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TECHNI CAL FI ELD The present invention relates to a process for preparing
aspar agi ne-1inked ol i gosacchari des. BACKGROUND ART 10 In recent years,
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BACKGROUND ART

10 In recent years, molecules of oligosaccharides have
attracted attention as third chain life molecules following nucleic
acids (DNA) and proteins. The human body is a huge cell society
comprising about 60 trillion cells, and the surfaces of all the
cells are covered with oligosaccharide molecules. For example, ABO

15 Dblood groups are determined according to the difference of
oligosaccharides over the surfaces of cells.

Oligosaccharides function in connection with the recognition
of cells and interaction of cells and are key substances for the
establishment of the cell society. Disturbances in the cell

20 society lead, for example, to cancers, chronic diseases, infectious
diseases and aging.

For example, it is known that when cells cancerate, changes
occur in the structure of oligosaccharides. It is also known that
Vibrio cholerae, influenza virus, etc. ingress into cells and cause

25 infection by recognizing and attaching to a specific
oligosaccharide.

Oligosaccharides are much more complex than DNA or proteins

in structure because of the diversity of arrangements of



nodes of branches and overall structures of higher order. Accordingly,

bi ol ogi cal information derived fromthe structures thereof is nore
diversified than is the case with DNA and proteins. 5 Although the

i nportance of research on oligosacchari des has been recognized, the

conpl exity and variety of structures thereof have delayed progress in the
research on oli acca%rlde e%ngkkglthe fsrlud £5.9n X g%n g o%ilns On the
ot her hand 13§ ° 1 Aat asparaglne i NkREA"1D° ol Ilsaccﬁ r 5 e

obLal ned, LSS BLated o x%gaife&ruc%resxwg& Raent, Literature 1)

Accordlng rature aspar agi ne- ollgosaccharldes are
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apricot seed to i pi dat e egg y However S process provi

aspar agi neterddenk§dmotd apSRGEH2E LdegmariiGh tAE e 9900, nd Bl Qn@%faa@ms
failing to isolate pure asparagine-linked oligosaccharides. As to the

yield, 5 10fh kb dabi phstatieehceger yeddealchobdSo 2ot Pardded Badfben

d|S|aIonI|gosacchr|de (di si al ylundecasaccharide). It is also known that a
gl ycopept i elecdgp@ed?20tré adonipglext epepid deriextr aet eghddtames spérdd e Havact i on
of chicken eggs affords asparagi ne-linked oligosaccharides. The SGP is a
conpound Wh€rsidd pRogsPsed dgi thenmpestayrad oa pepyoskccHraiideeouPIilse Nthe Si X
noieties of amno acids is linked to the reducing termnal of a conposite
ol i gosacchstrudiesconpbisiargl @lretennsugar noi eti es. 25 However, the process of
Seko et. al [Biochem ca Biophysics Acta, Vol. 1335, p. 23(1997)], for

exanmpl e, yiel dedoordne abavt ard@ Qft iSGhIwPrEHARE a8PhEkfIheeddnkelk. [ Pat ent
Literature 1] W96/ 02255 (clainms 8 and 10) 3

10 oligosaccharides are obtained from delipidated egg yolk (see, for
example, Patent Literature 1). According to Patent Literature 1,
asparagine-linked oligosaccharides are obtained in larger
quantities than conventionally by adding almond or apricot seed to
delipidated egg yolk. However, this process provides asparagine-

15 linked oligosaccharides which are 95% or 92% in purity, failing to
isolate pure asparagine-linked oligosaccharides. As to the yield,
100 kg of delipidated egg yolk affords 29.5 g or 27.2 g of a
disjialyloligosacchride (disialylundecasaccharide).

It is also known that a glycopeptide (SGP:

20 sialylglycopeptide) extracted from a soluble fraction of chicken
eggs affords asparagine-linked oligosaccharides. The SGP is a
compound wherein an asparagine moiety of a peptide chain comprising
six moieties of amino acids is linked to the reducing terminal of a
composite oligosaccharide comprising eleven sugar moieties.

25 However, the process of Seko et. al [Biochemica Biophysica Acta,
Vol. 1335, p. 23(1997)], for example, yielded only about 8 mg of
SGP from one chicken egg yolk.

