-1- DESCRI PTI ON VERSATI LE LI NKER COMPOUND AND LI GAND,
AND METHOD FOR PREPARATI ON THEREOF TECHNI CAL FI ELD The
present invention relates to a |inker conpound which
can i mobilize a sugar such as an ol igosaccharide onto
a protein-analyzing supporter . such as a sensor chip
or the like wused for surface plasnon resonance. The
invention also rel ates to‘&'1igand whi ch includes the
| i nker conpound and a BES&@RIAMOMNduced thereinto, a
l'igand carrier, and producing nethods of such |inker
conpounds, ligands, and ligand carriers. BACKGROUND
ART Various intravital saccharides play an inportant
rol e MERSATHEERLINKER COMPOUNIY AND LIGAINDyNd
lives of livin organisns. In order to precisely
reveal ANEhME PrEOR PRERARATHIN THEREMt i ons

of saccharides need to be analyzed based on conpl ex
structures of the saccharides. The functions of
sacchari des are anal yzed through a nethod in which an
ol i gosacchari de whose structure has been revealed is
used to reproduce a structure of the saccharide part
by part so as to -2 clarify a relationship between the
structure and function of the entire saccharide. The
-surface plasnon resonance (SPR) nethod is for exanple
known as a nethod for anal yzing functions of
saccharides. That is, a ligand including an

ol i gosaccharide which imtates a noiety of a
saccharide is introduced onto a surface of a sensor
chip. The sensor chip including the ligand introduced
.thereon is used to identify a substance such as a
protein which specifically interacts with the
olitosaccharide. This makes it possible to accurately
3o ,
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The present invention relates to a linker compound which

can immobilize a sugar such as an oligosaccharide onto a
protein-analyzing supporter.such as a sensor chip or the like
used for surface plasmon resonance. The invention also relates
to a ligand which includes the linker compound and a sugar
introduced thefeinto, a ligand carrier, and producing methods

of such linker compounds, ligands, and ligand carriers.

BACKGROUND ART

Various intravital saccharides play an important role in a
mechanism for sustaining dcﬁviﬁes and lives of living
organisms. In order to precisely reveal such functions of
saccharides, the functions of saccharides need to be analyzed
based on complex structures of the saccharides. The functions
of saccharides are analyzed through a method in which an
oligosaccharide whose structure has been revealed is used to

reproduce a structure of the saccharide part by part so as to



activity based on a structure of the oligosacchari de.
However, since a single nolecule of oligosaccharide is
not as active, oligosaccharides need to be collected
on a sensor chip in case of evaluating a biologica
activity of the oligosaccharides. That is, collected
ol i gosacchari des are used to anal yze their

interaction with a substancegsuch as a protein,
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Accordingly, as disclosed in Japanese Laid-Open
Publication No. 836969/2003 (Tokukai 2003-836969; published
on March 19, 2003) (Document 1) and “Tentative Lecture
Proceedings II in the 79th Spring Meeting, Chemical Society of
Japan, March 15, 2001, p. 1042” (Document 2}, the inventors
have so far obtained a linker compound whose molecule has a
moiety immobilizable onto a sensor chip and a moiety capable
of taking in an oligosaccharide. The inventors have also
obtained a ligand which includes the linker compound and one
unit {molecule) or two units of oligosaccharides introduced into
the linker compound. Thus, the inventors have found that the
ligand can collect oligosaccharides on a sensor chip and thereby
introduce the oligosaccharides onto the sensor chip.

However, although the conventional ligand can arrange



ol i gosaccharides and a protein. Particularly, in order
to observe biological activities of the

ol i gosacchari des, three to four units of

ol i gosacchari des need to be collected on a surface of
the sensor chip, and arranged two-di nensionally on
the sensor chip wth high reproducibility. This
arrangenent nmakes it possibl®-to evaluate a

iol ogical ;activ of;:t h
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with which saccharides can be arranged two
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whi ch |ncludes t T nker conpoun and sugar

nohigs Ldfecshgcmacudlmedes heaTepne o1ni m«v@awdeh dinr peher wiedds,
&}np{}?éj ch:glnrw} n%%nhqdhéggae%fne linker compound binds to one or
two oligosaccharides. Therefore, in order to observe a biclogical
activity of the oligosaccharides, three or more units of
oligosaccharides need to be collected on a surface of the sensor
chip by collecting and arranging the ligands thereon in such a
manner as to increase the ligand concentration.

In case of collecting oligosaccharides according to such a
method, it is difficult to control the interval of the sugar chains
of the oligosaccharides at a predetermined interval so as to
obtain an oligosaccharide arrangement with high reproducibility.
Theréfore, with the conventional ligand, it is not possible to
observe a biological activity of oligosaccharides with high
reproducibility. This may cause a difficulty in revealing

structures of saccharides, or evaluating biological activities of



DI SCLOSURE CF | NVENTI ON The inventors diligently

studied to solve the above problens. As a result, the

inventors found that three or four units of sugar

nol ecul es can be arranged two-dinensionally on a

protei n-anal yzi ng supporter with high reproducibility

by using a novel |inker conpound which includes a

noi ety capable of taking ilgthree or four units of
nol.ecul.es and a noiety capable of binding to

sygar
tcﬂgg%stﬁﬁ‘fmré?le%sed to detect and separate a protein

whi ch ‘Speciprbseht Yinvdretiaat svaét ndde sogaplvel ekel above
thereby conpleting_ the present invention. That is, in
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wgaapd warrieay, and sdararbiieing metbody taeisdr bon
derivative chain" refers to a hydrocarbon chain of
carbon and hydrogen, in which part -5- of the carbon
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a novel linker compound which includes a moiety capable of
taking in three or four units of sugar molecules and a moiety
capable of binding to the supporter used to detect and separate
a protein which specifically interacts with the sugar molecule,
thereby completing the present invention.

That is, in order to solve the ébove problems, a linker
compound has a structure represented by following general formula
(1), where n is an integer of 1 to 6, and X has a structure serving as
a multi-branched structure moiety including three or four
hydrocarbon derivative chains, wherein the hydrocarbon derivative
chains each include an aromatic amino group at an end, and may

or may not include a carbon-nitrogen bond in a backbone.

S
$ HN/(CH‘?)R(I;,—X

O

- (1)
0

As used herein, the “hydrocarbon derivative chain” refers

to a hydrocarbon chain of carbon and hydrogen, in which part



According to the above arrangenent, the |inker
conpound has an aromatic am no group serving as a

noi ety capable of easily taking in a sugar, nolecule.
Since the aromatic amno group is included in each
hydr ocar bon derivative chain, three or four units of
- sugar nol ecul es can be introduced into the |inker
conpound. In addition, the lgnker conpound has an S-S

ba serying s a noi i mobi | i zable onto a .
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serving as a moiety immobilizable onto a protein-analyzing
supporter. '
Therefore, with the linker compound, three or four units
of sugar molecules can be collected on the supporter and
introduced into the linker compound. In addition, since three or
- four units of sugar molecules are introduced into one linker
compound, three or four units of sugar molecules can be
arranged with high reproducibility on a surface of the supporter.
This makes it possible to observe an interaction between the
sugar molecules and a protein on the surface of the supporter.
Further, biological activities of sugar molecules can be
evaluated with high reproducibility.
In a linker compound having a structure represented by the
general formula (1), it is preferable that X have a structure
represented by following formula (2), where m!, m?, and m?3 are

independently an integer of 1 to 6.



makes it possible to control an interval anong the
three units of sugar nol ecules on a surface of the
supporter so as to arrange the sugar nol ecules with
hi gh reproducibility, thereby evaluating biol ogical
activities of the sugar nol ecules with high
reproducibility. In addition, in a |linker conpound
having a structure represenged by the general fornula
(1), it is preferable that X have a structure
represented by fol |Bd,ng formula (3), where m4, nb,
G, nv, R, d are independently an integer of 1
to 6. HN -8 HZ NO 11 0 (CH2) 2 C HN--fj
/)-NH2 Sinfe X in the |inker conpound has four
hydrocarfep )derivative chains, the |inker conmpound
enabl es TOuR’fhi ts of sugeNH | ecul es to be

intrg_mjc d ont sup Th| s nekes it possible
tO CONY¥T the foar (@dits of sugar
nol ecul e on a surfaqe he supporter so as to
arrange \©l ar nol ecules with high

r epr oduci b I | ty, thereby evaluating biol ogical

act|V|t|es th ar nol ecul es with high
r epr oduci®i I addltl on, in order to solve the

above proble a I| of the present invention

i ncl udes the aromati g &n1no group of the |inker
conpound and_a sugar | ecule intr ced |nto an of
the ardifee & dni hbegh PPN ﬁ froqcarbon

eﬁ{rg{&{e aphgins p@ﬁ% fl'(l:]ﬁEH yc?rfq?% o 3al |ér9e§5‘1‘3: heWfeed units of |

Fucturé “représen Wi ng gener aI formul a
(éﬁgalwlmoéecrulﬂs toR,be nmtraddcndaloeltpndbpemdmpcbl;tean This
| nt %r 1t0f;03131tb?e ?o con(tro? an interval among the three units of
sugar molecules on a surface of the supporter so as to arrange
the sugar molecules with high reproducibility, thereby
evaluating biological activities of the sugar molecules with high
reproducibility.

In addition, in a linker compound having a structure
represented by the general formula (1), it is preferable that X
have a structure represented by following formula (3), where m*,

mS, mé, m7, p!, and p? are independently an integer of 1 to 6.



I/ (CH2)-CG NbH2)nmb HN NH2 8 GO )Na u h==f HO 0
NHSOBNa OSOBNa OSC3Na 0 CSBNa V ry 0 ,f HO t
'NHSGBNa OSCGBNa OH OSGBNa 0 OH Me %-f HO NHSOCBNa OSC3Na
OH 0 NH-CxCHzXNH Ot herwi se, it is preferable that a
ligand have a structure represented by follow ng
formula (5), wherein md4, nb, n6, n¥, n, pl, and. p2
are independently an integer7of 1 to 6. CO2Na C
NHSC3Na OSG3Na Oy N_ Ir+u_~ ,

ceen(3)
o
\ e

Since X in the linker compound has four hydrocarbon
derivative chains, the linker compound enables four units of
sugar molecules to be introduced onto the supporter. This
makes it possible to control an interval among the four units of
sugar molecules on a surface of the supporter so as to arrange
the sugar molecules with high reproducibility, thereby
evaluating biological activities of the sugar molecules with high
reproducibility. | '

In addition, in order to solve the above problems, a ligand
of the present invention includes the aromatic amino group of
the linker compound and a sugar molecule introduced into any
of the aromatic amino groups of the linker compound.

It is preferable, specifically, that a ligand have a structure
represented by following general formula (4), wherein m!, m?,

m?3, and n are independently an integer of 1 to 6.



