-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
sustajni Vit dlj f living .organi d fically
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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, 200 1, 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 P-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
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comprising a carbon-carbon bond or carbon-oxygen bond, the sugar
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having a structure represented by General Formula (1):
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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



carbons and hydrogens may be substituted with another or 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-0 berfdl); or amide bond (CO-NH bond).

Merepyakdhenivdragaieen syl eravie fosatiin 8t iHaat the end,
hydrocarbon structure made of carbons and_ hydrogens, wherein part o
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hydrocarbon structure hayjng a sulfur atom may have a.disulfide bond
oo (GHORD e RARS

(S-S bty 67 \tRol gdtip (SHGHTH) >PRe RJANS HORfugHRE AeBordling W

tepiésery inventipd ro@yrbe auck tthat¥Xinas arstrdeturef repeademnted bynd
GoRS R THAGER HRE 1P MALCHRM B R QB NA D Ren
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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-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): RI .0 | R-N -(CH2)m4 R'O N-C- ...(3) 1H11 R-N N -
(CH2)M5 U where M4 and M5 are independently integers of not less than
Qbet A ofmorg thap Bd Rnis aaiedieaesdh dé IR PeteGar 0pTPadtdless

derived from a sugar chain. The qugand coér%ugate according to the present

RO Pihy B i Ge AN AhaAxchdS dSiridiidtiRprdsdhtbPByR, R
Genegoh kasmyadd W ek R Orbink 1a NugavhaiaiR'.is a hydrogen (H),
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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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4H2 C ni H2 -C+OCH2CH2--72 n where n' 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 Geéheral Formula (7): -8- NH2 0 b- N-k
(CH2)." NH2 0 &NA H YVA (CH2).2\-N-C-(CH2)111-NNH2H11HO
00 &N-k (CH2).3 /... (7) where ml, M2, and m3 are independentl| .
aGEFs Bt Adtfedyy H8ehut HotHhote tﬁar‘?@}%%oanqg%ﬁﬁw‘ﬁéb‘gr%‘f“’ed
@sﬁﬁh@rgihgaﬂ pabmore than 6; a linker compound having a structure
represeﬂ%%d ﬁ)g/a?lgnecr(z)illulz Sé@%’e'a él%)égrglilqé Nt(l)\l -1;1(1%H5%"’é%esnt invention
may be arranged such that Z has a structure of Formula (3) or

(6):
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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 N-C-(CH2)nl-N O H 11 \r\ H2N-r~-LN-(CHO .. 50 0 (8) where M4 and
M5 are independently integers of not less than 0 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): -9- H2N S 14 H |

. L)~NH-C-(CH2)n N S (9) 11 g 0 0 where n' and q are independently
integers of not less than 0 but not mdt¥e-than 6; a linker compound having
a structure represented by General Formula (10): S H2N H 0 H2 H (10)
N _C _C+OCH2CH2+--2 N S n 0 where n2 is an integer of not less than |
but not more than 6; and a linker compound having a structure
represented by General Formula (11): H2N 0 0 NH2

NH, o
H S
@NJ{ |
(CHz)m2——o—N—c—(oH2)n1—N >
Ve oo / "o 0
Q H
N (CHy )3 s (7)

where m'!, m?, 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):

@?Ln_<oH2>m4\ ?
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where m* and m® are independently integers of not less than 0O
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 H2H2 H N C CL~S-S-~C~-6-N + ni ni where n'is an integer of not
less than | 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&ymolecgular\i ction, srad
a-p ote|n oup d on thétfiflan i DESCRIPTION OF
DRAWINGS FIG. | |501 schematic diagratn 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

O —C- C—(—-OCHZCH?_—)—N s U0

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):

NH,

H v H2
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where n! is an integer of not less than 1 but not more than 6.

oo (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 .
fghrRd SETHRITRtENTAGRE thRe Hefatdica brialg G pySndsE WagT protein
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 P-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 sensbrchip. FIG. 7 is a chart of

HdWReSRRSHRSEOPY FNAHNOT & sikes ligare A8BIHOSEI{COMPAREL a
30). FIG. 8 is a chart of 1H-NMR spectroscopy analysis of a ligand
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analysisitizadligand conjugate (Formula (37)). FIG. 10 is a chart of

1H-NM e cQ yanal SI 0 and conjugate ula (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‘rlc%acopy Vi Gard ¥Sitdate B rrﬁ‘u%‘(ﬂﬁy FIG otk is §2°
chanm obilli=&MR spectroscopy anaIyS|s of a ligand conjugate (Formula
(42)). F 153 chart of 1H- I}liMFi1 sco ana]é&sqf

conjugate For Tula 43)). F18 16 s a 1g1H€ﬁk}l spe(:trosco}éSIS on
aradybis o fee Higainer cohjLugate (Fomguia $¢41)3.or chip on which a ligand

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

eweRieoRiBua (€D bk d 5@ chart of 1H-NMR spectroscopy

analysis of a ligand conjugate (Formula (50)). FIG. 23 is a chart of .
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protein in a non-specific manner. Therefore, the ligan ugate

digsondingptojthgairesBormula (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

eRRivgRienig hedien|y bprded testhy 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 YO BtHREAGHE YIBGhaE B THIBPINWVEEENGNNd in its main
chain.

ith this, the linker compounds can_ pe aligned on the surface of

the SupbBRGH S5 S5 o HEF SRLEANE HFREEH 1 e RN RALIES on the
surfaceA Maanmdhileo thiggeorpatic @smtin g 1dognaup plirthacendialaws Rasyis
introduction of the sugar lecyles. Moreover, the linker compaund .
SETRrigae, AR AR et 5 AR LcHiin ShbcleProtein
haahgsds cayhoircasberivend ohapsarfaon-ouyfeochtidsone Hesdicalhce
PRI S sl GRS b Fo L Do
theyjaredhelepanuehigiteddrs pireselessirthan Odutewinpoisdhan Bnker
R R R R R S
ohtaiot rhloed tleam 61 e exaimsleasti fiealikewdtmpannd isedydempogdd as
IGRIeSRNGR QY 1RENAIAL FMIaRR WheleR§id) SRrbn{dfdkraphy are
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 (12) X-(CH,),,I-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

3:1yals hydrogaebopsfuciushavieg &S-shendirRNGoA has thestrustiutar

represented by Formula (6). This linker compound is exemplified by a

Brte6H8%having a structure - 15- represented by General Formula (13):

S H2 HlloredveN S{3) Krike@CHGIpdtrIn EomPridwslinkes «7” in

compound can be synthesized from thiqctic acid. Further, an example of
s it <

fHeMRkar coMmpBY orfboSHEATENESENEE by BEIA Forktiag), 2
wherein Larbhen Hond isa suthriademdS) gandbisd diteeeos treifically,

R e s A S e
(O) or (6). In General Formula (1), p and q are not particularly
limited provided that they are independently integers of not less
than O but not more than 6. Moreover, n! in Formula (3) 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, Y is a
cyclic hydrocarbon structure having a S-S bond, and Z has the
structure represented by Formula (3). This linker compound is
exemplified by a compound having a structure represented by

General Formula (12):

X~(CHy)ni—N >
I
O

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
7Z has the structure represented by Formula (6). This linker

compound is exemplified by a compound having a structure



X C +'S-S -~-C (14) + n n 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., An) 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 represehfed by General Formulae (12), (13),
a8f (d4dfretieBsycionpaipmet-the metabsulfur 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 - 16 into the
aromatic amino group of the linker compound An"ofier words, the ligand

conjuga]qzaccording to the preg¢nt invention Yias [ structute i,n(\ylfljyh the
' y.pZdA.id.ngl end i ded-with the linker compound

sugXt clislo e s beqe

via the aromatic amifio grolip? Thif inthdduction of the sugar may be

carried out with a reductive aminggion of the amino group (-NH2) of the
aromatic amino group of the linker compound with the sugar. That is,
aldehyde group (-CHO group) or ketone group (-CRO group, where Ris a
hydrocarbon group) occurred in the sugar due to equilibrium is reacted
itle drdminoguoppwhthe ink&e sompbasdzckhéneBehifibate facmkd by
the reaglign if. subsgauenihyreguced, NATEDY g, PUOdyGe s sgRr IRto
the aromatic amino group with ease. In the present invention, the sugar
havingothadedapines @nttid hot thersuitatddosuganayinthesibed Gintie= 1, g

LQVS[]W o tl&esulfur atom (S), and Z is a dimer of the structure

represented by Formula (3) or (6). An example of such a linker

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

n’

/Hz\ Ha
XACs s—(—ct1x e (14)

The linker compounds represented by General Formulae
(12), (13), and (14) contain disulfide bond (S-S bond). The sulfur
(8) 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



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 sughp having a reducing end include

MAEOSR laGiosea PRNAEEI 96/IORIRSS . FPaliiose kIl RBRRIASABCBIIdR her
chitooligosaccharide, laminarioligosaccharide, and the like. Note that the

Sresese iReni8ARInGPRHABR o MESRr Aigaha dbuB5ES Fabing W tion
bligosacehaiidiaisechrsyhainseh e cioge ordhailikens vadyantageediiting

R R SRS
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SRS, B AR (o,
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



& N-k (CH2)M3 /... (7) where ml, M2, and M3 are independently integers
of not less than O but not more than 6, and n' is an integer of not less
than | but not more than 6; a linker compound having a structure
represented by General Formula (8): 0 H H2N N-(CH,)M4 S | H
N-C-(CH2)nl-N H 11\0 H2N-~~ N - (CHOMD U 0 (8) where M4, and M5
are independently integers of not lesg than 0 but not more than 6, and n'

ista0 dtiegen Af Rotilessdhand Autrat@nBok MerRbakbe AdNkeintroduced

compound having a structure represented by General Formula (9): H2N S
IBLP AR RO IE4RTTOGF PP B ONADYG OF B Whérenl ez linker
beepshrdemtty integers of not less than | but not more than 6; a linker

compound having a structure represented by General Formula (10);
P a qirﬁierg compouncti q’lav?ng aystructure repregerzted by

General Formula (7):

NH,

@Hi((}”z)w

NH,

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

NH, H |l

D,/

where ml!, m?, and m?3 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):

O
- A~ o :
I
S
0 N—C—(CH,)i—N

"°(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



S HZNHOH2H (10) N_C _C+OCH - N S 2CH2~n2 0 where n2is an
integer of not less than | but not more than 6; and a linker compound
having a structure represented by General Formula (11): H2ZNOHHO
NH2 11+2 2 H N C C+S-S-~CJ-6-N ni ni - 19 where n' is an integer of
not less than | but not more than 6. The ligand conjugate can be
produced by carrying out reductive-arfliration using a sugar having a

st Erendhard athe linker compound represented by any one of
General Formulae (7) to (11). The linker compound having the structure

represéhtdtPBFGERPR EBRRUIR RS hkSHaRbEnd RREFREMIEE DY
lyehheearbown eeriviatiye)chains. The three hydrocarbon derivative chains,
each of which has an aromatic amino group at the end, are bonded to
one carbon (C), thereby forming a branched structure. Note that in
General Formula (7), MI, M2, M3 and n' are not particularly limited
pro‘Hdﬂj that ml, M2, and M3 are integers of not less/tharfb0 but not more

- |s an mteger of n _inh n | but notxporehan 6. They(9)

Qs?ﬂ ay be the

le tHat mI, M2,

same int&ger. For easg production, it is pjefar

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 e (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,

