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SUGAR CHAI N ASPARAG NE DERI VATI VE 5 TECHNICAL FI ELD The pres n
Telates to a process for preparing a sugar chain asparagine der inatssve and
a sugar chain asparagi ne derivative. 10 BACKGROUND ART Conventi

techni que for degrading a sugar ch osi dase to derlﬁmummmW“
sugar chain has been utilized in tqDES PTH studies on a s “mmmw
mlligramscale such as structural analysis of a sugar chain. Howeveggop2+
since derivatives of individual sugar chains could not be obtained in a

| arge 15 anount, devel opnent scal e has been

ret arded. Therefore it has b@%%q ERODY e;nsugar chain

derivative in the synt gﬁmsq%@ ggpﬁ@giﬁg m%:ﬁgm of
pharmaceuticals. On th . a gl ycopeptide

is obtaained in a |large amobunt from an egg yol k (Bi ochimca et Biophysica
Acta I335 (1997) 20 p23-32). However, there has not been reported a case

where a fl u?ﬁ@mf@ézopmﬁbbonyl ated (Fnoc-)sugar chain derivative of a
conpound 1 , or a series of conpounds having del etions of
several sugar re [

mon- 1 educi ng ¢ or praraeR} iRl iflales 185 doflss det PpRRRe A BRFCRiR

obt ai ned i n,g,. [ 454e JefPMNe a d‘a%ﬁgﬁd&faid %aréé’lﬁéﬁeﬁ{@n@”e cases V\/nere
several sugar chiains are Isolated”in a s anount froma protein or

the like in human bl ood. However, when the sugar chain is enployed in the
manuf acture of a pharmaceutical, there is a risk of allow ng the

phar euti g?%lckg gg Agte Al DS vi rus, hepatitis viruses or the |iKke.

Ther efor e, ontroversy over the techni que of applying the
5 sugar chain to i r | es
of processes for Cgr 2%3‘5‘?%38% tg(?{% ar ns og}ﬁnéﬁ%gggﬁgﬁd ng‘éyré%@ﬁéyge t he
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there are t rocesses first is a ess I solating and

purifying age@m%ﬁﬂgﬁﬁn Y08 sALYES seh@ufhl %ﬁgpkgynofflaosr[%ra&) @hemnqrmewhose

occurring glycoprote Representative exa s type are t
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processes is tha ynthesis of the sugar chain is not necessary.
However,  Therefore, it has been difficult to apply a sugar chain derivative in the synthesis

studies such as the manufacture of pharmaceuticals.
On the other hand, it has been known that a glycopeptide is obtained in a
large amount from an egg yolk (Biochimica et Biophysica Acta 1335 (1997)

20 p23-32). However, there has not been reported a case where a
fluorenylmethoxycarbonylated (Fmoc-)sugar chain derivative of a compound 1
shown in Figure 1, or a series of compounds having deletions of several sugar
residues such as sialic acid or galactose on one of non-reducing terminals of a
branched sugar chain in the compound 1, are obtained in a large amount. In

25 addition, there are some cases where several sugar chains are isolated in a small



15 there are several defects. For instance, the sugar chain derived from
.the above gl ycoprotein is obtained as a m xture of the sugar chains having
random del eti ons of several sugar residugs i n non-reducing term nal

noi eties, and the sugar chains contained“in the above m xture are simlar
to each other in their physical and chem cal characteristics, so that it is
very difficult to separate into 20 individual sugar chains, thereby maki ng

it substantially jnpossible to,obtai.n,a single,syugar chai | ar ge
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chem cal syﬁ I'S process can eported case of

J. Seifert gleg ﬁﬁﬁ‘%‘fﬁl@@%ﬁt}éﬁdue@n ﬁﬁqu da g 1 ﬁaﬁﬂﬁletfgg Caftfifant age of

this process IS t e sugar cnaln ves can

theoretli cal %a‘i’%ﬁhﬁ%ntﬂwﬁﬁfhe abole ‘?m'xftﬁe REE Bakifir 18 Raih Spﬁ Cu’fhe?f‘or mous,

there is a ect at a synthesis In a anount is di

addi tion, éﬁ%bé dGrmitaI<Hardt é&g% maplt'lg' v)é‘f‘}‘ &?flé‘lﬁ?% $ ﬁegﬁ’{o

resi dues ar I's synt ESIZE in an amount of “several m I grans, a

time geri Odlrf?.ﬁvﬂﬁai r%ﬁaﬁ?oﬂ'ﬁaréb@'ernﬂﬁﬁ it %Hsﬁﬁfﬂia‘ll?q Wiibfe H’tgdt&nhé‘ve been

so far sone cases re several sugar chnal ns are synt esl zed em cal Iy

most of thesﬁg r%%%ﬁﬁhlm acl%ééjarﬁbfﬁ'ﬁth%ﬂséethkhﬁs'd‘éd%@%%ré'dg;% aF&Rdifl only

in an anount as several 10 mlligrams. Athird proceSs is a

process of RYNb&GSisElafdt frofits ﬁfotéﬁ%h%nﬁﬂar?@l%ﬂ”(is@ﬁhtﬁﬁ ﬁﬂm}ﬂnﬁgéﬁa@.t HON
and a chemical reaction. As a representative exanple, there is d process as

reported byHeRkbOet'dlY €luzB6k drAR9§3V\BGE'?T997)t 4631468 361atidn froid 3ngsoS3. This

process enpl oys a technlque in which a sugar chainis 15 constructed to a

certain | engtfp I raiMFBIrHRIMSMIENRSES al. ANUANEREAS §6¢., 9991921, stuit)g)l S
added to the sugar chain by an enzymatl C reaction, thereby ext endi ng’ t he

sugaraschai nin 61E Y bbtath fHeSsugAe cRATANAR remdelyma&g@alﬁbamn AXnRigionsd has
substrate specificity, the kinds of sugar whi'ch can be introduced into the
sugar chain are limted. In addition, since the preparation steps are
enornous in the 20 chem cal synthesis, a |large-scale synthesis is
difficult, so that the final product



can be obtained only in a small anmount. Alternatively, in C H Lin et al.
(Bioorganic & Medicinal Chemstry, 1995, pl625-1630), a

si al yl ol i gogl ycopeptide is obtained from an egg yol k by enpl oying a process
reported by M Koketsu et al. (J. Carbohydrate Chem stry, 1995, 14(6), 25
p833-841), and the structure of the non-reducing termnal noieties of the
sugar 5 chainis nodified with a glycosidase and a sugar transferase. A

hai n_ havi ly. i id dtgits, .

on1 educt SN Er RRFIFITB: Biyas BRERdRHS i T EEFHEH Ol BhRLs fhe ibein

Ho : [ th ted in J..Carboh te. Chem stry,
1995, 14{ 6) 5% B8 Bataminafady i GAIES Sirys or bipstiis VreRSh AIEHTo thber ae
bound to a NERCHEGLERYE (e HARE SHER aribcind Sty ver BiErbinden, sugar

hain derivati t .be obt ai ned i ngl d. Al th i
not suggest Ry IRTPT AL AhaTRAPsI T JEYerbiEThe Shgar chabE itz CRIRBEAARE havi ng
arbitrary deletions Oh&$h% ﬁﬂgar re idgﬁi im the branched sugpr.lo chai n of
the bPanchi AEESHGARNt HthStrcuLes aty milady and anngass W ReTE syparcchains aeq, o

. d R i t hat, . hai n_i bt aj ned i ngl
or oduct - v-derypRgSMNerEot BEAGE matd Bas BP Arudo s et Bt A8Ra0nds” (Nar cel
Dekker, Inc, 9?7 I SBN 0-8247-9S31-8, p.79-205) that if the trifurcated
sugar chai rf‘ugﬁhﬂ l@uyleéusé'equentl ally treated froma terminal with a
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preparing a 25 sugar chai n asparagi ne ivati ve, i sol ated
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sugar chal SIS I Blgle 1 %Qa%ﬁg%)uga@S%OMncﬁgﬁfee .“fr%irﬁcfrﬁ‘é og}!ﬁg rtlgez sugar

chai n asparagi ne ives, e conveni entPy obtained in

amount as cymahGH 56, WhRRSs agirghﬁupﬁia rigd! 4 hydalzlde &gg&&%fon%hg%n H’«fl% the
present |nv_ent onisto _pI‘OVI e a nove sugar chaln a aragl ne erivatl ve,
a sugar chaj nmilﬁz%eamﬁ§ ﬂgdﬁa&ﬁ]@imgngp t6XRI &b tHAP e ieh pr%q}éﬁa Rraayt

invention relates to: (1 process preparing a suga al n aspargi ne

derivative QREn WRereShRifebupP Bhaif WRHDLAIOR AHIRA 10 AYREALARI Gl ! BPS O

(a) introducing a fat-s e protecting group into the sugar chain _
aspangi ne 1jhecaRtahiRaHoh Bf 2 tPicktaMiSurRlof NER MrabRce I_ﬁlé%ftiﬁ?&é(‘% par agi nes,

to give a mxture of sugar chain asparagi ne” derivatives; subj ecti ng

the m xt ur ectafin aeﬂaatimadgrth@%aﬁf ahafsé,esda'exxfd ha&—*@mﬁc@smmfagfﬁsmai nabl e

by hydrol yzing a sugar chai n asparagi ne rivative contained in the m xture

of sugar chgdihdSRBEGhEAmMeddnlY & b BRIl &gt 0gr aphy, to 20 separate

each of the sugar chal n asparagi ne derivatives therefrom (2) the process

according to theaaBeysd gﬂdoes§ rd ﬁ‘l%beﬁ%ﬂ)srgjnﬂid%&iﬁ st %pcl&filé(:ﬁérhicallg. (b)

hydrol yzi ng the sugar chain asparagi ne dérivativ arated I1n ste

with a gl ycoghe@@ a construction of about 10 sugars prepared by combining

25 monosaccharides according to a chemical synthesis process can be made as



(3) the process according to the above (1) or (2), wherein the m xture of
.one 25 or nore sugar chain asparagi nes conpri ses: C 8 and/or a
conmpound havi ng one or nore del etions of sugar residues in the above
conmpound; (4) the process according to a%y one of the above (1) to (3),
wherein the fatsoluble protecting group is fluorenyl net hoxycarbonyl (Fnoc)
group; 5 (5) the process according to any one of the above (1) to (3),

Chat - asparsloe aonieaoried cahe Bt fi SeifirLott et Chesl 4t igh 0Bigedd, °“%
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gl yc | dase %5 8& The process according to the above (6) or (7), wherein
t he xturemb1 or nore sugar chain asparagi nes conpri ses: 10

A third process is a process of synthesizing a sugar chain by combining an

enzymatic reaction and a chemical reaction. As a representative example, there
is a process as reported by Carlo Unverzagt, Angew Chem Int. Ed. 1996, 35,
p2350-2353. This process employs a technique in which a sugar chain is

15 constructed to a certain length by chemical synthesis, and thereafter a sugar
residue is added to the sugar chain by an enzymatic reaction, thereby extending
the sugar chain. However, since the enzyme used in the chain extension has
substrate specificity, the kinds of sugar which can be introduced into the sugar
chain are limited. In addition, since the preparation steps are enormous in the

20 chemical synthesis, a large-scale synthesis is difficult, so that the final product
can be obtained only in a small amount. Alternatively, in C. H. Lin et al.
(Bioorganic & Medicinal Chemistry, 1995, p1625-1630), a
sialyloligoglycopeptide is obtained from an egg yolk by employing a process
reported by M. Koketsu et al. (J. Carbohydrate Chemistry, 1995, 14(6),

25 p833-841), and the structure of the non-reducing terminal moieties of the sugar



G 11 and/or a conpound having one or nore del etions of sugar residues in
.t he above conpound; (9) the process according to any one of the above (6)
to (8), wherein the fatsol uble protectlng group is Fnoc group; 5 (10) the
process according to any one of the above (6) to (8), wherein the step (a)
is a step of introducing Fnoc group into the sugar chain aspargine
contained in a m xture of one or nore sugar chai n asparagi nes having a
sialic acid residue at a non-reducjn mnal, and intr duch$g@Henzyl

group into €hainds maditied math aglygqaida "oa ¢ sugardranstgrasey

asparagi ne derivatives; 10 (11) ocess for arin ar chai

conpri si ng hangoaby ope asxﬁygmﬁﬂ%ai epqupd. tgd&mnegeﬁspgg&erwgl r oup
into a sugar chain aspargine contajned in a jixture of opme or nore sugar
chai n aspar BWi¢l¥ds shewgiil @ dawing ﬁf @‘%?“%aﬁl‘)w&% aﬁ%?)&'%%@‘e&gf’??ﬁét i ves;
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aspar agi ne; _and 20 (d) an.as ara ne resi due fr t he su r chai n
aspar agi ne GBEEIAk 3; SHgi“h 2‘8“{"%‘)“’3 gopppéngcﬂg%gs § ROmpeY 'the
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asparagi nes af does not glve any evidence that a sugar chain is obtained as a single product.
Y. Ichikawa mentions in Glycopeptide and Related Compounds (Marcel Dekker,
Inc., 1997, ISBN 0-8247-9531-8, p.79-205) that if the trifurcated sugar chain
complex is sequentially treated from a terminal with a glycosidase, sugar chains
15 can be sequentially removed from a non-reducing terminal of the sugar chain,
thereby giving various sugar chain derivatives. However, how the individual
sugar chains are separated after the enzymatic treatment is not described, and the
synthesis is limited only to those having uniform branching. Therefore, even
with this process, it is thought that the individual derivatives of the compounds

20 having arbitrary deletions of sugar residues in the branched sugar chain of the

branching sugar chains cannot be obtained in a large amount.

DISCLOSURE OF INVENTION
An object of the present invention is to provide a process for preparing a

25 sugar chain asparagine derivative, whereby various isolated sugar chain



13 14 and/or a conpound having one or nore del etions of sugar residues
.in the above conpound; (14) the process according to any one of the above
(11) to (13), wherein the fat-soluble prgtecting group is Fnoc group; 5
(15) the process according to any one of “the above (11) to (13), wherein
the step (a) is a step of introducing Fnoc group into the sugar chain
aspargine contained in a mxture of one or nore sugar chai n asparagi nes
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for preparing a sugar chain asparagine and a process for preparing a sugar chain
5 via a step for preparing a sugar chain asparagine derivative, whereby various
isolated sugar chain asparagines and sugar chains, which are useful as much as
sugar chain asparagine derivatives, can be conveniently obtained in a large
amount as compared to those of the prior art. Still another object of the present
invention is to provide a novel sugar chain asparagine derivative, a sugar chain
10 asparagine and a sugar chain.
Concretely, the present invention relates to:
(1)  aprocess for preparing a sugar chain aspargine derivative derived from a
sugar chain asparagine, comprising the steps of:
(a) introducing a fat-soluble protecting group into the sugar chain aspargine
15 contained in a mixture of one or more sugar chain asparagines, to give a
mixture of sugar chain asparagine derivatives; and
(b)  subjecting the mixture of sugar chain asparagine derivatives or a mixture
obtainable by hydrolyzing a sugar chain asparagine derivative contained
in the mixture of sugar chain asparagine derivatives to chromatography, to
20 separate each of the sugar chain asparagine derivatives therefrom;
(2) the process according to the above (1), further comprising the step of (b’):
hydrolyzing the sugar chain asparagine derivative separated in step (b) with a
glycosidase;
(3)  the process according to the above (1) or (2), wherein the mixture of one

25 or more sugar chain asparagines comprises:



I s excluded; (17) a sugar chain asparagi ne derivative having the general
formula: Rx O~ OH -0' NHAc I3HAc RY s n. Fnb ¢ wherein one of R' and RY

is. nn 16 ~1 o r~o AMO o MO~ diN ~p O 10 and the other is H  HO HC?.
HDn HO ti 01 ~ H H~~ Nhi Ac AeHN Hp OH HOQJ 'O 9 17 ~,0 r~H~ OH HO HOO O O
'HO
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or 10 ~"~~Q .Q H-7 (18) a sugar chai n asparagi ne having the general
formula: R3 15 ~ ~~ ~HH ~nl~~1 ~cHt~ R4 20 wherein R3 and R4, which may
be identical or different, are H N-3 ~ 18 10 or 15 with proviso that a
case where R3 and R4 are both 20 or 25 8 19 is excluded; and (19) a
'sugar chain having the general formula:

and/or a compound having one or more deletions of sugar residues in the above
compound;

(4) the process according to any one of the above (1) to (3), wherein the fat-
soluble protecting group is fluorenylmethoxycarbonyl (Fmoc) group;

5 (5) the process according to any one of the above (1) to (3), wherein the step
(a) is a step of introducing Fmoc group into the sugar chain aspargine contained
in a mixture of one or more sugar chain asparagines having a sialic acid residue
at a non-reducing terminal, and introducing benzyl group into the sialic acid
residue, to give a mixture of sugar chain asparagine derivatives;

10 (6)  aprocess for preparing a sugar chain aspargine, comprising the steps of:
(@) introducing a fat-soluble protecting group into a sugar chain aspargine
contained in a mixture of one or more sugar chain asparagines, to give a
mixture of sugar chain asparagine derivatives;
(b)  subjecting the mixture of sugar chain asparagine derivatives or a mixture
15 obtainable by hydrolyzing a sugar chain asparagine derivative contained
in the mixture of sugar chain asparagine derivatives to chromatography, to
separate each of the sugar chain asparagine derivatives therefrom; and
(c)  removing the protecting group from the sugar chain asparagine derivative
separated in the step (b), to give the sugar chain asparagine;
20 (7)  the process according to the above (6), further comprising the step of:
(b’) hydrolyzing the sugar chain asparagine derivative separated in step (b)
with a glycosidase; and/or
(¢’) hydrolyzing the sugar chain asparagine obtained in step (c) with a
glycosidase;

25 (8)  The process according to the above (6) or (7), wherein the mixture of one



R5 5 ~-- ~HR6 10 wherein RS and R6, which may be identical or different,
.are H, 20 10 15 HN or Nwth proviso that a case where RS and R6 are
bot h 5 10 15 or H 20 or one of RS 06 R6 is Hand the other is ~a' '~ is
excl uded. 21 25

or more sugar chain asparagines comprises:



22 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows a group of structures
.of sugar chai n asparagi ne derivatives obtainable according to the present
invention. Figure 2 shows a group of structures of sugar chain asparagine S
derivatives obtainable according to thel%resent invention. Figure 3 shows a
‘group of structures of sugar chain asparagi nes obtainable according to the
present invention. Figure 4 shows a group of structures of sugar chain
aspar agi nes obtai nabl e according to the present invention. 10 Figure 5
shows a group of structures of sugar chains obtainable according to the

present invention. Figure 6 shows a group structures of sugar chains
obt ai nabl e according to the present inven n. Figure 7 shows an exanpl e of
a step in the process for preparing a 15 gggar chain asparagi ne derivative
according to the present invention. Figur shows an exanple of a
conversion step of a sugar chain asparag derivative wth various
gl ycosi dases. Figure 9 shows an exanpl e of conversion step of a sugar
chai n asparagi ne derivative with varigu yeosi dases. 20 Figure 10 shows
an exanpl e of a conversion step of a @ug ai n asparagi ne derivative with
vari ous glycosidases. Figure 11 shows\a xgpl e of a conversion step of a
sugar chai n asparagi ne derivative with v, ous gl ycosi dases.
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Figure 12 shows an exanple of a step of renobving a protecting group 25

. (Fnmoc group) froma sugar chain asparagi ne derivative and an exanple of a
23 step of renoving an asparagi ne residue froma sugar chain asparagi ne.
BEST MODE FOR CARRYI NG OUT THE | NVENTI ONIone of the features of the process
for preparing a sugar chain asparagine 5 derivative of the present
invention resides in that the process conprises introducing (binding) a

fat-sol ubl e otectin roup.into (to) a,sugar chain asparagi ne derived
from for |#A/aREEOMPOKES Baking onkes mrndclgHORy oF Shedr residhetiarthe Bhoue sugar
chai n asparagi ne contained in a mxture of sugar chain asparagi nes obtained
from aspara?ﬁfﬂﬁo‘ﬂlifge sugar chains, to give a mxture of 10 sugar chain

aspar agi ne rivatives, and thereafter separatin e mgxture.into_ each of
Ehe sugar ol n' Beypipains pecercing i mcens 9 e e Ghin) e Wierein dbaran; ne:
as used herein refers to a su alg‘]@chai n having asparagine in a binding
state. Al scsolubple Rremmaﬁa\l%gﬁ Of iU ugar chain" refers to a group of

sugar _chai ns in each of which, N acetyl gl ugqsani ne i stj.ng.in.a reducin
Core fal i S0y i RIonsssacspyins fgany pile E S abote EXladnihercit shesiep |
aspar agi ne n) in ool ypeptide of a protein, wherein the,gro of sugar
o0 iy claand sish ot Biodp SRk rad Erobp gy fqNuehs chaipdepueits sattaed L or m
"sugar chain asparagi pe derivative" refers to.a sygar chain asHara i ne
having a f oA BIEIGOhPBE OF MG SHEaCPaIm aspacegifies BAVIRE Aidlie A dqpsidue

asparagi ne residue. ,A.so, in the 20 structural fornula of the.conpound,
o denoticena gediein gl Snd iriaduciia byl SEUR R heualfli€ RGN dor f ved

froma natural occurrin | ycoprotejn is a mxture of sugar chains having
random del eEqSBJr\é’H?glé’ﬁg"amg’thﬁelﬂﬁg’éaéFh?\‘BrﬁSP%@&& TAUYEHal s. The present

i nventors have surprisingly found that fat-sol uble protecting group is
nt r dfuced (rido & PERRSSS IBIPRAIRS p SUBALChaR, SOMIPTSRE 8 PTRE r r | ng

gl ycoprot ei concretely a.sugar, .chai n asparagi.ne 24 contained in a
mixture of @gar MERSRILER A SHNRIE Protgoinheronpinia & FRSasIRILATESRINE | ng
sugar chai n asparagi ne .derivatives. into which the protecting groups are
i ntroduced can b&® QEHQF‘)}née‘BHﬁI‘é‘Fe% M THAPTA Jear Cgﬁaé‘tsp%rﬁ&r%sa@p%‘gﬁé‘i ne

derivatives by neans of .a known chronmatography. As a result, each of the
sugar 5 chain as/U¥HLs HES‘EF@Fngg]E’iQFBQ‘I%éWgﬂ%‘%é%B?%er sity of structures can
be prepared,in a l.arge anmount. For. instance, the sugar. chai n asparagi ne
der | vat | ves@lavi SHPIGHRE U TRIXt e R EEE ChAlR SPATAGHIC LB AL BRI PURGITE y

Corpdinas 5"ana SoGHGHE BT RHARIFETRY Ul RS ARt Al

. i, i 10, |. . iti ,
oo R R e P Yot Dt P e el ARy b
nor e Y, or 1 nstanc I enm n t he ugar _resl dues. .0m e esu tlng sugar

b f . Se Eie elelfl}ée n ilﬁs id fFl ﬂ;g:r It

chatn"aspar g ne QR B QR FAPAD R G Y00 R i encr oo
o o ol B ARG A A Spafl AR
aopar a0l ne * 0, SeLINRGA Ty S . 1 DR ARAPERRN S pabRlhs oD surel y due
o VS d)® | PR AARE kATl AR S P lud P End s BRIR SRR 10

reverse phase co{n %@@{%ﬁ%g%&ﬁ@}(%ﬂaiﬁ hereby resulting in even nore

sensitively separati ugar thai n asparagi ne derivatives

S Y SR SR R e oy
prf 1 01y, 994 bl SRl BRI S Sbou bkl oy . (e

whi ch two benzen@ithiap%?waﬁgagéogﬂg/&o the 5-nmenbered ring 25 center. For
instance, it is thoug that & very strong interaction with octadecyl

25 (c’) hydrolyzing the sugar chain asparagine obtained in step (c) with a



25 group in ODS colum is generated, the ODS col umm bei ng one of the
_reverse phase colums, whereby the sugar chain asparagi ne derivatives
havi ng anal ogous structures can be separated. Further, according to the
present invention, there can be obtai ned? conveniently in a |arge anmount
‘various sugar chain asparagi nes by renoving the protecting group of the
resul ting sugar chain asparagi ne derivatives, and al so vari ous sugar chains
by renoving the asparagi ne residues fromthe resulting sugar chain
aspar agi nes, as &¥5esif#ws apdlosw, Concretely, the process for preparing a
sugar chain asparagi ne derivative 10 according tq the present. .invention
conprises t{§e) st obfzing the Sugar 6’6‘{}8@2’6&8‘3&&% g@BR%Wéthﬁ’r £e8idase: gr oup i nto
t he sugar chain asparagi ne contained in a mxtu of . one qr nore sugar '
chain as par@ébne@,e H’BC‘*gﬁS\PéC%“ﬂﬁ'&fQJ&@ abovE (4 Orc{w@i)’nwggrﬁg}glﬁrﬁé’“ﬁgr? atives;
and (b) subjecting the m xture of sugar chain asparagi ne derivatives or a
m xture 15 @M OF KOBE SUGAF ORaHT FIPAABIRCSCUNBHICSe hai n aspar agi ne derivative
contained in the m xture of sugar chain asparagi ne derivatives to

chromat ography, to separate each of the sugar chain asparagi ne derivatives
therefrom The m xture of one or nore sugar chain asparagi nes usable in the
step (a) 20 is not particularly limted, as long as the mxture is a

m xture of one or nore sugar chains each having asparagi ne in a binding
state. For instance, the m xture may be a m xture of one or nore sugar
chains to which one or nore asparagi nes are bound. Anong them the m xture
of one or nore sugar chai ns havi ng asparagi nes bound at reducing termnals
is preferred fromthe viewpoint of 25 facilitation of availability. The
term "sugar chain" as used herein refers to a 26 sugar chain in which two
or nore nonosacchari des are bound. The m xture of the sugar chain
aspar agi nes can be obtained by a known process, preferably by obtaining a
m xture of glycoproteins and/or glycopeptides fromnaturally occurring raw
materials, such as m |k, bovine-derived fetuin or



5 egg, and adding to the m xture an enzyne such as protease, for instance,
_pronase (manufactured by Wako Pure Chem cal Industries, Ltd.), Actinase-E
(manuf actured by Kaken Pharnaceutical Co., Ltd.) or a general

car boxypepti dase or amninopeptidase to ch¥ry out a reaction under known
reaction conditions to cleave a peptide noiety, thereby giving the m xture
of the sugar chain 10 asparagi nes as a reaction m xture after the reaction,
or further renoving the conponents other than the sugar chain asparagi nes
fromthe reaction m xture by a known process, such as purification process
usi ng various chromat ographi c nethods using gel filtration colums, ion
exchange colums and the |ike and a high-performance |iquid chromatography
(HPLC), thereby giving the m xture of 15 e sugar chain asparagi nes as a
resulting product. Fromthe viewpoint of e facilitation in the
preparation, it is preferable that the alyme m xture is prepared by using a
known egg-derived gl ycopeptide [Biochinic,i-t Bi ophysi ca Acta 1335 (1997)
p23-32; crude SGP (a m xture containing Wgpbteins in egg yolk, an inorganic
salt and the like, wherein the glycopeptidqe is contained in an amount of 20
fromabout 10 to about 80% by wei ght )e. it is nore preferable that

t he sugar chai n asparagi nes cont ai necgi m xture are hydrolyzed to
previously cleave a part of sugar residuey ®hereof, fromthe vi ewpoi nt of
efficiently obtaining the sugar chain fir agi ne derivatives having desired
sugar chain structures. The degree of t
limted as long as the structure is retadMed within the scope of the 27
term "sugar chain" as used herein. The m Xture obtai ned as descri bed above
includes, for instance, a m xture conga 13561c0np0und 24 shown in Figure