Na NHSO3Na OSO3Na OH O HN H NMACH2 md H N(CH2 ns H
N.~' ECH2) Wth any of these ligands, three units of
sugar nolecules (in the case of a ligand having a
structure represented by general formula (4)) or four
units of sugar nolecules (in the case of a |igand
having a structure represented by general fornula j
7-O0HH ,--. a ,npbo 7---a Q £O00H2Ne NHSG3Na 0 HO

CBNa OH -9- (5)) can be collected and
ace t e @%gtern anal yzi ng

m] igand has three

Ie O@s ofh) a single ligand
nyt s of sugar\nol ecul es to be
col | ectNE§0Oyliat h@%@aNacol IQkcting a plural{ty of IigandsO
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mea ureO wi/50,Na eprod urther CH,/,, &
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I (9 Hsurface of fhe supporter
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pr ot gogodpal yzi ng porter on whi ch a ligand of the
CH
<E >\@I\?/ o Q_Nr/( Zm’ coen(4)

NHSO;Na 0SOzNa

Otherwise, it is preferable that a ligand have a structure
represented by following formula (5), wherein m#*, m5, mé, m7, n,

pl, and p2? are independently an integer of 1 to 6.
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0
GOzNa
N , @irrwzr

NHSOgNa SOsga OH
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OH PG OH N
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0

H
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OH CHy ). 6
Mﬂgt:4>U<:::;>ﬁ; H4 B
NHSO;Na  OSOjNa gy Nwr(
N303SO o O OH H . I CHz)pz
OH CoNaY/ /o _O_n,rr
OH N CH),.7
MeO OCXO H 0 % 2/m

NHSONa  QsoNa  OH
....(5)
With any of these ligands, three units of sugar molecules
(in the case of a ligand having a structure represented by
general formula (4)) or four units of sugar molecules (in the case

of a ligand having a structure represented by general formula



present invention is immobilized, biologica

activities of sugar nolecules can be evaluated wth

hi gh reproducibility. In addition, in order to solve

t he above problens, a producing nethod of a Iinker
compound of the present invention includes the steps
of : carrying out a condensation reaction between
thioctic acid and an anm ne _apopound i ncl udi ng three

Zr four anchﬁ i ns .each hggLn an_ aronat a%kn%he
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SHIRUTRL GG Bl é\?dlﬁ%ﬁﬁ&r\gﬂﬁefﬂ@g 8 ré@ﬁcﬂilﬁ‘i
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deprotecting the protecting group at the aromatic amino group
end. |

With the above method, a linker compound of the present
invention can be obtained which has an S-S bond serving as a
moiety immobilizable onto the protein-analyzing supporter, and
an aromatic amino group serving as a moiety capable of easily
taking in a sugar molecule,

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

With the above method, a ligand of the present invention
can be obtained by a reductive amination reaction by which a

sugar molecule is easily introduced into a linker compound.



can be arranged on the surface of the supporter by a
sinple nmethod in which a solution including the
ligand is brought into contact with a supporter. In
addition, in order to solve the above problens, a
ligand carrier of the present invention includes the
ligand i mmobilized on a supporter whose surface has a
metal . According to the arrapgenment, the |ligand can be

firm [ bilized on a surface, of the su rter
thr oudh BAUGIRR 1S R b RBIVG BBE TS BYPHISHon @ Sugar

lh gRRGy 16 8t 88 1 ied Ul tod BoPkBE Fhidseraf irfiGRion includes
nol ecul es arranged on the surface of the supporter
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observed w,th hjgh .reproducibility, thereb king jt
(F633PBPE énablaH Bt Hhel [gand) gar bsi 6pBgPERd to 8 bond
FihViheé €51ePh] R NABHRC W #%acd Uf Bhé WilhSporter, so as to
under st andi ng of the nature and advantages of fthe

inuenbiloze tetedigaoel shodbd the nsideface tofe Ersupupporter.
tail.ed dgscription tak i n. ' t, wi.th th
S iy avkarpoiCaifhs-Bidie 15 BR itsh b fmound

agh bk iagrangedpbnstiga figrfaceestiltheobu@poSbet by a simple

neasurenent - 11 asuring the bondi ng betyween a )

itngHred ita Whdek e sehponoHicligiieg the hgand braueht into
8 1S 1 bilized, and rvW. Fig. 2 is a

gog%%etér‘{@\%ﬁ%%ﬁr@sﬁu t" of an SPR neasurenent

meas udnngdditéohpimiorgienetorselveatté gdodei proliumeda ligand

N
- e af QhpRYERYE whBSe RIGTEBE HAW aNie@al. Wi | | be descri bed
in detall. However, the present invention is not tq
be |i ficasddingt tre the arrangement, the ligand can be firmly
immobilized on a surface of the supporter through a
sulfur-metal bond, thereby providing a ligand carrier including
a plurality of sugar molecules arranged on the surface of the
supporter with high reproducibility. Therefore, with the ligand
carrier, an interaction between the sugar molecules included in
the ligand and a substance such as a protein which interacts
with sugar molecules can be observed with high reproducibility,
thereby making it possible to quantitatively evaluate biological
activities of sugar molecules. |

For a fuller understanding of the nature and advantages
of the invention, reference should be made to the ensuing

detailed description taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a graph showing a result of an SPR measurement



foll owi ng description. A linker conpound of the
present invention, |lying between a protein-analyzing
supporter (e.g., an SPR sensor chip or an affinity
chromat ographi c carrier) and a sacchari de (hereinafter
referred to as a sugar nolecule; e.g., an

ol i gosaccharide), is wused to immobilize the sugar

nol ecul e onto a surface of _jhe. supporter. Therefore,

the |inker conpound needs to iInclude hin a .
TOFBEUFLE 4 Ao R Bt 2B P HAATIS EHE SR i, on
apfich "R Bb%neRR#FPBeOhreasht Yetald fp]e i ihtehidied, and
nol ecul e. 'n addition, "an object of the SPR and the

aviWRity chronmat ography isto |dent|fy and separate a

subst gpce <2 %‘%h%ragﬁ-é %I'R)er{r% B revg?il %I‘R Q‘?thurement

i nt erac ule. or e,
|mﬁl&et1rmgrm1md)dmhhg1¢1etme@w chel%amhspdamdmced chip, on

interaction with a substance such.as t ei
REb G tiar 15 v BEOBRL BRI §e REHD B R SRE W Fhe
I i nker conpound of the present invention has a
di sul fide bond (S-S bond) servin as a noi ety

iBR6G MQBE EQRQGARRY 18] ;ﬁﬂﬂi{‘eTH H&VEé\hTIfQﬂN (S) of
he di f I .
(e SR SERRMl! Phe SARER L ST UE- Altiped in

A &agl. 'HoaReeky Ztihe prepent iaventiber &byotitonby 1hniid by the
with the supporter. In addition, the |inker conpound
Halloxving ¢es®HRHORed - 12 noiety including a plurality

of amm r%%ﬁémﬁ&%qd tHe E&é@éﬁ?@n{z@hﬁbﬁ qﬁ{ﬂg%&&een

a Nnol e n easily ta In a sugar ecul e
sa) pﬁmelr&amalyaing sugfpeuigar (eng), ezl %ERcannSI@e chip or an
arran ed o

b 2 r ot R o F e EhiePa A, P B AR 3§Fremafter
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can be controll ed is, the mul ti - branched. moi e
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cri be ove, as a structure
W1th1n a molecule, a moiety immobilizable onto the supporter

and a moiety capable of easily taking in the sugar molecule.

In addition, an object of the SPR and the affinity
chromatography is to identify and separate a substance, such
as a protein, which specifically interacts with a sugar molecule.
Therefore, the linker compound must not provide a nonspecific
interaction with a substance such as a protein,

Accordingly, as shown in general formula (1), the linker
compoﬁnd of the present invention has a disulfide bond (S-S
bond) serving as a moiety immobilizable onto the supporter. The
sulfur (S) of the disulfide bond for example forms a sulfur-gold
bond (S-Au bond) with gold coatihg the surface of the
protein-analyzing supporter, thereby firmly bonding with the
supporter.

In addition, the linker compound has a multi-branched



including three or four hydrocarbon derivative chains
which contain an aromatic am no group at an end, and
may contain a carbon-nitrogen bond or am de bond in
t he backbone. It is to be noted, in general fornula
(1), that nis not Iimted provided that it is an
integer of 1 to 6. An amno group of the aronmatic

am no group (--NH2 group) .ymdergoes a reductive

am nation reagtion with a sugar | ecule such as an
@Pb%@ac&ﬁ‘&i\laéngo Br 0\}?1615&!1 LubSr afEHY 1 BROVESI n The
t:A@11 SUBAE n AREE GbfetyT S@tvdsSas th én iRt aviicdl panneh sitie dake

in the |linker conpound reacts wi th an al dehyde group
(incacggauppolncule, ket Birt gr Bl AlTRe §gas, mesele] can
1S, a hydr P) ced_by equj el br at don
3% i R ERGPER. Dlarr R GEHC T (B8 SRR S0 the
thetSidialpareg appedtéy, 4hd thedcan dntervalebstivgzen sugar

SRSt PoineivhuRT b RIS PLe 5 G et s
hydr o6R{IBOBragEh¥at inBietghaimsheX liflkeenesapd@ndulod the

(1) provides a structure serving as a multi-Rhranched
nuiesen twircintion | hdesa Stonatinte depieserinh Py capdbgeneral

taki ng,{n_t.he g | g IR | he r
Tt Tbon RE T ° % B8 SE8hbel, v B e strgiye
gachudai@neitee ar fougr hudrocathsedderivabive chains which
mul ti - branched npjiety, it becones possible to arrang,e
OV @iB| 8 AIOME G ATHBPBITR 25 4 i oA AoTAY GoBRAD 2
t A p j ' r
N R e i e e
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(.1). Specificall as.shown in general formula (2), X
p‘%d@ieg"één egegr%tm SPstructure formed by three

hydr ocgn boniderdreaip ve thehaidiaabiondirigot graup d¢NBi group)
atom (C) at the opposite end of the aronmatic am no
grodpagoathe raduchy s aeninating LAk Atisha RUgRismokecule
Lk - ae Gﬁ%ogglzgﬁéricf@ kY PR EET L&A REQ TP Raking in
the sugar molecule. That is, the amino group included in the
linker compound reacts with an aldehyde group (-CHO group) or
a ketone group (-CRO group, where R is a hydrocarbon group)
produced by an equilibration within the sugar molecule. By
continuously reducing the Schiff base formed by the reaction,
the sugar molecule can be easily introduced into the aromatic
amino group .

Therefore, with the three or four hydrocarbon derivative
chains, X in general formula (1) provides a structure serving as
a multi-branched moiety which includes aromatic amino groups
capable of taking in the sugar molecule. Since the sugar
molecule such as an oligosaccharide is introduced into each
aromatic amino group included in the multi-branched moiety, it
becomes possible to arrange a plurality of sugar molecules

two-dimensionally on the surface of the protein-analyzing



derivative chains due to the binding between the
carbon atom and -NH group. It is to be noted, in
general formula (2), that nl, n2, and nB are not
limted provided that they are an integer of 1 to 6.
The, integers represented by m, nR2, and nB may be
mutual ly different, or may be the sane either partly
or conpletely. Above all,.ijm view of ease of

roduct| on of, nmpound ,havi the, nul tj-branched
RARGEioFt Pithy dHEFape P PRALI R0 FBFDUEH baF) y itker
d¥npotid MeRE8E the birRalireCtdeseAtée hpldeviri] fafmula
shovvn in general formula (3), may have a two

ddbbl e- branched structure each forned by tvvo
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at om opposite e earonralca
drreushed nstrhickucaséormbd by t1rhr@@n h&gtahnmarbotmodenvatlve

dquhl e- pranched structures, bon si ngl e.nitroge

A en BT fi 2 GBrbRp: StAEUICE 8t e 0Bbosith EhETET the
stio¥gh HbCardiRot B SRSTheX-RHRVbHeds doSthélWadibdn atom. X
serving as a nulti-branched noiety including four

Hyals odze bavultidbranahede n@ﬁwtﬁs inghidiag dhseendysgocprbon

l. f 7
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mut ua | ren e er r
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noiety, It iIs pre erablg that mi’to A7 be nutual
tihertwally | diffzrent, 2o n mayt ikl the samedgéithen, p@rtly or

aentllm edprowde th e
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ROAPYURR] Hakiv tiedhithRidranohddhansby, by epmiferable
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o ) g SOV, 5 BSOS RO B
f2or neeb byddahbi-bgaachptur atiugtuoke hy:dchcaifctwned by two
dﬁ§é¥oaéa{r ggll"ﬂf%twet Ighgpng tbcc))rxr'ld’cing t$'3 nitrogen atom (N) at
the opposite end of the aromatic amino groups. In this case, the
nitrogen atoms of two double-branched structures bond to a
single nitrogen atom through the -CO-CHsz- group to form a
branched structure. In this case, X provides a structure serving
as a multi-branched moiety including four hydrocarbon
derivative chains. It is to be noted, in general formula (3), that
m#, m5, mb, and m” are not limited provided that they are an
integer of 1 to 6. The integers represented by m#*, mS, mS, and
m7 may be mutually different, or may be the same either partly
or completely. Above all, in view of ease of production of the
compound having the multi-branched moiety, it is preferable
that m* to m7? be mutually the same integer, 2 in particular. In

addition, p! and p? are not limited provided that they are an



a carbon atomor nitrogen atom It is to be noted that
although it is preferable that the plurality of

hydr ocar bon derivative chains included in X all have
the sane structure, they may have different
structures 'so long as they contain an aromatic am no
group at an end. As described above, the |inker
conpound having the structyge.represented by genera

formula (1) .h S-S bond _ capabl formn bond
PEESE B 0 691D ah ey FRESER g5 o parnted by B Bt o THAY be
GhowDatigPaRiferait foar fhegsanondbavehadl, sitgaiewmolf eadee of
such as an ol igosaccharic_chain. Therefore, since the
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eJ : lL.e by an S-Au bond, the Iinker ‘
3%@%%%‘{13 léﬁ%r\%sm'tﬁ%g'sugar nol ecule to be firmy and
easi | 'ioedXdpwothles asstrimterofsermng @sparnerlti-bnanched
addition, since the |inker co und has a .
I aRE aroberhRitn STOREHTS Mingdgfspkonding a
Fiuaahed dihydfdrdeRederatBadshaing ketAdh iatbhanahed as
NI eté, a li'gand (to be nmentioned | ater) obtained by
B

isncasboni apm eugairogsneate™. il istieebei prigd Ebap alfgough
can; be fectiyel .lec ubes..an:

