25 January 2007 -1 DESCRI PTI ON VERSATI LE LI NKER COVPOUND. AND

LI GAND, AND METHOD FOR PREPARATI.ON THEREOF t TECHNI CAL # EEEAFTREY7
present invention relates to a |inker conpound which can imobilize
a sugar. such as an ol igosaccharide ontg a protein-analyzing
supporter. such as a sensor chip or thd 1ike used for surface

pl asnmon resonance. The invention BESCREYHON to a |igand which

i ncludes the |inker conpound and a sugar introduced thereinto, a

| igand carrier, and produci ng nmethods of such |inker conpounds,

| i gands, and ligand carriers. BACKGROUND ART Various intravital
sacchari des pl ay \ABRSABIBRMINKER COMPOENIAAND 14GAND,ai ni ng
activities and lives of livin organisns. In order to precisely
reveal such functidhd MH@&EQ@BREPARAWN SHEREQRCcchari des
need to be anal yzed based on conplex structures of the sacchari des.
_The functions of saccharides are anal yzed through a nethod in which
an oligosaccharide whose structure has been revealed is used to
reproduce a structure of the saccharide part by .part so as to 25
January 20 07 -2 clarify a relationship between the structure and
function of the entire saccharide. The surface plasnon resonance
(SPR) method is for exanple known as a nmethod for anal yzi ng
functions of saccharides. That is, a ligand including an

ol i gosaccharide which imtates a noiety of a saccharide is

i ntroduced onto, a surface of a sensor chip. The sensor chip

i‘'ncd uding the ligand introduced thereon is used to identify a
substance such as a protein which specifically interacts with the
ol i gosacchari de. : ' ’ '

TECHNICAL FIELD

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 imi::ortant role in a
‘mechanism for sustaining alctivit.ies and iives of living
organisms. In order to precisely reveal such functions of
saccharides, the functions of saccharides need to be analy-zed'
based on complex structures of the saccharides. The functions
of saccharides are analyzed through a method in which an
oligosagcharide whose structure has been revealed is used to

reproduce a structure of the saccharide_' part by part so as to




This makes it possible to accurately evaluate a biological activity
based on a structure of the oligosaccharide. However, si A¢&udagiZ04ie
nol ecul e of oligosaccharide is not as active, oligosaccharides need
to be collected on a sensor chip in case of evaluating a biological
activity of the oligosaccharides. Thatgi-s, collected

ol i gosacchari.des. are used tp.anal.vze their_ . inferacti wiith a -
Substance < UdAEEE % TolRaepsEif e R o PR B FatlplBeof the
accuratel y emalit@kecahbirilengi cal activity of the oligosaccharides.
Accordi ngly, as disclosed in Japanese Lai d-Open  _Publication No.
836969/ 2003 ( Tokuka¢ ?@@éﬁ%apgﬁmamlqﬁ%@ﬂ% EFRh methedosys for

(Docunent 1).. " Je i.ve ctur roceedi n g t

Spri ng. %et?%gp&%e%ﬁvﬁ%#e:ay tgr%etﬁ g‘f)aﬁ?y '\Erﬁg#ngﬁ 2%%11?@%38 10052"
(Docunent 2)saddimridesntDhat isve digdrad titlamidieg s i okgosaoripatdd
whose nol ecul g. has. a., noiety i bi l.i zabl e.onto a sensor, chip and a
moi oty capalF BICHTisRFRY 3 MmAIPLg) Ph ot RRAHATAS Mondht Rratiter Sy 8
al so obtai nqgerracki gRAds¥hseP dhipl uRles dehrsdri 8kBs inerpeus thadlisaad
unit (nolecule) or two units of oligosaccharides introduced into the
| i nker conpdzdtoduned, thengomiernasrd teaddentifind tsiHhstamee sUgindscan

collect oli } . r._Ghi er. f DL, -t he
ol i gosaccha%?rsgtéﬁg%qgﬁe%?eeﬁls%cfél i1&&%@9\/&@/ce{“rr%tﬁalt@h%gl%#bh?%gﬂﬁ%&&
convent i onal Thisgamkean iar pgth25 thanwesyra@ly evaludie sagbiologhtal
of the oligosaccharides two-di nensi Ohaé:t,f{ ori. a surface of the sensor
chip, there 3¢ty hased eammistEACHLPERME pligasgccharidedifficult to
obtain the arrangggRalett thdd ahsiddRreducidld bl yiighiakchtridd) 16385
of collecting plural nolecules o I'i gosacchari de™on a surface of .
the sensor o8 pcsiveaolignsanahpridesnsied tybeatoliettiod op afseniser chip

oL gosacchar icsse i B e Rl oLk geseEarl e NostRate.

interaction HeanER)N &fBected oligosaccharides are used to analyze their
interaction with a substance sﬁéh as a protein, thereby making
it possible to accurately evaluate a biological activity of the
oligosaccharides.

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 compoﬁnd 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 observ
bi ol ogi cal activities of the oligosaccharides, three to % uﬂﬁ?§97
of oligosaccharides need to be collected on a surface of the sensor
chip, and arranged two-di nensionally on the sensor chip wth high
reproducibility Thi s arrangenent nmakesgit possible to evaluate a

bi ol ogi cal I VI ty_of, t.he (o] har i.des ;w.t

reproduci bi I% S%M\ib&im Pﬁéhgo?si@é?cﬁ ﬁd thg‘ﬁét;(i'rceinsdgrslacljl oor®
two units @uﬁhb@qﬁaﬂw%@h@w ¢ieip, mnid stitbketadia)ical iproibﬂienn in
words, in the caonventignal |igand, one |inker conpound binds t

or two ol i g88kcdharfdeliifiqulir dicor ebtain other arERBSRIEH aVH; g‘b@
activity of rreg? o899 dﬁ charides, three or nore units of

ol i gosacchari des nee "be col lected on a surface of the sensor
chip by col lecti rthaindisyr r amgiaaget hef | icgdledsintghepdaral nozelehudes of

manner as to.increase the |igand _concentyation case of .call g
ol i gosaccharcil{i?é’sS iﬁrﬁ%é’q % oﬂélg%&?nqolr (ﬂ}lpdﬁ?farscﬁ? taqagl%é
control the 4 rﬁlsrag;bapfacm@tf waﬁhec baicbsacehatitesyl flgpsagehachaies oft
a predetermned interval. so as to obtain an_ oli gosacchari de

arrangement thiet nhigogaqcbgminﬁcirmeid& yo benapiiosraly wpi ﬁCifiﬁe so as to
t I d I
cotivity of i RRomih, bhal teRRt bRt af iR S ol Befeen e

cause a, di fcfli%z;uﬂatqcha:ndewaaid iagpretermctﬂareﬁnﬂhﬂyaqnhardeheﬂ;o cd]fserve
eval uati ng hiologic act I viti FS of 25 Januar

ol |;gosacchar15i’1&13f£1C h'%? thritiesn I itheepligapaGEa é) t&rg‘él%f‘i"ﬁ’é WRiESe

probl ems. It t r oMeRRLH 0Bnt vise &F th
novel Ii nker011 ol %bﬁ%hdgm%irg%cgaﬁﬁﬁiddes cg% gg gr i@’gﬁged ©.

t wo- di nensi asealdor cﬂmpa; gndtaairangedl ywo rdinsemppionedly on thee senker thph

hi gh d whi_ch i t,h
Compound andvifonielsrBEatEE BT oA B d-FRereric Tarys pisEhe o,
and a producdwguaré wdbibhegieal -addhHG: EUREe FligddadeHLides with high

- reproducibility. '

However, the conventional. ligand includes one or two
units of oligosaccharides per one unit (molecule). In other words,
in the conventional ligand, one linker compound binds t6 one or
two oligosaccharides. Therefore, in order to observe a biological
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 concentratii)n.

In case of collecting oligosaccharides accorciing to such a
method, it is difficult to control the interval of the sugar chains
of the oligosaccharides at a predetermiried 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 inay cause a difficul_ty in revealing

structures of saccharides, or evaluating biological activities of



The inventors diligently studied to solve-the above problens. As a
result, the inventors found that three or four wunits of 2%lapaary 2007
ol ecul es can be arranged two-di nensionally on a protein-analyzing

supporter with high reproducibility by using a novel |inker conpound
whi'ch includes .a noiety capable of takgng in three or four units of
sugar nol ecul.es and.a iety capable of binding to the supporter.

used to det €HERACEHAPEFe a protein which specifical ly interacts

wi th the sugar nofeeukgesehheiednidonplweasnmide poesedie i thentibone
That is, in order to solve the above problens, g |inker conpound has
a struct ure Pephlesent Hdibyan OReGh & EehArEPCRbARYFRIQN )0 RRRFIECNE; s

an integer of ,J.it ﬂn@er%ﬂﬁoﬁ?ﬁi iBh "Wl %ﬁ?@h&kf&b@éanagg rranged

mul ti-branched Structure ety including three or four rocarbon
derivative civortimersiosiailyt be hyprotanbanaljeing stupeoriErabndheabike
i ncl ude an aropuatic-: am no.group. at. an_end, .and .Of  may, not

incl ude a cal’Héh-tHgty JGQﬁogg’ﬁgb]l%rWa %a’&%glnél.g@ﬁ%%/ Wﬁﬁ“{eﬁ the
(1) 11 O Asnuepd-digpeithd t4iRl "dvghoeaphemiderintebdieehehéreined ens
to a hydrocarbon chain of carbon and hydrogen, in which part 25 :

January 2007igahdidasries, word at predaadig e thersad- may be repl aced
with other atons or substitutients. That is, the hydrocarbon

derivative chain includes an aromatic am no group at an end, and

part of the DaSCYUDSERBOMONFENTI@NboNds) constituting the
backbone structure of the hydrocarbon chai rlljéﬁa be replaced with a
carbon-ni trogen bbRE (RYRPHETRY) diligertyp o 9éent°ooﬁ‘a V&G 8'%oRdP°Veor

an ani de bogugl;]cgﬁ@ I ARond)e AGC O REvEALANE fARAUe tREE AMIREEDRE . fohfie

| i nker conp as an aronmmtl ¢ am-no group serving as a noi et

capabl e of ‘enifs yf saigemgmiodeculnsgean bholarahgedSweelinhensionadly on

am no a protein-analyzing supporter with high reproducibility by using
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 above 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
]
I " /(on)mﬁ_X
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(1)
As used herein, the “hydrocarbon derivative chain” refers

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



group is included in each hydrocarbon derivative chain, three or
four units of sugar ol ecul es can be introduced into the?d{aRay 2007
conpound. In-.addition, the linker conpound has an S-S bond serving
as a noiety imobilizable onto a protein-analyzing supporter.
Therefore, with the |inker conpound, thgee or four units of sugar

nol ecul es ca e colJected on the supporter and _introduced i .Ihe
i nker conp ntgl.e Pﬁr{aﬁﬂi LGRS &R c}éy‘gﬁ?%eé’l Gom® Hay, RS £°8 acse%%;h@
nol ecul es ar@hieht rOdeEsd drnt subBeithitidifE. qoEIOURY, thiy eBydiotatiion
units of sugar nol ecul es can be arranged with high reproducibility

on a surfacelesivative sthajor ieeludemian paresatie FHIRPLEOUD Hha&r ¢8dan

I nteraction he e S 1 :ﬂﬂf’s prot.ei Dt]{g f :face
of the suppéarrf&e\rlﬁaﬁFéf?ng?%%@fﬁﬁgﬁ}ct | VI :EICG%‘ %ghgﬁ"g}r no %’tﬂliﬂfl%s
can be evalthat ashokbhdndi ghruspredusi biHe tlyyddocaablornkehaonpoasndbe

having a structure_represented by the . general, formul 1), it.is
preferabl e tiﬁﬁ’ga%’qlaavg“ﬁj st?uc?%gléonf%g%%%‘ﬁt eRoB¢ f&érg\m PG mfta

(2), where garbg%-ag)geﬁﬂb%h% (Ceppeadant loy am idtheger behdl (CO-BiH 25
January 2007 -6 H N (CH2)mL O NH2 "-HN ((cH2)m2 LN\ / ".... (2)
~CH2)n8 H OH¢mMiR2 Since X in the |inker conpound has three

hyd b deriyative, chajns, .the link ;
e ot sugar rirsrdiiag TPOHE At R At EsAER Y HLE LEDES, FRpist
makes it pogsddlsn tordiaAticohndimd Hreinalseatiy dshe thoRayushpabid of

sugar nol ecul es. on a_surface of the supporter, so ai to arrange .
: the aromati¢ amino

easily taking in a sugar molecule. Since
group is included in each hydrocarbon derivative chain,_ three or
four units of sugar molecules can be introduced into the linker
compound. In addition, the linker compound has an S-S bond
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
ihtrodﬁced 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
evaluateci 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), Wheré mt, m?2, a_hd m3 are

independently an integer of 1 to 6.



t he sugar nolecules with high reproducibility, thereby evaluati ?)8

bi ol ogi cal activities of the sugar nol ecul es with high 25 January20U7
reproducibility. In addition, in a |inker conpound having a structure
represented by the general formula (1), it is preferable that X have
a structure represented by followi ng fogmula (3), where m4, nb, nb,
nv, pi, and p2 are independently an integer of 1 to 6. 25 January
2007 -7 O HNNH2 O (CH2)m4 /pi GN\AQ2)nb HN NH2 NO....(3)
O _ H\M NH2 O(CH2/@BHL EN)p G N/~ \C)n¥ HN NH2 O Since X
in the |inker conpou s # hydrocarbon derivative chains, the

| i nker conpound enabl gs four units of sugar nolecules to be

i ntroduced onto thegépp order. This mnakes it possible to control an
interval anong the tourt’fhits of suggaHpol ecul es on a surface of the
supporter so as|_h€ rr,ang t ar{ nofecul es with high

reproduci bi ITTY, r &IBH, Aua Q ) ol ogi caf <4&0i vi ties of the
sugar nol ecules witiA high reprigdu Iity. In addi.tion, in order to

sol ve the above pro m® [igand of the present invention includes
the aromatic am no group of
N-
© H
NH,

/ Since X in the linker compound has thfee hydrocarbon
derivative chains, the linker Compound enables three units of
sugar molecules to be introduced onto the supporter. This
makes it possible to control 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
representeci by the general formula (1), it is preferable that X
have a structure represented by following formula (3), where m#,

- m5, m6, m7, pt, and p2 are indeperidently an integer of 1 to 6.



the |inker conpound and a sugar nol ecul e |ntroduced into Bpe :
aromatic amno groups of the |inker conmpound. It is pref%’f1 P&y 20
specifically, that a ligand have a structure represented by

foll owi ng general fornmula (4), wherein mi, n2, nB, and n are

i ndependently an integer of 1 to 6. 25 ganuary 2007 -8 OSCG3Na O p O
OH/ \ NpH)n,t OH O#22Na OH0 HON MQ H- NHSO3Na OSO3Na OH 0 O
OSBNa 0 Il x 4K> OHpNa OH p n s I\/bOO NHSO3Na OSC3Na OH LOH
SO3Na 0 0 OH/ \ Nr~ CH2~n8 CO Na O#l NH,H MO 0 HO 0
NHSOC3Na OSC3Na OH Ot herwi se, it i hat a |igand have a

structure represented by foI rnm‘bla (5), -wherein m4, nb, nb,
n7, n, pi, and p2 are e}g_ ly an integer of 1 to 6. NaCBSCI) 0
0OHO N/ \ N~CH 4 HC]\IL4HC]—IOAHHIVEONHSCBNa

0SBNa OH N NaCBSC0 G CH3 'P1 oH) 5

—"——< )—NH,
——N 0

o NG

HNJ—Q-NHZ

/ _

0 SCHZ) |
(cH,)gz N
l‘on) 7
HN—H—< >—NH |
5 2

Since X in the linker compound has four hydrocarbon
derivative chains, the linker éompound 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 reprodumbﬂlty, thereby
evaluating biological activities of the sugar molecules with high
reproducibility. R o
In addition, in order to. solve the above problems, a ligand
of the present invention includés the aromatic amino group of
thé linker compound and a sugar molecule introduced into any _
.of the aromatic amino groups of the linker coﬁipound.
Cltis preferable,'specifically; that a ligand have a structure
represented by lfollowing general formula (4), wherein m1, m?2,

m3, and n are independently an integer of 1 to 6.




OH 0002Na OH N N ~CH2n 0 Me0O O OH HO H 0 NHSG3Na OSO3Na %::MH}’ 2007
- HC 1CH3~nNSS Na03SO 0 0 0 CHO 0 2N H CO 2a, OH 0 OH3 i
CHp 6 Me( HO.H.~ NHSO3Na OSGBNa OH N.. Na@3SOW ( 0 CHp) POH OH N \\
N*H2K70 MeO O H O NHSGBNa OS3Na OH (5) Wth any of these Iigands,
three units of sugar nolecules (in thegcase of a ligand having a -
structure repres&g@a@eby gene al forrrula (4)) or four units of sugar

nol.ecules (int an ructure represent ed by
general formnul @'!\g&’ mtol | ect ed ‘and
i-nmobi i zed o Hs th OHpr n- | yzi\ng supporter. In this
manner, Si ndée

gr four sugak nol ecul es, use of a
single |igand enatﬂ*@@aNat hﬂﬁ@al\br fAH units of su

col l ected without, IIectlng@ pl urallty of Ilga ds.ong he sur
plurality of Id|ar

- of the support |s e abI b| ca §HeC L h «g
Ba |g @ HGHT I . Furt hin IS

eﬁ_[ narramged twof di mensi onal I y on

the surfacdiesf u ter hth reproducjbility. Therefore,

e
nol ecules to b as
with a protein- and‘f"ﬂﬁ?ﬂmﬁg Q8@P6r t erOfbn which a lifgand of the present

invention is i rr azed b| ol @gi cal act | vities/of sugar nolecules
can be eval uate r epr pdugi %@)agdl tion, in order to
sol ve the abov QN p odu0| 2P a | inker conpound (4]
t he present | OHn Obhas gt eps of . carrying out.a .