[Patent Literature 1] W096/02255 (claims 8 and 10)



An object of the present invention is to provide a process for preparing
aspar agi ne-1inked ol igosacchari de derivatjives by which various isolated
aspar agi ne-1inked ol i gosacchari de derivatives can be obtained in | ar ger
guantities and with much 5 greater ease than conventionally for use in the
field of devel oping pharmaceuticals or the |like. D SCLOSURE OF THE

| NVENTI ON The present invention provides an invention of followng 10
features. 1. A pAb@Fectopf ptpanasgnaspay ekl v [isnkedowdyigss ac ernarese
derivatives including the stggs of;&ﬁ@ treating a delipidated egg. yolk
with a protPadFPerobe aidfParay xiar e B dpepiParrIshatddeoPpEb&icdcIcs Pes, (b)

t ti t he, m xt ur, f, tide-linked 15 .oli har i \With tid

o obt ai'n BB arEoBt -SSR AR TR 1O S0sACIRAIBETLAE) | nt foduci g
a | ipophi !écri\%rt%sst{;é’r?b% %%Ea%iﬂéé’ L{'e.l.a ragLperdd %kg%dos'ﬁl%?sﬁ?‘& hari des
in the mXxiture to obtain a mxture of ‘as araglne- i ke ol rgosacchari de

derivaty vegro AN Cdke SHIL UGNt Do 1 Wt AbeasRanRdIANe ki BKe8 R oping

ol i gosacchari de derivatives to chromatography to separate the mxture into

i ndi vi dual pashal-edinNeal 4 Meedhal hgrsaccharide derivatives. 2. The process
descri bed above for preparing asparagine- |inked oligosaccharide derivatives

wherein the delipidated egg yolk 25 is obtained by delipidating an avi an
egg yolk with an organic solvent. 3. The process descri bed above for
prepari ng BRYEICBYRBEOF | THK ddivENTgosacchari de derivatives wherein the
aspar agi ne-| i nked 4
The present invention provides an invention of following
10 features.

1. A process for preparing asparagine-linked oligosaccharide
derivatives including the steps of: (a) treating a delipidated egg
yolk with a protease to obtain a mixture of peptide-linked
oligosaccharides, (b) treating the mixture of peptide-linked

15 oligosaccharides with a peptidase to obtain a mixture of
asparagine-linked oligosaccharides, (c¢) introducing a lipophilic
protective group into the asparagine-linked oligosaccharides in the
mixture to obtain a mixture of asparagine-linked oligosaccharide
derivatives, and (d) subjecting the mixture of asparagine-linked

20 oligosaccharide derivatives to chromatography to separate the
mixture into individual asparagine-linked oligosaccharide
derivatives.

2. The process described above for preparing asparagine-
linked oligosaccharide derivatives wherein the delipidated egg yolk

25 is obtained by delipidating an avian egg yvolk with an organic
solvent.

3. The process described above for preparing asparagine-

linked oligosaccharide derivatives wherein the asparagine-linked



ol i gosacchari de derivatives are asparagi ne-|linked undeca- to penta-
saccharide derivatives. 4. The process descri bed above for preparing
asparagi ne- |inked oligosaccharide deri vdtives wherein the | i pophilic 5
protective group is a carbonate-containing group, acyl group, allyl group,
Fnoc group or Boc group. 5. The process descri bed above for preparing
asparagi ne- |linked oligosaccharide derivatives wherein the asparagi ne-I|inked
ol i gosacchatiIRsScEBAT B helphivathEe i 3XrASParagspar sthfel UPARE]- 18P penta-

ol i gosacchari des . btained bxrthe step (b) are hydrolyzed before the
subsequentsiﬁ%§?rﬁ CcUBTbfFSGe sugar noieties. 6. The process described

above for prepariingkgrh s%%r ?gggede dlnl‘lé)%g J)\geostfo(i-(:h?‘%%%ﬁ%rg :]aies %‘;triages wherei n
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are hydrolyze ore t ubsequent step to cut sone sugar noieties.

The pracessrfedtl@el VYOI 110N of R rPESPEL IB taSRBRAH AR | BKSE group, allyl
ol i gosaccharide derivatives is distinctly characterized by treating 20 a

del i pi dat egr1@0 ¥abk ebdw ndBbeogralp €9g yol k, for exanple, from an avian
egg yolk, with a protease to obtain_a _m xture of peptide- |inked

ol i gosacchari des’ - tHenPEPEEET riPIHHePRAXEREE \fiorh PEeBRpt1H AFPATRFiBBt ai n a
m xt ure of a%&gragtne-li ked oligosaccharides, . subse uentlé,intrpducing
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subsequent step to cut off some sugar moieties.