3 and/or a conpound havi ng one or nDr ons of sugar residues in the
above conpound. In this case, the uppq of del etions of sugar
residues fromthe 5 conpound is 9, from#he vi ewpoint of retaining the

n in the conpound. For

in a mxture of the sugar chain asparagi nds containing the conpound 24
(hereinafter referred to as a conpouno.%;’n1xture) by subjecting the

m xture to 10 an acid hydrol ysis_ig-t¥e \"&nner as descri bed bel ow, and
Dd P Figure 1, which are

fati ves, can be obtai ned

44

AOPLAPr | at gy™a t of an about 0.1 N aqueous
()

acidic solution is added (W& Soggpound W4
reaction, for instance, ™ t@R100C. Duryng thexreaction, with
) ﬁ"f | ayer chromat ogr aphy
; ), ethyl acetate :

noni toring the progress of v ol§&ic react i g
(for instance, silica gel #0FZ54 (manufac

pe reaction i s stopped
ed in the | argest

met hanol : water = 4:4:3 I&®4ng used as an®
g3Bti on may be stopped22Wgtafter about 5 to 10
hours under the conditiont{ ®&**25C, or after about Ar ad« M nutes under the
condi ti on of 100C. Pref e the reaction is carrg Put at 70C, the
st es after the beginning §f€the reaction, and the
gapi dly. The reaction can pEe
ol ution. In additi onm.tfcl#bove acid i s not

efficiently. For instancem

28 hydrochl oric acid,
id, a cationic excha
Y mlarly, a conpou 3
in the above m'xt[§e.
ve 5 aqueous acidic sol

and organic acids su
acid and trifluoroac
solid reagent and th&| i
obt ai ned fromthe conpoun
appropriate anount o
compound 24 nixture, R/ he g&ti on is carried ou
reaction is stopped at & ably 60 ninutes af
reacti on. The hydrol ys®™ nmy al so be carried out ically. The enzyne
used in the reaction is preferably a glycosi dase, sand ah enzyme of either
endo- or exo 10 reaction fornms can be used. For instance, when the
conpounds 25 and 29 are obtained fromthe conmpound 24 in the sane manner as
descri bed above, a sialic acid hydrol ase having an activity of cleaving
sialic acid at a term nal can be used. The enzyne is not particularly
limted, and the enzyne nay be any of comrercially avail able enzynes, newy
i sol ated enzymes, enzynes generated by

ric acid, nitric
sin, an insoluble

an be efficiently

[ nstance, an

éé is added to the
'rably at 80C, and the

egi nning of the




15 nmeans of genetic engineering and the |ike, as long as the enzyne has the
~above activity. The enzymatic reaction may be carried out in accordance
with a known condition. During the reaction, the progress is nonitored by
thin |layer chromatography in the same nbhner as described above, and the
~reaction nmay be appropriately stopped at a point where the conpounds 25 and
29 are obtained in 20 the |l argest anmounts. The fat-soluble protecting group
is introduced into the sugar chain asparagi he cgontained in the mxture of
sugar chai Andleparcagpeaad fEaving o ohmere delesions oh sugargesdyes inblhe abeyde. The
protecting group is not particularly limted, and there can be used, for

i nst ance, €oWpPBBkat e- based or ami de- based protecting 25 group, such as
Frnoc group, t-butyl oxycarbonyl gBoc) group, beni%g 8ro al 1yl 29 group,
al 1 yl oxycaft¥onathe prosess acserdingtg pnyoae ot the ahaved 1y (k)i whetdinthe he

resul ting sugar chain asparagine}%grivative can be imredi ately used in the
synt hesi s Eit-sellde ipretgctng esptpisilgaoc griiPabove protecting group is _

pref erably Frnoc group, Boc gr.oup or the |ike, nor referably Fnoc group.
The Pnoc 5(kPoupls Rrosspserscardipede fa@xpm@f\nﬁ%ﬁbqwe(relé?&(Js%)swhﬁrqlﬂéh%ugar
chain a sugar, such as siali¢ acid, which is rﬁlative unst abl e, under acidic
condi t i onsStePHB) 157 $16BO¢ dREPAUAING KBS SFOUP dRIAFNE SBER GhHRYN BPAERWE ed out
according to a, known process_(for instance, Protecting{%ﬁoups in Organic
Chemi st ry, CORRHOM/INA MEXtUEQf PRgor mQsssugATichayvasparagifieshaviag 8 s9C.6) . 10
For instance,, when Fnoc group is used, . an apprqpr.iate anount of acetone is
added to tﬁ%‘drFFi’f’HFétE&Q%a‘ieaﬁﬁ‘&géﬁ%ﬁnabW&ﬂdgg{gg‘g‘ﬂ%i gy group into the
9-fluorenyl net hyl - Nsucci ni m dyl carbonat e and sodi um hydrogencar bonate are
fur ther  ad SEHCARE BRISUGR 1P BIVEGOMPRHIC G haah SRRIBraSERTaBHIE SEIANVERg m xt ur e
i's sybject to _a binding reaction of Enbc groyp to an asparagi ne residue
at 28t vmgf@by atsr-}gaq:&.}?egfgpgpgwﬁ deziy aEge ﬁﬁ?ﬁﬂsgﬁegan?fﬁl g’rgﬂ’éaas par agi ne
resi due of the above sugar chai n asparagi ne. According to the procedures
descri bed above, a m xture of the sugar chain asparagi ne derivatives into
each of which a fat-goluble protecting group is introduced is obtained. 20
Next, in the ste b;, the m xture of the sugar chai n asparagi ne
derivatives is sURjected to a known chronat ography, especially a fractional

chr omat ogr aphy, tgdaseparate of the Hr chain asparagi ne derivatives
therefrom In t chai n asparigjne derivatives

obtained in ;ﬁg t erfmalYvd)y .Ct here
p - al (N aspdr §nj]d'éri vm\gs Cobt ai ned

may usedl ' H S

by futther subjecting sugar AbHNN 30 aéB%“bgine derivatives contained in
t he above m urg to hydrolysis to previously cleave a part of the sugar
resi dues thege€of ™ fromthe viewoint of efficiently obtaining sugar chain
asparagi ne derivatives having the desired sugar chain structures. The

degree of the cleavage of the sugar residues is the sane as that 5

descri bed gve. 4mn et on h I ol ysi e canried out in the sane

manner as ggi?ﬁd%dmﬁggvgﬁﬂ¥%ﬂﬁ?fBFﬁ%%ﬁFﬁﬁﬂiﬂﬁg%ﬂﬁoWﬁ >3 and 7 are

obt ai ned, the m xture containing conmpounds 2 and 6 is subjected to

hydrol ytic treatment with a gal act osi dase, instead of separating the

conpounds 3 and 7 fromthe m xture, 10 whereby the conmpounds 3 and 7 can be
: esulting m xture by HPLC, and each of

) i sol ated product in a | arge anount. The

separation of eat\ Tl e patagi ne derivatives by chromat ography

can be carried 3 I”‘J' i ' ¥ HEHN Chr omat ogr aphi es, singly
iINOF, hE A \nstance, the resulting

m xture of sugar chai n"asparagi ne der iHRds Fs Puri 8 ed by a gel

filtration columm chromatography, and then :  Using HPLC. The

col um whi ch can be used in HPLC is preferabl yya 8 phase columm, for

i nstance, ODS, phenyl-based, nitril e-based, or # ' pange- based 20

colum, and concretely, a nonoQ col unm manufactured by Pharmacia, latro




beads col um manufactured by latron can be utilized. The separation
.conditions and the |like nay be adjusted by referring to a known condition.
According to the above procedures, each of the desired sugar chain
aspar agi ne derivatives can be obtained ¥romthe m xture of sugar chain
- ‘asparagi ne. derivatives. Figure 7 25 schematically shows an exanple of a
step in the process for preparing a sugar 31 chai n asparagi ne derivative
of the present invention. Furthernore, the sugar chain asparagi ne
derivative havi n$¥fd desired sugar chain structure can be efficiently
obt ai ned by hydraljyxi ng t he sugar ai n asparagi ne dergNat iAsg separated in
the step (b) *f b . Rap-i,BtANce, in the 5 stag
sugar chai n asp&fat “Q
can be roughly separ at gfig byH®
aspar agi ne derivatives contained
chain asparagi ne derivatives ar N . :
hydraol ysis with a gl ycosi dase, @S0y t helsugar chai n asparagi ne
deri vati ves having the 10 degired sugar chain structures can be efficiently
obt ai ned. Here, the hgﬂ 3’8 can be carried out in the same nmanner as
descri bed @bove. Especi'g At Is preferable that the hydrolysis is
aCh A4 of which cleavage node of the sugar residues
S nore efficiently obtaining the sugar chain
asparagi ne derivatives having. the desjred sugar chain 15 structures. For
i nstance, TH& RGN m,ceﬁe\?hge d§re2b‘§ﬁd 6 to the compounds 3 and 7
by the renmoval of fHe gal actose residues (Figure 8) can be acconplished by
di ssol ving the corMpbunds 2 and 6 in a buffer (for instance, phosphate
buffer, aceteuﬁxgnﬁﬁa‘ or the like), and carrying out
cl eavage reacti qgypo residues with a gal actosidase in

Bl eg It is preferable that a
commerci ally avail abl e known exo- f bkl me is utilized for the

gal act osi dase used in this react g™\ the enzyne nay be a newy

i sol ated enzynme or an enzynme genert Beneti c engi neering, 25 as |ong
as the enzynme has a simlar activity. Next, in the sanme nmanner as 32
descri bed abovikkgﬁe reaction solution obtained after the reaction (a

m xture ofl%ﬁﬁf ai n asparagi ne derivatives of which sugar residues are

cl eayed) be_subj ected to chromat.ogr.a to.give each of ,sugar chain
Sspaiag) nelhr | o SUBYEGIEE ah S R TRHOHTE Rivibl e R e s eparat i on
is carried out by HPLC (ODS 5 colum, eluent being a 50 mM aqueous ammoni um
acetate : acetonitrile = 82:15). The conversion of the conmpounds 3 and 7 to
the conpounds 4 armh8Xy the renoval of the N-acetyl gl ucosam ne residues
(Figure 8) can be conpl i shed by dissolving the compounds 3 and 7 in a
buffer (for instande, phosphate buffer, 35 ate buffer, Good's buffer or
the like), and c } age r n of 10 the N-acetyl gl ucosam ne

Rt B e L

i
condition. A
7 be m xtufes of th or i pgipedual | yNHALBated conpounds. It is

prefiérable th afgonnercially aval | abl e known exo-formenzyne is utilized
for each enzyEEst dinthis reaction. Al so, the enzyne may 15 be a newy

i sol ated enzy or an enzyne generated by genetic engineering, as long as

t he enzyrrem%iﬁo%iergflﬁrar&pﬁvﬂbty. Next, in the sanme manner as descri bed
above, the reaction solution obtained after the reaction (a m xture of
sugar chai n asparagi ne derivatives of which sugar residues are cleaved) is
subj ected to chromatography to give each of sugar chai n asparagi ne
derivatives. For instance, 20 it is preferable that the separation is
carried out by HPLC (ODS col um, eluent being a 50 mM aqueous ammoni um
acetate : nethanol = 65:35 or a 50 mM aqueous anmoni um acetate :
acetonitrile = 82:15). The conversion of the conpounds 4 and 8 to the
conpounds 5 and 9 by the renoval of the mannose residues (Figure 8) can be
acconpl i shed by 25 di ssolving the conpounds 4 and 8 in a buffer (for

i nstance, phosphate buffer,



33 acetate buffer, Good's buffer or the like), and carrying out cleavage
.reaction of the mannose residues with a mannosi dase under a known
condition. The conpounds 4 and 8 may be a m xture of these or individually
i sol ated conpounds. It is preferable th¥ a commercially avail abl e known
-‘exo-form5 enzyne is utilized for the mannosi dase used in this reaction.

Al so, the enzyne nay be a newy isolated enzyne or an enzyne generated by
genetic engineering, as long as the enzyne has a simlar activity. Next, in
t he sanme manner as descri bed above, the reaction solution obtained after
the reaction (a m xture of sugag ngain aspar agi ne derivatives of which
sugar residues are cleaved) is pLIbj ected to chromatography to give each
of sugar chain asparagi ne deri yatdes. For instance, it is preferable that
the separation is carried outgZby HPLC (ODS colum, eluent: there can be
used, for instance, a m xed sblution of a buffer such as an about 10 to
about 200 nM ammmoni L gUand a wat er-sol ubl e organic solvent with fat
solubjlity such £% et hanol, or nethanol, or butanol, 15 or
propahol in appropN n exenplified herein, it is preferable
that the el uent ifl i cet afNHAgcetonitrile =
82:18.). The con ¢ .G 0 npound 11 by the
renoval of the da esi dues (Fi dDHe HD Lconpl i shed by

di ssolving a conmpound 10 in a buffer (for instahlﬁ's',s ptcssphate buffer,
acetate buffer, Good's 20 buffer or the like)H i ng out cl eavage
‘reaction of the gal actose residues with a gal aH@sT0aseyi n accordance with
a known condition in the sanme manner as described above. It is preferable
that the separation of the sugar chain asparagi ne derivatives fromthe
reaci'on sol§t$on obtakged after the reaction (a m xture of sugar chain
aspatgi ne B8RS QM AE o whi ch sugar residues are cleaved) is carried 25
out by, for instance, HPLC (ODS col umm, eluent being a 50 nM agueous 34
amoni um acetate : acetonitrile = 85:15). Al so, by further hydrolyzing the
conpound 11 with an arbitrar - ycosi dase, the conpound can be converted

into various sugar chain agpar&yi ne derivatives (for instance, conpounds
11, 12, 13 and the like). 5 conversion of the conmpound 11 to the
conpound 12 by the renoval he N-acetyl gl ucosam ne residues (Figure 9)
can be acconplished by di §sol ving the conmpound 11 in a buffer (for

i nstance, phosphate buffeiy acetate buffer, Good's buffer or the like), and
carrying out cl elge ctiogyg@f the N-acetyl glucosan ne residues with an

N-acetyl gl ucdd se under a wn 10 condition in the same manner as
descri bed abo%ﬁ u ' nfi tRhat the seq&&a&%on of the sugar chain
aspar agi ne d%‘i@é ' bt ai ned after the

o] ti
reaction (a eH® sugar chain 5§ﬂ3 jvatives of which sugar
residues are cleaved) is carried o A I ce, HPLC (ODS col um,
el uent being a 50 nmM aqueous amoni um acet onitrile = 8S:18). 15
The conversion of the conpound 12 to the by the renoval of the
mannose residues (Figure 9) can be acconpli'shed by dissol ving the conpound
12 in a buffer (for instance, phosphate buffer, acetate buffer, Good's
buffer or the like), and carrying out cleavage reaction of the mannose
residues with a mannosi dase in accordance with a known condition in the
same nmanner as 20 described above. It is preferable that the separation of
each of sugar chain e derivatives fromthe reaction solution
obtained after the FrEg { a milfure of sugar chain asparagine
derivatives of P $S. are cleaved) is carried out by, for

i nstance, high- peHGl an 6)mat ofNHARy (ODS col um, el uent
being a 50 nmM aqh% GH O o -0
HO

HO Q
HO




25 acetate : acetonitrile = 82:18). 35 The conversion of the conpounds 3
and 7 to the conmpounds 14 and 19 (Figure 10) can be acconplished by
di ssolving the conpounds 3 and 7 in a buffer (for instance, phosphate
buffer, acetate buffer, Good's buffer ol7the like), and carrying out
bleavage reaction of the sialic acid residues with a neuram nidase in 5
accordance with a known condition. The conpounds 3 and 7 may be a m xture
of these or individually isolated conpounds. It is preferable that a
commercially avail abl e knowmn exo-formenzyme is utilized for the sialic
acid hydrol ase used in this reaction. A so, the enzyne may be a newy
i sol ated enzyne or an enzyne generated by genetic engineering, as |long as
the enzyne has a si @r activity. 10 Thereafter, in the sanme nmanner as
descri bed above, I@ eqction solution obtained afterﬁ e reapiime (a
h

m xture of sugar “Cj dues are
cl eaved) is subjected 2l t o give each

aspar agi ne derivatives. : ACeQ) | to s preferabl e . S
is carried out by hi gh- perfornance!l col um chronato

colum, eluent 15 being a 50 nM g4 ni um acet ate :fﬂn ile =
85:15). The conversion of the cond® nd 19 to the conpounds 15 and
20 by the renoval of the N-acetyl glucosam ne residues (Figure 10) can be
acconpl i shed by dissol ving the conmpounds 14 and 19 in a buffer (for

i nstance, phosphate buffer, acetate buffer, Good's buffer or the like), and
carrying off 20 cleavage reaction of the N-acetyl gl ucosam ne residues wth
an N-acetyl gl ucosam ni dase or the like in accordance with a known condition
in the sanme manner ascnescri bed above. It is preferable that the separation
of each of suga asparagi ne derivatives fromthe reaction solution
obt atthed afte t|on (a m xture of sugar chain asparagi ne
derivatives o resi dues 25 are cleaved) is carried out by, for

i nstance, high- perfornance i quid col um 36 chromat ogr aphy (ODS col um,

el uent bei a 50 ueous ammoni um acetate : .acetonitrile = 82:18). The
conver si on?&) tﬂéugﬁ%héyﬁgg‘a’ﬁ&aﬁﬁlﬁ'g‘etg’?é‘e%mwas 16 and 21 by the
renoval of the nmannose residues (Figure 10) can be acconplished by 5

di ssol ving the conpounds 15 and 20 in a buffer (for instance, phosphate
buffer, acetate buff @od's buffer or the like), and carrying out

cl eavage reaction of mannose resi dues wth a nannosi dase i n accordance
Wi t known conditiomin the same _nanner as d ri bed above. It is
preferable that the se@aration q Qﬂkh of sl -aﬁﬁghain aspar agi ne

i i ; t e reaction (a
gﬂr residues are
cleaved) is carri Y, 3 i JiteHRr fOormance 1iquid col um
chr omat ogr aphy ( Iunn 3-|ng a 50 nmM aqueous amoni um acet at e
acetonitrile = The conversion of the conpounds 16 and 21 to the
conpounds 17 and 2 15 by the renoval of the gal actose residues (Figure 11)
can be acconplished by dissolving the conmpounds 16 and 21 in a buffer (for

i nstance, phosphate buffer, acetate buffer, Good's buffer or the like), and
carryj g oYfnecdinaVagR geawtfcﬂ% bt Etf‘en%hﬂ‘}rt ferkiShlygs with a
galact05|dase i n-accorddnce Wt con on I'n the sane nmanner as
descri bed above. It is preferable that t he separatlon of 20 each of sugar
chai n asparagi ne derivatives fromthe reaction solution obtained after the
reaction (a ntxturg!.f chaig aspar agi ne derivatives of which sugar
resi dues are cl i ried by, for instance, high-performnce

i quid col umm C&l utm, el uent being a 50 mM aqueous

anmopni um acet at eyy ersion of the
conpounds 17 and

n

aration
S

m xture of sugog




37 by the renoval of the N-acetyl gl ucosam ne residues (Figure 11) can be
~acconpl i shed by dissolving the conpounds 17 and 22 in a buffer (for

i nstance, phosphate buffer, acetate buffer, Good's buffer or the like), and
carrying out cleavage reaction of the Nd&cetyl gl ucosam ne residues with an
-5 N-acetyl gl ucosam ni dase or the like in accordance with a known condition
in the sanme manner as described above. It is preferable that the separation
of each of sugar chai n asparagi ne derivatives fromthe reaction solution
obt ai ned after the reaction (a m xture of sugar chain asparagi ne
derivatives of which ﬁ‘oar residues are cleaved) is carried out by, for

i nstance, high-perfor
el uent being a 50¥ oS A
descri bed above, eaffl ‘illq; "'.. gar chai n asparagi ne derlvatlves of
whi ch branchi ng structuresy?@ . sO0f the sugar chains are not

uni form can be obtained asﬂﬁndﬂ" it ed conpounds by further
hydrol yzi ng the 15 derivatives with va w ycosi dases and the like to
renove the sugar residues at non-re@ Ninal's of the sugar chai ns
after the obtai nment of each of the s aspar agi ne derivatives.

Mor eover, even a |larger nunber of the kinds of the sugar chain asparagine
derivatives can be prepared by changing the order or the kind of hydrolysis
wi th various gl ycosi dases. 20 According to a conventional process, enornous
amounts of tine and cost for obtaining the sugar chain asparagine
derivatives having very LidH,ted sugar chain structures are required even on
an anal yti cal scal,ghS grcontrary, according to the present invention,

about 1 gram of t a aspar agi ne derivatives having desired sugar

chain structures caf ’ f» gl in an about 2 25 week period by using a
convkht i onal gel f||trat , HPLC columm, and at 38 least three
ki nds of gl ycosidases (BB ‘ N\ce, gal actosidase, mannosidase, and

N-acet yl gl ucosam dase)
reagents. In accordance with the procedures descri bed above, when the
protecting group, for instance, is Fnoc group, there can be efficiently
obtai ned a sugar chain 5 asparagi ne derivative represented by the general

formula; R1 10 R2 ~fHti ~i HAs .n.~Fmb ¢ AoH~t ~~tcM ~ wherein R and
R2, which g?y be identical or different, are H,
H
15 H
H

with proviso that a case where R* and R* are both

20

or

25




39 or with proviso that a case where RL and R2 are both 5 10 is excl uded.
.Concretely, the above sugar chain asparagi ne derivative includes, for

i nstance, each of the conmpounds shown in Figure 1 and Figure 2. Anong them
the conpound 1, the conpounds 2 to 9, 119to 23, 70 and 71 are conpounds
“‘prepared 15 for the first tinme in the present invention. The present

i nvention enconpasses the above conpounds. In addition, as a preferred
enbodi ment ,of th rocess for preparing a sugar chain asparagi ne derivative
of the preé%ﬁ%dﬁaﬁgﬁ¥¥bn, there is provided a process for preparing a sugar
chai n asparagi ne derivative in which the step (a) is a step of 20 providing
a mxture &19one& Higapshandiaying dsgcncr fermyidhes each having a sialic acid
residue at a non-reducing termnal, introducing Fnoc group into the sugar
chai n asparagi nes contained in the above m xture, and introducing benzyl
group into the sialic acid_residue, to give a mxture of sugar chain

aspar agi ne derivativeséE%fEbrding to the above process, various forns of

t he sugar chain 25 asp gi ne derivatives can be nore efficiently obtained
in a.ﬁarge anount . For 40 instanc§. the separgy on efficiency of the
conmpounds 2 and 6 sho [ Hh be i nd(easegd, whereby the both

ds, jlee there is a
di sadvantage in & C fio o‘;E&dgs 2 and 6
definitely froma nf xture of t¥ bg{dionpoundsikeM this 5 enbodi ment, the
bot h conpounds can_be gfficiently obt ained fromthe m xture by introducing
i

benzyl group into isg lic acid residue of the both conpounds, and
subj ecting to the ve step (b) first of all as a mixture of the follow ng

conpounds can be eff

10 wherein R® and R®, which may be identical or different, are H,




conpounds 76 and 77: 41 a~ x | 42 V 0O p0 O-~i 43 Therefore,
.since the conpounds 76 and 77 can be relatively easily separated, the
conpounds can be separated, and thereafter renoving the benzyl group from
t he conpounds 76 and 77 by a process dedktribed bel ow enabl e conpounds 2 and
-6 to be efficiently separated and obtained fromthe m xture of the
conpounds. 5 Contrary to the sonewhat difficulty in separation of the
conmpounds 2 and '

AcHN
10 H
H.

15
or

with proviso that a case where R’ and R® are both




6, it is thought that the reason why the separation of the conpounds 76 and
.77, which are obtained by introducing benzyl group into a sialic acid

resi due of the conmpounds 2 and 6, can be easily carried out is that a
highly fat-soluble benzyl group is intrdduced into carboxyl group of the
'sialic acid residue, so that a 10 hydrophobic interaction with a reverse
phase colum of HPLC (high-performance |Iiquid chromatography) is further
increased. Therefore, it is deduced that the interaction with the reverse
phase colum preferably enployed in the separation step (b) nay be markedly
i nproved, whereby cons entIy the separation of the both conmpounds can be

acconpl i shed reflecgkpg’

sensitively. The m HE .nnrAn:Ugar chai n asparagi nes each havi ng
a sialic acid residue at™™ o5 c;ﬁn.ﬂ! G nal is not particularly
limted, as long as the m xtige igod A f one or nore sugar chain:
aspar agi nes having the above structure.] i xyure of one or nore sugar
chains each having a sialic acid 20 regi non-reduci ng term nal and
al so *havi ng asparagi ne bound at a red nal is preferred fromthe
vi ewpoi nt of easy availability. As the above m xture, a m xture containing
the conmpound 24 shown in Figure 3 and/or a conpound having one or nore

del eti ons of sugar residues in the above conpound is preferred. 25 It is
preferable to carry out the above step (b'), fromthe vi ewpoint of 44
further efficiently obtaining a sugar chain asparagi ne derivative having
the ~1 desired sugar chain structurg én this enbodi nent, as the sugar
chai n asparagi ne derlvatlveaH o e ayec obtained those prepared by

i ntroduci ng benzyl group an ereinto, 5 and those prepared by
intrﬂgucing only Frnoc group t Meidt i ntroduction of benzyl group
into sialic acid residue of the s LN asparagi ne may be carried out
in accordance with a known processHf¥ ance, see Protecting G oups in
Organic Chem stry, John Wley & So w York 1991,. | SBN
0-471-62301-6). 10 In accordance with the above procedures for instance,
there can be efficiently obtained a sugar chain asparagi ne derivative
havi ng benzyl group and Frnoc group introduced thereinto, respectively,
which is represented by the general formula: R~ 15" ~AS.n~F~11 0C
R~ wherein one of R" and Ry is 20 25

15
or
H
1)
H
20 or one of R® or R® is H and the other is
H
H
H

is excluded.

25



Ha ~ Ho ~trltyl. H-—~p NHAc Il ~cFl 3ri do oN Ho ~Q tt 45 and the other is
H ~1 ~fl, 46 or Concretely, the sugar chain asparagi ne derivative

i ncl udes the above conpounds 76 and 77, &nd the foll ow ng conpound 78: 47
O y 1

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a group of structures of sugar chain asparagine
derivatives obtainable according to the present invention.
Figure 2 shows a group of structures of sugar chain asparagine
5 derivatives obtainable according to the present invention.
Figure 3 shows a group of structures of sugar chain asparagines
obtainable according to the present invention.
Figure 4 shows a group of structures of sugar chain asparagines
obtainable according to the present invention.
10 Figure 5 shows a group of structures of sugar chains obtainable
according to the present invention.
Figure 6 shows a group of structures of sugar chains obtainable
according to the present invention.
Figure 7 shows an example of a step in the process for preparing a
15 sugar chain asparagine derivative according to the present invention.
Figure 8 shows an example of a conversion step of a sugar chain
asparagine derivative with various glycosidases.
Figure 9 shows an example of a conversion step of a sugar chain
asparagine derivative with various glycosidases.
20 Figure 10 shows an example of a conversion step of a sugar chain
asparagine derivative with various glycosidases.
Figure 11 shows an example of a conversion step of a sugar chain
asparagine derivative with various glycosidases.
Figure 12 shows an example of a step of removing a protecting group

25 (Fmoc group) from a sugar chain asparagine derivative and an example of a



Ox o~ '~ a 48 The sugar chai n asparagi ne derivative obtained
according to this enbodi nent can be directly used in solid phase synthesis
of a glycopeptide. Since carboxyl group existing in a sialic acid residue
of the sugar chain asparagi ne derivati vedi s protected by benzyl group,
there are sone advantages that the desired sugar 5 peptide can be
efficiently obtained wthout causing side reactions involving the carboxyl
group in the solid phase synthesis of,th | ycopepti.de, as conpared to the
sugar chai rSteR PhFBPHEERA, dSParagiRe Wslch’&ﬁo‘%n'{ ?‘k&?&&k‘?‘&@SBPIaB&FzyI gr oup.

Al so, the present invention provides a process for preparing a sugar chain
aspar agi ne capabl e of obtaining each of the various isolated sugar chain 10
aspar agi nes_| conpri ses,
subsequent B8 L gtn Tof Nk O }a HLgsparagi ne derivative in
accordance with bhe(??bov roce ﬁgor reparing a sugar chaj n asparagi ne
derivative, a st@pesf thefsafurgs of the prog REERFTOGR FHESCOAR 3SpataAgiihg
sugar _chai n aspar agi nﬁ derivative, 15 Ln ot hﬁr Words, t he process for
prepafi ng ad&iNpveidhe PressAt HyeAHOR Zesides Indhatdhe procsss CAMPIISEY ent i on

conprises the steps of: ( i.ntr cing a.fat-sol ubl rotecting group into
a sugar chainﬁ%ﬁﬁ\gaé’ﬂmngz)ﬁfﬁrwg&ﬂfzrPfgteFﬁ% SF%‘Fb‘fntQ)ﬁég)érS“%"r%haéﬁgar chain
asparagi nes, to give a m xture of sugar chai n asparagi && derivatives; 20
(b) subj ect dspgragiae desived frogy, foryfanchad ﬁa%élbx AeFHENg&lYCRIPtey or a

m xt ure obt ai nab by hydrolyzing a sugar, chai n asparagi ne deyiyvative
Tont o vod | BroRably & Fughh oIy atparocind P aisd in g it ot Shea Ehaifiy

chromat ogr aphy, t.o separat,e. each of sugar chai n,asparagi ne derivatjves
Cher ef rom  SSPAtagines QHIAICH FroR ASPRIDEINE WRE SEEAEIOTISo A EIYE ATRERIC AL 1

asparagi ne derivative 25 separated in t st b), to give.a sugar chain
as par@gi ne. sugagfgﬁqweasgp@&n{)&grl\émge(sbgncgﬁgrqaﬁ@r é%{;f’éa%%g EXIEE MR above
process for pre ing a sugar chai.n aragi ne_ derivative, and the m xture
of one or ‘gﬁéﬁrs‘glgﬁaéﬁg%é&?ﬁ%mﬁgéﬁﬁ%gesaﬁg‘qWém? éf‘g%ro‘F}l?élle prot ecting
group used are al,sg,the same as those described above. 5 The r erm,val of the
orot ect i ng SYBERBIRG o el RATEH ToEFS 02 SUEAT i ba HBR ATRATABNG i 3 Biddingap ( c)

can be carried out inp accordance with a knova I;,OCFSS (for instance, see
Prot ecti ng %ﬁa@upgfspnt IGERi @SRITABDE{LYRE SUEAR S 9&1 dG1CES Bhd 8TQURCOL SUERR, Yor k

1991, 1SBN 0-471:62301- . [ wh h. i up,is F

gr oup. the BB Bt G Ckbish I AsEOLEUR s emtir Ay BEgRa EALPE AL ugar

hai i deriyative . in N N-dinethylf ide (DMVF). t 4 t th

Feaction. - AeowahAl-loriedikase i Snfiimind SR ER aPmEineraR®) hac g oup
b d by.. ti i.th . K id After. t | of th

can be [ erousileRbid GERTHER, MiGeR MBIyt BRab R TR o e

puri fying a%%g@-%'ﬁﬁ-@kﬁ&é-%-@%ﬁdﬁ@ﬁm R PEGREr TR The tétm ‘quusgar chain

chromat ogr a

asparagine derivative” refers to a sugar chain asparagine having a fat-soluble
protecting group in a state of binding to an asparagine residue. Also, in the
20 structural formula of the compound, “AcHN” denotes acetamide group.