H

condensat i orM 'NHSO;Na 0S03Na OH

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

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

GG e O
OH CH, ) 4
MeO OQﬁo ; _ {_\I{‘( m
NHSO,Na  OS03Na
N303SO ) 3 ’ gn NT€0H2)91

. 0 H
OH CONAN/ /o ‘@TN { 0"
OH N CHf) 5
MBQ OQ(O H /9 Né Z/m

NHSONa OSONa  OH . 9
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3
o=
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U’J—m

OH CONN/ /5, _Q_L
OH N CHy ) 6
Me@ OCXQC[ ﬁ‘( Bm

NHSO;Na 0SO;Na oy
Na0380 Q 0 —0H

”wr(
© NHSONa 0sQ,Na  OH
e (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



reacti on between thioctic acid and an am ne conpound includin 58 ee
or four branched chai ns each havi.ng an aromatic am no g:l"%{i‘ﬁ‘“@%&
protected by a protecting group; and deprotecting the protecting
group at the aromatic am no group end. Wth the above nethod, a

| i nker conpound of the present inventigp can be obtained which has

an S-S bond rving as a ..nojefy i bilizable onto the

prot ei n- anal@ﬁi ﬁ&%ulﬁ%of?]é??teé]qan nlmﬁéﬁ?@dan?’ﬁo agr%ffpfag‘ér% ngleas
a noi ety capaBkeiRh8asking stifdidetNIA Shigam AheEULEcd orasdidarah,

in order to solve the above problens, a producing nethod of a |igand
of the preséas thvemor dour salgatemolenslen, apsepl aasingladigand gnables

reducti ve anination Leactij i i :
ot ecul o WPRCE RS dBBEhhiR R Stkar Bialc e (cOBROUI-AN Sripkoat
can be obt aicegidceihg ar ptiueilityeoh igaaidsoonr tiee suwfady ofitthehsappenigar

nol ecule is easily 1 ntroduced into a.linke ompound. 25 January ,2007
T0 In addi 1545 Phabler PP HEERL GaREtSS00b HEBRERE MPISHIES to Be
nol ecul e in ' ogl:of it N ' [ C|I§lﬁlﬁ§]' hef
step of cautélltl%%ggk%gl 3%31 ?ignﬁé%%t g?ﬁfﬁgﬁ? ﬁ{émltjlzg\élﬁg}}%kéq%e into ity
contact wit BuEasuppoit@ileshosa she f atrmngs] atwetdimengiomalilie emotlec

t hod, S-S.bond of, the |igand. (|inker. J ded in.t
" gand) oan SETEChye b SEPRSGH Wik Rihe o U eplfiphg thertdre?
surface of thehSBPRALEEI-aBR1IPENL sppeYEr ige Widchi aaligaerd ot tee

surface of the supporter.. Therefore, the sugar_ nolecules binding to
the |inker quepeuddinvweintion is imipebilired.nbidlogicleastiviies RippHERES

D 2o e A L O iR s
sol ve the above pnolddiiors lingandiercaor iselveofthdeapoeseproblnmatian
includes the |ligand i mmt%hl idzegf (E)_ln l?n gpp%rotnglaro&\/% eofurt{_lgce r%%%n
met al . producmg meino P P
invention includes the steps bf: carrying out a condensation
reaction between thioctic acid and an amine compound
including three or four branched chains é_achh having an
aromatic amino group end protected by a protécting group; and
deprotecting the protecting group at the aromatic amino group
end. |
With the above method, a linker compound of the present
inv‘ention,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 m-oiéty capable of easiljr
taking in a sugar molecule. , ,
In addition, in 6rder 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
thé linker compound and a sugar molecule.
With the above method, a ligand of the presérit invention
can be obtained by a reductive amination reaction by which a

sugar molecule is easily introduced into a linker compound.



According to the arrangenent, the ligand can be firmy innobil
on a surface of the supporter through a sulfur-netal bdﬁﬁ?n?ﬂﬁgéﬁg :
providing a ligand carrier including a plurality of sugar nol ecul es
arranged on the surface of the supporter with high reproducibility.

Therefore, with the |igand carrier,ra@otnteractioh bet ween t he sugar -

nmol ecul es included in_ the |igand and a_substance suc S a protein
whi ch interacts @i RdEiRar 1%;91"6](?@@3585{1? Hae & BEO MAHShAgRUEAr
reproduci bi | Byecmlteh@ft?@éiueglifgegﬂ%ﬁo&%ﬂ}@é SRt ARl Aldy Shtludes

eval uate biological activi sugar nolecul es. For a fuller

under st andi rihedftephel natising angolatiemicagdsiniplg the ligarshto @ome into
reference shoul d be .npde to the ensuin detaid ed description taken
i n conj unct iC(S’rlultﬁnC?I}mEﬁea SHIP(P(%%%%V%%S d?’lélﬁfar? S1ABG BCBESORI PTI ON OF
DRAWNGS Fig. 1 iwith ehepbshomhethdd,r e6UStS Horad oFPhetiasuice finke?5
January- 2007 -11 rred3$UéIi n c{he gﬁndi_ ng (lé?ﬁt weeg a |ligand-) Qtl‘oqu),lce
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QUT THE | NVI I I he fol l'ow ng, the. i ti ill b
Goncr et et B sbtber ot B eRA AT by AT Hobrp
limted by the doldrenhdgddeacthetédfach bf Hher stpmeRudd i o Remple

present invention, lying between a protein-anal i/.ZI ng :sug)porter )
(e.g., an SkRetkoddn whighom sehutiehf Imilindingribeatiggnabin oreughitaiyfo

antd a saccharj c{rea g%%ccﬁié%&é)er 1,,E%Ieferred to as a sugar nolecule; e.g.,
an ol i gosaccq%’r & ), TS F*8"i mobi | i ze the sugar nol ecule onto a

surface of- the Juppadiesn, THesreleprd sbhe thakéoveoppobieinseadigind
' nel ude, carrier of the present invention includes the- ligand immobilized
on a supporter whose surface has a metal.
7 According to the arra__ngément, the ligand can be firmly
immobilized on a surface of the supporter through a
sulfur-metal bond, thereby providing a ligand carrier including
a plﬁrality of sugar molecules arranged on the surface of the
supporter with-high reprbducibility. 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 quéntitatively evaluate biological
activities of sugar molecules. _ o
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



within a nolecule, a noiety immbilizable onto the supporter and a
noi ety capabl e of easily taking i.n the sugar nol ecul e. |%5 Hgarw28H7
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 nol ecul e. The[qflo_re, the |inker conpound nust

not provide a nonspecific_ interaction with a supstance such . as a
protein. AcCBEASHEINE e sh%”'&iinign WEFR 2f “1](1J&r)°,deliqﬁéiclthﬂ?er°n
conpound of r £SEBb nldnENthen pies ﬁtdé%ghele'doqagm%iﬁze@owd
serving as a‘%frirg?lgtg ﬁ%&g Iclﬁzabl eﬂgnt% t he su por%er. The sulfur (9
of the di sulfvivdE. bond for exanple forms a sulfur-gold bond (S-Au

bond) with gold at i the surface of the aot-ei_n+ lLyzi
supporter, ther ea{}gf #]% ? %{ﬁ@?ﬁglww ?ﬁeeSL@tﬁ)E(ﬁI% fﬁxﬁ%&%ﬁw%
the linker cegReuRthdahed HoHldingddvtehed 25 libanidvitiiiced hifmi ehy
including a plurality of am no_grou The _nmultj-branched noiety

A S: I
serves as a Wibich y opnvendanaédigand tak@mehliged;@Rd fVERul e, so
that a plurality of sugar nolecules can be two-dinensionally
arranged on the surface of the protein-analyzing supporter, and that
an interval BESEMOBDEEOR caARRY IOG iOATVIHEAINEHEGEFIOM| ecul es can
be controlled. That s, ..the nulfi-branched noiety a he, |l inker, .
conmpound of the .B@"erﬂ?upmﬁﬁtit f HESeR W&P@lﬂ%wlbpﬁ’gs%‘?ﬁcé’#%% 5
of general _&é’{a’ﬂ“ﬁo@@ver,"‘fﬁé SirRs&nt a8 vERSeh RedoaRBVISe 1afed by the
structure including thr ee or “four hydrocarbon derivative chains
whi ch cont diohloaving deseiiptiam.no group at an end, and may contain a

“ carbon-nitrogen bpnd ,or_ anm de bond i . i1Sa.

‘noted, in gener al‘ggﬁ?’]‘ﬁ%ﬁ 50?@?&?%&# ﬂ“% g%ﬁg%%?l?n{%%%h%f %g}ﬁoéggﬁgfe H
it is an intggefotein-hridyfind\rs1amaitedr @, odint BPRasensbr cclip ne an
group (-NH2 group) _undergoes a reductive am nation reacti.on Wétﬁg a
sugar . nol ec Adinity ghnpgmg @ﬁ%aé@ﬁ“d?ﬂdén@o%ﬁ@??h@r&%slﬁ]ﬁg‘?l tSor

taking in  Leferred to as a sugar molecule; e.g., an oligosaccharide), is -

used to immobilize the sugar molecule onto a surface of the
supporter.‘ Therefore, the linker compound needs to include,
within a molecule, a moiety immobilizable onto the supporter
and a moiety capable of easily fétking 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 i_ntéracts with a sugaf molecule.
Therefore, the linker compound must not pfovidé 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 coatiﬁg the surface of the
protein-analyzing supporter, thereby firmly bonding with the
supporter..

In addition, the linker compound has a multi-branched



e

the sugar nolecule. That is, the am no group included in_the Iinker
conpound reacts with an al dehyde .group (-CHO group) or -2%hJgeauyf807
group (-CRO group, where R is a hydrocarbon group) produced by an
equilibration within the sugar nol ecule. By continuously reducing
the Schiff base formed by the reaction,,the sugar nolecule can be
easily introduced into the aromatic anfino group. Therefore, with]ét he
three or founoksidr oc@chedingr i fat iRIErabifgi n®f XarRingen e PSr nul B3¢

(1) provide t [,ng i i
i ncl udes ar mlﬁcﬁg%%ggig&%%& Sc%érgbsﬁ%g})gf ﬁ%@ﬁgﬂﬁi (ra?%t Eghgjé/g%y] ltg_ﬁe
. mol ecul e. Siince $hgasugalecule) eouttmisachliasidy of sygsacubiedulesi ean

i ntroduced into each,. aronati ¢, am no gro i ncl yded in_the
mul ti - brancH¥ npy@djmeysio ma?-rﬁaggfegloeopo ggFanagr%“(ﬁﬁ urdl i Weof

sugar 1ol ecub@seid Wi IRNS E@t@?dr}feﬂ”aﬁﬁeﬂﬁiﬂé@Qﬁt@fvaﬂ Meetween sugar
prot ei n-anal'yzi ng 25 January 07 -13 suEé)ﬁgrter W th hi

h

repr oduci bi |¢hainshebigiividual istgar malapy Cﬁavbﬁg;qnt@ﬁ@éuéﬁhﬂfeis,
ted.,.b r al | . i fie , '

Goneral 't or it TOE-Rrabfhi dnglety, IR Ihfkey cBRTRAA B the

hydr ocar bon slesdevat inkeentédai iss ba netirngttice acpaebonteat dy (Cofagendral
opposite end of the _aromati ¢ am no groups, The.-NH binds to the
carbon at omIoxmWas (Lhe WIS OHXaneReteRoTPEY BMOVGd AgSt Ar BEUCTUrE
hydr ocar bon-; | i hajin | ndj glaeeR the GHikAN
atom and - ﬁﬁ_%?%%%_&ﬁ&i ?rt gogi;elr}gtag%?%‘t%&rge%ggglg forrrulaa (2) ,_1t hat
ml, n2, and chfmia aotadomatiedayminei gredip @t an eyd aaedamayncegtain af

1 {o 6. The integers, represented b N2, an . be t ual L
different, o‘?al‘ﬁ%a“ﬁ’é’“i‘}%“sﬁ%de?{ ﬁ%ﬁl{%’ap{”i’&ﬁ? gﬁ?ﬁp%%rﬁ?/. fEsefibe
all, in viewgfeEaseghePAOHISAURD (Pf, {H2E ndermeulithitedi pxpvited that
mul ti-branched noiety, it is preferable that mM to nB be nmutually

‘the same intiéggeran nfegggaek Ldgi@r. Alternatively, as shown in general

formila (3), X na%nhe?%?no group of the aromatic amino group (-NHz group)

undergoes a reductive amination reaction with a sugar molecule
such as an oligosaccharide to provide a substrate for taking 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) 7
produced by an equilibration within the sugar molecule. By
continuously reducing the Schiff ‘base formed by the reaction,
the sugar molecuie can be easily introduced into the aromatic
amino grdup .

Therefore, with the three or four hydrocarbon derivative
chains, X in general formula (1) provides a structure serving as
a multi-branched mkoiety which includes aromatic amino groups
-capable' of takiﬁg in the sugar molecule. Since the sugar
Iﬁolecule 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



a two doubl e-branched structure each forned by two hydrocarbon
derivative chains bonding to a nitrogen atom (N) at the2d{8art289énd
of the aromatic amno groups. In this case, the nitrogen atons of
two doubl e-branched structures bond to a single nitrogen atom
through the -CO CH2- group to forma _hranched structure. In this
case, X-provides a structure serving S a nulti-branched noi et

i ncl udi ng f GWPPREIEBCaVBeh hig 'v&PW@SHHéIPW | thyQugh b@iq’loﬁé’é?eﬁ'n

general for rgélntqﬁgﬁ}fd HaRine Phe Qﬁud{?rﬁ rféeAf&d I’lﬁ{ gEhE}éﬁﬁbrmula

provi ded t hat ey are an ~integer o 10 6. The gers
represented (by. m4, nb, n6, and n¥V may be nutually different, or may

be the sane eith agt | aor. conpletely. Above all,, i | ew of e
~ of production of %m‘g:lh@aﬁﬁo@ﬁd&ﬂggﬁbnt@%@%ﬁ?&?r—%?ic(?idy{lngf%ﬁd,egﬁ
i s preferabligaddidd ¥R ti¥e beoHbdaldyy tHieesanrldotheben, derivative
particular. In addition, pl and p2 are not |imted- provided tgﬁge

they are ancl®igsnbingirgnty a cagbppt atpr @) at tt5.eeOPPREIENERG?
~represent edia%%n%.ti%n?rrﬁaogg%%ﬁs. ?g%u.aﬁkpa gir{cifrtsgfh rcatrgﬁrelsf’ﬁ‘ m. X

Above al |, Vi éw of “eas production, 1t is prefera

p' and p2 be Hax ugid ymidlei-baakchedt egefety linclughing dchiree . hJdwecadbon
provi des a sfruyctyre serving as a | ti.-Qranched noiety having a
branched st rciF‘cr_ﬁYﬁJ@V?d? S uﬁoﬁ?ﬂiﬁ% i’mgf% ;?qetf‘ﬂpeé’f tﬁ?d?%’g?ﬂrb om
derivative chghnsyplt Wit $HCBe asoted, SR %@ﬁe@hp%ﬂhtﬂht(QQﬂgﬁat

atom It is to be not mat although it is preferable that t
plurality ofmhydthcandons deeinvet liveitedpriavddeddhadedhaynare g IHHgeT -

t he same str ure, t - have different siructuyr : I
t hey contai rPLfgﬁw é)rgwafﬁ% lrg’zﬁg‘ﬁros_ 5?85%466{?{(3%%%%{1’@ dg%lcdri Zdﬁg%ogg,.
the linker GamRoWIN haMfdi@ntheor Sthapt Wee flepr eaem edithergepertdy or
formula (1) has an S-S bond capable of formng a _bond wth a

pr ot ei n- analSpanpictelppdibere abndtaviam g §ﬁ§9p°§a_55‘b‘|1’é‘3§fmf Sfnithg a
.'?ﬁg?.e}lmoﬁ 21 asq%;fggB%Jhrfeg) leike %thrr?&ltﬁ'??rﬁﬁcgl%ﬂaqﬁgﬁt&? €N Breferable
~ that m! to m3 be mutually the same integer, 2 in particular.
Alternatively, as shown ih general formula (3), X may have
a two double-branched structure each formed by two
hydrocarbon derivative chains bonding to a 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-CHa- 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
m4, mS, m6, and m? are not limited provided that they are an
integer of 1 to 6. The integers represented by m?, mS, mb, and
m? may be mutually different, or may be the same either partly
or completely. Above all, iﬁ view of ease of production of the
compound having the multi-branched moiety, it is preferable
that m* to m? be mutually the same integer, 2 in particular. In

