-1- i WEER COMPOUND, LIGAND COMPLEX AND PROCESS FOR
PRODUCING THEM TECHNICAL FIELD The present invention relates to
a linker compound capable of immobilization of sugar chains of
oligosaccharide or the like on a protein-analyzing supporter such as a
sensor chip of a surface plasmon resonance, a ligand conjugate including
the linker compound having a sugar-chain introduced therein, a ligand
carrier, and production methods thereof. BACKGROUND ART Various
intravital sugar chains play an important role in a mechanism for
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functions of the sugar chain PRGBPUGING &M X structure thereof.

Functional analysis of the sugar chains is carried out by the following

technique. The structure of a sugar chain is reproduced part by part by

analyzing the function of oligosaccharide whose structure is elucidated,
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containing the oligosaccharide which imitates a part of sugar chain is
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specifically interacts with oligosaccharide are identified. This -2- makes it
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BACKGROUND ART

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

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

which specifically interacts with oligosaccharide are identified. This



Meanwhile, a single oligosaccharic molecule is not active enough.

Therefore, it is necessary to collect sugar chains of oligosaccharide onto

the sensor chip when evaluating a biological activity of an

oligosaccharide. In other words, the use of collected sugar chains of

oligosaccharide for analysis of interaction with a protein allows for

evaluation of biological activity of suga? ehains of oligosaccharide. In view

of this, the inventors of the present invention have so far found a linker
makeypaundassitiding onglecples nasirg wlzakeia (Hiologiyadapabieiof betnged on
thimrr,gobiligable oInt(f.the surf%ce of the sensor chip and (ii) moiety capable
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far foddedavibaled cenjsgagievhidignskidek diréclinkeo karmpeurid hanatg active
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79th Spring Meeting, Chemical Society of Japan, Mar. 15, 2001, p. 1042
oligrsagelttiddigand conjugates disclosed in Patent document 1 and
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oligosaccharide two-dimensionally on a surface of a sensor chip. o
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méietsugabeinowitehigh reprosisaibilityl« 3o A fsttiR s ofeficlo 8Ratieefensor
ch*ijlgo'ogllg?:l ac(tili\gltylpr{osiue ?r ngl{)]gble of taking in sugar chains of
oligosaccharide. Also, the inventors have so far found a ligand
conjugate which includes the linker compound having one or two
units of sugar chains of oligosaccharide introduced thereinto. Then,
the inventors found that the use of such a ligand conjugate makes it
possible to collect and introduce sugar chains of oligosaccharide onto
the sensor chip (for example, see Patent document 1, Non-patent
document 1).

[Patent document 1]

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

[Non-patent document 1]

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

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

difficult to arrange the sugar chains with high reproducibility.



of an oligosaccharide by using sugar chains of oligosaccharide molecules

collected onto a surface of a sensor chip as described above, itis

necessary to observe with high reproducibility an interaction between the

sugar chains of the oligosaccharide and a protein, with the sugar chains

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

a biological activity of sugar chains of @n- oligosaccharide, it is important

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

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

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



of sugar and to evaluate biological activities of oligosaccharides. The
present invention was made to solve the above problems. It is an object
of the present invention to provide a novel linker compound with which
oligosaccharides can be two-dimensionally arranged with high
reproducibility while an interval between their sugar chains on a surface
of a sensor chip is controlled. The predent invention also provides a novel
ligand conjugate which includes the linker compound and a sugar
of malegtlendrodused iniodHei bhkegicabmptivitlea kifasldgsster laarides.
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copapitagplrAtRAndgsaniee PaeneApsiratdiNop10dS6RIDGBe same.
(Tokugan 2003-190568), Japanese Unexamined Patent Publication No.
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problem that in analyzing a protein with extremely high hydrophobic
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The novel linker compound also has a moiety capable of forming a
bond with a protein-analyzing supporter such as a sensor chip of
surface plasmon resonance (SPR) and a carrier of an affinity
chromatography. The inventors also found that the novel linker
compound can be used to arrange three or more units of sugar
molecules two-dimensionally on the supporter with high
reproducibility.

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

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



section thereof. Further, the another linker compound has an insufficient

length of the alkyl group which makes up the linker section, and therefore

has the problem that when a sugar chain of oligosaccharide to be

immobilized is large, the linker compound does not effectively make

metal-sulfur bond due to steric hindrance of sugar chains of

oligosaccharide. In view of this, the inventors of the present application

found that introduction of oligoethylene oxide group into the linker section
seotaas ithesstie forthehnker doenpanodie mitimizernaresppoiticid has an
._hydrophabic,intergction and to easily adjust a length to a disulfide group ..
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serving as a multi-branched structure moiety including three or more
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o P T order o S The “ahave problems, a linker
compound of the present invention has a structure represented by
following general formula (1), where a, b, d, e are independently an
integer of O to 6, and X has a structure serving as a multi-branched
structure moiety including three or more hydrocarbon derivative
chains, wherein the hydrocarbon derivative chains each include an

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

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

structure moiety including three or more hydrocarbon derivative



0 HN - CH2CH20)n CH2C ._.. X .... (2) Sa 0 Each of the hydrocarbon

derivative chains is a hydrocarbon chain, consisting of carbon and

hydrogen, part of whose carbon and hydrogen may be replaced with

another atom and a substituent. That is, the hydrocarbon derivative chain

is a hydrocarbon chain, having an aromatic amino group at an end

thereof, part of whose carbon-carbon®end (C--C bond), serving as a

main chain structure of the hydrocarbon chain, may be replaced with a
chedrbnwitregeimbond Gd¥deend)oa cadrinatiygentint (EaChbénd)ude an

and %n amide bond (CO--NH bon%). ,f\lccordtin%to the above arran%e ent
argnmrix ]lg amino §r8 at an end,.thereo , nd ma\y or ma}gn OI'P 1n¢1ude
e Tinker compogn S an aromatic amino’group serving as a moiety

a capabie-ofi tagiyriakimgdinrssgan aioledubas. Siwae tie aromatic amino
group is included in each hydrocarbon derivative chain, three or more
units of sugar molecules can be introduggd into the linker compound.
Further, the linker compound has a S--S%ond serving as a moiety
i ilizable onto the protein-a Iyzingi upporter. Thus, the use of the

qinke compouhmma'kgﬁﬂg&ﬁ;jﬂ toHofiectanti introduce three or k¥dre
Its molecules onto the supporter. Since three or more units of
sugar molecllles are introduced into one linker compound, it is possible to
arrange thre& or more units of sugar molecules on the surface of the
supporter with -7- high reproducibility. This makes it possible to observe
an interaction between a sugar molecule and a protein on the surface of

the supporter, and to evaluate a biological activity of a sugar molecule
with B Yepfodbi&biliyyd FoeeveEl ofe ARKEF AN GAAIRSs #h a hydrocarbon

cheligoetiangtdigxide carbon and hydrogen, part of whose carbon and

hydrogen may be replaced with another atom and a substituent. That

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

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

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

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



group in a linker thereof. This linker compound makes it possible to

significantly reduce the possibility of causing a non-specific interaction

with a target to be analyzed with high hydrophobicity, as compared with a

linker compound having alkyl group in a linker thereof. Moreover, the

linker section being made up of oligoethylene dioxide makes it possible to

easily adjust a length from a disulfide group subjected to metal bond to a

sugar chain of oligosaccharide bound to an amino group end. This makes
higlpassibleda affatityelT iosmmaaketalisybios didyid withobs tie disulfitieteraction
befiou affected by, chaine of plaosagcharide, In he kercompoupd . op e

having the strueftire represen?edaby he g%neraflflormula &5: of &5,&& iS
supreterahle that Xthasweadtnadture teplesgntdd dytiotiowing gerserghformolecule

(3),.wherein ml, m2.m3,. m4, pl, and p2 are independently an integer of 1
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, itis prefer
significantly reduce the possibility of causing a non-specific

interaction with a target to be analyzed with high hydrophobicity, as
compared with a linker compound having alkyl group in a linker
thereof. Moreover, the linker section being made up of oligoethylene
dioxide makes it possible to easily adjust a length from a disulfide
group subjected to metal bond to a sugar chain of oligosaccharide
bound to an amino group end. This makes it possible to effectively
form a metal-sulfur bond without the disulfide group affected by
chains of oligosaccharide.

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

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

-+ (3)



has a structure represented by following general formula (4), wherein gl
g2, g3 rl, r2, r3, t1, t2, t3, ul, u2, and u3 are independently an integer of O
to 6. NH23t N NH2 [fti,)N---N tN-C L: O-CHCHfdmmCGNa~22
t~1i ¢ NH2{-}? _..~IL:C~}~~~"-CdIN H U, Since X of the linker
compound has the three or more hydrocarbon derivative chains, the
linker compound makes it possible te&troduce three or more units of
sugar molecules onto the supporter. Therefore, the use of the linker
compaimtlerakemit pdssibld ikeontrobanpotervdl beveerpthreleer moracture
sugar molecules .introduced on the suyrface, of the supporter, thereb
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0 e oo a hgar ctjdgmt ot Herp b e o dopeggntly an
inthgearah&itamino group of any of the foregoing linker compounds and a
sugar molecule introduced into the aromatic amino group. -9- More
s,pecificaIIyNiE| 2is preferable that the ligand conjugate has a
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Since X of the linker compound has the three or more
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hydrocarbon derivative chains, the linker compound makes it possible
to introduce three or more units of sugar molecules onto the
supporter. Therefore, the use of the linker compound makes it
possible to control an interval between three or more sugar molecules
introduced on the surface of the supporter, thereby making it possible
to obtain an arrangement of the sugar molecules with high
reproducibility. This allows for evaluation of a biological activity of a
sugar molecule with high reproducibility.

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

introduced into the aromatic amino group.



structure represented by following general formula (5), ~IIfT H t.H
~GH2L'H2NS O(R-NAN..H23 Irl HN,'CH22tt, HRIR 1\ NHza H,
where ml, m2, m3, m4, n, pl, and p2 are independently an integer of 1 to

6, R'is hydrogen (H) or R, and R is an oligosaccharide-derived

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

(6-6). CH20OH CH20H CH20H f\ Jf K®H OH GBH OH NaO3SO meo a

HSO3 tot SO3Na H - 10 GH20H 0 OH OH OH CH20OH CH20H CH20
Ok1Mdbtre specifically, it is preferable that the ligand conjugate has a

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

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

CH,OH CHon CH,OH
OH OH
OH
o)
OH
(6—1) (6—2)

NaO3SO
OH
MeQ C
NHSO;Na OSOsNa Oy
(6—3)



GH20OH / OH CH20Ili OH 4H o t~ ey 0 O 'OH OH H OH NH(;0( (6-6) OH
NHCOCH3 (6--4) (6-5) More specifically, it is preferable that the ligand
conjugate has a structure represented by following general formula (7),
where a, b, d, e, ql, 92, g3, r1, r2, r3, t1, t2, t3, ul, u2, and u3 are
independently an integer of O to 6, t1, t2, and t3 are not O when b is O, b is
not 0 when t1, t2, and t3 are 0, R' is Hy@lrogen (H) or R, and R is an
oligosaccharide-derived compound selected from among the above
formulae (6-1) through (6-6). R-N-Fe II" 11 HH73 -G CH

N.C/-tCa'-CHZGHs-C44 c Hxu-31 ~-G~GI3*~CHZO
The use of any one of the ligand conjugates makes it po e
and immobilize three or more or four or more (in case of® Tigand

lg~ ()
collect

q'_ponjugate makes it
ble to collect three or ts of sugar moletules ThErfakes it
possthle to measure a biological avt0Rgkf a sugar molecule with high
reprodugijbilify. Moreover, itis possiblg tosgrrange a plurality of sugar
molecules two-dimensionally

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

formulae (6-1) through (6-6).
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« (7)

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

ligand conjugate having a structure represented by general formula



on the surface of the supporter with high reproducibility. Thus, the use of

the protein-analyzing supporter including a ligand conjugate of the

present invention immobilized thereon makes it possible to evaluate a

biological activity of a sugar molecule with high reproducibility. Further, in

order to solve the above problems, a producing method of a linker

compound of the present invention, intluees the steps of. carrying out a

condensation reaction between thioctic acid and an amine compound
(S)inauadin@ fhreerart snotef branghed chailksglach hawing atharomatifaaminof the

roup end protected by a protecti roup; and deprotecting the .
PrRIGTHY D60B B BNPRORSIc MO QYO e AckBiity RS Eate has
thabevernmathcd utistposSiblegaomaitea likkey itompoohdafdbssaresant collect

invention, including an S--S bond serving as. a mojety capable,of bej
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conjugate of the present invention, includes the step of carrying out a

actéviiptiod antikgion reattion ley withg ehoreguind urikaticpmpberabsad, it is
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a ligand conjugate of the present invention by easily introducing a sugar -
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usbyrihe sygasnelessisanhe vaiost inds, i saal MAREURS Ba¥iNgAte of

reducing end. More specifically, it s preferable that the sugar molecule is
thg RIRIEAbIiGBYSERARIE FHTAGRIReHarihsaAMI dit2RKESridd daQesikie to

eviaprgeentgd hyifedalawingganeral formula @hdald2@88kEcule with high
reproducibility.

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

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

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

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

conjugate of the present invention by easily introducing a sugar



0 0. CH ~+0O OH >1) C~ NHSO03 0s03 Further, it is preferable that the

sugar molecule is at least one oligosaccharide selected from the group

(9). i H20H CH GH rHyOH C ~C CH f JH k\AJoH OH OH CH fiti OH

CH20H "2f1H CH20 H2 9tH F OH CHz3H OH'v OH ...Ca /CH lllj laH j

i3H "Y' CH f Ho off MHCCCHg NHC (9 In order to solve the above

problems, a sugar molecule introdueii@ method includes the step of.

causing a solution containing the foregoing ligand conjugate to come into
maelydade idtbaaslippatec inalpding dneialred a stisfaceritieretion k2action.

Accqrdi the apove method, the S--S bond of the linker compqund

o Rk D8 o GAM a8 EoHUE GG  BAHA WA RNBEs o Sugar
m thecsudach afithg suppdaeligp @asdo immobilize a sugar chain serving as

@ liggndianiathe auiace of he supnarter TNETEIOM:E SHERLRISRSte is a

binding 1S a fnker comﬁéund cal be
sulfated oligosaccharide having a heparin partial disaccharide

structure represented by the following general formula (8).

OH
\0

NHSO4 0S05"

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

oligosaccharide selected from the group (9).

CH,OH

GH,OH CH,OH
0 0 0
~OH " GH,OH
| OH OH OH OH o
0 o
CH OH OH gH
0
CHz%H CH,OH CH;0
. 0 O
CH,0H CH0H
QH OH
OH—0, 4 OO@OH OOHO OH
OH
HO N NHCOCH, -
H NHCOCH, w0 (9)

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

supporter including metal on a surface thereof.



arranged on a surface of a supporter by a simple method of causing a
solution including a ligand conjugate to come into contact with a
supporter. Further, in order to solve the above problems, a ligand carrier
of the present invention comprises the foregoing ligand conjugate
immobilized on a supporter including metal on a surface thereof.
According to the above arrangement, thee metal-sulfur bond makes it
possible to firmly immobilize a ligand conjugate on a surface of the
supposiesridingossibia¢o atovide mkghndicatiier iSchslingoadlwhlithef linker
sugar maglecules arranged.on a surface of a supporter with_high. .
o By TSI he o 168 BR e el Larf i HARGL TP hdi bond
witholbseta¢ amintéractomfaetevesin Sugasmojeettles,intuded tin atigaxubilize a
sudlugale And subsiances.sych.as proteins, Wil Interack with (e sUdar o
Moleculés with ﬁlgﬁl’?eprodlaja ﬁﬁy hus, 1t IS pOSéllb &0 guan Rative )
Therai{ate, bol sy activitles visugar dimgdedoles. Aidditonalcsbjeotspd can be
ar[BRiEE ARG SLeRRIDS dfitheqissant IvBDUan il he MACS B8 LR ing
desctiption below. Further, the antages of the present invention will be
sobytdent fropl gk fglowinigang apatidn ga tefdiencemethindmwiogsact with a
Su?%g?[%&_ESCRIPTION OF DRAWINGS Fig. 1 is a schematic diagram
illustrating an example of synthetic pathway of a linker compound

(CorfipBtihg N5t edstamtos aheepraseabpve i e S ig digewesderier of
theiagAR St ating A sxanpie Bt iskd sSuHBetitPaIWAY ofAlgand conjugate

_conjugate (Compound 17) according to the presentinvention. Fig. 3 is a
1 RBWIAY FndhHRRHstidReHBiNe B8 &P Indsdiséace thereof.

MongGhetinas-1doARS-Glsdtmabilizag dhesean isithee PHREEALR Aifur bond
mgﬁggni?'possible to firmly immobilize a ligand conjugate on a surface
of the supporter, it is possible to provide a ligand carrier including a
plurality of sugar molecules arranged on a surface of a supporter with
high reproducibility. Therefore, the use of the ligand carrier makes it
possible to observe an interaction between sugar molecules included
in a ligand conjugate and substances, such as proteins, which
interact with the sugar molecules with high reproducibility. Thus, it
is possible to quantitatively evaluate biological activities of sugar
molecules.

Additional objects, features, and strengths of the present
invention will be made clear by the description below. Further, the

advantages of the present invention will be evident from the following

explanation in reference to the drawings.

BRIEF DESCRIPTION OF DRAWINGS

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

Fig. 2 is a schematic diagram illustrating an example of



Fig. 4 is a graph showing rates of heparin inhibition of bFGF binding
interactions to the chips respectively including
Mono-G1cNS6S-1doA2S-Glc, Tri-G1cNS6S-1doA2S-Glc, and Tetra-
G1cNS6S-1doA2S-Glc immobilized thereon. Fig. 5(a) is a graph showing
total reflection infrared absorption spectra of Tri-G1cNS6S-1doA2S-Glc at
different mixture proportions in a solutin. Fig. 5(b) is a graph showing
total reflection infrared absorption spectra of Tetra- GIcNS6S-IdoA2S-Glc

sy att tigfidre paohdse pydrotigas dne@sgiugiate RiQobfqdsiadraph stawinging to

he %Ertsl\é%lcn}rel@%l%of sulfuric acid group on a chip with respect to a

m e proportion Ot Tri-G1cNS6S-1doA2S-Glc in a solution. Fig. 6(b) is a
graphighodving a rgledipl isteosityngf sulhulia gclde geatipoma oiRitho a chip
. respect to amixtu rtion, of, Tetra-GLcNS6S-1dpA2S- ina .

in g B SR M Bl i Liees Wit oy e
prigersctiof heatherSPR method when a mixture ratio of

MongG1ONRES U9ARS Gl SUBNOPEXEL HERBIO FIRIBIRS of bRGR
grap owing a result of observing h-vWF binding interaction by the
biigbiR gnethiott wtestti@ nixturéQatiotdie Tri-GhiNs6S1dspestGRland including

MMHRNSRINWBE HAAFIAHE) IS 2 graph SHOMNGsB¢GWRAIORSRIVING g
h-vWF binding interaction by the SPR method when a mixture ratio of

Tetearf 3 NREB I 1enS-Cle dnmvidnidiaie Wasnwu0. Fig. 8(a) is a graph
showifg a5e§ult Of OPSERANg HoWHELIANIAG ¢ dBdptesactianly the SER rption
method when a mixture ratio of Mono-G1cNS6S-1doA2S-Glc and

sPRIIAE-Clc TasPe NS ity L 80s) I Glapht SAHfRREH resint v sREPRAGLioNS in
a $oYWkokinding interaction by the SPR method when a mixture ratio of

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

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

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

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

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

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

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



Tri-G1cNS6S-1doA2S-Glc and Mono-Glc was 20:80. Fig. 8(c) is a graph

showing a result of observing h-vWF binding interaction by the SPR

method when a mixture ratio of Tetra-G1cNS6S-IdoA2S-Glc and

Mono-Glc was 20:80. Fig. 9(a) is a plot of h-vWF binding amounts

obtained from the results shown in Figs. 7(a) and 8(a) at different

concentrations. Fig. 9(b) is a plot of hAWWH binding amounts obtained from

the results shown in Figs. 7(b) and 8(b) at different concentrations. Fig.
inB{exizplot biyh-vidie birsiity amoetti® dbtainad fromathentéstiliseshovantio  of
Mihoios KR a0 8(c) sLdifierent copcenuaions, Fig Api@yis agraph

showing results of méasurements of interactions between a chip including

MonBig&.18NY6iS- bl @29t ehimwingilz e shidteof @b datmtvg-Aiviierbanding
in{g}jgcc%f'oMon%G10%868_%2%%%1%8% Mong-Glc i5,100:0. F19. 10015, of

a graph S owu¥g results Of measurements of interactions between a chip
TrincHichhg Wb hd B 5B S S - oA 28 eBle - (mubiliz 80 théreon and

hvWE- ' - N -ldloA ' :

050 L 11 ) B G o O e o G A P Binding
integsations exwedhe cHiPRclutiedTodG 1aNB6S-1d0AZBGIgire  ratio  of
TefPRNlzASRerANM 910 AW A MYIES- BRI 20:80.

Tri-G1cNS6S-1doA2S-Glc and Mono-Glc is 100:0. Fig. 11(b) is a gr:%{)h
shoitgy rBéaltd vfamtsuindertd\df ipite et rarpetiveln aldsiaeldapig the

regﬂI%1§H§_@%'gPﬁ§s'Glﬁkgnmi@§ theraor AN ravWEAL WBRMA.
ratio of Tri-G1cNS6S-1doA2S-Glc and Mono-Glc is 50:50. Fig. 12(a) is a
graphighoiil i uiilef rRédauvdYde nstings e adtich o Béaiaed from the

re SHIRINSIHSINE TRIESa1CNBPadPARS Glc dinTertiized theieamaiths.
rhvWF-Al when a ratio of Tetra-G1cNS6S-IdoA2S-Glc and Mono-Glc is
100-Big- 9(c) is a plot of h-vWF binding amounts obtained from the

results shown in Figs. 7(c) and 8(c) at different concentrations.