As mentioned above, the sugar chain derived from a naturally occurring
glycoprotein is a mixture of sugar chains having random deletions of sugar
residues at non-reducing terminals. The present inventors have surprisingly
found that a fat-soluble protecting group is introduced into a sugar chain derived

25 from a naturally occurring glycoprotein, concretely a sugar chain asparagine



15 enploying a gel filtration colum, an ion exchange colum or the |ike or
a process of separation by HPLC as desired. In addition, simlarly to the
above process for preparing a sugar chain asparagi ne derivative, as a
preferred enbodi nent of the process for %ﬁeparing a sugar chai n asparagi ne
of the present invention, there is provided a process for 20 preparing a
sugar chain asparagine, in mhich the step (a) is a step of providing a

m xture of one or nore su hai n i nes each havi.n lic acid
eai due at SOMEREAdRAANIORCR TUEH SRRR aPBHaBRY, Dt SIUARIE SR he ougar

chai n asparagi pes contajned in the abpve, m xtur d i ntroduci ng benzyl
I d Phiefifle

group i nto ToRBItHIEIULAT SRR ASRTAGING quva&Wé“&OﬁY PIOtEGIHe STONRP ATe

aspar agi ne derivatives 5 this 4 i n tge step (¢), the renoval
of benzyl Pﬁéaarabﬁ.eaﬂ mtaﬁ%te Tog: 114%@95@%“ RBCASEREBING s carri ed
out. The re vaI of benzyl can, be carr ccorda wth a
known proce "sm(qtﬁ’reslbﬂs‘f‘ g EOW(S*‘HHP?W& ngs?ﬁe 'g&ﬁ?lbogﬁ'@rﬁ“gﬂy
John Wl ey sons (J;EW Yor k, 1991, [.SBN. O- 71 62301- 5 Furt in
the same mafifR aaearﬁgme. ’é’&tlé{%l}%"mgta IYeTstE O ISEPHF’é“%C‘"’r{g/‘a‘? BT“;P?EC 'r'i‘ea sugar
chain asparf:\ i ne derlv tives septﬁrat ed i.n.the steg gﬁ% and/ hydrol yze the
sugar chainag "p%ﬁné?&f‘he Obinsiances ﬁspggg}aérbamg)raglP lf’ﬂtév‘?ﬁ nt of

Struct ure. AFAORYA s@ﬁ@v 335103.31@;5&5@3%% GhtonaliiPlady o shmratte it as” ™ "
s b A0 Yot B LR LA i d;m&&@ g "
oo s9F e SO O ORI oA Bl o
o S5 SATAET BT N RSB LR Pl T
ZLS 24 ar eS%‘H{l e synthesmed more %y, f(‘)r 1nsta%ge removiO tYlC Ssggetlr remd%es from the " © R3
resulting sugar chain asparagine derivative sequentially with glycosidases.
As described above, the individual sugar chain asparagine derivatives can
be separated by introducing a fat-soluble protecting group into a sugar chain
15 asparagine to derivatize the sugar chain asparagine. This is presumably due to
the fact that a fat solubility of the overall sugar chain asparagine derivatives is
increased by the introduction of the fat-soluble protecting group, so that an
interaction with, for instance, a preferably employed reverse phase column is
markedly improved, thereby resulting in even more sensitively separating
20 individual sugar chain asparagine derivatives reflecting the difference in the
sugar chain structures. For instance, the fat solubility of Fmoc group, which is a
fat-soluble protecting group preferably used in the present invention, is very high.
In other words, the fluorenyl backbone in Fmoc group has a very highly fat-

soluble structure in which two benzene rings are bound to the 5-membered ring

25 center. For instance, it is thought that a very strong interaction with octadecyl



20 A 52 5 is excluded. Concretely, the sugar chain asparagi ne

i ncludes, for instance, each of the conpounds shown in Figure 3 and Figure
4. Anong them the conpounds 25 to 32, 34 to 46, 72 and 73 are the
conpounds prepared for the first t|n9|r?ﬁhe present invention. The present
i nvention enconpasses the above conpounds. 10 Further, the present

i nvention provides a process for preparlng a sugar chain capabl e of

brocess. fur Siup BsSicolinAes gederi, BeOBR ol B %pﬁ%‘éﬁrgre&@%ﬁi?ve
chai n aspar BAIREOIMEE.SENGEDY S vies tﬁﬁm%?%éfa&& er?viagfv%ra ¥ilganalgous”
resulting 15 sugar chain as gine. In other words, the process for
preparing a’ 5‘&?8\5‘35&4'3%3'58?a’?aﬁ¥?pr esent invention corrprl se?‘ the step of: (a)
d
cont i hed Tna. nFHiGFS 350 in?;f@rt%m?es%gﬁgﬁvrenﬁﬂai B PR 00 Ve s 20
m xture of su ar C a ara i ne derivatives subj ecting the xture
o “sugar chiotyeaiRLE: £ P RO VELou MaF Foaif Ao SHELTRS Ryl igmin)ing et
Sugar Shai P mciﬁ%gr‘éﬁf“»b Feﬁ i R R ReasbirR ik & e'ri‘%a?gvisga%rgf@'é“%ﬁiﬁr o
S?g?rﬁcf.hﬁbngé"rsﬁ&r%%&ﬁﬁbﬁﬁg oY gEmeSing ﬁe&aﬁs&s"”&rws@@%ﬁg / i Rsbiieg oo at oo
Zspar SQ?LS%%?;&&@% Rafraeine 18 B bR RI8RL gt e obt a1 néﬂr?n”"tVLQ%f‘Qﬁ
ot hte°a8'?¥§ br oSBUERIYS. BedaPestdOrBlepATpb X e é@%g%;&rﬁgﬁes%awtal S;T
br ot a1 ng é‘c&gﬁmgs ot PR BBl f SRR AR RS oned above. in-

dd . 10
Mvent i on, 0 a ieREREA BBtAE R eis B RO Dol O B Ro8 kit
Biﬁ??&! g d o e Saged i 2BPRRSTE o Bbflodel BRI bt Bstir S8 g

c o . F
tZ'hZ‘ L-:igZ?'ch;.eﬁ' %iftg?%gfallgéa’? Bt %%ﬁ%?%@@%@ A5 Xt ure, "and Lntroduci ng
chai i aspar G neSufibyiyml foafivdiile oo stghE Sl Fspitlind ety BithL ey Mixtfe!
remvgl of benzylgraup. bphgsi%&gi@gnt@gdpshm%gg aefle CETRALGE MRS FRT 11 e

out. The renoval enzy carrie t he

above process.  pe mixture of sugar chain asparagine derivatives to chromatography, to

separate each of the sugar chain asparagine derivatives therefrom.

The mixture of one or more sugar chain asparagines usable in the step (a)
20 is not particularly limited, as long as the mixture is a mixture of one or more
sugar chains each having asparagine in a binding state. For instance, the mixture
may be a mixture of one or more sugar chains to which one or more asparagines
are bound. Among them, the mixture of one or more sugar chains having
asparagines bound at reducing terminals is preferred from the viewpoint of

25 facilitation of availability. The term “sugar chain” as used herein refers to a



The renoval of the asparagine residue fromthe sugar chain asparagine in 20
the step (d) can be carried out in accordance with a known process. For

i nstance, the sugar chain asparagine is reacted with anhydrous hydrazi ne
and then acetylated to renove the asparatf ne resi due, whereby a sugar chain
can be obtained, as schematically shown in Figure 12. Al so, a sugar chain
can be al so obtained by refluxing the sugar chain asparagine wth heating

b 25 sol ut i d thereafter .acetylating th hai
aSpar agi ne et i eh o ithgshcsneds kB ne removal of the

nown pr ocess. subhe ZARpE 09 e ﬁli‘é‘a's%a%%asga gé%efa%ﬁw ARS8« klowHa i on
FPLC a6 desPRSass gragrolgpy (hieifing € ByshiEhn B aBroiERSiaBHial tbeapiies |
fhe ot op ?bﬁroahﬁﬁr oIk Sor g HR anEdhaP. SRET HURoh SR RERST N Che "
he. vPewpor T aPIdifs U hemBuP wBS Ll R Blatffor astarebichsse cugar
deacr Béé“Céﬁéfiufaﬁu??@xn‘?s"&pPafelﬁa%ﬁica? GRS T A airE 32? S”S‘M”?ﬁr 2
Phe”vr ewpor Aaaityf oY RasB i mpffuiar Bt L 0ag Sinarel SalbPpetbis r oo
e e Lo I B AT R g
e ot ol g o nhed, ol TR AR G o8BS e ¢ 0,
t hat 19 cas eaé&%g?ngg sae?geac 1ogrn"?1x?1(f)rer5fter the reaction, or further removing the
components other than the sugar chain asparagines from the reaction mixture by
a known process, such as purification process using various chromatographic
methods using gel filtration columns, ion exchange columns and the like and a
high-performance liquid chromatography (HPLC), thereby giving the mixture of
15 the sugar chain asparagines as a resulting product. From the viewpoint of the
facilitation in the preparation, it is preferable that the above mixture is prepared
by using a known egg-derived glycopeptide [Biochimica et Biophysica Acta 1335
(1997) p23-32; crude SGP (a mixture containing proteins in egg yolk, an
inorganic salt and the like, wherein the glycopeptide is contained in an amount of
20 from about 10 to about 80% by weight)].
- Also, it is more preferable that the sugar chain asparagines contained in
the mixture are hydrolyzed to previously cleave a part of sugar residues thereof,
from the viewpoint of efficiently obtaining the sugar chain asparagine derivatives
having desired sugar chain structures. The degree of the cleavage is not

25 particularly limited as long as the structure is retained within the scope of the



56 H5 10 15 or n Hor one of RS or R6 is Hand the other is 20 His

excl uded. Concretely, the sugar chain includes, for instance, each of the
conmpounds shown 25 in Figure 5 and Figure 6. Anong them the conpounds 48
to 55, 57 to 69, 74 57 and 75 are th%7conpounds prepared for the first
time in the present invention. The present invention enconpasses the above
conpounds. As described above, according to the present invention, the

sugar chai n,_asparagi ne .derivatjve,.t sugar chai n ar agi.pe and the sugar
charn ( hor oihEr HBAEORiRhs KR itein. nEnEiRlusf PRl tbRy 8B0ve, o
"sugar chain series" .in sonme case) each having a desired sugar_.chain
structure c‘é‘ﬁf‘ﬁgspﬁgﬂﬁﬁtéﬂceata IHW%\)& C&S’i‘f‘?“@‘?? Bﬁ?q@bﬁﬁgo?"ﬁ 13 Higued anount .
The above sugar chain series, are Verﬁlglrquﬁfm' in éhe field of, t

) e
devel oprent 2TH/OhR SPHROAEhAXINg opfox gletiony,oLspgar sesi ‘(’ﬁ?@)@gﬁﬁp@wn t he
10 devel opnment _of th har maceuti cal s, i.nc es, fof instange, synt hesi s
of cancer v‘é‘b‘EPﬂ@&'l fn ﬂ’é%cﬁge W?‘ﬂ%f)kaﬁgﬂoflﬁg sugar r?§86‘ésr}§9¥f’atth§d, a
sugar _.chain_which is initially.existing.in a body is_expressed. |} has
beon 31 so KRR Sutzomithe Vit pbiciaif e e sHetse ot Hiciiear Fhaighg
adm ni stered to .an indivjdual as vacci ne, the cancer proliferation is
suppr essed. 3STHEA %?@,lnitheﬁoﬁ@gflp&'d sugar 15 chain series can be prepared

according to th resent invention, v ine effective in the freatnment of
cancer can be siﬁ‘?%%fa%& C%IBQ)‘fncg ﬁﬁﬁié‘&‘mé“ 1BHre C@?rh%i%ﬁlt%y
derivati zi n(g%tSﬁ%ﬁr. chal}rg} ser%&g obt ai ned_ according to. the present invention
by further BYRHRAINARIEHERR! heSugaechain psparaginghEoHaining ths compaund 24
reaction ang a.sugar t.ransferase reacti and t like. .20 In addition, for
et e, - oihereiRaler e AR eits T CampAiha 3R shiive) Rusubietitg staminiug to

t hergpeuti c_agent, for. an.anema owng,to itg.erythrocyte-proliferatin

abi | iy, bud? eidihydlrolysis in i mapRgt a5 siescpbed belaw.ad %&@EP%HSP thet i vi t3

unl ess the EPO has ;su ﬁr chai.n lpound]fthlgitrﬁgto. As deSﬁri bed above, some
prot ei ns _ex‘fﬁrBP?u?q‘? P“‘g y%‘f’&'lno‘bli CBM % ELCE A5hPYTERRIBA NI faRy of
sugar chaing, Theref.ore,.for 253%8%&?&‘(:%%1?&1&?1‘9‘?' gl ycoprotein having a

novel physi %ﬁ%‘&}&}%‘? dﬁ’le%té:‘fesc?ﬂP

For instance, an appropriate amount of an about 0.1 N aqueous acidic

solution is added to the compound 24 mixture to carry out a reaction, for instance,

15 at 4° to 100°C. During the reaction, with monitoring the progress of hydrolytic
reaction by thin layer chromatography (for instance, silica gel 60F254
(manufactured by Merck), ethyl acetate : methanol : water = 4:4:3 being used as
an eluent), the reaction is stopped at a point where the compounds 25 and 29 can
be obtained in the largest amount. For instance, the reaction may be stopped

20 after about 5 to 10 hours under the condition of 25°C, or after about several
minutes under the condition of 100°C. Preferably, the reaction is carried out at
70°C, the reaction is stopped 35 minutes after the beginning of the reaction, and
the mixture is cooled on ice rapidly. The reaction can be stopped by neutralizing
the reaction solution. In addition, the above acid is not particularly limited. For

25 instance, there can be used inorganic acids and organic acids such as



58 synt hesi zed by preparing a protein itself in a large anount in an E

coli expression systemw thout binding ability of a sugar chain to the
protein, and subsequently introducing to the protein the sugar chain having
a desired sugar chain structure, which i3 prepared according to the present
invention, to give a 5 novel physiological activity to the protein, or by
introducing into a given protein the sugar chains having various sugar
chain structu ed accordi o the present invention. In

es,. which, are, prepa .
addi tion, ahyoehlopiiacidsy -u@aacsf{;tmmct%Fléangg@hpwafsma% » $GBHORIE L i ng a
sugar chain existing.in a naturally, occurring, glycoprotein with a sugar
chain 10 pr&saaage é@é’br%%%h?@%/dpﬁég%taq%ﬁ@gﬁ%ﬁon. A t echni que of
substituting a sygar chain owned a glycoprotein with a sugar chain
obt ai ned accordiﬁgudeaf ,wecqsmlm% o Re EERCIEN eﬁ@sqecﬁsam e campoung
process described in P. Searslﬁgd C. H Wng, Science, 2081, vol . 291,
p. 2344- 235024 Imtherahavepixgare. thos Ipstaress anjappropieae ameuptakthesboveeat i ng a

gl ycoprotein with a, (3-N acetyl gl ucosanm ni dase 15 (Endo-H) to put the
gl ycopr ot ei #lueRus agidi¢ soluopps egﬂ%wﬁs (FEMPOHBE 1 IXINESs Hif iacteBitue i s

bound to the asparagine residue on the surface of the protein, and
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resi due 20 descr]pe bove with a (3-N-acetyl gl ucosam ni dase (Endo-M,.
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the glycoprotein with Endo-M 9 In addition, the proplem encountered
currently mlétﬁm&dgr%d ¢ Gpanund Zhinithe sems gnaineh ay Qﬁwﬁaeé akguet a pidlicudes a
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25 group, such as Fmoc group, t-butyloxycarbonyl (Boc) group, benzyl group, allyl



5 and the mxture was allowed to stand at 37C for additional 24 hours. This
solution was |yophilized, and thereafter the residue was purified tw ce by
gel filtration colum chromatography (Sephadex G 25, 2.5 ~ x 1 m eluent:
water, flowrate: 1.0 mM/mn), to give 129 g (S55 pnol) of a desired
conpound 24 shown in Figure 3. The structure of the sugar chain contained
in SG° is shown 10 as foll ows. 61 vy 62 In addition, the physical data
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and dissolved, and thereafter the resulting mixture is subjected to a binding
reaction of Fmoc group to an asparagine residue at 25°C, whereby the Fmoc
15 group can be introduced into the asparagine residue of the above sugar chain
asparagine.
According to the procedures described above, a mixture of the sugar chain
asparagine derivatives into each of which a fat-soluble protecting group is
introduced is obtained.
20 Next, in the step (b), the mixture of the sugar chain asparagine derivatives
is subjected to a known chromatography, especially a fractional chromatography,
to separate each of the sugar chain asparagine derivatives therefrom. In this step,
the mixture of sugar chain asparagine derivatives obtained in the above step (a)
can be directly used. Alternatively, there may be used a mixture of the sugar

25 chain asparagine derivatives obtained by further subjecting sugar chain



5 Four-hundred and twenty-nine mlligrams of the m xture of the resulting
sugar chain was dissolved in 16.3 ml of acetone and 11.2 ml of water. To
this solution were added 9-fl uorenyl nethyl-N-succinimdyl carbonate (155.7
my, 461.7 p,nol) and sodi um hydrogencart$hate (80.4 ng, 957 ~unol), and the
10 m xture was stirred at roomtenperature for 2 hours. This solution was
applied to an evaporator to renove acetone, and the renaining solution was
purified by gel filtration colum chromatography (Sephadex G 25, 2.5 ~ x 1
m el uent :  aspaging dexivaties:contained myihg)aboye r@lﬂé@%@Syd@lwsw prevtiovdyof a
compound 1, conpounds 2 and 6, and a _conpound 10 each shown in Figure 1.
Thi s m xt urdeaxssa particatithe sugarggsidpesshecyos, fromithe, viewpeint of stficigntdyueous
ammoni um acetate : nethanol = 65:35, 2.0 ~ x 25 cm flowrate: 3 nl/mn).
As a resul tobtaining sngarah@in aspazagine dedvativesrhayingihgdesired suganghain of t he
conpounds 2 and 6 was eluted after 67 mnutes, and the conpound 10 was

el uted af t estngduresndihesdegrercof it clenvage of thositgarsesidees is g same ag that

| yophilized, and thereafter desalted by gel filtration colum 20

chr om@t ogr agesgribed ghavexIrcaddjtiop, the-hydralysisipaebe sptricdputdn the sagmerate: 1.0
m/mn), thereby giving 150 ng of a desired m xture of the conpounds 2 and
6. The physmaanerasdescobed BBOY®sul ting conpound 1 are as fol l ows. 1H NVR
(D20, 30C) 7.99 (2H, d, Fnog), 7.79 (2H, d, Fnoc), .7.55 (4H, m Fnoc), 25
5.15 (1H, s, Ma omﬁt,ans.e,owﬁmpem&pu chiand 71ar¢ ,O}Jtalwé(thwmxgt,ur%n4- “H1),

64 4.82 (1H, s,. Man3-H1), 4.59 élH" d, . GICNA%{Zy- H]1) . 4.67 (2H, . d,

G cNAC5, 5' - fpntaininggomppiings 2 end 6 18 subjetedfodydralytic ireatment-witha 4. 27 (1H,
d, Man4'-H2), 4.19 (1H, d, Man4-Hz), 3.03 (1H, bdd, Asn-(3CH), .3.00 (1H,
bdd, Asn- (3gHpctosidage,insieadaf sopasatang the qqueppunds 3jand ‘| f19m themixtupe,) = 5
1.79 (2H, dd, NeuAc7,7'-H3aX); HRVS Cal cg for Cl osHi saNsNa066&MrNa+)
2581.18338, WherdYy18e cogwpundsdandrd eancbe furthes easily penarated fTamihe mi xt ure of
t he conpounds 2 and.,6 are as fgllovvs. 10 %I—NI\/R ([go, 300). 7,99 (d, Fnoc),
7.79 (d, Friséylting mixturg by FENC, andiepchof the gamppyndsicambe gbtajpgdsasgn 5. 00

(d, G cNAc1: , . 4.94 (s, n4' - H 4.93 (s, Man4d'-H ), 4.82 (s, Man3-H),
4.60 (d, G@%&dp{(ﬂucg!fs%l'\é’(%?a@ c5,5' -Hl), 4.46 (dd, Gal6,6'-H), 4.44
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purified by a gel filtration column chromatography, and then purified by using
HPLC. The column which can be used in HPLC is preferably a reverse phase
column, for instance, ODS, phenyl-based, nitrile-based, or anion exchange-based
20 column, and concretely, a monoQ column manufactured by Pharmacia, latro-
beads column manufactured by Iatron can be utilized. The separation conditions
and the like may be adjusted by referring to a known condition. According to the
above procedures, each of the desired sugar chain asparagine derivatives can be

obtained from the mixture of sugar chain asparagine derivatives. Figure 7

25 schematically shows an example of a step in the process for preparing a sugar



25 4.19 (1H, d, Man4-H2), 3.03 (1H, bdd, Asn-(3CH), 3.00 (1H, bdd,

Asn- (3CH), 65 2.15 (12H, s x4, -Ac); HRWMS Calcd for CglH120N6NaO50[ M+Na+]
1999. 6930, found 1999. 6939. Exanple 3 Synthesis of Conpounds 3 and 7 5 The
m xture (224 ng, 97 p.nol) of the corrpou:ﬂds 2 and 6 obtained in Exanple 2
and 24 ng of bovine serum al bum n were dissolved in 22 m of HEPES buffer
(50 mMM pH 6.0), and D pl ococcus pneunoni ae-derived (3-gal actosidase (1.35

U was added thereto.. Thjs. sal uti.gn was lgl.l owed to stand at 37C for 15
hours, and tIHER @Sp3ragineAspiafive of therpresentdnyentioas purified by 10 HPLC (ODS

colum, 2.0 ~ x 25 el uent . 50 ;oM agueous ajmpni.um acetate .
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by dissolving the compounds 2 and 6 in a buffer (for instance, phosphate buffer,
acetate buffer, Good’s buffer or the like), and carrying out cleavage reaction of

20 the galactose residues with a galactosidase in accordance with a known condition.

The compounds 2 and 6 may be a mixture of these or individually isolated
compounds. It is preferable that a commercially available known exo-form
enzyme is utilized for the galactosidase used in this reaction. Also, the enzyme
may be a newly isolated enzyme or an enzyme generated by genetic engineering,

25 as long as the enzyme has a similar activity. Next, in the same manner as



20 by Sigma-Aldrich Corporation, from bovine kidney) was added thereto.
This solution was allowed to stand at 37C for 18 hours, and thereafter

| yophilized. The residue was purified by HPLC (ODS columm, 2.0 ~ x 25 cm

el uent: 50 mM aqueous anmoni um acetate :32met hanol = 65:35, flow rate: 3
m/mn), and a conmpound 4 shown in Figure 2 was eluted after 117 m nutes,
and a conpound 8 25 was eluted after 127 m nutes. Each of the fractions was

col | ected apd 0 i zed. Supsequentl]y, hefractlon was desalted by
HPLC ( ODS Sﬁﬂheg Q%“g tﬁe seactipn sglu %t&ﬁl@@ra teptherepction (qmixugi0ks, and
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asparagine derivatives of which sugar residues are cleaved) is subjected to
chromatography to give each of sugar chain asparagine derivatives. For instance,
20 it is preferable that the separation is carried out by HPLC (ODS column, eluent
being a 50 mM aqueous ammonium acetate : methanol = 65:35 or a 50 mM
aqueous ammonium acetate : acetonitrile = 82:15),
The conversion of the compounds 4 and 8 to the compounds 5 and 9 by
the removal of the mannose residues (Figure 8) can be accomplished by

25 dissolving the compounds 4 and 8 in a buffer (for instance, phosphate buffer,



1H NWMR (D20, 30C) 8.01 (2H, d, Fnoc), 7.80 (2H, d, Fnoc), 7.56 (4H, m
Frmoc), 5.00 (1H, d, G cNAcl-H), 4.95 (1H, s, Man4'-H ), 4.84 (1H, s,
Man3-H ), 4.67 (1H, d, AcNAc2-H ), 4.56 (1H, d, G cNAcS-HY), 4.44 (1H, d,
Gal6-H ), 20 4.11 (1H, dd, Man4'-H2), 4.387 (1H, dd, Man3-H2), 2.97 (1H,
bdd, Asn-(3CH), 2.76 (1H, dd, NeuAc7'-H3eq), 2.62 (1H, bdd, Asn-(3CH), 2.15
(12H, s x4, -Ac), 1.79 (2H, dd NeuAc7' - H3aX); HRMS Cal cd for

Ssﬁpﬁ'tﬁﬁﬁ‘sg‘aa"c‘é%%“% Loc}@%%ﬁ%u%fe(@@%“Fkéégﬁgg%ﬁwgéﬁvﬁw&‘éw (el 4 and
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for 2 hour SF(l)Jrnl(rjxgtrangé Gt S‘rte?‘}al?f% that t%e sggz(i)r ation 1 gz{r%te out by HPLC (ODS
column, eluent: there can be used, for instance, a mixed solution of a buffer such
as an about 10 to about 200 mM ammonium acetate and a water-soluble organic
solvent with fat solubility such as acetonitrile, or ethanol, or methanol, or butanol,
15 or propanol in appropriate amounts; when exemplified herein, it is preferable that
the eluent is a 50 mM aqueous ammonium acetate : acetonitrile = 82:18.).
The conversion of the compound 10 to the compound 11 by the removal
of the galactose residues (Figure 9) can be accomplished by dissolving a
compound 10 in a buffer (for instance, phosphate buffer, acetate buffer, Good’s
20 buffer or the like), and carrying out cleavage reaction of the galactose residues
with a galactosidase in accordance with a known condition in the same manner as
described above. It is preferable that the separation of the sugar chain asparagine
derivatives from the reaction solution obtained after the reaction (a mixture of

sugar chain asparagine derivatives of which sugar residues are cleaved) is carried

25 out by, for instance, HPLC (ODS column, eluent being a 50 mM aqueous



Three mlliliters of toluene was added to this solution, and the m xture
was 25 applied to an evaporator at 35C. The procedures were repeated three
times to 70 renove the reaction solvent. The residue was purified by gel
filtration colum chromat ography (Sephadék G 25, 2.5 ~ x 30 cm el uent:
water, flowrate: 1.0 mM/mn), to give 7 ng of a desired conpound 33 shown
in Figure 3 (yield: 76% . The structure of the resulting conpound was
confirmed fromthe finding 5 that its'H NVR spectrumwas identical to that
of the resudmimapieconmsstate: acetpnigiilesx 8/1159- 2. The physical data for the
resul ting conpound 33 are as follows. 'H NWVR (BOCI h5.12 (s, 1H, Man4-H 1),
5.07 (d, 1H J =Atsoy byfurtherhydrolyzing theigpmpoynd L1 with anagbatrany. 1) | 4. 76 (s,
1H, Man3-H1), 4.62 (d, 1H, J = 8.0 Hz, G cNAc2-H 1), 4.58 (d, 2H, ] = 7.8
Hz, G cNAc5ghycosidage, the agmpgung gan he eonvertedyintesyarogs sugat chaip asparagane 1
Man3-H-2), 4.19 (bdd, 1H J = 3.2 Hz, 1.4 Hz, Man4'-H-2), 4.12 (bdd, 1H J
= 3.2 Hz, 1derivativesforimstance, gompoymds dd, 1243 and:the likq)y' 17, 0 i,
Asn-(3CH), 2.93 (dd, 1H, J = 6.8 Hz, 17.0 Hz, Asn-(3CH), ﬁ?.o (s, 3H Ac),
2.05 (5, 6H, AcxThe convarsion offhe campopnd i) te the somprund 4 24ty Bsrsmaval 14 20
The conmpound 3 (28 ng, 21.3 ~unol), and 1.0 of bovine serum al bum n were
di ssol ved i of tieRscstlghicosmpinenesidres(gumsd) ¢an be ageamplished ®Yni dase
(manufactured b .Sia}rga-Al drich Corporation, . fromViplig Chol %rae, 198 m)
was added t Hisselving thei eompound bhirwadubfier e instance; RRespirtehutter pcstgtenoyr s,
and thereafter the term nation of She reaction was confirned by HPLC

anal ysi s. Thuffes Geed's buffexer theiltke) vand easrying oyt gleaypgereadiion phthéed col umm
D-ODS-5 S5 71 120A ODS No. 2020178, X 2 nm el uent: 50 nM agueous
ammoni um ac d-agesylglecasapnne Fesidues vgigh QG%O“PFQ}M)SEQ‘&‘E%?“’AC‘W/%"RI a kBOWther . t he
resi due was desalted on ODS col um (Cos%igg 75C] 8- ODQ, Jbi 100 mm el uted
firstlOnth sonditiopfn the)same ManusT as descy evenitispreferable that ke 5 desired
conmpound 14 5 (17 ng, yield: 709 . The, physical data for the resulting
conpound ar Sepasatien phite sugar ﬂlwn(aggaz)agm%pve&yw omythe reagtiqy solphgr) ~ 7. 71
(d, 2H, J = 7.5 Hz, Froc), 7,51 (dd, 2H,.J = 7.5 Hz, Fnpc), 7.43 (dd, 2H J
= 7.5 Hz, FAbtanedafter the reaction{a nugtutepfspganClipgn @aparmneﬂegvgtlxewf

G cNAcl-H 1), 4.92 (s, .1H, Man4'-|—|-i), 4.,73 (s, 1H, .l\/anS-I-I-}aL i8§(d, 1H,
J = 8.0 Hz, Whiehsegarmesijues,aresrleayed) 1§ cagried gy by for dpstapeest @?9 47 (d,
1H, J =7.8 Hz, Gal6'-H1), 4 34 (t, 1H Fnoc), 4.24 (bd, 1 H .J :%ég Hz
Man3- H-2),  sslumnglyenspeingia 59 mM aguggus ammopinm geetate,; apptonitrile = §448). 1
Asn- (BCH) 2,52 (BlgomFrsion of e Fompout 12 Fythe komAoyadyT3 by the remmoval

of the mannose residues (Figure 9) can be accomplished by dissolving the
compound 12 in a buffer (for instance, phosphate buffer, acetate buffer, Good’s
buffer or the like), and carrying out cleavage reaction of the mannose residues
with a mannosidase in accordance with a known condition in the same manner as
20 described above. It is preferable that the separation of each of sugar chain
asparagine derivatives from the reaction solution obtained after the reaction (a
mixture of sugar chain asparagine derivatives of which sugar residues are
cleaved) is carried out by, for instance, high-performance liquid column
chromatography (ODS column, eluent being a 50 mM aqueous ammonium

25 acetate : acetonitrile = 82:18).



