.13-2.10 (t, 2H, J = 7.6 ,6.9Hz,
-NHCOCH,CH>-), 1.78 — 1.69 (m, 1H, -SCH2CH>(1H)-), 1.53 —
1.36 (m 4H, -COCH:CH>CH2CH»-),1.20 — 1.10 (m, 2H,
-COCH2CH2CH>CH>-). MALDI-TOF-MS analysis of Compound 21
showed that m/z 694.66 was [(M+H)*]. These confirmed the
structure of Compound 21. In addition, Compound 21 was
found to have a molecular mass of 693.30.

(7) Synthesis of Ligand Conjugate (Compound 22)

The synthesis of a ligand conjugate (compound 22) is

explained below referring to Formula (31):



confirmed the structure of Compound 19. In addition, Compound 19 was
found to have a molecular mass of 629.28. (5) Synthesis of Compound 20
Compound 19 (31 mg, 0.050mmol) was dissolved in dichloromethane
(2m1l). At a temperature of OC, TFA (147 hl) was added and stirred for 3
hours at this temperature. After being concentrated, the reaction solution
was azeotropically boiled with toluen&; thereby obtaining a concentrated
residue. The concentrated residue was dissolved in dichloromethane.
After tristhylamjne aqueous solution was added therein thereby -73- to

N N 0. . . .
a Ju@ﬁ Vet 3}5ﬁ§%\e/tb’bﬁ;6, the organic phase was dried with
anhydrous magnesium sulfate. After the drying agent was filtered out, the
filtrate was concentrated under reduced pressure. The concentrated

residue thus obtaineglﬁggggg’ﬁpﬁgied Miajgg;a gel column chromatography
= N
%ﬁ 1
H

(10g, chloroform: methano 1 %athe obtajni empaund 20.in the
form of yellow oily mat@sied: ielep jas r?élf( 0). 3H-N‘c'MR -
spectroscopy (600MHZ” €DC13) analysis of Compound 20 showed that
67.17 (s, 1H, aromatic), 7.1 (dd, 1H, J = 8.6, 8.3 szzaromatic,). 6(§f.h(d
1H, J = 8.2 Hz aromatic) 6.45 (d, 1H, J = 8.2 Hz aromatic) 4.1 (s, 2H,

-OCH2CONH-), 3.78-3.49 (m, 15H, ethylene glycol chain,
CH2CH(CH2-)(S-)), 3.41 (q, 2H, J = 5.5 Hz, -CONHCH2CH20-), 3.16 (m,

1H, -S -). 3.0 -SCH2(1H)-), 2.46-2.44 ( ,
serzeHBaS i o e 1Y o (e halidss (sgme.
1.39(rmme]) -SeH20EHXoHe) lin3mahandl W@@cﬁzmzmzplﬂfgsar
%‘g@tﬂczélaéﬂh215(?%!;'2‘9@3(:@&85@')‘[5@% (Pasve analgsis Qlus
Compound 20 showed that m/z was 552.31 [(M+Na)']. From this, the
sttedire bf Campalmy o wasséoatiinfed. Aradumors at 37°C. Into the

reaction solution thus obtained, acetic acid (450 pl) and sodium
cyanoborohydride (3.2mg, 51.0 pmol) were added. Then, the
reaction solution was allowed to stand for another 120 hours at
37°C. Then, the reaction solution was concentrated. The residue
thus obtained as purified via ODS column chromatography
(Chromatorex ODS, 30g, methanol/water = 50/50). Thereby,
Compound 22 was obtained in the form of white solid with a
yield of 2.36 mg (16%).

IH-NMR spectroscopy (600 MHz, D>0) analysis of
Compound 22 showed that 67.07-7.04 (t, 1H, J = 8.2, Hz,
aromatic), 6.76 (s, 1H, aromatic), 6.63 (d, 1H, J = 8.2 Hz,
aromatic), 6.48 (dd, 1H, J = 2.1, 6.2 Hz, aromatic), 4.91 (d, 1H,
J = 4.1 Hz, H-1), 4.1 (s, 2H, -OCH,CONH-), 3.82—3.78 (m, 1H,
H-2),3.75-3.34(m,24H, ethylene glycol chain H-2’ , H-5’ , H-5,
H-6" a, H-6" b, H-6a, H-6b, H-3, H-3’ , H-4’ ) 3.25 (m, 1H,
CH2CH(CH2-)(S-)),3.18-3.11(m, 3H, H1 ’ b,
-CONHCH,CH20-),3.07-2.93(m, 3H, H1’ a, -SCH>),2.29—2.20 (m,
1H, -SCH2CH»(1H)-), 2.05 — 1.96 (t, 2H, J = 7.6, 6.9 Hz,
-NHCOCH,CH>-), 1.76 —1.69 (m, 1H, -SCH2CHz(1H)-), 1.52 —



Compound 20 was found to have a molecular mass of 529.23. (6)
Synthesis of Ligand Conjugate (Compound 21) The synthesis of a ligand
conjugate (compound 21) is explained below referring to Formula (30):
H2N /N ~~3HS-5 20 1) Glucose (3.0 eq) OH 2) NeBH3CN (10 eq) OH
HO OHNO McOHIH201RCOH (11110.2) HOOsH S 37COH 21 ...
(30) -74- Compound 20 (15.5 mg, 29/ pmol) and glucose (5.8mg, 32.2

m®)) wate dissplveddoRMAcwatsmtELIm)). Afteg acetic a@d (290 pIpH,
Was added therein, the reaction solution thus obtained was allowed to

e HadsHaGHe ) A AKRE SO ByanabsriRyehiGe B BIHGd 2

8718vpaapl)twas agded mew@swqmltﬁlomwlwﬁtﬂrﬁ@éwnme

for another 6 s at 37C. The n solutlo was conc ted
FISTE ] italPing 2 RABOTE e e o ke fed S OB Coldin s