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

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

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

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

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



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

between a chip including Tetra-G1cNS6S-IdoA2S-Glc immobilized

thereon and rhvWF-Al when a ratio of Tetra-G1cNS6S-1doA2S-Glc and

Mono-Gilc is 50:50. Fig. 13 is a schematic diagram illustrating an example

of synthetic pathway of a linker compound (Compound 26) according to

the present invention. Fig. 14 is a schéfnatic diagram illustrating an

example of synthetic pathway of a ligand conjugate (Compound 27)
inBacrdiog $0 Bt wresentanvehtipn. friglidis @ stheraaticl ddgeHIdoA2S-Glc
.__illustrating an example of synthetic path of a linker, compound .
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Tetliagaihe Niosisaidg AR $x@iwpkenct Motlvetiglpathvi@0od H2N-TEG-NHBoc

(Compound 20 Fig. 17 is asghemate diasramlluetralip an.example ol s of
synt efic pa y of aalig%n%lpconjugate mpoun 343) according 6 the
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1m-m8‘t§?ﬂ%\§/ g WHh%?@%@Pe deattﬁl(hs OT tltl'?vﬁfﬁﬁe i'”"e&}}?‘%g II%er ratio of

compound of the present invention intervenes between

TepretdilcNag Zindodpporielcsanil M arserlade ¢rip Of slirface plasmon
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such as oligosaccharide (hereafter referenced to as a sugar molecule),

syatb eldedrs thwrbipieanéskigaraaiaainshis e reppshaOTaerdseEng to

thihe 10ken eqmporpg peeds to include a moiety immobilizable onto the
supporter and a moiety capable of easily - 17 taking in a sugar molecule in

moldtifles bf thES lirkeFEBRPANE. Nig@ivat, HE SR EREafRitycxample of
syshiamatography Aimsral deRilying and seRATREIBE PR SHNCES)\ Wb rding to
the'presen ihvention,

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

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

Fig. 17 is a schematic diagram illustrating an example of

synthetic pathway of a ligand conjugate (Compound 34) according to

the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe details of the present invention.

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

immobilizable onto the supporter and a moiety capable of easily



sugar molecules, such as protein. The linker compound therefore must
not have a nonspecific interaction with substances such as protein. Then,
the linker compound of the present invention has a disulfide bond (S--S
bond) as the moiety immobilizable onto the supporter, as indicated in the
general formula (1) or (2). Sulfur (S) constituting the disulfide bond can
form a metal-sulfur bond with metalsliéh as gold (Au), for example, with
which a surface of the protein-analyzing supporter is coated. This makes
takipgssible tofiatynadsdwddtia suppedateM o tverlinlosdardengroange.a

plurglity of sugar mplec two-dimensionally onto the surface of the .
Pt IR ng LS poRERand 1l coRLoh Y i val B eR Raralms 2t
identidy ohgiasdf segaranobercsied sttenvdenchinpospd tidically interact with
multi-brarlmhe structure moiet co[nsisting ofaplu.krality of amino oyps
sugat molgcliles, SUCh das " protel, he lfl € C(ﬁ?ﬁou{ﬁ{ erefore
a moiety capable of easlly taking in sugar moléecules. is, the
musiltisbeandlzac: sauotors pedeficofitite iakéraonwdindsofikégaresentsuch  as
' vqpltion is a moiety having a structure represented by X in the general
prote . :
ormula (1) or (2). The X, as described previously, has a structure
inclublrepthréb eorlindrehycposadion demvatilee climinsewhetginahgion has a

di SWERRATRRM, dleriative gaging each {REuds o ATONANL ARINAFRUPHto the

an end thereof, and may include a carbon-nitrogen bond or amido bond in

SUPNAARETHhAR tHefdeR IRfHIAD droapgeNH2 iU olehd Brapiatid)anitdfur (S)
coFPUSIHIEA RS IERUIMER OHB.A PHAIYENS aSUgRItRI0leeHWE Ofhond with

oligosaccharide or like the into linker compound when reductive

MeiRinditreatigr ! 8ctiid) beiiesikaid BIingHupYAHE theéssglface of the

protelacue aipeaificallyp ghraldelyde gtedp FHzE Ghalorw)iPhR K8 to firmly
group (--CRO group - 18 where R means a hydrocarbon group) produced

bopydetr) B RSP RAHF a sugar molecule reacts with the amino group
include@#diRe, in order to arrange a plurality of sugar molecules

two-dimensionally onto the surface of the protein-analyzing supporter
and to control an interval between separate sugar chains of sugar
molecules, the linker compound has a multi-branched structure
moiety consisting of a plurality of amino groups as a moiety capable
of easily taking in sugar molecules. That is, the multi-branched
structure moiety of the linker compound of the present invention is a
moiety having a structure represented by X in the general formula (1)
or (2). The X, as described previously, has a structure including three
or more hydrocarbon derivative chains, wherein the hydrocarbon
derivative chains each include an aromatic amino group at an end
thereof, and may include a carbon-nitrogen bond or amido bond in a
main chain thereof.

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

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



linker compound, thereby forming a Schiff base. A continuous reduction

of the Schiff base causes the sugar molecule to be introduced into the

aromatic amino group. Thus, by including three or more hydrocarbon

derivative chains as described above, X in general formula (1) or (2) has

a multi-branched structure moiety having a plurality of aromatic amino

groups capable of taking in sugar mele8ules. Since sugar molecules of

oligosaccharide or the like are introduced into the aromatic amino groups
wloerdaiiRe driretie snulti-hsadhohearimoietyg ioa ppspibiel tocedrabye agluiabiation
wifhsyoermojeculcs o dimensionally onig e, surface o e 11 ged in the

proflein-anagyzing supporFer with ﬁ'ig repl‘OCFUCeIlE)Ii}IJty ti‘ﬁ'ougﬁtheﬁm er
lindosmparoa preludihg thieesteboturéorepiesented Syhginebalformala (brminuous
re ].l'c iurrtlhe{jfa IJérPlker QP u%daOfethecdg{l%seesm itrﬁlentis%n gt%s Holecule to be

oligoethylene oxide Between a disulfide group and the aromatic amino
ingrodpcaslshivwntimegenembfomauaifiy @r(A).prhis makes it possible to

casil ol R W R 0 i L B Bl Ehains

aseffdeswaipraiming avnetaksultar beaderagerferarfotmulal [1)0a, b(2), ahds  a
mG1ERAD PEAGRREIEA - FRIHEIR 0T R40:6: fb“fi?u‘r‘&?ﬁy“&i"’&i‘Shl‘éllﬁ%”amino

b is 0, X must have an oligoethylerie oxide therein. In general formula (2),
grauppotdinnelrefisaliaene sHgategelsciies. ARgsesiieally sidaeules of

oliifQ&%{lecrHEEQ%U|éﬂ39h§ Miehaye o rdetbledranebedrruchdie eRMhmino

ormed by two hydrocarbon derivative chains bonding to a nitrogen atom
STONPS tROBEHEGE il HRtheRrtiahEnTRE Grausdethe HirdgeRatsikle to

arpPhiigetwp ﬂ%@@r&gaa@hgﬁgﬁy%@@@a@e@ ARHAENIERIRIMANP Mto the
through the --CO--CH2-- group to form a multi-branched structure. With
SUHiaCe 10fxthes RQUGERIBRRINVAG &sSHRORLEFANEHER Ry fsduamycibility

thf@High the linker compound including the structure represented by
general formula (1) or (2).

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

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

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



hydrocarbon derivative chains. It is to be noted, in general formula (3),

that ml, m2, m3, and m4 are not limited provided that they are an integer

of 1 to 6. The integers represented by ml, m2, m3, and m4 may be

mutually different, or may be the same either partly or completely. Above

all, in view of ease of production of a compound having the

multi-branched moiety, it is preferablelhat ml to m4 be mutually the same

integer, 2 in particular. Further, pl and p2 are not limited provided that
X they aresanuotegey ekiving; Abedntagdts-iepresdrded nbyiptanichpPudayg four

mutually different,.or may be the same either partly.or completely.
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aromatic amino groups. In this case, the carbon atoms of the
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of a RYTWOoWREG hawngi e uitorarshed Maleyeiibo20- derivative chains

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

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

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

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



preferable that g1 to q3 be mutually the same integer, 2 in particular.
Further, r1, r2, and r3 are not limited provided that they are an integer of
0 to 6. The integers represented by rl to r3 may be mutually different, or
may be the same either partly or completely. Above all, in view of ease of
production, it is preferable that r1 to r2 be mutually the same integer, 1 in
particular. Still further, ul, u2, and u32@e-not limited provided that they
are an integer of 0 to 6. The integers represented by ul to u3 may be
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sagrpoGdHiels frefdiablethaaarePpitedity divgueocatbori@derfigie ¢hapfse of

prifglyegdin X g gi-theradne cihey mayhaveliffg et siHEeS SN n teger,

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

1 Epias aatinke&nipotiRg halinda sttt repredelitdted gerryigled that

thigravla 4 anfeyichidesiS6S Paedinapgble ekpindigted by t!, t2, and t3
proteln-anal}{}zrg supporter; and an amino %ro#%égapable of binding to a
MY g Rem Lt BpoldHEarERbrideTorBYiKeS THEFeRRENSINEE M idRRFLLY oT

co8@P1ResRE IHBWRARIZed OO R PratBieranalyzing seppeaerfeymula (1) is
gerr?eelzgll-si%lltll!rrlg ar1] E)u,cihc ?g Apllj"-c; elpg‘tr)llde' that t1, t2, and t3 are an integer of
1 to 6 when b in general formula (1) is 0. In view of ease of production,
it is preferable that t! to t3 be mutually the same integer, 4 in
particular.

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

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

Therefore, since the linker compound is immobilized onto the

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



-21 for example, the linker compound makes it possible to firmly and

easily bind a sugar molecule onto the supporter. Further, the linker

compound has a multi-branched moiety and aromatic amino groups at an

end thereof. Therefore, with a ligand conjugate (to be mentioned later)

which includes the linker compound and a sugar molecule introduced

thereinto, sugar molecules can be efféttively collected on the surface of

the supporter. Also, since the linker compound has a multi-branched
fomeietyna @urality disugar coatguoiascamb&easraitged vdliibtégho firmly and

earelproglunci?ﬂgt&vlvhep Iahligfglg{jllecoonljtlu[%aﬁléngluudingrtpeerIinker compound is
Booind With®h Sufface of a supporter. OI‘QOVBII? since'the linker compound

is hdrdlytaftactet dyia krnspenifio imel detisnavitiva tprboteam che d s of ety and

arlinkgrcﬁ:om%)lung olt (ghe greg;ten& inveengo%r}gag% itﬂglgsie erto eva atg licand
B%]loglcaﬁacallti o%)ugar molecules wi %lgh'reproéuc%iﬁfy.‘gur her, &
cotije1ghdeeinentiomeahlikee dokape)ne hashaim oligdethyleadiodider compound
twe ISIHT] oq@ gp roaf in p [
an?ir%rﬁ%%%ﬁbﬂggg‘r%i isgrh%%g It pogqa e’to re u%engilggggé%ig%an be
effiepdivphoiolnetactiomasd vushvatapossibldens treasitg adjtiés o letigibe the

linfRdpe Y3 ioa greup.subieried dodpeial RoRd ilyis STestYI RN A sugar

metal-sulfur bond. The above-mentioned linker compound is produced by

melasratifinghddfod Hexegsed Wetowhight kcpie dricdpedhipatpans a ligand
coPiRALcRd - FAHYING G 2irandeprsalipR IBAGIRNIDSIHRERHIREG @Fd ce of a

and an amine compound having a multi-branched structure including
SUPARAT HiTmore branched chains each having an aromatic amino group end

protagiad By & Pratecting AouRn &g depreisstingl the MateENNGgresRat by a
the aromatic amino group end. The thioctic acid has a structure

noRpResEfted BRI yehPaPiSiRulaltgoyse of a linker compound

of the present invention makes it possible to evaluate biological
activities of sugar molecules with high reproducibility.

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

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

The thioctic acid has a structure represented by the following

general formula (10).



-22- S CflaH Further, the amine compound is not particularly limited if it
includes a branched chain which has an aromatic amino group end
protected by a protecting group. The amine compound only needs to
have a structure equivalent to the multi-branched moiety of the linker
compound. Therefore, the branched chain only needs to have a structure
included in the hydrocarbon derivativ2hain except that the branched
chain has the aromatic amino group end protected by a protecting group,
instead of the aromatic amino group included in the hydrocarbon
derivative chain. That is, the branched chain may be modified so that part
carbon or hydrogen atoms in the hydrocarbon chain consisting of
iarbo and hydrogen atoms is replaced with other atoms or §qtzs:ti¢uents.
ore gpecifically, the branched chain, having an aromatic amino g
end pPrQt b protecting group, may be modified so that part of the
carbon-carbon” bon@@E&kdituting the main chain structure of the
hydrocarbon chain is replaced with a carbon-nitrogen bond (C--N bond),
a carbon-oxygen bond (C--O bond), or an amide bond (CO--NH bond).
Furtivey{he Profaclinghaiakep & thpdisHideny whiehpa itieedueed @mited if it
prevent an amino group of the aromatic amino group from undergoing the

inehrdensatiBhabattish. irila BRERIRG §rédh aS HBGIAri ATmPI#REP end
protedlad byid isrankalasieg whep demvoiasting LprisolIGDEMY faiceds to
secondary amino grouyp. The protecting group is for example a ,
ha oy EHBHH 5%138%1%6% ﬁsfi%fﬁa- ragrehed ©'qiehpat the linker
cogligu)nalbenzyl group, or -23- an arylcarba_mate group
(CORCHECH-CHE. P10 U TS, R CAmegun S XaMBlE feture
included in the hydrocarbon derivative chain except that the

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

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

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



structure represented by following general formula (11). NHB(r)o 0 (O).i
(CHart-C _..N (CW2 1N O NHBoa H2N (CH GH2t3?n CH2- C- N
~~-NHBoc 0 (Cl),s 11 ,- (CH2)a2-- C-Nf-. (CHQ.4 HN ,; NHBac ..
113 It is to be noted that n, ml to m4, pl, and p2 in general formula (11)
are independently an integer of 1 to 6. A synthesis method of the amine
compound will be described in detait @FExamples to be mentioned later.
In the condensation reaction of the thioctic acid with the amine

ancamyount aarcard@ad g C OOH,GBiH) Hi:thA ltioaticoaci .
cond&r;ses with the amino group (-f-NHZXgarou to form an amig:le b%ndh h
Thereaﬁeﬁ%u&%tec&{lﬁé) 8}%up of the ‘aromati aem%oca%t?& Bhdis™V e as a

stdeptratectecband eateal dg/ todtarthegagematia lafoina gtaufd, thereby
obtaining the linker compound. It is to be noted that since the foregoing

linker compound has a structure of including oligoethylepe oxide in a
linker section thereof, -24- as described previously, it ﬁ%}wwl%ocuse

a substance including an oligoethylene oxide structye as aterialin a
production method of the linker compound {ExaniBlés,of the material
include bis[2-(2-hydroxyethoxy)ethylgther pound 1 in Examples),
and commercial polyethylene glygols BF differentnolecular weights (Mw:
H,N —(CH,CH,0),— CH,— G—N

g
HN-n—@ NHBoc
0
5 0
_ o /H‘I.L@-NHB oc

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

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

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

structure of including oligoethylene oxide in a linker section thereof,



200, 300, 400, 600, and 1000) (made from Sigma Corporation).
Particularly, it is preferable to use bis[2-(2-hydroxyethoxy)ethyl] ether
(Compound 1 in Examples) for the reason that
bis[2-(2-hydroxyethoxy)ethyl] ether has a structure in which a degree of
polymerization is completely controlled, that is, a length is controlled. The
following describe a ligand conjugate 2#the present invention. Here, the
"ligand conjugate" means the one including the aromatic amino group of
asthikebokéh ednmuewidwusiy A Sugapnefecalel enteodiseed tBerbitdn eeligaotliding
conjugate of the present invention, a sugar molecule is introdyced.into
B R R ST L R eatS 2 T AIRERbIA Ut g method
of Sdthi bake karmeabyntheunedctioEpathgbrnincogrodpef thadinkeial include
. C nd.with the, aldeh r or ketone group produced by an
b RS RS (AR SR e Bt e, and
corpactionibingmilye tinkkeneoighmald tofa dilgarandlengdée dhkasugaights (Mw:

20Bolesyts inglyged gpne 'l%?z%d fB@Hiagg%HQe ﬁ%%e%i%ﬁat‘%éiﬁé‘&}ation).
particularly limited provided that it is a reducing sugar having a reducing
Pagtif:Ulhelsudgdr imoeairr ibflsr texamsgldasiibridshyshatiwtiioxy)ethyl]ether

(collgpeesharde,or & gRlysaceaisy e mopgsacchafide s [RLAMPIE that

cose, galactose, or mannose. The oligosaccharide is for example a

bishatesd1yaktosy oo siratéy linitfosadensridestrvs thestibnew iy, a degree
of NPANGNRitNiER:SUdRr RiRpWasRONdiNg i Nee anpthar- THe a length is

polysaccharide is for example a heparin, chondroitin sulfate, or heparan
cogfaiéefaving 11 or more sugar molecules including monosaccharides

and pHgOSRSERANIEES - -aésEﬂ%@er,éhqi@QQ§a%Bﬁp@§é%éor@%ampée Present
sulfated oligosaccharide which has a specific partial disaccharide unit

inyen s Aasn2 8y &repigasrleaalivAB N ueABR tBmARS @ alipftine the
arbreapiaingd il sWhedethpely saechaiicdiepaiikaawd fahd a sugar molecule

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

The sugar molecule included in the ligand conjugate of the
present invention is not particularly limited provided that it is a
reducing sugar having a reducing end. The sugar molecule is for
example a monosaccharide, an oligosaccharide, or a polysaccharide.
The monosaccharide is for example a glucose, galactose, or mannose.
The oligosaccharide is for example a maltose, lactose or a sulfated
oligosaccharide to be mentioned later, having two to ten sugar
molecules bonding to one another. The polysaccharide is for example
a heparin, chondroitin sulfate, or heparan sulfate, having 11 or more

sugar molecules including monosaccharides and oligosaccharides.



having an anticoagulant activity. CH20SOj OH O ... (8) a &OH\O

NHSO3- OSO3" Another example is an oligosaccharide having a structure

represented by following general formula (12), which is the sulfated

oligosaccharide having incorporated a glucose into a hydroxyl group

which is a reducing end of the sulfated oligosaccharide. OSONa 0 0 002

O NA/OH OH Fitt OH OH .... (I?) N6 6 NHSO3Na OSO3Na OH ltis to

be noted that the oligosaccharide and the polysaccharide may be a

homBaligbsacchatide oohigowpadysacctaride cofwistirgkahapingla sulfated

.monosaccharjde, or, a complex carbohydrate consisting, of different . .
O e A s L iehvalcss tHercbr oot HcomiBuah SORAGchgide unit
(GihcNiSib g \Jarn\BIhonospcekarnded orgerifativesitigergefherml formula (8),

oligosaccharides. Fuyther, the ar,may e natyral -26-,sugar obtained
W N oI B4 pUEicAtOA oo RELRor Ll ially Byftbs g wn for
hastigpg aSpeadificadiggalryahd.conjiiyate of the present invention has a

structure represented by general formula (5). The ligand conjugate having

a structure represented by general formula (5) is obtained by introducing

a suggHpgewie into a linker compound represented by general formula

(2), w ¥hasas represented by general formula (3). The

sugaf molecyle is notiadey to a reducing sugar

OH Y\ ceen (8)

NHE8Og™ 0504~

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

which is a reducing end of the sulfated oligosaccharide.

OH

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

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



having a reducing end, but is preferably a sugar molecule selected from

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

by general formula (3) has a structure which includes four hydrocarbon

derivative chains, a ligand conjugate which has a structure represented

by general formula (5) includes the linker compound and four or more

units of sugar molecules bound thered@th. It is to be noted, in general

formula (5), that ml to m4, like ml to m4 in general formula (3), are not
sulgaited pravited thattheytarésclatitageantl puaifibativegdiom nature, or
e reSﬁnted b¥hml to n%14 may be mutually different, or may be the same

ar{eli Her pé’rtﬁ?’ of cgr%lpfé el§'/1.Jl urrther, n is not particularly limited provided

that Beycafecahlyntegdi gafldtac6 nRugalieneéddito lpereskydragareatoon has a
H) or an oligosaccharjde-derived compound.,Further,.a ligand conjugate
s R R B B T U e
hafAnghe kgandcorgugets dsavitgd biyugrmereprisentetbb{yeisei@btained by
_ (7Y | . it : : )
SR 8 B0 AP SRR E IO cpicd by
gereprabdntan blegéRbravhieiraula @3 sThe Hugartmotecaleriesestifrditdy tgeneral

fofﬁﬂyﬂngs?‘égi‘h@aé/ﬁ%? reAuRRg RN bulds RIEISraAVB SHIALRIGTH!S ugar

selected from general formula group (9) and general formula (12). SinCe

hayingpreseptatch) getiarhal forhula (7Y ekes abdyueuselgdicinedreiele selected
fr&ﬁﬁegé‘b{@%ﬁa@ﬁ‘i‘rﬂﬁéva&’watr@?’ afigandt cUMDAS AR BB -2dince X

structure represented by general formula (7) includes the linker )
repsassatisdlaRy tgRURhdRr THtbof SlighAtdle GBI HWalhtd WHe@widncludes

fo@nes AeBratthedomasingligandeaniyoates Naiie s linkehtcomPaEAd has a
and sugar molecules, S--S bond in the linker compound ' makes it possible

SUY BN & BRI Surkite BF BT Proteiitntdly ARy sisptiisisoythe linker
comgfabsfur{afborfie.Cor more units of sugar molecules bound

therewith. It is to be noted, in general formula (5), that m! to m#*, like
m! to m* in general formula (3), are not limited provided that they are
an integer of 1 to 6. The integers represented by m! to m* may be
mutually different, or may be the same either partly or completely.
Further, n is not particularly limited provided that they are an integer
of 1 to 6. R' only needs to be a hydrogen atom (H) or an
oligosaccharide-derived compound.