6. The process described above for preparing asparagine-
linked oligosaccharide derivatives wherein the asparagine-linked
oligosaccharide derivatives contained in the mixture of asparagine-

15 linked oligosaccharide derivatives obtained by the step (c) are
hydrolyzed before the subsequent step to cut off some sugar
moieties.

The process of the invention for preparing asparagine-linked
oligosaccharide derivatives is distinctly characterized by treating

20 a delipidated egg yolk obtained from an egg yolk, for example, from
an avian egg yolk, with a protease to obtain a mixture of peptide-
linked oligosaccharides, then treating the mixture with a peptidase
to obtain a mixture of asparagine-linked oligosaccharides,
subsequently introducing (for bonding) a lipophilic protective

25 group into the asparagine-linked oligosaccharides in the mixture to
obtain a mixture of asparagine-linked oligosaccharide derivatives,

and thereafter separating the mixture into individual asparagine-

linked oligosaccharide derivatives. The term an "asparagine-linked



5 oligosaccharide" as used herein refers to an oligosaccharide having
asparagi ne linked thereto. Further the term "ol igosaccharides capable of
linking to asparagine" refers to a group 2f oligosaccharides wherein
N-acetyl gl ucosam ne present at a reducing 5 termnal is attached by

N-gl ucoside linkage to the acid am no group of asparagine (Asn) in the

| tide, of tein, and whi.ch h i 31- 4) G cNac(j 31-4) A cNa

Phe’ bore strifoaraharhac dhnaRe Petsih ZRRes] Pt PiogoesERREl fdmving
derivative'_ refers to. | | har | i
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preparing a mxture of peptide-linked I570oligosaccharides froma delipirdated

egg yolsk usdhgndi1Pket 88sfohed BY fihg1 §dsR d&f 1RARRAE I 110 tReMh¥b B! Sno group
asparagi ne-1inked oligosaccharides fromthe m xture of peptide-IinKed

ol i gosacchey idgard§ing eadpptindase, pdBpddtedst 8p Hfprddtleriadusl Ngh#acH iHagphi lic
protective group into 20 the asparagi ne-linked oligosaccharides in the

m xture t ouabt @i N po1dia¢ (B Oic1anpar agi fies ldorkedt ohd€0sACCHRE itd8m an
derivatives, and (d) the step of subjecting the m xture of asparagi ne-1linked
ol i gosacchtadspderagénevainkess dlagobaotemigieadhy itat separatfertheo an xture into
i ndi vi dual asparagi ne-1inked ol i gosaccharide 25 derivatives. The process of
t he i nventasparfagrinpr épakéchplagpasagharide whedeinla gogapbhdic deraerdbiyei ves
fromdelipidated egg yolk will be
10 group is attached to asparagine moiety. Further "AcHN" in the
structural formulae of compounds refers to an acetamido group.
Stated more specifically, the process of the invention for
producing asparagine-linked oligosaccharide derivatives include:
(a) the step of preparing a mixture of peptide-linked
15 oligosaccharides from a delipidated egg yolk using a protease,
(b) the step of preparing a mixture of asparagine-linked
oligosaccharides from the mixture of peptide-linked
oligosaccharides using a peptidase,
(c) the step of introducing a lipophilic protective group into
20 the asparagine-linked oligosaccharides in the mixture to obtain a
mixture of asparagine-linked oligosaccharide derivatives, and
(d) the step of subjecting the mixture of asparagine-linked
oligosaccharide derivatives to chromatography to separate the
mixture into individual asparagine-linked oligosaccharide
25 derivatives.
The process of the invention for preparing asparagine-linked

oligosaccharide derivatives from delipidated egg yolk will be

described below in detail.



described below in detail. 6 The delipidated egg yolk to be used in the
present invention is not limted particularly. For exanple, a delipidated
egg yol k obtained by delipidating with d%ganic sol vent? an avi an egg yol k
is desirable. (Exanples of desirable avian egg yol ks are those of 5

chi ckens, quails, ducks wi | d ducks, doves, etc. Especially desirable is

h I'k of f
aspar agi ne- 11 kel fféﬁ%éésﬁ%%?%@iyoégrf?c P9 or CRonaetpe IEVSP‘éh%rhed