Chtﬁmmmgl@@h@/ éChfomat@rax @BSS&QQS sset@nol/water = 50/50).
Thereb %% % e{%obtgln in the fo fwhlte solid with a nds
yleldo ‘Ez /o YA R/ﬁisﬁ’ Ctrost0 y %?2652 %lﬁrﬂ?)?s
Qf6(éam1p@(7r)|p| 21 showed that 6 7.17 (s, 1H, aromatic), 7.1 (dd, 1H, J =
5 SRR ARGl BRSNS bt o
seventh and eighth ligand conjugates explained in the
embodiment were synthesized. That is, a ligand conjugate
(Compound 26), which was a seventh ligand conjugate, a fifth
ligand conjugate, was synthesized as below, the ligand
conjugate having a structure represented by General Formula
(14), where n! was 3, X had a structure represented by General
Formula (4), R’ was a hydrogen (H), and R was glucose. Further,
a ligand conjugate (Compound 26), which was an eighth ligand
conjugate, was synthesized as below, the ligand conjugate
having a structure represented by General Formula (14), where
n! was 3, X had a structure represented by General Formula (4),
R’ was a hydrogen (H), and R was maltose.

Note that the analysis method, reagents, etc. are same as
in Example 3.

(1) Synthesis of Compound 24

The synthesis of Compound 24 is described below

referring to Formula (32):



3.76 (m, 1H, H-2), 3.68 3.35 (m, 19H, ethylene glycol
chain,H-3,H-6a,H-5,H-4,H-6Db), 3.20-3.10 (m, 2H, H-1-a,
CH2CH(CH2-)(S-)), 3.05-2.94(m,1H,H-Ib, -SCH2), 2.28-2.23 (m, 1H,
-SCH2CH2(1H)-), 2.13-2.10 (t, 2H, J = 7.6 ,6.9Hz, -NHCOCH2CHZ2-),
1.78-1.69 (m, 1H, -SCH2CH2(1H)-), 1.53- 1.36 (m 4H,
-COCH2CH2CH2CH2-),1.20 - 1.10-(ifi{ 2H, -COCH2CH2CH2CH?2-).
MALDI-TOF-MS analysis of Compound 21 showed that m/z 694.66 was
[(M+H)]. These confirmed@ Structure of Compound 21. In addition,
Compound 21 was fouﬁ'%égé%ﬁ;% a molecular mass of 693.30. (7)
Synthesis of Ligand L ong sCompgurd 22} The synthesis of a ligard
conﬁm&ﬁm%% 22) s gxprained bel reering ™ Forguld (31):

~75-H ,N N\/ Ott "00~\N 1 #2%f $-S 20 1) maltose (3.0 eq) off OH 2)
NaBH3CRN (10 eq) O~ C'HHHN NO A .. ,. .. MeOH1HY$1ACOH(11111)
HO .04 113aN~\"1'S-S 37.0 OH OH 22 ... (31) Compound 20 (9.0mg,
17.0 pmol) and maltose (5.8mg, 14.0 pmol) were dissolved in

methanolmSEF 11 Imi) A%@cw Vasadtfed thereitB2he
ed

solution thus Bffthed was all o stand for 24 howfs at 37C. Into the
reaction solutiof*hus obtained, acetic acid £#50 pl) and sodium

A dimer of y-mercapto lactate (Compound 23) (344mg,
1.44 mmol) was dissolved in anhydrous dichloromethane (25ml).
Then, HOBt (359mg, 2.64 mmol), EDC-HCI (508 mg, 2.64 mmol),
N-Boc-phenylene diamine (Compound 11) (502 mg, 2.4 mmol)
were sequentially added therein at room temperature under
argon atmosphere, and then stirred for 17 hours in the dark.
The reaction solution thus obtained was concentrated under
reduced pressure thereby obtaining a concentrated residue. The
concentrated residue was extracted with chloroform. The
organic layer thus obtain was washed once with 10% citric acid,
and with saturated sodium hydrogen carbonate aqueous
solution, and then dried with anhydrous magnesium sulfate.
After the drying agent was filtered out, the filtrate was
concentrated under reduced pressure, thereby obtaining a
concentrated residue. The concentrated residue was purified via
silica gel chromatography (50g, toluene: ethyl acetate = 5:1),
thereby obtaining Compound 24 (220 mg, Yield: 30%) in the
form of yellow oily material. ESI-MS of Compound 24 showed
that m/z was 641.25 [(M+Na)*]. This confirmed the structure of
Compound 24. In addition, Compound 24 was found to have a
molecular mass of 618.25.

(2) Synthesis of Compound 25

Compound 24 (103 mg, 11.67 mmol) was dissolved in



cyanoborohydride (3.2mg, 51.0 pmol) were added. Then, the reaction
solution was allowed to stand for another 120 hours at 37C. Then, the
reaction solution was concentrated. The residue thus obtained as purified
via ODS column chromatography (Chromatorex ODS, 30g,
methanol/water = 50/50). Thereby, Compound 22 was obtained in the
form of white solid with a yield of 2:368mg (16%). 1H-NMR spectroscopy

@&%M%M%&f@%} $:9f) . CoRWQUNERA2 qudléhaiaﬁg Qédedt thdidin
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-COCH2CH2CH2 HF 1% JhO (rg 2H, COCH2CH2
ySis 0
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is, a ligand conjugate (Compound 26 ich was a seventh ligand
tbsjuépran agiftyellow oily material. Yield was 46.8 mg (67%).
IH-NMR spectroscopy (600 MHz, CDCl3) analysis of Compound
25 showed that 6 6.93-6.89 (m, 2H,aromaric), 6.71-6.68 (d, 1H,
J = 8.4 Hz, aromaric), 6.37—6.35 (d, 1H, J = 8.4 Hz, aromaric),
2.66 (t, 2H, J = 6.6 Hz, O=C-CH»), 2.36 (t, 2H, J = 7.2 Hz,
CH»-S), 1.98—1.94 (m, 2H, J = 6.6 Hz, 14.4 Hz,CH,CH2CHy).
ESI-MS (positive) of Compound 25 showed that m/z was 419.06
[(M+H)*]. From this, the structure of Compound 25 was
confirmed. In addition, Compound 25 was found to have a
molecular mass of 418.15.