- addition, p! and p2? are not limited provided that they are an



| i nker conpound is inmobilized on a protein-analyzing supporter for
exanpl e by an S-Au bond, the |inker conpound allows the23{ggamy 2007
nol ecule to be firmy and easily bonded with a surface of the
supporter. In addition, since the |inker conpound has a

mul ti-branched noiety with aromatic amypo groups attached to the
respective ends of the multi-branched noiety, a |igand (to _be

ment i oned | dnéegenobf di fed-bThernntsgats Fgracseytad Ryl Egapél PA m@pgebe
i nker - _compaual fgn dafeHed diotAET BetlorChyotR! LACkSuga ofMiARuloes
on the surface 6f the supporter. I'n a é%tlon, since the |igand -
i ncl udi ng t herddudtden ¢ oo prdfdradle thatt plandnrhbd myduedly, thasame
| i gand includiwg thﬁélink%r conpound, when bonded to a surface of
the suppor t Pe8ETohdl PHLUFEATty of sugar nol ecul es to be

t wo- di mensi onal | yrighs axgpdowidds Ai ghructape edieibd lst 3. m2fitidBrameed
2007 -15 Moreover, with the linker conpound, the influence of, any
non- speci f i anbkttar deavieg vkt Pranghsdei sirugiure fygweeed by meepding "a
conpl etely. Therefore, - |, i f Tﬁ:!he nt
i nvention alﬂﬁ&ﬁéﬁétybof\folﬂé‘gf%% é)g{ fi%it‘]fv;? tgﬁgfﬁag@%@% e%stbp[?os e as
gval uat eg wid l&ahb@% %ﬁﬁgodﬂ@iigiddgegy latd']hlﬁ_lyﬁiilskm beonﬁpttrd_]diilhis qitlmmiughg

y a produci ng. netho escri bed. bel qw. That |s, e-linker ,canpaun
i s prepared ibyis t Reclesabln sdatothee aorraliths Of rﬁlﬁ%{?%&%}ﬂ% W?ﬁgﬁﬁe

am ne compoung JNGLEALNG: LM &€ QN have gﬁ@%@ sbALAGIr M) O8fey may
aromati c amino group ends are protected by a protecting group.” The
reacti on dephatedifferehe sirocéutésneoglong as they spotatn an Argwatic
group ends and.yi el ds th% | i nker conpound. The thioctic acid has a
structure r Brit* i taﬁ’eenﬁol | owi ng general fornula (6). COOH

The anine conpoungsi geBpHHRA talkevdr Ithd ilhked pompsledd tHatingt the
i ncludes a branched chain which has an aromatic am no )
‘ structure represented by general formula (1) has an S-S bond
capable of forming a bond with a proteih-analjzing supporter,
and an amino group 'ca.pable' 'of forming a bond with a sugar
molecule such as an oligosaccharic chain. Therefore, since 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 Wi_th a
surface of the supporter. 7 7
In addition, since the . linker 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 intro.ducing a sugar molecule in
the ,liﬁkcr, 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 i_néluding the linkef compound, when bonde_d
to a surface of the supporter, allows a plurality of sugar
molecules to be two-dimensionally arranged with high

 reproducibility.



group end protected by a protecting group. The am ne conpound only
needs to have a structure equival.ent to the nulti-branchetorsyeP)’ of
the linker conmpound. Therefore, the branched chain only needs to have
a structure included in the hydrocarbon derivative chain except

that the hydrocarbon dertvative chain_2ﬁ§_the aromatic amno end
protected by a protecting group instead o

f the aromatic_. am no group.
That is, in the dM&ﬁ@ﬁé@Lcﬁ%ﬂhFhsathﬁf<¥ﬁ€PeHF%Lﬂgﬁhﬁ%ﬂﬁ9HPsg§ﬂanyp
atoms In thenBydeEarom, (habliordRHR! b BrofeinCBEROBeANthANY adfihsTRy
be replaced Wwth by other atons or substituents. Mre Specifically,
t he branchedcafgiletelpaviteredore,atheatise afithe Gnkep eomipmunéceldhby

a protecting group,.nmy  .be dified.sp th rt, of .the

car bon- car boﬂlgefﬁfﬁgts“?‘@}/%l% agg%\ﬁar%,%zag)glcgflggﬁ Hgs?f SHEPR BN Re

structure oftd Be dyudia¢ad herhChdhrébrodticipinged with a :

carbon-nitrogen bond (G- N bond) or a, carbon-oxygen bond (C O bogd)g.
fent

The protecting grbbp lisker sesepeuments WAPErCes PHt# quesaingomsit
an am no . '
gr Oéf.g%%gplaggp%%ﬂwh%tgg,nwrlm%lf R pHAY 90! ﬁ%ﬁa#yd by

condensat i on’ e pro I Ng group is- hot speci .
limted provilgedcbhdenishtion npdactiérctedd thbertic depidt edthngra amine

protecting group for _a, d ti i . I f

loh pr of act PRSI TUbe LRREIIAE HHHEeh RionygLir BIR bR fLoEhose

(CH3) 3 group, &L {d sgni&é%%go@t&% @H-BURote BtRE PAYA HHOREBHNBNEF AT,
- 2( ) npl

aryl carbamate group _ CH2, Al'l'oc group). Exanples of the
am ne conpouTBHeareacihopodagsotenisnthe apxitegting €rovpyr edethedaymeakis

foltow ng gepgral, FONE'Aad dha Atfal fhe 1BRIARAIYOGRAT - 17 NHBoc
The thioctic acid has a structure represented by the

following general formula (6).

STy e
DI o)
COOH o
~ 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 b:anched chain, part of the carbon
and hydrogen atoms in the hydrocarbon chain consisting of
.carb-on 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



N (CH 1 ONHBoc HZN CG-HN CH2ZYAN nz H\ 11 0 (CVM8 HNHBoc O _ H /N

\ NHBoc O HZ)ng (CHZ)P1- C -N (CH2)ms ~(OH2)~ HN. \ NHEb&FENZ00N

....(8) O O/N\ /~NHBoc O (OHZ)nms (CH2)P2- C-N\ (CHZ)nv HN O

/NHBoc It is to be noted, in general forrmulae (7) and (8), that- n,

m to nv, pl and p2 are independently @E integer of 1 to 6. A "nethod
I

for synthesi zi nc? the am ne conpounds W be described, in detail in
| at er ~ exanplhends)nin kheconeldhene | SrUFBATE Poriher hydeoediRan icadn; gre

with the am 0 ngd, th r ho up t hg~twi- i & aghd
condenses wiq:lf3 &f%%ee&rg(r?n%ﬁg g%‘oﬁ%aq%fo 91t ﬁg{rg%re%e Eg;r%gouﬁ%i PFOQ%f%(?)m é%hr; .
am de bond. chirebeabkggenthng(Gt@cbond).group at the 25 January 2007

18 aromatic am ng_group,end is deprotecte free the arqmati
amino group and &E%?t%té‘?% gRER F%Ee?ugéﬁaﬁﬂg.w}ﬁggbﬁ? Bglgrchu‘f%%
foll owi ng i g4t Beedd gaRG %%ﬁwg%o% JNMHOHeia SHEAb SRbEesUirem
into the aromatic am no group of ] ) _
- .undergoing the condensation reaction. The protecting group 1s
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).



the linker conpound. In the ligand of the present invention, a ar
nol ecule is introduced into the aromati c am no group. 'ﬂﬂkm¥@ya to
a continuous reduction of the Schiff base formed by a reaction of
the ami no group of the linker conpound with the al dehyde group or
ket one group produced by an equilibraj ?on wi thin the sugar nol ecul e.
That is, the reductive amnation reduction bonds the |inker conpound
with the sugar nolecule. The sugar fMHBmul e included in the |igand
of the present invention ig ndt g ificaIIy limted provided that
it i-s a reducing sugar havi N7 QEEhcing end. Exanpl es of such a
sugar nol ecul e i nclude a norjosacchari de, an oligosaccharide, and a
pol ysacchari de. The nnnosaach rige is foNHBmaane gl ucose

gal act ose, and/ﬁ@l'l@ se. | sacc de is for exanﬁVé mal t ose
or |lactose &g a sul Catldbl to be nentioned |ater,
having two to ten su lgl.jl es bon| ng one another. The

pol ysaccharide is for exan‘ﬁ ’inb parl n, chondroitin sulfate, or
heparan sul fate, having 11 ar nol ecul es including
nonosacchari des and ol i gosagch One exanple of the

ol i gosaccharide is a sulfated .oI i gosgEeh@ri de having a specific
partial disaccharide structure (GLcNS6S-1doA2S), represented by
foll owi ng general forrmula (9),  which is contained in sulfated
pol ysaccharic heparin known for having an anticoagul ant activity. 25
January 2007. 19 CH20S3 COO- .... (9) &H, O OH NHSC3- 0OS03 Anot her
exanpl e is an oligosaccharide having a Structure, represented by
foll owi ng general formula (10), which .is the sulfated
ol i gosaccharide having incorporated a gl ucosg @t the
- : N NHBoc
/
Q (CH,) 4
|
(CH)1—C —-N\

(CH,) s

m

' ) . Han—Q- NHBoc
‘ /(GHz)?-N o
N

H, ([?Ir—N | cse+ (8)

// JL(:)—NHBoc

Em
FN-r{_)-NHBoo
0 - |
It is to be noted, in general formulae (7) and (8), that n,
m! to m7, p! and p? are 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 groﬁp of the thioctic acid
condenses with the amino group of the amine compound to

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



~hydroxyl group serving as a reducing end CSCBhb LCH L CO2N é
OH OH HOH Me0 O go~n  NHSOSNA OSCBNa OH It is to be not & aoHaw 20HE
ol i gosacchari de and pol ysaccharide may be a honool i gosacchari de or
honopol ysacchari de consisting of a single nonosaccharide, or a-
conpl ex carbohydrate consisting. of dLﬁEﬁIent nonosacchari des or

derivatives thereof, or, even a co acchar i sistin f
G Tt oront - Benabh-aPizd” Bofer P! R ElrAGER™ Heqe RIS RbHIET
ol i gosaccharddese grau%ﬁdhﬂl MHeretieyieldahenehket conmpyuhe. nat ur al
sugar obtai ned through isolation and purification from n ture, Oé]é
nt

artificially synthes¢rbedgdn. tHsedoflozamgy ist ﬁben g
h P
i nvent i on aigxth{i‘%ucﬁg %H%Q: rﬁBﬁé&ﬁ%tg-gt ¥h§%!}% Oé ihé él?llp }'@e

l'igand havin e represent ener
obt ai ned by thadtinkgracsugsrumtl énutles lrgndas:énﬂwl pmsgahemlenfcmmuaa

(10), to the linker co ound by general formul a (1
where X has SPE&RT JEPIH Feb'sr éQEFFFéﬂC%@ @gﬂeﬁég FHRatE eFpino grﬁ:@ X
represent ed Jy;ganenal td o eahﬁrﬁ?au@%%dﬁc‘ﬁfdw@&"tth% StRci ush ofdnee
hydr ocar bon derivative chains, the |iga having the structure

repr esent ed Hyy age‘nac’abnf of rﬁ:nleaa(IZIL)flo gn@upd@% thnehnknke:torampm%wﬂh

bonded to three u f su ar 25 Ja 20 esy It LS
to be noted, Iir‘leh (j’g ﬁg fog (95 q%’(—%g%ﬁe gg%u pgghﬁgg%ﬂn 8 ne?%l
formula (2), ec{ﬂulib}amﬁar@rvﬁth@ﬁ {Hansigérpaiedat:. That 1tshet)heali'eda0t1ve
integer of 1 to 6. The integers represented by m to_ nS8

mutual |y di famieationoredagtipa pradsare dnkesr Compaund @Fltggﬁﬁ SUERY .
Also, nis 291 % ifically limted provided that it is an integer
of 1 to 6. og er Tigand of the present invention has a structure
represented by gehlee augdar mbkec{f . inthededgandhehligaing ohéhe present

invention is not specifically limited provided that it is a
reducing sugar having a feducing 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
(G1cNS6S8-1doA2S), represented by foﬁllowin.g general formula (9),
which is contained in sulfated polysaccharic heparin known for

having an anticoagulant activity.



structure represented by general fornula (5) is obtained b addi n
sugar nol ecul e, represented by general fornula (10), to%% ugy ARE
conpound represented by the general fornmula (1), where X has the
structure represented by general formula (3). . Since X represented by
general formula (3) has a structure Lineluding four hydrocarbon
derivative chai t?ﬁ% gand having the structure represented by
general fornula es the |inker conpound bonded to four
units of sugar be noted, in general formula (5),
that, like md mula (3), md.to are not
limted prow r. of 1 to 6. e integers
represented b nutpgally different, or may be the
sanme either part orl —conpl etely. as with pI and p2 in general
formula (3), pi ande?S%QSrun spé@ﬁ?SGally limted provided t hat
they are an _integer of 1.to.6. The.intergers. esent ed and
p2 may be mMPAEIFY HIPRlENiS BR ﬁ’&}ﬁoﬁﬁc%ﬁ’@léé E&Vﬁ%r pa‘#f%t%l}e’
conpl etely. l@p%seﬂtéé pot félﬂ’@ﬁiﬁgcgéﬁé!réll Fhiehipr Qvofedviiiedt ikt the
an integer of "1 to 6. Since the |Iigands include the | I'nker conpound
and sugar nehdeted oltgresaqqumrd@e chavisghdncerserdtsee anglucoey at the

pr ot ei n- anal uppor.ter (S)-nmetal bond, such

as a sul fur %\5‘?5‘9’?% @u%gﬁﬁvﬁﬁfgér%ﬁ%dﬁ %%%ﬁg contained in-the

| i nker conpound. to provide a ligand carrier

including three aules 25 January 2007 -21

eoll ected and i 8,(s!ﬁupporter.. hP ugh

the S-Au bond. us for exanple

t wo- dlnen3|dH8Fﬁ Udar nolecules with hlgh

nal yzi ng supporter and

t hereby obtain a |gand carrler e e, of .the l.igand garrier
11%89 sfﬁ@

al . ows a bi ol ogi cal é"‘ttlﬁﬂt af nm%cucl’l 0%%° ré@%l u%jt’led
vv'th hi gh r%?él?@%bﬁb&idé/ |1tndy5 tige be- got ethdrhgbligbbhecighride, AGr

, and the as wel| as Au,

omopolysaccharlde con51st1ng of a single monosaccharide, or a
complex carbohydrate consisting of different monosaccharides
or derivatives thereof, or even a complex polysaccharide
consisting of different monosaccharides or derivatives thereof,
“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 represénted by’generalibrnp;k1(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



can be used for the surface netal of the supporter, Au i I 007
particularly preferable. Thus, the prevent invention als Fﬁ%?ﬁaes a
| igand carrier having the |igand of the present invention
“immobilized on a surface of a supporter through a S-nmetal bond. The
applicable field of the ligand carrier,ys not limted to the protein

anal ysis. For exanple, the |igand car I"er can, be used to-anal,éze L
subst ances anhigculean Ihipitotls matadpinegenaradiarmvdadd), thebr HEEiBA

wi th sugar | equl es, Theqld Cafiri ek .S f:0 Sy igladqﬁl'
i nt roduced T@nﬁ% llﬁ E:sr:lu‘i!r} écfég%’frlﬂeh@)étfgpgpt rer¥3_ 5#%?13&01(:1%&?%& ea%%é
sul fur at orghiat they Sré Annihteget f 1igadd Tondstegensheesmdeadedny al
-~ of the supporter by forging a S-petal.bond, as a resylt of a lLigand
sol ution i ndpﬁld%onﬁl Ry {%%%H"W%]gg lfﬁeﬁf’ﬁg{_ Oféd'ﬂﬁgck?e ChSTHE e%t%er
supporter Wﬁft}ﬂ %rnééﬁllrp1été1 I ERY] Ais $Rack é&ﬁ'clal'lyf hvnitkamgrsiingda
Zi

pr ot ei n- anal g. supporter in the' Iigand solution or a

predet er m nddhaietiiocamfintéges, ofot teydi nj ecting the ligand solution

into the supporte ouri.ng of t i ol ut | n h e
of the supporter )‘/gnéﬂ‘éers-l%biaoﬂgfh? hég%%élztnﬁ%rgﬁﬁﬁr H&g o%ripgaﬁ%gtmg

i ncluded in dchgekbbaten) biTyS orvral t fskrhol® ). SThe lhenddwidviggl dher
the like coating the surface of the supporter, with the resuylt that
the |igand isécru@ﬁﬁm|rm%nt@q%ebyugﬁa@éa[)ffomﬁé‘%dgboﬁ @btaaned)| PEnt

Uo20Le 2 AR sehdl AL suet g arty dndanuain 20071012
a mixture oftot biesdiskér entspoandbeepsetntéteby dineagénearalf fommulai(dh
BRI N RN ENE R YIEE GG AT AR TN
bond, it canghp.Lasi i idseplbli B§d oo edab WorA0El0f(3) Meas a structure
protein-anal yzi ng supporter, thusS €asily introducing a sugar .
nol ecul e ontinclwdingdpurtleydrocarbon derivative chains, the ligand having |
the structure represented by general formula (5) includes the
linker compound bonded to "fo'ur. units of sugar molecules. It is
to be noted, in general formula (5), that, like m* to m? in the
general formula (3), m* to m7 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. Also, as with p! and p? in general formula (3), p!