asparaglnellln e lglr ggn%&h%g§%Ec%ggaFQg%#¥ép tQ@é?g?%XEg | es of

preferred organlc SO s are t hano ano e c. In

the step (ggtablg{egt gg,naef{p%al& f\]:utf,}ﬁoé?%tanﬁc glﬂ@%l o gnyeé,& Wm i@

protease to tarn a mxture o pepti de-11 nke ari des

(asparagi ngsd i kad ol lesReehast dfadieRbh desyiak WYLl #6tkd hidhendeli <9f dat ed

egg yol k. The protease to be used in 15 this step are those generally

avai |l abl e swrdkeas, PHOAREE, (IREUCHiDd a0 Buies Chewd cats;bé@iasltl es, Ltd.)
and Orientase (product of ankyu B|0|ndustry Co., Ltd.). is desirable to

remove thejsoimmlenis ehdaigd Igyamkp@pt@d&kdmsnlmdvpéw gﬁs&@l@hambd@s daomthe
m xture of peptide-linked 20 oligosaccharides by a known nethod, for

exanpl e, byunvat-it9upe aspacaminegnapked qirieeeddchsr idédg pargekbulatiy adfi on
colum, ion exchange colum or the |ike or a purification nmethod using high
per f or manceunarguiygec Rr bratdgdaphpatdPl@ - 1inketihel s¢emddhpritbe, peptiadesdof
pepti de-1inked 25 oligosaccharides obtained in the step (a) are deconposed
with a peptitdeseggoyobkai nEramplauicd pfrefspredginganticnkebiveriisg@gacchari des

10 methanol, ethanol, diethyl ether, etc.

In the step (a), proteins are cut off from the delipidated
egg yolk with a protease to obtain a mixture of peptide-linked
oligosaccharides (asparagine-linked oligosaccharide peptides)
contained in the delipidated egg yolk. The protease to be used in

15 this step are those generally available such as Pronase (product of
Wako Pure Chemical Industries, Ltd.) and Orientase (product of
Hankyu Bioindustry Co., Ltd.).

It is desirable to remove the components other than peptide-

linked oligosaccharides from the mixture of peptide-linked

20 oligosaccharides by a known method, for example, by various
chromatographic procedures using a gel filtration column, ion
exchange column or the like or a purification method using high
performance liquid chromatography (HPLC).

In the step (b), the peptides of peptide-linked

25 oligosaccharides obtained in the step (a) are decomposed with a
peptidase to obtain a mixture of asparagine-linked oligosaccharides
contained in the peptide-linked ocligosaccharides. Examples of

useful peptidases are those commonly available such as actinase.



contained in the peptide-linked oligosaccharides. Exanples of wuseful

pepti dases are those comonly avail abl e such as actinase. 7 It is desirable
to renove the conponents other than asparfagi ne-1inked oligosaccharides from
the m xture of asparagine- |inked oligosaccharides by a known nethod, for
exanpl e, by various chromatographic procedures using a gel filtrarion

columm, ion 5 exchange col or the like or a purification t hod usi ng

hi gh perfornanég'ﬁﬁqaﬁﬁlféh CogFABKY %FPEET@QEEPF%éPSF?bﬁSEHe vi ewpoi nt
of efficiently obtaifning, asparagine: linked oligosaceharlde, derivatlves
havi ng t hé BEEPPEA° oI G5s SCCASF T ret GFE™ T8 ME*48EPR, 3h) TR AW d#Fol yze
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cut of f sone sugar es orm ng ol I'owm

et hods of clNLOLYSksd e at BELAhICLEE N AGH SN So1tiRed s ANd

met hod wherein an"enzyne'i1s used. The acid™to be used 1s not imted

speci f 5caldyonaitgel dbidm SXaTREES1RE &1 ROLARNE Ec /G IS rdRHoQr SN £ Hghds such
as hydrochloric™ acid, sulfuric acid, nitric acid and trifluoroacetic acid,

cation exgdyaRafahesi Niguidneakbhh €og@lgry rnaapents (such as silica gel), etc.
Exanpl es of useful enzynes are gl ycosidase which can be of either of the