H & H2\ H2 O H
nt

++(11)



and M3 be the same integer, and it is especially preferable that Ml, M2,
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 structuré 9Note that in General Formula (8),

Mha¥d Andd'ate Mieigparbeuasty baiad piovided thab Whand Mal®.

integers of not less than Q but not more than 6, and n' is_an integer, of not
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Integer of not less than I but not

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



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 strifdure. However, these hydrocarbon

esrvRsVRreRING dFiR isve diffgien hasrectas, pravisserthntthembaue(9),

an aromatic amino group at their ends, As described above, the linker
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and the protein is substantial

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.



ignorable. Thus, 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 produ@ed-by a condensation reaction of
thiocticelfewitb Nt AR NS KAMRAMFbW R eral P MMafifcam IS b eRth e d
is protected with a protection group, and then removing the protection
FrSipHom The HE6mARSEmi p [MGrebvEfCihe SRRRPEYHFouRRS 2
ieRIBsBRtatdNeGenamidtormulae(1thid prasiuceledyisr LooHersakiove an
reaction of a dimer of -merc%ﬁ)to ctatefwith two molecules.of %n aTjino d
BN WHEHE BrofTQitPAfino Jr6GR Uit istBiotedisa Wit She  ligan
pmtgaiiert gragpoadirihetoremneving:dwn proieetictiqgioip kdmdhea sugar
romatic aming group end. .The thigctic,acid has a structure represented
R A A AP &S A BN obhof Hhe HRTAE cmpBoHE
adtesaritcutarysiivided o pedfidechifist theteovine eompbugt hasianber of
aromatic amino ,grou d protected with, a protection group. The
G S A R T S R RSB et the amino
group dfthélaeomatic amftogroep froom b8y reaotepieciliee interaction
0 tipn re T (| IS imited to pasticulac .
e R S o bty
tersinahée. réferred thasBoe gfothy Bemkgirgrsup paryinarbenatecylogand

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):



(-COOCH2CH=CHZ2, 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 H O N (CH2).I BocHN HO N (CHOMI C
-N-C(CH2),l-NH2 HIIBocHNO HON (CH,).3.... -23- where ml to
M3 are independently integers of not less than O but not more than 6, and
n'is an integer of not less than | or -rd2 more than 6. The linker compound
represented by General Formula (7) is obtained by performing a
condensation reaction gf thigctic acid with the amine compound
represented by General F([)T%r:ula (16), and then removing the protection
group fromt ' Tho group end: AngiE) example of the amino
com iS a écondary amine compound represented by General
Formula (17): 0 BocHN N - (CH2),,4 H N-C-(CH,),I-NH, 11

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]



H O BocHN -CY--r N- CH2)M5 o where M4 and M5 are independently
integers of not less than O but not more than 6, and n'is an integer not
less than | 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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ith the amino.group (-NH2 group) of the amine compound, thereb .
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according to the present invention encompass ollowing ligand

eonjuyatesPp firshiih ang csgudard havingreesal doremedeestidied 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

0

-0y,

N—C —(CH,)i—NH, ***(17)

/ I
0

H

BocHN @—( N—(CHy)ms

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



OO0\-nH..(Il OHOOHOH 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- U OH OH HO 0

0 OH Ul tOH rO-- OH OH OH The first and second ligand conjugates

have the linker compound having thé& hydrocarbon derivative chains, to
gasi i eng eigpyaschanigetic ineadused - SHeeNOTisc thee fksith
lé?gen conjugate has three units of a-glucopyranose at its ends, whereas
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6. A thile? lidHACEBATIG S R QR TE FEofbatHisn By St end
Borchiula 1 2)alMvere, Xlhasos siruntutd eepiksentedhy Gerkeral Eonmiaind

(el niossn 1D, SR RPN SHUGHEL e
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
0 0]
OH o 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):



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. m2dther words, the third ligand
conjugate has two units of a-glucopyranose at its ends, whereas the

fourth lig units of -26- P-galactopyranose at its
endﬁﬁ M4 and_ M5 are not particularly limited,
providged t > i ELs than.o l¥gtgipt more than 6.
They other, or some or all of them may be

the sam&— . m-eneral Formula (12), n'is not
particularly limited, Eltis an integer of not less than | but not
more than 6. Afifth 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), nzfsnqc partiular imited Rrovidad dhattis anieast ofnot esge.,
than | bUt Rot more than 6. A sixth ligan conjuéaé aving a structure
apresented by Gerge i Farninytd (08 3 nbloeredX Hars H etrudiains, to each
r 2ie > I la (4), R | en.( i
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X has a structure represented by General Formula (4), R is a hydrogen
(HpadasPRygrieese. at its 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



In General Formula (14), n' is not particularly limited, provided that it is an
integer of not less than | 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 not1€36 than | but not more than 6. Further

prpeRieeRPRIEs K the ligancherniugate ccesding e DTESE i+ and

Invention encompass seventeen ligand conjugates to which seventeen
Khd$'6F SugarRABTHS U e Bty REAIAUEST tB e e Mgy GRE ™S
bavingt thes stidciegeptaseriediy keenesal FRrmulayOn Hie beverteafent
-27- kinds of sugay chains being shown helow in Group (20):.-28 H OH H

SO N O R20NB GHIOCROH LSBH BV ko B SAme
thite@ét OHMMHOb & Oth Is-GerantdDH FionTik OK1QH OH0 Gkl Gibt
%agtqguqadi%7 ?1'5'1’11 gdc,)pr(;\(l)ic([)eHdCtl_}ll%l‘El l1_Jt~(1)s~ \"a(r)loirHlteger 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
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kinds of sugar chains being shown below in Group (20):



NHCOCHIHOH OH CH20H CHgOH OH"0 NH HO 0O OH H 0 COOH
OHOH HC ~co HN _,OH OH OH NH~OCH3 NI ICOCI 130 H OH OH
OHHO coo0OHO00 OHL~0 000CH OH H~0000 OH OH
NHCOCHS3 ... (20) -29- The ligand conjugates respectively contain the
linker compound and any one of the sugar molecules. Therefore, the
ligand conjugate can be bonded with2Be-metal on the surface of the

supporter for use |n protein anaI(}/S|s V|%che metal- sglfgr (S)
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bond, e.g., gold-sulfur (Au-S) bond. By this, it is possible to provide a
ligand carrier in which a large number of sugar molecules are immobilized
via the Au-S bond. Besides Au, the metal on the surface of the supporter
may be Cu, Ag, Pt, or the like. However, Au is especially preferable.
Moreover, as described in Examples, it was confirmed that the ligand
conjugates mentioned above show-d&férent interaction with proteins. That

is, it is qonsidgpecthitatdbasa diaard ceriyeates«an ke siteriivai disethioer
identification of unknown protein. The oligosaccharide introduced in the
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carried out by allowing the -30- supporter having a metal film on its

digend texingaiesnesn be etfectively 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



with a ligand conjugate solution having the ligand conjugate so as to bond
each S atom of the S-S bond in the ligand conjugate to the metal on the
supporter via the metal-sulfur bond. Specifically, the supporter for use in
protein analysis is immersed in the ligand conjugate solution for a
predetermined time, or the ligand conjugate solution is introduced to the
supporter (the supporter surface is wd8hed with the ligand conjugate

SRlpivt dnerely eenyarivchiha it Sobpies of thealigats seaiv@ate dbetact

linker compound contained in the ligand conjugate) to, e.g., the Au-S
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tbperdfi eidlycarthe usethamihesolignt. Meyedver, piristetifficianiadhaiis  is
immersin gtimegﬁrio is in rag}ge ofg.Sto 12[.hourﬁsg and the Jigand . d
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bond. This makes it easier to immabilize the ligand copjugate to,the ..
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on the supporter 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



may be carried out as follows. That is, the ligand carrier in -31 which the
ligand conjugate of the present invention is used as a supporter to which
a metal film such as a gold film is deposited. The ligand carrier is caused
to be in contact with protein. By standard methods known in the art, a
resonance angle is measured using a surface plasmon resonance device.
Thereby, a bonding behavior of the Byand carrier and the protein can be

QBsrIMeth & eI Qe j(38 RSO SIS s iRt the Wi JReASHISMERLs a
may be %ass, plastic, or the like, for example. Especialgﬂ glass is
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which a protein is dissolyed in a running buffer. The running buffer m% .
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invention exhibited diffeent interactions with respective proteins. Thus
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use In measurement of intermolecular interaction (e.g.,

Frlasipsmentiestiftsadfor 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



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 -32- detection results of SPR measurement
using the first sensor chip and the detection results of SPR measurement
using the second sensor chip is detét®ed. Thereby, the interaction of the

gachslecHia Garsbe Phspreth dhesesersor chinmay clydetigasd sor
conjugates in which different sugar molecules are immobilized, or ligand
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present invention is not
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



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 -33- ef3e-sensor chips may be such that

oflyredikeb EQPR 'd%é?y"ﬂ?@@@ﬂ&%ﬁ@hﬁ@%&ﬁ? RHEeﬁﬁlli@m@Bhﬁ)ound
carried out using at least two sensor chips having identical ligand
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the , BER MeasYEs.that confirms a specific interaction between a

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



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#fflight mass spectrometer

{2 QrddSin @Irthgyliie imtie somentinal nevhjmeaneratbsrahng
the E];rg%cedure mentioned above, it is possible to -34- perform protein
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e ligand Conjug according to the present invention is described in

detailsIn the protein 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



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 | to 4)] In the present
Example, four ligand conjugates classified respectively as first to fourth
ligand conjugates described in the -eBfbediment were synthesized. (1)

fynthasis i frish tdoprshienivaatel (Camperna 13 Arligandcaripgatented
Compound 1)g which was a first ligand 1conjugate mentioned above, was
HEQSER1AE PEMBWLE thb2B5WifEh u ROl (COMBBLRERSGRERT§ S by
gheicbiigl reresanted( by Gengtad Rormia-Cbdn Wikere anwar lisK iastose
represented General Formula (2), R' was a hydrogen (H), and R is
B o T FLeTh CLBSC AP RV AR GRS o5, A
preprepesapeamidpasyrithesis ehidegahd stnjofatee (Heppdusdijugate
linker compaound A was, synthesized, which had threg branchges each o
RS RERE Tl A B A At BH T 0Y 8 frolosich had
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g}:%r;t\goyrrl%?e‘%ﬁy ere Mlchel-f"ldded to_nitromethane (compound 5) under

enzyftrﬂ3 arn orr%hen% hoy%l%%(}leqh dimethoxylethane of 65'C to

70'C, tﬂﬁmijyobtaminghompouhd 7 Boedta lreld 2Ngxt, timdee hyanigen of
R R el oD, GRER, MMIERCIER, o
ogtsome Rt haftes tiaoromapathdS was denddeseeylitinejhsiomonium
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).