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

three hydrocarbon derivative chains, a ligand conjugate which has a



gold-sulfur (Au--S) bond. With this arrangement, the use of the Au--S
bond makes it possible to provide a ligand carrier including three or more
sugar molecules collected or immobilized on the surface of the supporter.
Therefore, the use of the ligand conjugate makes it possible to arrange a
plurality of sugar molecules two-dimensionally onto a surface of the
protein-analyzing supporter, for examplé-with high reproducibility, thus
obtaining a ligand carrier. Then, the use of the obtained ligand carrier
stroakes d posgitdeda svdluaie iologicdl Astivitidsa of Bugan chakdesleshwithlinker

copril ho{?ﬁg)d%d i”t¥hNeoée thi’;lt foro'%hee rlnl%tﬁlson ¢ essllirfglqe 0f<t) gc les bound
SUBBoEr, matal such s Cl, AGCSF PLas el as AP tan BEUsEd.

theatiatitarly, Au is preferable. Further, the foregoing linker compound has
an oligoethylene oxidg in a linker.thereof, This makes it possible to .
e B B T B ARG Jimcer
cosapityadjusnd lentghtorthel disalfide Grotp bubjectn tdmetiadkbend;emapound
mSHECtVely fopuagmelg suidond. Hiupafhediesetnveipalsor e
includes a ligand carrier including the ligand conjugate of the present
privigntiom mywabidized uarrasigtac®dpf asuppuited thrddyh a (fdtallsofigr, e.g.

g Hie APRIicapls digldl akine igand LAiRLISHELIMIRM QdBeRrOiRIN S

analysis. For exaniple, the ligand carrier can be used for analyzing
bosibsmanpkes dthaapaibieptorarievids 1o digailfe AT Hetrdatdime three or

m SHIA IBAIRCHIBSe ThEU0RBH CRTHAN BIRKRSHBMAC QS WRERR SOl of the

including -28- the ligand conjugate and a supporter having a metal film on )
supBHERe tHdreseiesenatBeatdms othetbes Bgadth thengasate makes it

poSTBIgatR aserhawRd Jo simeiatonshassipiacei e 3eBPaRBL @nensionally

metal-sulfur bond, and the ligand conjugate is introduced on the surface )
ondpirie VEPBGELMIE AUIRLANG AL BIORITARRYTHY sdppofErmple, with
higshakegrptibeolitand aeni aseseluiendsfai @apradeteimined peindthe use of

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

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

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

The ligand carrier makes contact between a solution including



of time, or the ligand conjugate solution is injected to the supporter (the
ligand conjugate solution is flown onto the surface of the supporter), so
that the S--S bond of the linker compound included in the ligand
conjugate is converted into an Au--S bond, such as a bond with gold on
the surface of the supporter, thereby making it possible to immobilize the
ligand conjugate on the surface of theé2supporter. Although a solvent used
for the ligand conjugate solution is not particularly limited, methanol,
thwaign inesmyjlagetamded(RQNAG) pa roexthevinlyentmetad skl auhstaacesrface

can for example used. In e [ ersion .in the ligand soplution, the
theE R S A AR M B nolE o HERY S daludite are
bomjedtido of the di@ndrsotitiorsardaceenifation cftipgpligand donjugatal-sulfur

solution injected . only needs.to be 1M to. 1mM, Thus, since,a ligan
bR A TR o B R R (ot RO S RE Sl ace of the
sugltoord dor eddpimmebiticiiioaltynto tthe sfadeiof-the piptéirganslypipgrter  is

) . | 5 _
R R TN 1 URRRREE perio
of ittrducigtéigydigasidcarjingatice sobpoasr ia ligaeatedrrier ththeupporter
(tHY S5 Hyenrtint{sanelicable 19, Anaysia G IBGrBCIQNLeEENR of the

sugar molecule and other substance such as a protein, for example. More

sugyremesly sedhighrbiearrieP capme ghdied lndeRr aranaumenincluded in
thafiifyiyn ANFIRAQABPRY, 5 rliked oM t*ammg, 2’ R M1eestieMeN: bond

for protein analysis is -29- carried out as follows. That is, if a Iigsnd carrier

wifkeigash aniditd sevrreatelof ife pravepttrverttst fhndbaZéaitapossible
to SHPRASISI Whage Milahhie diussicteasDeldthin ftaris depRsited fpesedr .

to brin%ﬁhe ligand carrier into contact with_a protein so as to measure a
O.

resoftd AR Y shideesslaltnoi e drRte TP ERIS IS Ahe ieials not

particularly limited, methanol, water, dimethylacetamide (DMAc), a
mixture solvent of these substances can be for example used. In case
of immersion in the ligand solution, the duration of immersion only
needs to be about 0.5 to 12 hours. In case of injection of the ligand
solution, a concentration of the ligand conjugate solution injected
only needs to be 1uM to 1mM.

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

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

A ligand carrier of the present invention is applicable to
analysis of an interaction between a sugar molecule and other
substance such as a protein, for example. More specifically, the
ligand carrier can be applied to SPR measurement, affinity
chromatography, or the like.

For example, an SPR measurement for protein analysis is



manner, the binding behavior of the ligand carrier with the protein can be

observed. It is to be noted that glass, plastic, or the like can be used to

form the carrier (sensor chip) used for an SPR measurement. Particularly,

glass is suitably used. Further, a ligand carrier can be brought into

contact with a protein by flowing a solution including a running buffer and

a protein dissolved therein onto a surff2e of the ligand carrier, or by

immersing the ligand carrier in the solution including the running buffer
caselgtionandiheprieteis.diBRalvad, thereinigehred urvimicbuitfecliadéng a ligand
cof(RRle 2 phesphate.Lutter, solution, Since sylgandicarier ol e PIESENthere

inVeRtion Ras the Poregomg ﬂgan conjugé?e, a p?uralig/ ofasugal?p
menalethies almastachedls tgolditremsithallysod epasiaee of aiseppootdrring the
tigfiuhigh.repraducibiliy, this makes 1 passible fo,abssrye. 8 DoI0ICal. o an

ga&lvity ofa sugar mo ecule with ighprepro u0|8ilﬁly, erelgy making it

angdesibiétio reveal fateciplesshasugasooicate apbauarttitatively the usual

mﬁﬁﬂgﬁ}etﬁgi%?ﬂ@ﬁ’lécﬂ ifYanfigls_LfﬂaE}%mﬁgélﬁdFlég??feF SO AP rotein
Including a sugar mofécule immobilized ther8on, as a ligand carrier of the
capréseotinpentdn, ltds he seadedidhetaghpks apl8PRoneasitentidgr can be

ustestior-Reione thatit it ise RA8TRIA IR CRSRYEEP IS SHONREINEEBment.

sugar molecules by comparing a detection result of an SPR

Pagfegudpahyengbsstaiied Byitadityy thedftst Benébeehip Wigembasarfiise can be
brov@H MALSUS dTpehilized 9n2 StACe Pf ARKARE eI AASIESEANding a

result of an_ SPR measurement obtained by using the second sensor chip
rugRiapgs sk eddar rhsrtciR Whek il sheegir Rfiffefestiféarmaf the

1ig@frrd0cthe-flkst sygabmﬁgﬂi%@iﬁgnm@ilizggm aaviirge ghthéie solution
supporter. The sensor chips only need to be formed of ligand conjugates

inglishg giftthent SUPARBIRHES ImRBIHRR tircbnthsugardheiBcustis solved
thia&mcomparechyithieachvtiteearedorexarBR@mple a phosphate buffer

solution.

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

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

second sugar molecule wholse end structure is different from that of



lactose and glucose, maltose and glucose, and kojibiose and glucose.

Although two sensor chips are used here, two or more sensor chips

having different types of sugar molecules introduced thereon may be

used. It is to be noted that the end of a sugar molecule means the side

not immobilized onto a sensor chip. In the above SPR measurement, a

protein which specifically interacts wi®the first sugar molecule is used to

act on the two sensor chips under constant measurement conditions so
thas forobsevgaesanaik anipesani dheitwensdrisimechipsnByacosapdtiog of the

between the.resonance angles of the tywo sensor chips, a specific .
SURRIEb ethectt A S0har NEScue the Bostiei Por ke TRb syl ligand
compgsated. Alavjiaguldstiamemwheseg mtenactierwits a sugapbibdleedle ihereon.
S observegliéscqﬁte Iémi[tgqg% a Cprotein. ellatr{%igﬁove aﬂaggﬁgnenér%wq kinds

ugar 1 A o1m Ir €acC . eéxample
(% sensor ChIpS are S|multane0l5)§y measured. Elowever, tF]IS IS no?{or P

laditnisatiem dvighe cthem, twassrsoraohib g hoayp be, neaad ukegdibndsdo amotingbgcose.
easur imylt sl I I 0 r.chip.n .

AR AT A SR Sonsor ips

hagiagpleffarseiistyeaip iichiagar ompleinikes cortpedng ¢dniblsiiceas may be

us'@&.feﬁ”ié“% b&euﬁ%dceﬁh%t?&@f%c?P&H‘%&F%ﬁ%&ﬁ?ﬁlﬂ%ﬁle means the

~measurement using at least two sensor chips including immobilized
sidigapetconngrek zstdnensaraesstai@ireeiizept for sugar molecules. A

diffefanGe, in %96%9%ﬁ@%&@ﬁ%g}?@}s‘éreﬂﬁ‘té’ﬁiﬁ%i@ﬁﬂé}?@ciﬁcauy
e

sensor chips is observed as resulting from sugar molecules. Thus, t

intggaet smuAthreentinethsd gt preelisyitendhspesl fiterRtioprwithe two
serdonegisubsiange. AAkeahPosaIBIRIorRIeRSYFe BcR8Rifbns so as to
obSeTE  Pesonant Anglcs of the Twe. semser ehipe By comparing
between the resonance angles of the two sensor chips, a specific
interaction between a sugar molecule and a protein or the like can be
measured.

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

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

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

measurement method, suppressing a nonspecific interaction with



The following will describe details of synthesis of a linker compound and

a ligand conjugate of the present invention. In these Examples,

experiments of comparative study of a synthesized ligand conjugate and

another ligand conjugate were carried out and explained below. [Example

1: Synthesis of Linker Compound (Compound 15)] One of linker

compounds according to the present iwention, i.e. a linker compound

(Compound 15) having a structure represented by general formula (2)
anwhier n isubh stisTepresanée by genepalssibiela (8), wiessinnel ard pRpecific
._are 1, ml, m2, m3, m4 are 2, was synthesized, according to the following
in e S s e S B e S e

com@radi@lesipound 15). Note that reference numerals given to

compounds in the description of Exampl rrespond to referenc .

omii S g T AR et e TepaSR SR SpARESE R a tinker
cobigi2i2rfydrostyetHoggyedh i ajeg g Gomb dived (1) esca taimvieatéitah . wias these

tint I ' | di e ' : .

Rt T o cal AT SIS SR Slthgeed ligand
copgupaimhd {0dmpounttdrat tigayidld ebagugathenyeminpoantdavagut and
fayghtinteegction with p-toluenesulfonyl chloride in dichloromethane in
he presence of DMAP and pyridine to obtain a tosyl compound

(Cortipsanady at theyyiskiesiy ®id-mdapsuptny was dciussane aadvitR) ]

sodigip az¢qimd-NGmYIBYIioanaRids B ABRE tAR FAES GOMRRHkion, i.e.
(Compound 5) at the yield of 90 %. Compound 5 was hydrolyzed with IN

a Nkt iroreRanBrd CRRPA BSHHbRY IR HEB & & ivAHVE tebmpeRressded by

geﬁ@r)ﬁ@%%l%’%ﬁ%?@é@%ngw, Conpeupdeswiste EAMeNseErAll formula
dichloromethane by using HOBt, EDCHCI to obtain a diester derivative

(Skcohpsei 8) R TEb-RAATEId of BO-UCoMPoURd ifashytidfy SadMhRsized
acOEN MOtbin HeeibarRlin PRI digadhoRYC acid Hesivatie a process of

Compound 9) at the
sy%tgegizing tlle linker compound (Compound 15). Note that reference

€exX

numerals given to compounds in the description of Example 1
correspond to reference numerals shown in Fig. 1.

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

Compound 5 was hydrolyzed with 1IN NaOH in methanol to
obtain a carboxylic acid derivative (Compound 6) at the yield of 98 %.
Compound 6 and Compound 7 were condensed in dichloromethane by

using HOBt, EDC-HCI to obtain a diester derivative (Compound 8) at



yield of 93 %. Compound 9 and a diamine derivative (Compound 10)

were condensed by using FDPP and DIPEA to obtain Compound 1 1 at

the yield of 40 %. An azido group of Compound 11 was subjected to

catalytic hydrogen reduction to obtain an amine compound (Compound

12) at the yield of 80 %. Thereafter, Compound 12 was condensed with

thioctic acid (Compound 13) to obtailB2empound 14 at the yield of 59 %.

Finally, Compound 14 is caused to act on TFA to deprotect a Boc group
thanglidhenodb&0n & linkenhepopadn® (Gemnpayad db)dealing thuoudNs BNfaOH in

target aromatic amino gyoups as an object at the vyield of 91 %. The
Sl U GUTbe AT SH O TSIy LB NG CEap AT ) at the
yidampb @RiSabtamep vthel fOregoihgsynthesiscpbesss téve (Esultpotind 10)
werd DR %%t&JFE‘Hm&s‘f‘F%‘éCeﬁ‘Bﬁ?Qd H‘;?ﬁﬁ?&%‘%og‘t‘?{%{lmé%sm“reo%eﬁ‘é 11 at
regarding the synthesized@ompounds. Arelative concentration of a sugar
thengieddlecd eDtifoastmnligend avas @btainédC byrpeaswiing la Yot reflbgtiobed to
ca't:cjxi%%éATﬁy'[(:i-H’génTh%%wgf?o(f?m?g oyiaaearding,to te following b ound
procedures: [I[H-NMR spectrum, mass spectrometry, ATR-FT-IR

(Camanuuardeh?)redddrtsy ld sth&Q] For 1H-NMR spectrum

me&?ﬂ@f@ﬁﬁegE%‘Eﬁ%ﬁ?fadeZSQQagl%ﬁﬁ%ﬁ%etafit‘ﬂﬁqmoctic acid
IJNM-GSX400 NMR spectrometer, JEOL EX-270 NMR spectrometer were

(Casenothshicd) $pifehitedb Cranpe wxprdsbett inleevHigdd infaecordantinally,

coMipshaicad spifigfletmsthysilgneds 2 1efefepee fUASR88c group and
Chemical shifts in CD30D and DMSO-d6 are expressed in 6-values in

thgpcotrice ditiekemieamaprschriStoir atemainmghsdwiag Q@ units of

tafgiarenemshelanegniaa%, spe HOBAlYyastRragyEedi ByUsing AApplied
B|05)éstems MarinerTM. For an ATR-FT-IR measurement, Shimadzu,

IRProBfgEebloWiRg ] Wies aribf Ao R P iinRA¥ R s8R hRRIS method
of (MIRaengsobidR). dbt3Insensar ehip yseddoids AYRthEIR process, and

measureiment was the same as a
results of TH-NMR spectrum measurement and mass spectrometry

measurement regarding the synthesized compounds. A relative
concentration of a sugar molecule on a tip as a ligand was obtained
by measuring a total reflection FT-IR (ATR-FT-IR). These were carried
out according to the following procedures.

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

For 'H-NMR spectrum measurement, JEOL-JNM-Lambda-500
NMR spectrometer, JEOL JNM-GSX400 NMR spectrometer, JEOL
EX-270 NMR spectrometer were used. Chemical shifts in CDCl3; are
expressed in 6-values in accordance with chemical shift of
tetramethylsilane as a reference substance. Chemical shifts in CD30OD
and DMSO-de are expressed in 6-values in accordance with chemical
shift of proton of a remaining solvent as a reference substance. Mass
spectrometry was measured by using Applied Biosystems, Mariner™.
For an ATR-FT-IR measurement, Shimadzu, IRPrestige-21 was used

with a single-reflection ATR-accessory unit (MIRacle Ge Prism). A



sensor chip for an SPR measurement. For a Medium-pressure column
silica gel chromatography, Silica gel 60 No. 9385 (Merck) was used. For
thin layer silica gel chromatography, Silica gel 60 F254 (Merck) was used.
An anhydrous dichloromethane was obtained by distillation in the air of
nitrogen by using calcium hydride serving as a drying agent. For other
dehydrating solvent, a product made #8m Kanto Chemical Co. Ltd. was
purchased to use. For other reagent and solvent, high-grade products
seweoe udeip (hxSnfbesis0XTRIPIHIR hidds[Re(Pehydroxyethoxetbyine as a
se%tshoell: é;%()lmq.gunéj " '57emI goerrplrenojt) ?hnc()jrBaFﬁé%l?u%%z 1r"n ISZ r?ren %lc))lumn
Were digsBived M0 m o%naﬁﬁycfrous dichloronte ane, su F—:-c?e&ltlo
sildcapgielg o ethgla thezeadetgteS(Gomprrind @) (LB I3 8%. 30/ anudd) av8Lused.
ang then stirred for 70 mjnutes at rom temperatuye, To a.reacti
PO i 1 Lt S E OB S 8 SeeBel G ety (ercd)
wagas saddetinEaarhgtibro withddidhl orometihhae wasgse dfbtmbue drieytitb s tillation

. ract was dri ' hydroys iu . in .
m:eg}{la%t%v%séﬁﬁe%%%%ﬁ?ﬁ?l%%ﬁgd%g%ue to btalfré %efl férg%t]ﬁ{ hégs a drying
agfimrttelvas edheentgies diraléngdielit piessurptodbedintaadsidieorhKanto

cHERUaesPuURifigd by Medipa{esave R eRRIAIVR CIOMAIPO[ARIN Lt and

(600 g, hexane: ethyl acetate=1:3) to obtain a colorless liquid serving as

sotyempolingls gr 2dg, Bicld w47 wora MLsadR (400 MHz, CDC13)

me SThWasCoRdustaE dndognpound 3 so obtained to find that
64.2; 22 ,J=7.0,14.2 Hz, CO2CH2), 4.14 (2H, s, OCH2CO

3.75Bi82 ({2 hylrerpethoey o hpdrthor o pmBaynd, tlhd’ﬂ.-éﬁzr,nl, 80
mAOFHA AL BFCEE 5. @) 138, BHndndsl)7 wéte @ieAdAth 50 ml of

ESI-MS (positive) measurement was conducted on Compound 3 to find

anfhxtERin/z WisHIesomalRaRY]. THEEGIEExarkhe S5pRRiRE ofof  ethyl

di&sapeunte3 (¢ énip banaten) thag awnolequias mass of)the COMEOUAGA then
is C12H2407:280.15. -34-

stirred for 70 minutes at room temperature. To a reaction solution,
20ml of a saturated aqueous solution of ammonium chloride was
added. Extraction with dichloromethane was performed, and the
extract was dried with an anhydrous magnesium sulfate. The drying
agent was filtered out from the dried residue to obtain a filtrate. The
filtrate was concentrated under reduced pressure to obtain a residue.
The residue was purified by medium-pressure preparative
chromatography (600 g, hexane: ethyl acetate=1:3) to obtain a
colorless liquid serving as Compound 3 (2.26g, yield of 47 %).

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

a molecular mass of the Compound 3 is C12H2407:280.15.



(2) Synthesis of Compound 4 The ethyl compound 3 (2.15 g, 7.66 mmol)
and DMAP (41.7 mg, 337 mmol) were dissolved in 8m1 of anhydrous
pyridine. The mixture solution was subjected to dropping of a solution in
which p-toluenesulfonate chloride (1.75 g, 9.19mmol) was dissolved in 8
ml of anhydrous dichloromethane at O C, and stirred for three hours at
room temperature. To the reaction sodien, dichloromethane and iced
water were added. An organic phase was extracted into dichloromethane
from(fheSyixtiresislvfodoheougahit phase was washed once each by a

saturated aqueous solution of sodi bicarbonate ter rate
o S RS & et mnd] Snd BRRTIAY me,
3 3dryingnad e v evas diltesetvedt frorf rttieadried gsldoe $o piptadh aefiltidie. mixture
Th{e filtrate was con[():ent ated Hnde& reduced pressure to optz%in a residue, , .
so]ﬁl] ion . was _ sSubjlecte 0, dro é)mlﬁ of"“a solution "in  which
e residue was purfied by medlum-pl? Ssute preparative
p-thlortacsyrHomate00lylahidbeofdrmd &etoi&@mmniplp viatsidsyelved in 8 ml

of ?g@i@g@g @ﬁc%qg}%%%q}f'a@dejc%g&) y‘i%d Qh@ g/f’)éljé_éf Nb%?ti‘ﬁ%% l\ﬂg{lrs at

measurement was con C on Cpmpou_n 4 so obtained to )
rofing thanpegg e, dothe.4q4ctigrornatiofigssdthlargmethaize and iced

waMmatgl4-21 (A deth CORGH2), 446 2H dnd 548 P2 TSOCHA AN into
(2H, s, OCH2CO), 3.76-3.59' (14H:In, CH2CH20 X 3, TSOCH2CH2), 2.45

diehlprommtdrana . feomH they mixouse, seiztion. Ahesprgsipspiase was
wdBReHreIReRt wagjconsiicted on eanaeund 4dedind thadtheisHz Was sodium

~457.16[(M+Na)"]. This could examine a structure of Compound 4. It is to
bigarhed ifatva thbicR DAt vRRICHH e ik enoppdobded with an

an‘}%ﬂd%éﬁ)ﬁac?m&%ﬁ Gemeeend A d eeay eyppeupd 4 (18t 981 from

mmol) and sodium azide %1..53 g, 2.31 mmol) were dissolved in 50 ml of

thgnAyifdusediiumyiRrdRiait: andibineda-inlhsnddbrier icursaimien trated
untiéegeriainesphieresife? 0o Biu@rdanie pitdse WHE @Xieastheldms purified

by medium-pressure preparative chromatography (100 g, chloroform:
acetone=4:1) to obtain a yellow liquid serving as Compound 4 (2.59 g,
yield of 78 %).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 4 so obtained to find that 67.80 (2H, d, J = 8.4 Hz,
aromatic), 7.35 (2H, d, J = 8.4 Hz, aromatic), 4.21 (2H, q, CO2CHoy),
4.16 (2H, t, J = 4.8 Hz,TsOCH2), 4.14 (2H, s, OCH2CO), 3.76-3.59
(14H, m, CH2CH20 x 3, TsOCH2CH>), 2.45 (3H, s, CHsAr), 1.28 (3H, t,
J = 7.0 Hz, CH2CH3z). An ESI-MS (positive) measurement was
conducted on Compound 4 to find that the m/z was 457.16[(M+Na)*].
This could examine a structure of Compound 4. It is to be noted that
a molecular mass of the Compound 4 is C19H3009S: 434.16.