. and p? 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 iﬁteger 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 forrﬁing 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



I't is to be noted, as described above, that the present _invention_ -
further includes a nethod for introducing a sugar ol ect#l Eg#ya087
supporter. A ligand carrier of the present invention can be used to
anal yze an interaction between sugar nol ecul es and ot her substances
such as a protein. Specifically, the Ibgand carrier can be applied
to an SPR neasurenent, affinity.. caromat gragh%f and the like. F%é
exanpl e, forcollestedr pase snmahiligsdnem ﬁ?‘bt HHacg of spRenSHRRWAEN
s carri ed QUboAsH Ald Moy Hidld | Phebiefodd, he!ligiids Caid Y veRlAIfHLd
by i mmobili zing I gand 'of the present "invention on a sup orfer
havi ng a netedample) ftol mwsudbmansiongally arhange i bmpdupetity eal t fagabn,
the ligand carrier, i s brought .into. contact. wth a_protei n
surface pl aéﬂ'BIF%QBneﬁﬁgg‘ ZH}:ﬁ)tbangﬁgngﬂf}il o n%ggur%{a}‘anggonfgn
angl e in theresepl-anmpsiels shppolter wayl thdeby obtdig hdigamdrcaatidrhe
ligand carrier and the protein can be gQbserved., It,is to ,be noted
that gl ass, The atsg of the {igand kareigs sdowseq piple tffc@ﬂ%]tﬂép‘b‘i ¢

- (sensor chi . | [ rky ;
Sui tabl e. 1o ErolECLIES ey B DRRSHE AT bt ChASE o prBATIBIII I is
contact wit Hothe rutetieftmtbalthooynGa Ag) Btj and tdomlikieniamwehleas Au,
protein dissolved in a_rynning buffer, onto.a surface of the |ligand
carrier. As 9 PenHeRg g‘?ﬁ‘ f@’re, %Jge%gpﬁ%?@lbaffg?e SHPBAI s et 15y
exanpl e. 253&1}@3)&%0?}6&-@%1%“ h a ligand carrier of the present
I ng tlhe I g

i nvention h and, a plurality of sugar nolecules can be
t wo- di nensi onal | yThasy tihgqteyend iavehdien cflse Hactugpdra digarid vakTigh

duci bi 1, t . f ., Ich ' Y -k ' h b
obecrve bi dFbHPEtbeaRERE: iofnt BPM ST thbPuRL SbopRasd o A0
reproduci bi ldiinfacé hsr ebyugpebiernthm it uciS+neetell Hored s Mee appiicadbite

to be reveal ed, and the bi gl ogical .activi_t y. of the sugar .nolecule to
be eval uat edi¢jdant ithatligang carrier is not imited to the protein analysis.

For example, the ligand carrier can be used to analyze
substarnices other than a pfotein in order to examine an
interaction with sugar molecules. -

| 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



In addition, a sensor chip with the ligand, serving as a. |igand
carrier .of the present invention, can be used for an SFR January 2007
nmeasurenent in the manner described below. That is,. an interaction
of sugar nol ecul es can be observed by detecting a difference between
a detection result of an SPR neasurenent, _obtained by using a first

sensor chip obtained_by imobilizing a "first sugar, nolecule on a
supporter sUihikesl. Fer scxpmalei omethenal: BRish SR pERacstRamide

obtained by i) A GeGNMix BRSOt AHRORA A DhalyMBD! hisgdNOTRe
second sugar  nolf'écule, "having a different end structure fromthat of
the first suparatioml@Cimhmersivra is aportt @r5 soriZabeurBeanekbthe laggeunt

sensor chips,.. l.igands, wth different sugar nol ecules are used for
i mobi | i zat i G EXERBI 182 RPV Qgé‘ri tﬁ‘oié{l ‘es to be conpared with each

other are |actosergid, glioee ERIA®LE tRRApAdiaASRIverAich Keid Binoses
and gl ucose. Although two sensor_chips are used in this _exanple,

more than tvkom@nstr ednpde neasidyicimgnobilizesd ep sugdUThatecaf eshfny
be used. It is.to b t h h, read” of
sugar nol eCLRreOtFén'tare‘i%ﬁg%’g—gg n%@pf)?rh%gbiuﬁﬁgsédg%%@ %r{eér;:gg}l%c gp& ‘?ﬁg%PR

measur enent @bsesYRSoR &5 ohatumngites. of the two sensor chips acted
on under constant_ neasurement éondit' ons,b%/ a protei glr) ot her
dra abpt

subst ances whi ch ¥petitFi o8l PPtedetds $95£b O%g Bt wiese)
detecting a QLS Chuer | BRANAISE 22RGE ML RO BRIMALS BN SR

chips, a specific January -24 I nteraction betweenthe sugar
nmol ecul e andmbhecpleoteim acsmppertereasured. | n addi t+on, a substance

~used for the observation of an i.nt,eraction.with the sugar I
ot i ted ol aerar o A st e e S e 1B,
measured si mhiBAGOUS VirkeeQbBbRg Bétwdn abayar exedleteales t ahgl tothee
noted that this is not for Iimtation. NMore_ than two kinds: of sensor
chi ps may besWwRatancess Sued tafe o dHOSEITbhSRECHiCHAY, tBedliggryk carrier

can be applied to an SPR measurement, affinity
chromatography, and the like. o |

For éxample, for the purpose of analyzing a protein, an
SPR measurement is carried out as follows. That is, using 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 théreon, the ligand carrier is brought into
contact with a protein, anci a . surface plasinon resonarnce
apparatus is used to measure a resonant angle in the usual
manner. In this way, the binding behavior of the ligand carrier
and the proteiﬁ can be observed. It is to be noted that glass,
plastic, or the like can be used to form {he supporter (sensor
"chip) used for an SPR rheasurement. Glass is pafticularly
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 i‘unning buffer, a phosphate buffer can be

used, for example.



measured sinul taneously. Further, at |east -one sensor chi may be
used wi thout a sugar nol ecul e introduced thereinto. For 2%@3%%17’890%1
sensor chip on which only the linker conpound is 1imopbilized may be
used. Since the SPR neasurenent can be nmade using at |east two
sensor chips including |igands having_the sanme structure except for
the structures of _the sugar nolecules, a difference in, a )
interaction betws¥ithae ligagsd Fﬂﬁr@ér%fo?ih%m%e@énlrﬁ’@nt%gﬁ%@ga@e
being attri idartg She-aI19a5r dRkEFULSTecyiRer elAMe twisifidehRfonally
descri bed medsurenment nmethod, a nmon-specific interaction of a noiety
ot her than tdreasggdrom evufacadf thetdupposheswitic bigl anpbedvodiitisn.

so . as to serye a ecific .interaction,between the,sugar |l e
and ot her s&ﬁé rf:f%’ées. sﬁ?’r? AR 16T, Iflﬁgeﬁré eRP%ﬁUSntho rglgse%\h’i‘l
descri bed ifbio[f%i@ag,et abtivagcorsl nated Exagwt esnasldcGbapanath vehigh
Exanple. It 1is to be noted, however, that the present ipvention is
not |imited reprodigibidifyby thaeehn| FBADNGE [ ExAtpreture spint e §UgRT,
| i nker conp W r n : javent i i a
structure T abpbaliedls 55 LERTEH At chBSRIGEERL ACMAR | Mhc 8YeHD
repr esent ed hyplgasieral bé avalhaté®)quasigtativdly. n2, and nB are 2, was

synt.hesi zed according to the follow ng .procedure. .As shown i.n general -
formula (11) bel 3%, aglﬁ!_r‘@é’nun@t%e%ﬁor F%Bﬁt W‘ﬁ‘b?@ﬂeathéa(’é;nﬁwﬁﬂgma_smﬁs
added by M qﬁgﬁd%iépﬂf tRe2preialvdfidn, cA% Belh98R!BaNe SPR

(Conpound 1) Tn the presence o benzyltri rret_hyl amoni um hydroxi de in
di net hoxyet harasaredEntC ino tHEC. mamer edesaribednpmlow. 3Thad 3Bt aRfied

o e 9 o Coer Sl gkl SHIARHERE s ResT i ke O PRt 3
(6 kg/cn) idifRirbanel betwdOE. a AdeciRfulfesul CofpanSPR wasashteineert
at the yield of 98% Thereafter, Conmpound 4 was condensed w LP .
Z-glycine obtained by using a first sensor chip obtained by immobilizing a |
first sugar molecule on a supporter surface, and a- detection
result of an SPR measuremént obtained by using a second
sensor chip obtained by immobilizing a second sugar 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
use& 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



(1.1 equiv.) in the presence of 1-hydroxy-7-azabenzotriazole (HOAt
inthe formula; 1.1 equiv.) and water-sol ubl e carbodii i@¥ifanuary 2007
hydrochloride (WSCIHCL in the fornula; 1.1 equiv.) in CH2Cl 2. As a
result, a Z-glycine derivative (Conpound 5) was obtained at the
yield of 85% 0 a0O u BenzyltrinethybamoniumT-1 Ra ney Ni

Hydoxi de H2(6kgf/cpR) . McNO2 + CH2=CHc t - By D net hoxyet hane Q2

O Bu 50-C, Eptgraction gptwgerptes ﬁ}lgﬁfoé%%ﬂeﬁ“ge & t?lz- é‘g&ﬁlﬂec%%. €
eq) 0 0 WSCLKCL ofided €0) HOAt(1.1 eq) Z-HN--HN OtBu H2N Ot Bu CH2Cl 2
0O GBu 0O Bu J O45 (11) More specifically, Conpound 4 was

obt ai ned accordi dg additiont odwestendsedsied &1 FtheN@n%ﬁ@rféafé@nap,f aapPpP

BRI EFS, Vol . .28, p.. 49 996. Firsty. Ditr t
nmol ) was &?E%r(ﬁc\;g%i %d: S%gaﬁﬁgl&icﬁ;é% ﬁggoetmﬁgé&%ga %"E%feg?lé was
heated to 65C to Alfkoughd Bvol lehdd0%f bernybir i dlEpsy | argomheasured

hydr oxi de- met hanol sol ution was, added thereto to qbtainp a
ni t r omet han&isgilianeeisihareardiag tq ke 2o esriBige Tt is @ be noted

T gL kel e SRt Oy el adals sitos
sol ution. Théipsimaly bé medbred, and the sensor chips do not need to be
measured simultaneously. Further, at least one sensor chip
may be used without a sugar molecule introduced thereinto. For
example, a sensor chip on which only the linker compound.is
7 immobilized may be used. 7.
Since the SPR measurement can be made using at least
two sénsor chips including ligands having the same structure
except for the structures of the sugar molecules, a difference in
an interaction between at least two sensor chips can be
_ o'bserved as being attributed to the sugar molecules. Therefore,
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 Comparé.tive Example. It
is to be noted, however, that lthe‘ present invention is not limited
in any way by the following.
[Example 1: Synthesié of a linker compound]
A linker compound -of the present invention, having a
structure represented by general formula (1), where nis 1 and X
s represented-"bjr general formula (2), where m?, m2, and m3 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



benzyl tri met hyl anmoni um hydr oxi de- met hanol sol ution was added four
times to the nitronethane solution with the solution teipknaanzed?
kept at 70C.to 75C. The resulting solution was stirred for 2.5 hours
to obtain a solution of nitronethane and t-butylacrylate as the
reaction product. An insoluble matter_ kg the :
nitromet hane/t-butylacrylate reactign Solution was then renoved b
way of decamitremethenpe clrempaardd. Fhe risi dude so RISSEPREd wag
di ssol ved i ' hﬁ@g, « WA i &gf& f

i ce-cool ed 1%06% &ﬁ%&e@hﬁ%ﬁgﬁﬁgﬁ y rB géﬁ? réirlil: &éﬁ%%:f% a sl%tnuf"ragg: e6ol5
aqueous sol g ao DH°Godisum resydt oGempenhdnat wasaviitaiaedr at dhehyigich a

resi due solutijiaon.. Thereafter,, the residue solution-was driedusin

sodi um sul f :ﬁfe_g 1%hy§‘ﬂ{38€q’&§n§ydr&F"ﬁgngﬁ8ngf°hme° rgf)ﬁbp%]djélﬁt #va 9

removed by dzlé%lldz%cpeusﬁﬁg TREnEPSUidkey rReindye N9 UiirRleraBydrogen
n

concentrate er reduced pressure to obtain a concentrated
resi due. Tremeaspkere t e &gicamt)r dnedethaneueaina80iCssdisved rasult,

et hanol for.recrystallizati i : (81.8 g, 91% in
t he formofcﬁm%gnd“e cﬁseogf%/lgjt%glom?hgrﬁg@gygréﬁt al of Conpound 3
(10 g, 22.4 mmol )Tlea@affer] Bareponinekel wasOcghdemsedaddi¢d Zoglycine

anhydrous ethanol (50 nl) and then sti rf.le for 23 ?ours at 50C uqder
hydrogen at(FespREré-) 61kgtaappresgnes ohal-hydioxy-1-gEMRGH? TAC fas
filter out | cefit i sql yti 1} Cogpaundy 3tcaSsdibl
reaction prg(%iudg& T{%Jle retel{iaéét ?%%ﬁglg\agti gnyof egg?répg)gngHS was thSen _e
concent r at eccanidetiiméde c by droebioridet (WBCHHC A inorbentfoamsgla; 1.1

resi due. The concentrated resi due so, obtai ned. wa urkfi

fract i onat | ALV B ?8% _ B‘?ﬁ‘gﬁh? ?é%‘wm ?Qderfc)‘iﬁtb‘f%f‘gf’ﬁ?lp"und
met hanol =" 28/ w1k 419t:0Rka 4t Sospesadofist9% 2 g, 98% yield) in the
formof a white solid. 25 January 2007 -27 More sp&ci fically, a

sol ution of Conpound 4 (2.50 g, 6.02 nmol) dissolveg-omuw2 nL of

anhydrous di chl or onet hane msBen%aggn%mygm%gnihg a Z-gl gl&e sokUtd a0, n; -

obt ai ned by di ssol ving Hydoxide H, (6 kaf /cm?2)
_ s OoN OB -
MeNO, + CH,=CHCO,;tBu  pimethoxyethane 2 £Bu 50°C, EtOH
-[ 2 65"70°C 0 B
. - g tBu
. '3 .
8) 0:Bu & OzBu
Z—Clycine (1.1 eqg) o
0 WSEI(-;-*I-ICI (1).1 aq)
- _HOAt(l.1eq - Z—HN/\r—HN
N > Q:Bu
Hz | OfBu CHz’C]p_ 0
. ' . Q£Bu
J ) o ~OtBu _ o
4 . , 5
[ BN 2 BN (11)

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. Thereatfter, the



Z-glycine (1.26 g, 6.62 mmol), HOAt (0.90 g, 6.62 nmol), and WS5CI HC1
(1.27 g, 6.62 mml) in 28 nL of anhydrous dichl or onet hakelanyie 2007
resulting solution was stirred for 36 hours at -roomtenperature
under argon atnosphere to obtain a reaction solution of Z-glycine
and Conpound 4. The Z-glycine/ Conpound,&_reaction solution was mxed .

with dichloronmethane and a 10% aquepus solution of citric acid, and
then extr acteirameaihgnensehehenrnwas. heatehdoeyrr Getand %Eg%qla%e

layer was Wa@efé ﬁ{fggg@: ﬁﬁ%ng%vcfv@&ﬁén govAyusabied aryiseuse N dhion

of sodi um hydrogen carbonate, and water. The organic [ayer was then
dri ed usi ng sidommthairfeat e smthyidri.de Thea,drying migentof The or geifioc

| ayer, fromwhich the drying agent had been, filtered,out ) :
concent rat edEH r%%ﬂ%ﬁ&%@@?&m %W %Wﬁiiﬁ'mgtcﬁﬁﬁ%ntspytl@a&n was
resi due. The;gepgeRiuratiated &8 itheenReontthiairdsoMasoRUrithi gt Bplution
fractionation silica gel chromat og1r (ai)%h¥|5(’50| vent: . c¢chl or of
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(12)) -of Conpou re deprotected using triofluoroacetic acid
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10/ 1-As a result, Conmpound & was .obtajned at..he yi f_ 959
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ethylamne (DIPEA in the fornmula, 11 equiv.), and N, N-di methyf )
formam de (DWRirogele CRRpOLRALE6aNEs Wakde i e@b @i safesidue solution.