1. 1 equivalent in the presence of water-soluble carbodimide
hydrochloride (in formula, EDC-HCI) of 1.1 equivalent, and |
-hydoxy-7-azapnezotriazol (in formula, HOAt) of 1. 1 equivalent in
CH2CI2, thereby obtaining Z-glycine compound (compound 9). -36 0 Offlu
B enzyltri methyla rn moniu rn 0 T-1 Raney Ni Hydoxide 02N OtBu H2 (6
kgF/an2) MeNO2 + CH2=CHCD2-t-BiDirnethuyethane 500C, EtOH 5 6
65-700C 0 OtlBu 0 OtBU 0 OtBu Z-Glydne (I. 1 eq) 0 0 EDO-HC1 (1.1 eq)
0 H2N UMU HOAt(1.1 aq) Z-HN/~HN_( OtBu C g8 0 OtBU 0 OtBu
. (21) To explain moge,spesifigali¥eaaMPOUNd/S was PrepREas) &S
foIIows In accordance withHadexiesthod desc;rlgep réd GfRm?
Newk & &t G- EiSR 5| Epgetvolet8: p495°1996), nltrometjaagngd,lz 29,
200mmol} was firstly dissolve®?H50ml, of 1,2-dim ethane and then
heated to 65-70'C. Then, 40% benzyltrimethyl a®imonium-methanol
solutlon (2 MRS added thereln thereby obtalnlné any ag.ethane

t-butyl ac yate (90 8mL d thergin sldwly. After
that, enzyl ﬂtﬁethylarrmnpglum me oI uyo was ateted
therein by pyuring ImL thereof 4 times, and then stirred
J0Bu ¢ OtBu
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



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-e3¢h, thereby obtaining a residue
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sodium sulfate acting as a drying agent. After the drying agent was
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wab elatphed sestduer Behaungidied 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



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 carbora®&solution, and then with water, once
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in a mixture solvent of CH2C12/H20 = 10/1, thereby obtained compoun
10olsedsg, iaks of 606.35.

Next, as shown in Formula (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.



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 (eo®%eund 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
geen condensed with compound 12 was
carried out. Consequently cog1pound 13 was obtained with a 79% yield.
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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



NHBoc NHBoc OH__OONN H--O 0 NHBoc 0 NHBoc Z-HN/'0 HN-~ N
Pd/Q H2 H2 N N-O H-0 _N/*~rH H MeOH 0 0 N- N-- HH NHBoc NHBoc
13 12 ... (22) 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 water40.5mL) was added therein at a
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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



showed that m/z was 437.1 [(M-H)-]. Moreover, nuclear magnetic
resonance ('H-NMR, 400MHz, d6-DMSO) analysis of compound 10
showed that 67.34-7.30 (61-1, m, Ph, CONHC), 7.15 (11-1, s, Gly-NH),
5.01 (21-1, s, CH2Ph), 3.55 (21-1, d, J = 5.9 Hz, Gly-Q12), 3.33 (31-1,
brs, C0211), 2.11 (61-1, m, CCjj2CH2), 1.81 (61-1, m, CCH2CH?2).
These results confirmed the structuret of compound 10. In addition,
pokecupar mass of compound 10 was found to be 438.16. The
preparation of Compound | | was carried out as_ follows. Firstly,
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8.12. The preparation of Compound 12 was carried out as
anhydrous 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



follows. Compound 10 (100mg, 228 pmol), Compound 11 (475mg,
2.28mmol), FDPP (394mg, 1.03 mmol), and diisopropylethylamine
(447pL, 2.57mmol) were dissolved in anhydrous dimethylformamide
(2mL), and then stirred at room temperature for 29 hours under argon
atmosphere. Then, ethyl acetate and water were added therein and
extraction with ethyl acetate was coddueted, so as to obtain an organic
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with saturated sodium hydrogen carbonate aqueous solution, and then
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Moreover, the preparation ompound 13 was carried out as follows.
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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
CH2Cly, thereby obtaining Compound A, which was a linker
compound having three hydrocarbon derivative chains, each of

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



-42- added therein and stirred at room temperature for 15 hours. After
Pd/C was filtered off therefrom, the resultant solution was concentrated
under reduced pressure, thereby obtaining concentrated residue. The
concentrated residue 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-Cbenpound 13 showed that m/z was
875.5 [(M+H)']. Moreover, 1H-NMR (400MHz, CDCl3) of Compound 13
showed that 6 9.00 (3H, s, NHGQZIBuU), 7.57 (2H, s, NH2), 7.35 (1H, bs,
Gly-NH), 7.14-7.00415H, i@omatic CH2C N ), 3.21 (2H, s,
Gly-CH2), 2.26 (6H,¥, 2C0O), 2.04 (6 f%%EO) 1.45

(27H, s, t-butyl). These ggsults chifdwned that structure of Compound 13.
wa und to have a moledfi&rHidss of -

In additi
874.46. Fughermyre, as shown-i Formula (28} iadhedygssnse: @feq)
EDCHCI of 1.0 equivalent, droxybenzotriazol (H@Bjdpy Formula (23))
of 1.0 equivalent, and Cﬁﬂéi% Compound 13 was condensed with
thioctic acid (Compound 14) orNHBequivalent, thereby obtaining a thioctic
acid derivative (corhpound 15) with 75% yield. The Boc group of
Compound 15 thus obtained was removed under an acidic condition in
the presence of trimethylsilylchloride (TMSGggraformula) and phenol

(PhOH) in CH2C12, thereby obta(gnin'%_c@oound A, which was a linker
compound having three hydrocarb € ve chains, each of which had
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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
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with chloroform was conducted. The organic layer thus obtained
was washed with saturated sodium hydrogen carbonate solution
and then 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 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, 32.6pumol) 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



A NH2 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 O'C, and then stirred in argon
atmosphere at room temperature for88 hours in the dark. After that, 10%
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was filtered off, resultant was cqpcentrated under reduced pressure,
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=40/1), ther obtaining Compound. 15 (Yigld: 9 1. Omg,,75%). ESI-
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15 showed that 69.01 (31-1, bs,, NHCO2{Bu), 2.87-(31-1,s, CO
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OBl2BH2E S, 6 6221 d(Ad- 1, T, ICH2(CHR)ZIONH3 .56 (1H, m, SSCH),
(CHBIACICHAEONIC AT 5o PUiYD. 4 SERBIREH N2 05 (61,
CH2CH2(CH2)2EONH). These résults confirmed the structure of
m, CCH2CH>CO), 2.19-2.07 (2H, m, CH2CH>CONHCH3), 1.93
(6H, m, CCH>CH2CO), 1.83 (1H, m, CH>CH.SS), 1.50 (4H, m,
CH>(CH2)3CONH, (CH2)2.CH2CH>CONH), 1.33 (2H, m,
CH2CH>(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):



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. Furth®&bmore, Compound 15 (34.7mg,
32.6pmol) was added therein an stirred for 1.5 hours at room
temperature in the dark, th y*obtaining a compound 15 reaction
s@hation. Subsequent Qi wasrdleed' e the eompaund ddbq)
réak;)y@@"glut' n. The-6r@ahictayer thuésBlained-was washed—45-with a
saturatedisatlififi fijidrogen cafbonate atiedifs ﬁﬁhﬁipn,“ﬁ?@r@ﬁy
precipitating yellow sol Lh ecipitated yellowgsolid was dissolved in
acetic acid ang cooled®down C. Then, aggregated solid was filtered
off, thereby obtaining Compourﬁf’A (Yield 7.mg, 32%3%4?% 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 that 69.5¢,(31-1, in, CQNHPR), 97 (11-1, in,
CONHCH2), §.87(6H. i, aromatjc), 867 (31-1. gydl- § /ak@matic),
6.21 (31-1, d, P = 7/gHx, ardmatic), 4 1-1, bs, NH2), 3.67.§21-1, d, J
= 5.1 Hz, Gly- 6 ¢11N1 h, BSCH), 3/16-3.04 (21-1, in, CH2SS),
2.36 (11-1, in, RH2CHa$S), 2.254(61-1, in, Z&H2Cj12CP), 2.19-2.07- (24)
(21-1, in, CH2CH2CONHCH2), 1.93 (61-1, in, CCH2CH2CO), 1.83 (11-1,
in, CH2CH25$), 1,50.(41-1, ing, GH2(GH)3CONH,
(CH2)2CH2CH2CONH), 1.33 (213da,ipul}2CH2(CH2)2CONH). These
results confirmed the structure of Compound A. In addition, Compound A
was found to have a

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,



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 in', M2, and M3 were 2 was synthesized as shown in Formula (24):
-46 NH>. fnattc~se hydnft k5% N,-,BHBON ~4.Zeq -------- - -------

I COPMARAG—Fh LEIOUSIB il AR =@HD0 .4 Gbl (alfloada‘hz{?% 70
MM-TOPPMS Exf.-O Mass~ 174[).70 tWz~, 1764 41 z,2v], +NaJ4 A

ERblvrS incE Sk b4, P Hortshii S oBEARAtGhd & 44 (3H, d,
gomigezcially ayaitablg ¢nakose h&sd{ata (45= gyuivaleNBL-whichx@as uv 9 —

St O i e AToR ke (OMAC T QB B Bt (AL
x:sle%cl (B}éndﬁghﬁfb%elw&@f@rmm apbhd t0>43%,aRb® (3H, dd, J
r%plg C{:g % equwg]i%ﬂt/\?v %rg é &%t?é)?l}\lie%ré%a% ?}5\,36)61554_
Gafiied @HL, atrpHB- #0<48.5 HAG a tempeﬁamﬁe (@B7'@d Ther, hOred@tanHz,
YREBUAICR VIR 34 (1H, m, CH.CH(CH.-)(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, -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>-).



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 | was conducted via MALDI-TOF/MS and
NMR. MALDI-TOF/MS of Compound | showed that m/z was 1764.414
[(M+Na)+]. Further, IH-NMR spectrorth8ter (600MHz, -47- D20) showed
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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.



H-4x3, H-3' x3), 3.43 (3H, dd, J = 6.9, 12.4 Hz, H-6bx3), 3.39 -3.34 (IH,
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-lax3), 3.01
(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 (IH, m, -SCH2CH2(IH)-), 2.10 (2H, t,
J=7.6 Hz, -NHCOCH2CH2-), 1.98--4994 (6H, m, -CH2CH2CO-x3), 1.72
- 1.65 (IH, m, -SCH2CH2(IH)-), 1.43 - 1.36 (2H, m,
-COCH2CH2CH2CH2-), 1,3 1'29 (2H, m, -COCH2CH2CH2CH?2-),
1.191.13 (2H, M, -C HZCHIEGt)mM;@Faﬁr hesegggudissqnfismed
thé_structure of Com additiofi:?this Compound | was fognd to
have ‘a matefulartngss-of 1 .70. (2) lﬁyntimslsooﬂSecmd*Ei’gand
Conjugate (Compoun A ligand conjugate (Cdﬁip?)und 2), which was a
second ligandaxconjugate, was gynthesized as follows, the ligand
conjugate (compound 2) having™structure representetbby 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 in’, M2, ad M3 were 2. The synth&sis of&he igand conjugate

(Compound 2)gvgs-garried olit gs follqws. Firgtl | dAwas
[ th SISO eflrst

inker compound A, the linker
shown in Formula (25); ¢
ligand conjugate (compound 2) having a structure represented by

General Formyla (12) where n'was 1, .

miz; 1766.92[M+Na]*

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),



X was a structure represented by General Formula (2), R' was a
hydrogen (H), and R was lactose shown in Formula (19), and in', M2, and
M3 were 2. -49 ------------ H,,O OIMAo: Ak~QH ArOH UTMI 0140 ~1:
1:0150% FZ QH N. 6 '<(o m7if H4" ON QH KqVITMITIVs F>~~nt W'ss!
174C, 70 me~ 1?66.92[,M+N'Sr As shown in Formula (25), linker
compound A thus obtained as aboveés@nd a commercially available

lBcresgdlydnateatbmagidyaleryl Wl Wasiar ofigpsagchariiaatic), 6.43

represented by Formula (19) were dissolved in.a mixture solvent of,

(B dtetryifeetdimiBs (PRI formiutacticdacid (RIS 1/ 1/83);
3 Jben38biff bHSEMASTIANG] 3.0 4 ®.20 BH Angmpesature ®f, 3.69