(3) Synthesis of Compound 5

The tosyl compound 4 (1.01 g, 2.31 mmol) and sodium azide
(1.53 g, 2.31 mmol) were dissolved in 50 ml of anhydrous
dimethylformamide and stirred in a shade for 10 hours under

nitrogen atmosphere at 120 °C. An organic phase was extracted from



-35- the reaction solution with chloroform, and washed once each by

water and a saturated saline solution, and dried with an anhydrous

magnesium sulfate. The drying agent was filtered out from the dried

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

pressure to obtain a residue. The residue was purified by

medium-pressure preparative chromatdgraphy (10 g, chloroform:

acetone=2: 1) to obtain a yellow liquid serving as Compound 5 (638 mg,
thyielebeft 8040 ol HtNMURMAGD dittzr SIDER 3 )ameasuremadtovascoadhctsd water

on Com 1g_)und 5so obfained to.find that 64.22

g

a sa gH’ al’ Jv?i7'3 Hz, drous
o’c H & BEHZE 13 AN HTHEE WiBb BB
m BB @Hnin SNBAH2CHRY, AR 2Hagelt SvhsiAiNSRId2it 268 ¢3h, tthe) dried
= 7.3 Hz, CO2CH2CH3),..An ESI- ositive) measurement w

re S ) P T R AT 8 2 v 336 SO L e pynder
redoiddexansiseur strtetrbtefiCompmaid Belt iEhe beenpdetetiaas purified by

lar ft 5i - 305.16. (4) )
m%ﬂﬁrﬁ%s?sro% golr%po ng%ﬁf%% a oféﬁ é%i]agéglfg?‘ é&q}mg 5?(]6]?4 (éfg, %}blf roform:
acatoolwwhd Hisssaddiim 24mllevmumddosesrsing efs NCRapawad adiedd mg,

yiépdtrber @B“%‘f? at 0 C in a shade. Thereafter, the mixture was stirred for 21
hours at room temperature. The reaction solution was concentrated under

redutddpMBsutd 8 obfditz a residle) AMasibiOmeR vakasideand uséed on
cdaiEntN HCLywagipdded tp the reaiduenitil e phl qithe gsidue- 7.3 Hz,

becomes 2. Then, an organic phase was extracted with chloroform. The

Crgddnd pfade Waslwash Y dhek ByBtsadrdtecdsfithd 1dilition; LAGHrsdH20),
3.@@*1@919%%@@{9@9_{@9@%%@;@; thgdeying agentwesfiljerehauiay, t,

from the dried residue to obtain a filtrate. The filtrate was concentrated

J GhdértedledesSiréid dbidiia KRGS (BaRIEBRIinG s B OrpBERE Was
cof §248 80 oriedothPFah d FENMR AP Z HeDR Y3) Wgasgpsnent (NgsNa)+].

conducted on
This could examine a structure of Compound 5. It is to be noted that

a molecular mass of the Compound S is C12H23N306: 305.16.

(4) Synthesis of Compound 6

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

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 6 so obtained to find that 66.19 (1H, bs, CO2H), 4.16 (2H,



Compound 6 so obtained to find that 66.19 (1H, bs, CO2H), 4.16 (2H, -36-

s, OCH2CO2H), 3.75-3.64 (12H, in, OCH2CH20), 3.68 (2H, in,

N3CH2CH2), 3.41 (2H, t, J = 5.1 Hz, N3CH2). An ESI-MS (positive)

measurement was conducted on Compound 6 to find that the m/z was

328.14[(M+Na)']. This could examine a structure of Compound 6. Itis to

be noted that a molecular mass of théd6ompound 6 is C1oH19N306:

277.13. (5) Synthesis of Compound 7 Iminodiacetate (10.0 g, 75.1 mmol)
s, AIEF3CURE (22 3nlf 373, 6vnmdl) e dissol@adin @itydypusSnéshaf@i, m,

nd f f hours under arggon a re, Th he mixture . .

Nss%%u%r%)[ﬁ-ﬁ aﬁ%@u@ éle?d (\t)/vitfs{ a sa u‘r?atglepldZ aqﬁgé%fu%hﬁbdﬁfrln ICEEII_’ o%la ositive)
meatutioemeand extracttomditke tehdorafor@omap perfdrneedoT fietHylHnzihethe m/z

wa ag-agyeqys. hase,until the pH thereof become and
wal 3 AL (1 AR AMEME D L R RO LR 5T X lifbound 6.
It vith e drhydeisisddian sulfatelasaldwing agenofTHdreaffeotheund 6 is
Cu?lﬁér%%{?@%pw i@gred out from the dried residue to obtain a filtrate.

rate was c'(_)ncentrated under reduced pressure to obtain a yellow
oily 6b)etysdivirijao CovmumarTd Y61 g, yield of 79 %). 1H-NMR (400

'V'HZI’IQBQH?’A@%‘%Q%HV?TngﬁeV)ESﬁQT‘P Uﬁ{?ﬁﬂo‘ir_' SNRORNG 50 ‘(’%E;iﬁﬂ 173

to find that 63.74 (6H, s, 7’3.48'(4H,’s, CH2ZN), 2.00 (IH, s, N
mmgPMBesosiivey viedsinefieAy deeusonae Cmpollrdidlmygn for S

hoed thg e vas 184 LISV hnEs. copit gxamine asiyeike Qblution was

Compound 7. It is'to be noted that a molecular mass of the Compound 7
neidicgHza oviths Rosa 89 Athe3 ST TEMPBdid B ThECephasi solution,
an@-3x@r et oM MR HE QAR 2 9 vt )ng8d HPBE(R}Ghine was

1.39 mmol) were dissolved in 2 ml of anhydrous dichloromethane. The
adged 028 AR BoRRiRSfeguntil the pH thereof becomes 9, and

extraction with chloroform was performed again. The extract was
dried with an anhydrous sodium sulfate as a drying agent. Thereafter,
the drying agent was filtered out from the dried residue to obtain a
filtrate. The filtrate was concentrated under reduced pressure to
obtain a yellow oily object serving as Compound 7 (9.61 g, yield of
79 %).

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

(6) Synthesis of Compound 8

The Compound 6 (0.35 g, 1.26 mmol), EDC-HCI (0.27 g, 1.39
mmol), and HOBt (0.19 g, 1.39 mmol) were dissolved in 2 ml of
anhydrous dichloromethane. The mixture was stirred for 80 minutes
at 0 °C in a shade under argon atmosphere. Thereafter, a solution

including the Compound 7(1.42 g, 6.83 mmol) dissolved in 1 ml of



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

including the Compound 7(1.42 g, 6.83 mmol) dissolved in 1 ml of -37-

anhydrous dichloromethane 1 was added to the mixture, and the mixture

was stirred for 17 hours at room temperature. An organic phase was

extracted with chloroform from the reaction solution. The organic phase

was washed once each by 10% citric 3¢€id and a saturated aqueous

solution of sodium bicarbonate. The resultant was dried with anhydrous
andogilronss fdie Atoaatryétt agentl Thexs thel dedng@gent wassiltered ad the
milgmihe driedesidue o objain,a, filtate, The filrale was concentrafed o i

inder redaced pressure {o obtalla resmfue.o“'iD e resiabs Was pu'riflela by g
pharepavativeesiticacged ciwidhmatbdoapliy (0 f1,ochidrbfonmaateionesl@tipto The

obtain a v%lhite solid servin as Cgrrpgeound 8h(0]§129,1)6g)d OfiPO%)aCid a

OTEHRMR fOSOeMW%SCB&S. “Measurement was tonducte orl{l%ompoundn d a
sa8mbbthiagu to tisdsthht 6423 4 siadfakm sb s; GOMNTHE), TBhES@siigant was

L e
dripn g 3gent AndESIIS(pdsitve) feasurthrendniad condidusl éa obtain a
filfrarwoudks @ fing thagthe @%W@%érﬁéa[(l}ﬂ'ﬁlg@}ﬂrgg.ﬁé&i’l%ressure to

examine a structure of Compound 8. It is to be noted that a molecular
obfigdss of RS TRpolhE gRsEleeiZ8RI30pUARHCKD y) ByaRrEdiye silica gel

chggma?yggqgﬁge @Wﬁo%ﬁlér@ﬁﬁm% RALB100 S 9)S$8IVERIRin a white
(5 mi), mixe

methanol with 2N NaOH (2.1 ml), and stirred for 2.5 hours
soldoserving &ditero e Mbkdrd 0188 wHs Idisd BRIt Dowex 50WX-8

(H+formkoni thegd! baspmes diornewralizaiiomehe DoweX ot @ed on

was filtered out and separated from the neutralized solution to obtain a

ComrapeFeSihate Wadeeackhtad UitfePrbdiuted - preddife o shit&nPACH2),
4. 1esigdug, Bhaoestiemhiaized by THEqAatian sindey,Eaused BessBs (12H,
m "B 56T BEANIMYE He, NaCHaCH), 3.32 (3H, t, J -
5.0 Hz, N3CH»). An ESI-MS (positive) measurement was conducted on
Compound 8 to find that the m/z was 443.17[(M+Na)+]. This could
examine a structure of Compound 8. It is to be noted that a molecular
mass of the Compound 8 is C16H28N409: 420.19.

(7) Synthesis of Compound 9

The Compound 8 (398 mg, 947 umol) was dissolved in methanol
(5 ml), mixed with 2N NaOH (2.1 ml), and stirred for 2.5 hours at O °C.
Thereafter, the mixture solution was mixed with Dowex 50WX-8
(H*form) until the pH becomes 2 for neutralization. The Dowex
SO0WX-8 was filtered out and separated from the neutralized solution
to obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue obtained by concentration
under reduced pressure was mixed with water, and an insoluble
object is filtered out and separated from the residue. The filtrate was
concentrated under reduced pressure and freeze-dried to obtain a

white solid serving as Compound 9 (346 mg, yield of 93 %).



object is filtered out and separated from the residue. The filtrate was
concentrated under reduced pressure and freeze-dried to obtain a white

solid serving as Compound 9 (346 mg, yield of 93 %). -38- 1H-NMR (400

MHz, CDC13) measurement was conducted on Compound 9 so obtained

to find that 65.66 (2H, bs, CO2H x 2), 4.26 (2H, s, OCH2CON), 4.24, 4.18

(4H, s, s, CONCH?2), 3.71-3.63 (12H, %8 -OCH2CH20), 3.67 (2H, in, J =

5.1 Hz, N3CH2CH2), 3.40 (3H, t, J = 4.9 Hz, N3CH2). An ESI-MS

(posiive) Mé&as(HODeNWas cOMICTipdmie aSompoeisd 9 dafindcbatiheted on

m/z was 391.15[(M-H):]. This caquld, exami r re,of Campgpund 9.
O Gt SRS b B 0 ozt ind 3 1< OB % 2, 4.26
(2B 1 4H2ANHEO9:397,15. 28), SyritBeRidiof CompoMiIAB )-B0@ 1-3.63 (12H, m,

inohenzoi i rvative (3.33 g, 14.0 HQBJ (1 143 _
Oé‘m&ﬁ%?ﬁé s‘%’uasE)Cpbgr%%g in an y_drguqs %%ch&?ﬁ%%ﬁﬁ% ’(gb%n),(%?#?e% = 49
Hz15 NilHe$. at’\imC b deviarg o sittirospherea Thecstiead solatocwaducted on

xed with g solutign including ( OUad5. )gissol N
Cog}n{ﬁyoﬂ?l\gﬂlg; %cﬁ%réﬂrﬁghé%%@(gg rgn)%;'a% s%?r%d oérqS' mtgﬁhﬁ 14" coutd
exgiRime goitioe Wes mikewivle diethyent tsdinibe 0@ dhitlradcmneigcular

m&99 SHrRd YEMIISL Al a0 @dmng@%l dghade to obtain a white

crystal. The white crystal filtered out and obtained was recrystalized from

meth&hot Yo thsisis @ivirerdppstaidelrfing as Compound 10 (3.53 g, yield

of 9R.996¢ LFMNWIR 0B MHZ P GE3) yagRRLI£518AL "%?‘S £ONEUEIEHA) and
Compound 10 so obtained to find that 67.77-7.74 (4H, d, J = 8.67 Hz,

H@Rmatié) 98508, 48t X, JRBI9H HZ MGEMati) SPeDBesh (41, inaghydrous
diSnl8 el eH o%@?@&(ﬂéﬂ i £ Rl e 26H2ONHInd&3argon

(18H, s, CH3). An ESI-MS (positive) measurement was conducted on

atEESPBGHE- 16176 fdtRd Rl 822 B iAFHYL N S8l ieRaiAIding
EDRGHCU[e ¢Cempaundd dl)isiie fs1tetedihahBydrous dichloromethane

(30 ml) and stirred for SO0 minutes. The mixture solution was mixed
with diethylene triamine (0.79 ml, 7.00 mmol), and stirred overnight
at room temperature in a shade to obtain a white crystal. The white
crystal filtered out and obtained was recrystalized from methanol to
obtain a white crystal serving as Compound 10 (3.53 g, yield of
92.9 %).

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

(9) Synthesis of Compound 11

The Compound 9 (333 mg, 847 umol), diisopropylethylamine
(435 ml, 2.54 mmol), and FDPP (1.00 g, 2.60 mmol) were dissolved in



molecular mass of the Compound 10 is C28H39N506: 541.29. (9)
Synthesis of Compound 11 The Compound 9 (333 mg, 847 mol),
diisopropylethylamine (435 ml, 2.54 mmol), and FDPP (1.00 g, 2.60
mmol) were dissolved in -39- anhydrous dimethylformamide (5 ml) and
stirred for 30 minutes at 0 C under argon atmosphere in a shade. Then,
the stirred solution was mixed with a 88lution including Compound 10
(.15 g, 2.11 mmol) dissolved in anhydrous dimethylformamide (1 1 ml)
andncdstned dom2@ plite-aiioeid éepipardjuren dhe tieaetiodwolGilbmiasites at
goncentrated under reduced, pressure to Qbtajn a.residue.,An organi .
0 AL A B P T St S BRBrofbiin He e Solution
wassithigeBotivitie agusolistpbrserariah thiergrg@nic ploasedver® wdshied g, 2.11
on ach by 10% citrig acid and a saturated agueous.solution of sodium.
R S R S AT SRR o) 3 Shirrea
foras AlnjmgagenatThemthe teyimpeagéntwas Tilerecteoticom theldtiseh was

coﬁéé%‘%é‘%e‘%i’taifi@eﬁ”%tﬁu@;;%%%%g}(?é &9%%;%;%% MO [89YEE Y, rganic

pressure to obtain a residue. residue” was purified by preparative

pl@ﬁ@@@ﬁcﬁmm@@g@&mpm@ vehrcﬁcﬁﬁtﬁa%@@qaﬁéhmlqu@mmirf@m the
re{QiIFSAHd e Qﬁu%gqﬂgoﬂﬂgétl K50 e w?&ﬁfié%%)a;y\%l% washed

(400 MHz, CDC13) measurement was conducted on Compound 11 so

ongistaffedtobindlife 6818 1ACIEEs, NHCePsg s qdHaguses4 spiution of

soRiRMRRtiC LAY 6t tes, PRNHCL)s (11216848, @rfHCQRM argmaitirous
PhNHCO), 7.54 (1H, bs, PANHCO), 7.48 (2H. d, J = 8.4 Hz, NHCOPh,

maggnahan7 solfste irsardndicingHesrh), ThanpHhe frgpgiagent was

fil @S PERBRIt Fr2Fht 1th DS REN IFER R 8D (BBt aba S @NEHD), 38E-BtBate was
(20H, in, OCH2CH20, NCH2CH2NH), 3.56 (2H, t, J = 5.1 Hz,

coRsen{zeres) undem reducot RIeTsiy & s obiginyg fesidue. The residue
waNCHAGHIZAH), B8y26 Hdephrhtibel HAINACHR) 3.dB8r8H8{4EkdIShps, (80 g,

chll\lo(%g o(%HmZ:NI_}I)l’e]‘E}?gh]é'liol'&f‘l‘r? (%gH’oSBtSéiSri t-glm@ ﬁ% EEIO-ME serving as
Compound 11 (125 mg, yield of 59%).

IH-NMR (400 MHz, CDCIl3) measurement was conducted on
Compound 11 so obtained to find that 68.18 (1H, bs, NHCOPh), 7.86
(2H, d, J = 8.4 Hz, aromatic), 7.80 (1H, bs, PhNHCO), 7.75-7.68 (8H,
m, NHCOPh, aromatic, PhNHCO), 7.54 (1H, bs, PhNHCO), 7.48 (2H, d,
J = 8.4 Hz, NHCOPh, aromatic), 7.42 (SH, m, aromatic, NHCOPh),
7.34 (2H, d, J = 8.8 Hz, aromatic), 7.28 (1H, bs, PhNHCO), 3.84 (4H,
bs, CONCH>), 3.62-3.48 (20H, m, OCH2CH.0, NCH>2CH2>NH), 3.56 (2H,
t, J = 5.1 Hz, N3CH2CHz), 3.43 (2H, bs, OCH>CON), 3.35-3.30 (4H, m,
NCH.CH2NH), 3.26 (2H, t, J = 5.1 Hz, N3CH>), 3.13, 2.98 (4H, bs, bs,
NCH.CH,NH), 1.52, 1.50, 1.49 (36H, s, s, s, t-butyl). An ESI-MS
(positive) measurement was conducted on Compound 11 to find that
the m/z was 1461.72[(M+Na)*]. This could examine a structure of

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

Compound 11 is C70HogN14019: 1438.71.



(positive) measurement was conducted on Compound 11 to find that the
m/z was 1461.72[(M+Na)"]. This could examine a structure of Compound
11. It is to be noted that a molecular mass of the Compound 11 is
C70H98N14019: 1438.71. -40- (10) Synthesis of Compound 12 The
Compound 11 (165 mg, 114 mol) was dissolved in methanol (12 ml),
mixed with 5% Pd/C (55 mg), and stirfidiifor 5 hours at room temperature
under hydrogen atmosphere. Then, Pd/C was filtered out from the
mixtur® p@yrinh és BhEirCa filtpatenkhd Filtrate was concentrated under

reduced pressure to obtaip a resjdue. The residue was purified by. .

orep Lt SR R Ehrontatdd iy PR ot SHIoBIORY. Méhassotved in
mdfitanbiaifl @ whitg solikedrviviglasSCoroi0d(dd (128)magyiblddired for S

79%). 1H-NMR (400 MHz, CDC13) measurement was conducted
hofb st SR e A RN AT T heng Pas
wg8Hlbcredmattit) facam, 4HO @i thsrdss AONCH 200 3@t ¢dH, bsfiltrate. The
. - ' H20, . :
N 2 (air, YA PR oT 2 06 (e 2 rggidue.
Thazresdfiaei 2CH2purstedan, prepayntixe E8icvsgloshvematography (10
g, RRISHLEFAISA! Was sqndisied op Compaungi12ite IndHAINEIE WaSing as

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

ComnppansHi doN££0omz, 1wieddy 2 TR "Gompound 12 is an amine
compguRd/fRVingobstigiyre cepeasenisd by orngrahiorpula (dhducted on

wherein nis 4, pl and p2 are 1, and m1, m2, m3, and m4 are 2. (11)

Cogpppiesid of aappbiringd e dimbshad 2 (thtocti®&ciPH3. Amgromatic),

7.48-6819)) thiOBtdh& t18g, 466 MaD); end EDEHCHE. COHARH MolZwareH, bs,
dissolved in anhydrous dimeth%g%mamide (2 ml) and stirred at 0 C under

O GHpnOhospReRZin’athadel ZfHd mixtie solltfoRlafablatied ih H2CH2NH,

NCH.CH2NH), 3.50 (2H, t, J = 5.1 Hz, HoNCH2CH3), 2.76 (2H, t, J =
5.1 Hz, HoNCH>CHy), 1.50 (36H, s, t-butyl). An ESI-MS (positive)
measurement was conducted on Compound 12 to find that the m/z
was 1413.74[(M+H)*]. It is to be noted that a molecular mass of the
Compound 12 is C7oH100N12019: 1412.72.

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

(11) Synthesis of Compound 14

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

dichloromethane from the residue. The organic phase was washed



solution including Compound 12 (23.5 mg, 16.6 mol) dissolved in

anhydrous dimethylformamide (2 ml) and stirred for 22 hours at room

temperature. The reaction solution was concentrated under reduced

pressure to obtain a residue. An organic phase was extracted with

dichloromethane from the residue. The organic phase was washed -41-

once each by 10 % citric acid and a-sé&furated aqueous solution of sodium

bicarbonate. The resultant was dried with anhydrous sodium sulfate as a
ondiyirgabebly SLDsegusntty; theidryingdageiavas ditteded qaué dios fadution of

Hied residue o ojain A flirate, The flliale was Loncaraled Sl sodium

reduce pressureato obtaifi ATeSidGe: The reSiue was purﬁieéf%y

suﬂ)f&praraﬁ\{& dﬁymlagﬁnma&glmwj(é‘rglycmhmfdnydngmgaml wd§ filtered
ouéggfg)gﬁjj%ggggﬁ'g&%%gg 1‘3? GRPRENd 1 (15 L MIryieldat e was

measurement was conducted on
coGompoaridd A1sulebtaidd codinu b8 20 810tal4Ha b id uRHOGPHg sidue

7.86 (2H, =88 H i), 7.72:7.72 (Z4, ti
wais onitfed | B orBLRIASN | Gitfed® U Dottt ORINELABRICY e
ch@tgpting, 7. 2rethamel CORPANH ICONHGHRIN 38vlaHebsolid serving as

cd %%%@9483@4731%%,(?&%'1’&%#\@% "HZNH, NCH2CH2NH,
OCH2CH20, CONHCH2, CONHCH2CH2), 3.53 (1H, m, SSCH), 3.48

(2H, " -NEHR arQHMEIZ2 (4HP Gl crercore IaH2 NP Rdiscted  on

CodpddHabs; s NCHBEHRM) 3 P4 2 98.902S500): Rff-2136 b,
Nh&?@’m’ CH2CH2828625 2.16 (2H, m, CH2CH2CH2CONH), 1.89-1.81 (1H,

PhEH2SY), {249,186 AiH; nt-EHIEHZ2CHP@ERM, 7-77-7.72 (7TH, m,

C P HRCH 2 ARG PNH), 58541 HO0 636 HNS & OBMY )7 1542284 (3HoH, m,
m, CH2CH2CH2CONH). An ESI-MS (positive) measurement was

aregpdticted oni SothgdandRRBNEH thatdde (2> Vs 16OEENI+HINHCHo),
3.8%is ¢ould examineosiuRwE®f Cangaupd3 4. (Distp, benoteithat, & HLoNH,
molecular mass aof the Compound 14 is C78H 112N 12020S2: 1600.76.
NCH2CHoNH, OCH»>CH>O, CONHCH,, CONHCH2CH,), 3.53 (1H, m,
SSCH), 3.48 (2H, m, NCH2CH:NH), 3.32 (4H, m, OCH>CON,
NCH.CH,NH), 3.18, 2.85 (4H, bs, bs, NCH2CHyNH), 3.17-3.04 (2H, m,
CH»>SSCH), 2.44-2.36 (1H, m, CH2CH,SS), 2.16 (2H, m,
CH2CH2CH>CONH), 1.89-1.81 (1H, m, CH2CH>SS), 1.69-1.56 (4H, m,
CH2CH>CH>2CONH, CH>CH>CH>CH>CONH), 1.51, 1.50 (36H, s, s,
t-butyl), 1.42-1.34 (2H, m, CH>2CH2CH2CONH). An ESI-MS (positive)

measurement was conducted on Compound 14 to find that the m/z

SO

was 1601.81[(M+H)*]. This could examine a structure of Compound
14. It is to be noted that a molecular mass of the Compound 14 is
C78H112N12020S2: 1600.76.