2.06, 2.05, 2.04, 1.89 (each s, each 3H, Ac); HRMS Calcd for 20
C~SH110N6Na045] MtNa+] 1837. 6402, found 1837.6471. Exanple 9 Synthesis of
Conmpound 19 The conpound 7 (20 ng, 9.4 p,nol) and 1.6 ng of bovine serum
al bum n were dissolved in HEPES buffer @0 mv pH 5.0, 323 p,L), and

neur am ni dase 25 (manufactured by Sigma-Aldrich Corporation, fromViblio
Chol erae, 141 n)) 72 was added thereto. This solution was allowed to
stand at 37C for 18 hours, and thereafter the _termnation of the reaction
was confirmed bylMpeanvessiopgifdhe cpmpenndsd pyd 7itadhe éﬁ@t’PBﬂd%M apdd? was
purified by HPLC (YMC Packed Col um D-ODS-5 S-5 120A ODS No. 2020178, 20 x
250 mm el uhguresi®)ernbeagcemplisheshbyidissplideg theecompewndss} and 7dna Wdferg,
flowrate: 4 ni/mn). Further, the residue was desalted on an QDS col um
(Cosnosi | TE@LBISERKE, plosphaeduffer, acaiate buffersGood sihusferar tbft likpk agdd t hen
W th 25%aceton|trlle£e§ to give a desired conmpound 19t&1 , yield: 76%.
The struct ueasTYing ONECleg¥agd r%@tle@ﬁﬁﬂmahﬁéC@dﬁWPﬁ%wl rwqrﬁ@mdﬁmﬁg t hat
its 1H NMR was i denti cal to that 10 ofﬁlhe prepara

Synt h8si s ofccordansadith g kne @@Qmpguné&t ga%l)naa almrxtﬁge of
bovi ne serum al bum n were d| ssol ved i n HEPES buffer a&»? pH 5.0, EVZO

~. L), and nefuthgse ar mskiwidually isphated compoyngs, Ellgﬁﬁﬁm ¢ that @&PHHF‘E&Q‘@ from
\fbllo Chol erae, . 134 nlJ) was added theret.0 splutio s . allowed to
stand at 37avéilshlelneisnczo-farm ecnﬁaétr@aw&liw% @Pm%@tq%& Brolase 164 ani on
was confirmed by HPLC anal ysis. Subseque tIy action solution was
purified bythHP[@CPWCA@%I@gEI G%Ymﬁﬁ‘ﬂqm %E CEPANKOT ADFRFYING 20 X
250 mm eluent: 5Q mM 20 aquepus .amonj um ac tate . acetonitrile, = 80: 20,
flow rate: &ert?E?tﬁier 2enGHC KBLINCCHBE  3I0pg &5 1S Chpns @%Iaéﬂn A a§Io) urm
(Cosnosi | C18- 100 mm el ted fir h 50 H20 and t hen
wi 01 Bsvp acShgat t,ua)%he B MARNST 8% ?%cg@eeaﬁﬁtsw € jeaction Sebltlctn%tame%%

(300 ™ °75 afrerche cehctinm, (amiXtoresot ShpAErY Bspataging glerDptives af Phich b gaprmc)
7.51 (dd, 2H,.J = 7.5 Hz, .k S,
T vana. Hep)ﬂd]twsgge flasvadl i ubiested nghicaneaaihy toygive £4gh oS ugfﬂcﬁam
Man4d' - H 1 4. 58

(d. 1H 7 Lepagegips deibisives %or lagtgsce( t ls%mfeﬂms&a%ezaértaﬁwmtﬁ casrmdl 9

T3S 1s ety highubereamyatcs Tupig shly efitoptasbgipnp OO Calubei et (3 -
Stk NSMOQ%‘PMP%@:QE%‘Z\%Q‘“%H 08 deghie ao ’E?Jét‘?pt §§%§)Synt hesi's of

§|° Eﬁ%”ﬂdm;?eTQ.es B8 Setvstsioneae fHmpdnneEa Tink 1310hs Solgetpary i 20
boane, 11 pof toseamoyal AL a8 R eeoaipt AR S I RRURL A hearl§€ 01237 o
Land o ST “ ibed @Fv@%gt@ﬁésﬁﬁ@tg@tf’%ﬂ%t}ﬁ&? B tBetlod MRURES Lo
%NﬁwpiéEESB??W%?@&&%?@@W DRt e e P gt AR bRE V0™

m/mgy - FuEltea%ge 1AHbR 3k ﬂ’[{aeN\-’\ﬁ%tylglucosamme residues with an

N-acetylglucosaminidase or the like in accordance with a known condition in the
same manner as described above. It is preferable that the separation of each of
sugar chain asparagine derivatives from the reaction solution obtained after the
reaction (a mixture of sugar chain asparagine derivatives of which sugar residues

25 are cleaved) is carried out by, for instance, high-performance liquid column



desalted on an ODS col um (Cosnosil 75C18-0PN, 15 x 100 nm eluted first
with 50 nL of H20 and then with 25% acetonitrile), to give a desired
conmpound 70 (6.3 ng, yield: 64% . The physical data for the resulting
conpound are as follows. 25 1H NVR (30036 74 b7.91 (d, 2H, J = 7.5 Hz,
Froc), 7.70 (d, 2H, J = 7.5 Hz, Fnoc), 7.50 (dd, 2H, J = 7.5 Hz, Fnoc),
7.43 (dd, 2H, J = 7.5 Hz, Fnoc), 5.10 (s, 1H, Man4-H 1), 4.99 (d, 1H, J =
9.5 Hz, G cNAcl-H 1), 4. 91éls, 1H, i\/an4'-H-1) 4.76 (s, 1H Man3-H 1), 4.55
(d, 2H, G ctimematogrphy (ODScalpmn, elugnt beingd 50 mMAqueQus aMMOMUE. 1 2) |
4.10 (bs, 1H, Man4-H 2),. 4.06 {jg)s, 1H, J = 1.3 Hz, Man4'-H 2), 2.72 (hbd,
1H, J = 14.@cetpie : Asetopdaly = 8:ED. (bdd, 1H, J = 9.5 Hz, 14.8 Hz, Asn-(3CH),
2.06, 2.05, 1.89 (each s, each_ 3H, AC”@&&ESB) Cal cd for C61H38N5035[ MtH+]

1450. 5, found 14Bbe gonversiorLfihe compayn 30 toghe sompopndsrhe ad Adound 8
(47 nmg, 25 ~mol) and 1.9 ng of boving serum al bum n were dissol ved i n HEPES
buffer (50 Bxthémempyal of dae mannoseicaidyes (Higure 4Qkeary baanpcrosenl éebay

Si gma- Al drich Corporation, fromVibljio Cholerae, 369 nlJ) 15 s added
ther efo.  Thilssal¥ing heromroundSdaenc 20 i & uftex ffm%}cespﬁ%ﬁgq blafg ;
thereafter the ternination of the reaction s confirnmed by HPLC anal ysis.
The react | oWFesye buttsh &Vﬁ@gl%{f&ﬁflqri%ﬁ‘%&“ wgrrwytaawtrﬁ%@@gsrrsm}&n s
subsequently purified by HPLC ( YMC Packed .Col um D ODS-5 S-5 120A . 0DS No.
2020178, 20 mmmw@ﬁu%wtb@wgﬂgwg AsRACNGE At Kpawa Gondition

acetonitrile = 80:20, flowrate:., 4 /' m . Further, the residue S
desal t ed on'TdACEHRCIGARRST %&ﬁ%@?q géfg‘@lg& @W\{efqggi? th@bt?lwp%qagpg\(lg\)@fi rst
with 50 nL of H20 and then with,25% acetoni.tril.e), to give.a desi.re
bomound 20SIBE T REaL FBA G SBEUEinedRaRySs Eiam HHe teasGar palatipe OBrAin

d foll .. 1H: NVR 0C) 25 .b7.92 (d, L, = 7.5 , F ,
SRR 5t f§ me Feadii (apitbte Of Saghs SRain aparagite dFrivalives ¢ Whist,eigars 43
dd, 2H J = 7,5 Hz, noc),. 5.12 (s, ,1H,. Man4-H-1).,.4.9 d, 1H J, = 9.4
I(—Iz, G cNAc 119sidpes age 9@%1(%@) i§ ﬁ,arrwéfwt.% for mat_a??e%@ghmrquxéﬁg@wﬁﬂysd 4.57
bd, 2H, G cNAc2,5 -H 1 4 4 H J = 7. Hz, g -H1), 4.34 (t, 3H,
I(:m)c), 4. 249l ¢ Pmﬁ&ﬂaph@?,b%ﬁu% ehpent %ﬂngmﬁnwzq}w us;o (bd,( 1H J
=15.5 Hz, Asn-(SCI-?n, 2.52. bdd,.ll—i,_é%_:]éi Hz, 15.5 Hz, Asn-(3CH), 2.06,
2.05, 1.89 PHEFQRIUM jegiaie 3pCetapitriigmoRilSdi cd for O5~HI~NSNaO4o[ M+-Na+]

Lot o e AE St A AL Sl DU S SRR P
O oo | B Tl it Blse it i L b RS RS 550,
R W T SRR S g N B e N e
analysis. Tchetate buffer, Good’s buffer or the like), and carrying out cleavage reaction of
the galactose residues with a galactosidase in accordance with a known condition
in the same manner as described above. It is preferable that the separation of
20 each of sugar chain asparagine derivatives from the reaction solution obtained
after the reaction (a mixture of sugar chain asparagine derivatives of which sugar
residues are cleaved) is carried out by, for instance, high-performance liquid
column chromatography (ODS column, eluent being a 50 mM aqueous

ammonium acetate : acetonitrile = 85:15).

25 The conversion of the compounds 17 and 22 to the compounds 18 and 23



reaction solution was purified by HPLC (YMC Packed Columm D-ODS-5 S-5 120A
ODS No. 2020178, 20 x 250 mm eluent: SO mM aqueous ammpni um acetate :
acetonitrile = 80:20, flowrate: 4 nmb/mp). Further, the residue was
desalted on an ODS col umm (Cosnosil 75C8-OPN, 15 x 100 nm eluted first 20
with 50 nL of H20 and then with 25% acetonitrile), to give a desired
conpound 71 (6.6 ngy, yield: 61 %9 . The physical data for the resulting

R U S Sl 1 e T2

e, & o RO PIRHES by iSSOiving i Sompolds B 560 0 in Spelfonimiiphca, 55 o,
e il ol e o M o
2 06, 2. 05, gt Giae(RAOTO! e N Ueehilivosihiod 5idech WnaB, Co1raens03s] Wi
(32.m, 160 ackfigrutafiERRR & hg BYTR AERidncn W KREre SondBRigans n °
P bt et Rl s B BB B A e Y,
(et or i naibah BT B REine dSVATleS ki i @Bactin ROMDy cifjucdahibrlE™ ' <
b ope- s 5. ooty GLATRE Bp 3B ch OB PanBane ol OF Wi Rhepdemes
Fost due wastalameR RRTEHE ahEL TR iftingss kT RerformtiteQuid golhg " T0p
L9151 Sl 8o G BB LTk GG bobPlon 0 © ° °
Losul 119 CAMMAUDCAGRA LRSS, IR (300 6197 (0721 9 5T v,
7.44 (dd, 2HJ 2o federlfed a'f)'a%,) ¢ach of the various sugar chain asparagine derivatives

of which branching structures at the terminals of the sugar chains are not uniform,

can be obtained as individual isolated compounds by further hydrolyzing the

15 derivatives with various glycosidases and the like to remove the sugar residues at

non-reducing terminals of the sugar chains after the obtainment of each of the

sugar chain asparagine derivatives. Moreover, even a larger number of the kinds

of the sugar chain asparagine derivatives can be prepared by changing the order

or the kind of hydrolysis with various glycosidases.

20 According to a conventional process, enormous amounts of time and cost

for obtaining the sugar chain asparagine derivatives having very limited sugar

chain structures are required even on an analytical scale. On the contrary,

according to the present invention, about 1 gram of the sugar chain asparagine

derivatives having desired sugar chain structures can be prepared in an about 2-

25 week period by using a conventional gel filtration column, HPLC column, and at



77 5.00 (d, 1H, J = 9.9 Hz, G cNAcl-H 1), 4.92 (s, 1H Mn4'-H 1), 4.75 (s,
1H, Man3-H1), 4.58 (d, 2H, J = 7.5 Hz, G cNAc2,5 -H1), 4.47 (d, 1H, J =
7.8 Hz, Gal6'-H 1), 4.34 (t, 1H, Fnoc), 4.10 (bd, 1H Man3-H2), 4.07 (bs,
1H, Man4' -H2), 2.72 (bdd, 1H, J = 15.53%z, Asn-(3CH), 5 2.52 (bdd, 1H, J =
- 9.2 Hz, 15.5 Hz, Asn-[3CH), 2.07, 2.05, 1.89 (each s, each 3H, Ac); M5(Fab)
Cal cd for C61H88N5035[ MrH+] 1450.5, found 1450. 3. Exarrpl e 15 Synthesis of
Compound 17 10 The conp und 16,(9 6.2 ~, nmol) anp ng of bovine serum
al buni n wekastihseskindg q @lm@%%&n%wemlamssﬂd@e Iemnosmse anf

~i - gal act osj dase (lmanuf actured by Sei kaﬁaku Cor orat| on, from Jack Beans,
186 mJ) wadl-aerdxks @wml@aseml&h%mwseé atiRe any pm largleyices @1 a€agenes.f or 32
hours, and thereafter the term nation of the _reaction was confirned by HPLC
anal ysis. The rbunaesasdancs wihdhe procrguresiesenibaed aovepwbenthepretesisrg Col urm
D-ODS-5 S5 120A ODS No. 2020178, 20 x 250 mm eluent: 50 nmM aqueous

armoni um a 8K, Eoninstanee: isiioe gampy there cambe sffacientlyiobtaingd a sugatrehain t he
resi due was desalted on an ODS col umm (CosrmS|I 75C18-CPN, 15 x 100 mm

el ut &d fir3spaspgine sigriyative represeater by e genomalfoomulast onitrile), to give a
desired conpound 17 (5.4 ng, 20 yield: 68%. The physical data for the
resulting conpound are as follows. 1H NWR (30C) b7.89 (d, 2H, J = 7.5 Hz,
Froc), 7.68 (d, 2H, J = 7.5 Hz, Fnoc), 7.49 (dd, 2H, J = 7.5 Hz, Fnoc),
7.42 (dd, 2H, JRﬂa Hz, Froc), 4.99 (d, 1H J =9.7 H, GcNAcl-H-1),
4.91 (s, 1H, Ma H1), 25 4.55 (d, 1H, J = 8.1 Hz, G cNAc2,5 -H 1), 78
4.09, 4.07 (s, 1R Man4'-H 2, Man3-H2), 2. 72 (bd, 1H J = 15.5 Hz

Asn- (3CH), 2.5684d OM, Asn-(3CH), 2.07, 2.05, 1.89

(each s, CIPH-~NSNaO3o[ M+Na+] 1310. S, found
1310. 2 5 A . nd ,
pm)ll)0 and 1. TG dgsgpn Fmgb fer (50

mVv pH 5.0, 257 ~L), and N- &¥¢ dsam ni dase (Signa-Aldrich

Cor por ati on rdm Jack Beans, 10 144 mJ) was added thereto. This solution
was al | owed stand at 37C for 24 hours, and thereafter the term nation of
the reaction was confirned by HPLC anal ysis. The reaction solution was
purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A ODS No. 2020178, 20 x
250 mm el uent 50 nmM aqueous ammoni um acetate : acetonitrile = 80:20, flow

rate: 4 nm/ Rurt , ) ) )
W cr in R! ancf1 ﬁﬁ, wfur(]:ﬁ may be identical or different, are H,

HOO

HOWw~ H
AcH HO

W K
o WO/ .
H




15 residue was desalted on an ODS col um (Cosnosil 7508-CPN, 15 x 100 mm
eluted first with 50 nL of H20 and then with 25 % acetonitrile), to give a
desired conpound 18 (2.1 ngy, yield: 75% . The physical data for the
resul ting conpound are as follows. 1H NMR (30C) 20 b7.91 (d, 2H, J = 7.5
- Hz, FnocCc), 7.71 (d, 2H, J = 7.5 Hz, Frnoc), 7.51 (dd, 2H, J = 7.5 Hz, 7.5
Hz, Fnoc), 7.43 (dd, 2H, J 7.5 Hz, 7.5 Hz, Fnoc), 5.00 (d, 1H J = 9.7
Hz, G cNAcl-H 1), 4.91 (d, 1H, J = 1.6 Hz, Mand4'-H 1), 4.76 (s, 1H,
Man3-H1),04.58 (d, 1H J =@M 8 Hz, G cNAc2-H 1), 4.34 (t, 1H Fnoc), 4.07
(d, 1H, J = 2.7 Hz, MHU 25 3.97 (dd, 1H, J = 1.6 Hz, 3.7 Hz,
Man3- H 2) , 79 2. 733 = 3.2 Hz, 15.1 Hz, Asn-(3CH), 2.52 (bdd,
1H, J = 8.9 Hz, 15.1 He , 2.07, 1.89 (each s, each 3H, Ac);
M5(Fab) Cal cd for CA~H65NAO25~M+Na+] 1085.4, found 1085.3 5 Exanple 17
Synt hesi s of Conpound 21 The conpound 9, (28 , 16 p.mol) and 1.7 ng of
“bovi ne ser Withaauisortheks easei where\R candRHerRethuf f er (50 MM pH 5.0, 624
p. L), and neuram ni dase (manufactured by Sigma-Al drich Corporation, from
Vi bl Po Chol erae, 117 mJ) was added thereto. This solution was allowed to
stand at 37C for 17 hogpPs, and 10 thereafter the termnation of the
reacti on was confirnmed HPLC anal ysis. Subsequently, the reaction
sol ution was puri f HET O Fick
2020178, 20 x 250 k0 ‘
= 80:20, flowrate: 4 nmb/m
col um (Cosnosil 75C18- OPN,
and then with 25% acetonitrile), to
yield: 68% . The physical data for t compound are as follows.
1H- NVR (30C) 87.92 (d, 2H, J = 7.5 Hz, Fnoc), 7.71 (d, 2H, J = 7.5 Hz,
Frodf, 20 7.50 (dd, 2H, J = 7.5 Hz, Fnoc), 7.43 (dd, 2H, J = 7.5 Hz, Fnoc),
5.12 (s, 1H n4-H 1), 4.99 (d, 1H, J = 9.5 Hz, G cNAcl-H 1), 4.77 (s, 1H,
Man3- H 1) 15£36fuded. 24 J = 7.2 Hz, G cNAc2-H 1), 4.46 (d, 1H J = 7.8 Hz,
Gal 6-H 1), 4.34 (t, 1H Fnoc), 4.22 (bd, 1H, J = 2.7 Hz, Man3-H2), 4.19 (b,
1H, Man4- Hooncretaly the abogg guganchain aspesaginegderinativg mciydes, fgdngtasee, (bdd,
1H J = 9.8@52, 2.15.5 Hz, Asn-(3CH),.2.05 (s, 6H, Acx2), 1.89 (s, 3H, Ac);
VB( Fab) Cafach 4fdhe egmnourds skown ip Figusd. and Figurei2.148000g themsthee 18
Synt hesi s of Conffé)
compou

1
*

ammoni um acetate : acetonitrile
si due was desalted on an ODS
ted first with SO nL of H20
red conpound 21 (14.6 ny,

il,nt?xezc%mpounds 2109, 11 to 23, 70 and 71 are compounds prepared

15 for the first time in the present invention. The present invention encompasées the
above compounds. |

In addition, as a preferred embodiment of the process for preparing a sugar

chain asparagine derivative of the present invention, there is provided a process
for preparing a sugar chain asparagine derivative in which the step (a) is a step of

20 providing a mixture of one or more sugar chain asparagines each having a sialic
acid residue at a non-reducing terminal, introducing Fmoc group into the sugar
chain asparagines contained.in the above mixture, and introducing benzyl group
into the sialic acid residue, to give a mixture of sugar chain asparagine
derivatives. According to the above process, various forms of the sugar chain

25 asparagine derivatives can be more efficiently obtained in a large amount. For



5 The conpound 21 (10 ng, 6.9 ~,nol) and 1.6 ng of bovine serum al bum n
wer e di ssolved in HEPES buffer (50 MM pH 5.0, 672 p.L), and

(3-gal actosi dase (nmanufactured by Sei kagaku Cor poration, from Jack Beans,
205 mJ) was added thereto. This sol uti orfvas al l owed to stand at 37C for 20
hours, and thereafter the termnation of the reaction was confirnmed by HPLC
anal ysis. The reacti on 10 soI ution Was purified by HPLC (YI\/C Packed Col umm

TR ;:f?a S *;f“z%‘ﬁﬂ?s?ﬁ@*; |
resul ting c bﬁlr%l _;%theéﬁ%élsaQﬂW/%‘ﬁfgﬁe@%}%ﬁr@y sgparaging ﬂ7°5 Hz,
E?E)(dg 65@591905116#%@976%56155&@ ﬂxvge %?ﬁl é@thmmaqundaa @lgth(sd, )1H, J

Q ONASE. b O ﬁﬁn%lihe b401ﬁ1%0§m9& 05 ghinbe eHicibly ggtan%dzfrpal hggmitie)
4.18 (bdd, 2 d, H J =155 Hz,
Asn- (é ésuér ce%laen%}ﬂgreun“@% ﬁLélc ?fé%eﬁléu aféﬁ* OHwoe}agi%,@ndeH

Acx2 88, d f M+H+ 1288. S,
fﬁﬁné 1288. %‘ij % ot%f@bgy%pwwiﬁi?b g‘r’é@f F@E’o‘%@& r‘nﬂgz]z (3.6 ny,

2.8 ~nol) and 1.2 Wfﬁwl ne serum5 al bum n were dissolved i n HEPES
buf fer (50 FNPPRRRGS (P p.L), and N-acetyl - (3-D gl ucosan ni dase

(Sigma- Al drich Corporation, fromJack Beans, 195 nlJ was added thereto.
This solution was allowed to stand at 37C for 24 hours, and thereafter the
term nation of the reaction was confirned by HPLC anal ysis. The reaction
solution was purified by HPLC (YMC Packed Colum 10 D-ODS-5 S-5 120A ODS
No. 2020178, 20 x 250 nmm eluent: 50 nmM aqueous anmoni um acetate :
acetonitrile = 80:20, flowrate: 4 nL/mn). Further, the residue was
desalted on an ODS col um (Cosnosil 75C18-0PN, 15 x 100 nm eluted first
with 50 nL of H20 and then with 25 % acetonitrile), to give a desired
conmpound 23 (2.3 ng, yield: 77% . The physical data for the resulting 15
conpound are as follows. 1HNWR (30C) 87.91 (d, 2H, J = 7.5 Hz, Fnoc), 7.70
(d, 2H, J = 7.5 Hz, Froc), 7.50 (dd, 2H, J = 7.5 Hz, Fnoc), 7.43 (dd, 2H, J
= 7.5 Hz, Fnoc), 5.11 (s, 1H, Man4-H 1), 4.99 (d, 1H, J 9.7 Hz,

G cNAcl-H1), 20 4.77 (s, 1H, Man3-H 1), 4.S7 (d, 1H, J 6.5 Hz,

G cNAc-H 1), 4.33 (t, 1H, Fnoc), 4.22 (d, 1H, J = 3.0 Hz, Man3-H2), 4.07
(bdd, 1 H J =2.1 Hz, Man4-H2), 2.72 (bdd, 1 H J = 15.5 Hz, Asn-(3CH),
2.52 (bdd, 1H, J = 8.9 Hz, 1S.5 Hz, Asn-(3CH), 2.05,1.89 (each s, each 3H,
Ac); MS(Fab) Calcd for CA~H65NAO25[ M+rH+] 1085.4, found 1085.3. 25 82



Exanpl e 20 Synthesis of Conpound 11 The conpound 10 (123 ngy, 62 p,nol) and
bovi ne serumalbumn (1.1 ng) were dissolved in HEPES buffer (50 mM pH
5.0, 2.5 nmL), and ~i-gal actosi dase (nanufactured by Sei kagaku Cor porati on,
from Jack Beans, 24 p.L, 612 nlJ) was 5 ddded thereto. This solution was
allowed to stand at 37C for 61 hours, and thereafter the term nation of the
reaction was confirnmed by HPLC anal ysis. The reaction solution was

| yophi li zed, and subsequently purified by HPLC (YMC Packed Col um D ODS-5
S-5 120A ODS No. 2020178, 20 x 250 mm eluent: 50 mM aqueous anmoni um
acetate : acetonitrile = 80:20, flowrate: 3.5 nL/mn). 10 Further, the
resi due was desalted on an ODS columm (Cosnosil 75C18-CPN, 15 x 100 mm
eluted first with 50 nL of H20 and the ith 25% acetonitrile), to give a
desired conpound 11 (71 ng, yield: 70%., The physical data for the

resul ting conpound are as follows. (30C) 15 87.91 (d, 2H, J =7.5
Hz, Fnoc), 7.71 (d, 2H, J = 7.5 Hz, FnQL), 7.50 (dd, 2H, J = 7.5 Hz, Fnoc),
7.43 (dd, 2H, J = 7.5 Hz, Frnoc), 5.11 , 1H, Man4-H 1), 4.99 (1H, d, J =

9.9 Hz, (Jch%cl-k#l), 4.91 (s, 1H, Nhhl;-H—l), 4.76 (s, 1H, Man3-H 1), 4.55
(d, 2H J 8.6 Hz, A cNAc2,5-H 1), 4 3 (t, 1H, Fnoc), 20 4.24 (s, 1H
Man3- H2), 4.18 (s, 1H, Man4-H 2), qg:(s 1H, Man4'-H2), 2.72 (bd, 1H, J
= 1S.5 Hz, Asn-(3CH), 2.51 (bdd, 1H, J 9.0 Hz,15.5 Hz, Asn-(3CH), 2.06
(s, 3H Ac), 2.05 (s, 6H Acx2). 1. 88‘(’% 3H, Ac): HRMB Cal cd for

C69H ooN6NaO4o[ MEFNa+] 1675.5873, foun 675.5841. 25 83 Exanple 21

Synt hesi s of Conpound 12 The conpoun 0 ng, 30 pnol) and 2.0 ng of

bovi ne serum al bum n were di ssolved in\HEEES buffer (50 mM pH 5.0, 920
p,L), and N-acetyl-(3-D glucosani ni | (Bgnuf actured by Sigma-Aldrich
Corporation, 5 from Jack Beans, 2. was added thereto. This solution was
allowed to stand at 37C for 48 hour afd thereafter the termnation of the
reaction was confirmed by HPLC anal ysi The reaction solution was purified
by HPLC (YMC Packed Colum D-ODS-5 S- ODS No. 202@178, 20 x 250 mm

el uent: 50 mM aqueous anmoni um acet ate'y etonitrile = 80:20, flow rate:
10 4 nL/mn), and |yophilized. Thi r€5 d was desalted on an ODS col umm
(Cosnosi | 75C18-COPN, 15 x 100 nmm Irst with 50 nL of H20 and t hen
with 25% acetonitrile), to give a dasjy¥d conpound 12 (25 ng, yield: 66%.
The physical data for the resulting C ound are as follows. 1H NVR (300
15 87.91 (d, 2H, J = 7.5 Hz, FnoC), 7. (d, 2H, J = 7.5 Hz, Fnoc), 7.50
(dd, 2H, J = 7.5 Hz, Fnoc), 7.43 (dd, J =7.5 Hz, Fnoc), 5.10 (s, 1H,
Man4-H 1), 4.99 (d, 1H, J = 9.7 Hz, @ cl-H1), 4.91 (bd, 1H, J = 1.6 Hz,
Man4' -H 1), 4.77 (s, 1H, Man3-H 1), -4.52 (b, 1H, G cNAc2-H 1), 4.33
(t, 1H, Fnoc), 4.24 (bs, 1H, 20 4.06 (dd, 1H, J = 1.6 Hz, 3.2
Hz, Man4-H 2), 3.97 (dd 3.5 Hz, Man4'-H 2), 2.72 (bd, 1H

J = 15.5 Hz, Asn-(3CH), ::
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2.53 (bdd, 1H, J = 9.0 Hz,15.5 Hz, Asn-(3CH), 2.05, 1.88 (each s, each 3H,
Ac). 25 Exanple 22 Synthesis of Conpound 13 84 The conmpound 12 (10 ny, 11
p,mol) and 0.9 ng of bovine serum al bumi n were dissolved in HEPES buffer
(50 MM pH 5.0, 440 p,L), and a-nmannosi d&se (manufactured by Sigma-Aldrich
Cor poration, fromJack Beans, 30 p,L, 3.2 U was added thereto. This
solution was allowed to stand at 37C for 21 hours, and 5 thereafter the
term nation of the reaction was confirmed by HPLC anal ysis. Subsequently,
the reaction solution was purified b@IHPLC (YMC Packed Col umm D-ODS-5 S-5
120A ODS No. 2020178, 20 x 250 mm elyent: 50 nM aqueous ammoni um acetate :
acetonitrile = 80:20, flowrate: 4 mn). Further, the residue was
desalted on an ODS col unm ( Cosnosi | C18-OPN, 10 15 x 100 mm eluted first
with 50 M of H20 and then with 25% tonitrile), to give a desired
conpound 13 (3 ng, yield: 43%. Thel;l.h.ysical data for the resulting
conpound are as follows. 1H NWR (30C)x87.92 (d, 2H, J = 7.5 Hz, Fnoc), 7.71
(d, 2H, J = 7.5 Hz, Fnoc), 15 7.51 ( 2H, J = 7.5 Hz, Fnoc), 7.43 (dd,
2H, J = 7.5 Hz, Fnoc), 4.99 (d, 1H, = 9.5 Hz, G cNAcl-H 1), 4.76 (s, 1H,
Man3-H 1), 4.57 (1H, G cNAc2-H1), 485 (d, 1H, J = 3.2 Hz, Man3-H2), 2.72
(bd, 1H, J = 15.5 Hz, Asn-(3CH), 2.5 bdd, 1H, J = 8.3 Hz, 15.5 Hz,
Asn-(3CH), 2.05, 1.89 (each s, each ). 20 (Deprotection of Fnoc G oup
of Sugar Chain Asparagi ne Derivative) \Alak of the sugar chai n asparagi ne
derivatives were subjected to theXiggotiFcti on of the Fnoc group in
accordance with the follow ng pro€ s. First, 240 p,L of

N, N- di et hyl f or mam de and 160 ~uL rphol i ne were added 25 per 1 p, nol

of the Fnoc form of the sugar chain aragine, and the resulting 85

m xture was subjected to reaction at ¢y t enper at yre under argon

at nosphere. The term nation of the regcfkon was confirnmed by TLC (eluent: 1
M amoni um acet ate: i sopropanol =846 aBsl thereafter the m xture was cool ed
wth ice water. To this m xture Wgp ed diethyl ether in an anmount of 10
times that of the 5 reaction sol ut\ wWith stirring the mxture for 15

m nutes, and thereafter the precipitjes fornmed were filtered. The residue
obt ai ned was dissolved in water, an aporated at 35 C. Further, a
procedure of adding 3 nL of toluene reto and evaporating the m xture was
repeated three tines. The residue purified by reverse phase col um
chromat ography (Cosnosil 75C18- Xx 100 mm 10 eluent: water). Exanple
23 Synt hesi s of Conpourg 33 Thej C nd 10 (10.5 ng, 5.3 p.nol) was
reacted for 7 hours inwgc e t he above procedures, to give a
desired conpound 33 (7 el The resul ting conpound was
confirmed fromthe fin Qg dt i&entical to that of the
preparation. Eels




Exanpl e 24 Synthesis of Conpound 26 The conpound 3 (8.0 ng, 3.8 p.nol) was
subjected to the reaction for 20 21 hours in accordance with the above
procedures, to give a desired conpound 26 (6.3 ng, yield: 88%. The

physi cal data for the resulting corrpoun are as follows. 1H NWR (30C) b5.13
(s, 1H, Man4- H-l) 5.07 (d, 1H, J 9.9 Hz, G cNAcl-H 1), 25 4.95 (s, 1H,
Man4' -H 1), 4.78 (s, 1H, Man3-H 1), 4.62 (2H G cNAc2,5'-H 1) 86 4.56
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deduced that the interaction with the reverse phase column preferably employed

in the separation step (b) may be markedly improved, whereby consequently the

separation of the both compounds can be accomplished reflecting the difference

15 in the sugar chain structure more sensitively.
The mixture of one or more sugar chain asparagines each having a sialic

acid residue at a non-reducing terminal is not particularly limited, as long as the

mixture is a mixture of one or more sugar chain asparagines having the above

structure. A mixture of one or more sugar chains each having a sialic acid

20 residue at a non-reducing terminal and also having asparagine bound at a

reducing terminal is preferred from the viewpoint of easy availability. As the

above mixture, a mixture containing the compound 24 shown in Figure 3 and/or

a compound having one or more deletions of sugar residues in the above

compound is preferred.