RS e b ter s pcergN o
31621 f3and @, tétperdfurd. 6f3 T3H Then, Hhd resuBint vas p(Bifiecida J =

S oo gs ooy s Sover O (NGSIEN, o1 o
which waks B, ligAnd ebnjudgadé hadngIng: (Aits lftP Jalabt8piianbbsatl),
i eads Fhe denjfication of Gomgoung Zwascndcied vig g (117, 1,
CH2C_H(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)



MALDI-TOF/MS of Compound 2 showed that m/z was 1766.92

[(M+Na)+]. Further, IH-NMR spectroscopy (600MHz, D20) showed that 6
6.99 (31-1, dd, J = 7.9, 8.2 Hz, aromatic), -50- 6.70 (s, 3H, aromatic), 6.61
(3H, d, J = 7.9 Hz, aromatic), 6.43 (3 H, d, J =8.2 Hz, aromatic), 4.2 7 (3
H,d,J=7.6 Hz, H- V x 3), 3.90-3.85 (3H, m, H-2x3), 3.74-3.70 (3H, m,
H-5'x3), 3.69 -3.66 (3H, m, H-4x3), 3568-3.62 (3H, m, H-6a' x3), 3.65-

362 3tb i d1r3¥d) wirh (OBt HAXIL3G3H8M, dehdre3-8obldihitg
H:6b' x3), 3.47-3.43 (6H, m, H-6x3), 3.41 (3H, m,J = 3.1, 10.0 Hz, H-3'
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Eoovawla (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 M4 and M5 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) -51 were
condensed with HOBt and EDC-HCLS#hereby obtaining diamido
compound with a yield of 79%. The diamido compoung!3 (B-4) was reacted

with glycine whose amino group was protecteq roup, using, in
DME, FPRP as a geriderding a)gent ereb to}(aiataﬂa -5) with a yield of

75%. NI' group ) Wasoremoved '%Vy afytlc hydr gn reduction, thereby
obtaining (B-6). After that, (B-6) was condensed wit ‘thioctic acid (B-7),
thereby obtaining (B-8) with a yield of 97%. Finally, the Boc group was
removed by TFA, thereby obtaining, with a yield of 95%, linker compound
B having two units of aromatic amino group. -52 B-3 T12N NHZ
H,N-r'VCOOH, (Boc)20, Pt3N 110HIN HOK ERC-HCI ~&OH C0011
cHzem-6x R 02.GH g1, HN-#oersNI{ BOOHN NH ~\ NIl FDPP.
DIPEA 0 5% Pd/c NBMPBGGHN*C) -T NH B. ~ Ml 1/]]‘:/\ \ﬁ\lw 0 1stepdc

IVt@HHNF@—yr N BocHN—Q—rr MeOH, 1t

0

B-4 B-5
S B-7
BocHN NH
— EDC-HCL, HOBt
N
— \([)(\NHZ
BocHN NH DME
o 0°C
B-6
)
BocHN NH

— ) TFA

N _—
BocHN@—WNH o H s CH,CL, 0°C
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b 0
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H,N i O H s

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



0 B-4 B-5 B-7 0 8D-COOR EDC-HCL EO013tN Y'NH, ODW 00 Ic B-6
-- 0 BocHN-e \)ZLNH O TFA -C BwHN-(OH CH'a" 0 NH 0 B-8 H2N NH
0jN-r-_4-...(26) N~ 0 H 0 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
-53- triethylamine (3.06mL, 21.9mmdb3were added therein and stirred for

16 basahierm {gnuwnailire 2he feardnn sRlHona WasconerMeaedand
lér‘c]iq‘?‘re&e (%glgefl rl'?g%i‘rse'a;? errgg%/noggririlrgg%aﬁure. The reaction solution
was concentrated under reduced pressure, thereby obtaining a
residue. Hexane and saturated sodium hydrogen carbonate
aqueous solution (SO0mL) 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,



residue. Hexane and saturated sodium hydrogen carbonate aqueous
solution (50mL) was added to the residue thereby performing extraction
to obtain a water layer. The water layer was mixed with 10% sodium citric
acid agueous 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 wasicencentrated under reduced
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of Compound B-4 thus obtained showed that 67.77-7.74 (41-1
88nespbere, 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.



aromatic), 7.50-7.48 (41-1, d, J = 8.57 Hz, aromatic), 3.70-3.66 (41-1, in,
J = 5.19 Hz, NCjj2CH2NHCO), 3.34-3.28 (41-1, in, J = 5.61 Hz,
NCH2CH2NHCO), 1.53 (18H, s, t-butyl). Moreover, ESI-MS (positive)
analysis of Compound B-4 showed that m/z was 542.64 [(M+H)+]. This
confirmed the structure of Compound B-4. In addition, Compound B-4
was found to have a molecular mas$bf-541.60. Next, Compound B-4
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N e RO Bty POl S EEGL s 1SS0l ved
tissakeiddn ehi@aioly hereby @/oP@Cani@Qanig)ayes Bldrledahierein,
Iaﬁ/er WZS tWashed with. 10% gitri%atl%id, and thﬁn Wgh aturated sodiu
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was. filtered off, the filtraie was co ntrated under reduced . pressur
R D E i oy EPAARE COTERE” B85 230,
dhrdrh&dgfdphyr(50ts ¢hiorofof i lzicetsndidl:2), thereby obtaining

aoon 1 R N PO ol CoAnfl Y B
bsusHOORM) A 2h9 661014, T . NMHCBPh dardnati)> 7156, (COEWSH),
e N T LI e R
N2 CHRNBS , NGHOORINH, 3047 . BA1]4h.- min aneREHRNAHS 33438
?8H; m, aromatic), 4.39, 4.24 (4H, bs, bs, CONCH,), 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-HC1 (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



3.17 (61-1, 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. -55- 36
[(M+Na)+]. This confirmed the structure of Compound B-5. In addition,
Compound B-5 was found to have a molecular mass of 732.32. Next,
Compound B-5 (0.193g, 0.264mmol) was dissolved in methanol (3 mL).
After 10% Pd/C (120 mg) was addedXferein, the solution was stirred for

%&@Mﬁﬂngﬁ[ﬂax@mg@ﬁ@tmgﬁ@haﬁ%zii?eégé& Waa dilterrd @4, 1BEf, the

filtrate was concentrated under reduced pressure, thereby obtaining .
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t 69. 41-1,d, J =9,5 Hz, COPhNH), .8.58, 8.53, 8.46 (41-1, bs, bs,
g@m@éém}%%r@@f%ﬂ&%ﬁ@éhﬁ?&? ‘i—%@éﬁ), Babeyuand
(8181(0n] 2@ i) - 38770%8) (81 th énf@mmetio)h4t3% dlk (41-1, bs,
bs, CO H . -1. bs H2 .42-3.33 (16H, in,

Nz NR S e R Tt o LoRting Brg thus
(lositine)dasalysie df tBamBauAd Bzesshgwelthat MO BRY. 33omatic),

+ This, confi the struct f pound B-6. In.additj
B L R S R e utify 8P,
BubSeqTeAtly, thidkTic &M, (BoB) (41sOnigs,0. SIORINGH) , HOI3% g bs,

Qmmol -HCI (42.19,0.2Q0 1) jssolved i
%ﬁﬁ@fa%@%iﬁ%ﬁB%&, gﬁal th%oln%?i’rr?cﬁgr Sﬁgﬁé’m Ct? %lﬂ%ﬂz )
dafdurde ik dgbnmanc eIl Nete By QrEaHnH diFR B Tsm adide

olsgongThe i EoouRd 360 1 GARINNE wap ot i m,
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imethyIformamide (2mL) and then dropped into the dim

SdilaionCnb tRed Ltitddd fom19GdafsieSS), 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,



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 -56- sodium sulfate. After the drying agent was filtered
off, the filtrate was concentrated under reduced pressure. The residue of
the, congenication V@%ﬂuﬂf@g V(EIISII“C?ﬂgeS@“EQH'@PQQVa@TBd@QSQ (16H
chloroform: methano) = 7: 1%hereb obtaining Compound B-8 (O.
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eréin, the solution was st .5 hours at O'C in the dark, and then
sopseneaiarluhye veratal Brmaa theXbydieaming avas 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

maltose hydrate
95% NaBH;CN (10eq)
HaN _@mﬁ\ 0 (4.5eq) CE
NY\N S<g  H,0:DMAG: AcOH AcOH 37°C
H/AG H =1:1:0.1
H,N N
(o]
B

37°c

42%

OH OH
OH
OHO B % i
WA NE :
OH OH
2

MALDI-TOF/MS Exact Mass: 1238.48 s ( 27)
Mol, Wt; 1239.36

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

obtained above and a commercially-available maltose hydrate



residue. The residue was dissolved in methanol and neutralized through
a column Dowex Marathon A (OH- form), and then concentrated under
reduced pressure, thereby obtaining Compound B (89.3mg, Yield: 95.2%)
in the form of yellow solid. 1H-NMR (400MHz, d6-DNSO) of Compound B
thus obtained showed that 68.20, 8.07 (21-1, in, NHCOPh), 7.83 (11-1, t,
J = 5.5 Hz, Gly-NH), 6.51-6.48 (81-158,-aromatic), 5.57 (81-1,d, J = 14.3

k.l dR afedt) 4 Whibdh lwbs Bs CANENLcBE2i Gl YoprésOhtedy by
%12), 3.64-3.55 (IH, m, SSCHCHZ%, 3.50-3.32 (16H, band,

erBEifoNH RcHItONsSe878ba BH, i, CHESIRER), 90%8chy, of
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, CH2Cj12SS), 1.57-1.47 (4H, m, . CH2CH2CH2CONH,
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as synthesized in Eprmula, {27), the linker conjugate
B e e e IS COBEAe g was
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LR SN s Bl NIRRT R e
obtainigg :Qemeor3d '@, which was a ligand conjugate that has
two units of a-glucopyranose at its ends. Identification of
Compound 3 was carried out by MALDI-TOF/MS and NMR.
MALDI-TOF of Compound 3 showed 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,
-CONHCH2CH2N-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, -COCH2CH2CH>CH>(1H)-),
1.35 — 1.23 (3H, m, -COCH2CH>CH2CHa>-,



g H~,0 Wk, 0.4 B 42% OH oilit0 A10 11 --- Awl-~/ Ho \~_~ - H Oil OH
MALUTORMS Exact Man 12,VA8 (27) N101 W: 129.36 As shown in
Formula (27), linker compound B thus obtained above and a
commercially-available maltose hydrate -58- (4.5 equivalent), which was
an oligosaccharide represented by Formula (18), were dissolved in a
mixture solvent of H20/dimethylacetd®mide (DMAc in the formula) /acetic

acit (Ao € ¢ B, 11 After formimgom Shiff-base at pbl of 4 {@#5> andm |

a tem erature of 37'C, AcOH was added to the solvent, Then, 10

ot sPaGEnbCNRGSS i theran RP dnth e ctfidtiire of
am @aﬂtasepomﬁuaadﬁmhl otdiapgeonand 38 wapefaturiotd7Kave a

The the resultant com as purified by gel filtration

ﬁFaWﬁsH%]SBE%% gb%/x G-50 (Amersham Biosystems) and then
subject(ec) 0 ydetalisig tdaﬁm@urolbtmiga@@@mgwgh&a Wiemyas adigand
cone e 5 U RSNSSRIRIOR i sy e eain,
Mg&ﬁlﬂ-TC@Enﬁi‘gnn@pumdﬁshsymdthaiza& was 15390%{(Mt4}‘r¢)+]ligand
M TRy O9IG PAR O B Bl
SIZHZWOMM)V@%SIZMII@A] z 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.