(12) Synthesis of Linker Compound (Compound 15)

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

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



(12) Synthesis of Linker Compound (Compound 15) The Compound 14
(60.3 mg, 31.2 mol) was dissolved in dichloromethane (1 ml), mixed with
TFA (3 ml), and stirred for one hour at 0 C in a shade. Subsequently, the
mixture solution was concentrated under reduced pressure to obtain a
residue. The residue was dissolved in methanol, and the mixture solution
was poured into -42- a column (1.0 efZD x 3.0 cm) having Dowex
Marathon A (OH- form) filled therein to carry out ion exchange. The
a eblaimwaglconcenthted udemntdduaedhgy ddswe o Mhisitlaovhite fOlid form)

..serving as.Compound 15 (41.2 mg, yield of 91%). 1H-NMR (400 MHz
L S R e AL Al Do R HBEE: Ot e T Lo S eprated
urfiherthratBg-td, 8185 MAH entonybAEGPh 82 HIH] Iste SANHEHZ)pompound
7,53 (8H,.m, aromati (8H, dd, J =8.4, 1.5 Hz, aromatic), 5.61-5.55
15(5@51 n? R?ﬁz)‘{”f.%,of.)?f‘& 1, s, s, CONCH2CO), 3.93 (2H, bs,
OCH2EONIR3 G083V 132,HDN SOCHACHRRBUNTHAOHSNE, conducted on

CoUR i B SR, S5 FEE B 809 1Ty, m. m,
NH¢ @PRGH28RACENMY, ICINEE b, K15SHOBHaS SR roBRtigs @1 (8H,
ddMgCHAGH2LHAGONH, 5 &'%C.B'?%ﬂgg%ﬁ)'&-?ﬁﬁ-%? ©H4Mq 11 (aH,

CH2CH2CH2CONH). An ESI-MS (positive) measurement was conducted
S, of,CoMPIYGAER T P thal 278 mPswa® E2RL NI+ 23a60+3 18i€ tdpeH, m,

NEORSENAA, MeeeimanT Of e GornoeNd EoNGRSHEONESNE81, CH,
1200.55. The Compound 15 is a linker com%gund having a structure

SSepiesehtbd s @enktal fofufa @) Whdle ik 4, Glls PetfrddbniedtBy2- 32 (1H,

m JEA fermgla (B)owheren phand P2 @18, AREON AR, MBANH 78 @, m,
2.&Exam§)le 2: Synthesis of Ligand conjugate (Compound 17)] Using the
Chipkdl pound 15-86talné®in Exatiie 1, a lighhd conjigReHaeint 2 ONH,

C19igesaCehATHE UEO/NEY structurerrersesgited B, CH.CH2CH>CONH). An
ESI-MS (positive) measurement was conducted on Compound 15 to
find that the m/z was 623.27[(M+2Na)2*]. It is to be noted that a
molecular mass of the Compound 15 is CsgsHgoN12012S2: 1200.55.

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

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

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

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

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



general formula (5) where n is 4, pl and p2 are 1, m1, m2, m3, and m4

are 2, R'is hydrogen (H), and R is represented by general formula (12)

was synthesized according to the following procedure. Fig. 2 illustrates a

chemical reaction formula of the synthesis. As shown in Fig. 2, reductive

amination reaction was performed using the linker compound 15 obtained

in Example 1, and the compound 16 §Bequivalents) which is a sugar

molecule represented -43- by general formula (12). With this, Compound
byldenkichli$amextample) ofwrieHigaid, cOnjngateiofdhepredeohingentioaxample

s ohtained at a_.yield of 22%. More specifically, the linker compound 1

of (55 REARES o ARA Coflpdlita HE A g PEE D HiHol A BELttseh ot
yighdaafiitte. solvent of 100ml of water, 400 ml of dimethylacetamide, and

10 ml.of acetic agid, The resulting mixture was heated i ealed t or
25 Rt B el R S e B mol
an@.%lomy Gordmirfol) Wasmdigsolved imirBod) ofacetidmsid] veisteth vithmixture
i tion, d nder
SO ot S S P AL TBR, g i of
aceiicsasifltidhmaotadinl mgMKkKact miredhe®BE) iA aargetlfrdctiohe for 25

ho?fiigingd 8y the pytificalign wasgonganliated yRder; feauced, PISESUIGIBH,CN

obtain a residue. The residue was desalinated by using Sephadex G-25

(3@l sAg(DSY4D arimedkeWan tdigsoiereon obrimel By theddésafsidiormixed
wities aencentais uWilerisgucad RIRESHE dligsped ingvated apdncentrated

freeze-dried to obtain a white powder servir;]%ﬁas Compound 17 (2.7 mq,

ungey sedaesd IR0 NNz FovdhiftkdlirdmERg wasRisAdGEed o0 (1.6

cnf RO &MSoLRGINRLRCGHEING 1A 2 meshpdteRebrdinkEXa/APIRES). A
to find that 67.65-7.58 (8H, in, aromatic), 6.78-6.67 (8H, in, aromatic),

targsy (RCHO™-ID I R8d4RY b9 PREHGH R WS peNqaiated under
reddnptt6siird-8o CONGH 2CEs 42 (Mb iFesidue was desalinated by

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

IH-NMR (400 MHz, D>0) measurement was conducted on
Compound 17 so obtained according to a method described in
Example 1 to find that 67.65-7.58 (8H, m, aromatic), 6.78-6.67 (8H,
m, aromatic), 5.37 (4H, bs, H-1"), 5.13 (4H, bs, J = 2.5 Hz), 4.52 (4H,
bs, H-5’), 4.29 (10H, m, H-6a”, H-3’, CONCH2CO), 4.19 (10H, m,
H-6b”, H-2°, CONCH.CO), 4.05 (3H, m, H-4’), 3.99-3.92 (14H, m, H-2,
H-6a, H-5”, OCH-CON), 3.87 (8H, m, H-5, NCH>CH2NH), 3.83 (8H, m,
H-3, NCH>CH2NH), 3.77-3.70 (8H, m, H-4, NCH>CH2NH), 3.71 (4H, t,
J =9.9 Hz, H-37), 3.64-3.50 (25H, m, H-6b, NCH>-CH>NH, OCH2CH-O,
CONHCH,, CONHCH2CH>, SSCH), 3.54 (3H, s, OCHs), 3.45-3.19 (14H,
m, H-1a, H-1b, NCH>CH>NH, CH>SS), 3.34 (4H, t, J = 9.6 Hz, H-4"),
3.24 (4H, dd, J = 3.4, 10.5 Hz, H-2"), 2.35-2.28 (1H, m, CH2CH,SS),
2.27 (2H, bt, CH2CH>CONHCH3), 1.89-1.84 (1H, m, CH>CH.SS),



H-6b", H-2', CONCH2CO), 4.05 (3H, in, H-4"), 3.99-3.92 (14H, in, H-2,
H-6a, H-5", OCH2CON), 3.87 (8H, in, H-5, NCH2CH2NH), 3.83 (8H, in,
H-3, NCH2CH2NH), 3.77-3.70 (8H, in, H-4, NCH2CH2NH), 3.71 (4H, t, J
= 9.9 Hz, H-3"), 3.64-3.50 (25H, in, H-6b, NCH2CH2NH, OCH2CH20,
CONHCH2, CONHCH2CHZ2, SSCH), 3.54 (3H, s, OCH3), 3.45-3.19 (14H,
in, H-la, H-lb, NCH2CH2NH, CH2SS)43.34 (4H, t, J = 9.6 Hz, H-4"), 3.24
(4H, dd, J = 3.4, 10.5 Hz, H-2"), 2.35-2.28 (1H, in, CH2CH2SS), 2.27 (2H,
1.96-CHREH2GONHCH2),, 1.89ABAHKCIONEH2CH2SSE -441 4.56-1246, m,
in C H), 1.35- (2H, in, CH2CH2(CH2)2CONH). A
A S b oS Al Son A Cor et I ha was
cothdtithiee dh/owa CotAaH 6B {(M-ION 67 H)B4. Thistotleexarpmevmas 1449.93
tr. re mpaund 17. It Js to be .noted that a molecu ass of th
S AP S For N 1R R, SR RS PR RS 17 1
is Compotind dzid athgendeconjudateibavingas soligbsticehaideagerived 17 is
c,Stuciure %‘?@5;%@51}68%[’)(: g%%%@rmula (5) wherenis 4, pl and p2 are
i,mll,mé,m,an Ai , R’

m4 are js' hydrogen (H), and R is represented by
genérhforfgm@o)nftxample 3s Vesficdigand intoeiiogdetwebadng an

oliP M ORI §EIVRY; 98 §9809. 206 APIISIUIDRE LB EBE R AMIPKR rmula (5)

using a ligand conjugate obtained in Example 2 and having an .
whytig sBcdRaride ibrived sacere reprBsbnted bygénaaidombilars) 2, R' is

hyWPSERA 'Igﬂ R 200238 Jrd8in fBd. B3R Y BseAnRaisdsirogen
(H), and R is represented by general formula (6-3) (This ligand conjugate _
is hdfeirimdt reféireabifligatrenaat 1eNsracidon2Batkegana sugar chain

seiti@elsqualifesaction phewasn Tetra-G1cNS6S-1doA2S-Glc and a
protein was verified. In the present Example, for the purpose of

comPritdf, BFAt& bxpPSAMEIG werddraiukigRsh SRaHEEANS RiRined in
EGanigaatesthab the inMertiig of the prespidstpiisatiendaied heforesandcture

represented by general formula (5) where n is 4, p! and p2? are 1, m!,
m2, m3, and m* are 2, R' is hydrogen (H), and R is represented by
general formula (6-3) (This ligand conjugate is hereinafter referred to
as '"Tetra-GlcNS6S-IdoA2S-Glc"), an intermolecular interaction
between Tetra-GIcNS6S-1doA2S-Glc and a protein was verified.

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

(13). Hereinafter, this ligand conjugate is referred to as
"Mono-GlcNS6S-IdoA2S-Glc".

0OSO3Na o o - @—NHOC
N CONa G S
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H

NHSOs;Na  OSO3Na o

cees(18)



comparative study on their interactions was conducted. One of the two

ligand conjugates, more specifically, is the ligand conjugate described in
Patent document 1 and represented by general formula (13). Hereinafter,

this ligand conjugate is referred to as "Mono-G1cNS6S-IdoA2S-Glc".

OSO3Na 0 pzZNO NH $ CIH }~ l4de+l? ~FO, NHSO3Na OSO3Na OH

-45- The other ligand conjugate is thedfgand conjugate described in

Japanese Unexamined Patent Publication No. 157108/2004 (Tokukai
2004Ph57&68¢ﬁﬂ®gmnth$mﬁ¢dgmgemnaiéorigaladléc)xﬂjla@dtedetkﬂﬁibed in
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th&ﬂda@m?ﬁﬁwmamlﬁﬁa}@ﬁ&m Bmlbilmtammneikimnméﬁﬂw&s/ 2004 was
te n er, n chip i '
A T BT G i T 0 fysen
apiplicebiized thereon and (i) a heparin-binding protein. That is, in the

presence of an inhibitor which inhibits a binding between the
heparin-binding protein and the G1cNS6S-1doA2S

Ry NeL Mt

NHSOgNa  OSOgNa
see(14)

[Example 3-1: Confirmation of Specific Interaction]

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

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

biological activity. It has been reported that a minimum binding



structure, whether a binding of the heparin-binding protein to the chip was

inhibited was studied. The present experiment used heparin (derived from

small intestine of a pig, Mw = 17600) serving as an inhibitor and bFGF

serving as a heparin-binding protein. The bFGF, which is also termed as

FGF-2, is known to facilitate wound healing by working on vascular

endothelial cells and fibroblasts for itsh@ascularization and granulation

promotion. In vivo, bFGF interacts with heparan sulfate which is a
seh&@artrelike:qulismCmenhmmswimcﬁ,r@diexpreseepﬂ&l@ologicﬁhe sugar

ivity. It has been repprted that a minimu g -46-s quenc
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M réyieesentac by Ber@ealio&nulaLiﬁ)igﬂaénhe]ﬁw](R@teemcé/.oM.Q68, p. 8857,
in !\jlg%%‘?)rana B. Casu & U. Lindahl, J. Biol. Chem. Vol. 268, p. 8857, in
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NHSO3Na OSOzNa NHSOaNa OSO3Na ....(15) The above structure

does not contain a structure having sulfation at 6 position of glucosamine
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conductea In the pre aparin by using chips respectively
including the foregoing Mono-G1cNS6S-IdoA2S-Gilc,

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

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

Fig. 3 illustrates binding behaviors of bFGF to a chip including
Mono-GlcNS6S-IdoA2S-Glc immobilized thereon. From Fig. 3, it was
confirmed that DbFGF binding to the chip including
Mono-GIcNS6S-1doA2S-Glc immobilized thereon decreases with

dependence upon a concentration of heparin. That is, it was



Tri-G1cNS6S-1doA2S-Glc, and Tetra-G1cNS6S-1doA2S-Glc immobilized
thereon. That is, 200nM of bFGF solution was mixed with each of
heparins in different concentrations, i.e. concentrations of 3, 10, 100, 300,
and 1000 nM, and mixture solutions were injected into chips. Fig. 3
illustrates binding behaviors of bFGF to a chip including
Mono-G1cNS6S-1doA2S-Glc immobili#éd thereon. From Fig. 3, it was
confirmed that bFGF binding to the chip including
cohifinm&d cNSHEtdoARFGIC imrehitized thereon detieaseshiih  including
depende a centration of heparin. That is, it was -47-. . .. .
M N T FASE ARG o B - con s inbibited by
heManorG1cNS6S-1doA2S-Glc immobilized thereon was inhibited by

hepasin. Erom, set ata on three types of chips. gbtained.by the ahove
b S AR R P R BR B R LR i above
exPheirssult of thédydaltidationaiteshowin InHGE 4 binslimpe tootédehathlips were
cai%@?ét{%ral r a#%lg Pe%‘?fﬁeBgagﬁeo‘éaf@ﬁi‘é[ﬂ%'H Eilggé%og;}%ngﬁ @-Ir’}%oug_lt 't tﬁe to be
presence of haparin in a different concentration to a maximunt’angle
noghdngbamobat imthidihesncets Feparipeneerggh iffiserated mmigny, angle
chaAgInt haylng,5Q %gf infibition, rate. gl BFGEbinging:tq the ¢hip Was gifferent
defined as IC50. As a result, the chip including
CONRPBLCAL RS 69- |[domZK B imnsdtEigcahnégeramaaues o the rapspace of
he$lp;igcluding Tri-G1cNS6S-1doA2S-Glc immobilized thereon had IC50 =
4 nM, and the chip including Tetra-G1cNS6S-IdoA2S-Glc immobilized =~
therdBrehg8aeBol _%tw.e(gm Eogfifed RRitthd animna aGingfiépsibition

rafel IS deoAZRIGle vnakilzagtherron wasaneerdeslowss in Kealt, the
value than the other two ch]ifié&r% was strongly influenced by inhibition

chipeinslheasin Mo tHe At iiolisn rrRebidized pisirgn had
ICthe above chipsehanggeavit HependgpredipR aTencerifdes AdoA2S-Glc

imr%gg%rilﬂ’z\évg thereon had ICso = 94 nM, and the chip including
Tetra-GlcNS6S-IdoA2S-Glc immobilized thereon had ICso = 71 nM.
This confirmed that the chip including Mono-GIcNS6S-IdoA2S-Glc
immobilized thereon was one order lower in ICso value than the other
two chips and was strongly influenced by inhibition effect of heparin.
From the fact that all inhibition rates obtained by using the above
chips changed with dependence upon a concentration of haparin, we
can come to a conclusion that these chips specifically recognize bFGF
which is a heparin-binding protein.

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

First of all, Tri-GlcNS6S-1doA2S-Glc or
Tetra-GlcNS6S-IdoA2S-Glc and a linker compound including bound
molecules having no sugar chains (non-sugar chain-linker binding
compound, hereinafter referred to as Mono-Glc) were mixed into a
solution to immobilize them onto the chip. Then, change in density of

a sulfated disaccharide, which is a ligand on the chip according to a



can come to a conclusion that these chips specifically recognize bFGF

which is a heparin-binding protein. [Example 3-2: Study on Relative

Density of Sugar Chain on Chip Surface] First of all,

Tri-G1cNS6S-1doA2S-Glc or Tetra-G1cNS6S-1doA2S-Glc and a linker

compound including bound molecules having no sugar chains (non-sugar

chain-linker binding compound, here#@fter referred to as Mono-Glc) were

mixed into a solution to immobilize them onto the chip. Then, change in
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Since stretching vibration of S=0 derived from sulfuric acid group was

tossaiwdaGhianvaaeaohieodoklirarencNBO Yol deremG s@lhﬁﬁ’él’a%ib with
ch‘é{ﬁ%élé'afﬁ'f 91%%99{9%%9 i anmuliyaciate mwéi%mﬁtée@hbw%@@oamc in a
IS

absorbance curve of this domain, and a relative intensity of sulfuric acid
b‘l’étfb%n a chip with respect to a percentage of mixture of a ligand

conjugateeing fAlUien yvas pleftednA sesyLof BIOHIREdS BRAWN §uitfdsic acid
6(a) and 6(b). Fig. 6(a) Is a graph illustrating a relative intensity of sulfuric )
STQHR S0t aINIRE WRHR regYEa Wahsdr &gt of inmktute 8P to 1303 cm-

sulfirfgechee$-HeA2Sreiaififled according to a multivariate analysis
method by using an absorbance curve of this domain, and a relative
intensity of sulfuric acid group on a chip with respect to a percentage
of mixture of a ligand conjugate in a solution was plotted. A result of
plotting is shown in Figs. 6(a) and 6(b). Fig. 6(a) is a graph
illustrating a relative intensity of sulfuric acid group on a chip with
respect to a percentage of mixture of Tri-GlcNS6S-IdoA2S-Glc in a
solution. Fig. 6(b) is a graph illustrating a relative intensity of sulfuric
acid group on a chip with respect to a percentage of mixture of
Tetra-GlcNS6S-IdoA2S-Glc in a solution. Since correlation coefficients
of a first-order curve illustrated in Figs. 6(a) and 6(b) are 0.9993 and
0.9610, respectively, percentages of immobilization of a sulfated
disaccharide serving as a ligand (densities of sugar chains on a chip
surface) are in proportion to abundance ratio of a ligand conjugate to
a solution.

[Example 3-3: Study on Influence of a Relative Density of Sugar
Chains on Interaction with h-vWF]

Next, we have studied influence of a relative density of a



solution. Fig. 6(b) is a graph illustrating a relative intensity of sulfuric acid

group on a chip with respect to a percentage of mixture of Tetra-

G1cNS6S-1doA2S-Glc in a solution. Since correlation coefficients of a

first-order curve illustrated in Figs. 6(a) and 6(b) are 0.9993 and 0.9610,

respectively, percentages of immobilization of a sulfated disaccharide

serving as a ligand (densities of sugaftBhains on a chip surface) are in

proportion to abundance ratio of a ligand conjugate to a solution.
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will'be described. For the measurement, SPR670 (Japan Laser

SHResnoHR@Collang:.) daRTeRaf W ased saessyeriiay aariRitiaigp to SPR
méPaRAN &39S« EleclonirsiCo., Ltd.) prepared by depositing chromium of 2

nm thick as a contact layer on a(glass substrate of 13 mm x 20 mm x 0.7

mm Egfd tdihemngssasiergengolPIROP dPswam thirRDh thkeebreades Co.,
Ltépyel ddasensonchir vpsseiased iBra L \(wezone siadisF (BHREURI d¥he Laser

NL-UV253, Japan Laser Electronics Cq., Ltd.) and was exposed to

ElgftaonietryR: fok B hititiea efab Yo RSt En& A BCO BB dndopm thick
asChIRVitha@Z0NGrer on a glass substrate of 13 mm x 20 mm x 0.7 mm

and further depositing a gold thin film of 50 nm thick on the contact
layer. The sensor chip was placed in a UV ozone cleaner (product
name: NL-UV253, Japan Laser Electronics Co., Ltd.) and was exposed
to ultraviolet rays for 30 minutes so as to wash the surface of the
sensor chip with ozone.

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

The chip was washed with methanol six times, washed with
water once. Subsequently, the chip was washed with methanol once
and washed with water. The chip was air-dried and then mounted on

a sensor chip cartridge of SPR670. The chip surface was fully come to



Next, after the sensor chip was placed in a dedicated PTFE cell (Japan

Laser Electronics Co., Ltd.), the six types of chips were dissolved in a

mixture solution (0.1 mM) with a mixture of methanol and water ina 1:1

ratio (methanol solution for a mixture of Mono-G1cNS6S-1doA2S-Glc and

Mono-Glc). 50 | of the solution was taken into the PTFE cell, and sealed

with a Parafilm. The PTFE cell havingthe chip therein was gently shaken

overnight at room temperature on a Bio Dancer (New Brunswick Scientific
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Witlehsandihas Prasiaman PrasomaoaMichoe? Uirmasionerner; Unit

baBAY639t INhe BRRggegsurements, when h-vWF was injected on the
chips with different concentrations of 10 nM, 20 nM, 40 nM, 80 nM, and
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of h-vWF binding.on the chip. As_ the amount of h-v\WF
agent \t[gr com%letey digsociating h-vWF %/1yom the chip without

denaturation of sulfated disaccharide serving as a ligand was not
found. Therefore, a dissociation constant (Kp) was calculated from the
amount of h-vWF binding on the chip. As the amount of h-vWF
binding used was a difference in amount of h-vWF binding between a
state where the ligand conjugate was immobilized as a base and a
state where a curve of a sensor gram of h-vWF injected with each
different concentration became substantially level.