Thereafter, the residue solution was dried using sodium sulfate -
anhydride as a drying agent. The drying agent was removed by
using cerite. The resulting residue solution was concentrated
under reduced pressure to obtain a concentrated residue.
Thereafter, the concentrated residue was dissolved in ethanol
for r‘clcrystallization 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) 'wefe added to anhydrous ethanol (50
mL) and then stirred for 23 hours at 50°C under hydrogen
atmosphere (6 kg/ cm?2). After that, the T-1 Raney nickel was
fillter out using cerite to obtain a so.lution 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 concenfrated 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.’



m phenyl enedi am ne derivative (Conpound 7, 10 equiv.) whose am no
group is protected by a Boc group. As a result, an N Boc25 Fmimg 2007
derivative was obtained at the yield of 99% Thereafter, a catalytic
hydr ogen reduction was perforned in nmethanol (MeOH in the fornula)
in the presence of a Pd/C (active-carb carrier palladium to

deprotect the benzyl oxycarbonyl group {Z7in the forqula) of the

Z-gl yci ne whi ch More wescificallyoadeeizdtan el Commaund hi(2m@ e 6.02

703 0 aoo'tn ) RSkl B 20t c bt el e B B, ¥ 1

eq) TFA HNaGdeH2E 20°CHpd= 10/ 2- gy SR spdulioeq)obtBiREd byl desgolviarg

M H V) s (126 6 SReomeol.oivat g% & orpbdersoRiEnd o
WSCI'HC1 (1.27 g, 6.62 mmol) in 28 mL of anhydrous
dichloromethane. The resulting solution was stirred for 36
hours at room temperature under argon atmosphere to obtain a
reaction solution of Z-glycine and Compound 4. The
Z-glycine/Compound 4 reaction solution was mixed with
dichloromethane and a 10% aqueous solution of citric acid, and

o then extracted with dichloromethane. In the extract, the organic
layer was washed once in each of water, a saturated aqueous
solution of sodium hydrogen carbonate, and water. The ‘organic
lajrer was then dried using sodium sulfate anhydride as a drying
agent. The organic layer, from Which the drying agent had been

| filtered'out, was concentrated ﬁnder reduced pressure to obtain
a concentrated residue. The concentrated residue so obtained
was purified by fractionation silica gel chromatographjr (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. _

' _ Thereafter, as shown in géneral formula (12) below, the
t-butoxycarbonyl groups (-COOC {CHza)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



(12) 25 January 2007. -29 Specifically, Conpounds 6 to 9 were

obtained by the procedures described bel ow. Conpound 6 Wkue®y dPMed

by the follow ng procedure. First, Conpound 5 (2.98 g, 4.90 nmol)

was dissolved in 15 nmk: of dichloronethane, and 15 nL of TFA and 1.5

mL of water was added at -10C. Then,_ ﬁge m xture was stirred for 1.5
a

hours at roomtenperature to obtain ol ution of Compound 5 as the

product of phasphate THOPRadni oheofermbia.of 4Consauwie)s @sopropyl
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to obtain Conpound 7 (665 ng, 68%yield) in the formof a 25 January
2007 -30 white solid. An ESI-M (positive) neasurenent Jekreanadiel ed
on the Conpound 7 so obtai ned. The rreasurerrent found that the mz
was 231.2 [(MtNa)+]. Also, the result of H-NI\/R (400MHz, (CD3C1)
measurenent found 3 = 7.02 (1H t, 6. 95 (1H, bs) 6 54
(1H, dd, J=2.0Hz, J=8.0Hz), % 635 1Hdg d2 '
J=7.9Hz), 3.66 (Apecisally, @Ompfs@négH sto & Werenpbiaine bY the
structure o f| rmed. Conmpound 8 was obtai ned by
the foll ow ébprggg %%r |ér/é€t%et e Conpound 7 (475 ng, 2.28 nmol),
FDPP (394 ny, l(lfrﬁnpmmlr)d anwagi |05b¢pnmq:xﬂflbyt tlyd: afnllmm(ngm:}m:edzlrs?

mml) were_di ssolved in for ri de.
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at nospher e, Jrigiedivddhethiine, aert aserra,n@fvmmra,ncaqu I@U HOGEAEr Wah
et hyl acetate. The organic Iayer was washed once. in each of 0.5 N

hydr ochl or i @dskady atweQSIC. Bheas her Bixhgresras sébrad bw &5 Jwaiimat
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| ayer was d usi umsu de "as a dryi ng age
The resul ti pgogelatt obmemﬁonCdHQerﬁela&tEﬂl mrmdiatmmedﬁc{édnmoamdnr@ ms er

filtering out the dryj n concentr residue was th
purified by CORCEENTR F‘Fé&csi PEFS it @roibi}wl’l(go?%(}ﬁntr ated

chl or of or m régfch%'e Af@!r 1%hdét0 Oabt 61'0”% 49ds8 AZRidH, 039%oditehd)

in the formo white sol SI-M5 (positive) nmeasurenent was
conduct ed odlﬁdt@mdbnwaﬂnad@edT rte nhasqoeaemtraihdv\edsndhm inhanmieedas

10005 (WAL A SPoit e LAty OV LAROMI  CRRCMIorc g
(18H, m, 6vhds (AHdelsluntdl C}ﬂH( Z’Hacﬁbd D.71d 2, rébulty) =o. Gidle 20123
(6H, m, 1.97 (6H m, 1.47 (27H, s). From¢this, a structure of the
Conpound 8 WEECHwitALE nwasS obtamed The white solid so obtained was
washed with water to obtain Compound 6 (2.04 g, 95% yield) in
the form of a white solid.

An ESI-MS (negative) measurement 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
(IH-NMR, 400MHz, ds-DMSO) measurement found that & =
7.34-7.14 (6H, m), 5.00 (1H, s), 3.55 (2h, 4, 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 (Bocj2O (1.06 mL, 4.62 mmol} and
triethylamine (0.65 mkL, 4.65 mmol) were added at 0°C. The
mixture was stirred for 24 hours at room temperature, and
concentrated under reduced pre;ssure 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



Compound 9 was obt ai ned by the foll ow ng procedure. 25 January 2007
-31 First, the Conpound 8 (200 my, 198 pnol) was di ssol v&anparg 204{
of et hanol and 10% Pd/ C (62.3 ng) was added. The m xture was '
stirred for 15 hours at roomtenperature under hydrogen atnosphere,
and concentrated under reduced pressurg after filtering out the
Pd/ C. The resulting concentrated residue was purified by

fracti onati omhifiel $&&dgel chromat ography (sol vent:

chl or of or mf met han 0 [ in
the formof a Whl %—égﬁ)l\éé @%@PQ@%%%\%%@%ES%%%%% B!
conduct ed orCéhmporfedpdwadoBtaifkd. Mies meanntershntddunikathahehenn/das

SZﬁfFrm[a((jw%% o] glo as[&é[ﬁg{ﬁi st%ur f&S?FET @%%%&%}%nd

9 was condenspdciti htefohthd Gappw (14) ¢, U&StOBI r 6sEnqeHQf
WSCI HC1 (1.0 eql(J:\IMV )eh@’u?éffi hydr oxybenzot ;qggzo ) é II‘?P gne AFHe

fornul a (13)bs)1 E054eddH v dy, |LPF2CQﬂZL2J &é)fézr,eﬁsﬁ’rllt 18, bﬁ] fd( ]etgl dd,
Gorivallve ST e RN 5, 199 P SR 9, From,
aci di ¢ condiHighal strileeupe eseheeCompduhdel i scbpfiratddr i de ( TMSCL
in the formula) and phenol, (Ph esul t und
12 was obt ai ned (@omP§iafdSo™as é&?fé\’l?eé lbé( Itﬁ%e?oﬁ%Wb%%nBr‘? Yifi-ng
o IS RSTET drocagh Dtrg e o
1.03 mmol), and diisopropyl ethylamme (447].1L 2.57 mmol)
were dissolved in 2 mL of dimethyl formamide anhydride. The
mixture was stirred for 29 hours at room temperatufe under
argon atmosphere, mixed with ethyl acetate and water, and
extracted with ethyl acetate. The organic layer was washed once
in each of 0.5 N hydrochloric Facid, water, a saturated aqueous
solution of sodium hydrbgen carbonate, and saturated salt
water. Then, the organic layer was dried using sodium sulfate
anhydride as a drying agent. The ‘resulting solution was
concentrated under reduced pressure' after filtering out the
drying agént. 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 1H:NMR (400MHz, CDsC1)
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=5.0H2], 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.



0 NHBoo 10 (1.0eq) HZN-HN N H\ / WSCIHO (1.0 eq), HOBt(1.0 eq)
CHzCIZ 0 H9 NHBoc NHBoc O HN\ / NHBoc 3 0 TwmsCl, FHCHnugy BRE7 HN
H\ /. CHZClZ OOH/ 11 NHBoc NH2 O H\ / S O NH2 1 ~HN Ii HN H\

[ .... (13) OOOH 12 NH2 Specifically, Conpounds 11 and 12 were
obtai ned by the procedures described | ow. Conpound 11 was obtai ned
by the follow ng procedure. First, Coifgound 10 (23.6 , 114 nol)

and HOBt (1Fi#stygthe Netmponind (208 sxnl 188 1imal) 3yasidissoluesl #r obis

di chl or onet hane, .and un (42000 2 d
0C. The ni xtr&?‘e %?%tgl%ﬁogd g%a %é /ﬁogrﬁg Caﬁ@%%ﬁﬁ?@)er%% a"f‘%{gg&i n’ﬂtée
shade under raigareawmsphired e Iehoutngt sebnt itempeEstaraedndet h

a 10% aqueous solution of citric acid and then extracted with
chi Orofgrm hY@Qﬁ%’ani&?W%?@lﬂeWas and concentrate under reduced

pressure after filtering out the Pd/C. The resulting concentrated
residue was purified bjr fractionation silica gel chromatography
(solvent: chloroform/methanol=8/1) to obtain Compound 9 (136
mg, 78% yield) in the form of a white solid.
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. 7
Moreover, "as shown in general formula (13), the
Compound 9 was condensed with thioctic acid (Compound 10}
in the presence - of WSCI'HCI (1.0 equiv.) and
1-hydroxybenzotriazole (HOBt in general formula (13); 1.0
equiv.) in CH2Cla. 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 under acidic condition in the presence of
. trimethylsilyl chloride (TMSCl in the formula) and phenol
(PhOH) in CH2Cla. 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.



washed by a saturated aqueous sol ution of sodi um hydrogen 25 January
2007 -33 carbonate, and then dri.ed using sodi um sul f at e2afyapi2d87 as
a drying agent. Thereafter, the organic |ayer was concentrated
under reduced pressure after filtering out the drying agent. The
resulting concentrated residue was purifjed by fractionation silica
gel chromat ography (sol vent: chgeﬁgjof met hanol 40/1). As a
. result, Conpound 11 (9%.0Hng % yi el d) i et formof a white

solid was obtained. An N-= ositive) t was conducted on
the Conmpound 11. The nmgasyrenment ygigured that Yhe nP?%as 1085.5
[(MtH) +] . Al so,.the rgSul tjjof EHXKNWVR (400MHz, CD3CQ1).0ek) measur enment
found that iR O )N (3H, S) W?-?.OO
(12H, m), 3.71 (2H, b 3. Ba- 330 (1H, mWSCIHCI{PO ). 4i9BEQLjea)y) | 2. 33
(1H, m, 2.32 (6H m, ﬁgﬂgfih m, 2.04 (6H, #§Ch1. 82-1.73 (1H
m, 1.62-1.47 (4H, m), OL. , s), 1.39-1.25 (2H, m. Fromthis,
“a structure of the Gnpound 11'NW&sc confirmed. Conpound 12 was
obtained by the followi ng procedure. First, trimethylsilyl chloride
(0.25 m, 2.64 mvol) was dissolved in 0.49 nL of dichl oronethane,
and a phenol solution obtained by dissolving phenol (549 ngy, 5.83
mml) in 1.46 mL of dichl oromethane was AHB®Y. After stirring,
Conpound 11 (34.7 ngy, 32.6 pnol) oyaf ﬂgikd, and the mxture was

er at we 'ﬂ

stirred for 1.5 hours at roomte a shade to obtain a
sol ution-of Coffpoynd 11 as the produdt of fEactpey shBar eafter,
chlorof orm wassagdded touifs fig

' 1$£ on oi—eeﬂgmd 11, and
the organic |ayer shasl by sathr at-<d aque09§2 | ution of
sodi um hydrogen carbonae to form ¥l solid precipitate. The
yel |l ow solid was dissolved in acetd cHacC and then cooled down to
4C. The resulting coagul at edlsolid was fi NHBoed out to obtain

Conpound 12 (7.9 ng, 32%yield). An ESI-M5 (positive) neasurenent was
conduct ed on ' .

NH,

§ 0 NH,

SQ/V\(HN/\OF”N < a)
0 - |
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,
il4 mm'ol) 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



Conpound 12. The neasurenent showed t hat the mz was 25 January 2007
-34 763.6 [(MrH)+]. Also, the result of 1H NVR (400VHz, ¥shwsay 2007
nmeasurenent found-that 5 = 9.57 (3H, s), 7.97 (1H m, 6.87 (6H m,
6.67 (3H, d, J=7.7 Hz), 6:21 (3H, d, J=7.7 Hz), 4.98 (6H bs), 3.67
(2H, d, J=5.1 Hz), 3.56 (1H .m, 3.16- 04(2Hrr) 236(1Hrr)
2.25 (6H, m, 2.19-2.07 (2H, Fgl,l% m, 1,83 (1H,

(4H, 1), 1.33rbeHAte) ang shee reedau§1tfr§1§9drﬂém stiliade %ﬁﬁb@{iﬁi& ?c avvas

confirned. S of I S t

compound. 12 SETIE, Sxfat SEHAEANS Ot il |drBB0ME Bal®ult tdthacikBfed

(rj epr esgnzI eg ?yd@eaﬁaiabeﬁcpmﬂsmreﬁftenﬁ?tmnlgrmeidt]bgl dﬁyengr&gmﬁud rr'lgle
descri be el ow, erein eneral fornu

e e e e ben il HesRnbo RS Tty (Rachbfielfbd" ©
Conpound 12 9ftai ned idhrexesRldrabhianhdlhen £oramiefdidn | met@iol. )=

serving as a sugar nol ecul e represent ed by@eneral formul a _(10) were

di ssol ved i #Q/ hi xkel acleswit, Gomppond; fdt (Y1 & engamFe yIVAL innthee
f or mul a)/ac?t .C" aféfﬂggte %;%d %%%%gu form a Schiff base at a pH

of 3to 4 a ent he sol vent was changed to

H20/ DVAC/ AcOH = 24 @%M@W@d&i&ﬁb@@hé%mmém )Wms:orecﬂdetabdabnat}pé-l
of 3 to 4 at 37C to cause reducti ve am natj on

Thereaf t er, Go@nosEl t { hg FB%WW%HF i ?h‘éﬁeéy tg@p %Tr‘]?l W/ i3S
chr omat ogr a@(}@sﬂ"‘s‘ E @Pﬂggd%sﬁr 5@1e1( gﬁi@%&w@?ﬁwﬁy (AoBNEH3MCD;C 1)

Bi osyst ens was desa resul t', Conpound 14 was
obt ai ned as meaautrémandt fonmididhay & £19.6d (B#l1ls)of. 6Tg3H o), S68llel. Ho5

‘_B"{”ary 2002, ,-35 SPPN (Do Ny 0 PBEHIGH (32698 644 562 (£H, Oyt
3.12-2.99 (2H, m), 2.33 (1H, m), 2.32 (6H, m), 2.20 (2H, m),
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). From thls a structure of the Compound
11 was confzrmed

Compound 12 was obtained bjr the following procedure.
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 edded. 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 satlirated 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



MeO 0 HO 1) H20/ DMAc/ AcOH=5/20/1 NHSOBNa OSC3Na OH

2) H20/ DMAc/ AcOH=20/5/24 13 (5 eq) PH 3-4, 37C MD 0 H N2SC8NaryCOOBNa
OH3 14 ... (14) Specifically, Conpound 14 was obtained by the
following procedure. The. Linker Conmpound 12 (0.5 ng, 655 nnol)
obtained in Exanple 1 and Conpound 13 .8 ng, 3 unol) were
~dissolved in a mxed sol vent containi ng ‘wat er

25 pL

. di met hyl acet®@adned M8 ]. phlso, dhe sewa tCO%&HdNEI\éRuE@gOMIHaZ ﬁ@QM$@hg
m xture was [ Y LN d t b
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rlgacti on. T;(@H,elﬁlq,t 6C6l\fl7as’éamtdoﬂ l@'f? E—[z)kéerQGmigodmd 727 dfz), @b@ﬁoﬁ.@rﬁl
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Pliratton LREILE RS 2 o0 (6H PRI TRIS28TF (2P, 2o Ce5R 8, m),
contai ning 083 MIBf naA.H0 HHE, m]sul t&%ﬁzﬂam@etFﬁcﬁacﬁhl@n a\,@tgucture
concentr at ed reduc ressure.~and.the resulting concentrated
resi due was’ fdtgkeaﬁf)@ap%lf’ﬁdggp‘ﬂgﬁe%?r@% *dsol vent : wat gr) The
desalted target [M%pmzwl&rrﬁ@l@%@@bfaiﬂgan&qjer reduced pr essure
di ssolved in water, and freeze-dried. As a resul

my, 66% yiel d) i rBYRsngrthoLinkenGempenms 1 @a@ﬁﬂa‘lﬂﬁgﬁ% ’@Iﬁ‘ﬁ’é‘%
Conpound 14 é %n&?tﬁfﬂ E%W% &r%%ﬁrg%e@'egénfﬁq%fj%ea@?gl forRula | 4;5

(Dal ton). I'n general “fornu served
a trival ent was bMal12i‘da1+91j] &heatprtohedmakde‘scrﬂand mswlgwcktﬂralmednby
’aflme of-flig et rreter urenent . Alsp, the result of

" H- NVR (500|\gq‘zner rmula {4? 2, Toad m® are 2, ard h is T.