8.2 Hz, aromatic), 4.91 (21-1, d, J = 3.4 Hz, H- V x2), 3.84 (21-1, s,
-NHCOCH2NH-), 3.83-3.78 (21-1, m, H-2x2), 3.75 (21-1,dd, J= 4.1,6.9
Hz, H-5x2), 3.72 (21-1, dd, J = 2.7, 4.8 Hz, H-3x2), 3.69 (21-1,dd,J=
4.1, 4.8 Hz, H-4x2), 3.69-3.66 (21-1, m, H-5x2), 3.64 (21-1, dd, J = 2.1,
12.4 Hz, H-6a' x2), 3.58 (21-1, dd, J = 4.8, 12.4 Hz, H-6b' x2), 3.55-3.51
(21-1, m, H-6ax2), 3.53 (21-1, dd, 3 &®:9. 9.6 Hz, H-3 ' x 2), 3.47 - 3.40
(81-1, m, -CONHCH2CH2N-x2), 3.44-3.41 (21-1, m, H-6bx2), 3.37 (21-1,

dd, J 9.6 Hz, H-2' x2), 3.37-3.36c({d4 Adam, crgggm;dgaegm))
3% Bs BN = 8.9.010.3 Hz, H-4' 9928 20 (311 dd, 1= 4.8 -13.7 Hz,
H-lax2 3.12( et N AGR %7 Hig) Hinb2}08.00 R®IT21-1, m,

H20), 3 1%(11m -SCH2LH2(IH)-); }1:98'(21-1, t, J = 6.9 Hz,
-NHCOEHACH2-), 1.72-1.64 (11-1, m, -SCH2CH2(IH)-), 1.45-1.37 (11-1,
m, -COCH2CH2BH2LH2(IH)-), 1.35 1.23 (31-319,
-COCH2CH2CH2CH2-, -59- - COCH2CH2CH2LH2 (1 H) 1.09 1.02 (2H,
M, COCH2C o hese results coxfirmed the structure of

A8t isof I Clﬂ conjuggte Compound 4)
A ligand cpnjugatef (Compbuid 45‘, W wias foﬁgr{\ﬂlg dxo te,
was synthasized a¥'below, thiligand conjugdte having a structur

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 represemed-tsyr/@eneral Forbralsid:9)3adt and M5 were 2. Ag2R)
pre-preparation of the synthesis of thé tiggntPl'tdrjugate (Compound 4),

linker compound B having two branches, each of which had an aromatic
amino gupleawn 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
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" ),



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 GeneralHormula (19), and M4 and M5 were

2. 9 HAY: DMAE: MBS, IHU131%0 DbIFONGHEOK AN, NEH #x 4P, AB4
shown in Formula 528)[ linker comé)ound B thus obtained and a

EoR mérciaP AV Ltbse hdratd (415 (@&livaent)-which“Was an’ 1 —
gligssagtharide represerred by koymgl®gl9)3 vese digsalyedirga D)ix®Ie 5

BT HS S et e e Brmed o B4 10 s e, - 5001 1117
@mperbiate of 37>%Q)I,T|”(er48\(£)lﬂwas a(ﬂdfm, torthe mm, Af{e_B 95% x2,
PR SR, ST ATt
\Wiald pumifiedMiCdBCliltsali@ g hrdnddo@ Bhhyl disidg-SphagdeX. G-, H-2’
(Aayershan Dlosysipmp)-and;sublgciegifo despliing, thershy giaiga 5 -
7.6, 13.7 Hz, H-1bx2), 3.01—2.90 (2H, m, -SCH»-), 2.23—2.16
(1H, m, -SCHyCH»(1H)-), 1.99 (2H, t, J = 6.9 Hz,
-NHCOCH2CH2-), 1.73—1.66 (1H, m, -SCH2CH>(1H)-), 1.46 —
1.39 (1H, m, -COCH2CH2CH2CH2(1H)-), 1.35 — 1.30 (1H, m,
-COCH>CH2CH2CH>(1H)-), 1.32 — 1.26 (2H, m,
-COCH2CH>CH>CH>-), 1.11—1.04 (2H, m, -COCH2CH2CH>CH2>-).
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



Compound 4, which was a ligand conjugate having two units of
P-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, IH-NMR
spectroscopy (600MHz, D20) showed that 6 7.40 (2H, d, J = 8.9 Hz,
aromatic), 7.39 (2H, d, J = 8.9 Hz, afi¥natic), 6.59 (2H, d, J = 8.9 Hz,

AR Bl 6128 (Rik1Hl wWat & bl feronarticti i3 (eh Hpdst iR ki hlass
), -61 4.29 (11-1.d, J = 7.6 Hz, H-I'), 3.93-3.89 (21-1, in, H-2x2), 3.84

(SZELC-EFE?%@NMM%NH-), 3.74-3.71 (21-1, in, H-5' x2), 3.71- 3.69 (41-1,
in, H-4x3, H¥ex2pr3 3. 6& lndpie, HtHe?) SH® (RiedsddedndAt 1lwhs

Hz, H-6a’ x2), 3.53 (21-1, dd, 1 =5.5, 11.7 Hz, H-6b x2), 3.48.- 3.42 (12H,
PORESIE -3b¥2,u§c‘:’8)$\|>—%3|j‘72‘§%2|\¥3&51, .%?Lt%%é( (i?if.lﬁmﬁé&zjﬁéser
313¢tr3RT {10 6l, ThEMPAH GlP20(EoNc313b @dslederitd b6t HY Haing
H-2' x2), 3. -1, dd, J =.4,1, 13.7 Hz, H-lax2), 3,04 (21-1, dd, J 7.6,
YQW%% H-@(%,%%Ol-z.g&&h i 2SCHY), 2.‘)§’§1-fzr.lf%a(ii1-iq,‘?ﬁi, laser
&ECHPhHAAH}NE 9 (Thight, drasO szecbIBOCHACHLED1-THE FBIS),
11-1, in, -SCH2CH2(H)-), 1.46- 1.39 (11-1, in,
! 6@%&%&%@%{#&%& 1.30 (11-1, in,
-COCHPIoHAGHd 2blH@( @iy, WB2e hgalizeidinnamely Concanavalin A
H2L H--2C ), l.21-1.0 1, il sGOCI- ~1 2-).
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Example 2, binding properties between sugar chains_and proteins were
gndBTaPysRG R ligBey domjepiegn 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



prepared in Example | 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 | to 12. In FIG. 1,
Steps I to 7 are steps for preparing a ligand carrier (sensor chip) by
immobilizing a ligand conjugate (any of Compounds | to 4) onto a surface
of a supporter coated with gold (Au).&G3e steps carried out after Step 8 at
whichherligand saniernyagrdauedie s inEanéadvih 58N and
containing a protein to be analyzed are steps for carrying out the SPR
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washing the surface of -62- the supporter with water are for identifying the
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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,

respective proteins are shown collectively. It was observed that

the bonding behaviors of the

the lectin proteins that can bind with a-glucose was specifically
bonded. Further,

constant for the lectin proteins that can bind with a-glucose.

it was possible to calculate out binding

The calculation showed that dissociation constant (Kp) for




and BSA in PBS buffer. Then, Step 8 in FIG. | 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 | shows results
of bonding behaviors of the lectin préteins with respect to the ligand
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conjugate of Compound 2 (Tri-valent type) was immobilized.
Both in FIGS. 4 and 5, (a) shows the bonding behavior of RCA,

and (b) shows the bonding behavior of PNA.



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 wiibthe chips to which Compound | or
F M5t pnmobilized. Moreover, in Table 1, the bonding behaviors of the
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conjugate of Compound 4 (Di-valent type) was immobilized. FIG. 5 shows
on which the ligand

the results for the result for the sensor cgdp
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the bondlngbbehawor of PNA. -65- Table 2
issosicaiton Rate Constant (s-1 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.
in Table 2,

respective proteins are shown collectively. It was observed that

Moreover, the bonding behaviors of the
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
(Kp)

substance was equivalent to or smaller than that for Di-valent

dissociation constant for Tri-valent ligand bonding

ligand bonding substance. Thus, it was understood that an



Di-Valent Type Tri-Valent Type KD Ka Kd KD Ka Kd Con A No bonding *
I PSA No bonding No bonding LCA No bonding No bonding RCA 1 12.23
0.74 0.61 7.79 0.52 0.41 PNA14.951.71 0.855.83 1.98 KD:
Dissociation Constant (pM) Ka: Assosication Rate Constant (M-1s-1 x
104) Kd: Dissosicaiton Rate Constant (s-1 x 101) *I: Non-specific
adsorption independent of protein edfzentrain was observed As
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behaviors for both the sensor chips regardless of the difference in the
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bind with the chips to which. Compound 2 or 4 was immobilized.
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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.



increase in the number of sugar chains per ligand conjugate leads to a
greater binding activity. From these results, it was understood that the
bonding activity of proteins with respect to sugar chains would be
different depending on how many sugar chains are present. It was shown
that the sugar chain bonding properties of lectin proteins could be
measured with this system. Further; thé tigand carriers that the SPR
measurement confirmed their bonding with the proteins were further
analyzed with the mass spectrometer after Steps 9 and 10. Thereby the
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RCA 120000 (az2pB2) Not Detected
31000 (a)
32000 (B)

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,



Lectin Protein Molecular weight Found (m/z) Con A 104000 (a4) 25523 (a
chain) 25572 (a) PSA 50000 (a4P2 5801 (a chain) 6000 (a) 19210 (P
chain) 18000 (P) LCA 46000 (a2P2) 5742 (a chian) 5710 (a) 8594 (P
chain, 2+) 17572 (P) PNA 98000 (a4) 24736 (achain) 24500 (a) RCA
120000 (a2P2) Not Detected 31000 (a) 32000 (P) As shown in FIGS. 6(a)
and 6(b), ion peaks were found that @8rrespond molecular masses of
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respective éflorotelns Moreover, Table 3 shows the results for the other
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I3(51:1‘61‘”%%8having identical sugar chains at their 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?2 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 n% was 4, X had a structure represented by General

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



whereby the lectin proteins were successfully identified. As descried
above, it was confirmed that proteins could be identified accurately by the
protein analysis via SPR analysis and mass spectroscopy using the
ligand conjugate according to the present invention. Moreover, the results
of the present Example confirmed that the bonding activity between the
sugar chains and proteins would be @#ferent even between ligand carries

having Fﬂ@fgi@@igug@rtm%;@éggmggds when there was a difference
therebetween in terms of the number of the sugar chains present. That is
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The synthesis of Compound 16 is described below

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

Bis [2-(2-hydroxyethoxy)ethyl]ether (14.57 ml, 80mmol)
and BFs'Et20 (252ml, 2mmol) were dissolved in 50ml of



(13), where n2 was 4, X had a structure represented by General Formula
(4), R'was a hydrogen (H), and R was maltose. -69- [Analysis Method,
Reagents] IH-NMR spectroscopy was carried out with JEOL-Delta 600
Spectrometer. Chemical shift for CDC13 was indicated by 6 value using
tetramethylsilane (0.00ppm) as reference material, while chemical shift
for D20 was indicated by 6 value usin@ DHO (4.65ppm) as reference

@ﬁl@ﬁ@%oﬁ@ A2SHISROHESRAR WaheH IR £x1 Mgd Peceertive(1.8ml,
B|os%stem MarinerTM Biospectroscopy Workstation. Silica gel column
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0 F254 (M k 0.5mm). All reagents and anh drous solvents
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ltrglte Wa'échBongéPltqlaycleFngn%gg? %gcfi?ced pressure thereby to
obtain a concentrated residue. The concentrated residue was
purified via chromatography (600g, hexane: ethyl acetate = 1 :
3), thereby obtaining ethyl compound (2.26g, Yield: 47%) in the
form of colorless liquid.