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

Tetra-GlcNS6S-IdoA2S-Glc. Figs. 8(a) through 8(c) illustrate



binding used was a difference in amount of h-vWF binding between a
state where the ligand conjugate was immobilized as a base and a state
where a curve of a sensor gram of h-vWF injected with each different
concentration became substantially level. Figs. 7(a) through 7(c) illustrate
measurements of binding interactions obtained with mixture of any of the
three types of ligand conjugates (Mobd-G1cNS6S-1doA2S-Glc,
Tri-G1cNS6S-1doA2S-Glc, and Tetra-G1cNS6S-1doA2S-Glc) and
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interaction pbtained with Mono-G1cNS6S-1do -Glc, Ei illustr
i TREEmEPEr b ch g b o o no CIENSBSHERSS G,
TrinGENSIGE Sdd2S-Glc, anddiigl  7(C) diustr&tbsNEeStdoreRBeblc) and

bindipg interaction,gbtained with tra- NS6S-1doA2S-Glc. Figs. 8(a
Mg e L Falls, 0 S e Aites red Tk cifine of
bindtngixtoteohatripof et direedyped bf IIfantbetijojaes-1doA2S-Gle, Fig.

] S. ] i- _ -Glc..and . .

R Ly Vom e o Bag aePtpiged with
TritGstedieSmdannethetilol simdindiigerdbiton dbisitat adthimemsurement  of
bird 16N $AR1RATH QB hige 8 RiHIISHAIES MEARYERIRNDEIHNG.

interaction obtained with Tri-G1cNS6S-1doA2S-Glc, and Fig. 8(c) _
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amounts obtained by the above result for different h-vWF concentrations.
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As illustrated in Fig. 9(a), for the chips including a sulfated
disaccharide serving as a ligand immobilized with
Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc in a 100:0 ratio and the
chips including a sulfated disaccharide serving as a ligand
immobilized with Mono-GlcNS6S-IdoA2S-Glc and Mono-Glc in a 20:80
ratio, dissociation constants were Kp = 35 nM and 41 nM, respectively.
As illustrated in Fig. 9(b), for the chips including a sulfated
disaccharide serving as a ligand immobilized with
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc in a 100:0 ratio and the chips
including a sulfated disaccharide serving as a ligand immobilized with
Tri-GlcNS6S-1doA2S-Glc and Mono-Glc in a 20:80 ratio, dissociation
constants were Kp = 27 nM and 24 nM, respectively. Further, for the
chips including a sulfated disaccharide serving as a ligand
immobilized with Tetra-GlcNS6S-IdoA2S-Glcto and Mono-Glc in a

100:0 ratio and the chips including a sulfated disaccharide serving as



disaccharide serving as a ligand immobilized with
Mono-G1cNS6S-1doA2S-Glc and Mono-Glc in a 100:0 ratio and the chips
including a sulfated disaccharide serving as a ligand immobilized with
Mono-G1cNS6S-1doA2S-Glc and Mono-Glc in a 20:80 ratio, dissociation
constants were KD = 35 nM and 41 nM, respectively. As illustrated in Fig.
9(b), for the chips including a sulfatedS@isaccharide serving as a ligand
immobilized with Tri-G1cNS6S-1doA2S-Glc and Mono-Gilc in a 100:0 ratio
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interaction with h-vWF. It was considered that this is because existence
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[Example 3-4: Study on Influence of a Relative Density of Sugar
Chains on Interaction with Protein]|

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

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

100:0 ratio and (ii) chips respectively including combinations of any



The following experiment was conducted, considering that using an
Escherichia-coli-derived recombinant human vVWF partial protein having
only Al loop having one heparin binding domain (hereinafter referred to as
rhvWF-A1l), makes it possible to study on influence of difference in
interval between sugar chains upon interaction between a sugar chain
and sugar chain binding protein in int&xdction between a sugar chain
clustered on the chip and a protein in interaction between sugar chains
of clusteaéed ah eeehip &igcha grotedornvidfeAdl V\(Mcmep@fhﬂ\l'ﬁﬁsrdhhgﬁt@s Glc,

Trl §’f§(g§ %rgégﬁ % ||Za%ffjsle(!l_l ﬁ}wn %e%%é’ﬁr%ﬁ were% chlps rrgsl\a/gclztl\zlgﬁ/ga d

connphghrhgs:(amkilribﬁmm Glanymfatfﬁ(lrﬁ@eﬂ@and togpugatesthrough 12 show

0no-G1cNS6S-1d AZS G, TH-G1eNS6S-1doA2 f}
R RS L adl B L B iern. a1 and

theo®:Dimpsio mul(ii)dﬂfﬁaswspemwwmldmgsconfblméndﬁ@ efAdny g ofl O(a)
|
S ST AN ORER i o he chi
withnMgates GHeNvierio-dle A2 & F01s0aamb. Miggo1Giaréngh 120¢héwratio. Fig.
d&ﬁaﬁ‘l‘@%‘ﬁ&%%@WEH&%W@FW&H%‘WS?&%%%%Q%ED:P for the

chips with different concentrations of rhvWF-Al. Fig. 10(a) illustrates
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ustrates measurement of blndlng interaction obtained for the chip with

thi1shdrc¥eNSEsiidadS R SRS BesorsHls: i 1198y 0 ratio.

Fiflustigggsimgastsiemenh o4 Binging dpteractinn ahtainett éon de ghipptithhed for
ri- Glc S6S-1doA2S-Glc and Mono-Glc in a 100:0 ratio. Fig. 11(b
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ratio. Fig. 12(b) illustrates measurement of binding interaction
obtained for the chip with Tetra-GlcNS6S-IdoA2S-Glc and Mono-Glc
in a 50:50 ratio.

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

dissociation velocity constant is represented by kq.



ratio. Fig. 12(b) illustrates measurement of binding interaction obtained
for the chip with Tetra-G1cNS6S-1doA2S-Glc and Mono-Glc in a 50:50
ratio. Table 1 shows dissociation constants, binding constants, binding
velocity constants, and dissociation velocity constants calculated from
these results. In Table 1, dissociation constant is represented by KD
(kd/ka), binding constant is representéd by KA (ka/kd), binding velocity
constant is represented by ka, and dissociation velocity constant is
repr¢Sanied by kd. -54- [Table 1] ka Composition K, KA kd No. Types of
Ligands (M-1s-1 ratio on chip (M) (M-Ix10-5) (s-Ix10-3) X 103) 1
Mono-G1cNS6S-1doA2A 100/02.603 85838219 2 -Glc/Mono-Glc
50/50 3.79 2.64 14.6 55.2 3 Tri-.GlcNSGS-IBoAZA- 100/0 ¥..20 8.33 6.60
8.05 4 %Ig/l}s/tgnao- Sl 50/50MP898'65 |4 52 6.83K5 _ Kd
NoFetra-G1CNSBS-1HOAZA 100/05.9910.016 5064t 6 - GIC/Mong- Gl 0
50/50 1.00 9.96 5.24 5/26 As shown in Table 1, the chip iiéfuding
Mpno-G1cNS6S-IdoA2S-Glc immobilized had a Targer dissociation

1 conétantKIPas24602M) than'ti%é Thip intkfYing STH-G1cN&8%-1doAZ3-GlIc
immobili d the chip including Tetra-GLcNS6S-I1doA2S-GIa
2 im mobiﬁgczg{%?g%tive decréd&e’in den%iﬁg/ of 31;%4ar c¢haihs immobifizéd
on the chip further incre¢ased a value af the|dissociatipn constant (KD =
3 3.7 TMFLORGHEleMRar hand, 11%8se of e chigitluding®-6° 8.05
Tri-G1 -1deA2S-Glc immoblilized, a relative decrease in density of
4 sugar (%?ﬁ%%ndr%%bilized ons%gochip ntréased®° 4.52 6.83

5 | Tetra-GIcNS6S-1doA2A 100/0 099 | 10.1 6.50 6.44
6 -Gle/Mono-Gle 50/50 1.00 | 9.96 5.24 5.26
As shown in Table 1, the chip including

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

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

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



a value of the dissociation constant to some extent (KD =1.20 M -* 1.50

M). In case of the chip including Tetra-G1cNS6S-1doA2S-Glc

immobilized, change in density of sugar chains immobilized on the chip

brought about almost no change in value of the dissociation constant (KD

=0.99 M -* 1.00 M). Further, as shown in Table 1, it was confirmed that

the chip including Mono-G1cNS6S-deA2S-Glc immobilized had one

order higher dissociation velocity constant (kd) than the other two chips
respecEspectiveitidituginh éhetbitellgand conjjggtes Sronotnistiesuiegult, it

can be, considered that TrizG1cNS6S-1d0A2S-
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sugar chain cluster, structure which.controls an interval hetween sugar
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suigitaractienwithl isAE-Atisutodasconfitmdd chatttd £hiprindlutimyal between
sulePEAENSHPA AR GIc mmalize Npraen degiaases s binding

rce as a density of sugar chaifis immobilized on the chip is decreased.
On théathis, Handic imuasd on teeechip nalitihg viVEi o\NE68-meAx Gl med

thpmeRiizedihereqn and; e Chip IACUBININSHA-RICASESHAOAL A Ghilized
immobilized thereon, it was confirmed that their binding forces change _
thegross deereayest dtyjabthdimEinientilizzd oh Herpips i®feskgapdchains

miIBiePAE (eI ipwas gsialiished theh N RIJS IR /NRRAEE in case of
binding forces in interaction between sugar chains of a sulfated

the|ighdRctRahad g SEdugAeRasdidamg Drotkin imsplitizeth hgegon and
th8USRIShaIBs R i gUifdigd aligenaseRartle ARG dhesaBe1926d thereon, it

conjugate structure are two-dimensionally clustered on a chip, as in the
Waship MEIERMSHY-G Rl Bsndine da5fe InfifteBigredifileedn, & AP sity of
sugReUERaand asluIBiRgroeiUrR dNc Mipshi ariivdeawpd gtween sugar
Chai%?‘é%o?gg"% ior1vrgoLee%l{|1€il{S, it was established that in order to
increase binding forces in interaction between sugar chains of a
sulfated oligosaccharide and a sugar-chain-binding protein, a
structure in which sugar chains of a sulfated oligosaccharide having
the same ligand conjugate structure are two-dimensionally clustered
on a chip, as in the chip including Mono-GlcNS6S-IdoA2S-Glc
immobilized thereon, is not enough, and a clustering structure in
which an interval between sugar chains is controlled in molecular
level, Tri-GIcNS6S-IdoA2S-Glc and Tetra-GIcNS6S-IdoA2S-Glc, is
necessary.
[Example 4: Synthesis of Linker Compound (Compound 26) and
Ligand conjugate (Compound 27)]
One of the linker compounds according to the present invention,
i.,e. the linker compound (Compound 26) having a structure
represented by general formula (1) where ais 1, bis 4, dis 1, e is 4
and X is represented by general formula (4) wherein q!, g2, q3 are 2,

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



level, Tri-G1cNS6S-1doA2S-Glc and Tetra-G1cNS6S-1doA2S-Glc, is
necessary. [Example 4: Synthesis of Linker Compound (Compound 26)
and Ligand conjugate (Compound 27)] One of the linker compounds
according to the present invention, i.e. the linker compound (Compound
26) having a structure represented by general formula (1) whereais 1, b
is4,dis 1, eis4 and X is representdoby general formula (4) wherein g1,
g2, g3 are 2, and rl, r2,r3, t1, t2, t3, ul, u2, and u3 are 0, and the ligand

(Coonjpupated-367 (Cempog rd 2ideting aqﬂtﬁ@ﬁetmj)l’@eg@etébalgﬁmfahla (7)

formula.(7), where |sl b js 4, d| 1 qls are alnd 1,r
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hgaﬂgd 13 angugn fted Sieemmeriambth&¥ )Reficamt, atlaeOtHéndt¢or compound
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used. Chemical shifts in CDC13 are expreSsed in 6-values in accordance
depnn pRiciep SR amplafctoyEfane 1ol ppfeyasecréfeiahers described
in $PRstanee JHkequcal shifts in D20 are expressed in 6-values in

accordance with chemical shift of DHO (4.65 ppm) as a reference

subdMses W aiasns MatbedinRerecbferBst WaBeslied out by using

PerSejtive Bigsysigr Maﬂﬁ%&%%lpspeﬁi@iﬁ%{ﬂérﬂ\é‘?{kﬁa“QIDEL Delta600
medium-pressure silica gel chromatog1 aphy was carried out by using

SPSHEEBUE MRk, BT4D-0C0BSHIRA! AlitSialfer ElbiaBhfasiphagsed in
5-¢aried qut By ssithR@caed chemical shift of tetramethylsilane (0.00

ppm) as a reference substance. Chemical shifts in D>O are expressed
in 6-values in accordance with chemical shift of DHO (4.65 ppm) as a
reference substance. A mass spectrometry measurement was carried
out by wusing PerSeptive Biosystem Mariner™ Biospectrometry
Workstation. A medium-pressure silica gel chromatography was
carried out by using Silicagel 60 (Merck, 0.040-0.063 mm). A
thin-layer chromatography was carried out by using Precoated
Silicagel 60 F254 (Merck, 0.5 mm). All reagents and dehydrated
solvents were purchased from Kanto Chemical Co. Ltd.

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

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

After Methanol was removed by concentration, water and chloroform



Silicagel 60 F254 (Merck, 0.5 mm). All reagents and dehydrated solvents

were purchased from Kanto Chemical Co. Ltd. (1) Synthesis of

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

O2N-Trivalent-(OtBu)3 (Compound 18) (757 mg, 1.70 mmol) and nickel

chloride hexahydrate (NiC12.6H20) (80.8 mg, 0.340 mmol) were

dissolved in methanol (20 ml). To the S@lution, sodium borohydride (322

mg, 8.50 mmol) was added with five-equivalent portions, and the resulting
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osphere at room temperature, and th resultlng mixture was stirre
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phase. The organic phase was washed with a saturated sallne solution,

teBAREAABATRitATF AARYEFSUS G RRERIR SulRE, STHEFEdnaNAagERt. After
thwasediiaed asieBihevdiehiesiduedopbiyiafiltaie. Jha it e was

concentrated under reduced pressure to obtain a residue. The resi

ex{FaCHMimwdtby $Hivd RFHRGmARTFEnTHREP I 564 %ﬂna?@fsﬁnphase The
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colorlesso object. A yield thereof was 839 m
an al’liﬁ%’ rJous n%/agnes?um su? fate. 'H’len the drying agent was

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

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

C32Hs58N4011: 676.41.



(73%). 1H-NMR spectrum (600 MHz, CDC13) measurement was
conducted on Compound 20 so obtained to find that 63.90 (s, 2H,
-OCH2CONH-), 3.70-3.67 (m, 14H, -OCH2CH20- x 3, N3CH2CH20-),
3.39 (t, 2H, J = 4.8 Hz, N3CH2CH20-), 2.21-2.18 (m, 6H, -CH2CH2CO- x
3), 2.00-1.96 (m, 6H, -CH2CH2CO- x 3), 1.43 (s, 27H, -CH3 x 9). An
ESI-MS (positive) measurement was 68nducted to find that the m/z was
697.45[(M+Na)"]. This could examine a structure of Compound 20. Itis to
be noted thig)a 8alatidaisnads DiGe Tianylewntd( OBUGR2ZHEIN4Pdlind 22)
S67 41. 'f@ (2) Synthesis of TEG-Trivalent-(OtBUu)s (Compound 22)
( ?§ee1%'|g. ) The Compound 20 (Ns-TEG-Trivalent-(OtBU)s)(837 mg,
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s dimethylformami o] t%e reaction solution, DIEA _
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er argon atmosphere. After a saturated aqueous sodium bicarbonate

wegslutibis sriEeddéd (e Ry fasn deteshydioorgamd phasdQaml). To the
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organic phase was washed with saturated saline solution, dried with an

M) dd0E ridghesitrh (Sirfatenghel dBying ageht was filrdrsuirotR theorder
fodrieg 1esidee 19t qyain acfilter dhertiitraleqwasaonaeniaied fe. After a

reduced pressure to obtain a residue, The residue was purified by

satifEatlgel AT AEhrSRAYGPapRiF B RAGoRMHIRE N BT =dtrifrkoto the

re®6tddh solution, an organic phase was extracted with ethyl acetate
three times from an aqueous phase. The organic phase was washed
with saturated saline solution, dried with an anhydrous magnesium
sulfate. The drying agent was filtered out from the dried residue to
obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue was purified by silica-gel
column chromatography (50g, chloroform:methanol = 30:1) to obtain
TEG-Trivalent-(OtBu)s (Compound 22) as a colorless oily object. A
yield thereof was 1.05 g (99%).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 22 so obtained to find that 63.91 (s, 2H,
-OCH>CONH-), 3.70-3.54 (m, 13H, -OCH>CH>0- x 3, CH2CH(CH2-)(S-)),
3.55 (t, 2H, J = 5.5 Hz, -CONHCH2CH20-), 3.45 (q, 2H, J = 5.5 Hz,
-CONHCH>2CH,0-), 3.20-3.16 (m, 1H, -SCH»>(1H)-), 3.14-3.09 (m, 1H,
-SCH3(1H)-), 2.49-2.43 (m, 1H, -SCH2CH2(1H)-), 2.22-2.17 (m, 8H,
-CH2CH,CO- x 3, -NHCOCH2CHz-), 2.00-1.96 (m, 6H, -CH>CH2CO- x
3), 1.94-1.88 (m, 1H, -SCH2CH»2(1H)-), 1.74-1.62 (m 4H,
-COCH2CH2CH2CH>-), 1.52-1.41 (m, 2H, -COCH2CH2CH>CH>-), 1.44




TEG-Trivalent-(OtBu)s (Compound 22) as a colorless oily object. A yield
thereof was 1.05 g (99%). 1H-NMR spectrum (600 MHz, CDC13)
measurement was conducted on Compound 22 so obtained to find that
63.91 (s, 2H, -OCH2CONH-), 3.70-3.54 (m, 13H, -OCH2CH20- x 3,
CH2CH(CH2-)(S-)), 3.55 (t, 2H, J =5.5 Hz, -CONHCH2CH20-), 3.45 (q,
2H, J =5.5 Hz, -CONHCH2CH20-); 3206-3.16 (m, 1H, -SCH2(1H)-),
3.14-3.09 (m, 1H, -SCH2(1H)-), 2.49-2.43 (m, 1H, -SCH2CH2(1H)-),
(8,2222¢. LT Hin <8, TER2EMAA@xa th iNHE QGIM2EH2 )o 2 001h.P6md 22.

6H, - CH2CQ- 4-1.88 1H, :SCH2CH2(1H)-), 1.74- .
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hoglueat t6 obain BhesidaaqGompsatdtizg). Tesesidneemirated and then
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Issolved in anhydrous dimethylformamide (10 ml). To the reaction
233olltlem, misid@s@n g M-Raviproxi¢acoliaginoGemppoarad 24) (612
m%%@@l R30I m@@&meiﬁdg%?d%ﬁgr%ﬁ%{ [formamide (10
emﬂgq(?rature under argon atmosphere, and the resulting mixture was

mBtirdeR) {reL I PRGHO AR M SR DratedEtue®e Bbdidn? ficaBiteHOAt (400
m$0Iption wasadged iodhe reactien sEleipnma) Qt@aﬂi?fﬁ’ﬁ@ﬁﬁ Wase added in

extracted with AcOEt three times from an aqueous phase. The organic

thishaQEA75s HadRei il SRGEREH IHE 6ltiBRE dhicatimsatefe, and the
re SOMAO U ROGRESkER Stifate dTher dIYNE Ages! waefilerd quhfindbieous

soggﬁgnregigg?ggr({g%aeins%lfillit‘g?ct)% wa?sﬁlgnge\ga%o the reaction solution, an
organic phase was extracted with AcOEt three times from an aqueous
phase. The organic phase was washed with saturated saline solution,
dried with an anhydrous magnesium sulfate. The drying agent was
filtered out from the dried residue to obtain a filtrate. The filtrate was
concentrated under reduced pressure to obtain a residue. The residue
was  purified by silica-gel column chromatography (50g,
chloroform:acetone = 3:1) to obtain TEG-Trivalent-(NHBoc)s3
(Compound 25) as a light yellow oily object. A yield thereof was 230
mg (31%).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 25 so obtained to find that 68.72 (bs, 3H,
-NHCO-), 7.56 (bs, 3H, aromatic), 7.22-7.10 (m, 6H, aromatic), 6.91
(bs, 3H, -NHCO-), 3.85 (s, 2H, -OCH>CONH-), 3.67-3.57 (m, 9H,
ethylene glycol chain, CH2CH(CH2>-)(S-)), 3.55-3.47 (m, 6H, ethylene
glycol chain, -CONHCH>CH20-), 3.38 (q, 2H, J = 5.2 Hz,
-CONHCH2CH>0-), 3.14 (ddd, 1H, J = 5.5, 6.9, 12.4 Hz, -SCH»(1H)-),



concentrated under reduced pressure to obtain a residue. The residue
was purified by silica-gel column chromatography (50g, chloroform:
acetone = 3:1) to obtain TEG-Trivalent-(NHBoc)3 (Compound 25) as a
light yellow oily object. A yield thereof was 230 mg (31%). 1H-NMR
spectrum (600 MHz, CDC13) measurement was conducted on
Compound 25 so obtained to find that€8-72 (bs, 3H, -NHCO-), 7.56 (bs,
3H, aromatic), 7.22-7.10 (m, 6H, aromatic), 6.91 (bs, 3H, -NHCO-), 3.85
3.0(8 28 DA CONH-)9 3.6 93.32 (M 19, Sﬂ_ﬂjf[_(]B}g)ypoizchainQ.SS (m, 7H,

RS lb0%, 5 50 s T RN e nd) 3260 Ho
NG CHLTH5.5, ©9] 122 Hy, (8CI62{] HEHADH308 {ddd3LH] B861983 (m,
T OBl T b o SO s ), 150 (s,
27(h, 6BHCH28H2CA6x B)29.88q1. €Hm; QBICSHAGEH((HY9;). This could
exy B s A SHIBBET) T coud examine &

strudtbre &mm@mﬁd 26f (4) 8g8thdsis Gpnmgg@tconfﬁgéieTrlvalent-(Mal)3

(CEGIEMAe posing 27) (see Figs. 13 and 14) The
Compound 25 ( Trlvalent (OtBu)3)(500 mg, 0.587 mmol) was

dissdl&d |§Q%B@%@@0I@@n o Bichibrarrlerahd @Hdu\akR Q9.4 Mg, 0.587
mHSH) W el Ve (2 at G oaRd SHIRIJar &0 JewR abthetHAfe and

reaction mixture was concentrated and then subjected to azeotropy with

wabtielte fobtaliPale stire@ SHidb I 28) mrheatfdife wardisé ried for 1.5

hotuRsegrept reductiyg-amirionnreaRtian: \witkeys beng qurifiedetl Yiell then
thereof was 252 mg. The foIIowmg will describe with reference to Fi
gsqimpound

supjgcHifatR RAEIATRRE oMb BubAIBERE2 tonRPERER RAofeid Wealt
26(9-60HRY, G idme!) weke disselvad inna Rintderaion-efiuctive amination

reaction, without being purified. A yield thereof was 252 mg.