As shown in general formula (14) below, the Linker
Compound 12 obtained in Example 1, and the Compound 13 (S .
equiv.) serving as a sugar moiecule represented by gen-.eral
formula (10) were dissolved in a mixed solvent of
HoO/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 coﬁtent of the solvent was changed to
H20/DMAc/AcOH = 20/5/24, and NaBH3CN (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 Wé_S obtained as as a ligand including

three units of sugar molecules.



measurenent found that S =7.20 (3H m, 6.82 (6H m, 6.64 (3H m,
5.35 (3H, d, J=3.5 Hz), 5.13 (3H, J=2.5 Hz), 4.51 (3H, &57Taguzy200%),
4.29 (6H, m, 4.18 (6H, n), 4.06 (6H m, 3.97 (9H n), 3.87 (3H,
m, 3.82 (3H m, 3.78 (6H mM, 3.68 (9H, n), 3.56 (9H, s), 3.34
(6H, m, 324(3H dd, J34 10.5 Hz) 5308(4H m, 2.44 (6H, n,

533 (1H 2gscg 1.86 (1H, r% 1.56-1.46 (2H, ),
1.35-1.14 (4H romthls tructure of the Conmpound 14 was
confirmed. [Ex wnedi s/ of %a | i nker conpourNt]BHéGN@%ktér

conpound of th OHre OHNygnt | ROH iOhlg +a 12

general for M40 , Qah i“l ==fnd X has aSi@BME:E/#@BF'JE@%em ed
by general fornul amwmmamasamn fH, nmB, and ﬁﬁz%BMAa%IGOE 209 pi
and p2 are 1, was synt hesllsz(? ) according to the proceiﬁ.l:; r| bed
bel ow. As shown in general® P8¥mula (15) below, a trifluoro onet her
adduct (BF3-OCEt2 in the fornula) was added to MeOH, and refI uxed
under acidic conditions. Then, dicarboxylic acid (Conpound 15) was
esterified to,obtain an ester derivative (Conpoundq 16) at a 79%

yi el d. Thereafter —98gNyci ne (1 equi v.) was conde sed
Corrpound 16 ifn t he—phesenee-0f H QH1 I VH) an l@H
car bodi i m de [( DGCqopyn Lhed Bt T Adya es a glyci
derivative (CGopgrsNaadsl O sof obtHo Wmesfat *N'he ybDel djof 94% Then,
NaCH was addey to Mefghko ﬁgd oNeSt erggr dup  of the/ Conpound 17 was
hydrol yzed under al kali fe conditions. As a resul t, 3 dicarboxylic
acid derivative (Conpound 18) was obtq i,ned at the yield of 98% 25
January 2007 -37 n BF3-OEt2(2.3eq) /\N Z-Adycine(l.1 eq),

HOBt (1.1 eq) HOOG N COOH ~ MeOOC H McOH, reflux H'DCC (1.1 ‘edjd)

GG 2 15 16 /) gﬁ'eéﬁgél@, Compound 14 was obtained by the following
. procedure. The Linker Compound 12 (0.5 mg, 655 nmol)

obtained in Example 1 and Compound 13 (2.8 mg, 3 umol) were
dissolved in a mixed solvént containing water (25 ulL},
dimethylacetoamide (100 ul), and acetic acid (5 nL). 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 NaBHsCN (2.7 mg, 39.2 pmol) in
20 uL(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 concentfated 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



Me000 N COOve HOOD 000H \rO MeOH o NH NH . (15) Z Z 17 18
Specifically, the Conpounds 16 to 19 were obt ai ned by t he5 prsewdiPes
descri bed below. That is, Conpound 16 was obtained by the follow ng
procedure. First, Corrpound 15 (im nodiacetic acid; 10.0 g, 75.%
mrol ) and BF3-COEt2 (boron trifluoride- thyl ether conplex; 22 i,
173 mol) were dissolved in 50 nL of afhydrous nethanol. The mixture
was ref | uxedaltos).héinmpondst &f gshostmoiphgercralndormalaz it bywas

ddi t t | d

and extract PSR ARoRoTAT R ol dM s Pl ER BRARDRE 7,
aﬂfled ]tcmtil %j@(esgwre@bteaﬂeg. b?heﬁ tthﬁehﬁfy?[g]ﬂﬁs massacsmtmneter
chl or of or ried using sodiumsulfate_an ent, ,
and concerrPt r@leé&urﬁﬁéﬁ% r d§Cedthf eLEGHLE a‘P [ﬁgﬁpﬁr?ﬁgbﬁﬁg @ 65
dryi ng agent eﬁ%&en‘f&?ﬂj%un@om%d—le 28 (@hg 79@/0832! ¢bH), ), 664

- form of aye ow ol matter was obtai ned.' An 05|t|ve
measur ement ﬁéﬁ,ndndﬁuﬁﬁe(@l—hnd,tﬂeS @dﬁp)mﬁmd&fﬁﬂﬂ'ﬂé%i ﬁr,éhﬁrlt hotled

wact) | sl el und [t 18T S eEbpci bl R i SO

(1H s). Frem B8, (381, Sid) U6t 82 q30f, fri’)GS@BH@I{IdHLI}QSSI\@S mnfnr);r@dses
Conmpound 17 was obt al ned b the foll re. _Firs n’gquj
16 (1.00 g, @BR1shn8i34 (Gibym or?e%l SHardéngrﬁr‘He 1015 4IﬂZb 3Bd

m;éroﬁgddl 1oér %ﬁﬁﬁaﬁe J?’ anhar$ ?0%?0 ygg JF)ésul téﬂ_(g ni xtLre

was stirred Ic5r6-llal46 @Hhew)y, RB5OC. 14ndél, mar gronattins pheseucdnae fair

5 days with Z-glycine 6.83 ..mMmmuol,) at roomtenperature. The
precipitate 91.1&1*1%%%%as confirmed. : _

[Example 3: 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 has a structure represented 'by general formula (3), where m4,
m3, mb, and m7 are all 2, and p! and p? are 1, was synthesized
according to the procedure described below.

As shown in general formula (15) below, a
trifluoroboron-ether adduct (BFs'OEt: 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
vield 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%.



stirring was filtered out, and the filtrate was extracted with
chl oroform The organic |ayer was washed twice in each o?5 fauapiEf03nd
a saturated aqueous solution of sodium hydrogen carbonate, and
further washed once by water. The organic |layer was dried using
sodi um sul fat e anhydride as a drying a%gn_t, and was concentrated

ut

under reduced pressure after filtering t he dryi ng agent.
resul ting concentyated r eRf,diEg(adzs) pur | f/f\qg/\b(r){l% éE@EYﬁ'?f"gﬁ M- ':3[(5%(3:53“)

PO aget oNe=2/ o AS Qq%roﬁgwt; .
S

gel chronat dAgOhY ( SEH 0 .
Conpound 17 (2.05°Qg, 94%yi eﬂ'cf) in the formof a white soli

obt ai ned. An ESI-W& (positive) neasurenent Mas conducted on Conpound
17. The measurenent showed that the mlz was 375.1 [(MtNa)+]. Al so,
the result of 1H NVR (40QMAz, CD3CNNadtbunt thgh 6N\= 7.36 (5H, m,
5.69 (1H, bst), 5. Mo6&H Ns)codmes—2—?2 Haep sN s)COOH. 06 (2H, d),
3.78, 3.73 (4H, s, s). Fr this, aMe®tructure of=the Compound 17 was
confirmed. Conpound 18 s obtained by the follQw ng proced'ur-e.(15)
First, Compound 17 (1.50 ¥ 4.26 nmol) was dissolWed in 20.nL of

met hanol , and 2N NaOH (9 ) was added. The mi xtgre was stirred for
2.5 hours at 0'C, neutral ]zed by addi ng Dowex 5 -8 (H+ form until
the pH reached 6, and concentrated wunder reduce ressure after
filtering out theSpoeidicadhuxtise Campawrdst 1agte ot eHeratehiaingidby

was concentrgted under r r e after adding water and
filtering ou %Rro?%i%F%ﬁggégﬁe@rgggox{& freeze-dried. As a result,
Conpound 18 (1.3pPhgt R[YWrabdund 1Hewza pivfaincdhibye thel ifdlleadang

obt ai ned. - An ESI - M5 (negatiye) nmeasyrepent ~was. conducte he
Conpound 18.pw%ﬁ@%n@omgt%tﬁ%@0 arefrsac 1%6 g 75.1

56" o ooboyTRRRDLPRAIETS REEH (g Y gt R
5.01 (2H, s)mlI3. 983 MBndd) (Méte dissolyed in5Q 20l of aukgddons)methannl.
this, a str uﬁlg rr%i:g‘gugehgvagoggﬁﬁggd]i%rvg%ggg iurnr?edf argon afmoslﬁhere,
neutralized by adding a satufated 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 1H-NMR (400MHz, CD3Cl)
measurement found that 6 = 3.74 (6H, s), 3.48 (4H, s}, 2.00 (1H,
s). P‘rbm 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



Thereafter, as shown in general fornmula (16) below, Conpound 19 82.
equi v.) whose aromatic anmino group ends are protected b3y5 {faapgel7
group was allowed to react with Conpound 18 in the presence of FDPP
(2.5 equiv.) and DIPEA (2.5 equiv.) in DVMF. As a result, -an N-Boc
am ne derivative (Conpound 20) was o\%,’?’ ned at the yield of 60%

Then, a catalytic hydrogen reduction

performed in MeOH in the

presence of mestlting deprtorecwashestizrgdofer dfalf en hoBrghjcPre WRLET

underwent th d ti ' i - ; .
st 1 o e GRS, (R odyS \Gin BB 4 2he 0 55
of 92% NHBog b0t 0rfomHNemPefditreHODEENZECHpitate 1Rr2néd ety hhi

FDPP (2.5 eq), DiPEA (2.5 eq), HO NHBoc

NHBoc N \,

Pd/C, H2 O @ngm@t@%\ro% &é@ﬂgthgaﬁ BoC NBBSc SARFACHEANE
20 2021 (é}ﬁ%raﬁﬁ?ﬁ] &'lg?lgkggvnv@ggﬁypqﬁaé%éghgé Meice APt drbyN

the procedures

escri be e

obt ai ned by B¢ &eld ew safyradeddageieous solution of sodium hydrogen

carbonate, and further washed once by water. The organic layer
was dried using sodium sulfate anhydride as a drying agent,
and was concentrated under reduced pressure after filtering out

the drying \égent. The resulting concentrated residue was

. purified by fractionation silica gel- chromatography (solvent:

chloroform/acetone=2/1). As a result, Compound 17 (2.05 g,
94% yield) in the form of a white solid was obtained. _

An ESI-MS (positive) measurement was conducted on
Compound 17. The- measurement showed that the m/z was
375.1 [(M+Na)*]. Also, the resﬁlt of IH-NMR (400MHz, CD3C1)

fount that & = 7.36 (5H, m), 5.69 (1H, bst), 5.12 (2H, s), 4.22,

4.12 (4H, s, s), 4.06 (2H, d}, 3.78, 3.73 (4H, s, s). From this, a
structure 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 SOWX-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 18

(1.30 g, 98% yield) in the form 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 1H-NMR (400MHz,

5

O

January 2007 -40 Conpound 19 was



First, 4-am nobenzoic acid (3.33g, 14.0 mol) and HOBt (1.93 g, 14.3
mol ) were suspended in 60 nL of .anhydrous dichl or omet hdh&nugnd0Phe
m xture was stirred for 15 mnutes at OC under argon atnosphere.
Then, a WBCI HC1 sol ution obtained by dissolving WSCI HCI (2.87 g,
15.0 mmol) in 30 nL of anhydrous dichk rorret hane was added, and the
mxture was _stirred for 50 minutes ti alnas ] on of

4- ani nobenz8scD VEROH rapasWoBrCad Eowcg Q@ ~of - ‘?’éa(gh o) Yol ndHs

sol ution of - gr@ln?:gﬁr; 03@? 8%% 3t F QRCEI PN (3% Ul UB5.4 Hz).

di et hyl enet Pt e 'wa's “added, and the mixture
was stirredFoeex mhgshta atrucomet effer Slampoumda 18hwee canfiobedi n a

white crystal. e crystal was filtered

recrystallized f gﬁﬁ%{tﬁﬁnog ﬁime‘fv?eéﬂlt ﬁg E?F&mfga(ﬁ»lgb gelow,
92. 9% yi el dodpbb@d oran( gfsae%ﬁwpwwgéaérmambhmmﬂ g E @rrd\@
(positive) rreasurerrent was conducted on Conpound 19. The rreasur%@nt

showed t hat arpeprpteaiad byazhe [Bagrgrouparsas alhewedsiptr repct (W

400MHz,

ooy 48 805%?] 38, Q%z'jﬁ prégéied s Eﬁﬁf‘m 95 chg‘“ﬁz))kghg PIP5%
(4H, in, 5265 ddaliv.) 1153D(MBH As)a Fesuﬂlt; hirs, NeBetr antinee defivdieve
Co d 19 f 20 by the foll
ocodre. (iR Sel A RassRPRS PSSl Pt it ' O
ng, 386 }Zrml) ﬁ%qlagﬁ%@@% BRIl 1R ¢h HvagOoheefbrinfed0in M

of di et hyl f or mam To the resulting m xture,
di i sopropyl Me¢®¥ i the (p@@s@npc lof BE¢Cotol Jeprateatidhe, Zagipumef the

m Xt ure was stirred f.or, 20 hours_at roomt r o
at nospher e mﬁfenhéagolﬂ]ﬁ FBR® ﬂ%@éﬁ ??%énggénga ﬁlg ﬂw
t he product (¥mbeasid @0. ASe resqlt, qn%ahm mnﬁu@momploﬂadam)
Compound 19 was concentrated under reduce pressure, and the

resul ting carrenbtained pédhguacldoiB2%anuary 2007 -41 extracted
with chloroform The organic | aygg.nas washashDy

(»] _FO
HN H
N \/\N/\/\l
HOOGC N/\OOOH H :
18(2.5
0 ( eq) -
NS FDPP (2.5 eq), DIPEA (2.5 eq), DMF
1.
yd
18
0 HO
H-”—@—NHBoc N—“-@—NHBOC
0 5 : 0 S
Pd/C, H :
Z—=NH N N Oy N Y N

6 2 MeOH - o} 2

-+ (16)
Specifically, Compounds. 19 to 21 were obtained by the

procedures described below.