25 It is preferable to carry out the above step (b’), from the viewpoint of



follows. 1H NWR (30C) b5.07 (d, 1H, J = 9.4 Hz, GcNAcl-H 1), 4.94 (s, 1H,
Man4' -H 1), 4.76 (s, 1H, Man3-H 1), 4.61, 4.59 (each d, each 1H,
G cNAc2,5'-H 1), 10 4.44 (d, 1H, J = 7.8 Hz, Gl 6" - H—1) 4.10, 4.07 (each
1H, Man4',3-H2), 2.93 (dd, 1H J = 4.64z, 17.5 Hz, Asn-~i CH), 2.85 (dd,
“1H, J = 7.0 Hz,17.5 Hz, Asn-(3CH), 2.67 (dd 1H, J = 4.6 Hz, 12.2 Hz,
NeuAc7' - H 3eq), 2.08, 2.06, 2.02, 2.01 (each s, each 3H, Ac), 15 1.71 (2H,
dd, J = 122 Hz, 12,2 Hz, NeuAc7'-H 3 VS Fab) Cal cd for .
ﬁ\arilmqﬁéqenil

. CS~HI4NBNa Mbtenmgo%%gaf ﬁlrgas denvatiyehavdag heof Conpound
30 The con‘gound 7 ng p. ol ) was subjected to the reaction for 20
7 hours in ﬁ%‘ﬁ"&ﬁ%é’h%nt r“cqtﬂefeabove procedures to give a desired conpound

30 (8.0 ny, y|e The i cal a for ther uItJn onpound are
as foll ows. ot Qé%?P tp %/ ihe Slqgaf AE-4SpaNAgIng n(a(glveg,qiex;e dCY. 9 Hz,

G cNAC1- H- 1 MBn4' -H 1), 4.77 (s, 1H Man3-H 1), 88
4. 61 4. 600 @Mdélosea&f)aﬁ‘-qr by intredusipg ??e@drgt\e@ sndFmoc groyp tb@relrm J =
8.4 Hz, G CcNACS - H 1) 1H J.= 8.0 H, Gal6-H 1), 4.24 (bd, 1H,

|van35|+ 2) , and ily)seﬂaeparﬁa yyngr%lﬂ@lﬂﬂé)lﬂzFm%gronerﬁherﬁmim 4.10 (bdd, 1 H, J
= 1.4 Hz, 3.2 Hz, NMan4-H2), 5 2.90 (dd,. 1H, J = 4,5 Hz, 16,7 Hz

Asn- (3CH), 2. so%dntrqwctmmfw@%grw intgg Sla)slgrac(@mduezof@be(suaar 1H J=
4.6 Hz, 12.4 Hz, NeuAc7- H-%f 2.07,.2.06, 2.05, 2.02, 2.01 (each s, each
3H, Ac), 1017a1n(9<§aaragnle may beCazrieg ougin @Cp&damqem&lva kngw)progesrae) Cal cd
for 10 C-1H11~N~NaO5 906 7, found 1906.1 Exampl e 28 Synthesis of
Conpound 3iS{#{ieCe § 6‘:“9’4 TeRRir Qreanic hemisis J 938]‘@9@&& ng fNC.

reaction f h t he above procedures, to glve a
deS|red coﬁ%ﬁﬁﬁd“§§9§1 ﬁ%i§%%69f$&gg§%?§g?©BOEbeSEhiglcal dﬁtawgoz Lfi)
resu |n conmpound are as fo : n

5. 06 d, ng "% In'geapr nC‘-’G"HhAﬁﬁa‘Pp‘if)Pm&e@ regf Ofiwalmsn ergicay beg 77 (s,
S il o Rt it 85 AR et o)
2.91 (bd, J =1

Asn-(gCH) , Pé'ﬂ%gre&a m‘fgaﬂﬁeﬁtﬁ& %&?zfcsfﬁc%v iy, WR&SSA&?@W%W,W’%&?. 06, 2.06,

2.02, 2.00 gr?é’j‘r%i]formueia(:h 3H, Ac),
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wherein one of R* and RY is
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89 1.70 (dd, 1H, J = 12.6 Hz, 12.6 Hz, NeuAc7-H 3ax); MS(Fab) Cal cd for
C63HL04N6NaOAG-MtNa+~ 1703. 6, found 1703.0. Exanple 29 Synt hesis of
Conpound 32 5 The conpound 9 (7.7 ng, 4.4 ~nmol) was subjected to the
reaction for 23 hours in accordance wit# the above procedures, to give a

- desired conpound 32 (5.2 ng, yield: 78%. The physical data for the

resul ting conpound are as follows. 1H NWR (30C) 10 85.14 (s,1H, Man4-H 1),
5.07 (d, 1H, = 9.4, Hz, GcNAcl-H1), 4.78 (s, 1H, Man3-H 1), 4.61, 4,60
(each d, ea%tmtherbﬂ\ﬁcz 5-H1), 4.44 (d, 1H J = 8.0 Hz, Gal6-H 1), 4.23
(d, 1H, J = 3.0 Hz, Man3- H-2) 4.19 (bdd, 1H, J = 1.3 Hz, 2.9 Hz,
Man4-H2), 2.92 (dd, 1H, J = 4.1 Hz, 17.2 Hz, Asn-~iCH), 15 2.83 (dd, 1H, J
= 7.5 Hz, 12.7 Hz, Asn-(3CH), 2.67 (dd, 1H, J = 4.6 Hz, 12.7 Hz,

NeuAc7-H 3eq), 2.06 (s, 6H, Acx2), 2.03, 2.01 (each s, each 3H Ac), 1.71
(dd, 1H, J = 12.7 Hz, 12.7 &, WWeuAc7-H 3aX); MS(Fab) Cal cd for
CS~HO4N6Na041 [ MtNa+] 1541.% pund 1541. 2. 20 Exanpl e 30 Synt hesis of
Conpound 37 The conpound 1#=8¢1 ngy, 5.0 p,nmol) was subjected to the
reaction for 13 hours in fccordance with the above procedures, to give a
desired conpound 37 (6.5 @y, yield: 77% . The physical data for the
resul ting corrpOLHQ)areﬂ 5 | ows. 90 1H- NWR (30C) 85.11 (s, 1H,
Man4- H 1), S5HG ( “Hz, G cNAcl-H 1), 4.92 (s, 1H, Man4' -H 1),
4.75 (s, 1H M 7, 4.55 (each d, each 1H, J = 7.5 Hz,

G cNAc2, 5, 5' - ( T—0- Hz, EH&--Hl) 4.23 (bs, 1H,
Man3- H-2) , 48diN SH H Nhn4 - , Man4-H2), 2.87 (dd, 1H
J = 4.8 Hz, 17.0 Hz, Asn-(3CH, 2. 07.2 Hz, 17.0 Hz,

i HO
Asn-(3CH), 2.07 (s, 3H, Ac), 2.04 (s, 6H, AHMO (s, 3H Ac): MS(Fab)
my

Cal cd for OC60HLOON6Na043[ M+Na+] 1615. 6, 1d% 5.0. Exanple 31

Synt hesi s of Conmpound 42 The conpound 19 ( ¥4 pnol) was subjected
to the reaction for 13 hours in accordance with the above procedures, to
give a desired conpound 42 15 (8.0 ng, yield: 88% . The physical data for
the resulting conmpound are as foll ows.
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1H- NMR (30C) b5.11 (s, 1H, Man4-H 1), 5.06 (d, 1H, J = 9.5 Hz,

G cNAcl-H1), 4.91 (s, 1H, Man4'-H 1), 4.76 (s, 1H Man3-H 1), 20 4.60,
4.57, 4.5S5 (each d, each 1H, G cNAc2,5,5 -H1), 4.46 (d, 1H J = 7.8 Hz,
Gal 6-H 1), 4.28 (s, 1H, Man3-H2), 4. 184Qs 1H, Man4'-H2), 4.10 (s, 1H,
Man4-H-2), 2.88 (dd, 1H, J = 4.0 Hz, 16.6 Hz, Asn-(3CH), 2.77 (dd, 1H, J =
7.5 Hz, 16.6 Hz, Asn-[iCH), 2.07 (s, 3H, Ac), 2.04 (s, 6H, Acx2), 25 2.00
(s, 3H, Ac); Ms(Fab) Calcd for C6oH-oi N6Oa3[ MrH+J 1593. 6, found 1593.8.
91 Exanpl e 32 Synt hesis Q@ Conpound 38 The conpound 15 (5.1 ng, 3.2 p, nol)
was subjected to tkrgaftion for 11 hours in accordance with the above
proceduresOrto giNg %y ed conpound 5 38 (4.0 ny, yield: 91 %. The
physi cal data for H € ting conmpound are as follows. 'H NVR (30C) b5.10
(s, 1H, Man4-H 1), 5.07 (d, 1H, J = 9.4 Hz, G cNAcl-H 1), 4.92 (s, 1H,
Man4d' -H 1), 4.76 (s, 1H, Man3-H1), 10 4.61, 4.57 (each d, each 1H, J = 7.8
Hz, G cNAc2,5 -H 1), 4.47 (d, 1H J = 7.8 Hz, Gal6' - H-1) 424(d 1H J =
2.3 Hz, Man3-H 2) §110 4. 06, (each bd, .each, 1H, l\/gn4' 90 (dd,

1H P = 4. é?op@retqler, er&lgax\ghalpzﬁépﬁragmaqcr(wvem es-the @OME Compqxl
Asn-(3CH), _15 2.07, 01 (each s ch 3H, Ac); MS(Fab) Cal cd f or
C52H88N503§P|W1ﬂ43]7 @Bééh@,ﬁ)l%ﬁ%cﬂ?@})@d Fgarrpl e 33 Synthesis of Conpound 72
The conpound 70 (4.0 ng, 2.8 ~unol) was subjected to the reaction for 20 13
hours in accordance with the above procedures, to give a desired conpound
72 (2.9 ng, yield: 85% . The physical data for the resulting conmpound are
as follows. 1H NVWR (300



85.09 (s, 1H, Man4-H 1), 5.06 (d, 1H J = 9.8 Hz, G cNAcl-H 1), 25 4.91 (s,
1H, Man4'-H 1), 4.76 (s, 1H, Man3-H 1), 92 4.61, 4.4 (each d, each 1H,
G cNAc2,5-H1 ), 4.24 (s, 1H, Man3-H 2), 4.10, 4.06 (each bs, each 1H,
Man4, 4' -H2), 2.87 (dd, 1H, J = 17.2 Hz47Asn-[3CH), 2.76 (dd, 1H, J = 6.5

- Hz, 17.2 Hz, Asn-(3CH), 5 2.07, 2.04, 2.00 (each s, each 3H, Ac); MS(Fab)
Cal cd for CA6H~-gNSQB3[ MrH+] 1228.5, found 1228.3. Exanple 34 Synt hesis of
Compound 43 The conpound 20 (5.4 ng, 3.3 ~unol) was subjected to the
reaction for 10 11 hours in accordance with the above procedures, to give a
desired conpound 43 (4.1 ny, yield: . The physical data for the
resulting conpound are as follows. 1 MR (300 b5.11 (s, 1H, Man4-H 1),
5.07 (d, 1H, J = 9.5 Hz, G cNAcl-H 1)©15 4.91 (s, 1H Man4'-H 1), 4.77 (s,
1H, Man3-H1), 4.61, 4.57 (each d, e 1H, G cNAc2,5-H 1), 4.46 (d, 1H,
Gl 6-H 1), 4.24 (s, 1H Man3-H2), 4. (bs, 1H, Man4-H2), 2.90 (dd, 1H, J
= 4.0 Hz, 17.0 Hz, Asn-(3CH), 2.80 (¢g¢d, 1H, J = 7.3 Hz, 17.0 Hz, Asn-(3CH),
20 2.07, 2.04, 2.01 (each s, each 3H™Ac); MsS(Fab) Calcd for

CSZHB8N5038[ M-H+] 1390. 5, found 1390. . Exanpl e 35 Synthesis of Conpound 73
The conpound 71 (4.0 ngy, 2.8 ~unol) subjected to the reaction for 25 13
hours in accordance wth the above prggedures, to give a desired conpound
93 73 (2.9 ng, yield: 85%. The physical data for the resulting conpound
are as follows. 1H NWR (30C) 85.11 (<1 Man4-H 1), 5.06 (d, 1H J = 9.9
Hz, G cNAcl-H 1), 5 4.91 (s, 1H, Man4' ), 4.77 (s, 1H Man3-H 1), 4.60,
4.54 (each d, each 1H, J =7.9 Hz, (¢ %,S-H-l), 4.24 (s, 1H, Man3-H2),
4.18 (dd, 1H, J = 1.6 Hz, 1.6 Hz, #¢ M*2), 3.96 (1H, dd, J = 1.6 Hz, 1.6
Hz, Man4-H2), 2.88 (dd, 1 H J = 4 , 16.8 Hz, Asn-(3CH), 10 2.77 (dd,
1H, J = 7.2 Hz, 16.8 Hz, Asn-(3CH), , 2.04, 2.00 (each s, each 3H, Ac);
M5( Fab) Cal cd for CA6H~-8N5033[ MrH+] 1 é found 1228. 3. Exanple 36

Synt hesi s of Conpound 39
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15 The conpound 16 (2.2 ng, 1.5 p,nol) was subjected to the reaction for 7
hours in accordance wth the above procedures, to give a desired conpound
39 (1.6 ny, yield: 84% . The physical data for the resulting conpound are
as follows. 1H NVR (30C) 20 85.07 (d, 148 J = 9.7 Hz, G cNAcl-H 1), 4.92
(s, 1H, Man4'-H 1), 4.75 (s, 1H, Man3-H 1), 4.62, 4.58 (each d, each 1H,
G cNAc2,5-H 1), 4.09, 4.08 (each s, each 1H, Man3,4'-H2), 2.91 (dd, 1H, J

B LA )
e AR g S A TR, SRR 0T
14 hours in _accordance w th the abqve procedures, to.give.a desired
Conpound AGMSINE fgh Sl QA sssigjue ofte SugarChain gRpetaBite dETRAUNEKS 11 ng
e | L.
i S5 P A e oo Sk 5y 1
VS Fai)Cal OPOY Srauet s Nekceiat oindier S a5 BycPBERt o8 BSBPARAIR - oo
ot e r oache SHERGFIAD aRRATPEInG AoRRE BV e AU AP Hon S FEREHBHR: o5 o
0, e Ao i SRS e 58 L
5 51 ot S Cond o 27
(9%l achonaipes i tsted bpptC TR Wove e St kbl sttient
C3zhss Na~a~tU\{¥itL:P§lep8c?t3 ;‘)r%parfil(ljgl;J Q%uggrg’c'hzain Eé(paaqgglirele ?a%ri\S/Xtri]\Eehﬁsailcsco(r)éancc:% Win nd 44
the above process for preparing a sugar chain asparagine derivative, a step of
removing the protecting group from the resulting sugar chain asparagine
derivative.
15 In other words, the process for preparing a sugar chain asparagine
according to the present invention comprises the steps of:
(a) introducing a fat-soluble protecting group into a sugar chain asparagine
contained in a mixture of one or more sugar chain asparagines, to give a
mixture of sugar chain asparagine derivatives;
20 (b)  subjecting the mixture of sugar chain asparagine derivatives or a mixture
obtainable by hydrolyzing a sugar chain asparagine derivative contained in
the mixture of sugar chain asparagine derivatives to chromatography, to
separate each of sugar chain asparagine derivatives therefrom; and

(c) removing the protecting group from the sugar chain asparagine derivative

25 separated in the step (b), to give a sugar chain asparagine.



5 The conpound 21 (2.3 ng, 1.6 p,nol) was subjected to the reaction for 7
hours in accordance wth the above procedures, to give a desired conpound
44 (1.6 ny, yield: 84% . The physical data for the resulting corrpound are
as follows. 1H NWR (30C) 10 b5.11 (s, 147 Mans- H1), 5.06 (d, 1H, J 9.8
Hz, G cNAcl-H 1), 4.77 (s, 1H, Man3-H 1), 4.61, 4.57 (each d, each 1H,

G cNAc2,5-H 1), 4.46 (d, 1H J = 7.8 Hz, Gal-H 1), 422 418(each bs,
each 1H, Man3, 4-

; , 2 1 , 2.82
G, 1h 3= 3%@ e s dane it s Sl oSS T 222,
3H, A M5( Fab). Cal cd f C46H7 1228. 3. EXx I
20" Syt hesi eBTIRS 30 SR nﬁ@f%@ﬁ%h Y5 4’(611%@&3“%“?%%8 oney s amle
subj ected to the reaction.for acc ance with

procedur es, SUgAT Ghia aépaf@gmcgdws@aﬁ@m aﬁl‘j*o eC EBIPUP arer

physi cal a for t resul t. onpound are as foI | ows. 1H NMR (30C) b5.12
(s, 1H, Naﬁiieﬁaﬁ‘)e aSQEBSF ‘EPC“bngaﬁo‘@g 7 Hz, GcNAcl-H 1), 25 4.77 (s, 1H,
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Synthesi s Of rg%nlf)e fedoved by a reaction with a weak acid. After the removal of the
protecting group, a sugar chain asparagine may be properly obtained by purifying
a reaction mixture by a known process such as various chromatographies

15 employing a gel filtration column, an ion exchange column or the like or a
process of separation by HPLC as desired.

In addition, similarly to the above process for preparing a sugar chain

asparagine derivative, as a preferred embodiment of the process for preparing a
sugar chain asparagine of the present invention, there is provided a process for

20 preparing a sugar chain asparagine, in which the step (a) is a step of providing a
mixture of one or more sugar chain asparagines each having a sialic acid residue
at a non-reducing terminal, introducing Fmoc group into the sugar chain
asparagines contained in the above mixture, and introducing benzyl group into
the sialic acid residue, to give a mixture of sugar chain asparagine derivatives. In

25 this embodiment, in the step (c), the removal of benzyl group in addition to the



The conpound 11 (12.4 ng, 7.5 p,nol) was subjected to the reaction for 11
hours in accordance wth the above procedures, to give a desired conpound
34 (9.2 ny, yield: 86%. The physical data for the resulting conpound are
as 25 follows. 97 1HNWR (30C) b5.11 §&, 1H, Man4-H 1), 5.07 (d, 1H J =
10.0 Hz, G cNAcl-H1), 4.91 (s, 1H, Man4' -H1), 4.77 (s, 1H Man3-H1),
4.61 (d, 1H, J = 6.8 Hz, G cNAc2-H 1), 4.55 (d 2H, G cNAc5,5' -H 1), 5 4.24
(bs, 1H, Man3-H 2), 4.18 (bs, 1H, l\/an4 H 2), 1Q (bs, 1H, Man4-H2), 2.80
(dd, 1H, Jremeval GiFmec group isAapried @M) T@@anwo bpnzyi gr0Rp gappe 15.6 Hz,
Asn-(3CH), 2.07 (s, 3H Ac), 2.05 (s, 6H, ACX%PS 2.01 (s; 3H, Ac) MS(Fab)
Cal cd for mwmegeqmmwltmwn pEReess (log dnstanceg s¢sBrgfrering
Synt hesi s of Compound 35 The conp (1 8.4 ~, mol) was subj ect ed
to the reabrpeps f’b@r&@ﬂlﬁ&h@mﬁﬁyaﬁg@rd%}ﬁé’e&éqnﬁn&@ ESB&/XO{J? 1)% ures,
gi ve a desired con}found 35 (7.0 ng, yield: 81 %9. The physical data for the
resul ting SR aé?éoés6)15 foI | ows. 1H NMR (300) 85 10 (s, 1H, Man4-H 1),
5.07 (d, 1H, J = Hz, NAcl-H 1), 4.91 (s, 4'-H 1), 4.78 (s,
1H, Man3-H 1), Eusher(,dn tlmame Hagngr n&meen@mcéabwel)lt ISzprQ@rqhig 10 1H,
Man3-H-2), 20 4.06 (bs, 1H Mand' -H2), 3.97 (bs, 1H Mand-H2) 2 79 (dd,
1H, J = 5. bydeolyze therszlgamelham:aspgragme rivatives sepagated m the-step (f) and/e
Asn-(3CH), 2.07, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
C38H65 Mozbydmlwe thezmgar chajnngparegmenbizped inthesiepi)e fuom El‘gmmwosntand
I sol ation of Conpounds 76 and 77 The conpounds 2 and 6 (5.0 ng, 2.2 p, mol)
were di ssoP{etficigntby gbtainingsa sugeechainaapargging having a desired\sugaiabam cesi um
carbonate was added thereto to adjust ifs pHto 7.0. This solution was
| yophi | i ze8trugtyig.- hhedydeplysis can bﬁ icaEedh9wtrip) the same grangenas dassrieds or mani de
was added to the solid obtained after dryin and, further 20 ~uL of a 6.6

0 benz#Povs-olils anorr preigrahie (R Fatay ﬁﬂhﬁﬁél%phmsawtmg lyensidpsersiept o.

ThIS solutio s stirre nder, ar,gon atnpspher After 48 hours, the
di sappear a&ga\ﬁg/qrw&e(ca}tf TG et EFVRPInLLE TRQI (G %flﬁ@aﬂwbmerxgeam 1 M

NH40AC : gg opanol , éa \/BP gé‘) t her after 4.4 mL of diethyl ether was
added to tﬁ @&Sﬂﬁia&mq YN dwesk sugarc an structure.
In accordance with the above procedures, for instance, there can be
efficiently obtained a sugar chain asparagine represented by the general formula:

15

_R3

OH

Asn

AnHN . AcHN
20 :

wherein R® and R*, which may be identical or different, are H,



conpound to precipitate therefrom The precipitated sugar chains were
filtered, and the residual sugar chain was dissolved in water and
Iyophlllzed The residue after the lyophilization was purified by

fracti onal HPLC (YMC Packed Columm D-OO8-5 S-5 120A ODS No. 2020178, 20 x
250 mm eluent: 50 mM aqueous 15 ammoni um acetate : acetonitrile = 78:22,
flowrate: 4 nL/mn), and a conpound 77 was eluted after 88 mnutes and a
conmpound 76 was el uted after 91 mnutes. The fractions were collected, and
further desalted ogQ Fo osnosi | 75C18-CPN, 15 x 100 mm el uted
first with 50 j ' h 25% acetonitrile), to give a desired
conpound 76 i n"arNaf : eggconpound 77 in an
amount of 1.8 noyghhkE

follows. Data fopcHn J = 7.5 Hz, Fnoc),
7.71 (d, 2H, J = 7.5 HZ, Frmc) . 58° - CH2- Ph), 5.38
(d, 1H, J = 12.1 Hz, CHI-Ph) 99 5.3 N2 Hz, - CH2-Ph),
5.12 (s, 1H, Man4- H-1) 4.99 (d, 1H, J = 9.5 Hz, H§ 1), 4.92 (s, 1H,
I\/an45-l—l-1) 4.76 (s, 1H, Man3-H 1), 4.58 (m 3H, cNAcZ N5'-H 1), 4.47
(d, 1H J =7.9 Hz, Gal6'-H 1), 4.33 (d, 1H, J = 7.9 Hz, Gal6-H 1), 5 4.24
(bs, 1H, Man3-H2), 4.19 (bs,1H, I\/an4' H2), 4.11 (bs, 1H, Man4-H2), 2.72
(bd, 1H, Asn-(3CH), 2.68 (dcﬁlH, J = 4.6 Hz, 12.7 Hz, NeuAc7-H 3eq), 2.52
(dd, 1H, J = 8.7 Hz, 15.0 2. 07 2.04, 2.03, 2.02, 1.89 (each
s, each 3H, Ac), 1. 84 (dd L\ 4 Hz,A 7 Hz, NeuAc7-H3aX); M5(Fab)
Cal cd for 10 CO9H143Ni ~ N- 2380.0. Data for Conpound
77 1H NWR (30C) 87.91 (d, 2H, J i S TEOSH 1(d, ZzH, J = 7.5 Hz,
Fnoc), 15 7.53-7.41 (m 9H, Fnoc, i 1H, J = 12.1 Hz,
-CHI-Ph) 5.31 (d, 1H, J = 12.1 Hz, CHZ Ph s, 1H, Man4-H—1), 4.99
(d, ¥4 J = 9.8 Hz, G cNAcl-H 1), 493(s H1), 4.76 (s, 1H,
Man3-H 1), 4.58 (m 3H, GcNAc2,5,5'-H1), 4.46 (1H \d, J = 7.8 Hz,

Gal 6-H 1), 433(d 1H, J =7.8 Hz, Gl 6'-H 1), 20 4.24 (bs, 1H, Man3-H 2),
4.19 (bs, 1H Ngp A “; 4. 11 (bs 1H, Man4-H2), 2.72 (bd, 1 H,

Asn- (3CH), 2.06% i = 4.8 Hz, 13.0 Hz, NeuAc7-H ), 2.52 (bdd,
1H, J = 9.7 Hz, (SCH) 2.06, 2.05, 2. 2, 1.89 (each s,
each 3H, Ac), 1. = 13.0 HAT 13.0 Hz N 3aX); Ms(Fab)
Cal cd for 25 C99Hla H+] 2380.8, found 2

15

20

or



100 Exanpl e 45 Synthesis of Conmfound 78 A cool ed agueous sol ution of the
conpound 1 (20 ng) was applied onto a Dowex- SO8 (H+) colum (~ 0.5 cmx 5
cnm chilled at 4C, and the eluted 5 aqueous sol ution was |yophilized. The
resulting |yophilized product was dissdided in a chilled water at 4C, an
aqueous Cs2C03 (2.5 ng/1 mM) was added thereto to adjust a pH of the
aqueous solution t to 6, and the aqueous solution was then |yophilized.
The Fnoc-di si al o-s r chain sanple after the |lyophilization was dissol ved
in adry DW (%”54# ide (5.1 p,I) 10 was added thereto
With stirring t grature for 45 m nutes under argon

product. This substance was filt e, W filter paper. Distilled water
was added to the residual desired product and eluted as a filtrate, and
subsequent |y concentrated under a reduced pressure. The resulting residue
was ﬁurlfllécﬁﬂ@ﬂdﬂdplyl ng to an ODS colum (~ 1.6 cmx 14 cm eluent: H20 ->
40% aqueous MeOH), gi ve a conmpound 78 (18.2 ngy, yield: 85%. The

physi cal d@pacrremlyzﬂw@ mguchaln@swafgmdaclme&rf@r HStanse) eash ofAhei H- NVR (300)
7.90 (d, 2H, Fnoc 7.70 (d, 2H_ Fmoc), 7.53-7.40 (m 9H, Bn, Fm)c% 5. 36
(d, 2H, J eomposn shcmz)n quzcﬁ(aad Eigure4 _Amm@ m@m @Qyompomdq% tan,
Man4d-H ), 4. 99( Hz, G cNAcl-H), C1H Mand' -H),
4.75 (s, 1B2 3k @ﬂi arzt73, agﬂztf@rﬁomur@ﬁmcmﬁor @Pémﬁ\t:@ms inghg, 4.32 (d,
2H, &al6,6'-H), 101 4.24 (d, 1H, Man3-HZ), 4.18 (d, 1H, Man4' - 2) 4.10
(1H, d, wapmsmt)mvgntm(ghe pmenragws(lgwncczmearssea&w ShQVeNOIMROUNES. H3eq) |
2.51 (bdd 1H, Asn-(3CH), 06, (s, .3H, Ag), 2.03, 2,01 (each s, each 6H, Ac
x 2)10 1.89 (s, Burthegghe mresgnt(wrenw prpvidesa process £or PFEpauaig e YUgAT_ HaaX) :
HRVS Calcd 5 for O ~H 6sNsNa2066( M+Na+) 2783. 9597, .found 2783. 9501.

| NDUSTRI ALchpp@amMp@fpbtmm@W@rws ispdatsd sugar chainsintd large 3moPBlss sugar
chai ns having desired sugar, chain structures can be obtained in |ar

anount s vedIC @BAYE RreGess JUrthey COMBIECS, YIDSEqIENL 19 @W%@?BEFWBUB@ $He Fi zed
for therapeut,ic agents agains ang i nfl ammati o i nfl yenza and the
like. Es peéh%lplaﬁpartaﬁéleslﬁga&tcoéi’&ﬁ &%ﬂoﬁé PARGESS §0% RAEPAIRE & FY&RT chai n
aspar agi ne whi ch can, be obt a?rped in the present m.ven%g)?n are excellent in
safety wit ﬁlemp aaagi,ragm@%m LRINOYANG 2N ASPYPEIG,IPRIANE HLOm CECSHNENg t he

prepar ati on esses. .102 CLAI M5
15 su ar c ain asparagine.