The ethyl 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



0 TFAICH2CI21HIO N~'a NH2 ... (29) (1/110.1) S-SH -Cr 0 T 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 -70- anhydrous
dichloromethane. Then diazoethyl acetate (1.8ml, 17.35mmol) was
dropped therein at O'C. After that, the Iresultant was stirred for 70 minutes
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agueous solution was added into the reaction solutigon, the reaction
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xtracte dichloromethane. The organic layer
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



thus obtained was washed with saturated sodium hydrogen carbonate
agueous 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 chromatograpBy (100g, chloroform: acetone = 4 :
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was added therein until pH 2 was
pressure, thereby obtaining a concentrated 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



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.
1H-NMR (400MHz, CDC13) analysig’8f-Compound 16 showed that 66.19
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sion, thifs itamed WAk shErel Tohue TNt nidntatatark
feeicponasiticéh E@raotegd, Witl) oHlonoforh Wide dsgarlicddyer tmbydrous
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pressure, thereby obtaining a concentrated residue. The concentrated
rrgamd viysurifibavipbifietngsl ciremeeghgshysequentially 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



(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, 0.062mmely4vas dissolved in methanol (3ml).

AdterdiRétPdie (RQe)phassaddedtheseinnibe saluienhussebigined ried

was stirred for 9 hours under hydrogen atmaosphere. After Pd/C was
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2.6maq, 0061m diss in anhydrous dimethylformamid
e R R T A B R (LD RO e 20
sloétmdchoh) atedd . d6q(enfiddly adaetathie)ein. dndhdar@dn dtmc&ﬁ;eéBeS Hz
A ving brgughy the jemperat r ure; th
sgﬁﬁb%%tﬁﬁsfgggmed t/lvela_lfé glrreg fLér %ﬁgéégrllng t (@f fngch)ILn%d 188 2
@22 Zmgnedsa)mehdl) (as Aidsotéed e &i{hdiols @lﬁ%thﬁf@ﬂnémwel SH,
f ri i ragukq in th rk. After,

atd %@@ﬁaglggéf %@ h% i3y CHROM, IREP§rajuig inghe fark: Afters 1,
-CONHCH,CH,0-), 3.16 (m, 1H, -SCH»(1H)-), 3.08 (m, 1H,
-SCH2(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,
-SCH2CH»(1H)-), 1.43—1.40 (m 4H, -COCH2CH>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):

s e “ilc’\/\"w
1) Glucose (3.0 eq) OH
2) NaBH3CN (10 eq) OH H
W/{\O/\}O\ANM
MeOHIHZOIAcOH (M2  HO U

21 cee (30)



reaction solution, the reaction solution was concentrated. The organic
layer 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. Théconcentrated residue was purified

via siliggoggberivan ZbremsisgraphyA8m chierefpran metharese Hghhg,
thereby obtaining Compound 19 in the form (zg%/el ow oil _material. Yield
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'C, TFA (147 pl) was added and stirred for 3 hoyrs af this temperature.
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Compermad®1 showed that 67.17 (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,CH:CH>-),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):



showed that 67.17 (s, | H, aromatic), 7.1 (dd, | H, J = 8.6, 8.3 Hz
aromatic), 6.91 (d, IH, J = 8.2 Hz aromatic) 6.45 (d, IH, J =8.2 Hz
aromatic) 4.1 (s, 2H, -OCH2CONH-), 3.78-3.49 (in, 15H, ethylene glycol
chain, CH2LH(CH2-)(S-)), 3.41 (q, 2H, J = 5.5 Hz, -CONHCH2CH20-),
3.16 (in, IH, -SCH2(IH)-), 3.08 (in, IH, -SCH2(IH)-), 2.46-2.44 (in, IH,
-SCH2LH2(IH)-), 2.13-2.10 (t, 2H, J #67:6 Hz, -NHCOCH2CH2-), 1.92 -
1.88 (in, IH, -SCH2CH2(IH)-), 1.43-1.40 (in 4H, -COCH2LH2CH2LH2-),
1 26 -124 (in, 2H, -€OCH2CH2CH2CH2-). ESI-MS (positive) analysis of
ﬁp’EOXE e thiaty /z was 552.31 [(M+Na)+]. From this, the
structure of Conzt ound 20 was confirmed. In addition, Compound 20 was
found to have a'molecular mass of 529. 23 (6) Synthesis of Ligand
Conjugate (Compoupmag gﬁ(g’me s th of a Ilgand conjugate
(compound 2 1) is explalned bel ((% L (30) H2N -(f N 3
H S-S 20 1) Gluem @@da)@H 1@ rH ﬂt 0 C
0"~N MeOHIH201MO# 11v0.2) H )~ 3 T Gli 21 ... (30) -75- Compound
20 (15.5 mg, 29.3 pmol) and glucose (5.8mg, 32.2 pmol) were, dl@sBIved in
DMAc/water (1:1, Iml). After acetic acid (200 pl) was added therein, the
reaction solution thus obtained was allowed to stand for 2 days at 37'C.
After that, sodium cyanoborohydride (5.5 mg, 87.9 pmol) was added

Compound 20 (9.0mg, 17.0 pmol) and maltose (5.8mg,
17.0 pmol) were dissolved in methanol/water (1:1, 1ml). After
acetic acid (50 pl) was added therein, the solution thus
obtained was allowed to stand for 24 hours 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,
CH>CH(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 —



therein, the reaction solution was allowed to stand for another 6 days at
37'C. Then, the reaction solution was concentrated thereby obtaining a
residue. The residue was purified via ODS column chromatography
(Chromatorex ODS, 30g, methanol/water = 50/50). Thereby, Compound
21 was obtained in the form of white solid with a yield of 4.54 mg (22%).
1H-NMR spectroscopy (600 MHz, D20j analysis of Compound 21
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aromatlc) 1 J= 8 2 Hz aromatlc) 6 45 (d,IH,J=8.2
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(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):



00 n OLHO~ C" 0_ ~H-HN N' MeOHIHIDIACOH(IMM) H 040~43 PK--~n
37 TOHOH S-S 22 ... (31) Compound 20 (9.0mg, 17.0 pmol) and
maltose (5.8mg, 17.0 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 24 hours at 37'C. Into the reaction solution thus
obtained, acetic acid (450 pl) and sodi@m cyanoborohydride (3.2mg, 51.0
pmol) were added. Then, the reaction solution was allowed to stand for
another 120 hours at 37'C héh the reaction solution was concentrated.
The residue thus obtalri‘e'ﬁ fified via ODS column chromatography
(Chrpmatarex ODS, ng gnol/watgh = LEO Thereby, Chmpokd
Zzhjv%a'?\cfb\élﬁmﬁe OB hTte SO|Id a¥yieid®ot 2°36md] (16%).
1H-NMR spectroscopy (60€? Hz D20) analysis of Compound 22
showed that 67.07-7.04 (t, IH, J 8.2, Hz, aromatic), 6.7% (s, IH, aromatic),
6.63 (d, IH, J 8.2 Hz, aromatic), 6.48 (dd, IH, J =2.1, 6.2 Hz, aromatic),
491 (d, IH, J= 41Hz H-1), 4.1 (§, 2H, -OCH2CONH-), 382378(m IH,

T
H-2),3.75-3" 41248, eth cgmhanﬁa\{#r@/ﬁ% H-6"438)6'
b, H-6a, H-6b,"}%8) H-3' | H-4' }8.25(m, IH,
CH2CH(CH2-)%),3.18-3.1I(m, 3H, Hi 1 b, 25

-CONHCH2CH20- ) 3.07-2.93(m, 3H, Hl'a, -SCH2),2.29-2.20 (m, IH
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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



1.31 (m 4H, -COCH2CH2CH2CH2-), 1.18 - 1.10 2H,
-COCH2cH2LH--2cH2-)- MALDI-TOF-MS analysis of Compound 22
showed that m/z was 878.39 [(M+Na)+]. These confirmed the structure of
Compound 22. In addition, Compound 22 was found to have a molecular
mass of 855.35. [Example 4. Synthesis of Ligand Conjugates
(Compounds 26 and 27)] In the presédt-Example, ligand conjugates

elasaiiind afgeyaethans Bighth daandreonpaates pxplianediddhietherein
embaodiment were synthesized. That is, a ligand conjugate (Compound
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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%).
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>CH2CH,).
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):



3A." 2324 TFAIC HH H2CI21H,0 H,N N N NH2 ... (32) T~ 0(111/0.1)
0 lc 67% 25 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 -a®§on atmosphere, and then stirred for
17 hours in the dark. The reaction solution thus obtained was
concentrated under reduced presgiire, tnﬁrepy obtalnlng a concentrated

resigue. The concentrati empuzwzasrﬁmact h chloroform he
orga @ fayer this obtagn ‘@{ sﬁ with
saturated sodium hydrogen carbo Bu "Sobt nél then dried

with anhydrous #%agnesium sulfate After the drying agent was filteréd

out, the filtrate was concentrated under reduced pressure, tkeereby
obtaining a concentrated residue. The concentrated residue was p (g

via silica gel chromatography (50g, toluene: ethyl acetate = 5: 1§, é eby
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@buasifaiimnd fo Orhveg, nidepuiao inassbfgugaese (.79 mg,

%@Lﬂ?ﬁaf)f\g&[@p%’ggﬁged 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



Compound 24 (103 mg, 11.67 mmol) was dissolved in -79-
dichloromethane (2 ml). Then, TFA (247 pl) was added therein at O'C,
and then stirred for | hour at this temperature. After being concentrated,
the reaction solution thus obtained was azeotropically boiled with toluene.
The concentrated residue thus obtained was dissolved in ethyl acetate.
After the water phase was adjusted tblpH 8 by adding triethylamine

AALRPUS e SOBKIRRY tREFOFraAMIC fN @ Miad Alried with anhydrous
magnesium sulfate. After the drying agent was filtered off, the organic
layer was concentrated under red ceg %s§ure thereby obtaining a

concentrated residue. The conce |f|ed V|a silica gel
comw’rwwamww e%
obtairirg Compound 25 m fon‘h"’@?%‘ﬂﬁ% Sy dnaten Io"was 4 8

mg (67%). 1H-NBR spectroscopy (600 MHz, CDC13) anaIyS|s of
Compound 25 showed that 6 6.93-6.89 (m, 2H,aromaric), 8771-6.68 (d,

IH, J = 8.4 Hz, aromaric), 6.37-6.35 (d, IH, J = 8.4 Hz, aromaric),. 2.98)(t,
2H, J = 6.6 Hz, O=C-Q12), 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 (positive) of Compound

25 showed that m/z was 419.06 [(M+H)+]. From this, the structure of
CompoUnd@owuas] cdbfithddnk ablfaitimdlbmpdume%oﬁas(ﬁnmdng, 26

150 Qe el 1905 (e o o Eonage o
desdribed helow asferdiate b Foemila, (3Be ~8olu41|e|r1)t@1men®é)tamed) was
OftoEAN NNNELZ ZoNaPHIGN(H] e @ Witer acetic acid (950 nl),

methanol/water (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.