SROLHIEL SRS Ypall iy pttoc alap e tve
ldtgang inclutbdddn B8 4ll nkave ctinpasmmehasnacture, they may

|ti-phranched moiety, the |igand,including the .
el ReRE HrCaRotE b bene s i asith 4l aromatic
SHRRRS 5}%95{ Qwseaqgpl urality of sugar nolecules to
be two-di nensionally arranged wi th high

repr o debitiped- dlsoWhr rlinkgx hcempauniehaving the

C ound, the influ f_any . - ifi

RFBRLTES skPrrea e el etneRd BRORROFRLhaR g, S-S bond
cpgkeby fofiehgl @risondheitis e Protdigr-binzfieringospgpud-ter,
of the present Invention allows a, biolqgical a%t I Vi t&/
#nd yaramdnecsredp capgelewfl imeingia Papgnwith a sugar

E?@%%@#%%ﬁ%% A1 SWRICHEAT QU A, STRERDUEET shic@ the
linker compound is immobilized on a protein-analyzing
supporter for example by an S-Au bond, the linker compound
allows the sugar molecule to be firmly and easily bonded with a
surface of the supporter.

In addition, since the Ilinker compound has a
multi-branched moiety with aromatic amino groups attached to
the respective ends of the multi-branched moiety, a ligand (to
be mentioned later) obtained by introducing a sugar molecule in
the liﬁker compound can be used to effectively collect sugar
molecules on the surface of the supporter. In addition, since the
ligand including the linker compound has a multi-branched
moiety, the ligand including the linkef compound, when bonded
to a surface of the supporter, allows a plurality of sugar

molecules to be two-dimensionally arranged with high

~ reproducibility.



descri bed below. That is, the |inker conpound is
prepared by the condensation reaction of thioctic
acid with an am ne conpound including three or four
branched chai ns whose aromatic am no group ends are
protected by a protecting group. The reaction
deprotects. the protecting group at the aronmatic

am no group ends and yi el ds ide |inker conpound. The

thioctjc acid has, a ure re ese ted byt he
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COOH

The amine compound is not particularly limited provided
that 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 derivative chain except
that the hydrocarbon derivative chain has the aromatic amino
end protected by a protecting group instead of the aromatic
amino group. That is, in the branched chain, part of the carbon
and hydrogen atoms in the hydrocarbon chain consisting of
Vcarbon and nitrogen may be replaced with by 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 (C-C



The protecting group is a substituent which is
introduced to prevent an am no group of the aromatic
am no group from undergoing the condensati on
reaction. The protecting group is not specifically
limted provided that it is not affected when
deprotecting a protecting group for a secondary
aromatic am no group. Exapmplges of such protecting

R T e
gﬂéee@r AT DAMRL arigtiraiflr dg<eDOBAHA FEU2N Abbad) or  a

| es of the am ne conpound are conpounds

Ircmnh@gl oaygenm@ddcrébbegdﬂn ed by the follow ng

o 7 (ot HeBke kB e 6y BB oy rogthoed

(toHRyeBent h HahMio dibi(iCHd) tile aGorhlatic aGHA)argroup from

\ z)-NHB oc
unde1§g01ng tl\lje cong%satlon i'eagtlon %C protecting group is

not specifically limited provided that it is not affected when
deprotecting a protecting group for a secondary aromatic amino
group. Examples of such protecting groups include a
t-butoxycarbonyl group (-COOC (CHs)s group; referred to as a
Boc group), a benzyl group, and an arylcarbamate group
(-COOCH2CH=CHa, Alloc group).

Examples of the amine compound are compounds having
a structure represented by the following general formulae (7)
and (8).



HN O O ( H2)ns NHBoc /N \ NHB oa (CH2)p2- C -MN
(CH2)m It is to be noted, in general fornmulae (7) and
(8), that n, mM to nv, pi and p2 are independently an
integer of 1 to 6. A nethod for synthesizing the

am ne conpounds will be described in detail in later
exanples. In the condensation reaction of the thioctic
acid with the anine conpound,-the carboxyl group of
the thioctic acid condenses W|th the am no group of

t he ami ne conpound t fo BAcani de bond. Thereafter,
the protecting dgdou - 18 aromatic am no group
end i s deprotect e the aromatic am no group

and thereby yi eI d he i nker corg)ound Descri bed in

the %Havvlngl CHak ' 10 gand of¥tfesed by introducing a
ugarChehecul e i %%Narl c ami no group " t he
IH ker conﬁo N2fedl | §anfl of t he pr esent

i nvention, pa squr)gnlecule Is introduced into the
aromati c amino grodgp. his is due to a continuous
reduction of the E;#ﬂ ase formed Dby a reaction of
the amino group Gf tHe /'er conmpound with the

al dehyde group or ketone gNbiBocproduced by an
equilibration within the sugar nolecule. That is, the
reductive am nation reduction bonds the Iinker
conmpound with the sugar nol ecule. The sugar nol ecul e
included in the ligand of the present invention is
not specifically limted provided that it is a
reduci ng sugar having a reducing end. Exanpl es of such
a sugar nol ecul e include a nonosatghai

ol i gosacchari de, N NHBoc
| 0 (cH,) 4
(CH,),1—C —N
: (CH,) s
}-iN-n—< >— NHB
/(cHz)ﬁ\ 7 ’ 0 oc
HZN ﬁ—N L B BN (8)
0
0 H
/N—LQ—NHB oc
O (CH, s
| A
(CH,) 2—C —N
(CH,)_7

N
HN-n-@- NHBoc
O

It is to be noted, in general formulae (7) and (8}, that n,
m! th m?, p! and p? arc independently an integer of 1 to 6. A
method for synthesizing the amine compounds will be described
in detail in later examples.

In the condensation reaction of the thioctic acid with the
amine compound, the carboxyl group of the thioctic acid
condenses with the amino group of the amine compound to

form an amide bond. Thereafter, the protecting group at the



and a pol ysacchari de. The nonosaccharide is for
exanpl e glucose, gal actose, and mannose. The

ol i gosaccharide is for exanple maltose or |actose and
a sulfated oligosaccharide, to be nentioned | ater,
having two to ten sugar nol ecul es bondi ng one

anot her. The pol ysaccharide is for exanple heparin,
chondroitin sulfate or hed# an sulfate, having 11 or

'gafo?nati%aga“ g%g@eehac 44 fo@ﬁ&%ig%hﬁf d matic
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RS AR R s e
molecule.

The sugar molecule included in the ligand of the présent
invention is not specifically limited provided that it is a
reducing sugar having a reducing end. Examples of such a
sugar molecule include a monosaccharide, an oligosaccharide,

| and a polysaccharide. The monosaccharide is for example
glucose, galactose, and mannose. The oligosaccharide is for
example maltose or lactose and a sulfated oligosaccharide, to be
mentioned later, having two to ten sugar molecules bonding one
another. The polysaccharide is for example heparin, chondroitin
sulfate, or heparan sulfate, having 11 or more sugar molecules
including monosaccharides and oligosaccharides.

One example of the oligosaccharide is a sulfated
oligosaccharide having a specific partial disaccharide structure
(G1cNS68-1doA2S), represented by following general formula (9),
which is contained in sulfated polysaccharic heparin known for

having an anticoagulant activity.



consi sting of different nonosacchari des or derivatives
thereof, and oligosaccharides. In addition, the sugar
nol ecul e nay be natural sugar obtained through
isolation and purification from nature, or
artificially synthetic sugar. Specifically, the |igand
of the present invention has the structure
represented by general formulea-(4). The |igand having
t he C represented by general formula (4) is
obtaﬁ5L¥ §H§E) aldi ng a sygar mol ecul e, represented by
the |inker conpound
repyesent ed \py gegle la (1), where.Xghas a
al formula (2)." Since X
rmula (2) has a structure
i ncl udi ng

\)h’r hydr ocar@ derivative chains, the
:Ci gand havi r%&‘flhe struc 3repr esented by general
R, Planidle, 88 (Rid gl pamopatfprded btcure,

neeschbedebgr ad)lléwﬁﬂgl geﬁéial tfbainu]laj Kéom whixhnBisi rthe
gener al for nmul a are not |i pr ovi deqEhe
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i nteg lto ot hef 8. of the present
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t he general wher e structure
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and oligosaccharides. In addition, the sugar molecule may be
natural sugar obtained through isolation and purification from
nature, or artificially synthetic sugar.

Specifically, the ligand of the present invention has the
structure represented by general formula (4). The ligand having
the structure represented by general formula (4) is obtained by
adding a sugar molecule, represented by general formula (10),
to the linker compound represented by general formula (1),
where X has a structure represented by general formula (2).
Since X represented by general formula (2) has a structure
including three hydrocarbon derivative chains, the ligand
having the structure represented by general formula (4)

includes the linker compound bonded to three units of sugar



general fornmula (3), md to nV are not limted provided
that they are an integer. of 1 to 6. The integers

represented by md to nv may be nmutually different, or
may be the sanme either partly or conpletely. Al so, as
with pl and p2 in general formula (3), pl and p2 are
not specifically limted provided that they are an

integer of 1 to 6. The intengBLs represented by pi and
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For exanple I gand carrier can used to anal yze
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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. Also, as with p! and p? in general formula (3), p!
and p2? are not specifically limited provided that they are an
integer of 1 to 6. The intergers represented by p! and p? may be
mutually different, or may be the same either partly or
completely. Also, n is not specifically limited provided that it is
an integer of 1 to 6.

Since the ligands include the linker compound and sugar
molecule, the ligands can bond to surface metal of a
protein-analyzing supporter by forxﬁing a sulfur (S)-metal bond,
such as a sulfur-gold (S-Au) bond, with the S-S bond contained
in the linker compound. This makes it possible to provide a

ligand carrier including three or four units of sugar molecules



interaction with sugar nol ecules. The ligand carrier
is formed as the ligand is introduced onto the
surface of the supporter. This occurs as each sul fur
atomin the S-S bond of the |ligand bonds to the
surface netal of the supporter by formng a S netal
bond, as a result of a ligand solution including the
I i gand brought into contact 24th the supporter with
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The ligand carrier is formed as the ligand is introduced
onto the surface of the supporter. This occurs as each sulfur
atom in the S-S bond of the ligand bonds to the surface metal of
the supporter by forming a S-metal bond, as a result of a ligand
sc;lution including the ligand brought into contact with the
supporter with the metal film coating. Specifically, by
immersing a protein-analyzing supporter in the ligand solution
for a predetermined périod of time, or By injecting the ligand
solution into the supporter (pouring of the ligand solution onto
the surface of the supporter), the S-S bond of the ligand (linker
compound included in the ligand) is converted into an S-Au '
bond with gold or the like coating the surface of the supporter,
with the result that the ligand is immobilized on the surface of
the supporter.