In other words, the process for preparing a sugar chain of the present
invention comprises the step of:

(@) introducing a fat-soluble protecting group into a sugar chain asparagine
contained in a mixture of one or more sugar chain asparagines, to give a

20 mixture of sugar chain asparagine derivatives;

(b)  subjecting the mixture of sugar chain asparagine derivatives or a mixture
obtainable by hydrolyzing a sugar chain asparagine derivative contained in
the mixture of sugar chain asparagine derivatives to chromatography, to
separate each of sugar chain asparagine derivatives therefrom;

25 (c) removing the protecting group from the sugar chain asparagine derivative



1. A process for preparing a sugar chain aspargine derivative derived from
a sugar chain asparagine, conprising the steps of: 5 (a) introducing a
fat-sol uble protecting group into the sugar chain aspargine contained in a
m xture of one or nore sugar chain aspari@gi nes, to give a m xture of sugar
chai n asparagi ne derivatives; and (b) subjecting the m xture of sugar chain
aspar agi ne derivatives or a m xture obtainabl e by hydrol yzing a sugar chain
aspar agi ne derivative |nedgé0 n_the m xtur.e of su&ﬁ 3 hain aspar agi ne
9

derivatives to cYP8FA goeeerr:é&%*gaaeil@lafasrrr@g chai n

aspar agi ne rivatives therefrom gtrdp ess ac ording to cI %{1
further con@& si IGIARS 8 &3PSy rydee, &1@}‘1 HEA a%agfa&iféﬁ?]bég’ﬁ ragi ne
derivative separa din with a 15 gl ycosidase. 3. The process
according to cl af isi'?rpé tﬁm‘:’é}’%i‘iﬁ‘i&éfﬁﬁ Mure of one or nore sugar chain
aspar agi nes conpri ses: 103 G 104 and/or a conpound havi ng one or nore
del etions of sugar residues I n the above conpound 4. The process accordi ng

{1 uor Syl met Loi'y“?iae S () BiieL§reghe apmeas e b above Bigely “?ogéﬁSpOhZ
of clainms 1 to wher ei the S st.e |ntrodu0| c group
“nto the suREsPARRE AT uBERaIHR SR BRI frdithernEtER: SF ond'or MOH Sl R
asparagines used and the fat-soluble protecting group used are also the same as
those mentioned above.
In addition, in the process for preparing a sugar chain of the present
10 invention, as a preferred embodiment, there is provided a process for preparing a
sugar chain asparagine, in which the step (a) is a step of providing a mixture of
one or more sugar chain asparagines each having a sialic acid residue at a non-
reducing terminal, introducing Fmoc group into the sugar chain asparagines
contained in the above mixture, and introducing benzyl group into the sialic acid
15 residue to give a mixture of sugar chain asparagine derivatives. In this
embodiment, in the step (c), the removal of benzyl group in addition to the
removal of Fmoc group is carried out. The removal of benzyl group can be
carried out in accordance with the above process.
The removal of the asparagine residue from the sugar chain asparagine in
20 the step (d) can be carried out in accordance with a known process. For instance,
the sugar chain asparagine is reacted with anhydrous hydrazine and then
acetylated to remove the asparagine residue, whereby a sugar chain can be
obtained, as schematically shown in Figure 12. Also, a sugar chain can be also
obtained by refluxing the sugar chain asparagine with heating in a basic aqueous

25 solution and thereafter acetylating the sugar chain asparagine to remove the



m xture of one or nore sugar chain asparagi nes having a sialic acid residue
at a 10 non-reducing term nal, and introducing benzyl group into the sialic
acid residue, to give a mxture of sugar chain asparagi ne derivatives. 6. A
process for preparing a sugar chain asp¥# gine, conprising the steps of: (a)
introducing a fat-soluble protecting group into a sugar chain aspargi ne 15

contained in a mxture of one or nore sugar chain asparagines, to give a

m xture of sugar, chai,n asparagi ne derivatives; (h) subjecting the njxture

of sugar cHIBREIES AN ohder Fistemaial f the RsParasise BisidNen S gy chain

hydrol yzi ng a sugar_chai n asparagi ne derivative contained in the m xture of
HoBOPURIGLY BY Mg e

sugar chai Mayds-purifiedapprop Ot BHRSESYP VAIWUS) separate each
of the sugar chain asparagine, derivatives therefrom and, (c) renoving the
or ot ect | ngCHOBRogTBRIesraTRIayNe %g%ll.-aﬁltraélsarca THB, YLIan/e%ch aé%e%mea in

the step (81) to give the suga ragi ne. 7. The process according

to clai m etherlike, gad aé@ﬁﬁﬁt%BFgfg%nggigf@s ired: ) hydrol yzi ng the sugar
andr 3 (6 " PydFBILGEE M U9 RS BRPTEREn FICBAPRCLUr e, HOP BB IS op (c)
it ur e of BEATOEAE the RuEaL N GHAATAS 6 Ser HHESSepaird wothe step B9 andior
hydrolyze the sugar chain asparagines obtained in the step (c), and/or hydrolyze
the sugar chain obtained in the step (d), from the viewpoint of efficiently
obtaining a sugar chain having a desired sugar chain structure. The hydrolysis
10 may be carried out in the same manner as described above. It is more preferable
to carry out the hydrolysis with a glycosidase [the step (b’) and/or the step (c”)
and/or the step (d’)], from the viewpoint of more efficiently obtaining a sugar
chain having a desifeci sugar chain structure.

In accordance with the above procedures, for instance, there can be

15 efficiently obtained a sugar chain represented by the general formula:

0 " OH
naijxg.’& /-{Té&/ - OH
20 HO™ Achn HO™ oty

wherein R® and R®, which may be identical or different, are H,



107 and/ or a conpound having one or nore del etions of sugar residues in the
above conpound. 9. The process according to any one of clains 6 to 8,
wherein the fat-soluble 5 protecting group is Fnoc group. 10. The process
according to any one of clains 6 to 8, Mherein the step (a) is a step of
i ntroduci ng Fnoc group into the sugar chain aspargine contained in a

m xture of one or nore sugar chain asparagi nes having a sialic acid residue
at a 10 non-reducing termnal, and introducing benzyl group into the sialic
acid residue, to give a mxture of sugar chain asparagi ne derivatives. 11
A process for preparing a sugar chain, conprising the steps of: (a)

i ntroduci ng a &K@ I e prgg@cting group into a sugar chain aspargine 15
cont ai ned | j nore sugar chain asparagines, to give a

i B agie e;rlvatlve.&c gb) subjecting the m xture
' ; ‘Bi'hks oH05 e obtainabl e by
hai n aspar agi Qe ained in the m xture of
e derivatives to 20 separate each
(¥ c) renoving the
protecting group fromthe sugar chain aspar# atati ve separated in
the step (b), to give a sugar chain asparagi ) renoving an
asparagi ne residue fromthe sugar chain asparagi ne obtained in the step
(c), to give the sugar chain. 25 108 12. The process claim 11, further
conprising the step of:

of sugar chagpues
hydrol yzi ng ke

HO |
10 H
HY
15 AtHN
“ .
H
H or

20 with proviso that a case where R® and R® are both




(b") hydrolyzing the sugar chain asparagi ne derivative separated in step
(b) with a glycosidase; and/or (c') hydrolyzing the sugar chain asparagi ne
obtained in step (c) with a 5 glycosidase; and/or (d') hydrolyzing the
sugar chain obtained in step (d) wth aglycosidase. 13. The process
according to claim1l or 12, wherein the m xture of one or nore sugar chain
aspar agi nes conpri ses: 109 110 and/or a conpound having one or nore
del eti ons of sugar residues in the above conpound. 14. The process
according to any one of clainms 11 to 13, wherein the fat 5 soluble
protecting group is Fnoc group. 15. The process according to any one of
claims 11 to 13, whereyp the step (a) is a step of introducing Fnoc group
into the sugar chain aspargi ne contained in a m xture of one or nore sugar
chai n asparagi nes H&vi 5\. palic aci gefigsi due at a 10 non-reduci ng

term nal, and i nt r ooHONG] oo nLo the sialic acid residue, to
give a m xture of sugar cha aspavfomrcyderpgvati ves. 16. A sugar chain
asparagi ne derivative havin&“!h-' la: 15 R~H ~J ~f As .n~~'"nD
c" A~l~t "~ kt:~i~t R2

AcHN
10 ' H

15 or

H
)
Lo

or one of R’ or R® is H and the other is

20 H
H
H

is excluded.
Concretely, the sugar chain includes, for instance, each of the compounds shown

25 in Figure 5 and Figure 6. Among them, the compounds 48 to S5, 57 to 69, 74



20 wherein R1L and R2, which may be identical or different, are H, 111 5
10 H~i or 15 with proviso that a case where RL and RZ are both 20 is
excluded. 17. A sugar chain asparagi ne derivative having the general
formul a: 112 Rx i WOH i ~"~~ ~57"L~--As n.Fnmo ¢ TtHA~c Et H~4c RY
wherein one of R® and Ry is 10 ~C ~ ~H3 ir~'~ ~~ . O15
and 75 are the compounds prepared for the first time in the present invention.
The present invention encompasses the above compounds.
As described above, according to the present invention, the sugar chain
asparagine derivative, the sugar chain asparagine and the sugar chain (hereinafter
5 these three terms are collectively referred to as “sugar chain series” in some case)
each having a desired sugar chain structure can be prepared at a low cost,
efficiently and in a large amount.
The above sugar chain series are very useful in the field of the
development of pharmaceuticals and the like. An application example in the

10 development of the pharmaceuticals includes, for instance, a synthesis of cancer
vaccine. It has been known that when the cell is cancerated, a sugar chain which
is not initially existing in a body is expressed. It has been also known that when
the sugar chain is synthesized chemically and administered to an individual as a
vaccine, the cancer proliferation is suppressed. Therefore, if a desired sugar

15 chain series can be prepared according to the present invention, a vaccine
effective in the treatment of cancer can be synthesized. Also, a novel vaccine can
be synthesized by derivatizing sugar chain series obtained according to the
present invention by further bonding new sugar residues using a combination of a
chemical reaction and a sugar transferase reaction and the like.

20 In addition, for instance, erythropoietin (EPO), a glycoprotein, has been
used as a therapeutic agent for an anemia owing to its erythrocyte-proliferating
ability, but it has been found that the EPO does not have any activity unless the
EPO has a sugar chain bound thereto. As described above, some proteins exhibit
their physiological effects only under the binding of sugar chains. Therefore, for

25 instance, a novel glycoprotein having a novel physiological effect can be



and the other is H H ~fl~~~~C~Iw~~"~~ ~i~| 113 s ¢c~~ ~a 10

or .. ~r~~ ~0 ~o0 18. A sugar chain asparagine having the general formila:
R3 is R4 20 wherein R3 and R4, which may be identical or different, are H,
114 10 H or 15 58

synthesized by preparing a protein itself in a large amount in an E. coli
expression system without binding ability of a sugar chain to the protein, and
subsequently introducing to the protein the sugar chain having a desired sugar
chain structure, which is prepared according to the present invention, to give a
5 novel physiological activity to the protein, or by introducing into a given protein
the sugar chains having various sugar chain structures, which are prepared
according to the present invention.
In addition, a novel physiological activity can be imparted by substituting
a sugar chain existing in a naturally occurring glycoprotein with a sugar chain
10 prepared according to the present invention. A technique of substituting a sugar
chain owned by a glycoprotein with a sugar chain obtained according to the
present invention includes, for instance, a process described in P. Sears and C. H.
Wong, Science, 2001, vol. 291, p.2344-2350. In other words, the process
includes a process of treating a glycoprotein with a -N-acetylglucosaminidase
15 (Endo-H) to put the glycoprotein in a state in which only one
N-acetylglucosamine residue is bound to the asparagine residue on the surface of
the protein, and subsequently binding a desired sugar chain in the sugar chain
asparagine obtained according to the present invention (for instance, each of the
compounds shown in Figure 3 and Figure 4) to the N-acetylglucosamine residue
20 described above with a B-N-acetylglucosaminidase (Endo-M). Alternatively,
there can be carried out a process of providing an N-acetylglucosamine-bound
tRNA, synthesizing a glycoprotein having an N-acetylglucosamine residue by
utilizing, for instance, an E. coli expression system, and thereafter introducing a
desired sugar chain in the sugar chain asparagine obtained according to the

25 present invention into the glycoprotein with Endo-M.




with proviso that a case where R3 and R4 are both 20 or 115 5 is

excluded. 19. A sugar chain having the general formula: R5 10 H ~"H ~. ti
Arak~ N A~H~t R6 15 wherein RS and R6, which nmay be identical

are H,

that a case where RS and R6 are both M

10

15

20

25

116 AE Ii MMti"~~f or Hn3P\~~1t E~~ ~" " |

In addition, the problem encountered currently when a glycoprotein is
utilized as a therapeutic agent includes a rapid metabolic rate of the glycoprotein
administered. This is due to the fact that the glycoprotein is metabolized by the
liver immediately after the removal of the sialic acid existing in the sugar chain
terminal of the glycoprotein in a living body. Therefore, it is necessary that the
glycoprotein is administered at a certain dose. In view of the above, if a sugar
chain is prepared according to the present invention, wherein sialic acid is newly
introduced to a terminal of the sugar chain so as to be less removed, and the
sugar chain is introduced into a target protein with Endo-M, the metabolic rate of
the glycoprotein in a living body can be controlled, so that the amount of the

glycoprotein to be administered can be lowered.

The present invention will be more specifically described by means of
Examples, without intending to limit the present invention to these Examples.
The structural formulas and the numbers for each of the compounds are shown in
Figures 1 to 6. The data of "H-NMR were obtained by the measurement with
HOD at 4.8 ppm at 30°C in Examples 1 to 7 and with a signal of methyl group of
acetone as an internal standard at 2.225 ppm and HOD at 4.718 ppm at 30°C in
Examples 8 to 45. Also, the compounds from which Fmoc groups had been
removed were measured in the co-existence of a 50 mM ammonium

hydrogencarbonate in a measurement solvent.

Example 1  Synthesis of Compound 24

In 100 ml of a tris-hydrochloric acid-calcium chloride buffer (TRIZMA
BASE 0.05 mol/l, calcium chloride 0.01 mol/l, pH 7.5) was dissolved 2.6 g of an

t#

or different,
10 with proviso



10 or or one of RS or R6 is Hand the other is 117 is excluded. .AYY .AY
A3 . AF. . A AYU . A N. AYU. A%9. A3 .AFh.A3. A ?. Au. A(. Al 9. A AA2. Ah2. A % Ah2

. A3n. AF. AF. AY. .A3..A3 . AFU. AFU. AFU. A3. A . AF. A. AYA. AYU. A3. A. A . AA2+. An
.Aa. A3 LA A AY,/.A . AFA A3U . A Ah. A AYh.6ﬂ( .AN?. AL AF. A AFA AY. LA n

. Al A AY. AY. AY. . AYA2 . AYA AY. A .. AY

egg-derived crude SGP (sialyl glycopeptide). Fifty-eight milligrams (772 pmol)
of sodium azide and 526 mg of Actinase-E (manufactured by Kaken
Pharmaceutical Co., Ltd.) were added to this solution, and the mixture was
allowed to stand at 37°C. After 65 hours, 263 mg of Actinase-E was added again,
5 and the mixture was allowed to stand at 37°C for additional 24 hours. This
solution was lyophilized, and thereafter the residue was purified twice by gel
filtration column chromatography (Sephadex G-25, 2.5 ¢ x 1 m, eluent: water,
flow rate: 1.0 ml/min), to give 1.3 g (555 umol) of a desired compound 24
shown in Figure 3. The structure of the sugar chain contained in SGP is shown

10 as follows.
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cal ca]ca]ca]calc
a] caD9] ca] ca] ca] ca] ca] ca! $mxwl " z#$$&' ' ) 6Y)) *+ ++{vgl gb] W] c”*a] ca] ca] ca] ca]
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c”a] ca] ca] c 3 af1Zal.8 vb@ic); HRMS Caled Tor CgiH2NsNaOso[M+Na™] 1999.6930,
P <L<>S>>>>?2?7 nCDDEEE+G, H>H} wr | gb] XI gb caj] ca] ca] caV]ca] ca] c*a] ca] ca
ca] caV] ca] cg‘]ﬂtﬂfh}%%ﬂé%%a] cal (t?a\/] cg] I:a] ga} z:qa} I:a] La\/} ca} ca}fjc’\a} ca} cal I:a] I:a ]
SHHHI |11 JIKLMN' NONANTNXNmNy N{ OXP[ PP>QOQQSTLTOTMVPVzupkf a\ W gb] X] ] ca] ca] ca] ¢
a] ca] ca] caV] ca] ca] c™a] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] c™a] caV]
ca] cal] ca] caV] ca] ca PVt WAEYYYYYYZ" ZQZTZ' [ U }
\\ 4\ y\\\ ] ] ~Exagiple 3* | Gynthesiy ofifCompounds 3 and 3
a] c”a] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca] caV]ca] ca]ca]ca]ca]c”a
al ¢ BaLﬁaaLaZLi c]cd L &%&gg\é]ng,fsh gr\r/llol) (])f th\e/]conlpou]ndslz an]d 6 thained in

1go Khsii}jj}xsnid_ZU ca] ca] ca] ca] ca] ca]ca] ca]c”a]cal]ca]c
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a -galactosidase (1.35 U) was added thereto. This solution was allowed to stand
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%g.%)%&' ( ) -1 %ﬂ (‘(JJ&!}@%" é)an&G(HS@:éﬁ/&]éIﬁ’ E,xﬁ; 'H,\g); |](J_9, @I_b,qdlﬂew7,'&3ax);

T I R e -
#10%& ()-! 0#109%& ()-i 0001#2>22zY7vT! ! s5| 0t $10% - & () -
i 1 0t $109R& ()-! XYO' $109% ] & ()-!|5Y0' $L0%HE ()-!| YO' $LO0%HE () -
O 2 R Ssical dita for tHe resulting compound 7 att a5 Toftaws, | )~ 10 10
"H-NMR(D,0, 30°C)
7.99 (2H, d, Fmoc), 7.79 (2H, d, Fmoc), 7.55 (4H, m, Fmoc),
5.15 (1H, S, Man4-H,), 5.06 (1H, d, GlcNAc1-H,), 4.95 (1H, s, Man4’-H,),
4.82 (1H, s, Man3-H,), 4.69 (1H, d, GIcNAc2-H,), 4.67 (2H, d, GlcNAc5,5’-H,),
10 4.53 (1H, d, Gal6-H,), 4.34 (1H, d, Man3-H,), 4.27 (1H, d, Man4’-H,),
4.19 (1H, d, Man4-H,), 2.97 (1H, bdd, Asn-BCH), 2.76 (1H, dd, NeuAc7-Hsy),
2.60 (1H, b dd, Asn-BCH), 2.15 (15H, s x5, -Ac), 1.79 (1H, dd, NeuAc7-Hs,,) ;

HRMS Calcd for CgsH;2sN7Na3Os3[M+Na™]2172.6995, found 2172.7084.

15 Example 4  Synthesis of Compounds 4 and 8
A mixture (90 mg, 47.3 pmol) of the compounds 3 and 7 obtained in

Example 3 was dissolved in 8.1 ml of HEPES buffer (50 mM, pH 6.0) together
with 8 mg of bovine serum albumin without separating the compounds from each
other, and 2.88 U of a bovine kidney-derived p-glucosaminidase (manufactured

20 by Sigma-Aldrich Corporation, from bovine kidney) was added thereto. This
solution was allowed to stand at 37°C for 18 hours, and thereafter lyophilized.
The residue was purified by HPLC (ODS column, 2.0 ¢ x 25 cm, eluent: 50 mM
aqueous ammonium acetate : methanol = 65:35, flow rate: 3 ml/min), and a
compound 4 shown in Figure 2 was eluted after 117 minutes, and a compound 8

25 was eluted after 127 minutes. Each of the fractions was collected and



101 Ot $109%&' () - 33333"3z33B4° A  As5#109&' ()-! &H#10%&' ()-! &H#10%&' () - &10%&' () -
10 10 103 , 109 ()-)B4t556677zX9 A" A

Y% 109&' ()-! Yf' $109%&' ()-!  Yf' $109%& ()-'Y $10%]5J5& ()- Y:$10%& () -

LY: $10%J& () - 775888W099zX9. A

10@F$+s$10%& ()- I'n: F$+s$10% H( H& ()- ! F$+s$10%) ~b~& () -! xF$+s$109%22& ()-! xF
$+s$109R22& ()-,) 10%& ()-99999:S::::nNC8@ 10 h 10 h 10% h& ()- 10% h& () -

B0 e (Lol (L ARI00 o o (-
<<2=5=83} M%. x1285# %r%(),ﬁgﬁe(n)t: water for a first 15 minutes, and applied to a gradient of
water : acetonitrile of from 10:0 to 85:15 for a period of from 16 to 30 minutes,
and then to a gradient of water : acetonitrile of from 85:15 to 80:20 for a period
5 of from 31 to 45 minutes; flow rate: 3.0 ml/min), to give a desired compound 4
in an amount of 40 mg and a compound 8 in an amount of 37 mg.
The physical data for the resulting compound 4 are as follows.
'H-NMR (D0, 30°C)
8.01 (2H, d, Fmoc), 7.80 (2H, d, Fmoc), 7.56 (4H, m, Fmoc),
10 5.22 (1H, s, Mand4-H,), 5.08 (1H, d, GIcNAc1-H,), 4.94 (1H, s, Man4’-H;),
4.84 (1H, s, Man3-H,), 4.69 (1H, d, GIcNAc2-H;), 4.67 (1H, d, GlcNAc5-H;),
4.55 (1H, d, Gal6-H,), 4.33 (1H, dd, Man3-H,), 4.20 (1H, dd, Man4-H,),
4,15 (1H, dd, Man4’-H,), 2.97 (1H, bdd, Asn-fCH),
2.76 (2H, dd, NeuAc7,7’-Haq), 2.62 (1H, bdd, Asn-BCH), 2.15 (12H, s x4, -Ac),
15 1.79 (2H, dd, NeuAc7, 7’-Hz,,); HRMS Calcd for CsH;14NgNaOg[M+Na*]
1925.6562, found 1925.6539.

The physical data for the resulting compound 8 are as follows.
'H-NMR (D,0, 30°C)
20 7.99 (2H ,d, Fmoc), 7.79 (2H, d, Fmoc), 7.55 (4H, m, Fmoc),
5.15 (1H, S, Man4-H,), 5.06 (1H, d, GIcNAc1-H,), 4.95 (1H, s, Man4’-H,),
4.82 (1H, s, Man3-H,), 4.69 (1H, d, GlcNAc2-H,), 4.67 (2H, d, GIcNAc5,5’-H;)
4.53 (2H, d, Gal6,6’-H;), 4.34 (1H, d, Man3-H,), 4.27 (1H, d, Man4’-H,),
2.97 (1H, bdd, Asn-8CH,), 2.76 (1H, dd, NeuAc7’-Hs,),
25 2.61 (1H, bdd, Asn-BCH,), 2.15 (12H, s x4, -Ac),
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Example 5 Synthesis of Compound 5

The compound 4 (30 mg, 473 umol) obtained in Example 4 and 3 mg of

kOF

bovine serum albumin were dissolved in 6 ml of HEPES buffer (50 mM, pH 6.0),

and 10 U of Jack Beans-derived a-mannosidase was added thereto. This
solution was allowed to stand at 37°C for 21 hours, and then lyophilized.
Subsequently, the residue was purified by HPLC (ODS column, 2.0 ¢ x 25 cm,
eluent: water for a first 15 minutes, and applied to a gradient of
water : acetonitrile of from 10:0 to 85:15 for a period of from 16 to 30 minutes,
and then to a gradient of water : acetonitrile of from 85:15 to 80:20 for a period
of from 31 to 45 minutes; flow rate: 3.0 ml/min), to give 20 mg of a desired
compound 5 shown in Figure 1.

The physical data for the resulting compound 5 are as follows.
'H-NMR (D,0, 30°C)
8.01 (2H, d, Fmoc), 7.80 (2H, d, Fmoc), 7.56 (4H, m, Fmoc),
5.00 (1H, d, GIcNAc1-H,), 4.95 (1H, s, Man4’-H,), 4.84 (1H, s, Man3-H,),
4.67 (1H, d, GIcNAc2-H,), 4.56 (1H, d, GIcNAc5-H,), 4.44 (1H, d, Gal6-H,),
4.11 (1H, dd, Man4’-H,), 4.07 (1H, dd, Man3-H,), 2.97 (1H, bdd, Asn-BCH),
2.76 (1H, dd, NeuAc7’-Hs,,), 2.62 (1H, bdd, Asn-BCH), 2.15 (12H, s x4, -Ac),
1.79 (2H, dd, NeuAc7’-H3,,); HRMS Calcd for C72H104N6Na043[M+Na+]
1763.6034, found 1763.6074.

Example 6  Synthesis of Compound 9
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L$10% () pH 6.0), and 38 U of a Jack Beans-derived o-mannosidase was added thereto.

5 mg of

This solution was allowed to stand at 37°C for 63 hours, and then lyophilized.
5 Subsequently, the residue was purified by HPLC (ODS column, 2.0 ¢ x 25 cm,

eluent: water for a first 15 minutes, and applied to a gradient of
water : acetonitrile of from 10:0 to 85:15 for a period of from 16 to 30 minutes,
and then to a gradient of water : acetonitrile of from 85:15 to 80:20 for a period
of from 31 to 45 minutes; flow rate: 3.0 ml/min), to give 30 mg of a desired

10 compound 9.

The physical data for the resulting compound 9 are as follows.

'H-NMR (D,0, 30°C)
8.01 (2H, d, Fmoc), 7.80 (2H, d, Fmoc), 7.56 (4H, m, Fmoc),
5.23 (1H, s, Man4-H,), 5.08 (1H, d, GlcNAc1-H,), 4.53 (1H, d, Gal6-H,),

15 4.32 (1H, dd, Man3-H,), 4.28 (1H, dd, Man4-H,), 2.81 (1H, bdd, Asn-fCH),
2.76 (1H, dd, NeuAc7-Hse), 2.59 (1H, bdd, Asn-BCH), 2.13 (12H, s x4, -Ac),
1.80 (1H, dd, NeuAc7H;,, ) ; HRMS Calcd for C7H;04NgNaO3[M+Na*]
1763.6034, found 1763.6041.

20 Example 7 Deprotection of Fmoc Group (Synthesis of Compound 33)

The compound 10 (10.5 mg, 5.27 umol) obtained in Example 2 was
dissolved in 1.4 ml of a 50% morpholine/N,N-dimethylformamide solution, and
the solution was reacted for 2 hours under argon atmosphere at room temperature.
Three milliliters of toluene was added to this solution, and the mixture was

25 applied to an evaporator at 35°C. The procedures were repeated three times to
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1.0 ml/min), to give 7 mg of a desired compound 33 shown in Figure 3 (yield:
76%). The structure of the resulting compound was confirmed from the finding
5 that its '"H-NMR spectrum was identical to that of the resulting compound 33
from Example 2.
The physical data for the resulting compound 33 are as follows.
"H-NMR (30°C)
85.12 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.7 Hz, GIcNAc1-H-1),
10 4.92 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
4.62 (d, 1H, J = 8.0 Hz, GlcNAc2-H-1),
4,58 (d, 2H, J = 7.8 Hz, GIcNAcS,5°-H-1), 4.47 (d, 2H, J = 7.9 Hz, Gal6,6’-H-1),
4.24 (bd, 1H, Man3-H-2), 4.19 (bdd, 1H, J = 3.2 Hz, 1.4 Hz, Man4’-H-2),
4.12 (bdd, 1H, J = 3.2 Hz, 1.4 Hz, Man4-H-2),
15 2.93 (dd, 1H, J = 4.5 Hz, 17.0 Hz, Asn-BCH),
2.93 (dd, 1H, J = 6.8 Hz, 17.0 Hz, Asn-BCH), 2.08 (s, 3H, Ac), 2.05 (s, 6H, Acx2),
2.01 (s, 3H, Ac)

Example 8 Synthesis of Compound 14
20 The compound 3 (28 mg, 21.3 pmol) and 1.0 mg of bovine serum albumin

were dissolved in HEPES buffer (50 mM, pH 5.0, 454 uL), and neuraminidase
(manufactured by Sigma-Aldrich Corporation, from Viblio Cholerae, 198 mU)
was added thereto. This solution was allowed to stand at 37°C for 20 hours, and
thereafter the termination of the reaction was confirmed by HPLC analysis. The

25 reaction solution was purified by HPLC (YMC Packed Column D-ODS-5 S-5
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desalted on ODS column (Cosmosil 75C;g-OPN, 15 x 100 mm, eluted first with
50 mL of H,0 and then with 25% acetonitrile), to give a desired compound 14

5 (17 mg, yield: 70%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
87.91 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),
7.51(dd, 2H, J = 7.5 Hz, Fmoc), 7.43 (dd, 2H, J = 7.5 Hz, Fmoc),

10 5.12 (s, 1H, Man4-H-1), 4.99 (d, 1H, J = 9.5 Hz, GIcNAc1-H-1),
4.92 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
4.58 (d, 1H, J = 8.0 Hz, GlcNAc2-H-1), 4.55 (d, 1H, J = 8.4 Hz, GIcNAc5 ’-H-1)
4.47 (d, 1H,J = 7.8 Hz, Gal6’-H-1), 4.34 (t, 1H, Fmoc),
4.24 (bd, 1H, J = 1.9 Hz Man3-H-2),

15 4.18 (bdd, 1H, J = 1.4 Hz, 3.3 Hz, Man4-H-2),
4.11 (bdd, 1H, J = 1.4 Hz, 3.5 Hz, Man4’-H-2),
2.72 (bdd, 1H, J = 3.0 Hz, 15.7 Hz, Asn-BCH),
2.52 (bdd, 1H, J = 8.7 Hz, 15.7 Hz, Asn-BCH),
2.06, 2.05, 2.04, 1.89 (each s, each 3H, Ac); HRMS Calcd for

20 CysH110NsNaO,s[M+Na*] 1837.6402, found 1837.6471.

b

Example 9  Synthesis of Compound 19

The compound 7 (20 mg, 9.4 pmol) and 1.6 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 323 uL), and neuraminidase
25 (manufactured by Sigma-Aldrich Corporation, from Viblio Cholerae, 141 mU)
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5 aqueous ammonium acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further,
the residue was desalted on an ODS column (Cosmosil 75C;5-OPN,
15 x 100 mm, eluted first with 50 mL of H,O and then with 25% acetonitrile), to
give a desired compound 19 (13 mg, yield: 76%). The structure of the resulting
compound was confirmed from the finding that its '"H-NMR was identical to that

10 of the preparation.