‘0" AcOH (0.1)H ~crO0-L-NN in MeOHM20 (111) HO 37 T OH 25 26 ...
(33) 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, 1 ml),
sodium cyanoborohydride (5.14 mg,82 pmol) were added therein, the
solutiorp]gg@@rﬁﬂgweg} to stand for another 72 hours at 37-C. Then, the
reaction solution thus obtained was concentrated, . thereby obtaining a

reS|dueLlﬂ?é%S|d?§€’\}\}é§%§ﬁned"(ﬁéecowlaﬁ?dﬁ?éiogré{blﬂﬁf&%g, ad a

Reihanaliwatep Fea@Bdskg GEndGalhembiuleamepupti@iewas and q
obtalneg in the form of Whlt solid with ‘Fﬁ; eld of 2.58 mg (29%). 1H-NM

$pectro coﬁP(%oéﬁ’/ﬂf“B’é 88185 B FRWKBwAG thet S Bod
ispectivdly, al’tbfﬁaﬂﬁ)aliféﬁs (Snkthedymaigefisy (dtdHale $MeH§ame
aromaré%% 6. 371éd IH, J = 9.6 Hz, aromaric), 3.714-3.707(m, IH, J = 4.2
A2)13. 5836 tm’ 3H), 3.44-3.37 (m, 2H,), 3.10-3.07 (m, 2H, J = 8.4 Hz,
13.8 H) &HhHithBBig 2Higana- Oﬂa)l@azae(t((zblmb@aredﬁogmz S),
1.83 1(m21- 1 H2le H2 ALDI- TOF MS a lysis, of
Compolruﬁ1 Gp s.howeéi1 that M Zf g Igiz—t‘?s‘ﬂ[(l\ﬂH)ﬂ] ég acon Ix?m%gate
{isostrpoaredoBCpnspdendidbeth bdtitiomefeompgutnl P6mwas fauddio
have a molecular mass of 746.29. (4) Synthesis of Ligand Conjugate
(Compound 27)



The synthesis of a ligand conjugate (Compound 27) is -81 - described
below referring to Formula (34): 1) maltose (3.0 eq) 2) NaBH,CN (10 eq)
OHHHHH AcOH (0.1) H2N NH2 O~OH~00_~H'N<fN S [a00 In
MoOHIH20 (111) HOHOH 37 T 2527 ... (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) wd8 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, Iml), sodium cyanoborohydride (5.22 mg, 72
pmol) were added thefgisy tOhHe sqjution was aiétved to stand for another
120 H at 37'C. Thén, the r&actien solut Us \obtained was
concemt thereby obtaining aresigud! residaenias purified via
colurseP eh graphy (50g, metbianol/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-NMR2$ectroscopy (600MHz, D20) test pf
Compound 26 showed that 67.04 (t, IH, J = 4.2 Hz, aromaric), 6.77 (s, IH,
aromaric), 6.64 (d, IH, J = 7.8 Hz, aromaric), 6.54 (d, IH, J = 8.4 Hz,
aromaric), 4.93 (d, IH, J =3.6 Hz), 3.82-3.78 (in, 2H), 3.75-3.70 (in, 3H),
3.63-3.56 (in, 3H), 3.4%8(dd, IH, J =6.6 Hz, |

Nw
H 3

Y -

NaBH;CN
DMAG/H,0/AcOH (1/1/0.2)
OH
wo HO COOH () OH OH HN‘Q
o : 0
Hwomo HO NHCOCH; * N/u\/\/\(s—,\s
HyCOCHN 4] OH _ H

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



11.4 Hz), 3.41-3.39 (in, IH) 3.27 (t, IH, J = 9.0 Hz), 3.18 (s, 3H), 3.08-3.06
(in, IH), 2.65 (t, 2H, 4.8 Hz O=C-CH2), 2.34 (t, 2H, J = 7.2 Hz, CH2-S),
1.91 (t, 2H, J = 7.2 Hz, CH2Cjj2CH2)- 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: &2-[Example 5] Ligand conjugates

Were swihasizethieh N’ aa stusid el aRregeriad yGeperal rpeawiad

(9) where n' and g were 0, and contained sugar chains shown in group

S 8 pectVay oY QRIPLid methdd feagEf RS e aretRBLEMRE ad¥AS
Exampie fa{dd Symhesis htldgasietenngedates E@nwourgs30pTihefied by

BERAAEILG W FOh O B R (o CEORPEIRBEPLS 0 SB1ae
BA 1A VEO GIHEH2NHE .. (Qd126n28 HN-SD0 HPS1 BI0S SNeBIT3BR),
and (3) chromatography using Sephadex G-25. Thereby,
Compound 30 was obtained in the form of white solid with a
yield of 2.31 mg (32%).

IH-NMR spectroscopy (600 MHz, D20) analysis of
Compound 30 was conducted, thereby obtaining the chart in
FIG. 7. MALDI-TOF-MS analysis of Compound 30 showed that
m/z was 977.5 [(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
S N NHCO

HO A/ HO

' 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))



DMAC/H20/AcOH (1/1/0.2) OH COC LIO HO COOH OH OH 0'4 HN O
HOR300HHS HO 113COCI 140 OH 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.Oml).
After acetic acid (100 pl) was added therein, the solution thus obtained
was allowed to stand for 10 hours at83'€. After sodium
cyanobprahydiigier( 4 550 124af cmabhsasaddad thereinathe regefionyas
solution thus obtained was allowed to stand for another 72 hours at 37'C.

AR Ieatith EBRSGME4NRALAHRY With 3ml of acetone and
quenchﬁd-ﬂmmrgwfétﬁeét&%pﬁyaoebombydrlifgemla_e]:_ r%ﬁgtﬂﬁﬁgwleltiow.as
was concentratead. e thus obtained resique wa uririe .
R T w RSG5 G THR sn SH AR r EE r Ge TS
ORTifR) P Glh écoktmnc RAKS CoB Pth20-HQRSBEnindd8 shown in
romatogr pyﬂy using Sephadex G-25. Thereby, Compound 30 was
SRS Yorm of white solid with & yield of 2.31 mg (32%). 1H-NMR
spectrosgopy (600 MHz, D20) analysis of Compound 30 was conducted,

btaining the chart in FIG. 7. MALDI-TOF-MS analysis of
owed that

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

synthesized in the same manner as in (1).



m/z was 977.5 [(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 OHOH 00/ H ~0 0~ N NHCO Ho --Z~ HO HO OH H ...(36)
1H-NMR spectroscopy of the ligand &mjugate was conducted, thereby
obtaining the chart shown in FIG. 8. This confirmed the structure of the
ligand cdffjugate shown in Formula (36). (3) Synthesis of Ligand
Conjuggate (Formula (37)) -85- The ligand conjugate shown in Formula
(37)g¥as synthesized in the same manner as in (1). 1H-NMR

ligand conjugate was conducted, thereby obtaining
the chart shown in BIG. 9. This confirmed the structure of the ligand

+++(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):



OHO0 HO'10 ~OH HHo N NHCO OH S ... (37) (4) Synthesis of Ligand
Conjugate (Formula (38)) The ligand conjugate shown in Formula (38)
was synthesized in the same manner as in (1). -86- H HO/ HO OH H 0~
H OH OH :~~HHO HO04 OH NNHCO_//' S ... (38) 1H-NMR
spectroscopy of the ligand conjugate was conducted, thereby obtaining
the chart shown in FIG. 10. This corffifmed the structure of the ligand
conjugate shown in Formula (38). (5) Synthesis of Ligand Conjugate
(Formula (39)) The |j (H:onjugate shown in Formula (39) was
synthesized in the s anner as in (1). 1H-NMR spectroscopy of the
ligand conjugate was_cquducted, thereby obtaining the chart shown in
A B

H
OH

Iz

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 o}
HO HG
HOOG ¢,
HO OH H
HiCOCHN O o 0 N
" ” e
OH on OH 8
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).



confirmed the structure of the ligand conjugate shown in Formula (39):
-87- CH20H CH20H OH OH OHOONOHH'S OHS 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 HOOC OH 0 HO HO /~~OH HSCOCHNOL~00O0N HO
HO OH OH OH /VNAO~- NHCO S-.8840) 1H-NMR spectroscopy of the

ligand ceniMgate W@%&ﬁ@@@%@ﬁyth%ﬁbytﬁ*étalmgﬁﬁw Cf&lfﬁfuﬁg%m was
FIG. 12. This confirmed the structure of the li and conjugate shown in

e8RS (28). EAPESRIh U BR8N HhEoR RGeSO (A 1S)- 13- This

confirmed the structure of the ligand conjugate shown in
Formula (41):

NHCO
NHCOCHa
++(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
O—
—0Q
——OH
OH S
OH /
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).



The ligand conjugate shown in Formula (41) 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 FIG. 13. This confirmed
the structure of the ligand conjugate shown in Formula (41): OH OH OH
HO~HO 0 ~COOHOOHOOHH 00 0~~~ D OHIHO H,CHO 00 OH
OH H HOS~~ NHGNO OH OH NHCESCH, (41) (8) Synthesis of Ligand
ConJugmﬁmulaﬁ%%})r&@d@?ndaomtﬁéte SRR N EerfuBaid?) was

was syntheS|zed in the same manney as in (1). 1H-NMR _spectroscopy of

RAGHAESD nf&b%rt%waebé&aaa%&hﬁe?@o%b%&ﬂma thie EH&F showd s

EafidnEdis eanfigeaddhersirusiurenf thepsligand conjligeieshewbwn in

%l}r?rlljh 54&2%3EH20H 0 OOH OH

CH,OH
o CHOH
OHOH—L—OH
oH ¢
OH N
OH S
| /
NHCO
LN ) (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):



O)OHOH/S OH NNHCOH OH CH ... (42) (9) Synthesis of Ligand
Conjugate (Formula (43)) The ligand conjugate shown in Formula (43)
was synthesized in the same manner as in (1). -89- 1H-NMR
spectroscopy of the ligand conjugate was conducted, thereby obtaining
the chart shown in FIG. 15. This confirmed the structure of the ligand
conjugate shown in Formula (43): €EAQ0H 1 -0 CH20H rOO H 00 ~~OH
HOHOOHN-POHHS ... (43) NHCOV S/ (10) Synthesis of Ligand
Conjugate (Formula (44)) The ligand conjugate shown in Formula (44)
was synthesized in th@gﬁ@ﬂ manner as in (1). 1H-NMR spectroscopy of
the ligand conjugate wgs ‘Sglnducted, erey obtaining the chart-shown in
FIG. 16/'Tis confirm OI:[| structure igand conjugate [Showxni