10%citric acid and a saturated aqueous solution of sodi um hydrogen
carbonate, dried using sodiumsul.fate anhydride as a dr3A fsgusyéhe’
and concentrated under reduced pressure-after filtering out the
drying agent. The concentrated residue was purified by fractionation
silica gel chromatography (solvent: chhoroform nethanol = 10/1). As

a result, Conpound 20 (12 |eI he_f rmof whi .t
solid was obt ai n&PmRﬁLESi ]P\gg‘(’ﬁﬁ sﬁiﬂl ‘W&Bg ﬁﬁ’&&@ﬂ%& on
Conmpound 20. B 18 havedi3 t r’@gﬁn

[ (MNa) 4] | AIF%%@ A oo e I\[NRBQ% 0 @Mfandﬁggpﬁr o

found that 8437. 88mPlH, wede Ews:pend%i 1loH 60 | mIz sef ( Bhydyous

53 (in bytabigsEledednd 82 %%E%mg%wg%’% f@?f&?% arecat
(1 4?() bing)g (Oggaluﬁﬁlﬁr bﬁ%@h ?thrﬂB;spﬁeEé’ ‘Bhtn, (EL]ESHNShEII-MSL sslution
was COanI’ @W%d%héﬂi@ég]\)n&]h%go‘% rh é@rlg@ ghggf&ﬁ 5 Cog’p g'gLP’gL
First, g%@%ﬁ}%@ cggm(}fmﬂem 4Bk Iy 48 S AH P OAHAKH A ritlare Ghas

rrethanol ded. e mxture was stirred
for 47 hour statredofon SEnpeiratiese to mh@ednogeaohmmspﬁérammﬂbmw

concent r at ed u der d ssure afte f|| .eri t As
a result, dZ%C&%E @gr%le PEITEt Pl FeRh ?Heng%qﬁ} ofsgiu@% of
solid was Obt %&ﬁ'ﬁfbbe‘ﬁka&&' - MBRc{dOSi hh¥e) FEEBYI eMpsicthon cors@matxe@k on
Compound 21. The neasurenent showed that the mz was 630.3 :

[{ M-H+Na) 2+]diethpleneiriominet(Pué? wid-of -@hemapplowisg 2ddaghsand the
Cont e, WERUE! e AP RS0 e IR CHLBELAN ¢ grace
equi v.) in gomkednselweite @ﬁys@kﬂ(ﬁ‘]ﬂé Rifrite ébybtahdramﬁiﬂeeedmle‘&;eamé
of HOBt (1.1 equi WSECl HC 0 equi v a 25 J Q7
-42 result, r&ﬁ%ﬁ%iﬂ%@%ﬁ%ﬁhﬁﬁ %Z‘”FS%&AEA@B tﬁe :9
92.9% vyield) in the form of a Whlte crystal was obtamed '

An ESI-MS (positive) measurement was conducted on
Compoﬁnd 19. The measurement showed that the m/z was
542.4 [(M+H)*]. Also, the result of 1H-NMR (400MHZ, CDac-l)p
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 umol), Compound 19 (209 mg,
386 npmol), and FDPP (148 mg, 386 pmol) were dissolved in 30
mL of dimethylformamide anhydride. To the resulting mixture,
diisopropyl efhylamine (67.2 uL, 386 pumol) 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



yield of 75% Furthernore, the Boc groups of the Compound 22 so
obt ai ned were deprotected in CH2Gl 2 under acidic conditidhfanuary 2007
containing TFA. As a result, Conpound 23 (91%yield) was obtained as
a |linker compound including four hydrocarbon derivative chains each
having an aromatic amno group. s OO,5 H\ /NHBoc COOH H2t.1 N N >

- 10 (1.1 eq) HOBt (1.1 eq) WBCIHJ 7¢1 1 eq), CH2CI2/DVE = 4/ 1

HNO \ / NHBextpacterl svith\ chilpeaformn TheNongered1tzyes wasnwrshed NpBoc

2220 SIORE B0 SRR SHiyr LD M 20 o e e
Cormpound 22 Wedrogieiraicaedohytd,héried Lieimggodinnedurlfte &nhytrideoapoand
" 10 nt of droar BESh: SRCboRsRTRIEE thder fuded"FresurE Caltes
filtering out the drying agent. The concentrated residue was
purified by fractionation silica gel chromatography (solvent:
chloroform /methanol = 10/1). As a result, Compound 20 (125
mg, 59% yield) in the form of a white solid wés obtained.
~ An ESI-MS (positive} measurement was conducted on
Compound 20. The measurement showedr that the m/z was
- 1393.7 [(M+Na)*]. Also, the result of H-NMR (400MHz, CDCls)
| measurement found that 8 = 7.88 (1H, bs), 7.73-7.66 (10H, m),
7.56 (1H, bs), 7.38 (4H, d, J=8.4 Hz), 7.34-7.29 (6H, m), 7.17,
7.05 (2H, bs, bs), 5.35 (1H, bs), 5.00 (2H, s}, 3.96 (2H, bs), 3.64
(4H, band), 3.55 (4I—I., band), 3.51 (6H, band), 3.43, 3.27, 3.17
(6H, bs, bs, bs), 1.50, 1.49 (36'H, s, s). From this, a structure of
the Compound 20 was confirmed.-
Compound 21 was obtained by the following procedure.
First, Compound 20 (103 mg, 74.4 pmol) 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 conceritrated under reduced pressure
after ﬁltéring out the Pd/C. A_s_a'result, Compound 21 (84.9 rrig,
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 CH2Clz/DMF = 4/1 and in the
presence of HOBt (1.1 equiv.) and WSCI'HCI (1.0 equiv.). As &



25 January 2007 -43 The resulting m xture was stirred at 0OCin a
shade under argon atnosphere to obtain a solution of Codp&usay#89and
HOBt as the product of reaction. Thereafter, Conpound 21 (70.0 ng,
56.5 }anol) was dissolved in 0.5 nL of dinethylformam de, and the

m xture was added dropwi se into the reagfyion solution of Conpound 10
~and HOBt. The resulting mxture was_stirred for_ 19 hours at déoonla

t enper at ur e, regiltnas amidscempaivn éeryrproynet a2k was ebtainsdaat the
extract. The %rlgad}ir%d/oayer of the extract was washed once in each of
a . 10% aqueou% solution of citric acid and a saturated aqueous

sol ution of sodi uRub¥itkagene, dhrebdat egrofes oofdmiec Caypgoued dRi ed

usi ng sodi um sul fate - anhydrid s a.dryj gent, and.was ‘s
concent r at ed® F%Fé’re_d MEdic H}'Pg%‘g‘i‘ﬁdg 1af ﬂé—?&f 2| F&qﬁg_agb‘ﬁ\ﬁ:t r?é“%&ﬂrl%oﬁs
agent. The pesulibiing FERCEenly af adsi@si dsmpaaRUr2d i @Ry yield) was
fractionation = silica gel chronmatography (solvent: chlaoroform

met hanol 15/ objaingd s esulinkecospsupeing (voleding framw idwpcarkonne

formof a whiite solid 0 i . - -ROSI ] sur enment
was conduct ege{) a%(‘fgn%%%ﬁhs %Shﬁ%wr?é‘g%ﬁs‘lérr?el}ﬁ?&gh%\%\%%gt ré)?&? he m z
was 735.3 [(M+2Na)2+). Also, the result of NVR (400MHz, CDC13)
nmeasurenment found that 5 @HED 9 (11H,54y, 7.55 (1H; bs), 7.42
(4H, d, J=8.6 Hz), 7. 5§‘SH, , (.13, 7.00, ¥ &bbubs, bs, bs),
5.84 (1H, bs), M 04 (gRH.” bs), 3.67 (4H, band), 5.(4H, 3. 48
(8H, band), éz‘*@g . .22 (6H, bd,bs, ,"’C?.? . ?,' -
2:39 (1H, in), 2°02M1HC M), _1.84 (1H, nivscl-AciBt lo5ehohrbmek 4/1L. 51,
1.49 (36H, s, s), 1\35 { NHBro this, a structur®e of the
Conpound 22 was confirmed.® Conpound223 was obtai ned by the foll ow ng
procedure. First, Conpound 22 (48.2 ng, 33.8 unobl) was dissolved in
1 nmL of dichloronmethane, ahd 2 nL of trifluoroacetic acid was added.
The m xture was stirred for one hour at OC in a shade, and

0
s H-U—@—NHBoc
S : §N ‘ TFA
_—
I NQ\ICI)—N N2 . CH ZGFZ
HN—n-@-NHBac
.0

?Q/\/\r : A§HL@NHZ \
] _ -0
: ﬁ/\r N ‘ - (17)

e

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.



t hen concentrated under reduced pressure. The resulting 25 Januar
2007 -44 residue was dissolved i.n nmethanol, neutrali zed2wnaaan2ﬁé7
Dowex WMarathon A (OH from, and concentrat ed under reduced
pressure after filtering out the Dowex Marathon A. As a result,
Conmpound 23 (31.6 rrg, 91% yield) in thgaformof a white solid was

obt ai ned.- An ESI-MS (positive) nmeasurenent was . conducted on the
Corrpound 23 Thenheestldng anEinre Toue Stirad ahe (min duasadgsungler argon

[ (Mr2Na) 2+] S th
confirned. FEE{ %{ﬂﬁ@f tos%r?t%%{eﬁslfats%%?uﬂtlﬁ (%%HE)B/HE% 12 ta‘#gﬁ E(%Bgras
Conpound thhbt proddct n?ﬂixaeql)herﬂ Thareza_ﬁand Otampngmar? s2 i utt@WPe mg,
represente ner oryiu e d
descri bed bé%o &res dllﬁsglﬁéa)}rh%f% 'Fr‘lr?mf)g cfgie%ﬁ)rﬁgroc eué%él v
are all 2, apd ﬂnk%uﬂe wé@dadﬁe@n&irdﬁvﬁdee ikto Abeshexstibh genetieh of
formul a (18) bel ow, the Linker Cog}l)j@tsmd 23 obt.aj ned in Exanp

gnd Corrpo:m@OIBp(JSImfbdgﬂ ‘aﬂ)il OBt r%Slélig?ﬁ Wt@éélwaﬁeﬁﬁimg@a
o0 D ac o BBl o il PRl 85l drad, Aot SOl He R

f olr mul ?) at a@ﬁ@dttsngo awaizrf(}j afit eﬁ&@cg;mhee(/aﬂga)aﬁc lakher odrthenextobict m
sol vent was chang to = 9/ 20/ 22

equi v.) ms“ﬁé&‘ﬂft@%ﬁﬂo‘?%\@ é PP rAGEERYS 6P uPPéHL?EB?](SFF%l ﬁC’tdne
formula) at 4g pH %t%?a t adlicoukheiseantioh _of Nasddituht | Bgdro

conmpound was puri tration chromat ography with Se adex
G 50 and desalrbedat@s ’I%hfr e:mglamc eyrepowas ZWiedsusingisostivas &u{)fﬁg%md

NOTUding Tolgdite 9 BRI SN and® WADUBOHcBRMated TulBERN
reduced pressure after filtering out the drying agent. The
resulting concentrated residue was purified by fractionation
silica gel chromatography (solvent: chloroform/ methanol =
15/1). As a result, Compound 22 (60.8 mg, 75% yield) in the
form of a white solid was obtained. _J '

An ESI-MS (positive) measurement was conducted on
Compound 22. The measurement showed that the m/z was
735.3 [(M+2Na)?*]. Also, the result of 1H-NMR (400MHz, CDCls)
measurement found that § = 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 (1lH, 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 imol) 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



O HO 1
H20/ DMAC/ AcOH = 5/20/1 (imine form) NHSO3Na OSCBNa OH 235 January 2007
H2Q DMAc/ AcOH = 9/20/22 (reduction) 13 (5 eq) pH 374, 37C OSOSNa 0
OOHO OHOOHS HOOH N/ N MO OO NHSOBNa OSO 3 Na OH H OSONa N
NpOHHSOS M0 OH O C2Na HO OH Ng@ N NHSO8Na OSCSNa CH 2 24

(18) Specifically, Conpound 24 was obtai ned the,fol |l owi n :
procedure. TREIGYG RS Bgﬁfgﬂﬁé.mz@e(tg‘@%?leh’géaw ;bya‘rf"ngmrfg o Ae
13 (2.1 ny, afafrrd®! A WRHE- dirssRl) Vednidn drideiedats®! YA e ORé @ Bed T’

water (25 pL), dinethylacetoanm de (100 jL), and acetic acid (5 pL).
The mi xt ur e pressheatadder filtringuedt dhe BDpwemn Maradhiosd A ub® & esBltai n

“a solution Li nker 3Ah 0 3 t he c
reaction. To ?W@Oﬂjeré%mng%Inﬁéi gﬁl%fﬁ%@kg{?q%n%gmﬁz%%ﬁﬁg ot
Compound 13,was 9WtHined. obtai ned by dissolving acetic acid (45 }plL)
in NaH3CN (2.18 ng, _31.2 -pnol) was added, and the m xture was
heated for 3 dayfRtESHMS 'R%I%I?é%hm?%ﬂ-ufﬁrﬁtemew%sc Ketad oredhe
under reduc rgaa h I ' Phadex+1Ge Sth A - Ha¥
80 cm PBS- %leflﬁaq%ﬁ?ﬁ%hgﬁ Pgs%%ﬁ%r@gg&%gﬁﬁ ong\%ag conc)(entr%t ed
under reduceaB$pre$dlt+2Najtid. Frem dbust engtremiventofatied Ceripendvwa3
desal ted w th Sephadex 25 (1.6 x 40 cm water). The resulting
target fract¥on WESHIBRCent rated under reduced pressure, dissolved

in water, and themzbiepreadiSyeihedss af keHpghhd] 25 January 2007 -46
-~ By using the Linker Compound 23 obtained in Example 3,

O CO 2P0 O NaBH3CN(64eq) OH OH OH + 23 11 M :0)
or,
i O

‘a ligand having a structure represented by general formula (5)
was obtained by the procedure described below. wherein, in
general formula (5}, fn4, mS, mb, and m7 are all 2, and n is 1,
and p?! and p? are 1.
As shown in general formula '(18) below, the Linker
Compound 23 obtained in Example 3, and Compound 13 (S
equiv.) serving as a sugar molecule represented by general
formula (18) below Wefe dissolved in a mixed solvent of
HoO/DMAc/AcOH = 5/20/1 to form a Schiff base (irhine 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
| NaBHsCN (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 wunits of

sugar molecules.



Conmpound 24 (1.0 nyg, 47%y| eld) inthe formof a white solid was

obt ai ned. A mass of Compound 24 t.o be obtained is 4369. 3% Iguary 2007

(Dal ton). Conpound 24 shown in general fornula (18) was observed as

a trivalent ion [ M 13Na+10H 3-.at the peak of mz 1368.93 obtained

by tinme-of-flight mass spetroneter neagurenent. Al so, the result of

NMVR spectrum rrea%tg [rent found that 8 = 7.70-7.55 (8H, m, 6.78-6.64
4 S)

(8H, m, 5.34 c;jJ33Hz)51 4 4.52
(4H, bs) 4.29 (8RO 9 4,05 (4K F?‘fg”é”gééef?m ban

3. 87-3. 80 (&16 3 L2 Ty A = r& Hom
s), 3.49 (4N G01d5R, 8, 0% Fh, 3.30- 3. 34 (%@%:@ ﬂﬁm/ -=_ %&m
m, 2.60 (1H m, 232121§(2H , 1.77 -

m. Fromthis, a structl#é5eP the Corrpound 24 wesl FohfiTiGred.

[ Exanpl e 5: An SPR neasurenent using a ligand conpound] An SPR

" measurenent was performed using Conpound 14, obtained in Exanple 2,
which is a ligand having a structure represented by general fornula
(4), where mL, n2, and nB are all 2, and nis 1. That is, by the
procedure desc |bed bel ow, a Iigand (Conpound 14) s immobilized on

a surface of <@SOMaibst r at e h a thin gold fil¥n deposited
t hereon, and iAdi n . 0 "bomp i a reconbi nant

von W/ I ebr OFla by /ADBr VW), which is

a heparin b gbser d. (5- 1 tign ofg a
ligand-intro %a sensor chip (ma d Jap
lkaser El ectyoni . . pared by depo ti | M Of~—g
50 nmthick .7 mm was l
placed in a ro anﬂ 253, /[Japan Laser

El ectronics
January 2007

l’;pro «ﬁd to ul Praviol gt rays 25
24 | eee+(18)

_Speciﬁcally, Compound 24 was obtained by the following
procedure. The linker coxﬁpound. 23 (0.5' mg, 488 nrﬁol) and
Compound 13 (2.1 mg, 2.4 pmol) were dissolved in a mixed
solvent containing water (25 pL), 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 ul) 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,



for 20 minutes so as to wash the gold surface of the sensor chip

wi th ozone. Subsequently, the sensor chip was nounted on2aJampegy|288TM
cell holder in a cell. The cell, to which 50 pL of a nethanol
solution containing 0.1 mM of Conpound 14 was added, was seal ed and
then gently shaken overnight at room _uenperature with a Bio Dancer
(product name, New Brunswick Scientific Ca., Ltd,). Thereaffer, the
cell was washempounddps(l-Qime. 1%6&%121%1@ #&F%?I%P?maﬁg & génécﬂ}fg
chip was re .the TeflonTM cell hol der. The renoved sensor
chip was th@é{s?)n]%;‘r%?lgée "in a Petri dish full of methanol and washed
twice by gently Ahalessgof Hopmoundi 88, tahee eelptadnedt e 430 at7 dAdp

was washed w t.h wat and net hapol ,in this order in._t a er

be decari bodiialfonf SpRBorEdLPa; she% g%dg?%?ﬁa&dg%ﬁ‘g%%hﬁg)( Pasnd

carrier). Thehdddeadasad rtrRfal¥@s iahl M- 18NaalOH et thifeak ofim/z

sensor chip cartri dge@ﬁl ass_prism of a surface plasnon resonance
&

apparatus _SHR@3FP3 pr ngh e bY) apHME104sHIghE o cBaSHi ¢ SSRPETOMGIET) |
B Evari Tat i , ; .
( am A At SbnlIGNPER. | Ghd HESLACHE MG IR Rl YA AENRDInt

i nteraction ween a Tigand-introduced chi rotern
phosphat e bubfard shkttd en7(PBS . 58H(FHS ) mee6Vr 8¢ .84 8Hy umhi DPbufter

bL m n at 250 oneD) (Br Gednant g oniho boheadtt FpF ng 4 (Fkke
pl asnon r eS%?“Q%%?F{BﬁE%K,M?‘Sg«{TH, @PN3 g4 HThaLedy, (B R7-BWO E6H,

serum al bunmi'n’{B serving as protein used for an SPR measurenent

was di ssol veband),tB3&3-Bubhi (BgHBuitle3.83 Bt m)plepdr(d 2418sA SHUI4 B

AP % P s, oL b Sl ol O A e Aot

flow rate off H5m),/ oidi-4.n30(PE;, £, exaM eHy aYpsheO-1it3 (4H, m).
i nteraction based on a hydrophohi¢ I nteractiqgn_between: tihe ggl d
formed on t heresy thise asstrygihuse piidg/Comppound 24 was confirmed.