(3) Synthesis of Ligand Conjugate (Compound 26)

The synthesis of a ligand conjugate (Compound 26) is

described below referring to Formula (33):



ligand conjugate, was synthesized as below, the ligand conjugate having
a structure represented by General Formula (14), where nl was 3, X had
a structure represented by General Formula (4), R' was a hydrogen (H),
and R was glucose. Further, a ligand conjugate (Compound 26), which
was an eighth ligand conjugate, was synthesized as below, the ligand
conjugate having a structure represéffled by General Formula (14), where
nl was 3, X had a structure represented by General Formula (4), R' was a
hydrogen (H), and R was maltose E\lote tthe anaIyS|s method,

reg@entsy etc. are same ws iNy [d SIS of Compou d24
Thég h&l\s/c\)?‘@om Zflgﬁéﬁﬂﬂﬁe&b I la
(32): -77- 11 H2N |NHBoc EDCHO'\‘ OHMENO B‘E BocHN N

N~/~~NHBOc 2® in CHCI2 0 0 3R.’ 23 24 T AICH2CIZIH20 H2N?
N\p~-~ ~A-Ap/ N NH2 ... (32) 5-3 0 (71110.1) ~i 0 c 67% 25 Asdimer of
y-mercapto lactate (Compound 23) (344mg, 1.44 mmol) was disso in
anhydrous dichloromethane (25m1). Then, HOBt (359mg, 2.64 m
EDCHCI (508 mg, 2.64 mmol),

Compound 25 (5.04 mg, 12 pmol) and glucose (4.79 mg,
26 pmol) were dissolved in methanol/water (1:1, 1 ml). After
acetic acid (50 pl) was added therein, the solution thus
obtained was allowed to stand for 4 hours at 37°C. After acetic
acid (950 pl), methanol/water (1:1, 1ml), sodium
cyanoborohydride (5.14 mg, 72 pmol) were added therein, the
solution was allowed to stand for another 72 hours at 37°C.
Then, the reaction solution thus obtained was concentrated,
thereby obtaining a residue. The residue was purified via
column chromatography (50g, methanol/water = 50/50) using
LH-20. Thereby, Compound 26 was obtained in the form of
white solid with a yield of 2.58 mg (29%).

IH-NMR spectroscopy (600MHz, D2O) test pf Compound
26 showed that 6 6.94 (t, 1H, J = 7.8 Hz, aromaric), 6.66 (s, 1H,
aromaric), 6.55 (d, 1H, J = 8.4 Hz, aromaric), 6.37 (d, 1H, J =
9.6 Hz, aromaric), 3.714-3.707(m, 1H, J = 4.2 Hz), 3.58—3.51
(m, 3H), 3.44—3.37 (m, 2H,), 3.10-3.07 (m, 2H, J = 8.4 Hz, 13.8
Hz), 2.56-2.50 (m, 2H, O=C-CH»), 2.24 (t, 2H, J = 3.6 Hz, CH>-S),
1.83 — 1.81 (m,2H, CH2CH2CHj). MALDI-TOF-MS analysis of
Compound 26 showed that m/z was 747.21[(M+H)*]. These
confirmed the structure of Compound 26. In addition,
Compound 26 was found to have a molecular mass of 746.29.

(4) Synthesis of Ligand Conjugate (Compound 27)

The synthesis of a ligand conjugate (Compound 27) is



N-Boc-phenylene diamine (Compound 11) (502 mg, 2.4 mmol) were
sequentially added therein at room temperature under argon atmosphere,
and then stirred for 17 hours in the dark. The reaction solution thus
obtained was concentrated under reduced pressure thereby obtaining a
concentrated residue. The concentrated residue was extracted with
chloroform. The organic layer thus-oBtain was washed once with 10%
ctriccanibd apel vithregiiates s9diwrnmydsogem) carbonate aqueous
solution, and then dried with anhydrous magnesium sulfate. After the
drying agent was filtered out, the f”trqte s concentrated under reduced
pressurehthereby obtalnlng a conteabeNe ﬁ)e id gis

ge. T concentrated
regi aspufipd vial m& gel-H8%logranpy)(5Qy, thiu .
acetate’= 5:1), thereb§ obtining C'HRIBAAA 24 (320 mlg, Yietd: in
the form of yellow oily material. ESI-MS of Compound 24 showed that ™ ?
m/z was 641.25 [(M+Na)']. This confirmed the structure of €ompound 24.
In addition, Compound 24 was found to have a molecular mass.ot (34)
618.25. (2) Synthesis of Compound 25 Compound 24 (103 mg, 11.67
mmol) was dissolved in -78- dichloromethane (2 ml). Then, TFA (247 hl)
was added therein at OC, and then stirred for 1 hour at this temperature.
After b@imgrponcedtrafed Sthiemeaciién sohalprathds mistHined (AL mg, 26

fhABpRISl aeledults uane HhEdoNeEIARd fesids Uitfer aceric

was daissolved In eth acetate. A ter t e was

adisbteRoBH S by a@tﬂﬂgltmhmamm@aq&@hm@ogomhm oleteigadcwas
g@ﬂﬁgé/&aiéig%g%ﬂ}gpwq{gﬁsrm@eﬁi@ﬂ Rfiate, Allget g@fy 880 3,

agent was filtered off, the organic layer was concentrated under reduce
preshipaobieredgr (1:1, 1ml), sodium cyanoborohydride (5.22 mg,

72 pmol) were added therein, the solution was allowed to stand

for another 120 hours at 37°C. Then, the reaction solution thus
obtained was concentrated, thereby obtaining a residue. The
residue was purified via column chromatography (50g,
methanol/water = 50/50) using LH-20. Thereby, Compound 27
was obtained in the form of white solid with a yield of 2.74 mg
(21%).