A solvent usable as a ligand solution is not particularly



chromat ogr aphy, and the |ike. For exanple, for the

pur pose of analyzing a protein, an SPR neasurenent is

carried out as follows. That is, using a |igand

carrier obtained by immbilizing a ligand ' of the

present invention on a supporter having a nmetal thin

filmsuch as a gold thin filmdeposited thereon, the

ligand carrier is brought F@®2- contact with a
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buf f er hosphat e buffer can be used, for exanple.
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neasur enent tai ned by using a first sensor chi

oBPRi mecasyremabhi IS gaﬁglegl out as follows. That is, pusmg a
ligand carrier obtained by immobilizing a ligand of the present

invention on a supporter having a metal thin film such as a gold
thin film deposited thereon, the ligand carrier is brought into
contact with a protein, and a surface plasmon resonance
apparatus is used to measure a resonant angle in the usual
manner. In this way, the binding behavior of the ligand carrier
and the protein can be observed. It is to be noted that glass,
plastic, or the like can be used to form the supporter (sensor
chip) used for an SPR measurement. Glass is particularly
suitable. In addition, the ligand carrier can be brought into
contact with the protein by flowing a solution, containing the
protein dissolved in a running buffer, onto a surface of the
ligand carrier. As the running buffer, a phosphate buffer can be

used, for example.



first sugar nol ecule on a supporter surface, and a
detection result of an SPR neasurenent obtained by
using a second sensor chip obtained by i mobilizing a
second sugar nol ecule, having a different end
structure fromthat of the first sugar nolecule, on a
supporter surface. Between these sensor chips,

ligands with different sugar23wl ecul es are used for
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5 S AR BT FaleR, B L6 Sobegna
14160 SRRCABRUBtARREH 1SR NInbe oMRHLirs hNde@nd &@Asiar molecule,
having a different end structure from that of the first sugar
molecule, on a supporter surface. Between these sensor chips,
ligands with different sugar molecules are used for
immobilization. Examples of sugar molecules to be compared
with each other are lactose and glucose, maltose and glucose,
and kojibiose and glucose. Although two sensor chips are used
in this example, more than two sensor chips introducing
different sugar molecules may be used. It is to be noted that, as
used herein, the “end” of a sugar molecule is the side not
immobilized on a sensor chip.

The SPR measurement observes resonant angles of the
two sensor chips acted on uﬁder constant measurement
conditions by a protein or other substances which specifically
acts on the first sugar molecule. By detecting a difference in

resonance angle between the two sensor chips, a specific



two sensor chips including |ligands having the sane
structure except for the structures o f the sugar

nol ecul es, a difference in an interaction between at
| east two sensor chips can be observed as being
attributed to the sugar nol ecules. Therefore, wusing
t he descri bed neasurenent nethod, a non-specific
interaction of a noiety othg4 than the sugar nol ecul e
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dition to -25- nitronethane (Corrpound 1)
pneyebnz elseid wbﬁnzxyt arsugahyalesole mmm@d dher@nto For

di_net hoxyet hane at .65 Ct

SAELBY &) 1RSI gerdicBrontRe fiksh o RPURE i
N Leliged BhyGpeedd 3 was reduced using Raney

ni ckel (Rane E%% under hydrogen = atnosphere (6

kg/ Creinice R greasprrempgng qags e madgnpsing ad least
R e
Exee@tcerofhel sttyxb‘tamys?efat}w engerr madeteles, HOIffenenbe in
A Bt e R BhS A g PR e
Gidried s DifgUh itrituedty Ghesdght RbleduleSoMntédore,
using the described measurement method, a non-specific
interaction of a moiety other than the sugar molecule with other
substances can be avoided so as to observe a specific
interaction between the sugar molecule and other substances.

In the following, the present invention is described in
more detail according to Examples and Comparative Example. It
is to be noted, however, that the present invention is not limited
in any way by the following.

[Example 1: Synthesis of a linker compound]

A linker compound of the present invention, having a
structure represented by general formula (1), where n is 1 and X
is represented by general formula (2), where m!, m?, and m? are
2, was synthesized according to the following procedure.

As shown in general formula (11) below, three units of

t-butylacrylate (Compound 2) was added by Michael addition to



5) was obtained at the yield of 85%

Benzyi tri met hyl amoni um Hydoxi de McNO + OH =GHGO2
--t-Bu 02N 2 z- Dinethoxyethane 1 2 65-700C H2N-~- v
"QBu 4 Z dydne (1.1 eq) WCHCL (1.1 eq) HOAt (1.1
eq) Z-HN CH2CI2 OGBu O T-1 Raney NN O Bu H2 (6 kgf
/cng) 50C, EtOH 5 (11) Mre specifically, Conpound 4
was obt ai ned accordi ng to -@method described in G R

t BRI EES, 495, 1996,
lrt§9meﬁﬁerl8net qopaong y Boo el ) Bee Bresgiveg ©f
lﬁhn%tk%danﬁh@hﬁﬁﬁ%}lﬁtdﬁmﬁde Tife diineit Hb&yetisane at 65
heat ed to 65C to70C,. and 2nL of 40%

b&n 9l 797 Gedtsy RarrmdHitufaaperngt rdiasanblained pdrihs yield
%ﬂg heéﬁbgﬁéﬁeglgf}al thé HIIEI{)O:E' ?%fs@dﬁl @nd 3 JVas

reart of ’ni't roref ha | ution eat ed
tredised amﬂsmgbuRyhayr yh kel (%I&mLNlBZOlmdmn‘) hyalrogen

th |
coipsBRerd i /e B 6B Sntl oot 1 PO R P Ao
Wgﬁ%ﬁ'ﬁd matm@kaﬁmcyhmnem&m addmbsf our tines to

the nitronethane solution with the sol ution

t enperBeereafient Campognd 4seasTrendenged (HitholZnglypsine

Vﬁsfl equiv.}) in the presence of 1-hydroxy-7-azabenzotriazole
(HOAt in the formula; 1.1 equiv.)) and water-soluble
carbodiimide hydrochloride (WSCI'HC1 in the formula; 1.1
equiv.) in CH2Cl2. As a result, a Z-glycine derivative (Compound

5) was obtained at fhe yield of 85%.

OzBu
Benzylirimethylammonium 0 T Raney Ni
Hydoxide -~ ON ' 0B H, (6 kgf /em?) X
MeNO, + CH,=CHCO;~¢-Bu  pimethoxyethane 2 £Eu 50°C. EtOH -
1 9 65-70°C '
d O¢Bu
. 3 0 .-
Oy 0tBu 0tBu
Z—Glycine (1.1 eg)
0 ngl(-HCt (1) deq) 0
HOAt(1.1 eq /\‘_
- L~ HN HN
HZN O¢Bu CH20|2 o OtBu
OrBu
o 0O¢Bu 8]
4 5
.e (1 1)

More specifically, Compound 4 waé obtained according to
a method described in G. R. Newkome et al, OPPI BRIEFS, Vol.
28, p. 495, 1996. First, nitromethane (12.2 g, 200 mmol) was
dissolved in 50 mL of 1,2-dimethoxyethane. The mixture was
heated to 65°C to 70°C, and 2 mL of 40%
benzyltrimethylammonium hydroxide-methanol solution was

added thereto to obtain a nitromethane solution. Thereafter, the



stirred for 2.5 hours to obtain a solution of

nitromet hane and t-butylacrylate as the reaction
product. An insoluble nmatter in the

nitronet hane/t-butylacryl ate reaction sol ution was

then renoved by way of decantation to be

concentrated. The residue so obtained was dissol ved

in diethyl ether and then waahed tmﬁce in each of an
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Then t he stal of Conpound 3 22. 4
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Trdrnﬁarndybyuwayloﬁ/\dscaﬂtatmen wubeusdngetrated. tlhe residue

proauBiainRR Wed s e ol GHErAY: ‘Chspotid sBa, washed

t hpftecontreBhent esk uadericeashaled pProssswigueousbtsblatibn of
concentrated residue. The concentrated resi due sq
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|  Conpound 4 (2 50.g, .6.02 mmol) dissol ved
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c{s;rl ggd(ucxm gi@%l{rr xp g))b‘@laz an(wﬁpggﬁ%'m%q?flf gsrsidue.
a‘?ﬂ&déé}ﬂér the concentrated residue was dissolved in ethanol
for recrystallization to obtain Compound 3 (81.8 g, 91%) in the
form of a white needle crystal.
Then, the crystal of Compound 3 (10 g, 22.4 mmol) and
T-1 Raney nickel (6.0 g) were added to anhydrous ethanol (50
mL) and then stirred for 23 hours at 50°C under hydrogen
atmosphere (6 kg/cm?). After that, the T-1 Raney nickel was
filter out using cerite to obtain a soiution of Compound 3 as the
reaction product. The reaction solution of Compound 3 was
then concentrated under reduced pressure to obtain a
concentrated residue. The concentrated residue so obtained was
purified by fractionation silica gel chromatography (solvent:
chloroform/methanol = 20/ 1) to obtain Compound 4 (9.2 g, 98%
yield) in the form of a white solid.



di chl oronet hane. The resulting solution was stirred
for 36 hours at room tenperature under argon

at nosphere to obtain a reaction solution of Z-glycine
and Conpound 4. The Z-glycine/ Conpound 4 reaction
solution was m xed with dichloronethane and a 10%
aqueous solution of citric acid, and then extracted
with dichloronethane. In themxtract, the organi C
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edl am ne derivative (Conpound 7, 10 equiV.)
whasepurified by fractionation silica gel chromatography (solvent:

chloroform) to -obtain Compound 5 (3.09 g, 85% yield) in the
form of a white solid.

An ESI-MS (positive} measurement (time-of-flight mass
spetrometer measurement) was conducted on the Compound 5
so obtained. The measurement showed that the m/z
(mass/charge ratio) was 629.4 [(M+Na)*]. From this, a structure
of Compound 5 was confirmed.

~ Therecafter, as shown in general formula (12) below, the
t-butoxycarbonyl groups (-COOC (CHs)s groups; tBu in general
formula (12)) of Compound 5 were deprotected using
triofluoroacetic acid (hereinafter referred to as TFA) in a mixed
solvent of CH2Cla/H20 = 10/1. As a result, Compound 6 was
obtained at the yield of 95%.
Thereafter, in the presene of pentafluorophenyldiphenyl



amno group is protected by a Boc group. As a result,
an N-Boc am ne derivative was obtained at the yield
of 99% Thereafter, a catalytic hydrogen reduction
was performed in nethanol (MeOH in the formula) in
the presence of a Pd/ C (active-carbon carrier
pal | adium to deprotect the benzyl oxycarbonyl group (Z
in the formula) of the Z gbgpjne mhich underwent the
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tal ne y the follow ng procedure. First
Gompoo oy & p8otgctedoby ramBioc gesupi fsohvrasulh, as MBoc

of di ch] oronet hane nd 15 f_ TEA.an f
Riethé B P oBbicett s KL aped, fhetatter, 2
Hdtalgde i8fdrbgenhped scbn waenpédopeiad i entohahbhiMeDH
sol uti on of Conpound 5 as the _ product of reaction.

Tﬁeth%éérm&%a)séwheoﬁr%?rew&ﬁné’da’ (pdactive-carbon carrier
palladium) to deprotect the benzyloxycarbonyl group (Z in the

formula) of the Z-glycine which underwent the condensation
reaction with the Compound 8. As a result, Compound 9 was
obtained at the yield of 79%.