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

IH-NMR spectrum (600 MHz, D2O) measurement was conducted
on Compound 27 so obtained to find that 67.02 (dd, 3H, J = 7.6, 8.2
Hz, aromatic), 6.72 (s, 3H, aromatic), 6.60 (dd, 3H, J = 1.4, 7.6 Hz,
aromatic), 6.44 (dd, 3H, J = 1.4, 8.2 Hz, aromatic), 4.91 (d, 3H, J =
3.4 Hz, H-1’x3), 3.82-3.73 (m, 8H, H-2x3, H-5x3, -OCH>CONH-),



dimethylacetamide and water (1:1, 600 I), and incubated for 7 hours at 37
C. To the reaction solution, acetic acid (30 |) and sodium
cyanoborohydride (5.58 mg, 88.8 mol) were added. The reaction mixture
was again incubated for 70 hours at 37 C. The reaction mixture was
freeze-dried to obtain a residue. The residue was purified by a
preparative high-performance liquid-chlbmatography (ODS column,
methanol:water = 50:50). A ligand conjugate
3. TES Bivalant-Oa)) HCorotihdb 2 R 3yaH obtdined) A83a68hil@dsoIBH, J = 2.1,

12T G041 D2 TSPt RSB 55 (.
3Hyraatic), ,78.¢, B, dierediy) 3650 (dd|,3BH] ;Jl.:4,_97..6,l-|9,6alﬁz}alﬁ{:)3’><3),
SRy ik lelel: RelHe SRR o Ty e B )
3.4R233338-51x3, HH6aCkB) CIRE Hid) 634) ) S2B8 (hl4 B3 HBBXx3)43.590.3 Hz,
I AR e U pe o IR AL
9.6), 9.45-B120 HnA43B)H-6b%3); 33 2-688 @i 1 HCONIEEHGHYS-)), H-3;x3),
3.3 1m3.6,30.385 B2 DA B I2%5 i 11, SCHa(1H)),

-CONHECH2CH20?), 3.25 (dd; 3H, J = 9.6, 9.6 Hz, H-4'x3), 3.15-3.10 (m,
2.86-2cONHEHAGH 2R Cllyd % 31) - B.02. 28t 2. 238 fmm. 3 GHHz GiigxBh CO- x 3),

2.38 b2y §H17, 1S R, ( 2r9R)2-2LdBL ﬂ-.@Si_{ﬁt'zé:i-H)'-)CHQCHQCO- x
2.29-2.25 (m, 6H, CH2CHZ2CO- x 3), 2.26-2.19 (m, 1H, -SCH2 1H)-),

3) 2.85%0d ttm 261, -ErHRCRPCcdlz( 3}\,1&1@@&2_}2&951&-13.91—12,4% (m, 1H,

-s@ﬁ@gﬂ@)’ﬂﬁ-)a%@cl@ﬁ)(wFhH,SCUZQtﬁ&@z)CHé@é (M ARb-1.10
-COCHZ2CH2CH2CH2-), 1.16-1.10 (m, 2H, -COCH2CH2CH2CH?2-). An

(Mg 51 /4% mebsAfeRleqtinsdlebidedied Findtde Me m/mgasurement  was
coRBMAHEMHRNERA]. {Fhis cawd myaminas siBIctng @ Comapund 2548 isould

to be noted that a molecuél}ar mass of thg Compaund 27 is

eXeBHRE3 AN SHIHSHUT61 O BoRIIMDS: S/mthdkis df FhkBECORlsinghat a
m ¢lernpating 823 afdthe Compound 27 is Cs2H132Ns030S2: 1916.80.

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

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

process of synthesizing the linker compound (Compound 32). Fig. 17



Ligand conjugate (Compound 34)] One of the linker compounds according

to the present invention, i.e. the linker compound (Compound 32) having

a structure represented by general formula (1) where ais 4, bis 0, d is O,

e is 0 and X is represented by general formula (4) wherein g1, g2, g3 are

2,11, r2,and r3 are 1, t1, t2, and t3 are 4, and ul, u2, and u3 are 1, and

the ligand conjugate (Compound 34)&iaving a structure represented by
general formula (7) where ais4,bis0,dis 0, eis 0, q1, g2, an g3 are 2,

illasdrelte oz ess bitkydthedidare thariikahd2;andigd g ComM'pound

[ drogen (H), and R is represented.by general formula (6-2) were
R oy b SN o PO T oS S BAEE gpumbers
giwynthesitiegdhenlimkencmpouhe (Gosmpophich 82) ofidi dbnilhlstrateoarespond
process of synthesizing Compound.304ised inthe proce
to g A e R i B B B2 huswares
a probbsauisymhosidhetthedigReagenjygared(Cthwisdnd  34) from the
linkeg, 6pMPaYAGN(HQEMPO %%}u%‘?fere[ﬁfge{"s%m%%rﬁ!"e” t?é‘ﬁL-Deltawo

compounds in the descriptions of Example 5 correspond to reference _
Spagtisaredescriged wsEigs Fo (6D4xd, 1 zhipmecakerhafiisveigodxpressed in

5-0aeNt g ofiel SHar BB SReCHHTHIG ASHRPE M e thylsilane (0.00
JOEL-Delta600 Spectrometer was used. For CDC13, chemical shifts are

PPéRpredseddn B{eNgash avebriaieecnittf elienitdP shiglegmical shifts  are
exﬁ@@@&i‘mi@%ﬁ%gg i?P@%@&ﬁé%f%@Qﬁ%ﬁ%@ﬁ?@aF%%%%f DHO (4.65

chemical shifts are expressed in 6-values in accordance with chemical
PPIRKt BF DHOLEBESNEENHHRH 78¥efenfe BBt ARE A TARS e bR ment

wdBeayerent Wastcarpgd ouldy ssingdrerSentive BiorysiaireMaringrdMner™
Biospectrometry Workstation. A medium-pressure silica gel

BieRRrrAIOaPAIRY wal igtdiR By usthg STEHSIBoRIFSRRe  silica  gel
ch@EHRrtb@ed ). 4 Hhin-layarelromatography: widseCagigid QEEDY atsindMerck,
O.géli%c—%?tggBS”riﬁ%y)?l ?APIt: ?;11—g\a/l}?er%k’c%?orpnrg)fogll‘;%%gﬁ n\t;a%ndcarried out by
using Precoated Silicagel 60 F254 (Merck, 0.5 mm). All reagents and
dehydrated solvents were purchased from Kanto Chemical. Co. Ltd.

(1) Synthesis of Trivalent-(OtBu)s (Compound 28) (see Fig. 15)

O2N-Trivalent-(OtBu)s (Compound 18) (757 mg, 1.70 mmol) and
NiCl2'6H20 (80.8 mg, 0.340 mmol) were dissolved in methanol (20 ml).
To the mixture, sodium borohydride (322 mg, 8.50 mmol) was added
with five-equivalent portions at O °C. The reaction mixture was stirred
for 30 minutes at room temperature. Methanol was removed by
concentration. To the reaction solution, water and chloroform were
added. After the mixture was filtrated with celite, an organic phase
was extracted from an aqueous phase with chloroform three times.
After the organic phase was dried with anhydrous sodium sulfate, the
drying agent was filtered out from the dried residue to obtain a
filtrate. The filtrate was concentrated under reduced pressure to
obtain a residue (Compound 19). The obtained residue and thioctic

acid (351 mg, 1.70 mmol) were dissolved in anhydrous



dehydrated solvents were purchased from Kanto Chemical. Co. Ltd. (1)
Synthesis of Trivalent-(OtBu)3 (Compound 28) (see Fig. 15)
02N-Trivalent-(OtBu)3 (Compound 18) (757 mg, 1.70 mmol) and
NiC12.6H20 (80.8 mg, 0.340 mmol) were dissolved in methanol (20 ml).
To the mixture, sodium borohydride (322 mg, 8.50 mmol) was added with
five-equivalent portions at 0 C. The rea8tion mixture was stirred for 30
minutes at room temperature. Methanol was removed by concentration.

dirhe the Ieactemsieletiol) walpr Bod kielerdforaraers BAdED Afigr $et0 mmol),

xtyre was filtraged with celite, an organj Eﬂ:ﬁ s extragted from a
e SRl S0 e e PR IP 2 R Shadhiiad were
addréet] withtandydroles sodidmersulfaenthet myimhagentwaofitereccouperature,
anPThibgdief fesidyeto.ontaina Jiate, e fitkage was %S)kﬁ%PUE?}gdreaction
linder reduced presstire to_obtain a residue (Compound 19). The
sobbtadredvesidnéxadd Witietio sdeit, (351 orgah 0 pimacly wees disdolvettih from

oSN SHADSIMPTRIE S DA MIE I B phase
wanrmoshert vaidded inahitreidst aatisrearydn tivmogptiére saftourated aqueous
solfMBgratyie . Alhheresybing ipiture,was sirggiior 48 RoursAEHRS d rous

reaction solution was mixed with water, an organic phase was extracte
mMaghe kBl sadiiashabh onth iy daoerge agrittivas. iHesedaniapiegm the
drYiRE Vashert With shralyfaled RalRe SPHEONRASR SAYalethagHeAYed under

sodium bicarbonate solution, and dried with an anhydrous magnesium__
redyiead. PHEASHECAANG RERIA \Fad fiftiders out RenT esdddte asidiieidied by

silpbkaBed date %ﬁﬁﬁﬁt&twg%&?ﬁ?em[??%%&%{e! dressteed®: 1) to

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

ODEAITMEEBEARY (5Y5 Hextnemaapadetfd 233 )lighdpigHow oily object. A
yididvalente$Itews (Gonprird$R) as a light yellow oily object. A yield

therqof was 750 mg (73%). 1I—£-NMR Sﬁectrum 600 MHz, CDC13)

measiareidi wspectrum (600 Hz, DCIl3) measurement was
conducted on Compound 28 so obtained to find that 65.91 (s, 1H,
-CONH-), 3.57 (ddd, 1H, J = 6.2, 6.2, 12.4 Hz, CH>CH(CH2-)(S-)), 3.18
(ddd, 1H, J = 5.5, 5.5, 12.4 Hz,-SCH3(1H)-), 3.11 (ddd, 1H, J = 6.9,
7.6, 12.4 Hz, -SCH3(1H)-), 2.46 (ddd, 1H, J = 6.2, 6.2, 12.4
Hz,-SCH2CH»(1H)-), 2.22 (t, 8H, J = 7.6 Hz, -CH2,CH2CO-x3), 2.11 (dd,
2H, J = 6.9, 7.6 Hz, -COCH2CH,CH2CH>-), 1.97 (t, 6H, J = 7.6 Hz,
-CH>CH»>CO-x3), 1.91 (ddd, 1H, J = 6.9, 6.9, 12.4 Hz -SCH>CH>(1H)-),
1.74-1.57 (m 4H, -COCH2CHCHyCH>-), 1.51-1.38 (m, 2H,
-COCH2CH2CH>CH»-), 1.43 (s, 27H, -CHzx9). 13C-NMR (150 MHz,
CDCl3) measurement was conducted to find that §172.9, 172.1, 80.7,
57.3, 56.3, 40.2, 38.5, 37.2, 34.6, 30.0, 29.8, 28.9, 28.1, and 25.3.
This could examine a structure of Compound 28.

(2) Synthesis of N3-TEG-NHBoc (Compound 33) (see Fig. 16)
N3-TEG-CO2Et (Compound 5)(500 mg, 1.64 mmol) was dissolved

in 1,4-dioxane (6 ml). An aqueous sodium hydrate solution (1 ml, 150

mg/ml) was added to the reaction mixture at O °C, and stirred for 3



conducted on Compound 28 so obtained to find that 65.91 (s, 1H,

-CONH-), 3.57 (ddd, 1H, J =6.2, 6.2, 12.4 Hz, CH2CH(CH2-)(S-)), 3.18

(ddd, 1H,J=5.5, 5.5, 12.4 Hz,-SCH2(1H)-), 3.11 (ddd, 1H, J = 6.9, 7.6,

12.4 Hz, -SCH2(1H)-), 2.46 (ddd, 1H, J = 6.2, 6.2, 12.4

Hz,-SCH2CH2(1H)-), 2.22 (t, 8H, J = 7.6 Hz, -CH2CH2CO-x3), 2.11 (dd,

2H, J=6.9, 7.6 Hz, -COCH2CH2CHZ2H2-), 1.97 (t, 6H, J = 7.6 Hz,

-CH2CH2CO-x3), 1.91 (ddd, 1H, J = 6.9, 6.9, 12.4 Hz -SCH2CH2(1H)-),
holi¥4-A5 D (ACAH feO QLR CHRLAHC M2y, tebhdudd (by Adncentration, 5 %

-COCH2CH2CH2CH2:), 1.43 (s, 27H, -CH3x9). 13C-NMR, (150 MH
AGEERL S, RS S A AL OB St BTy 25 g form were
adoied, 56.31H0. X,e381537t2, AH 603000 R0 HIP8:@, 38l aexit?5Sedhisom an

could examine a_structute of Compound 28..(2) Synthesis of .
aq B e R ARG S Y TERR Fanic phase was
drigdmptimdsiBeirmgs 14ivmol)svdadssetr daftet-dithanel (Fimp. agent

n S ' ydrat tion (; 0 ml).w, h
wA IO ATHEVHR PR PRSI 90 B AR ALRE R Ritrate
was4-dioanatwasadmoveddry cutbantdtionr S aqudousPotassium residue

(chvdpaeAeuEte geldtian ang chiagpformywere afdgd QBEdeSIANt Blipling
organic phase was extracted from an aqueous phase with chloroform

regeideBmestizpebrgganepparafingd. diedolith Hrelepduw asditdpsingtdd 6%).
ThEBalig ethe dying sl RS fillereshautyiemeie digttre@®a fRund 24)

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

(33htaitEa fesiduBr Eedinpsisd By sel¥sdsiguanedr@as st sedippmamide.
ToCOHPlIRG xkeAGionTWiIthut being pusiiedh Ayipld b eqbwas43d MB5 mmol),

(96%). The obtained residue and N-Bac-phenylenediamine (Compound

anghy)EE67 ol {57 e werediR¥B0dd TKeafhgdigad in this order under
argipethyliesgRugde. o Hie mixteigdeiA 4d0 hABStRaapsd@M 32 ixture
mg, 2.35 ol),. and EDCHC1 (451 mg, 2.35 mmol) were added in this .
Wacﬁ_d%’flﬁrrﬁfg]rrp%?géﬁ ;ﬁ%gﬁh&itsf rbBfn tERPERRURS A Re Hesuthged With
wdtlUgn organic phase was extracted from an aqueous phase with
ethyl acetate three times. The organic phase was washed with a
saturated saline solution and a saturated aqueous sodium
bicarbonate solution, and dried with an anhydrous magnesium
sulfate. Then, the drying agent was filtered out from the dried residue
to obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a residue. The residue was purified by silica-gel
column chromatography (50g, toluene:ethyl acetate = 1:1) to obtain
N3-TEG-NHBoc (Compound 33) as a light yellow oily object. A yield
thereof was 597 mg (81 %).

IH-NMR spectrum (600 MHz, CDCl3) measurement was
conducted on Compound 33 so obtained to find that 68.81 (bs, 1H,
-NHCO-), 7.61 (s, 1H, aromatic), 7.35 (d, 1H, J = 6.9 Hz, aromatic),
7.26-7.20 (m, 2H, aromatic), 6.71 (bs, 1H, -NHCO-), 4.10 (s, 2H,

-OCH,>CONH-), 3.78- 3.70 (m, 8H, ethyleneglycol chain), 3.67-3.62 (m,



was stirred for 14 hours. After the reaction solution was mixed with water,
an organic phase was extracted from an aqueous phase with ethyl
acetate three times. The organic phase was washed with a saturated
saline solution and a saturated aqueous sodium bicarbonate solution, and
dried with an anhydrous magnesium sulfate. Then, the drying agent was
filtered out from the dried residue te @tain a filtrate. The filtrate was
concentrated under reduced pressure to obtain a residue. The residue

6Hyasthytiéad il giichdehiegluo diidmiaiaifachy (308 Joltiedéiettyk 5.5 Hz,

= 1.1) ta qbtajn -TEG- 0 mp ) as a light yello
B o IE 50T35; MT ) THoNMIL SBeammastgt was
cohitizc €{dC13) fedstitemtebtlods Scondiizted diBEdnpd3@i B3 §@29.5, 114.5,

btai ' 68,814b - - L.61 , tic) 735
BT AY: e ha e oA oy s bdoreiy R O e RO
50.1660d) 2619 (EnBHEo0IdH2GENHE B 8870y B pettiyened |

o) S AT e R R R A R SRR e e o
CDClI3y reeampenvadt Was (Bontbéted i fing)tHa81 683, 15285189:001) was
G300 185145 A4 8190 8,705 Thin 196,70 7R S,08. 104, ana

70.2, 70.0, 50.6, and 28.3 This could examine a structure of Compoun

stiggeB) $9hthekis of HPNCFEGNHBRRIYCofIBIRTd D) e Figdes) THhedrogen

attn@PpAeRd 3PUNPHEE-NARBAS) (g, O #2 s mAe]) Avast digeolMetb it after,
methanol (4m1), mixed with 10 % Pd/C (200 mg), and stirred for 1.5

thaofid ta i@ oMas mprPeerd tiest nyadgent efHssshepEcshE8y/towabtain a
re§figrrd Q@Uﬁ?@ﬁ'&@cﬁ filigte. Thereafigtube fiffateyrasicapceatraigsequent

under reduced pressure to obtain a residue (Compound 30). The residue

reqridARediHARtbES N8P EHGEN Aitkiolt BBRIFBENTRE. WitetgnEteott)-
Wag4J7 4 a0 (953 6) o4 Syathasis @EVRIBMGEEGNHBEEISHE BNOWee Fig.
15:)31) (see Fig.

The Compound 28 (Trivalent-(OtBu)3)(64.2 mg, 0.106 mmol) was
dissolved in a mixture solution of dichloromethane and water ((2.2 ml,
10:1), mixed with TFA (2ml) at O °C, and stirred for 1 hour at O °C.
The reaction mixture was concentrated and then subjected to
azeotropy with toluene to obtain a residue (Compound 29). The
residue and HoN-TEG-NHBoc (Compound 30) (174 mg, 0.425 mmol)
were dissolved in anhydrous dimethylformamide (3 ml). To the
mixture, DIEA (92.6 ul, 0.532 mmol), HOAt (72.3 mg, 0.532 mmol),
and EDC-HCI (102 mg, 0.532 mmol) were added in this order under
argon atmosphere at room temperature, and the resulting mixture
was stirred for 14 hours. After the reaction solution was mixed with
water, an organic phase was extracted from an aqueous phase with
ethyl acetate three times. The organic phase was washed with a
saturated saline solution, and dried with an anhydrous magnesium
sulfate. Then, the drying agent was filtered out from the dried residue

to obtain a filtrate. The filtrate was concentrated under reduced



15) The Compound 28 (Trivalent-(OtBu)s)(64.2 mg, 0.106 mmol) was

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

10:1), mixed with TFA (2m1) at O C, and stirred for 1 hour at 0 C. The

reaction mixture was concentrated and then subjected to azeotropy with

toluene to obtain a residue (Compound 29). The residue and

H2N-TEG-NHBoc (Compound 30) (1Bbmg, 0.425 mmol) were dissolved

in anhydrous dimethylformamide (3 ml). To the mixture, DIEA (92.6 |,
préss3zrmmnol)o bitasst (ZlZa?emg.L(ESS’Elmnm&,icamd BRRGHEh (102 dndpy0.63%a-gel

mo re added in this or argon atmosphere at ro

co R A P e s Lo VG St JOP PR urs R e Dttin

Trieabtioh- ﬁﬁﬁ)(ﬁ}mwzﬁdn]xe(@mthpmmm an joeganidigesgelbsextipetedject. A
an agueous with acetate three times. The organic phase

y 1%5%2%\1;1\/% %elf(;l With glg:/fura%e allr)e solution, and dried with an anhydrous

maghidsiNiM Rulfape ctiram the @8fing Ajdat wasHiiEred cuelomnemdnéd was
colfliLedoabian o iy e Wisleuansoncentaler wide deheetbs, s,

-66- pressure to obtain a residue. The residue was puritie silica-ge

NEH i @A GTmBib hphg KECRF e famo P10 Bbead 7.31 (d,
3H.Iyalept4TRE- 'él'ftﬁﬂ%)ﬁé?owaqu[sz %ﬁa%&"%hﬁypﬂp%iﬁa}hogﬁgcﬁzz (dd,

yield thereof was 64.7 mg (36 % NMR spectrum (600 MH
3Hnebsur@n79n8v?aﬁéor‘?dl%!é@twﬂ C@n@é’mﬁh@l, 31He dbtaifted ﬂdflfmdl‘ﬂlﬂgo *x3),

4.63-8 (b%ﬁH,-cﬁ&i%%Eﬁ%}? QB(bsg3yk-aso5utin), 7- 4% s, éﬁlylene glycol
-NHCO-x3),’7.31 = 7.7 Hz, aromatic), 7.27°(d, 3H, J =82 H

chaighatic 7: ‘t&d(IBH 1ﬁ: £HECAIG Haovalty, .89 (b, Hl9 < 4=85 5 Hz,

-cthfwt@ébmo‘l-iégﬁssﬁ% @g'ﬁﬁob%xg)ﬁi&%@cﬂmﬁéﬁgcmo x3)
ethylene gli/col chain), 3.57-3.49 (m, 1H CH2CH§IH -)(S- )2) 3.50 (t
3. 35 Wlddy, TEONACHRCAZD-43); @ Bl BEH 9 (ddd, 1H