IH-NMR spectroscopy (600MHz, D2O) test pf Compound
26 showed that 67.04 (t, 1H, J = 4.2 Hz, aromaric), 6.77 (s, 1H,
aromaric), 6.64 (d, 1H, J = 7.8 Hz, aromaric), 6.54 (d, 1H, J =
8.4 Hz, aromaric), 4.93 (d, 1H, J =3.6 Hz), 3.82-3.78 (m, 2H),
3.75-3.70 (m, 3H), 3.63-3.56 (m, 3H), 3.48 (dd, 1H, J = 6.6 Hz,
11.4 Hz), 3.41-3.39 (m, 1H) 3.27 (t, 1H, J = 9.0 Hz), 3.18 (s, 3H),
3.08-3.06 (m, 1H), 2.65 (t, 2H, 4.8 Hz ,0=C-CH>)), 2.34 (t, 2H, J
= 7.2 Hz, CH»-S), 1.91 (t, 2H, J = 7.2 Hz, CH2CH2CH)).
MALDI-TOF-MS analysis of Compound 27 showed that m/z was
1093.27 [(M+Na)*]. These confirmed the structure of Compound
27. In addition, Compound 27 was found to have a molecular
mass of 1070.39.



obtaining a concentrated residue. The concentrated residue was purified
via silica gel column chromatography (5 mg, chloroform: acetone = 5:1)
thereby obtaining Compound 25 in the form of yellow oily material. Yield
was 46.8 mg (67%). 1H-NMR spectroscopy (600 MHz, CDC13) analysis

of Compound 25 showed that 6 6.93-6.89 (m, 2H,aromaric), 6.71-6.68 (d,
1H, J=8.4 Hz, aromaric), 6.37-6.358d,-1H, J = 8.4 Hz, aromaric), 2.66

(t, 2H, JEx@pPre GFC-CH2), 2.36 (t, 2H, J = 7.2 Hz, CH2-S), 1.98- 1.94
(m, 2H, J =6.6 Hz, 14.4 Hz,CH2CH2CH2). ESI-MS (gositive) of
CompolitéPP8lshGRBIRALRYZ WA %10 DROHRESAG Srrom il thdiad  a
f&ﬁ.rm;w@ﬁéf G@pﬂé@éﬁﬁé{& LS @@?&wewm?ﬁmao? pwr;wenehd%awas q
ound to have a molecular mass of 418.15. (3) Synthesis of Ligan
E5fiolte (D hpOGRI D8 Hhe SR Mo T B A RAHteboup (20)
teempotindls6) Th desatlbes betawtiefel ring g Eamulet 33%rd AHd Hame
GIUCOS%%.O e QH H2N N N NH2 2) NaBH3CN (10 eq) OH O a-5 %
ARAA " IﬁH@gN A\ in MCOHM20 (111) HO 37C OH 25z 26 ... (33)
Compond3mhedismef 12 gand) Quchjluzate (Eot poué Bidpl) were
dissolv%?lgn metg%gg]l{lwgter é :1,Sl nﬁ)l.eAfitser %tt:etig1 acftg (6150 C{)I) Was. o ote
added t erein?frhe Solution thus Shthined was Allowed t&stand for 498
KComm po3izEl Afdgriacdtscadic©beloyy mefbariolgvitel ¢ udal) (304ium



cyanoborohydride (5.14 mg, 72 pmol) were added therein, the solution
was allowed to stand for another 72 hours at 37C. Then, the reaction
solution thus obtained was concentrated, thereby obtaining a residue.
The residue was purified via column chromatography (509,
methanol/water = 50/50) using LH-20. Thereby, Compound 26 was
obtained in the form of white solid wBR a yield of 2.58 mg (29%). 1H-NMR
spectroscopy (600MHz, D20) test pf Compound 26 showed that 6 6.94 (t,
1H, J = 7.8 Hz, aromaric), 6.66 (s, 1H, aromaric), 6.55 (d, 1H, J = 8.4 Hz,

aromarig), 6.37 (d, 1Hgdom 9.6 kiz, aromarick3714-3.707(m, 1H, J = 4.2
Hz),"$68-3.51 (m, 3H), 3.4% 37312%@ 2H, J = 8.4 Hz,
13.8 Hz), 03 C-ChR)OR 26 Hz, CH2- -S),
1.83{310.8@ 2H, CH2CH2CHZ2). MELDI-TOF-MS analysis of Compound
26 showed that m/z was 747.21[(M+H)']. These confirmed the structure of
Compound 26. In addition, Com@8und 26 was found to have a molecular
mass of 746.29. (4) Synthesis of Ligand Conjugate (Compound 27) The
synthesis of a ligand conjugate (Compound 27) is -80- described below
referring to Formula (34): 1) maltose (3.0 eq) off Off 2) NaBH(CN (10 eq)
HH N AcOH (0.1) HyYNNHOHHHHH x 0 N NyvS a0 0 In MoOHIH20

(111) Ho_@w T 2% 27
H,N o
/U\/\/\C\S

N
H S

Y

NaBH;CN
DMAG/H,0/AcOH (1/1/0.2)

HO HO CO OHH&/ HN “Q 0

HO , ALY
\ﬁw‘\ NHCOCH; N W

H;COCHN

30

-+ (35)