0¢Bu
8]
Z——HN/ﬁ\h——HN 0¢Bu
8]
G OtBu
5
NHBoc
Q OH
H,N
92 7(10 eq)
eq
TFA > z-—HN/\]—HN OH —
CH,Cly/ H0=10/1 o FDPP (4.5 eq), DIPEA(11 eq)
DMF
& OH
6
NHBoc NHBoc
H ,
o, R 0 H
o NHBoc 0 NHBoc
_Pd/CH,
Z-HN" N\-HN ﬂ‘@ HzN/\rrHN ﬁ_@
O MeOH
an, ‘',
NHBoc 9 NHBoc



concentrated under reduced pressure to obtain a
concentrated residue. After that, a 10% aqueous

sol ution of sodium hydroxi de was added to the
concentrated residue in an iced bath until pH reached
5, and concentrated hydrochloric acid was added until
pH reached 2. As a result, a white solid precipitate
was obtai ned. The white solih so obtai ned was washed

ith { 1 bt 6 04 e d
the r ornrcinca i FoeBPTBYs o %05 Hete Gy &by the
Eepdderest dyesribeddsslved on the Conpound 6 so
Zg%ahne%jm‘la“&ﬁe%f%s”e iained: Dwaghe: fellpueBHaREaCedure.
EEHNBEE&I? 50'(52 2 4”@@%&&83%&%@%&% iR 5 mL
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\bedEjkﬂ))rome\?sBamL—l aansl)S 2l 1of 'T(‘EAI aml 1 f: g1l (§Hatgr. was

astied g B ot g e AR IO g g ¢
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nmol ) was _di ssol ved |n 35 niL of nethanagl, and (Boc)20

(ErosBigh of Fegstinrp| Thenteaqtior$slEAhe (@Oaspﬁ*&ndzt pwas

%&eﬂﬁﬁ@e@%ﬂe?%e@%ce@?)regéfﬂ*é’rt% ¥BPaist k' ESHCE Erated
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rrecidead. pMBesruréh&t; obtalth%a equeemsr aSethmnsmﬂJesodlum

e,concentrat ed i du urifie ctlonat i on
RYESOGE! e Gndeat, Soin EoPeehttias esidi, %A Hed
%}Pﬂﬂlﬁl @Hl}eaélﬁ?e@bs atdh Eorpeseidirdt€86ay Hﬂocﬁﬁ%lc acid
yi el d) the formof a -30 white solid. An ESI - M5

xpjagu add@)i reakilr BRemeaskied chd ks ed s8sule acaWpdangolid

PFUBR NGy OAIRRE | BEE wh i SR\ BB fred “Fas
GR3SAEd eaduneltenttof obitain5ConTpodndl6H2 .04 g-85ekxjield) in

6.95 (1H, . 6.54 (IH dd, J=2.C0Hz, J=8.0Hz), 6.41
(the fagay Ofea’x@ g Oi J=2.2Hz, J=7.9Hz), 3.66 (2H,

bs), lapdksi-m8 ((r%'g'ati;ve) Stheak{@8nent was conducted on the
Compound 6 so obtained. The measurement showed that the
m/z was 437.1 [(M-H)]. Also, a nuclear magnetic resonance
(lH-NMR, 400MHz, d¢-DMSO) measurement found that & =
7.34-7.14 (6H, m), 5.00 (1H, s), 3.55 (2h, d, J=5.9Hz), 3.33 (3H,
bs), 2.11 (6H, m), 1.81 (6H, m). From this, a structure of the
Compound 6 was confirmed.

Compound 7 was obtained by the following procedure.
First, m-phenylenediamine (0.50 g, 4.62 mmol) was dissolved in
35 mL of methanol, and (Boc):O (1.06 mL, 4.62 mmeol) and
triethylamine (0.65 mL, 4.65 mmol] were added at 0°C. The
mixture was stirred for 24 hours at room temperature, and
concentrated under reduced pressure to obtain a concentrated
residue. The concentrated residue was purified by fractionation
silica gel chromatography (solvent: chloroform/acetone = 10/1}

to obtain Compound 7 (665 mg, 68% yield) in the form of a



this, a structure of the Conmpound 7 was confirned.
Conpound 8 was obtai ned by the foll ow ng procedure.
First, the Conpound 7 (475 ng, 2.28 muol), FDPP (394
ng, 1.03 mmol), and diisopropyl ethylamne (447-VL,
2.57 mmol) were dissolved in 2 nL of dinethyl
formam de anhydride. The mxture was stirred for 29
hours at room tenperature urgtgt argon atnosphere,
ni?ﬁd mﬁba et hyl acetate and water, and extracted

tePRYH- acet ate. The organic |ayer was washed once
i n eachnokSe- MSNpydtnel mehsuaeinbntWeladl condsted abedhe
aéueous sol ution of sodium hydrogen carbonate ang
sepmpeeadsaiso ohtaiged. THap MEABUEFHEMT OHi'y:ierthﬁé§ e m/z

d&rhéd_ééﬁh.ggr[ Su;wnguwz e_t}?@hﬁ’ééfdlgeof‘slﬁ-ﬁmgn%OOMHz,

agent solution was concentrated under
rétluced mpreassremait fouhdld er ViR ¢uH, tthel=&80OH7)g 6.95 (1H,

016Gl Gn b M Z B e dieb - TS i hess U ad,
chlorpfer 'U=7Q9@I£P%.6634(2H), b¢), 0058, 1BoPE@MJ §§ §R2Brom

,, 99% vyield) in the formof a white solid. An
ispB gipdwiture of theaSomeperndng Ve seadiEacdn t he

Conpo 8 e . a .

1000, geﬁﬂﬁ?ﬂw—? s ‘?ﬁ%@?ﬁ@ﬂo#l%ltgfﬁﬁ/g’l%éé’%?dure‘
CP36t 1 theneastpeomwt 7 447G what 2828 mbl), IFDHRD ,(3R461ng,
3H , . 30-6. 95 (18H, 6..52 .(IH, w 5.0 2H
§3103 *trmoli, wnd” Bisoreppyl s543fEe 13 THler X e Sammol
Myerd- dibsbB/dd if) 2 FHIOWIt Bifetidyl SbFakiicR ahHyiride. The
Compound 8 was confirnmed. Conmpound 9 was obtai ned by

t extotd omamgstprmecedor €29 - Boursi aktroomn ctempppbrfiareg under

stEorbos paPerfEse ) e b ity raderdle, And ARt ana

Stkirbeted arithSe fhotlr fcathté OTHet ergetiatlayer wnderwashed once
hydr ogen at nosphere, and conce

ntrated under redléi:ed
presechechid-er N hy depehlpratiadifie VeRber, argatnerind aqyeous
c at ed 1.d (! f [ i
Slﬁlgg&gep?c odfih ogﬁ;\%ﬁ’?&y Eddtssh e, T b3 | 9IRIraQ8d salt
water. Then, the organic layer was dried using sodium sulfate

anhydride as a drying agent. The resulting solution was
cohcentrated under reduced pressure after filtering out the
drying agent. The concentrated residue was then purified by
fractionation silica gel chromatography (solvent:
chloroform/acetone = 3/1) to obtain Compound 8 (228 mg, 99%
yield) in the form of a white solid.

An ESI-MS (positive) measurement was conducted on the
Compound 8. The measurement showed that the m/z was
1009.5 [(M+H)*]. Also, the result of H-NMR (400MHz, CD3Cl1)
measurement found that & = 8.75 (3H, s), 7.67 (3H, s),
7.30-6.95 (18H, m), 6.52 (1H, bs), 5.04 (2H, s), 3.71 (2H, d,
J=5.0Hz), 2.23 (6H, m), 1.97 (6H, m), 1.47 (27H, s). From this, a
structure of the Compound 8 was confirmed.

Compound 9 was obtained by the following procedure.



(sol vent: chl orof orm nmet hanol =8/ 1) to obtain Conpound
9 (136 ngy, 78%yield) in the formof a white solid.
An ESI-MS (positive) measurenent was conducted on the
Compound 9. The neasurenent showed that the nmz was
875.5 ((MtH)+]. Fromthis, a structure of the
Conmpound 9 was confirned. Mreover, as shown in
general formula (13) the _-Gmpound 9 was condensed
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An ESI-MS (positive) measurement was conducted on the
Compound 9. The measurement showed that the m/z was 875.5
[(M+H)*]. From this, a structure of the Compound 9 was
confirmed.

Moreover, | as shown in general formula (13), the
Compound 9 was condensed with thioctic acid (Compound 10)
in the presence of WSCI'HCI1 (1.0 equiv.) and
1-hydroxybenzotriazole (HOBt in general formula (13); 1.0
equiv.) in CH2Cle. As a result, a thioctic acid derivative
(Compound 11) was obtained at the yield of 75%.

Thereafter, the Boc groups of the Compound 11 were
deprotected wunder acidic condition in the presence of
trimethylsilyl chloride (TMSCl in the formula) and phenol
(PhOH]} in CH2Cls. As a result, Compound 12 was obtained (32%
yield or greater) as a liker compound including three

hydrocarbon derivative chains each having an aromatic amino

group.



11 TMsCl, PhOH CHC 2 .... (13) 0 H 12 NH2
Specifically, Conpounds 11 and 12 were obtained by the
procedures descri bed bel ow. Conmpound 11 was obt ai ned
by the followi ng procedure. First, Conpound 10 (23.6
ng, 114 nol) and HOBt (15.4 ng, 114 mmol) were

di ssolved in 2.3 nL of anhydrous dichl oronet hane, and
Conpound 9 (2.50 ng, 6.02 ma#t) was added at OC. The
m xture was stirred NoBe36 hourss room tenperature
in a shade o dﬁ n at nospher&. /The resulting

sol ution was th a 10% aque cebon  of
citric aci ¢ and then ¥igcacted with cglorofornl The

ﬁ,@ﬁed by a _satur at'@d"4¢feous
sodi Hm rogen - %@Sc‘?ﬁ&ﬂ%‘@&)%o&@ﬂ%eﬁﬁ?n
drl ed usi nggodi um=sul fate anhydrid ryi ng
agent. Ther ed Q e organic |ayer vva% “concent r at ed
under re SO after filtering out the drying
agent. The resulti né\%g%ncent rated residue was
purified by fractionation silica gel chronmatography
(solvent: chloroformi nethanol = 40/1). As a result,
Compound 11 (91.0 ng, 75%yvyiel gugbs the formof a
white solid was obtaingd.H | -M5 (positive)
measur enent was conduct No‘réjﬁ Corrpound 11. The
Z WHBoc 1085. L(I\/HrH) +] .

4 CP83%61)PhO

3H bs) cHfIH7 (3H, s),
7.31 (1H, 1 , 3.71 (2H, bs),
3.64-3.39 (1H, : G 2H m, 2.33 (1H, m,
2.32 (6H, m, 2.3 (2H, : NHBOC

NH,

S 9 NH,
0 J ﬁ'@

12 NH,

Specifically, Compounds 11 and 12 were obtained by the
procedures described below.

Compound 11 was obtained by the following procedure.
First, Compound 10 (23.6 mg, 114 mol} and HOBt (15.4 mg,
114 mmol) were dissolved in 2.3 mL of anhydrous
dichloromethane, and Compound 9 (2.50 mg, 6.02 mmol} was
added at 0°C. The mixture was stirred for 36 hours at room
temperature in a shade under -argon atmosphere. The resulting
solution was mixed with a 10% aqueous solution of citric acid
and then extracted with chloroform. The organic layer was

washed by a saturated aqueous solution of sodium hydrogen



2.04 (6H, m, 1.82-1.73 (1H, m, 1.62-1.47 (4H, m,
1.47 (27H, s), 1.39-1.25 (2H, m. Fromthis, a
structure of the Conpound 11 was confirnmed. Conpound
12 was obtained by the foll ow ng procedure. First,
trimethylsilyl chloride (0.25 nL, 2.64 mmol) was
.dissolved in 0.49 nL of dichloronethane, and a pheno
sol ution obtained by dissel38 ng phenol (549 ng, 5.83
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ucture represented by general formula (4) was
o]gi &Y%%&Owlrg%%‘iprocedure descri bed bel ow, wherein, in

gener abofifidthd (2) wabl obiBin@ddoyBtiad olowang Prosedure.
First, trimethylsilyl chloride (0.25 mL, 2.64 mmol) was dissolved
in 0.49 mL of dichloromethane, and a phenol solution obtained
by dissolving phenol (549 mg, 5.83 mmol} in 1.46 mL of
dichloromethane was added. After stirring, Compound 11 (34.7
mg, 32.6 pmol) was added, and the mixture was stirred for 1.5
hours at room temperature in a shade to obtain a solution of
Compound 11 as the product of reaction. Thereafter, chloroform
was added to the reaction solution of Compound 11, and the
organic layer was washed by a saturated aqueous solution of
sodium hydrogen carbonate to form a yellow solid precipitate.
" The yellow solid was dissolved in acetic acid and then cooled
down to 4°C. The resulting coagulated solid was filtered out to
obtain Compound 12 (7.9 mg, 32% yield).