6.9CONHCHRBHAD-XCBIA (A, THad &k 65110 Hze;.@,ca@(,lu)zm Hz,
-s%%% dﬁg(llﬁ') 15 212206 (m, 8H, _CH,CH,CO-x3,
-NHCOCH2CH>CH>-), 1.95-1.88 (m, 6H, -CH>CH,CO-x3), 1.87 (ddd,
1H, J = 6.9, 6.9, 12.4 Hz, -SCH.CHj(1H)-), 1.70-1.50 (m 4H,
-COCH2CH>CH2CH»-), 1.50 (s, 27H, -CH3x9), 1.48-1.33 (m, 2H,
-COCH2CH2CH2CH>-). 13C-NMR (150 MHz, CDCIl3) measurement was
conducted to find that 6173.3, 172.8. 168.4, 152.8, 139.3, 137.8,
129.3, 114.5, 114.4, 110.1, 80.2, 71.1, 70.5, 70.4, 70.4, 70.3, 70.1,
70.1, 69.7, 57.3, 56.4, 40.1, 39.2, 38.3, 37.0, 34.5, 31.1, 30.5, 28.8,
28.3, and 25.4. An ESI-MS measurement was conducted to find that

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

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

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

The Compound 31 (Trivalent-(TEG-NHBoc)3) (64.7 mg, 37.9
umol) was dissolved in a mixture solution of dichloromethane and

water (2.2 ml, 10:1), mixed with TFA (2 ml) at O °C, and stirred for 2.5



6.9, 6.9, 11.0 Hz, -SCH2(1H)-), 2.42 (ddd, 1H, J =6.9, 6.9, 12.4 Hz,
-SCH2CH2(1H)-), 2.12-2.06 (m, 8H, -CH2CH2CO-x3,
-NHCOCH2CH2CH2-), 1.95-1.88 (m, 6H, -CH2CH2CO-x3), 1.87 (ddd,
1H,J=6.9,6.9, 12.4 Hz, -SCH2CH2(1H)-), 1.70-1.50 (m 4H,
-COCH2CH2CH2CH2-), 1.50 (s, 27H, -CH3x9), 1.48-1.33 (m, 2H,
-COCH2CH2CH2CH2-). 13C-NMR {160 MHz, CDC13) measurement was
conducted to find that 6173.3, 172.8. 168.4, 152.8, 139.3, 137.8, 129.3,

holik 5211404 °C10.Th80.Peddtiod 0 miktuse/ Owla 0 TOeh trdtédohnd then

7.3,,56.4, 40.1, 39.2, 38.3,.37.Q, 34.5, 31.1, 30.5,.28.8, 28.3, and 25.4.
SURKEG e A MR T RS B AR e U Eapound
32 MA2da)2edidhie could examiheia stucuiessfqGomiporedh3tiltels torbation

noted that a.molecular mass of.th aompound 31 |
re Qb N A PR R Bkt e 7utme
Trivdlbet-(Te Wil (@dinpteswet 32 (segRigsefi@andad 7yahéig. 17. The
upd 3 riyalent- o] )
o A o B e s 6 37 i) and
mahgg,enii‘kéli?wi_tth HAL (2 minatlD ®caadidtsety fist 215 Bmixtuseasoltition of
aiReASAGaRIRIHLC MRG OprRpTated dghe. BLnISHE IRAHAAEPYor 13
with toluene to obtain a residue (Compound 32). The residue was used in
hoxisabedqdent ?Qduafﬂ/etmmaﬁﬁlffé’acﬁ@hl}ﬁvﬂﬁpuﬁ?@iﬁ@ paﬁfréd_lz\q/ieua and
solliRIRP" WasHHBP Rhafaewing M| describeswith (6feienceda-Figatied. The
The obtained residue (Compound 32) (content of 6.95 mg, 3.77 mol) and
reacdiipBe BiFYHE, VS MEfiverigsned ifermiuleaidrisidfop / “C. The

reSinRIhylacatamideaad waterELdr#e0 Yo apd iacHbaterkiaigld hats atesidue

37 C. To the reaction solution, acetic acid (20 I) and  sodium o
WaanoBbdhttide (824 nfy, 35RF FRAY AENE adddePhRerdaEoAMKtureliduid

chi5 a8t Hsbateail® 58010unat {cChAR1rRaatiaN MXBOESERSto obtain

freeze-dried to obtain a residue. The residue
Trivalent-(TEG-Ma 53 Compounc? 34) as a white solid. A yield thereof

was 4.46 mg (50 %).

IH-NMR spectrum (600 MHz, D>O) measurement was conducted
on Compound 34 so obtained to find that 67.05 (dd, 3H, J = 7.6, 8.2
Hz, aromatic), 6.77 (s, 3H, aromatic), 6.63 (dd, 3H, J = 1.4, 7.6 Hz,
aromatic), 6.47 (dd, 3H, J = 1.4, 8.2 Hz, aromatic), 4.92 (d, 3H, J =
3.4 Hz, H-1'x3), 4.01 (s, 6H, -OCH>2CONH-x3), 3.81 (ddd, 3H, J = 2.1,
4.8, 7.6 Hz, H-2x3), 3.71 (ddd, 3H, J = 4.1, 7.6 Hz, H-5x3), 3.74-3.68
(m, 9H, H-3x3, H-5'x3, H-6a’x3), 3.65 (dd, 3H, J = 2.1, 12.4 Hz,
H-6b’x3), 3.64-3.60 (m, 3H, H-6ax3), 3.64-3.42 (m, 36H,
-OCH2CH»0-x9), 3.56-3.52 (m, 6H, H-4x3, H-3’x3), 3.47-3.43 (m, 3H,
H-6bx3), 3.42-3.39 (m, 1H, CH2CH(CH2-)(S-)), 3.38 (dd, 3H, J = 3.4,
9.6 Hz, H-2’x3), 3.37 (t, 6H, J = 4.8 Hz, -CONHCH>CH>0-x3), 3.26 (dd,
3H, J = 9.6, 9.6 Hz, H-4'x3), 3.15 (dd, 3H, J = 4.8, 13.7 Hz, H-1ax3),
3.14 (t, 6H, -CONHCH>CH20-x3), 3.06 (dd, J = 7.6, 13.7 Hz, H-1bx3),
3.01 (ddd, 1H, J = 6.2, 6.2, 11.0 Hz, -SCH»(1H)-), 2.95 (ddd, 1H, J =
6.9, 6.9, 11.0 Hz, -SCH3(1H)-), 2.24 (ddd, 1H, J = 6.2, 6.2, 12.4 Hz,



was purified by a preparative high-performance liquid chlomatography

(ODS column, methanol:water = 50:50) to obtain Trivalent-(TEG-Mal)s

(Compound 34) as a white solid. A yield thereof was 4.46 mg (50 %).

1H-NMR spectrum (600 MHz, D20) measurement was conducted on

Compound 34 so obtained to find that 67.05 (dd, 3H, J =7.6, 8.2 Hz,

aromatic), 6.77 (s, 3H, aromatic), 6.6%8&ld, 3H, J = 1.4, 7.6 Hz, aromatic),

6.47 (dd, 3H, J = 1.4, 8.2 Hz, aromatic), 4.92 (d, 3H, J = 3.4 Hz, H-1'x3),
-SG:HJ;@@HHDQ—Q@ONH XB) 3 B1=(dsl@) IH;, J-NACOL AHHZ), 1.96-1.92
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momm@mp;iszsgsf (thiel, Qempeveid, 89 is 100 tH +STHIPLES); 2233 06.
(dddpiH, &5 8@ fiferdts? HAdT 68 %&Q@%C'é%gﬁéieé ng(t’l?rtgl\lsm@@tatlon

Hz, -NHCOCHZCH2-), 1.96-1.92 (m, 6H, CHZCH2CO-x3), 1.7
digpnsepbcipchisa fos‘tgq»iwzaﬂ)a)lqd&emlzammﬂn serve Solely to
i QG G cEiH 2l befilidd (T @ rE AR RC RéRi A should

ESI-MS measurement was conducted to find that the m/z was

notobg sypieyNy)snter pEetsdidvakaimnthe stiteitse of copBotRaRdiments

anld tediecheteddRahdpeslepiarnase bl GRMRERNE 3448 many variations
C1l02H170N10049S52: 2283.06. The embodiments and concrete

withimnshe sPiTibiehERGIE MBluEIEaT It IRyiAg dstdfdy variations do
no@xPkaRlipniseryesebrteh dlysdrata tha deshniset details véibe/present

invention, which should not be narrowly interpreted within the limits of
such embodiments
INDUSTRIAL APPLICABILITY

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

Thus, the use of the linker compound brings about the effect of
two-dimensional arrangement of three or more units of sugar
molecules onto the supporter with high reproducibility. Since the
linker compound is hardly affected by a nonspecific interaction with a

protein, it is possible to evaluate biological activities of sugar



and concrete examples, but rather may be applied in many variations
within the spirit of the present invention, provided such variations do not
exceed the scope of the patent claims set forth below. INDUSTRIAL
APPLICABILITY As described above, a linker compound of the present
invention includes an aromatic amino group end as a moiety capable of
taking in three or more units of sugarGfiolecules. The linker compound
further includes an S--S bond as a moiety capable of binding to a
m pleteiheanatying sipposier cdak idd lat ge s oo bigrof sy riace plasian between
resonance (SPR) and,affinity chrom raphy carrier. Still further, the .
U er BB et HL St R Cd bt Be & A, e Tectively
fogroupraedthealbmatioanhino group, so that a nonspecific hydrophobic
intergelion.can be reduced a8 much.gs Rgssible.and & engio e sociudes
disulfide group for a fetal bona can be easi y a(}J)uste . Thus, the use of
thehé&itikiear compounddirgs agoutthe@ffecpdf cwle-dintendionafl therein.
arra en or ' r 0 he s
i F e B T e e st by ©f

pratednspacticaingrastppeites preleqrs iils possibitctotevanatalbivigidamnally

arpSiVEes YIHIA P MRlea!as Yt Nigh rapredug it¥éBﬂ9§8Qﬁiﬂﬁ,ith. This
interaction betweeh sugar molecules and a protein. Further, it is possible

briggwezhoaly toenefinetapiumalvagl iMpeyvidta ligapiedostigeological

acthGipiesest gy tio?ﬂﬁf&‘iiﬁ%str\%il{ﬂ(q{g‘;@mpé’b'mmglﬁﬁu%rther, it is
molecule introduced therein. Thus, introduction of the ligand conjugate

pogibiestniate ety PotnaraR /g hwpHérEamiks it possible to

two-dimeRionally catRRge @ BhiliHobsHgeh MoteeylgsoNliligho obtain a
_ reproducibility. This _brings_about the effect of making it possible to
lindighiuatirP Biaogies actiVitids of sw&a%me&h@mmﬁ@{ldes can  be

twieRIDdlegiR by dutherr idn geepsikiette effgstivelydpivaipmiaisplfuivhile an
intbeorr\]gil between their sugar chains on a surface of a sensor chip is
controlled. Also, it is possible to obtain a ligand conjugate which
includes the linker compound and a sugar molecule introduced into
the linker compound. The linker compound and the ligand conjugate
are very useful for commercialization and communization of a chip
including sugar chains of oligosaccharide.

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

development of pharmaceuticals. Therefore, it is considered that the

present invention is highly beneficial.



According to the present invention, it is possible to obtain a linker
compound with which oligosaccharides can be two-dimensionally

arranged with high reproducibility while an interval between their sugar
chains on a surface of a sensor chip is controlled. Also, it is possible to
obtain a ligand conjugate which includes the linker compound and a

sugar molecule introduced into the-liiQer compound. The linker

compound and the ligand conjugate are very useful for commercialization
andagarsnaunization of a chip including sugar chains of oligosaccharide. It
is expected that development of a chip including sugar chains of
oligosaccharide immobilized thereon as a tool for functional analysis of
sugar chainsraeeh aqaptainivilk et esh setiHbBUR fousyeingryddgement
pgenomena associated with sugar chains of oligosaccharide, but also

B OSBRSSO A R IERR %3 LGEIopment of pharmaceuticals.
Therefates itliskersiderag that theh préagntinventienus digelyesreficid. by
-7%— CLAIMS: 1. g,%r&ended A ”ﬂ(er Cﬁ(ﬁ)mgou%foé use in arr?‘gemeat Otfl
Lo HORETRE SH 4% ek theNRKEY Gnthoting Hind S ShaRd -ty
repraserged by Ootleveing general formula (1), where a, b, d, e are
indepenaptly anJpleoer,ob040,0,XNas A SUUCHIe SETAES A erycture
multi-bfanched Sttictdre moiety mglll%jlng thiree or more Hy rocarbon
deoiletve mhhrtbngHdreae the hydroeahyairdedvaire deainsaénch irichids,
WL BfemateAmine raun 414N cadiereael and mAL cmay naldnehde
a carbon-nitrogenbond in a main chain thereof, and X has oligoethylene
exidmthidreiawhen gio0p 140aCHROH 2t 10l rlannd- Grdysor may not

include a carbon-nitrogen bond in a main chain thereof, and

X has oligoethylene oxide therein when b is O.

O=0

0
H
xmg ¢ L 0—CH,CHy (ﬁ-
a )b\

2. The linker compound according to claim 1 of

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

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

include a carbon-nitrogen bond in a main chain thereof.



a 2. The linker compound according to claim 1 of a structure represented
by following general formula (2), where n is an integer of 1 to 6, and X
has a structure serving as a multi-branched structure moiety including
three or more hydrocarbon derivative chains, wherein the hydrocarbon
derivative chains each include an aromatic amino group at an end
thereof, and may or may not include7lcarbon-nitrogen bond in a main
chain thereof. -71 C t( :l:2.___11t!N --c2cH20)ncH2C - X (2) 0 3. The
linker compound according to claim 1 or 2, where X has a structure
represented by following general formula (3), wherein ml, m2, m3, m4,
pl, and p2 are independently an integer of1f86. 02 0\LH 3F 0- N (CHJ

NN :3) NO 1. vF{N NH2 40H"~2 ON\|[{10H nAHNH20 4.The
linket, compound aggQrdin Wg@nkg r BHyere- X has a structure. ... (2)
repre§ ing géneral form A (4); wherein g1, g2, g3, rl, r2,

r3, t1, t2, t3, ul, Pk, and u3 are

3. The linker compound according to claim 1 or 2, where
X has a structure represented by following general formula (3),
wherein m!, m2, m3, m#4, pl, and p? are independently an integer

of 1 to 6.

-+ (3)

i
il () )
(CH2)92_ ﬁ —N

0 N\ i O

0

4. The linker compound according to claim 1 or 2, where
X has a structure represented by following general formula (4),
wherein q!, g2, q3, rl, r2, r3, tl, t2, t3, ul, u?2, and ud are

independently an integer of O to 6.



independently an integer of 0 to 6. -72- it -- H 6'N-C 0 C2 0-CH2CH2 HH
CH2 N---Currlgi NH2J1oCC/Ct~zHIIN N-{0-CH2CH2 N-CCH t2
H22 r2 2 NH2 11 ((H2 H 11 1 N-C-{C 0-CH2CH2 N---C CH2 g3 H I3 13
r3 5. A ligand conjugate including the linker compound according to any
one of claims 1 through 4, wherein an aromatic amino group of the linker
compound includes a sugar moleculé2ntroduced therein. 6. (Amended) A
ligand conjugate for use in arrangement of sugar molecules on a
supporter, tié:linker complex having a structure represented by following
general forfpula (5), where ml, m2, m3, m4, n, pl, and p2 are

indepeng an int%ger of.1to 6, R'is hydroge l_;H : rR,and -73-R'0

( Hz) E
N-C C Q—CHCHo N ~=C #-CH
H ul t!

NH,

% Ha

N-C O~—CHyCHy N—C

o]
H us t
NH;
AT, Hol 3

N-C C Qr=CHyCH2 N~—CH#-CHz q

I'3

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

molecule introduced therein.

6. (Amended) A ligand conjugate for use in arrangement of
sugar molecules on a supporter,

the linker complex having a structure represented by
following general formula (5), where m!, m2, m3, m*, n, p!, and p2
are independently an integer of 1 to 6, R' is hydrogen (H) or R,

and



R-N H-GH2 H N.C"CCH),| HR-N/\N"CHzm2R OH S
NpC"OHsC?CH2GH2 nNs R'00 R-N N~CH2 m3 HN'C- CH2),2 it -f/\
N feHz 4 R' C I R is an oligosaccharide-derived compound selected from
among the following formulae (6-1) through (6-6). CH20H CH20H
CH>OH 01.1)--OH 4 OH OH OH OH ,t:= z? (6 --?) OHH H2NW OH Ivt
7 HO A1HSOS3Na fl sO3Na OH -74 €B20H C7 :dH CHgCH CH 1-11H
0 OHCH2.Hi-701G Ot3f ~__ oOH fyY H OH

R— RO—‘LN{GRQK

o)
R~ 'Q——n’ N‘(CHE)ﬁnz

. N‘C“CHz—(OCHZGHZ)’ WT"\C
| 0
R -—N—@—LE{GH%@

“\C'(CHg)pZ RG]

H il
R*fr@—g’“‘éewﬂw

R!

R is an oligosaccharide-derived compound selected from

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

CH OH CH,OH
graon 2 %
OH

O
OH
(6—1) (6—2)
NaO3;S0 S I&) O OH
a
OH o OHZ OH
MeQO HO

NHSO3Na OSOjzNa OH
(6—3)



0211 0 HCQCH 6 ..,4fi_5) 7. (Amended) A ligand conjugate for use in
arrangement of sugar molecules on a supporter, the ligand conjugate
having a structure represented by following general formula (7), where a,
b, d, e, gl g2, g3, rir2, r3,1tl, t2, t3, ul, u2, and u3 are independently an
integer of 0 to 6, t1, t2, and t3 are not 0 when b is O, b is not 0 when t1,
t2, and t3 are 0, R' is hydrogen (H}of4R; and R-N-R' u, N-c- ¢ -CH,c;H;;
N--tCH 1~1'~T9 R-m-R''1--+~ HTO -CHgCH2t1r. ttI-EZrT R
-~yl-q HOP+ 13 R is an oligosaccharide-derived compound selected
from -75- among the following formulae (6-1) through (6-6). CHZ®H

9H2QH CHFS3H i-- OH J-..~QH \OH QH QH { oH" ..t OHZ=® ~mIf OH
OHOH at7 8t3QH OH 0
OH
CHz'OH CHon CHza
CH2%H ] CHzOH Q OH .
NHCOCH, (6—6)
NHCOCH;
(6-4) (6—5)

7. (Amended) A ligand conjugate for use in arrangement of
sugar molecules on a supporter,

the ligand conjugate having a structure represented by
following general formula (7), where a, b, d, e, q!, q2, q3, rl, r2,
r3, t1, t2, t3, ul, u?, and ud are independently an integer of O to 6,
tl, t2, and t3 are not O when b is O, b is not O when t!, t2, and t3

are 0, R' is hydrogen (H) or R, and

R~—N—R'

@L 2
g«c e:a«-cw::nz —8llew

R —N—R'

o o
N-g—‘(g%-f-fﬁ—-cﬁgﬁﬁz%‘—gkﬁﬁg o
H & & r3

R is an oligosaccharide-derived compound selected from



la~sc~~~m ~~ ~ OH CH'O4 OH2L" OH 7Fi'|H /(~10/10M OH $dE7 OH
CH H HCOCH?9 8. A producing method of a linker compound according to
any one of claims 1 through 4, comprising the steps of: carrying out a
condensation reaction between thioctic acid and an amine compound
including three or more branched chains each having an aromatic amino
group end protected by a protecting gboup; and deprotecting the
protecting group at the aromatic amino group end. 9. A producing method
afradiganth eofsUIGAIen GOrBRHSING 8 Si¢R Rf saEHNG as).a reductive
amination reaction by using -76- the linker compound of any one of claims
1 through 4 and a sugar molecule. 10. The producing method according
to claim 9, whegeitsHthe sugar moleta¥His a sulfateidBfigosaccharide

having a hepayi tial structure ccharideAinit? presented by the
following gengral, for (8). CHRQSO3NC} GOQHOH OH (8) o.
NHSO,37 05 OH o}
OH OH OH
(6—1) (6—2)
Na0380 (9] O H
OH OH
MeO 0 HO
NHSO3Na SOzNa  QH
(6—3)
GH,0H
O
OH 0O
OH
CH,OH CH,OH CH,C
OH OH OH
CH-0H OH CH,0OH
OH HO | OH NHCOCHS (6—6)
OH NHCOCHS,
(6—4) (6—5)

8. A producing method of a linker compound according to
any one of claims 1 through 4, comprising the steps of:

carrying out a condensation reaction between thioctic acid
and an amine compound including three or more branched
chains each having an aromatic amino group end protected by a
protecting group; and

deprotecting the protecting group at the aromatic amino

group end.

9. A producing method of a ligand conjugate, comprising

the step of carrying out a reductive amination reaction by using



11. The producing method according to claim 9, wherein: the sugar
molecule is at least one oligosaccharide selected from the group (9).
CH20OH C CHgUFi CH CH & CH2t?F CH ~T----G HC ~~WK OH OH C
I CN CH20OH CH20H CH20 iHt1H f,} CH CH20H C OH t.,. ~yH 4H
U0l, OM HO OH NHCOCH] H NHCOCH?2 :); -77- 12. A sugar molecule
introducing method of arranging a sugar-molecule on a surface of a
supporter, comprising the step of: causing a solution containing the ligand
¢RRjUGATRLT aByn Pt Blclaimadytheeiahy O £aNe intageptashwithahd a
supporter including metal on a surface thereof. 13. A ligand carrier which
SOHRBASBCLRE Hiand conjugate of any one of claims 5 through 7
immobilized on a supporter including metal on a surface thereof. 14.

(New) ﬁ\o(ie or chip for a surface plasmon resonance, inclu%zg e .
lgand cdTUpRte BRRORB SRS BFCRTALS 1R GUaHT Antotnress:
onto a shdasagherenblecule is a sulfated oligosaccharide having a
heparin partial structure of disaccharide unit represented by

the following general formula (8).

oo (8)

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

from the group (9).

CH,OH CH,OH CH;OH
° 0 0
CH,OH
oH /™OH OH oy )VOH 7
HO
0
OK
OH OH OH o
CHOH CH,OH CHyO
CHzOH OH CHZ0H
oH—0 0@ o JAoH VoA ! oH ¢
‘i HO N NHCOCH;@

OH NHCOCH;

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

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

including metal on a surface thereof.

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

including metal on a surface thereof.

14. (New) A sensor chip for a surface plasmon resonance,
including the ligand conjugate according to any one of claims 5

through 7 immobilized onto a surface thereof.