Compound 28 (2.47 mg, 8.24 pmol) and sialic
acid-containing trisugar (Compound 29, 5.11 mg, 7.57 pmol)
were dissolved in dimethylacetoamide/water (1:1, 1.0ml). After
acetic acid (100 pl) was added therein, the solution thus
obtained was allowed to stand for 10 hours at 37°C. After
sodium cyanoborohydride (1.55 mg, 24.7 ‘mol) was added
therein, the reaction solution thus obtained was allowed to

stand for another 72 hours at 37°C. After the reaction solution



... (34) Compound 25 (5.1mg, 12 pmol) and maltose (9.2 mg, 26 pmol)
were dissolved in methanol/water (1:1, Iml). After acetic acid (50 pl) was
added therein, the solution thus obtained was allowed to stand for 4
hours at 37C. After acetic acid (950 pl), methanol/water (1:1, Iml), sodium
cyanoborohydride (5.22 mg, 72 pmol) were added therein, the solution
was allowed to stand for another 1288ours at 37C. Then, the reaction

seiiomikeg ebleinegiwpogoncerbaleda @reyatiainingraresidvgacted
The . residue was purified via column chromatography (509,

ARIEBI WAL 8B EHI4%-20 Frfere By A6 IABound 2Pt was
ebtainash i teel formiaf white solisbyviineyield«fid(é mgaR1PhriflciMBy
spectroscopy (600MHz, D20) te ipf Compound 26 showed thath67.04 (t,
fﬁ?lb“’:“zf.’?%, SN 8§57 ES J1HE OB IR P8 S B ORI R Y7 g4§ing
Thir@ameh R4 IH(Q) HBEHicaramaricD ARSI AS PHI AG356(125-BP),
3.82-3.78 (m, 2H), 3.75-3.7Q (m, 3H), 3.63-3.5 , 3H), 3.48 (d H,J=
a.%iz,@l.fm}?fﬁlﬁaqgrfﬁ?& M)S%rb%y (t?sfﬂ?l?@% #%?13.18 sfl}%tﬁl?%
08P o6, 3H), 265 (thPhinka Ha ,GxCokR), af3wHirHsdld7RiHz, a
CH2-S),.1,91 (t, 2H, J5,7.2 Hz, CH2CH2CH2). MALDI-TOF-MS analysis
of gn%&i%’r%b?én%%v%ﬂthat m/z was 1093.27 [(M+Na)']. These
confirméd-INdIRrucsreast Comopound 620 In Bddition [EéMmpoamncisigas of

I f1070.39..-81- 5],Li .
L S T S

Eb@eral. FkAulAL (G YN EYESh carrdl yis iwetd’ O antpsomtednéd sabarvepdinthat
?‘H?‘Q’nMO@Oi@@ [(M+Na)*]. This confirmed the structure of

Compound 30. In addition, Compound 30 was found to have a
molecular mass of 954.34.

(2) Synthesis of Ligand Conjugate (Formula (36))

The ligand conjugate shown in Formula (36) was

synthesized in the same manner as in (1).

OH
OH

OH H
Q
0 : NHCO
' HOHO A//HO N \/\/W
' N OH
OH s—3S

-+ (36)

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 8. This
confirmed the structure of the ligand conjugate shown in
Formula (36).

(3) Synthesis of Ligand Conjugate (Formula (37))



respectively. The analysis method, reagents, etc. are the same as in
Example 4. (1) Synthesis of Ligand Conjugate (Compound 30) The
procedure of synthesis of a ligand conjugate (Compound 30) is described
below referring to Formula (35): -82 OH HO HO OH OH pg O O HO OH

O O~\pHO NHCOC 01 H3"CHO OH 29 28 H2N\QON'VSH S
NaBH3CN DMAc/H20/AcOH (1/1/0-:8349H HO HO COON OH OH OH / ~

H N XOr$eHO Q428 HOMHEREH3 SRGACINKORIHHER BB7) was

Compound 28 (2.47 mg, 8.24 pmol) and sialic acid-containing trisugar

RYSHBEEHE 295 HAEiG  S PG WPt idddived in

dimethylgcaivarnidefaierddcbpyOrof. Aftes acgtioratid CHIQBRavas was
e e eRien (s PR FAR PSSP ST 82 s
confirmed the structure of the ligand conjugate shown in

Formula (37):

oHOH
0
HO
oH
0
OH
HO
HO N NHCW
OH 4
<+ (37)

(4) Synthesis of Ligand Conjugate (Formula (38))
The ligand conjugate shown in Formula (38) was

synthesized in the same manner as in (1).



sodium cyanoborohydride (1.55 mg, 24.7 mol) was added therein, the
reaction solution thus obtained was allowed to stand for another 72 hours
at 37C. After the reaction solution -83- was mixed with 3m1 of acetone
and quenched for unreacted sodium cyanoborohydride, the reaction
solution was concentrated. The thus obtained residue was purified by
sequentially performing (1) column-cB@matography using Chromtorex
ODS, (2) HPCL (column: DAISO SP-120-5-ODS-BP), and (3)
chromat&jraphy using Sephadex G-25. Thereby, Compound 30 was
obtained in the Eprm of white solid with a yield of 2.31 mg (32%). 1H-NMR
spegiroscopy (600 MHz, D20) analysis of Compound 30 was conducted,

[ e chartin FIG. 7. MALDI-TOF-MS analysis of

d that m/z was 977.5 [(M+Na)']. This confirmed the

.3¢4. (2) Synthesis of Ligand Conjugate (Formula
(36)) The ligandi®on; own in Formula (36) was synthesized in the
OH OONNHCO HOHOHOOHOHI/

HO N NHCW
OH C{

.o (38)

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 10. This
confirmed the structure of the ligand conjugate shown in
Formula (38).