An ESI-MS (positive) measurement was conducted on

Compound 12. The measurement showed that the m/z was



As shown in general formula (14) below, the Linker
Conpound 12 obtained in Exanple 1, and the Conpound 13
(5 equiv.) serving as a sugar nolecul e represented by
general formula (10) were dissolved in a m xed

sol vent of H20/di net hyl acet oam de (DMAc in the
formula) /acetic acid (AcOH) = 5/20/1 to forma
Schiff base at a pH of 3 togkh at 37C. Then, the

f | v h

Se B0 H R AR e S Sy B Ve Eal iR, BO4 At aﬁMFO)
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VRS 6ol B, ney), 43.24s (6H, i gend2 ileRud? n@H mpe 1un8t H13f m)

S5 oo P i, P8 B4 o PSRBT s
E@ENa I Pbuhdl22Gas4diififined. . (.4) Specifically,

Compound 14 was obt ai ned by the follow ng
[Example 2: Synthesis of a ligand]

By using the Linker Compound 12 obtained in Example 1,
a ligand having a structure represented by general formula {4)
was obtained by the procedure described below, wherein, in
general formula (4), m!, m?, and m?® are 2, and n is 1.

As shown in general formula (14) below, the Linker
Compound 12 obtained in Example 1, and the Compound 13 (5
equiv.) serving as a sugar molecule represented by general
formula (10) were dissolved in a mixed solvent of
H>0/dimethylacetoamide (DMAc in the formula}/acetic acid
(AcOH) = 5/20/1 to form a Schiff base at a pH of 3 to 4 at 37°C.
Then, the content of the solvent was changed to
H20/DMAc/AcOH = 20/5/24, and NaBHsCN (30 equiv.) was
added at a pH of 3 to 4 at 37°C to cause a reductive amination
reaction. Thereafter, the resulting compound was purified by gel
filtration chromatography with Sephadex G-50 (manufactured
by Amersham Biosystems Co., Ltd.) and was desalted. As a
result, Compound 14 was obtained as as a ligand including

three units of sugar molecules.



procedure. The Linker Compound 12 (0.5 ng, 655 nnol)
obt ai ned in Exanple 1 and Conpound 13 (2.8 ng, 3
iinmol) were dissolved in a mxed solvent containing
water (25 pL), dinethylacetoam de (100 pL), and
acetic acid (5 pL). The resulting mxture was heated
overnight at 37Cin a sealed tube to obtain a
sol ution of Linker Conpound 3®-and Conpound 13 as the
he reaction solution of L| nker
ol3 was mixed with an

Sl,vi ng Bl'BCN(%aBﬁa'%sog 2
QFG Hgatﬁﬁ' J/BMA%/A%WS%M

r at nder [ educed pre

subj ect l%" g?‘i"#t r at |0(i)-in chr onat %E'?%%A“gﬁ“toﬁ 20/5/24
Sephadex G 50 (;;S(eley)ent. PBS containing 0. 8484af37°C
NaCl ). The resulting target fraction was concent r at ed
under reduced pressure, and the resulting concentrated
residue was desalted wth Sephadex G 25 (sol vent:
wayer) . %’é@N%esal ted target fraction concent rat ed

ce

uryder pressur db%s)ol ed in water, gnd
f feezesarPed. T @-- 81y, NB6%
yilel djOHN Ofihi povder was Jobt ai néd. A
Ne Jned i § 3291.28 Da 5

NaBH3CN (NidSQlfp 19$22 DMACOIMCO H=5/20/1 / 2) H20/ D

MAC/ AcO H=20/ 5/ 24 pH 3-4,37C -36- (Daltord. Conpound

14 shown in general fornul ai@gld4) was observed as a
trivalent ion [ M 12Na+9H] 3- at the peak of mz .,.,.. 14)
1008. 19 obtained by a tinme-of-flight nmass spetroneter
measur SpeeificadlsoConmpovndulld vRs pbipgbiovtke fjlpwing

Aerlivl r?;f%] nﬂé‘@ﬁ%Héoaﬂgﬁa%d(sSEE) 105 ?2%%3 :B55_ ol

Wbtaiﬁgglug E}L’arﬂ ple léénd ﬁb)npduﬁﬂ (BH2. 8)mg431ﬁn(16]|)1 were
(@}qsoﬂﬁed (3 ing ‘g)GHn%ﬁ?d §c@gele‘gHCOﬁz)ta1r31g% w@ter (%% pLj,

dimethylacetoamide (100 pL), and acetic acid (5 mnL). The
resulting mixture was heated overnight at 37°C in a sealed tube
to obtain a solution of Linker Compound 12 and Compound 13
as the product of reaction. The reaction solution of Linker
Compound 12 and Compound 13 was mixed with an NaBH3CN
solution obtained by dissolving NaBH3CN (2.7 mg, 39.2 umol) in
20 pL of acetic acid, heated for 3 days at 37°C, concentrated
under reduced pressure, and subjected to gel (filtration
chromatography with Sephadex G-50 (solvent: PBS containing
0.3 M of NaCl). The resulting target fraction was concentrated
under reduced pressure, and the resulting concentrated residue
was desalted with Sephadex G-25 (solvent: water). The desalted
target fraction was concentrated under reduced pressure,
dissolved in water, and freeze-dried. As a result, Compound 14
(1.5 mg, 66% yield) in the form of a white powder was obtained.
A mass of Compound 14 to be obtained is 3291.28 Da
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(9H, s), 3.34 (6H m, 3.24 (3H, dd, J=3.4, 10.5 Hz),
3.08 (4H m, 2.44 (6H, m, 2.33 (1H m, 2.27 (2H,
t), 1.86 (1H, m, 1.56-1.46 (2H, m, 1.35-1.14 (4H,
m. Fromthis, a structure of the Conpound 14 was
confirnmed. [Exanple 3: Synthesis of a |inker conpound]
A l'inker conpound of the present invention, having a
structure represented by gernsgal fornula (1), where n
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A linker compound of the present 1nvent1on, having a
structure represented by general formula (1), where n is 1, and
X has a structure represented by general formula (3), where m*,
m3, m6, and m7 are all 2, and p! and p2 are 1, was synthesized
according to the procedure described below.

As shown in general formula (15) below, a
trifluoroboron-ether adduct (BFs'OEtz in the formula} was added
to MeOH, and refluxed under acidic conditions. Then,
dicarboxylic acid (Compound 15) was esterified to obtain an
ester derivative (Compound 16) at a 79% yield.

Thereafter, Z-glycine (1.1 equiv.) was condensed with
Compound 16 in the presence of HOBt (1.1 equiv.} and
dicyclohexyl carbodiimide (DCC in the formula} in CH2Cla. As a
result, a glycine derivative (Compound 17) was obtained at the |
yield of 94%.

Then, 2N NaOH was added to MeOH, and the ester group
of the Compound 17 was hydrolyzed under alkaline conditions.

As a result, a dicarboxylic acid derivative (Compound 18) was

obtained at the yield of 98%.



1L0 MeOH /L==0 NHNH Z 17 18 .... (15) Specifically,
t he Conpounds 16 to 19 were obtained by the
procedures described below. That is, Compound 16 was
obtained by the followi ng procedure. First, Conpound
15 (i m nodi acetic acid; 10.0 g, 75.1 nmmol) and BF3'
CEt2 (boron trifluoride-diethyl ether conplex; 22 nL,
173 mmol ) were dissolved in30-nL of anhydrous

net hanol . The éﬁ ﬁs refluxed for AchoHsE.14RHROBL (1.1 eq)
%&ﬁ“/\m Fmdgt”x Wd@om_a_saumai_ed_ﬁ

aqueous sol ut i ave@H, refioxi um ydribgen car boweg €.t emdCH,Cly

extracted with chloroform To t wat er | ayer,
triethylam ne was added until the pH reached 9. Then,
the layer was extracted w chl orof or dried using

out the dryi ng~afent. As a resul t und 16 (_9__@ )
g, 79%yield) the formof a yell owyyoily matter ?
obt ai ned. An I-M5 (positive) neasureénent was
conducted on the Conpound 16. The nme&sur enent showed
that the mz wds 162.1 [(MrH)+]. Al sd8 the result of

3 7a (SpE ey Ay, o por FPRHIEORR, 1o P wepe oBiined by
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6TB8 mixture was refluxed for 5 hours under argon atmosphere,
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neutralized by adding a saturated aqueous solution of sodium
hydrogen carbonate, and extracted with chloroform. To the
water layer, triethylamine Wé.s added until the pH reached 9.
Then, the layer was extracted with chloroform, dried using
sodium sulfate anhydride as a drying agent, and concentrated
under reduced pressure after filtering out the drying agent. As a
result, Compound 16 (9.61 g, 79% yield) in the form of a yellow
oily matter was obtained.

An ESI-MS (positive) measurement was conducted on the
Compound 16. The measurement showed that the m/z was
162.1 [(M+H)*]. Also, the result of IH-NMR (400MHz, CDsCl)
measurement found that 6 = 3.74 (6H, s), 3.48 (4H, s), 2.00 (1H,
s). From this, a structure of the Compound 16 was confirmed.

Compound 17 was obtained by the following procedure.
First, Compound 16 (1.00 g, 6.21 mmol), dicyclohexyl
carbodiimide (1.41 g, 6.83 mmol), and HOBt (0.92 g, 6.83 mmol)

were dissolved in 25 mL of anhydrous dichloromethane. The



nmol ) at room tenperature. The precipitate forned by
the stirring was filtered out, and the filtrate was
extracted with chloroform The organic | ayer was
washed twice in each of 1IN HCl and a saturated
aqueous sol ution of sodi um hydrogen carbonate, and
further washed once by water. The organic | ayer was
dri ed using sodiumsulfate. a}ghydri de as a drying
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(étHructure of the Compound 17 was confirmed.
Compound 18 was obtained by the following procedure.
First, Compound 17 (1.50 g, 4.26 mmol) was dissolved in 20 mL
of methanol, and 2N NaOH (9 mL) was added. The mixture was
stirred for 2.5 hours at 0°C, neutralized by adding Dowex
50WX-8 (H* form) until the pH reached 6, and concentrated
under reduced pressure after filtering out the Dowex SO0WX-8.
The resulting concentrated residue was concentrated under
reduced pressure after adding water and filtering out an
insoluble matter, and freeze-dried. As a result, Compound 138
(1.30 g, 98% yield) in the forrﬁ of a white solid was obtained.
An ESI-MS (negative) measurement was conducted on the

Compound 18. The measurement showed that the m/z was
321.1 [(M-2H+Na)-]. Also, the result of 'H-NMR (400MHz,



m, 5.01 (2H, s), 3.93, 3.84 (4H, s, s), 3.72 (2H, d,
J=5.4 Hz). Fromthis, a structure of the Conpound 18
was confirmed. Thereafter, as shown in general fornula
(16) below, Conmpound 19 (2.5 equiv.) whose aromatic
am no group ends are protected by the Boc group was
allowed to react with Conpound 18 in the presence of
FDPP (2.5 equiv.) and DI PEA3g9(2.5 equiv.) in DVF. As a

re n_N-Bqoc _anine [Lvative _ d_20) S
chridMis dpteRErs R i g 8 - 3R )7 (11,
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Corgpound, 19 was obtai ned by the follow ng procedure. .
(2.5 equiv.) in DMF. As a résult, an N-Boc amine derivative
(Compound 20) was obtained at the yield of 60%.

Then, a catalytic hydrogen reduction was performed in
"MeOH in the presence of Pd/C to deprotect the Z group of the
Z-glycine that underwent the condensation reaction with the
Compound 20. As a result, an amine derivative (Compound 21)

was obtained at the yield of 92%.

NHBoc NHBoc
o] 0
HN H
A AN
HooC ; 19l(-|2 5 eq) |
2_%0 D eq -
NH FDPP (2.5 eq), DIPEA (2.5 eq), DMF
P
zZ
18

SHPLO-NHB oc! H‘?‘@’NHB oc
: , 0 <

Pd/C,Hp -
Z—NH N —eep=  H N N
/ir N2 MeOH ZN/\or 2
HN‘n‘( >—NHBoc HN-"—< >—NHBoc
0 2 o 2
20 21

LI (16)
Specifically, Compounds 19 to 21 were obtained by the

procedures described below.