Example 10 Synthesis of Compound 15

The compound 4 (45 mg, 24 pmol) and 1.7 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 820 uL), and neuraminidase
15 (rhanufactured by Sigma-Aldrich Corporation, from Viblio Cholerae, 134 mU)
was added thereto. This solution was allowed to stand at 37°C for 14 hours, and
thereafter the termination of the reaction was confirmed by HPLC analysis.
Subsequently, the reaction solution was purified by HPLC (YMC Packed
Column D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM
20 aqueous ammonium acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further,
the residue was desalted on an ODS column (Cosmosil 75C;5-OPN,
15 x 100 mm, eluted first with 50 mL of H,O and then with 25% acetonitrile), to
give a desired compound 15 (28 mg, yield: 74%). The physical data for the
resulting compound are as follows.

25 'H-NMR (30°C)
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4.92 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1), 4.58 (d, 2H, GlcNAc2,5’-H-1),
5 4.47 (d, 1H, J = 8.0 Hz, Gal6’-H-1), 4.35 (t, 1H, Fmoc),
4.24 (bd, 1H, J = 1.9 Hz, Man3-H-2), 4.11 (bs, 1H, Man4’-H-2),
4.07 (bs, 1H, Man4-H-2), 2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),
2.52 (bdd, 1H, J = 8.7 Hz, 15.5 Hz, Asn-BCH),
2.06, 2.04, 1.89 (each s, each 3H, Ac); HRMS Calcd for

10 Cs7He7NsNaOo[M+Na™*] 1634.5608, found 1634.5564

Example 11 Synthesis of Compound 70

The compound 15 (11 mg, 6.8 umol) and 1.5 mg of bovine serum albumin

were dissolved in HEPES buffer (50 mM, pH 5.0, 269 uL), and B-galactosidase

15 (manufactured by Seikagaku Corporation, from Jack Beans, 11 pL, 275 mU) was
added thereto. This solution was allowed to stand at 37°C for 14 hours, and
thereafter the termination of the reaction was confirmed by HPLC analysis. The
reaction solution was purified by HPLC (YMC Packed Column D-ODS-5 S-5
120A ODS No. 2020178, 20 x 250 mm, eluent; 50 mM aqueous ammonium

20 acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further, the residue was
desalted on an ODS column (Cosmosil 75C;5-OPN, 15 x 100 mm, eluted first
with 50 mL of H,0 and then with 25% acetonitrile), to give a desired compound
70 (6.3 mg, yield: 64%). The physical data for the resulting compound are as
follows.

25 'H-NMR (30°C)
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491 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1), 4.55 (d, 2H, GlcNAc2,5’-H-1),
5 4,32 (t, 1H, Fmoc), 4.24 (bs, 1H, Man3-H-2), 4.10 (bs, 1H, Man4-H-2),

4,06 (bs, 1H, J = 1.3 Hz, Man4’-H-2), 2.72 (bd, 1H, J = 14.0 Hz, Asn-BCH),
2.52 (bdd, 1H,J = 9.5 Hz, 14.8 Hz, Asn-$CH),
2.06, 2.05, 1.89 (each s, each 3H, Ac); MS(Fab) Calcd for
Ce1HgsNsO3s[M+H™] 1450.5, found 1450.4.

10
Example 12 Synthesis of Compound 20

The compound 8 (47 mg, 25 umol) and 1.9 mg of bovine serum albumin

were dissolved in HEPES buffer (50 mM, pH 5.0, 840 uL), and neuraminidase
(manufactured by Sigma-Aldrich Corporation, from Viblio Cholerae, 369 mU)

15 was added thereto. This solution was allowed to stand at 37°C for 37 hours, and
thereafter the termination of the reaction was confirmed by HPLC analysis. The
reaction solution was lyophilized, and the lyophilized product was subsequently
purified by HPLC (YMC Packed Column D-ODS-5 S-5 120A ODS
No. 2020178, 20 x 250 mm, eluent: S0 mM aqueous ammonium acetate :

20 acetonitrile = 80:20, flow rate: 4 mL/min). Further, the residue was desalted on
an ODS column (Cosmosil 75C;3-OPN, 15 x 100 mm, eluted first with 50 mL of
H,0 and then with 25% acetonitrile), to give a desired compound 20 (26 mg,
yield: 65%). The physical data for the resulting compound are as follows.
"H-NMR (30°C)

25 87.92 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),
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5.12 (s, 1H, Man4-H-1), 4.99 (d, 1H,J = 9.4 Hz, GIcNAc1-H-1),

4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1), 4.57 (bd, 2H, GIcNAc2,5 ’-H-1),

4.46 (d, 1H, J = 7.5 Hz, Gal6’-H-1), 4.34 (t, 3H, Fmoc), 4.24 (bs, 1H, Man4’-H-2),

5 4.19 (bs, 1H, Man4-H-2), 2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),
2.52 (bdd, 1H, J = 9.2 Hz, 15.5 Hz, Asn-fCH),
2.06, 2.05, 1.89 (each s, each 3H, Ac); HRMS Calcd for

Cy7Ho7NsNaO4o[M+Na*] 1634.5608, found 1634.5644,

10 Example 13 Synthesis of Compound 71

The compound 20 (12 mg, 7.4 umol) and 1.0 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 330 uL), and B-galactosidase
(manufactured by Seikagaku Corporation, from Jack Beans, 12 pL, 297 mU) was
added thereto. This solution was allowed to stand at 37°C for 46 hours, and

15 thereafter the termination of the reaction was confirmed by HPLC analysis. The
reaction solution was purified by HPLC (YMC Packed Column D-ODS-5 S-5
120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM aqueous ammonium
acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further, the residue was
desalted on an ODS column (Cosmosil 75C;g-OPN, 15 x 100 mm, eluted first

20 with 50 mL of H;O and then with 25% acetonitrile), to give a desired compound
71 (6.6 mg, yield: 61%). The physical data for the resulting compound are as
follows.

'H-NMR (30°C)
67.90 (d, 2H, J = 7.5 Hz, Fmoc), 7.70 (d, 2H, J = 7.5 Hz, Fmoc),
25 7.49 (dd, 2H, J = 7.5 Hz, Fmoc), 7.42 (dd, 2H, J = 7.5 Hz, Fmoc),
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431 (b, 1H, Fmoc), 4.24 (bs, 1H, Man3-H-2), 4.18 (bs, 1H, Man4-H-2),
3.97 (dd, 1H, J = 1.8 Hz, 3.3 Hz, Man4’-H-2),
5 2.72(bd, 1H,J = 15.5 Hz, Asn-BCH),
2.52 (bdd, 1H, J = 8.0 Hz, 15.5 Hz, Asn-BCH),
2.06, 2.05, 1.88 (each s, each 3H, Ac); MS(Fab) Calcd for

Co1HgsNsO3s[M+H™] 1450.5, found 1450.3

10 Example 14 Synthesis of Compound 16

The compound 5 (32 mg, 18.4 umol) and 2.5 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 713 nL), and neuraminidase
(manufactured by Sigma-Aldrich Corporation, from Viblio Cholerae, 134 mU)
was added thereto. This solution was allowed to stand at 37°C for 17 hours, and

15 thereafter the termination of the reaction was confirmed by HPLC analysis.
Subsequently, the reaction solution was purified by HPLC (YMC Packed
Column D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM
aqueous ammonium acetate :acetonitrile = 80:20, flow rate: 4 mL/min). Further,
the residue was desalted on an ODS column (Cosmosil 75C,5-OPN,

20 15 % 100 mm, eluted first with 50 mL of H,0O and then with 25% acetonitrile), to
give a desired compound 16 (13 mg, yield: 52%). The physical data for the
resulting compound are as follows.

'H-NMR (30°C)
87.92 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),

25 7.51(dd, 2H, J = 7.5 Hz, Fmoc), 7.44 (dd, 2H, J = 7.5 Hz, Fmoc),
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4.75 (s, 1H, Man3-H-1), 4.58 (d, 2H, J = 7.5 Hz, GIcNAc2,5 ’-H-1),

4.47 (d, 1H, J = 7.8 Hz, Gal6’-H-1), 4.34 (t, 1H, Fmoc), 4.10 (bd, 1H, Man3-H-2),

4.07 (bs, 1H, Man4’-H-2), 2.72 (bdd, 1H, J = 15.5 Hz, Asn-BCH),

5 2.52 (bdd, 1H, J = 9.2 Hz, 15.5 Hz, Asn-BCH),
2.07, 2.05, 1.89 (each s, each 3H, Ac); MS(Fab) Calcd for Ce1HggNsO35[M+H™]

1450.5, found 1450.3.

Example 15 Synthesis of Compound 17
10 The compound 16 (9 mg, 6.2 umol) and 1.6 mg of bovine serum albumin

were dissolved in HEPES buffer (50 mM, pH 5.0, 613 uL), and B-galactosidase
(manufactured by Seikagaku Corporation, from Jack Beans, 186 mU) was added
thereto. This solution was allowed to stand at 37°C for 32 hours, and thereafter
the termination of the reaction was confirmed by HPLC analysis. The reaction

15 solution was purified by HPLC (YMC Packed Column D-ODS-5 S-5 120A ODS
No. 2020178, 20 x 250 mm, eluent: SO mM aqueous ammonium acetate :
acetonitrile = 80:20, flow rate: 4 mL/min). Further, the residue was desalted on
an ODS column (Cosmosil 75C;g-OPN, 15 x 100 mm, eluted first with 50 mL of
H;0 and then with 25% acetonitrile), to give a desired compound 17 (5.4 mg,

20 yield: 68%). The physical data for the resulting compound are as follows.
'H-NMR (30°C)
37.89 (d, 2H, J = 7.5 Hz, Fmoc), 7.68 (d, 2H, J = 7.5 Hz, Fmoc),
7.49 (dd, 2H, J = 7.5 Hz, Fmoc), 7.42 (dd, 2H, J = 7.5 Hz, Fmoc),
4.99 (d, 1H,J = 9.7 Hz, GlcNAc1-H-1), 4.91 (s, 1H, Man4’-H-1),

25 4.55 (d, 1H, J = 8.1 Hz, GIcNAc2,5’-H-1),
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Example 16 Synthesis of Compound 18

The compound 17 (3.4 mg, 2.6 umol) and 1.1 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 257 uL), and
N-acetyl-B-D-glucosaminidase (Sigma-Aldrich Corporation, from Jack Beans,

10 144 mU) was added thereto. This solution was allowed to stand at 37°C for
24 hours, and thereafter the termination of the reaction was confirmed by HPLC
analysis. The reaction solution was purified by HPLC (YMC Packed Column
D-ODS-5 S§-5 120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM aqueous
ammonium acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further, the

15 residue was desalted on an ODS column (Cosmosil 75C;s-OPN, 15 x 100 mm,
eluted first with 50 mL of H,O and then with 25% acetonitrile), to give a desired
compound 18 (2.1 mg, yield: 75%). The physical data for the resulting
compound are as follows.
'H-NMR (30°C)

20 87.91 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),
7.51(dd, 2H, J = 7.5 Hz, 7.5 Hz, Fmoc), 7.43 (dd, 2H, J = 7.5 Hz, 7.5 Hz, Fmoc),
5.00 (d, 1H, J = 9.7 Hz, GlcNAc1-H-1), 4.91 (d, 1H, J = 1.6 Hz, Man4’-H-1),
4.76 (s, 1H, Man3-H-1), 4.58 (d, 1H, J = 7.8 Hz, GlcNAc2-H-1),
4.34 (t, 1H, Fmoc), 4.07 (d, 1H,J = 2.7 Hz, Man4’-H-2),

25 3.97 (dd, 1H, J = 1.6 Hz, 3.7 Hz, Man3-H-2),
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2.52 (bdd, 1H, J = 8.9 Hz, 15.1 Hz, Asn-BCH), 2.07, 1.89 (each s, each 3H, Ac);
MS(Fab) Calcd for C47HgsN4Oos[M+Na™] 1085.4, found 1085.3

5 Example 17 Synthesis of Compound 21

The compound 9 (28 mg, 16 umol) and 1.7 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 624 uL), and neuraminidase
(manufactured by Sigma-Aldrich Corporation, from Viblio Cholerae, 117 mU)
was added thereto. This solution was allowed to stand at 37°C for 17 hours, and

10 thereafter the termination of the reaction was confirmed by HPLC analysis.
Subsequently, the reaction solution was purified by HPLC (YMC Packed
Column D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM
aqueous ammonium acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further,
the residue was desalted on an ODS column (Cosmosil 75C;5-OPN,

15 15 x 100 mm, eluted first with 50 mL of H,O and then with 25% acetonitrile), to
give a desired compound 21 (14.6 mg, yield: 68%). The physical data for the
resulting compound are as follows.

'H-NMR (30°C)
87.92 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),

20 7.50 (dd, 2H, J = 7.5 Hz, Fmoc), 7.43 (dd, 2H, J = 7.5 Hz, Fmoc),
5.12 (s, 1H, Man4-H-1), 4.99 (d, 1H, J = 9.5 Hz, GIcNAc1-H-1),
4,77 (s, 1H, Man3-H-1), 4.57 (d, 2H, J = 7.2 Hz, GIcNAc2-H-1),
4.46 (d, 1H, J = 7.8 Hz, Gal6-H-1), 4.34 (t, 1H Fmoc),

4.22 (bd, 1H, J = 2.7 Hz, Man3-H-2), 4.19 (b, 1H, Man4-H-2),
25 2,72 (bdd, 1H, J = 15.5 Hz, Asn-fCH),



10-u 10-uvkL! 10-u! 109%& ()- 10-u 10-u 10-u/ 10% u& ()-)s10% u& ()-'

10% u& () -, 10% u& () - &% RaBvkL! 10- u*109%& () -

| S$10%pé& () - - y#10%& () - 10%& () - Fs10%& () - 10%& () - RMddH=2! 10D
10b10%& ()-F ~10%& ()-) 6g#10%& ()- 4! 3e%& ()- 310%& ()-! |
79-10% " & () - ~oM+2! f F$10%b& ()-!]F$10%]& ()-! 9$10%u& ()- ! $10%& () -

1 $109%& ()- 109 ()- 10bd'tuvw}~SH=f F$10% 10u 10u |

10u/ $10%I& () - !/ $1098S& () - YFISL0%VE () -! YFIB10%b& () - F$109& () - wzxzX9SH=f

F$s$S10%& () 2.5 d/d R T3 9!SHEOVES Bz, ASH BT 2:05 (sSEAOXEND), -
1.89 (s, 3H, Ac); MS(Fab) Calcd for C61H88N5035[M+H+] 1450.5, found 1450.3.

Example 18 Synthesis of Compound 22
5 The compound 21 (10 mg, 6.9 pmol) and 1.6 mg of bovine serum albumin

were dissolved in HEPES buffer (50 mM, pH 5.0, 672 pL), and B-galactosidase
(manufactured by Seikagaku Corporation, from Jack Beans, 205 mU) was added
thereto. This solution was allowed to stand at 37°C for 20 hours, and thereafter
the termination of the reaction was confirmed by HPLC analysis. The reaction
10 solution was purified by HPLC (YMC Packed Column D-ODS-5 S-5 120A ODS
No. 2020178, 20 x 250 mm, eluent: 50 mM aqueous ammonium
acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further, the residue was
desalted on an ODS column (Cosmosil 75C;g-OPN, 15 x 100 mm, eluted first
with 50 mL of H,0 and then with 25% acetonitrile), to give a desired compound
15 22 (5.6 mg, yield: 64%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
87.87 (d, 2H, J = 7.5 Hz, Fmoc), 7.67 (d, 2H, J = 7.5 Hz, Fmoc),
7.48 (dd, 2H, J = 7.5 Hz, Fmoc), 7.41 (dd, 2H, J = 7.5 Hz, Fmoc),
20 5.12 (s, 1H, Man4-H-1), 4.99 (d, 1H, J = 9.7 Hz, GlcNAc1-H-1),
4.76 (s, 1H, Man3-H-1), 4.55 (d, 2H, J = 8.6 Hz, GIcNAc2,5-H-1),
4.26 (t, 1H, Fmoc), 4.22 (d, 1H,J = 2.2 Hz, Man3-H-2),
4.18 (bdd, 1H, J = 1.3 Hz, 3.3 Hz, Man4-H-2),
2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),
25 2.54 (bdd, 1H, J = 9.5 Hz, 15.5 Hz, Asn-BCH), 2.05 (s, 6H, Acx2),
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The compound 22 (3.6 mg, 2.8 umol) and 1.2 mg of bovine serum
5 albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 277 uL), and

N-acetyl-f-D-glucosaminidase (Sigma-Aldrich Corporation, from Jack Beans,
195 mU) was added thereto. This solution was allowed to stand at 37°C for
24 hours, and thereafter the termination of the reaction was confirmed by HPLC
analysis. The reaction solution was purified by HPLC (YMC Packed Column

10 D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM aqueous
ammonium acetate : acetonitrile = 80:20, flow rate: 4 mL/min). Further, the
residue was desalted on an ODS column (Cosmosil 75C;3-OPN, 15 x 100 mm,
eluted first with 50 mL of H,O and then with 25% acetonitrile), to give a desired
compound 23 (2.3 mg, yield: 77%). The physical data for the resulting

15 compound are as follows.
"H-NMR (30°C)
87.91 (d, 2H, J = 7.5 Hz, Fmoc), 7.70 (d, 2H, J = 7.5 Hz, Fmoc),
7.50 (dd, 2H, J = 7.5 Hz, Fmoc), 7.43 (dd, 2H, J = 7.5 Hz, Fmoc),
5.11 (s, 1H, Man4-H-1), 4.99 (d, 1H, J = 9.7 Hz, GIcNAc1-H-1),

20 4.77 (s, 1H, Man3-H-1), 4.57 (d, 1H, J = 6.5 Hz, GIcNAc-H-1),
4.33 (t, 1H, Fmoc), 4.22 (d, 1H, J = 3.0 Hz, Man3-H-2),
4.07 (bdd, 1H, J = 2.1 Hz, Man4-H-2), 2.72 (bdd, 1H, J = 15.5 Hz, Asn-CH),
2.52 (bdd, 1H, J = 8.9 Hz, 15.5 Hz, Asn-fCH), 2.05, 1.89 (each s, each 3H, Ac);
MS(Fab) Calcd for C47HgsN,O,5[M+H™] 1085.4, found 1085.3.

25
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5 added thereto. This solution was allowed to stand at 37°C for 61 hours, and

thereafter the termination of the reaction was confirmed by HPLC analysis. The
reaction solution was lyophilized, and subsequently purified by HPLC (YMC
Packed Column D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm, eluent:
50 mM aqueous ammonium acetate : acetonitrile = 80:20, flow rate: 3.5 mL/min).
10 Further, the residue was desalted on an ODS column (Cosmosil 75C;g-OPN,
15 x 100 mm, eluted first with 50 mL of H,O and then with 25% acetonitrile), to
give a desired compound 11 (71 mg, yield: 70%). The physical data for the
resulting compound are as follows.
'H-NMR (30°C)
15 87.91 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),
7.50 (dd, 2H, J = 7.5 Hz, Fmoc), 7.43 (dd, 2H, J = 7.5 Hz, Fmoc),
5.11 (s, 1H, Man4-H-1), 4.99 (1H, d, J = 9.9 Hz, GIcNAc1-H-1),
4.91 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
4.55 (d, 2H, J = 8.6 Hz, GIcNAc2,5-H-1), 4.34 (t, 1H, Fmoc),
20 4.24 (s, 1H, Man3-H-2), 4.18 (s, 1H, Man4-H-2), 4.10 (s, 1H, Man4’-H-2),
2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),
2.51 (bdd, 1H,J = 9.0 Hz, 15.5 Hz, Asn-BCH), 2.06 (s, 3H, Ac),
2.05 (s, 6H, Acx2), 1.88 (s, 3H, Ac); HRMS Calcd for
CeoH100NgNaO4[M+Na™] 1675.5873, found 1675.5841.
25
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5 from Jack Beans, 2.1 U) was added thereto. This solution was allowed to stand
at 37°C for 48 hours, and thereafter the termination of the reaction was

confirmed by HPLC analysis. The reaction solution was purified by HPLC
(YMC Packed Column D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm,
eluent: 50 mM aqueous ammonium acetate : acetonitrile = 80:20, flow rate:

10 4 mL/min), and lyophilized. This residue was desalted on an ODS column
(Cosmosil 75C;-OPN, 15 x 100 mm, eluted first with 50 mL of H,0 and then
with 25% acetonitrile), to give a desired compound 12 (25 mg, yield: 66%). The
physical data for the resulting compound are as follows.

'H-NMR (30°C)
15 67.91 (d, 2H, J = 7.5 Hz, Fmoc), 7.70 (d, 2H, J = 7.5 Hz, Fmoc),

7.50 (dd, 2H,J = 7.5 Hz, Fmoc), 7.43 (dd, 2H,J = 7.5 Hz, Fmoc),

5.10 (s, 1H, Man4-H-1), 4.99 (d, 1H, J = 9.7 Hz, GlcNAc1-H-1),

4.91 (bd, 1H, J = 1.6 Hz, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),

4.58-4.52 (b, 1H, GlcNAc2-H-1), 4.33 (t, 1H, Fmoc), 4.24 (bs, 1H, Man3-H-2),
20 4.06 (dd, 1H, J = 1.6 Hz, 3.2 Hz, Man4-H-2),

3.97 (dd, 1H, J = 1.6 Hz, 3.5 Hz, Man4’-H-2),

2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),

2.53 (bdd, 1H, J = 9.0 Hz, 15.5 Hz, Asn-BCH), 2.05, 1.88 (each s, each 3H, Ac).

25 Example 22 Synthesis of Compound 13
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e (et Gt e
A0, e Slobbis i b R Ak R o e 50
13 $10W&<&Ia&&éogu§(zén%glzgﬁn(l)a_c;,(tgé?’:"gc%(;/é)ﬁngfltrgl%_=\%(\):\26,\ 8(?&%3%% mL/min). Further,

the residue was desalted on an ODS column (Cosmosil 75C,5-OPN,

10 15 x 100 mm, eluted first with 50 ml of H,O and then with 25% acetonitrile), to
give a desired compound 13 (3 mg, yield: 43%). The physical data for the
resulting compound are as follows.

'H-NMR (30°C)
87.92 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),
15 7.51(dd, 2H, J = 7.5 Hz, Fmoc), 7.43 (dd, 2H, J = 7.5 Hz, Fmoc),
4.99 (d, 1H,J = 9.5 Hz, GlcNAc1-H-1), 4.76 (s, 1H, Man3-H-1),
4.57 (1H, GlcNAc2-H-1), 4.06 (d, 1H, J = 3.2 Hz, Man3-H-2),
2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH), |
2.52 (bdd, 1H, J = 8.3 Hz, 15.5 Hz, Asn-BCH), 2.05, 1.89 (each s, each 3H, Ac).

20
(Deprotection of Fmoc Group of Sugar Chain Asparagine Derivative)

All of the sugar chain asparagine derivatives were subjected to the
deprotection of the Fmoc group in accordance with the following procedures.

First, 240 uL of N,N-dimethylformamide and 160 uL of morpholine were added

25 per 1 umol of the Fmoc form of the sugar chain asparagine, and the resulting
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| $109%& ()-!1"$10% (& ()- 10% ()- @ 10%& ()- @ '

1098 () - & 10%g tesminagion-afkhe sgagtivnevas confirmed by TLC (eluent: 1M ammonium

acetate: isopropanol=8:5), and thereafter the mixture was cooled with ice water.
To this mixture was added diethyl ether in an amount of 10 times that of the

5 reaction solution, with stirring the mixture for 15 minutes, and thereafter the
precipitates formed were filtered. The residue obtained was dissolved in water,
and evaporated at 35°C. Further, a procedure of adding 3 mL of toluene thereto
and evaporating the mixture was repeated three times. The residue was purified
by reverse phase column chromatography (Cosmosil 75C;5-OPN, 15 x 100 mm,

10 eluent: water).

Example 23 Synthesis of Compound 33
The compound 10 (10.5 mg, 5.3 pumol) was reacted for 7 hours in

accordance with the above procedures, to give a desired compound 33 (7 mg,
15 yield: 76%). The resulting compound was confirmed from the finding that its

'H-NMR was identical to that of the preparation.

Example 24 Synthesis of Compound 26

The compound 3 (8.0 mg, 3.8 pmol) was subjected to the reaction for
20 21 hours in accordance with the above procedures, to give a desired compound
26 (6.3 mg, yield: 88%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.13 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.9 Hz, GlcNAc1-H-1),
25 4.95 (s, 1H, Man4’-H-1), 4.78 (s, 1H, Man3-H-1), 4.62 (2H, GIcNAc2,5’-H-1),



10! 1 y/ 10%<<& ()-!1 % #10%&' () - |
| % #10%@8&' ()-'!1 % #10922& ()-1$10%&' ()-!1$10%R2& ()-qgqqqq6rrruvs 1
$10%f& ()-), 110%& ()-', '109%& ()-'"1109%& ()- 10 10

10' 1 y/ 109&' ()-r % nttuuuzX7uVs 1 86
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%80%bb& () - $10%J& () - & & $100& () - & 0" $100& () - &SY109%& () - 10 10y6D: W Y7F:
1 1 YUG 10985% (dd, 11 495 He, 17.01K2,08481-BICH)| $109&8k&' ()-!1$10%f& ()-!
%O0%&' ()-wxmbC 1 'Y Y10% & ()- 10 10 10F710%& ()- @ 10%&' ()- @ 10%

& () - YU 1098 §dd>[LH, 6 8 Hz, 17.0 Hz, Asn-BCH), ,
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HO$10% i (& @)68{dd, 18k 4.6 He3bad 4 HNaIAQ7 -H9%:$10%)

2.08, 2.07, 2.06, 2.04, 2.02 (each s, each 3H, Ac),
1.72 (dd, 1H,J = 12.1 Hz, 12.1 Hz, NeuAc7’-H-3,,); MS(Fab) Calcd for
C71H118N7051[M+H+] 18847, found 1884.5.

10 Example 25 Synthesis of Compound 27

The compound 4 (11.0 mg, 5.8 umol) was subjected to the reaction for

23 hours in accordance with the above procedures, to give a desired

compound 27 (8.5 mg, yield: 88%). The physical data for the resulting

compound are as follows.
15 'H-NMR (30°C)

85.11 (s, 1H, Man4-H-1), 5.08 (d, 1H, J = 9.7 Hz, GIcNAc1-H-1),

4.95 (s, 1H, Man4’-H-1), 4.78 (s, 1H, Man3-H-1), 4.62 (d, 2H, GIcNAc2,5’-H-1),

4.45 (d, 1H, J = 7.6 Hz, Gal6’-H-1), 4.26 (bd, 1H, Man3-H-2),

4.12 (bd, 1H, Man4’-H-2), 4.08 (bdd, 1H, J = 1.6 Hz, 3.3 Hz, Man4-H-2)
20 2.94 (dd, 1H, J = 4.0 Hz, 17.2 Hz, Asn-BCH),

2.85 (dd, 1H, J = 7.2 Hz, 17.2 Hz, Asn-BCH),

2.68 (dd, 1H, J = 4.1 Hz, 12.1 Hz, NeuAc7’-H-3,,),

2.09, 2.07, 2.04, 2.02 (each s, each 3H, Ac),

1.72 (dd, 1H, J = 12.1 Hz, 12.1 Hz, NeuAc7’-H-3,4); MS(Fab) Calcd for
25 Ce3H104NsNaO4[M+Na*] 1703.6, found 1703.1.

’
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>g0 | ]; > 10 Fl % %4.0%& () -1 T#10%& ()-!| T#10% (y(& ()- S10% & () -

lOf#lO%& () Example @6 g Synthesig gtocompennd 280( (1, /1 10% ( & ()-:9i/101y410(()/&&(%5|
110% ) & -IFI%(V&O(V | Fl % 9409 (& ()-nL*!9! 10%& () - -

9{ 10(}/2 /()22 ( § ) | #1d%g °mmg0% &7.0yng, 1496/&191) (w)as subjected to tht(: )reactlon for 21

hours in accordance with the above procedures, to give a desired compound 28
5 (5.3 mg, yield: 87%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.07 (d, 1H, J = 9.4 Hz, GIcNAc1-H-1), 4.94 (s, 1H, Man4’-H-1),
4.76 (s, 1H, Man3-H-1), 4.61, 4.59 (each d, each 1H, GIcNAc2,5°-H-1),
10 4.44 (d, 1H,J = 7.8 Hz, Gal6’-H-1), 4.10, 4.07 (each 1H, Man4’,3-H-2),
2.93 (dd, 1H, J = 4.6 Hz, 17.5 Hz, Asn-$CH),
2.85 (dd, 1H,J = 7.0 Hz, 17.5 Hz, Asn-fCH),
2.67 (dd, 1H, J = 4.6 Hz, 12.2 Hz, NeuAc7’-H-3,,),
2.08, 2.06, 2.02, 2.01 (each s, each 3H, Ac),
15 1.71 (2H, dd, J = 12.2 Hz, 12.2 Hz, NeuAc7’-H-3,,); MS(Fab) Calcd for
Cs7Ho4NgNaO,4 [M+Na*] 1541.5, found 1541.3.