(5) Synthesis of Ligand Conjugate (Formula (39))

The ligand conjugate shown in Formula (39) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 11. This
confirmed the structure of the ligand conjugate shown in
Formula (39):



conducted, thereby obtaining the chart shown in FIG. 8. This confirmed
the structure of the ligand conjugate shown in Formula (36). (3) Synthesis
of Ligand Conjugate (Formula (37)) -84- The ligand conjugate shown in
Formula (37) was synthesized in the same manner as in (1). 1H-NMR
spectroscopy of the ligand conjugate was conducted, thereby obtaining
the chart shown in FIG. 9. This confi®ed the structure of the ligand
conjugate shown in Formula (37): OHOHO HOOHO OH HON HO
NHCO OHS (37) Eff) %}/mthesis of Ligand Conjugate (Formula (38))
The ligand conjugat % n in Formula (38) was synthesized in the same
manner as in (1). -85- H5ﬁ) HOOH H

CH-,OH

OH—o
OH

O

==

OH /

NHCO
OH

+++(39)

(6) Synthesis of Ligand Conjugate (Formula (40))
The ligand conjugate shown in Formula (40) was

synthesized in the same manner as in (1).

HO
HO

HO. 0 HO '
HOOC OH
OH H
HsCOCHN O 0 o N
"o o /\/\/<\\
OH oH OH

S
NHCO s~

(40)

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 12. This
confirmed the structure of the ligand conjugate shown in
Formula (40).

(7) Synthesis of Ligand Conjugate (Formula (41))

The ligand conjugate shown in Formula (41) was

synthesized in the same manner as in (1).



HOH OH O HOHO NNHC OH S ... (38) 1H-NMR spectroscopy of the
ligand conjugate was conducted, thereby obtaining the chart shown in
FIG. 10. This confirmed the structure of the ligand conjugate shown in
Formula (38). (5) Synthesis of Ligand Conjugate (Formula (39)) The
ligand conjugate shown in Formula (39) was synthesized in the same
manner as in (1). 1H-NMR spectrosc®py-of the ligand conjugate was

conducted. Ninprebyspiateachchast sShewe infolénd 1. E6is) ceafemegas
the structure of the ligand conjugate shown in Formula (39); -86- CH20H

89> SRBEPY ORLR RS Bif Thateshemn izdylts) 13- This
Syntfiesieal LigandsGanuoate (bormui (fighdde igandganudeiown in

R (40) ves

" ' oHoH OH
HO. COOH OH o) OH H
HO. O 0 %o
0
HCOC oH OH s
“HN HO % 0 : NHCO s
OH OH

NHCOCH,3

-+« (41)

(8) Synthesis of Ligand Conjugate (Formula (42))

The ligand conjugate shown in Formula (42) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 14. This
confirmed the structure of the ligand conjugate shown in

Formula (42):

CH,0H
0—
—Q

——OH

OH S
OH J/

S
OH ‘
OH
-OH

...(42)

(9) Synthesis of Ligand Conjugate (Formula (43))
The ligand conjugate shown in Formula (43) was

synthesized in the same manner as in (1).



synthesized in the same manner as in (1). HOB. HOOC OH 0 e\_H O HI
OH H Vi~~/ HO. /[HO~~~U\ OHOHOHHNHCO S ... (40) 1H-NMR
spectroscopy of the ligand conjugate was conducted, thereby obtaining

the chart shown in FIG. 12. This confirmed the structure of the ligand
conjugate shown in Formula (40). (7) Synthesis of Ligand Conjugate
(Formula (41)) The ligand conjugate 8Bown in Formula (41) was
synthesigeiin the SYBEIMALIRERS BH(L)(HE7- HEAMR SRE6{98806Y has
the ligand conjugate was conducted, thereby obtaining the chart shown in .

ernducieds HRRRFRECREAIRREIES! FRAGaRE LB A SHowrPin This
Eomfiiene): (B QHri@Ut@ CEIOthOHIRA S @He 613 0 4t3009HH WA Oin

HOHNHCO'SS HN OH HO HO OH NHCOCH3 (41) (8) Synthesis of
S ﬁﬂ%ﬁ%%hte (Formula (42))

CH,OH
o CHOH
OHOH——_OH
oH ©
OH N
OH S
| Y
NHCO
«++(43)

(10) Synthesis of Ligand Conjugate (Formula (44))

The ligand conjugate shown in Formula (44) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 16. This
confirmed the structure of the ligand conjugate shown in
Formula (44):



The ligand conjugate shown in Formula (42) was synthesized in the same
manner as in (1). 1H-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 14. This confirmed
the structure of the ligand conjugate shown in Formula (42): CH20H O 0
OH OH OH OH OH H NHCO OH CH ... (42) (9) Synthesis of Ligand
Conjugate (Formula (43)) The ligand&®njugate shown in Formula (43)
was synthesized in the same manner as in (1). -88- 1H-NMR
spectroscopy of the ligand conjugate was conducted, thereby obtaining
the chart shown in FIGCE.I%O'H\is confirmed the structure of the ligand

OH

conjUﬂate shown in Fo| (43): C 0 CH20H rOO OH_~0OH OH
oN HOH,C S
Q /
o NHCOCH;

NHCO
NHCOCH;

...(44)

(11) Synthesis of Ligand Conjugate (Formula (45))

The ligand conjugate shown in Formula (45) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 17. This
confirmed the structure of the ligand conjugate shown in
Formula (45):

CH,OH
CH,OH OHl__oH
OHL o (O //3
OH '___T//A\\N NHCO S
H .
- OH
NHCOCH;,
e (45)

(12) Synthesis of Ligand Conjugate (Formula (46))