First, 4-am nobenzoic acid (3.33g, 14.0 mml) and HOBt
(1.93 g, 14.3 mmol) were suspended in 60 nL of
anhydrous di chl oronmet hane, and the m xture was
stirred for 15 mnutes at OC under argon atnosphere.
Then, a WSCI HC1 sol ution obtained by dissol ving

WECI HC1 (2.87 g, 15.0 mml) in 30 nL of anhydrous

di chl or onet hane was added, -&fd-t he m xture was

stirr i gu ' i :
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m xture was stirred for 20 hours at room
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@sRPEEN A8 18ndTReNPRsNSuidmeas eBBG rdd-ad theden/z was
reduce pressure, and the resulting concentrated

1242 dud(Mad) h1Also, the result of TH-NMR (400MHz, CD3zC1)
found that & = 7.77-7.74 (4H, d, J=8.7 Hz), 7.50-7.48 (4H, d,
J=8.6 Hz}, 3.70-3.66 (4H, m, J=5.2 Hz), 3.34-3.28 (4H, m, J=5.6

Hz), 1.53 (18H, s). From this, a structure of the Compound 19

was confirmed.

Compound 20 was obtained by the following procedure.
First, Compound 18 (50.0 g, 154 pmol), Compound 19 (209 mg,
386 umol), and FDPP (148 mg, 386 pmol) were dissolved in 30
mL of dimethylformamide anhydride. To the resulting mixture,
diisopropyl ethylamine (67.2 1L, 386 pmol) was added, and the
mixture was stirred for 20 hours at room temperature under
argon atmosphere to obtain a solution of Compound 18 and
Compound 19 as the product of reaction. The reaction solution
of Compound 18 and Compound 19 was concentrated under

reduce pressure, and the resulting concentrated residue was



extracted wth chloroform The organic |ayer was
washed by 10%citric acid and a saturated aqueous
sol ution of sodium hydrogen carbonate, dried using
sodi um sul fate anhydride as a drying agent, and
concentrated under reduced pressure after filtering
out the drying agent. The concentrated residue was
purified by fractionation sigica gel chromatography
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First, Compound 20 (103 mg, 74.4 umol) was dissolved in 3 mL
of methanol, and 10% Pd/C (84 mg) was added. The mixture
was stirred for 47 hours at room temperature in hydrogen
atmosphere, and was concentrated under reduced pressure
after filtering out the Pd/C. As a result, Compound 21 (84.9 mg,
92% yield) in the form of a white solid was obtained.

An ESI-MS (positive) measurement was conducted on
Compound 21. The measurement showed that the m/z was
630.3 [(M+H+Na)2*]. From this, a structure of the Compound 21
was confirmed.

Moreover, as shown in general formula (17) below,
Compound 21 was condensed with thioctic acid (Compound 10;
1.1 equiv.) in a mixed solvent of CH2Cl2/DMF = 4/1 and in the
presence of HOBt (1.1 equiv.) and WSCI'HCI (1.0 equiv.). As a



-42- result, an am de conmpound (Conpound 22) was
obtained at the vyield of 75% Furthernore, the Boc
groups of the Conpound 22 so obtained were
deprotected in CH2Cl 2 under acidic conditions
containing TFA. As a result, Conpound 23 (91% yi el d)
was obtained as a |linker conpound i ncluding four
hydrocar bon derivative chai4@®-each having an aromatic

amng.group. - : .
(Rsen8 R cqprburd ICHgIRE 221 W o5 UiPag the
OyiE:ZdS)fd"JS%S TFQ CH2C12 (1;) 23 dSEeCi fihcal ly, ghe

Compounds .22 and 23, were obtai ne t he,procedure

descri_@‘é&t%"e‘lrﬁ%e’c&]ﬁ‘ﬁo 22 QRS o%%/ath‘?eocg’i‘/mq}énd 22 so
f Obt AWeRd W RC i Btected in CH2Clz under acidic conditions
containing TFA. As a result, Compound 23 {(91% yield) was

obtained as a linker compound including four hydrocarbon
derivative chains each having an aromatic amino group.

S
H9 l
N—"—@-NHB 0d S

S ‘COOH
HZN/\g-N N 10 (1.1 eq) HOBt (1.1 eq)

WSCI-HCI (1.1 eq), CH,Cly/DMF = 4/1
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22

SQW 0 S
! H/\or '> e (17)
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23
Specifically, the Compounds 22 and 23 were obtained by

the procedures described below.
Compound 22 was obtained by the following procedure.
First, Compound 10 (12.8 g, 62.2 pmol) and HOBt (8.4 mg, 62.2

pmol) were dissolved in 10 mL of anhydrous dichloromethane.



First, Conpound 10 (12.8 g, 62.2 pnol) and HOBt (8.4
ng, 62.2 pnol) were dissolved in 10 nL of anhydrous
di chl oronmet hane. -43- The resulting m xture was
stirred at 0'Cin a shade under argon atnosphere to
obtain a solution of Conpound 10 and HOBt as the
product of reaction. Thereafter, Conpound 21 (70.0 ny,
56.5 }imol) was dissolved ig30-5 niL of
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Compound 22. The measurement showed that the m/z was
735.3 [(M+2Na)2*]. Also, the result of 1H-NMR (400MHz, CDCls)
measurement found that 6 = 7.76-7.79 (11H, m), 7.55 (1H, bs),
7.42 (4H, d, J=8.6 Hz), 7.35 (5H, m)}, 7.13, 7.00, 6.97 (3H, bs,
bs, bs), 5.84 (1H, bs), 4.04 (2H, bs), 3.67 (4H, band), 3.55 (4H,
band), 3.48 (8H, band), 3.41, 3.29, 3.22 (6H, bs, bs, bs),
3.16-3.03 (2H, m), 2.39 (1H, m), 2.02 (1H, m), 1.84 (1H, m),
1.58-1.52 (4H, m), 1.51, 1.49 (36H, s, s), 1.35 {(2H, m). From
this, a structure of the Compound 22 was confirmed.
Compound 23 was obtained by the following procedure.
First, Compound 22 (48.2 mg, 33.8 pmol) was dissolved in 1 mL
of dichloromethane, and 2 mL of trifluoroacetic acid was added.
The mixture was stirred for one hour at 0°C in a shade, and

then concentrated under reduced pressure. The resulting



of dichloromethane, and 2 nL of trifluoroacetic acid
was added. The m xture was stirred for one hour at 0OC
in a shade, and then concentrated under reduced
pressure. The resulting -44- residue was dissolved in
met hanol, neutralized by addi ng Dowex Marathon A (OH
from, and concentrated under reduced pressure after
filtering out the Dowex Mardtdhen A. As a result,
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Compound 23 obtained in Example 3, and Compound 13 (5
equiv.) serving as a sugar molecule represented by general
formula (18) below were dissolved in a mixed solvent of
H20/DMAc/AcOH = 5/20/1 to form a Schiff base (imine form in
the formula) at a pH of 3 to 4 at 37°C. Thereafter, the content of
the solvent was changed to H2O/DMAc/AcOH = 9/20/22, and
NaBH3CN (64 equiv.) was added to perform a reduction reaction
(reduction in the formula) at a pH of 3 to 4 at 37°C. Thereafter,
the resulting compound was purified by gel filtration
chromatography with Sephadex G-50 and desalted. As a result,
Compound 24 was obtained as a ligand including four units of

sugar molecules.



-45 NaBH3CN(64eq) OH MeO%Wjf b N6o~wf HO NHSO3Na
OSBNa 13 (5 eq) / OSGBNa OH OH + 23 1) H20/ DMAc/ AcOH
= 5/20/1 (imne form 2) H2O DMAc/ AcCH = 9/ 20/ 22
(reduction) pH 374, 37C/ SOH ~O0 002 OH W%' 4 O
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OHHO NHSOBNa OSC3Na OH 24 .... (18)
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1) H,0/DMAc/AcOH = 5/20/1 (imine form)

NHSO,Na 0303Na 2) H,O/DMAG/AcOH = 9/20/22 (reduction)
13 (5 eq) pH 3~4, 37°C
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Specifically, Compound 24 was obtained by the following
procedure. The linker compound 23 (0.5' mg, 488 nniol] and
Compound 13 (2.1 mg, 2.4 pmol) were dissolved in a mixed
solvent containing water (25 uL), dimethylacetoamide (100 ulL),
and acetic acid (5 pL). The mixture was heated for 3 hours at
37°C in a sealed tube to obtain a solution of Linker Compound
23 and Compound 13 as the product of reaction. To the reaction
solution of Linker Compound 23 and Compound 13, a solution
obtained by dissolving acetic acid (45 pL) in NaH3CN (2.18 mg,
31.2 nmol) was added, and the mixture was heated for 3 days at
37°C. The resulting mixture was concentrated under reduced
pressure and then purified with Sephadex G-50 (1.6 x 80 cm,
PBS-0.3 NaCl). The resulting target fraction was concentrated
under reduced pressure, and the resulting concentrated residue
was desalted with Sephadex G-25 (1.6 x 40 cm, water). The
resulting target fraction was concentrated under reduced

pressure, dissolved in water, and then freeze-dried. As a result,



Specifically, Conpound 24 was obtained by the

followi ng procedure. The |inker conpound 23 (0.5 ny,
488 nnol) and Conpound 13 (2.1 ng, 2.4 unol) were

di ssolved in a mxed solvent containing water (25

pL), dinethyl acetoam de (100 pL), and acetic acid (5
pL). The m xture was heated for 3 hours at 37Cin a
seal ed tube to obtain a sol-utden of Linker Conpound
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presn%(%ed by general formula (4), where ml, m?, and m?® are
all 2, and n is 1. '

That is, by the procedure described below, a ligand
(Compound 14) was immobilized on a surface of a glass
substrate with a thin gold film deposited thereon, and the
binding behavior of Compound 14 with a recombinant von
Willebrand’s Factor (hereinafter abbreviated to rvWF), which is a
heparin binding protein, was observed.

(5-1 Preparation of a ligand-introduced chip)

First, a sensor chip (manufactured by Japan Laser
Electronics Co., Ltd.), prepared by depositing a gold film of 50
nm thick on a glass substrate of 13 mm x 20 mm x 0.7 mm, was
placed in a UV ozone washer (product name: NL-UV253, Japan

Laser Electronics Co., Ltd.), and was exposed to ultraviolet rays



[ Exanpl e 5: An SPR neasurenent using a |igand
conpound] An SPR neasurenent was perfornmed using
Compound 14, obtained in Exanple 2, which is a |ligand
having a structure represented by general fornula
(4), where m, n2, and nB are all 2, and nis 1. That
is, by the procedure described below, a |igand
(Conmpound 14) was i nmobilized/ en a surface of a gl ass

Sﬁwg%ﬁﬁﬁtééﬂsa ddis v@m thiel g&ﬂeg)e%fat&dor gL @RMsodhip

i ndi ng behavior of Conpound 14 wt
retidnisizomst Subsemabn@bfr ke §e|¥mror:huhewasna'fqtmted on a

SFEREHRR CEL Salaalln MTHEL fnf cfP 3R Bhs¥ L o

| ingaRenioNt seHUEEA ebhpdirfihgs . 1an51e1n&ﬁr dmpound 14 was
(manuf actured hy Jap n Laser | ec nics Co., Ltd.),

prédede Wy HRAIBdi &N eeoganF exp OVERP{gh ¢ @tofoom
a1i gélsaﬁﬂk?:s’inﬁ% & ‘ﬁlolﬁah oot RatmdMN e‘@@%rugnswwk

In a U/ ozone was roduct nane: NL-
_J%qmamtlfmas@@ E]Jb:tilrc’i‘me@"saft@r, tl:nedcgall wiac Mmhs@qo@s:eotlmes

R PR i hRmol amelind Seopt <fpr Tadaisafoted trom

SUHRs erp sk Ty célb%@ﬁfé&OfThBI pemerdotﬁarmbro&m Was then
Tefl onTM cell hol der in a cell The cel | to i ch

pimgrergednint RaR6lrisdish foll ebmeihanel ond wassred wice by
gggfgggngh&ﬁnwg%pe peed, args 9eRledrand thieeeAgpt Iohip was

OVEr room tenperature’ wt
Dansted( mmhumataanandl\lmeﬂram]vmnk thii@mtdrf in Coe, same

Ltd.). Th ft hed [ ith
S 65 SRt SERNE IR SSol OPLE i aen b tbed
félﬁ’i'ﬁ ﬁ@&nﬁeééﬁ@&pﬂ Gleﬂé 1RlsercarFie GePWeH dsetPdind then

vvast en imersed in a Petri dish full of
mEJtOth’f@Id and anasnedr tahipe cpytriggnt(slash anism) t ok apstirface

oo dReFEBH e EoRFARSE SERBIF SR BERE Ll e

'S or in me mani
a]SaQ@SEnctmdna&mm. $edgs to obtain a

| i gand-i nt roduced cpe .