[Example 5: An SPR measurement using a .ligand
compound] | |
 An SPR measurement was performed using Compound 14,
obtained in Example 2, which is a ligand having a structure
represented by general formula (4), where m!, m?2, and m3 are
all 2, and n is 1. | .
That is, by the procedure described below, a ligand
- . (Cempoﬁnd 14) was immobilized on a surface of a glass
| substrate with a thin gold film deposited thefeon, 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 Léser_
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



of the Ilgand i ntroduced chip on which the BSA solution was fl own,
and the BSA serving as a protein, a measurement was con%é@é@tyl}@p?‘lg
t he surface plasnon resonance apparat us. The, neasurenent found

al nrost no resonant angle change. It is inferred herefromthat a

bi ndi ng interaction between the protein- and the sugar can be

quantitatively eval uated because t i oduce .
i ncl udi ng tﬁ@r@ﬂrﬁ%{ﬂ’rﬂ epqs9 r"f‘tsr%ﬁ’@égl tlflﬁgc:’rcgar?‘i‘ a6e &1‘? IE‘F‘PE@H&%
of a nonspe% thC 828%@@&!)95@11@&%1%3:@1(4 Renkbpt &hip Ak mounted on a

| i gand- i ntro Anal ysis of a dissocCiation constant of
r v\\F) ExceptTetﬂrmTl‘émerH/\AFolsi@tt‘umo@a opld. Jdhwd gedkt sadwhich naOpek of a

solution (5 ntotheI| i nt u t aimn
5-1), the sarﬁét %‘8@ hoslqi%o??}?%qg/ag gaﬁi\ﬁe out(":5 mﬁoﬁﬁﬁe?ﬁ 9\9%3
rvWF sol uti Qﬂi&éﬂov&é’@ éélaﬂé@C@rl@f thée géwapdshakendueethighitpat robms

to be noted that rvWE was di ssolved in the runni ng buffer _so as.t
prepare an rigWEPEREATECWI 8hBio JdBaneRt RTPEHCEMADS, Nawt Brigswi

The rvWF sol uce?I ﬂ}%%;é nj gt £oTRREQ £tBE, sHE! @ge x%tstxk}ﬁshed six times

ligand-intro ‘At var'ying concentrations, response.
(RU; responseithni P ]lnhs:ﬁ'oknsamhannh,l mgdttéimemsoﬁuhppm@s rémuwed N

was neasure t

sol ution usidﬁl?ﬁ t’]f?é{%rtﬁ a‘"tegl C}b?]glgn#oeﬁ?l%ggm:?gg %%%?ng ugﬁlﬂ'h‘gaﬁe%??
i's shown in jGGherded!in bSPERiREsPORED dhadetharldghdtwakBegetyite bﬁ
| i gand-introduced chip wth the rvW, 10 mM NaCH was flown onto the

fsijr face of tgenily geheking t’CbGuB@ti‘lcfﬂﬁSél f Cheperitarnthe ssnsempehiniwas
t f /
owrate o g%]aﬁé (91 ﬁr%tgfj léaop%ﬁ@la%(ﬁs 'ﬁtlf on,Gapsy arﬁé F%cﬂle

bi ndi ng rate” tan 1'5€6¢] ati on Fate con
were cal culbetherushs rtgemﬂba@raeaca:tet, athed ﬁmobhalrsar]ﬁgaadpimndnced

resonance apparatus ( PR670) based. on result (Fig, |eI
obser vi ng t HEH Hﬂ%% DM Or Tg? FETIFT2W 25, H’é&i} cfj%gg

mounted on a sensor chip cartridge (glass prism) of a surface
. plasmon resonance apparatué 8PR670 (product name, Japan
Laser Electronics Co., Ltd.). '

(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 uL/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/mL. Then, 60 L of the BSA solution was
injected onto the surface bf 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



(ltgand) with rvWF. The result is shown in Table 1. (Tabl e 1) Ligand

Conpound 14 Conpound 25 Dissociation constant KD (M 1.3254'@@@3’@0876

X 10-6 Binding rate constant 6.60 x 103 8.38 x 103 ka (M’ sec)

Di ssociation rate constant 8.05 2.19x10-2 kd (sec-1) [Conparative

cE:xoarrpl eL A procedure described in Docuggnt 1 was followed to prepare
npound 25, i.e., . a ligand with,a structure. .repre ted.by. th

fol | owi ng g&#e?l'z‘a? 1\‘3&%3&“{"&%@‘96‘# ROy YeRish Eﬁlet Soltition’ Wwas

ol i gosaccharjflgnhauidgiRe HIACIdrvens eRs as eifreihya SRRy Rlenhoif tiiyas

(10). OS03Na O NHOC CO2Na O O OH \T/~\/Z OHOMHVOHNHS MQ.OHO .

NHsSeNa osogmfdmtﬁd. uginng thesurfene RRSERN TREPNEREC GRPRIHE DSBS
used instead o t [ - :
wae forl ondBSesutRETt JORRG, Himdstr Bl AES0HRY Baigte  dndoeby IS ©

‘procedure i Anférrdfd hérdixemptkaba bindiag hretactied béiaveddhéhe pmesimo
nonspeci fic interaction based %2 a hydr.ophobic intera tjbon bet ween
the |igand- iadtd ote e§UERT pCaRd Pehel %Elégﬂ‘.’elﬁr?éfv@éﬁfi&éf, 5E28PTi Hg®

e 1 e S EOTY B Sudite i sl o s rotasssc
resonance arifjeeean acdiucest ithie dihflugreet i of &i mowspedificr UNEEERALAN on
nas feasur edbetween the protein and ligand-introduced chip. o

(5-3 Analysis of a dissociation constant of rvWF)

Except that an rvWF solution was used instead of the BSA
solution (5-2) injected onto the ligand-introduced chip (obtained
in 5-1), the same procedure as in (5-2) was carried out to inject
the rvWF solution onto the surface of the ligand-introduced chip.
It is to be noted that rvWF was dissolved in the running buffer
so as to prepare an rvwWF. solution with a concentration of 125
nM to 1600 nM.

The 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 mnoted that in order to reuse the
ligand—introdﬁced chip with the rvWF, 10 mM NaOH was flown
onto the surface of the Iigand—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 constémt (ka) were
calculated, using software attached to the surface plasmon
resbnance apparatus {SPR670), based on a result (Fig. 1)
yielded by observing the binding behavior of Compound 14



usi ng the surface pl asnon resonance apparatus, so as to exam ne the
bi ndi ng behavi or of Conpound 25 with rvWF. The 25 Januar 35 8oy 2089
result is shown in Fig. 2. In addition, a dissociation constant (KD),
a binding rate constant (ka), and a di ssoci ation rate constant (kd)
were cal cul ated, based on Fig. 2, accq:gdi ng to the procedure in
(5-3) of Ex Ie 5 The n_Tabl I,t can be seen
from Tabl e 1Tl )RRy T ‘5{ dujll}he( F%ﬁﬂﬂeﬁ Sl&?ﬁvﬁl H’s%ﬁlél?:&r‘rpound 14,
i.e., the li gand (ngq@q)present Exanpl e has a hi gher affinity for
rv\WF t han t he—Hgantd=—ntroduced—chipjusing—Con UUl]d_Z'S_—T'hUS_Wth

the |igand-ihigesduced chi p of the pregsERm g, 9"6‘1‘5‘@1?’&%25
activities o gbs dh |hi
repr oduci bi | Plswﬁaﬁgi C%qﬁ% nlﬁﬁ rﬁju:?%?cw} her g?nﬁ f-‘n | y.

sui table for Bﬁycﬁa;lgl ng sﬂwctumeﬁsﬂintsugar "ol ecul es and/ or
eval uating bjological activities of syga6-6@i%tdfes. THaS3 ®I&ition
bei ng thus de%efME&8C) it will be obvidus that the |sane may be vari ed
in many ways Dm%r&éyt%hat QNS AbGsPt| to be regarded as a departure
fromthe spifit scope of the Inventigoos xangtzal | Rieb x 10-2

nodi ficati on>ka$semuld be obvious to jone skilled in the art are
i ntended to be—ncludedwthiog The cope of the foffowing clains.

| NDUSTRI AL APPLI dﬁc‘BFEP?"?aMed@%%F}H}% above, the present invention
provides a [|inkeg EPS(?@&IHPG C&Q@%ljlﬁe flﬂ“BOQH]'fﬁ@ﬁt opaldas Fonardddo
three or four unit sugar ecules wth reproducibility on
a protein- ameEznengCampoulmir @5,t hieel,i ka. lvgmdt heith nieer structure:
corrpound t he |anu of, a ecific i ract i_n
can be i gnor?d:’rglsﬁﬁ j?ynﬁbgtfé;ﬂ}?“gpﬁ %ﬁaﬂaﬁofﬁrr%u g g]ac’ml g‘icﬁtl%ﬁ{é’)%%

present invephitonod nsligdescémeridei Mefingormogndivhire aregiigsentddebyl e
i ntroduced thereinto. Wth the ligand, three or four units of sugar

nol ecul es cagemeral formula (10).

CS 03Na Q-NHOC .
COzNa
OH
0 HO

NHSO3;Na  0SO3Na
--(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 no noﬁspecific interaction based on a hydrophobic
interaction between the ligand-introd}lced chip and the protein.
Thereafter, according the procedure in (5-3) of Example 5, the
. tvWF 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 to

examine the binding behavior of Compound 25 with rvWF. The



col l ected, thereby naklng it possible to observe biological 25
January 2007 -51 activities of sugar nol ecul es with hi gh January 2007
reproduci bility. -Therefore, the present invention, using the |inker
conpound and |igand, can be applied to the biotechnology “industry to
detect interactions of bionolecules. The present inventionis

_particularly us?ful n fle|Cl;$« V\@ere chip technology and an affinity
col um are d&&Ht BF"@%é’iﬁt Bn¥ention is also wuseful in fields

where a bi oprobe 1and 43iBbes eAS@lssBteatisBdeconSXdier (HBP! bebbh@irid ehts
of the invention'include the pharnmaceutical industry, and medical

tcﬁg\lh%l ogy famna:taaqndka)s aanil ans@@@p%@onzgajgnwtg@m (kyl swere
Fol | o ng oS AP EISPa Hreed B Fgng, dtiboRide b S WrBobaREaBNng) v

X hi’vlsda St{ﬁﬁ]ﬂi@nﬁ};ﬂé% n’ghgs:eaumllé lshlmmmchérhmbrhcture noi ety

I ncl udi ng ree qr four_ hydrocarbon tive c ere th
hydr ocar bon deri J4t§3%2 BRaPeRD éeﬁll’ﬁ%ﬂ?dg \ﬁl‘ ﬁb%&ﬂg%ﬂahnﬁaog%ﬁ
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B esent o0 by L3S oL 0oLt LA b MIGR B 1, Wil
'  ligand-introduced chip of the present Example, biological
activities of sugar molecules can be observed with high
reproducibility. The ligand—inti‘oduced chip is therefore highly
suitable for revealing structures of sugar molecules and/or
evaluating biological activities of sugar molecules.

The invention being thus described, it will be obvious that
the same may be varied in mémy ways. Such variations are not
to be regarded as a departuré 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 hgand 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



(CH2)m7 O~ NH2 -HN ((cH2)m2'N .... (2) ~CHZ)rrB HO~ HNH2 3. The
| i nker compound according to Claim2, wherein m, n2, addlasgay2803] |
2 in said general formula (2). 4. The linker corrpound according to
Claim 1, conprising 25 January 2007 -53 a structure represented by
fol lowing formula (3), vvher'erm o nv, pl, and p2 are.

nb
i ndependent |y an Jnteger of 1 . H 2 CH2 OoH2) - t
C- N/~ \CHESKHYItigR rﬁ}l&%mlec % Hl%@bdeé’r?)% %’%szz C N (~
\Q2)n7  HN NH2 ﬁéef&*be | {1k erpeRRRpRUNthaeR96H] NdidiagCd ehén dinker
wherein m4, nb, nb, and nv are aII 2 and pi and’ p2 are both 1 in the

general - fommlaopa)d ganoh llggadd ahncbec appiieds te hther bierBngkeen

group of the |nker £ '
and a sugarmﬁbllsé{%l &?t%t)ég r?%%lg‘%ﬁoﬁ%he%afﬁg%%ﬁigcg%lsno?hgsLIJJJ[ eggnis
The |igand ap¢entiorg it @Ltidutesly weefal Iintfielchmgdﬁeretmhqmﬂeehml@gy
| east one klnd of su gar sel ect ed fron1theT%_ ?
and an affinity column are used present invention is also
useful in fields where a bioprobe and a biosensor are used.
Other applicable fields' of the invention include the
pharmaceutical industry, and medical technology for diagnosis

and inspections.



consi sting of a nonosaccharide, an oligosaccharide, and a

pol ysaccharide. 8. A ligand of a .structure represented b3’ f@rMgPRG
general fornula (4), wherein.m, n2;, nB8, and n are independently an
25 January 2007 -54 integer of 1 to'6. OSO3Na O p OH/ \NCH2~n¥ OH
OHNa OH 1~ 0 HON O M0 H  NHSOBNa | ©8E3Na OH O LOH SBNa 0 x O OH
-\ NCH2~n2 (MEREE-H 1 NHS OHR2Na LOH™ 2 n S MO O HN O H NHSG3Na
OS3Na OH LOH SOG3Na 0 OH NCfi21,rr8 .. (4) OWRNa OH/1~~ MO 0 HO .
NHSO8Na OSO8Na OH -HAmepdeghd linkes CHBPSN NGt 0 A ai m 8, wherein
m, n2, and nB are n i ' :
A |ligand conpri si r?gsgllﬁé%tr%tfgt ﬂerﬁgersgggwég;bni gﬁllgsﬂ ﬁ?ﬁ#‘?%%ﬂ?"?é‘é% é\iL)g

" (5), wherei whére mbis afi, intégenofdl to &pcmp® are independently an
integer of 1 to 6X¥la03800 0 OOCHHO

as 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 thereof, and a carbon-nitrogen

bond and an amide bond in a backbone thereof.
S
* CH,)
o S HN/( 2 Ncﬁ—x

o

cere (1)
0

2. The linker compound according to Claim 1, wherein
said X has a structure represented by the following formula (2),

wherein m!, m2, and m?3 are independently an integer of 1 to 6.

NH,,
H
07"“—@
- (cH
o, ——HN CH2>——u\m2 N—@ seee(2)
(cgj)ma
N
O H _Q
NH,

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

m?, and m3 are all 2 in said general formula (2).

4. The linker compound according to Claim 1, comprising



CONa OHW~L H\ MO\ CHZJ 4 OHO O HO/ NH503Na OSO3Na OH N
NaCBSO 0 O ,OH H OH2)pt OH COZNa OH N N ~CH2nB0 MeO O Zhilasmai 2007 p
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"0 OHj~2] OHO p~2Na OH N/ N~CH2/ ni{&zH 0 I\/EOHOLI/NHSO3Na

OS03Na OH ( 11. The |igand acgc aim e|n

5. D8 Januc PGS KPR ﬁx?aﬁ%vang FEABERETI (T AR
are both 1 ipet bgr genaialy 2&%&%&&5&@&& 4n RhOEkST AP 1R Bod of a
| i nker conpound,” éonprising - the steps of: “carrying out a
condensation reaction between thioctic aci @ apdnan ani ne conpound

i ncluding three or four branched chai ngNeat @ AEIHN aromatic
am no group end protected by a prot eét):/ g grodp and deprotecting

the protecting group at the aromatd c 4 group end. 13. A
produci ng met hod of a Ilganfl n‘dlrl ng the step
CH, )

?CHZ) 5
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—N | | ceee(3)
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5. The linker compound according to Claim 2, wherein m#*,
mS, mS, and m7 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, m?, and n are independe_ntly an



of carrying out a reductive am nation reaction using the |inker
conpound according to any one of CJains 1 to 5, and a su@adanuary 2007
nol ecul e. 14. A sugar nol ecul e i ntroduci ng nmethod for arranging a
sugar nol ecule ,on a surface of a supporter, said nmethod conpri sing
the step of causing a solution contaLmgng the |igand of any one of
Claims 6 to.11l to c to contact with a supporter whose surface
has a netal 1nfgge1Ao 2915 carrier which conprises.the |igand of any
one of dains OtSQal\bl |rrm)b| Ozed on_a supporter whose surface has
anmtal. 16. T G gang cly rier /dNAg @i m 15 used as a
sensor chip fogCth s r fl asQoin ragoNhan mea§urenent. 17. The

| i gand car riM=0 o & S5yused as a olum for affinity
chr omat ogr aphy. NHSOgNa OSOgNa OH 0

OSOaNa

(¢
OH
NHSOgNa OSOgNa OH

OSOgNa 0 ) _ '
a ; GOzNa OH Q—N“/(CH2 ! e (4)
0

NHSOzNa OSO3Na

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

m3 are all 2 and n is 1 in the general formula (4).

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

independently an integer of 1 to 6.

0
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NHSONa  Qso,Na O

CHy )2

....(5)

11. The ligand according to Claim 10, wherein m4, m?®, mS,

0
it
CH NH—C NH
o/ /" QN# m Ton T, |

3
]
S .

NHSONa  OSONa OH 0 ! ;
’ N’G{CHZ n
0
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and m7? are all 2, and n is 1, and p! and p? are both 1 in the

general formula (5).

12. A producing method of a linker compound, comprising
the steps of: .

carrying out a condensation reaction between thioctic acid
and an amine compound including three or four branched
chains each having an aromatic amino groﬁp end.protected by a
protecting group; and _ '

deprotecting the protecting group at the aromatic amino

group end.

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 comﬁrising the step of causing a solution
containihg 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.