The ligand conjugate shown in Formula (46) was



OHH\/S ...(43) NHCO S (10) Synthesis of Ligand Conjugate (Formula
(44)) The ligand conjugate shown in Formula (44) was synthesized in the
same manner as in (1). 1H-NMR spectroscopy of the ligand conjugate
was conducted, thereby obtaining the chart shown in FIG. 16. This
confirmed the structure of the ligand conjugate shown in Formula (44):
-89- CH20H HOH2C OH OH p OH-M0/S'S H HO NHCOCH3 NHCO
N#Qﬁﬂ@édéed @ Hd DaziethesisoéLiganc Gonjugate (Formula (45))

The lig

and conjugate shown in Formula (45) was synthesized in the same

manner H5 L. 1FRPRMECSSOR0sBhy SPfhe FERtorfogHidgats Was
cortugtad dhetebyeohiayingittimehaHshavurindHewh? inhE Gonfgndthis

e e Hane S S At B (S 0 i
Formula (46):

CH,OH CH,OH
—Q  }—oOH
| o S
OH - “/\N NHCO
W

+++(46)

(13) Synthesis of Ligand Conjugate (Formula (47))

The ligand conjugate shown in Formula (47) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 19. This
confirmed the structure of the ligand conjugate shown in
Formula (47):



NHCOCHS3 ... (45) (12) Synthesis of Ligand Conjugate (Formula (46))
The ligand conjugate shown in Formula (46) was -90- synthesized in the
same manner as in (1). 1H-NMR spectroscopy of the ligand conjugate
was conducted, thereby obtaining the chart shown in FIG. 18. This
confirmed the structure of the ligand conjugate shown in Formula (46):
CH20OH CH20OH ~O\/LOH OH 0 GHP$ -OH H NHCO 3 OH OH ... (46)
(13) Synthesis of Ligand Conjugate (Formula (47)) The ligand conjugate
showro'ﬂzlfmmula (47) was synthesized in the same manner as in (1).
1H-NMR spectroscopy of the ligand conjugate was conducted, thereby

j g FIG. 19. This confirmed the structure of the
LNOH/S

(14) Synthesis of Ligand Conjugate (Formula (48))

The ligand conjugate shown in Formula (48) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 20. This
confirmed the structure of the ligand conjugate shown in
Formula (48):

CH,0OH H,OH H,0H
Q OH
OH H OH
0

+e+ (48)

(15) Synthesis of Ligand Conjugate (Formula (49))
The ligand conjugate shown in Formula (49) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was



(14) Synthesis of Ligand Conjugate (Formula (48)) The ligand conjugate
shown in Formula (48) was synthesized in the same manner as in (1).
1H-NMR spectroscopy of the ligand conjugate was conducted, thereby
obtaining the chart shown in FIG. 20. This confirmed the structure of the
ligand conjugate shown in Formula (48): CH20H H20H H20OH OH HH
OH OH O O N OH OH OH H NHCOG 9248) (15) Synthesis of Ligand
conaaRie (Formuiaigopiasiannd reniugaie Shwinicomadla ¢49) This
was synthesized in the same manner as in (1). 1H-NMR spectroscopy of
FRATGERE EonitiGate WHS 5 cotliubhsa, ety RBHIRR It Shpvn in
shrmiminaF (@O R1. This confirmed the structure of the ligand conjugate
shown in Formula (49): HZOHCH OHO0ZL OHOH OH CH20 OH HH
OH\~S

OH
OH
B N /s
OH
H NHCO S

»++(49)

(16) Synthesis of Ligand Conjugate (Formula (50))

The ligand conjugate shown in Formula (50) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 22. This
confirmed the structure of the ligand conjugate shown in
Formula (50):



H NHCO (49) (16) Synthesis of Ligand Conjugate (Formula (50)) The
ligand conjugate shown in Formula (50) was synthesized in the same
manner as in (1). 1H-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 22. This confirmed
the structure of the ligand conjugate shown in Formula (50): -93- OH foH
/IS OHHNHCO S ... (50) (17) Syntt3is of Ligand Conjugate (Formula
(51)) The ligand conjugate shown in Formula (51) was synthesized in the
same o as in (1). 1H-NMR spectroscopy of the ligand conjugate

...(50)

(17) Synthesis of Ligand Conjugate (Formula (51))

The ligand conjugate shown in Formula (51) was
synthesized in the same manner as in (1).

IH-NMR spectroscopy of the ligand conjugate was
conducted, thereby obtaining the chart shown in FIG. 23. This
confirmed the structure of the ligand conjugate shown in

Formula (51):

HO.
HO COOH o OH
Ho OH
o o OH |,
HaCOCHN o Oho N
> o oK AN
NHCO s
L) (51)

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the

scope of the following claims.



the same may be varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of the invention, and all
such modifications as would be obvious to one skilled in the art are
intended to be included within the scope of the following claims. -94-
INDUSTRIAL APPLICABILITY As described above, a ligand conjugate
according to the present invention is%apable of having a plurality of sugar
chains per ligand conjugate. Thus, it is possible to have a large number of
ﬁ.u ar molecules on a supporter surface without increasing a number of

H@&ﬁ&é&téﬁﬁﬂ‘é 44 Yhe supporter surface. By using a linker
compound aeseidiBedodbe vereseri ueatiopnnigractiondeeiv@Eersthe the
su%ar molecule and protein can be eva%lul%ted with good re odu\ti:égjlitg/.

RS a60r, ISAHACAMS: iSaRpRiGh R o T ifcafo A TaikYo ugar
piodeins prthtiwacrd, poetfiizabelysisascatdisgdostiblerasehidneeatienge
is a Iicablefto identificatiqn offmknown protein.Tr}Te reser}l inventlzﬁ ¢
Protics ndVel TigaRd cOhjuGatE " Tigdht CarfEPRRE he 1ike) Witich Br&" o1
effectiasingpplicablenbefurefidigh anblysia pi gaotainsnérbghndechroer the
chip) having an .oligosaccharide chain.immobilized thereon thereby to

e S R o T T I B e
coesibote itnverde msiandingrefdiiclogicat wobenothensmgawhichlecule and

SRR BB g e
presenMoresticaT isa Higgay dsefutriep-is applicable to identification of
unknown protein. Furthermore, protein analysis according to
the present invention is applicable to identification of unknown
protein.