(5-2 Examination of nonspecific interaction due to a
hydrophobic interaction between a ligand-introduced chip and a
protein)

A phosphate buffer solution (PBS; pH 7.4) serving as a
running buffer was flown onto the ligand-introduced chip at a
flow rate of 15 pL/min at 25°C until a resonant angle change
measured by the surface plasmon resonance apparatus became
constant. Thereafter, bovine serum albumin (BSA)} serving as a
protein used for an SPR measurement was dissolved in the
running buffer so as to prepare a BSA solution with a BSA
concentration of 1 mg/mkL. Then, 60 puL of the BSA solution was
injected onto the surface of the ligand-introduced chip at a flow
rate of 15 pL/min.

In order to examine a nonspecific interaction based on a

hydrophobic interaction between the gold formed on the surface



chip (ligand carrier). The ligand carrier was
air-dried and then nounted on a sensor chip cartridge
(glass prisn) of a surface plasnon resonance
apparatus SPR670 (product nanme, Japan Laser

El ectronics Co., Ltd.). (5-2 Exam nation of
nonspecific interaction due to a hydrophobic

i nteracti on between a |igandd ntroduced chip and a
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Thé rvWF solution was injected onto the surface of the
ligand-introduced chip at varying concentrations, and a
response . (RU; response unit) based on bonding between
Compound 14 and rvWF was measured as a function of
injection time (sec) of the rvWF solution using the surface
plasmon resonance apparatus. The result is shown in Fig. 1.

It is to be noted that in order to reuse the
ligand-introduced chip with the rvWF, 10 mM NaOH was flown
onto the surface of the ligand—intrbduced chip for one minute or
more at a flow rate of 60 pL/min.

In addition, a dissociation constant (Kp), a binding rate
constant (ka), and a dissociation rate constant (ka) were
calculated, using software attached to the surface plasmon
resonance apparatus (SPR670), based on a result (Fig. 1)
vielded by observing the binding behavior of Compound 14



in 5-1), the same procedure as in (5-2) was carried
out toinject the rvWF solution onto the surface of
the ligand- introduced chip. It is to be noted that
rv\WF was di ssolved in the running buffer so as to
prepare an rvWF solution with a concentration of 125
nMto 1600 nM The rvWF solution was injected onto the
surface of the [ligand-intrddueed chip at varying
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0803Na QNHQC
COzNa
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HO

NHSO3Na OSO3Na
-+ (19)

25

Then, except that the Compound 25 was used instead of
the Compound 14, the procedure in (5-1) of Example 5 was
followed to obtain a ligand-introduced chip. According to the
procedure in (5-2) of Example 5, in was confirmed that there
was Ino noﬁspecific interaction based on a hydrophobic
interaction between the ligand-introduced chip and the protein.
Thereafter, according the procedure in (5-3) of Example 5, the
rvWF solution was injected onto the surface of the
ligand-introduced chip, and changes in resonance angle as a
function of injection time of the rvWF solution was measured
using the surface plasmon resonance apparatus, so as fto

examine the binding behavior of Compound 25 with rvWF. The



A procedure described in Docunment 1 was followed to
prepare Conpound 25, i.e., aligand with a structure
represented by the follow ng general fornmula (19),

i ncluding one wunit of oligosaccharide having a
structure represented by general fornula (10).
Me6N6==f 0 Hb NHSO3Na OSO3Na OH NH NHOC .... (19) 25
Then, except that the Conpews@-25 was used instead of

t&%lﬁ?@%ﬁﬁn F%e procedure in (5-1) of Exanple 5
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evaluating biological activities of sugar molecules.

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

scope of the following claims.

INDUSTRIAL APPLICABILITY

As described above, the present invention provides a
linker compound capable of two-dimensionally arranging three
or four units of sugar molecules with high reproducibility on a
protein-analyzing supporter or the like. With the linker
compound, the influence of a nonspecific interaction with a
protein can be ignored almost completely.

In addition, a ligand of the present invention includes the
linker compound with a sugar molecule introduced thereinto.
With the ligand, three or four units of sugar molecules can be

collected, thereby making it possible to observe biological



Exanpl e has a higher affinity for rvWF than the

I i gand-introduced chi p using Conpound 25. Thus, wth
the ligand-introduced chip of the present Exanple,
bi ol ogi cal activities of sugar nol ecul es can be
observed with high reproducibility. The

i gand-introduced chip is therefore highly suitable
for revealing structures of dugar nol ecul es and/ or
Q@b Hels"GF BhghPIhERIC1AES Iith! BEPe SHIPIHIiBFY! es.
The 1 nvention~being thus described, it wll be obvious

that Theredarm ndlye bepresdrdd imvemdpnwaygsirguche linker

variations ar t 0 rnega S arture.f
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ignored al nost conpletely. In addition, a ['1gand of

taied prepeationgvent i on i ncl udes the |inker conpound

with a sugar nol ecul e introduced thereinto. Wth the
l'igand, three or four units of sugar nol ecul es can be
coll ected, thereby naking it possible to observe

bi ol ogi cal -51- activities of sugar nolecules with

hi gh reproducibility. Therefore, the present

i nvention, using the linker conpound and |igand, can

be applied to the biotechnology industry to detect

i nteractions of bionolecules. The present invention

is particularly useful in fields where chip technol ogy
and an affinity colum are used. The present invention
is also wuseful in fields where a bioprobe and a .

bi osensor are used.



O her applicable fields of the invention include the
phar maceuti cal industry, and nedical technol ogy for

di agnosis and inspections. -52- CLAIMS: 1. A linker
conpound of a structure represented by foll ow ng
general fornmula (1), where nis an integer of 1 to 6,
and X has a structure servi ng as a nulti-branched
structure moiety including®Aree or four hydrocarbon
deLivvp$ve chains, wher ei n the hydrocarbon derivative
chai ns_each i ncl ude an matic am no group at an
end, aﬁdArrJéQkSF WPHHPqﬁ | ude a carbon-nitrogen

bond | kban

0 2. Thnae%lt?ﬁger cgﬁgounegﬂggcgydf Or%lgo'%gzon%gg?}ﬁ?%flf% 61&1(1)
swhgr¥ thas aa mte@:rmfel rte;ﬁ,eaedt ed by follow ng

for mul

(+2 and nB3 ar |nde nt |
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wherein m and n8 are al 2 in the general
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2. The linker compound according to Claim 1, wherein
said X has a structure represented by following formula (2},

where ml, m2, and m3 are independently an integer of 1 to 6.

NH
I
(CH,) 1 . \H
2
—HN CH,J 2 N‘@ s (2)
H
(GH,) 2
S
NH,

3. The linker compound according to Claim 2, wherein m!,

m2, and m? are all 2 in the general formula (2).

4. The linker compound according to Claim 1, comprising



OHN-~-GA-NH O (CH2)m4 (CHCN2p (CH)nb HN
-(\ /~-NH2 NOH"----"k\ /rNH2 (C2)nms. I/ HN-F--~\
/~-- NH2 bH2)n¥ ms, 5. The linker conpound accordi ng
to Cdaim2, wherein m4, ns, nb, and nv¥ are all 2 and
pl and p2 are both 1 in the general fornula (3) 6. A
I i gand which conprises the aromati c am no group of
the |inker conpound accordi-rg3to any one of Cains 1
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5. The linker compound according to Claim 2, wherein m?*,
m?®, m®, and m” are all 2 and p! and p? are both 1 in the general

formula (3)

6. A ligand which comprises the aromatic amino group of
the linker compound according to any one of Claims 1 to 5, and

a sugar molecule introduced into the aromatic amino group.

7. The ligand according to Claim 6, wherein the sugar
molecule is at least one kind of sugar selected from the group
consisting of a monosaccharide, an oligosaccharide, and a

polysaccharide.

8. A ligand of a structure represented by following general

formula {4), wherein m!, m?2, m3, and n are independently an



-54 0SGBNa 0 0 072 a OH OH OH CH MO 0 HO H NHSG3Na
OSGBNa OHO O Il NH-C N 1CH21n 0 9. The ligand
according to Claim8, wherein m, n2, and nB are all
2and nis 1 in the general formula (4). 10. A ligand
conprising a structure represented by follow ng
formula (5), wherein md4, nb, n6, n¥, n, pl, and p2 are
i ndependently an integer of-3to 6. 0 ONa 3Si O
7i'nt'ég91:|o/f‘ 1Lidg HO NHSGBNa OSBNa OH Qo ,; 7---OH

0SOzNa )
0 OH Q_ “/(CHZ 1
-~ COzNa
MeOQ

NHSOgNa OSOgNa

0 0
053N ) I
CH, )3 NH— NH S
COzNa OH O— (( 2/m Tens ), L

NHSOaNa ososwa on "
0SO4Na 0

0 0 0H @_N (CGHZ) 2
OH gﬂgNa -ev-(4)
MeO 0

NHSO3Na 0503Na on

9. The ligand according to Claim 8, Whérein ml!, m?, and

m? are all 2 and n is 1 in the general formula (4).

10. A ligand comprising a structure represented by
following formula {5), wherein m#, m5, mS, m7, n, p!, and p? are

independently an integer of 1 to 6.
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11. The ligand according to Claim 10, wherein m*4, m5, m6,



Na NHSO3Na OSGBNa OH N. CH2 kM6 H 11. The I|igand
according to Caim 10, wherein m4, nb, n6, -55- and n¥
are all 2, and nis 1, and pl and p2 are both 1 in the
general fornula (5). 12. A producing nethod of a

I i nker conpound, conprising the steps of: carrying
out a condensation reaction between thioctic acid and
an am ne conpound i ncl udi ng 3hree or four branched

CARHNMm7easd 1AV NAnANNA{OMatAkd i B DHPUAréMWbth 1 in the
protected by ];ubsprot ecting group; and deprotecting the

pEen el fognya Jat the aromatic amino group end. 13.
A producing method of a ligand, conprising the step
of carrying out a reductive am nation reaction using
the |ihkeA peodnoing metdardiofig liakerycanpoaind] abnmprising
tﬁ't and . sugar nolecule. 14. A sugar nolecul e
§ SLRRS A& met hod for arranging a sugar nol ecul e on

a Surf@&qg@ﬁ w@awﬁ&éﬁs@@bﬁ rERlchRM %erm%bﬁl ﬂﬁotcl% acid
step of caustng a solution containing the ligand o

amydope cimbhai eengpewnd] ingheding | thrge cuntfatyr \hrtaméled

C‘gfﬁ)gfnrestr 8%&{}%&“ %ngcreorﬂﬁglcl Ia%g%lgl %Eoll.g% e’%dn gggg?cted by a

Ghesteeting gradpt emebi | i zed on a supporter whose

surface has a netal. 16. The ligand carrier according

to O afepnsfecting 48eaPreissitie & Oy Gt the (proqaatic amiino

PLARIPRJE£Sonance nmeasurenent. 17. The ligand carrier
according to Claim15 used as a colum for affinity

chrormt ogr aphy.

13. A producing method of a ligand, comprising the step
of carrying out a reductive amination reaction using the linker
compound according to any one of Claims 1 to 5, and a sugar

molecule.

14. A sugar molecule introducing method for arranging a
sugar molecule on a surface of a supporter,

said method comprising the step of causing a solution
containing the ligand of any one of Claims 6 to 11 to come into

contact with a supporter whose surface has a metal.

15. A ligand carrier which comprises the ligand of any one
of Claims 6 to 11 immobilized on a supporter whose surface has

a metal.

16. The ligand carrier according to Claim 15 used as a

sensor chip for a surface plasmon resonance measurement.

17. The ligand carrier according to Claim 15 used as a

column for affinity chromatography.