Example 27 Synthesis of Compound 30
The compound 7 (13.9 mg, 6.6 pmol) was subjected to the reaction for
20 7 hours in accordance with the above procedures, to give a desired compound 30
(8.0 mg, yield: 64%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.13 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.9 Hz, GIcNAc1-H-1),
25 4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),
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3A0%OE 0~ 3166 (dd, 1H, J = 4.6 Hz, 12.4 Hz, NeuAcT-H-3,,),
2.07, 2.06, 2.05, 2.02, 2.01 (each s, each 3H, Ac),
1.71 (dd, 1H,J = 12.4 Hz, 12.4 Hz, NeuAc7-H-3,,); MS(Fab) Calcd for

10 C71H,17N;NaOs;[M+Na*] 1906.7, found 1906.1

Example 28 Synthesis of Compound 31

The compound 8 (8.0 mg, 4.2 umol) was subjected to the reaction for
12 hours in accordance with the above procedures, to give a desired compound
15 31 (6.0 mg, yield: 86%). The physical data for the resulting compound are as
follows.
"H-NMR (30°C)
85.12 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.5 Hz, GlcNAc1-H-1),
491 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),
20 4.61, 4.59 (each d, each 1H, GIcNAc2,5-H-1), 4.43 (d, 1H, J = 8.0 Hz, Gal6-H-1),
4.24 (bd, 1H, Man3-H-2), 4.18 (bdd, 1H, Man4’-H-2),
2.91 (bd, 1H, J = 17.0 Hz, Asn-fCH),
2.81 (dd, 1H, J = 6.5 Hz, 17.0 Hz, Asn-pCH),
2.66 (dd, 1H, J = 4.6 Hz, 12.6 Hz, NeuAc7-H-3.),
25 2.06, 2.06, 2.02, 2.00 (each s, each 3H, Ac),
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5 The compound 9 (7.7 mg, 4.4 pmol) was subjected to the reaction for
23 hours in accordance with the above procedures, to give a desired compound
32 (5.2 mg, yield: 78%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
10 85.14 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.4 Hz, GIcNAc1-H-1),
4.78 (s, 1H, Man3-H-1), 4.61, 4,60 (each d, each 1H, GIcNAc2,5-H-1),
4.44 (d, 1H, J = 8.0 Hz, Gal6-H-1), 4.23 (d, 1H, J = 3.0 Hz, Man3-H-2),
4.19 (bdd, 1H, J = 1.3 Hz, 2.9 Hz, Man4-H-2),
2.92 (dd, 1H, J = 4.1 Hz, 17.2 Hz, Asn-BCH),
15 2.83 (dd, 1H,J = 7.5 Hz, 12.7 Hz, Asn-BCH),
2.67 (dd, 1H, J = 4.6 Hz, 12.7 Hz, NeuAc7-H-3,,), 2.06 (s, 6H, Acx2),
2.03, 2.01 (each s, each 3H, Ac),
1.71 (dd, 1H, J = 12.7 Hz, 12.7 Hz, NeuAc7-H-3,,); MS(Fab) Calcd for
Cs;HgyNgNaOy[M+Na*] 1541.5, found 1541.2.
20

Example 30 Synthesis of Compound 37

The compound 14 (9.1 mg, 5.0 umol) was subjected to the reaction for
13 hours in accordance with the above procedures, to give a desired compound
37 (6.5 mg, yield: 77%). The physical data for the resulting compound are as
25 follows.
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OV O - Y840 1. 292 1z, 17.0 He, Asn-BOR), 2.07 (s, 3K, Ac), 2.04 (s, 6H, Acx2),
2.00 (s, 3H, Ac); MS(Fab) Calcd for CeoHoNgNaOys[M+Na* ] 1615.6,
10 found 1615.0.

Example 31 Synthesis of Compound 42

The compound 19 (9.8 mg, 5.4 umol) was subjected to the reaction for 13
hours in accordance with the above procedures, to give a desired compound 42

15 (8.0 mg, yield: 88%). The physical data for the resulting compound are as

follows.

'H-NMR (30°C)

d5.11 (s, 1H, Man4-H-1), 5.06 (d, 1H,J = 9.5 Hz, GIcNAc1-H-1),

4.91 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
20 4.60,4.57, 455 (each d, each 1H, GIcNAC2,5,5"-H-1),

4.46 (d, 1H, J = 7.8 Hz, Gal6-H-1), 4.28 (s, 1H, Man3-H-2),

4.18 (s, 1H, Man4’-H-2) 4.10 (s, 1H, Man4-H-2),

2.88 (dd, 1H, J = 4.0 Hz, 16.6 Hz, Asn-BCH),

2.77(dd, 1H,J = 7.5 Hz, 16.6 Hz, Asn-BCH), 2.07 (s, 3H, Ac), 2.04 (s, 6H, Acx2)
25 2.00 (s, 3H, Ac); MS(Fab) Calcd for CeoH10:NsO43[M+H*] 1593.6, found 1593.8.

b
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Example 32 Synthesis of Compound 38

The compound 15 (5.1 mg, 3.2 pmol) was subjected to the reaction for
11 hours in accordance with the above procedures, to give a desired compound
5 38 (4.0 mg, yield: 91%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
35.10 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.4 Hz, GlcNAcl1-H-1),
4.92 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
10 4.61, 4.57 (each d, each 1H, J = 7.8 Hz, GIctNAc2,5°-H-1),
4.47 (d, 1H, J = 7.8 Hz, Gal6’-H-1), 4.24 (d, 1H,J = 2.3 Hz, Man3-H-2),
4.10, 4.06 (each bd, each 1H, Man4’,4-H-2),
2.90 (dd, 1H, J = 4.2 Hz, 16.8 Hz, Asn-BCH),
2.81 (dd, 1H, J = 7.3 Hz, 16.8 Hz, Asn-BCH),
15 2.07, 2.04, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for C52H88N5038[M+H+]
1390.5, found 1390.1.

Example 33 Synthesis of Compound 72

The compound 70 (4.0 mg, 2.8 umol) was subjected to the reaction for
20 13 hours in accordance with the above procedures, to give a desired compound
72 (2.9 mg, yield: 85%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
65.09 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.8 Hz, GlcNAc1-H-1),
25 4.91 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
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2.87 (dd, 1H,J = 17.2 Hz, Asn-BCH),
2.76 (dd, 1H,J = 6.5 Hz, 17.2 Hz, Asn-BCH),
5 2.07, 2.04, 2.00 (each s, each 3H, Ac); MS(Fab) Calcd for Ci6H7sN5033[M+H™]
1228.5, found 1228.3.

Example 34 Synthesis of Compound 43

The compound 20 (5.4 mg, 3.3 umol) was subjected to the reaction for
10 11 hours in accordance with the above procedures, to give a desired compound
43 (4.1 mg, yield: 87%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.11 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.5 Hz, GIcNAc1-H-1),
15 4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),
4.61, 4.57 (each d, each 1H, GIcNAc2,5-H-1), 4.46 (d, 1H, Gal6-H-1),
4.24 (s, 1H, Man3-H-2), 4.18 (bs, 1H, Man4-H-2),
2.90 (dd, 1H, J = 4.0 Hz, 17.0 Hz, Asn-BCH),
2.80 (dd, 1H,J = 7.3 Hz, 17.0 Hz, Asn-BCH),
20 2.07,2.04, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
Cs,HggNsO35[M+H "] 1390.5, found 1390.2.

Example 35 Synthesis of Compound 73

The compound 71 (4.0 mg, 2.8 umol) was subjected to the reaction for

25 13 hours in accordance with the above procedures, to give a desired compound
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@ 73 (2.9 mg, yield: 85%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.11 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.9 Hz, GlcNAc1-H-1),
5 4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),
4.60, 4.54 (each d, each 1H, J = 7.9 Hz, GlcNAc2,5-H-1),
4.24 (s, 1H, Man3-H-2), 4.18 (dd, 1H, J = 1.6 Hz, 1.6 Hz, Man4-H-2),
3.96 (1H, dd, J = 1.6 Hz, 1.6 Hz, Man4-H-2),
2.88 (dd, 1H, J = 4.3 Hz, 16.8 Hz, Asn-BCH),
10 2,77 (dd, 1H,J = 7.2 Hz, 16.8 Hz, Asn-BCH),
2.06, 2.04, 2.00 (each s, each 3H, Ac); MS(Fab) Calcd for

CusHsNsOs3[M+H*] 1228.5, found 1228.3.

Example 36 Synthesis of Compound 39
15 The compound 16 (2.2 mg, 1.5 umol) was subjected to the reaction for

7 hours in accordance with the above procedures, to give a desired compound 39
(1.6 mg, yield: 84%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
20 85.07 (d, 1H, J = 9.7 Hz, GIcNAc1-H-1), 4.92 (s, 1H, Man4’-H-1),
4.75 (s, 1H, Man3-H-1), 4.62, 4.58 (each d, each 1H, GlcNAc2,5-H-1),
4.09, 4.08 (each s, each 1H, Man3,4’-H-2),
2.91 (dd, 1H,J = 4.1 Hz, 16.9 Hz, Asn-BCH),
2.81 (dd, 1H,J = 6.8 Hz, 16.9 Hz, Asn-fCH),
25 2.08, 2.04, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for



10@ 10@Y. MLO%@& () - Y& 10%@&' () - JORaBbC; 4|
F21099& ()-GF. 109%& ()--1090& ()- @109 & ()-"1109%] & ()-!{l 10965& () - zoP; 4|
F23mL0%& ()- 10T 10T 10T
%0%T& ()- 109%& ()-fsS109@& ()-Y YI09&4 ) -#?Cz[: zoP; 4] pT10%& () -
f10%<& ()-!3y 10% P P& ()- !y 10%<& ()-' y 10%& ()- ( fy
109%& ()- O _bv}"?zoP; 4| s210%& ()-y* 10%& ()- ! @* 109%& ()-
'10%<& () - #10%<&' ().- | PT10965& ()- eC. 4| !<
910%30&'( % ) -@We%ﬂbﬁ&ﬁ 5,%5(&3&01154 12503@ 098 () - 610%& ()-}"?eC; 4
) 10%08 () - #10%0& () - @ 10%08& () - 10%08 () - 4! &@L0% O Q&' ()-! P
9109%MW\&' () - FHILNOPQpeZG, 4| )10 100 100 10010%0&' ()- 1t 10908 () -
#10%0&' () - s@ -55- 10%08' () - YQUX] ®
- 10908 () - vExampxe ) . BYNNeES 01\ QmPolRg
YY10%& ()- 100 100 100F( 10%D8 (% - 1098 () -109%08&" () -y110%08& () -1} [.<vkL; 4]
B L O e ()t 109 () Y109 &

() - =& () - =& () - ; < F()-! () - ‘() -

O 5 15 )hours in ac(c%)r ance witl{ the a%love p]roce urés), to give a égsneé cooimpo(u)nd

40 (1.1 mg, yield: 89%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.07 (d, 1H, J = 9.5 Hz, GlcNAc1-H-1), 4.91 (s, 1H, Man4’-H-1),
10 4.76 (s, 1H, Man3-H-1), 4.62, 4.55 (each d, each 1H, GIcNAc2,5-H-1),
4,10, 4.07 (each s, each 1H, Man4’,3-H-2),
2.89 (dd, 1H, J = 3.7 Hz, 17.0 Hz, Asn-BfCH),
2.79 (dd, 1H, J = 7.0 Hz, 17.0 Hz, Asn-BCH),
2.07, 2.05, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
15 C4oHg7NsNaOs[M+Na™] 1088.4, found 1088.2.

Example 38 Synthesis of Compound 41

The compound 18 (1.3 mg, 1.2 umol) was subjected to the reaction for
14 hours in accordance with the above procedures, to give a desired compound
20 41 (0.8 mg, yield: 80%). The physical data for the resulting compound are as
follows.
"H-NMR (30°C)
85.07 (d, 1H, J = 9.5 Hz, GIcNAc1-H-1), 4.91 (s, 1H, Man4’-H-1),
4.76 (s, 1H, Man3-H-1), 4.62 (d, 1H, J = 7.8 Hz, GIcNAc2-H-1),
25 4.08 (d, 1H, J = 2.9 Hz, Man3-H-2), 2.92 (dd, 1H, J = 3.9 Hz, 17.3 Hz, Asn-BCH),
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4.46 (d, 1H, J = 7.8 Hz, Gal-H-1), 4.22, 4.18 (each bs, each 1H, Man3,4-H-2),
291 (dd, 1H,J = 4.1 Hz, 17.3 Hz, Asn-CH),
2.82 (dd, 1H, J = 7.0 Hz, 17.3 Hz, Asn-CH),
15 2.05, 2.04, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for

C46H78N5033[M+H+] 1228.5, found 1228.3.

Example 40 Synthesis of Compound 45

The compound 22 (1.6 mg, 1.3 pmol) was subjected to the reaction for
20 14 hours in accordance with the above procedures, to give a desired
compound 45 (1.1 mg, yield: 85%). The physical data for the resulting
compound are as follows.
'H-NMR (30°C)
85.12 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.7 Hz, GIcNAc1-H-1),
25 4.77 (s, 1H, Man3-H-1), 4.61, 4.54 (each d, each 1H, GIcNAc2,5-H-1),
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2.78 (dd, 1H, J = 7.5 Hz, 16.9 Hz, Asn-BCH),
2.06, 2.05, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
5 CsoHg7;NsNaO,5[M+Na™] 1088.4, found 1088.3.

Example 41 Synthesis of Compound 46

The compound 23 (1.6 mg, 1.5 umol) was subjected to the reaction for
14 hours in accordance with the above procedures, to give a desired compound
10 46 (1.1 mg, 6.4 pmol, yield: 85%). The physical data for the resulting compound
are as follows.
'H-NMR (30°C)
85.10 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.5 Hz, GIcNAc1-H-1),
4,77 (s, 1H, Man3-H-1), 4.61 (d, 1H, J = 7.3 Hz, GIcNAc2-H-1),
15 4.22 (d, 1H, J = 2.4 Hz, Man3-H-2), 4.07 (dd, 1H, J = 1.6 Hz, 3.0 Hz, Man4’-H-2)
2.90 (dd, 1H, J = 4.3 Hz, 17.0 Hz, Asn-BCH),
2.80 (dd, 1H,J = 7.0 Hz, 17.2 Hz, Asn-fCH),
2.05, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
Cs,HssN,Op3[M+H ] 863.3, found 863.3.
20

Example 42 Synthesis of Compound 34

The compound 11 (12.4 mg, 7.5 umol) was subjected to the reaction for
11 hours in accordance with the above procedures, to give a desired compound
34 (9.2 mg, yield: 86%). The physical data for the resulting compound are as
25 follows.
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"H-NMR (30°C)

85.11 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 10.0 Hz, GIcNAc1-H-1),

4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),

4.61 (d, 1H, J = 6.8 Hz, GIcNAc2-H-1), 4.55 (d, 2H, GlcNAc5,5’-H-1),

4.24 (bs, 1H, Man3-H-2), 4.18 (bs, 1H, Man4’-H-2), 4.10 (bs, 1H, Man4-H-2),
2.80 (dd, 1H, J = 3.8 Hz, 15.6 Hz, Asn-BCH),

2.63 (dd, 1H, J = 8.2 Hz, 15.6 Hz, Asn-BCH), 2.07 (s, 3H, Ac), 2.05 (s, 6H, Acx2),

2.01 (S, 3H, AC); MS(Fab) Calcd for C54H90N6Na038[M+Na+] 1453.5,
found 1453.2.

Example 43 Synthesis of Compound 35
The compound 12 (12.0 mg, 8.4 umol) was subjected to the reaction for
11 hours in accordance with the above procedures, to give a desired compound
35 (7.0 mg, yield: 81%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
85.10 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.7 Hz, GlcNAc1-H-1),
491 (s, 1H, Man4’-H-1), 4.78 (s, 1H, Man3-H-1),
4.61 (d, 1H, J = 8.0 Hz, GlcNAc2-H-1), 4.25 (bs, 1H, Man3-H-2),
4.06 (bs, 1H, Man4’-H-2), 3.97 (bs, 1H, Man4-H-2),
2.79 (dd, 1H, J = 5.0 Hz, 17.0 Hz, Asn-BCH),
2.61 (dd, 1H, J = 7.3 Hz, 17.0 Hz, Asn-BCH),
2.07, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
CisHgsN,O5[M+H™] 1025.4, found 1025.2.
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Example 44 Svynthesis and Isolation of Compounds 76 and 77

The compounds 2 and 6 (5.0 mg, 2.2 umol) were dissolved in 220 uL of
water, and 100 pnL of a 22 mM aqueous cesium carbonate was added thereto to
adjust its pH to 7.0. This solution was lyophilized. Four-hundred and
thirty microliters of N,N-dimethylformamide was added to the solid obtained
after drying, and further 20 pL of a 6.6 umol benzyl bromide/
N,N-dimethylformamide solution was added thereto. This solution was stirred
under argon atmosphere. After 48 hours, the disappearance of the starting
material was confirmed by TLC (eluent: 1M NH,OAc : isopropanol = 2:1), and
thereafter 4.4 mL of diethyl ether was added to the solution to allow the
compound to precipitate therefrom. The precipitated sugar chains were filtered,
and the residual sugar chain was dissolved in water and lyophilized. The residue
after the lyophilization was purified by fractional HPLC (YMC Packed Column
D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm, eluent: 50 mM aqueous
ammonium acetate : acetonitrile = 78:22, flow rate: 4 mL/min), and a compound
77 was eluted after 88 minutes and a compound 76 was eluted after 91 minutes.
The fractions were collected, and further desalted on an ODS column (Cosmosil
75C45-OPN, 15 x 100 mm, eluted first with 50 mL of H,O and then with 25%
acetonitrile), to give a desired compound 76 in an amount of 1.6 mg and a
desired compound 77 in an amount of 1.8 mg. The physical data for the
resulting compound are as follows.

Data for Compound 76

'H-NMR (30°C)

87.92 (d, 2H, J = 7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),
7.53-7.40 (m, 9H, Fmoc, -CH,-Ph), 5.38 (d, 1H, J = 12.1 Hz, -CH,-Ph),
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5.31(d, 1H,J = 12.1 Hz, -CH,-Ph), 5.12 (s, 1H, Man4-H-1),

4.99 (d, 1H, J = 9.5 Hz, GlcNAc1-H-1), 4.92 (s, 1H, Man4’-H-1),

4.76 (s, 1H, Man3-H-1), 4.58 (m, 3H, GIcNAc2,5,5’-H-1),

4.47 (d, 1H,J = 7.9 Hz, Gal6’-H-1), 4.33 (d, 1H, J = 7.9 Hz, Gal6-H-1),

4.24 (bs, 1H, Man3-H-2), 4.19 (bs, 1H, Man4’-H-2),4.11 (bs, 1H, Man4-H-2),
2.72 (bd, 1H, Asn-BCH), 2.68 (dd, 1H, J = 4.6 Hz, 12.7 Hz, NeuAc7-H-3,,),
2.52 (dd, 1H, J = 8.7 Hz, 15.0 Hz, Asn-BCH),

2.07,2.04, 2.03, 2.02, 1.89 (each s, each 3H, Ac),

1.84 (dd, 1H, J = 12.7 Hz, 12.7 Hz, NeuAc7-H3,,); MS(Fab) Calcd for
CogH143N17NaOsg[M+H "] 2380.8, found 2380.0.

Data for Compound 77

"H-NMR (30°C)

87.91 (d, 2H, J =7.5 Hz, Fmoc), 7.71 (d, 2H, J = 7.5 Hz, Fmoc),

7.53-7.41 (m, 9H, Fmoc, -CH,-Ph), 5.37 (d, 1H, J = 12.1 Hz, -CH,-Ph),
5.31(d, 1H,J = 12.1 Hz, -CH,-Ph), 5.12 (s, 1H, Man4-H-1),

4.99 (d, 1H, J = 9.8 Hz, GIcNAc1-H-1), 4.93 (s, 1H, Man4’-H-1),

4.76 (s, 1H, Man3-H-1), 4.58 (m, 3H, GlcNAc2,5,5’-H-1),

4.46 (1H, d,J = 7.8 Hz, Gal6-H-1), 4.33 (d, 1H, J =7.8 Hz, Gal6’-H-1),
4.24 (bs, 1H, Man3-H-2), 4.19 (bs, 1H, Man4’-H-2), 4.11 (bs, 1H, Man4-H-2)
2.72 (bd, 1H, Asn-BCH), 2.68 (dd, 1H, J = 4.8 Hz, 13.0 Hz, NeuAc7-H-3,,),
2.52 (bdd, 1H, J = 9.7 Hz, 14.1 Hz, Asn-fCH),

2.06, 2.05, 2.04, 2.02, 1.89 (each s, each 3H, Ac),

1.84 (dd, 1H, J = 13.0 Hz, 13.0 Hz, NeuAc7-H-3,,); MS(Fab) Calcd for
CooH;43N;NaOsg[M+H "] 2380.8, found 2380.5
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Example 45 Synthesis of Compound 78

A cooled aqueous solution of the compound 1 (20 mg) was applied onto a
Dowex-50Wx8 (H") column (¢ 0.5 cm x 5 cm) chilled at 4°C, and the eluted
aqueous solution was lyophilized. The resulting lyophilized product was
dissolved in a chilled water at 4°C, an aqueous Cs,CO; (2.5 mg/1 ml) was added
thereto to adjust a pH of the aqueous solution to 5 to 6, and the aqueous solution
was then lyophilized. The Fmoc-disialo-sugar chain sample after the
lyophilization was dissolved in a dry DMF (1.3 ml), and benzyl bromide (5.1 ul)
was added thereto with stirring the mixture at room temperature for 45 minutes
under argon gas stream. The termination of the reaction was confirmed by TLC,
thereafter the reaction solution was cooled to 0°C, and 10 ml of diethyl ether was
added to the reaction solution to precipitate the desired product. This substance
was filtered with a filter paper. Distilled water was added to the residual desired
product, and eluted as a filtrate, and subsequently concentrated under a reduced
pressure. The resulting residue was purified by applying to an ODS column (¢
1.6 cm x 14 cm, eluent: H,O — 40% aqueous MeOH), to give a compound 78
(18.2 mg, yield: 85%). The physical data for the resulting compound 78 are as
follows.

'H-NMR (30°C)

7.90 (d, 2H, Fmoc), 7.70 (d, 2H, Fmoc), 7.53-7.40 (m, 9H, Bn, Fmoc),
5.36 (d, 2H, J = 11.6 Hz, CH,), 5.30 (d, 2H, ] = 11.6 Hz, CH,),

5.12 (s, 1H, Man4-H,), 4.99 (d, 1H, J = 9.7 Hz, GlcNAc1-H,),

4,93 (s, 1H, Man4’-H,), 4.75 (s, 1H, Man3-H,),

4.57 (m, 3H, GlcNAc2-H;, GIcNAc5,5°-H,), 4.32 (d, 2H, Gal6,6’-H,),
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4.24 (d, 1H, Man3-H,), 4.18 (d, 1H, Man4’-H;) 4.10 (1H, d, Man4-H,),

2.72 (bd, 1H, Asn-BCH), 2.67 (dd, 2H, NeuAc7,7’-H;,,),

2.51 (bdd, 1H, Asn-BCH), 2.06 (s, 3H, Ac), 2.03, 2.01 (each s, each 6H, Ac x 2),
1.89 (s, 3H, Ac), 1.83 (2H, dd, J = 12.2, 12.2 Hz, NeuAc7,7’-Hs,,); HRMS Calcd
for C;17H,65NeNa,0gs[M+Na™] 2783.9597, found 2783.9501.

INDUSTRIAL APPLICABILITY

According to the present invention, various sugar chains having desired
sugar chain structures can be obtained in large amounts very conveniently.
Therefore, there is expected to be utilized for therapeutic agents against cancer,
inflammation, influenza and the like. Especially, the sugar chain asparagine
derivative and sugar chain asparagine which can be obtained in the present
invention are excellent in safety without any risks such as admixing of toxic

substances during the preparation processes,
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CLAIMS

1. A process for preparing a sugar chain aspargine derivative derived from a

sugar chain asparagine, comprising the steps of:

(a) introducing a fat-soluble protecting group into the sugar chain aspargine
contained in a mixture of one or more sugar chain asparagines, to give a
mixture of sugar chain asparagine derivatives; and

(b)  subjecting the mixture of sugar chain asparagine derivatives or a mixture
obtainable by hydrolyzing a sugar chain asparagine derivative contained
in the mixture of sugar chain asparagine derivatives to chromatography, to

separate each of the sugar chain asparagine derivatives therefrom.

2. The process according to claim 1, further comprising the step of (b’):
hydrolyzing the sugar chain asparagine derivative separated in step (b) with a

glycosidase.

3. The process according to claim 1 or 2, wherein the mixture of one or more

sugar chain asparagines comprises:
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and/or a compound having one or more deletions of sugar residues in the above

compound.

4, The process according to any one of claims 1 to 3, wherein the fat-soluble

protecting group is fluorenylmethoxycarbonyl (Fmoc) group.

5. The process according to any one of claims 1 to 3, wherein the step (a) is
a step of introducing Fmoc group into the sugar chain aspargine contained in a

mixture of one or more sugar chain asparagines having a sialic acid residue at a
non-reducing terminal, and introducing benzyl group into the sialic acid residue

2

to give a mixture of sugar chain asparagine derivatives.

6. A process for preparing a sugar chain aspargine, comprising the steps of:

(a) introducing a fat-soluble protecting group into a sugar chain aspargine
contained in a mixture of one or more sugar chain asparagines, to give a
mixture of sugar chain asparagine derivatives;

(b)  subjecting the mixture of sugar chain asparagine derivatives or a mixture
obtainable by hydrolyzing a sugar chain asparagine derivative contained
in the mixture of sugar chain asparagine derivatives to chromatography, to
separate each of the sugar chain asparagine derivatives therefrom; and

(¢)  removing the protecting group from the sugar chain asparagine derivative

separated in the step (b), to give the sugar chain asparagine.

7. The process according to claim 6, further comprising the step of:

(b’)  hydrolyzing the sugar chain asparagine derivative separated in step (b)
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with a glycosidase; and/or

(¢’)  hydrolyzing the sugar chain asparagine obtained in step (c) with a

glycosidase.

5 8. The process according to claim 6 or 7, wherein the mixture of one or more

sugar chain asparagines comprises:
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and/or a compound having one or more deletions of sugar residues in the above

compound.

9.

The process according to any one of claims 6 to 8, wherein the fat-soluble

protecting group is Fmoc group.

10.

The process according to any one of claims 6 to 8, wherein the step (a) is

a step of introducing Fmoc group into the sugar chain aspargine contained in a

mixture of one or more sugar chain asparagines having a sialic acid residue at a

non-reducing terminal, and introducing benzyl group into the sialic acid residue,

to give a mixture of sugar chain asparagine derivatives.

11.

(2)

(b)

(d)

A process for preparing a sugar chain, comprising the steps of:
introducing a fat-soluble protecting group into a sugar chain aspargine
contained in a mixture of one or more sugar chain asparagines, to give a
mixture of sugar chain asparagine derivatives;

subjecting the mixture of sugar chain asparagine derivatives or a mixture
obtainable by hydrolyzing a sugar chain asparagine derivative contained
in the mixture of sugar chain asparagihe derivatives to chromatography, to
separate each of the sugar chain asparagine derivatives therefrom;
removing the protecting group from the sugar chain asparagine derivative
separated in the step (b), to give a sugar chain asparagine; and

removing an asparagine residue from the sugar chain asparagine obtained

in the step (c), to give the sugar chain.
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12. The process claim 11, further comprising the step of:
(b’)  hydrolyzing the sugar chain asparagine derivative separated in step (b)
with a glycosidase; and/or
(¢’) hydrolyzing the sugar chain asparagine obtained in step (c) with a
5 glycosidase; and/or

(d’)  hydrolyzing the sugar chain obtained in step (d) with a glycosidase.

13.  The process according to claim 11 or 12, wherein the mixture of one or

more sugar chain asparagines comprises:
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and/or a compound having one or more deletions of sugar residues in the above

compound.

14.  The process according to any one of claims 11 to 13, wherein the fat-

soluble protecting group is Fmoc group.

15.  The process according to any one of claims 11 to 13, wherein the step (a)
is a step of introducing Fmoc group into the sugar chain aspargine contained ina
mixture of one or more sugar chain asparagines having a sialic acid residue at a

non-reducing terminal, and introducing benzyl group into the sialic acid residue,

to give a mixture of sugar chain asparagine derivatives.

16. A sugar chain asparagine derivative having the general formula:
R*

)) OH Q
n&gﬁ%ﬁ/&As n-Fmoc
R2

AcHB

wherein R' and R?, which may be identical or different, are H,
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or H

with proviso that a case where R' and R? are both

is excluded.

17. A sugar chain asparagine derivative having the general formula:;



112
R X
H

q;&vgéévo O Asn-Fmoc

HHAG

wherein one of R* and RY is

10

“M‘ | NHA::

AcHN™ Ho OH HO ) 0

H
Q
15 Hﬁgﬂ\

and the other is H,

o
™ el
HO| +* ﬁo&-ﬁ_ o-. ,NHAc

AcHN Ho OH ﬁﬁﬁi\o
R
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Ho HQ DU HO
/ 4

ACHN ¢
HO ’QH HO H 0
_ NHAc
&N HBOZ
HO o ©
HHOT 0 V0 HOE o

G
HO

18. A sugar chain asparagine having the general formula;
R 3

&k&@/ﬁé&ﬁusn

AcHN

wherein R® and R*, which may be identical or different, are H,
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