The present invention provides novel ligand conjugate,
ligand carrier, and the like, which are effectively applicable to
functional analysis of proteins. A ligand carrier (chip) having an
oligosaccharide chain immobilized thereon thereby to be
developed as a tool for the functional analysis of sugars and
proteins can contribute to wunderstanding of biological
phenomenon to which oligosaccharide chains relate. Further,
such a ligand carrier is expected to be a technology important
to pharmaceutical development. Thus, the present invention is

highly useful.



CLAIMS 1. (Amended) A ligand conjugate having: a structure
represented by General Formula (107): R-N--R'0 HN (CH2)r 1' R4N-R"
H N -k CH2,, 101) where ml, m2, and m3 are independently integers of
not less than 0 but not more than 6, nl is an integer not less than 1 but
not more than 6, and R' is a hydrogen (H) or R; or a structure represented
by General Formula (108): R*'O HH9.~N CCH2_w R-N N -(CH2)n/ U
C where m4 and m5 are independently integers of not less than O but not
more than 6, nl is an integer of notlgasnt®@n 1 but not more than 6, and
R'is a hydrogen (H) or R; -96- R being a compound selected from Group
(101): OHpUN OHXUN OH,GH ~lyOH ak "OH ~I J,I .iy"YON U .]Ft.V/

N p J'~nn @ithé&hiddd)-A ligand conjugate having:

a structure represented by General Formula (107):

R-N-R’
H 0
@N%(CHz)mi

R-N-R'

sl S
N H
(CHy)m? —G—N—C—(CH,) 1~ S

R-N-R'

@Hi (CHz)ma/ | g :

where m!, m2, and m® are independently integers of not less

«++(107)

than O but not more than 6, n! is an integer not less than 1 but
not more than 6, and R’ is a hydrogen (H) or R; or

a structure represented by General Formula (108):

R 0y
R—N@—“-N—(GHz)ma,
|
H
R 0 4 N“ﬁ“(CHz)N_N °
RN~ WHN—(cHy)” O 0
-+ (108)

where m* and m5 are independently integers of not less than O
but not more than 6, n! is an integer of not less than 1 but not

more than 6, and R’ is a hydrogen (H) or R;



OHCH OH OH ~~Lo pit\WnpryHOHap~__Q\'~-J CP'~~NYoH -
OOH IiOH CfH'Q H,DH 04,0H ORION CHgOH pp /i hk? ry \ NOO HC
(4N OR NO. N,CCCHN L-r"~D''y.. D\'1 'tH ON OR OR lion COON rgi PH
OHH O vv:pH HgOH a+aoH ~HQHZC QqqO0-0L, NHCOCHar/c
~,.".O0H HO NHCCCH;, HO01,as CHyUiFY. OHo~Le CH Yp OF, TO
COCIOH ON --{ H ai off ~~.r--~ / ON96)€I ON NHW][ti3 NHCCCHs OH 4
~El

R being a compound selected from Group (101):

HaOH :
oH—q o CHaOH
H oH H OH 0

UHOH

HaOH CH,DH cuon CHZOH /&
" HO
HO.
‘ OH

HO
HOOC
HACOCHN. m
COOH OH
HacOGHN &/

HO
HO.

OH
OH OHYann o bH

CH,OH Hg0H
HOFQC /<i:1>mm ,
(o]
OH
@ NHCOCH;' on oH
NHCOCH; OH b
H
. OH
CHaOH
CH,OH OH)
H—o OH ' oo% "
OH
H;COCHN NOH
H NHCOCH3
NHCOCHs;

R S L %

NHCOGH3 - -{(101)



HUH cOOHo OHt\o 110.-+~".: *~ ,c,a~ 0 L~--'L"}/ HO__Y' ~~vnUH
n,COCHn-~/-.~ ~\ ~~r'eH off OH NP ,~ / +"~ Gt: ,tiHOOOHE (1 (~ -97- 2.
(New) A ligand conjugate having a structure represented by 04H OH,
3G G/ICE OHO,H E40HOFEOHtfo~S OHCH 2 orsOhH OH OH
23or rOHOHO01 24 3. Aligand carrier in which the ligand conjugate as
set forth in Claim 1 or 2 is immobiliz&f on a supporter having a metal on
a surface thereof. 4. The ligand carrier as set forth in Claim 3 wherein the

ligand carriepNewged for praigincanalsigurd8te having a  structure
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3. A ligand carrier in which the ligand conjugate as set
forth in Claim 1 or 2 is immobilized on a supporter having a

metal on a surface thereof.

4. The ligand carrier as set forth in Claim 3 wherein the

ligand carrier is used for protein analysis.



5. A method for analyzing protein, comprising: allowing the ligand
conjugate as set forth in Claim 1 or 2 to stand in contact with a supporter
S0 as to prepare a ligand carrier in which the ligand conjugate is
immobilized on the supporter; analyzing intermolecular interaction after
allowing the ligand carrier to stand in contact with a protein solution; and
performing mass spectroscopy after #& analysis of the intermolecular
interaction, so as to identify a protein bound on the ligand carrier.

5. A method for analyzing protein, comprising:

allowing the ligand conjugate as set forth in Claim 1 or 2
to stand in contact with a supporter so as to prepare a ligand
carrier in which the ligand conjugate is immobilized on the
supporter;

analyzing intermolecular interaction after allowing the
ligand carrier to stand in contact with a protein solution; and

performing mass spectroscopy after the analysis of the
intermolecular interaction, so as to identify a protein bound on

the ligand carrier.