Formula (440
oH Y © N
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 oy
OHL o 0O /S
H .
OH
NHCOCH;
«++(45)

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

The ligand conjugate shown in Formula (46) was



-90- CH20H HOH2C OHOH N ~v S H~ HO NHCOCH3 NHCO
NHCOCHS3 ... (44) (11) Synthesis of Ligand Conjugate (Formula (45))
The ligand conjugate shown in Formula (45) 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. 17. This confirmed
the structure of the ligand conjugate $Hown in Formula (45): CH20H

AP Hh PO N ANHE( 1SR (1)OH PJHCOCHS ... (45)
(12) Synthesis of Ligand Conjugate (Formula (46)) The ligand conjugate

shown in'FIMBIa @85 HASS§9PSyniRLsiZ&tFin HigAthe ARANLAEL N FRS

tbrNiViBtspectioseopy fihailigand dovjvgaietwaso canductrdGthargbyrhis
obtaining the chart shown in FIG. 18. This _ confirmed the structur%of the .

ffé)ém'jr ﬁﬂjgé{éesh%%“hlﬁ{ure of the ligand conjugate shown in
Formula (46):

CH,OH CH,OH
Q OH
OH OH S
0] S/
OH N NHCO
‘ H
CH CH

»e (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):



Formula (46): CH20H CH20H 0 OH OH OH S JL 10 aNH Zllix~ S") OH
N COH OHOH ... (46) (13) Synthesis of Ligand Conjugate (Formula
(47)) The ligand conjugate shown in Formula (47) 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. 19. This
confirmed the structure of the ligand 8@njugate shown in Formula (47):
-92- CH20H OH L r"AX N", OH 0) H OH H NHC/OV S™"S ... (47) (14)
Synth@}ielggﬂugand Conjugate (Formula (48)) The ligand conjugate
shown|in Formula (48) was synthesized in the same manner as in (1).

(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

+++(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



CH20H H20H H20H OH HH OH O)H N" H OH OH OH NHGO ... (48)
(15) Synthesis of Ligand Conjugate (Formula (49)) The ligand conjugate
shown in Formula (49) was synthesized in the same manner as in (1).
1H-NMR spectroscopy of the ligand conjugate was -93- conducted,
thereby obtaining the chart shown in FIG. 2 1. This confirmed the
structure of the ligand conjugate sho®8 in Formula (49): H20H Y CH20H

Sbhddbt&A] QkrObhCozRtnE HhiN-thdANHGBwn (48) KiG) 21. This
Synthesis of Li%and Conjugate (Formula (50)) The ligand conjugate

SRV DR (B VRIS niesH in e ShnfO REHRIGsIR Pl in

Formula (49):

OH
. 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):



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): -94- H20H ;~--OH N OH NHCO
.. (60) (17) Synthesis of Ligand Conjugate (Formula (51)) The ligand
conjugate shown in Formula (51) was synthesized in the same manner as
in (1). 1H-NMR spectroscopy of the litfand conjugate was conducted,
thereby obtaining the chart shown in FIG. 23. This confirmed the structure
of the liggpdigonjugate shown in Formula (5 1): HO)\ HO COOH OH OH

-+« (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 COOBHOH OH i
HO oH |,
HsCOCHN 0 o) 0 Oho
or o oH /\/\/<\\s
NHCO 57
LI ] (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.



-95- INDUSTRIAL APPLICABILITY As described above, a ligand
conjugate according to the present invention is capable of having a
plurality of sugar chains per ligand conjugate. Thus, it is possible to have
a large number of sugar molecules on a supporter surface without
increasing a number of ligand conjugates introduced on the supporter
surface. By using a linker compound@&gcording to the present invention,
interaction between the sugar molecule and protein can be evaluated with

Eood rOdUCIbmﬁYﬁ’ Moreover a ligand carrier is applicable to
' StidH s & \9@5\‘@( W Furthermore, protein analysis according

to the presesttneriibrisARplicalligimidestiigaiinnef uakaem&hg)r%elﬂhe
The present invention provides oveI I| and con gate d carrier, and
1" &RNHF&HGJ}EISHedﬁ/e‘ﬁ?‘B Eab? FUheRorfhl B E¥r SotsHgar
AHigans pasirieigahip) davjugae orlgoeecqmarwp@l@eibimmblbzmﬂa large
there%n ther gto be dev Io%%d as a tool for the fu ctlonal gyss ?L
out

§UyarS End® protéhis caf Contrivtite 5 uniderstafihg Gt b.&%
nheneaamn(gn to whichb#tigoshckihatde claije galats. Enthh&iuseldh an the

RS R 5 BT BLATIEER
pradigand ceejugate, contprigitig enlinketveeenpdined smdar sugdechée and
Wi FRrABQHRL NRYANY 2 SHURHES SRIgSRIBed Y SfigiR! Formula (1):

Moreover, a ligand carrier 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.



HH X_Z N-C-JgC-Y.. 11 P 0where p and q are independently

integers of not less than 0 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-s¥aight-chain structure comprising a

caremsarbon bond or carbon-oxygen bond, the sugar having a reducing

end and being bonded to the linker compound through the aromatic

amino group. 2. The ligand conjugate as set forth in Claim 1, wherein Y is

a hydroramaipstuttosn faging acorehasthy a SHigeubmpdiedigandd a

conjugate as set forth in Claim | or 2, wherein: X has a structure

8 ented by General Formula (2): -97- R -N-R'H 0 -N4 (CH2).1

R-N-R)th.&-Nb Keld 23 @middarnd (Hakidg-R) Hiklibtd 0 repéeeidedl by

#here m 2 an @Fre independently integers of not less than 0 but
o?qu*r%l% t gﬁ)%l%ﬁ‘d is a hydrogen (H) or R, R being a compound

derived from a sugar chain.

x—z{N—c / \ Y
N T,

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.

2. The ligand conjugate as set forth in Claim 1, wherein Y

is a hydrocarbon structure having a S-S bond or a SH group.

3. The ligand conjugate as set forth in Claim 1 or 2,
wherein:

X has a structure represented by General Formula (2):



4. The ligand conjugate as set forth in Claim | or 2, wherein: X has a
structure represented by General Formula (3): RYO1H
R-N-4~N-(CHOM4 RY 01 H_ R-N-r~-L N (CH2)m5 U N=:=~ ~ where
M4 and M5 are independently integers of not less than O but not more
than 6, R'is a hydrogen (H) or R, R being a derivative. -98- 5. The ligand
conjugate as set forth in 1 or 2, wheréi: -X has a structure represented by

nﬁal Forgula R | R-NO D H 11 -N-C where R' is a hydrogen
(H), elng

und derived from a sugar chain. 6. The ligand
conjugate aigrtan Slaim | or 2, wherein: Z has a structure of

Formula (5)% té—lﬁ) ,
R—N—R’ .
O
N
= (CH)m2 5 N—g- (@)
R—N—FR H |

where ml!, m?, and m3 are independently integers of not less
than O but not more than 6, and R’is a hydrogen (H) or R,

R being a compound derived from a sugar chain.

4. The ligand conjugate as set forth in Claim 1 or 2,
wherein:

X has a structure represented by General Formula (3):

where m* and m5 are independently integers of not less than O
but not more than 6, R’ is a hydrogen (H) or R,

R being a derivative.



-C+OCH2CH2-- --2 n where n' and n2 are independently integers of not
less than | but not more than 6. -99- 7. A method for producing a ligand
conjugate, comprising: 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): NH2 0 & NA{O8,%.l| NH2H N~ (CH) 2\
--N-C-(CH2)nHS 2M C1-NNH2H 11 H 000 &N-k (CH2)M3 /... (7)
where ml, M2, and m3 are independently integers of not less than Q but

not mor: tha 61&HIh SR RtGeR AotIEIOthANE bitinde MAtETRMH 6;

a linkencempoand havinga stpetsed epiebenteedutr (aensral fkimw)ja
(8): 0 H H2N-e-~~N -(CH2)M4 S H 0 N-C-(CH2)nI-N

$7
R—N

0o (4
/7—\\ 0 (4)

where R’ is a hydrogen (H), or R,

R being a compound derived from a sugar chain.

6. The ligand conjugate as set forth in Claim 1 or 2,
wherein:

Z has a structure of Formula (5) or (6):

H> /
C \ OCH2CH2 > = (6)
n |

where nl and n? are independently integers of not less than 1

but not more than 6.



H 11 YV\ H2N-C:~-L N -(CH2)M5 0 0 ... (8) - 100 where M4 and M5 are
independently integers of not less than 0 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): H2N S %- 14 H I ...
~-NH-C-(CH2)n N S (9) 11 N g\ U 0 where n' and g are independently
integers of not less than 0 but not mBfe than 6; a linker compound having
a structure represented by General Formula (10): H2ZNHOH2H S ... (10)
N_C_C+OCH2CH2+--2 N n (\ 0 where n2 is an integer of not less than
1 but nét MortHEA% [HMBLP ket AR hSaRg et Gettpanprising:

represqitetbpyn fagnerl rormodla (hifiat1od Mg 9+iH2kd 0 EbMdund

C+S S ~C2
anda sugar that has a reducing end,

the linker compound being any one of:
a linker compound having a structure represented by

General Formula (7):

NH,
ass
N—JK(CHz)m‘
Ny \
H S
@NJ\ H '
(CHz)mz—C—N—C—(CHZ)n1—N S

NH, - H |

@Hi(CHZ)mS/ 0 0

where m!, m2, and m3 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 ©0;

a linker compound having a structure represented by

General Formula (8):

0y
HZN—< >—“—N—(CH2)m4 S
|
S

H
0 N—C—(CH,)=—N

H [
HZN@—“— N —(CHz)ms/ 0 0

e (8)



N C -N ni I n where n' is an integer of not less than | but not more than 6.
8. A ligand carrier in which the ligand conjugate as set forth in any one of
Claims | to 6 is immobilized on a supporter having a metal on a surface
thereof. 9. The ligand carrier as set forth in Claim 8 wherein the ligand
carrier is used for protein analysis. 10. A method for analyzing protein,
comprising: allowing the ligand conjuddie as set forth in any one of
Claims | to 6 to stand in contact with a supporter so as to prepare a ligand

carrier in which the ligand c_:oré;ugate is immobilized on the supporter;

SR Anglin@RAoBELRESNBEHR AR RIcREHE Rimatclie than O

standipcansaet Wit g eraiein selutipnrand tpeeiomnin®d MRSS than 1 but
S ectrosco%{ﬂéﬂer the analysis of the intermolecular interaction, so as to

RehdR L prdt&iR Bound on “the ligand carrier.

a linker compound having a structure represented by

General Formula (9):

H,N . S

| l |
QNH—%—(OHZ)MH s

q
0 0

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

General Formula (10):

H,N

0
H 3 H H S
N—C—C—+OCH,CH N

(O)AN-¢-cH-ocmony -

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):



- 101 -

H2N 0 ' NH2

H 9 HZ\ /HZ " H
N—C—+C—-S—S \ C—4-C—N
n' n'

e+ (11)

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

8. A ligand carrier in which the ligand conjugate as set
forth in any one of Claims 1 to 6 is immobilized on a supporter

having a metal on a surface thereof.

9. The ligand carrier as set forth in Claim 8 wherein the

ligand carrier is used for protein analysis.

10. A method for analyzing protein, comprising:

allowing the ligand conjugate as set forth in any one of
Claims 1 to 6 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.