endo-type and exqrritype 8forth tHN@ikeBoinOiMRAEiolehtey &ibtiRing0 Such an
enzynme is not |imted particularly; conmercial enzynes, enzynes isolated
anew and tdwymeragieat Ethkad gehngbsecehyidecdenvat Bcmnihguesg atlee ubafinledi nsof ar
as they have the desired activity. The enzymatic reaction can be carried out
under knowrligosadchavie sErecpnogr ests igf deheralebetticohydaylpze ndrE t or ed by
thin- 25 layer chromatography to termnate the reaction at the stage where
10 asparagine-linked oligosaccharides contained in the mixture and to
cut off some sugar moieties before performing the following step.
Useful methods of hydrolysis include a method wherein an acid is
used, and a method wherein an enzyme is used.
The acid to be used is not limited specifically; useful
15 examples are inorganic acids and organic acids such as hydrochloric
acid, sulfuric acid, nitric acid and trifluorocacetic acid, cation
exchange resins, insoluble solid reagents (such as silica gel), etc.
Examples of useful enzymes are glycosidase which can be of either
of the endo-type and exo-type as to the reaction mode of the enzyme.
20 Such an enzyme is not limited particularly; commercial enzymes,
enzymes isolated anew and those created by genetic engineering
techniques are useful insofar as they have the desired activity.
The enzymatic reaction can be carried out under known
conditions. The progress of the reaction may be monitored by thin-
25 layer chromatography to terminate the reaction at the stage where
the contemplated compound is available in the largest quantity.

In the step (c), a lipophilic protective group is introduced

into the asparagine-linked oligosaccharides contained in the



the contenpl ated conpound is available in the largest quantity. In the step
(c), a lipophilic protective group is introduced into the asparagine-I|inked
ol i gosaccharides contained in the 8 nixtdure resulting fromthe step (b).
The protecting group is not particularly Iimted, and there can be used,
for instance, a carbonate-containing group such as 9-

fl | net b | (E t -~ hut yl b | (B 5
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isolation/purific I N a subSeqguent above
protecting .S 1pr r cay bonat nt. Al oi no: u i
9-fl uor eny(f%{et o%ﬁ%gf bgacr)sllq.l(LE r%%lg)e gcﬁoup, O%fggt E%%#%xﬁ%rgggéy%@?gzac 9gr oup
or al | yl OXy £ RARARE AL Aty bmoOf URuBICH. Bt ARELN-B6AYP- (SSOM the
vi ewpoi nt that the resulting asparagine-linked oli'gosaccharide derivative

can be s Megahal JrY 14§86k dhribdgas¥NIALRIS %froﬁpgeééfleg;ﬁu}f)cgﬁgﬂtééjeacét@q

above protecting group is preferably Froc group and Boc group which are 15
wi del y usegad)n grepbi, dg1 syntdiesips or Theén HAD GrehpupIh Scasleeirahlysyefiastd ve

when there exists in the oligosaccharide a sugar, such as sialic acid,
whi ch is refsidisacynahabl soladen/act tf tcardedi Bf 6hSienchhdni at sedsediant of t he
protecting group may be carried out according to a known process (for
i nstance, $tep,ecthengb&oupotiert209Pyaup dsCheristalyly JolmarWbheye & Sons | NC. ,
New York 1991, 1SBN 0- 471-62301-6). For instance, when Fnoc group i s used,
an approprtentmiaipgngroed susdt esed of 1 Bvfenyd metbexdy ¢caxrhidny lni(RKinae e @ontpai ni ng
asparagi ne- |inked oligosaccharides, 9-fluorenyl nmethyl-Nsuccinim dyl
car borddt e t-butyloxycarbonyl (Boc) group or allyloxycarbonate group and acyl
group such as acetyl group. From the viewpoint that the resulting
asparagine-linked oligosaccharide derivative can be immediately
used in the synthesis of a desired glycopeptide, the above
protecting group is preferably Fmoc group and Boc group which are
15 widely used in peptide synthesis. The Fmoc group is especially
effective when there exists in the oligosaccharide a sugar, such as
sialic acid, which is relative unstable under acidic conditions.
The introduction of the protecting group may be carried out
according to a known process (for instance, Protecting Groups in
20 Organic Chemistry, John Wiley & Sons INC., New York 1991, ISBN O0-
471-62301-6).
For instance, when Fmoc group is used, an appropriate amount
of acetone or DMF is added to the mixture containing asparagine-
linked oligosaccharides, 9-fluorenylmethyl-N-succinimidyl carbonate
25 and sodium hydrogencarbonate are further added thereto and

dissolved, and thereafter the resulting mixture is subjected to a

binding reaction of Fmoc group to an asparagine moiety at 25 T,

whereby the Fmoc group can be introduced into the asparagine moiety



25 and sodi um hydrogencarbonate are further added thereto and dissol ved,
and thereafter the resulting mxture is subjected to a binding reaction of
Fnoc group to an asparagi ne noiety at 252 C, whereby the Fnoc group can be
introduced into the asparagine noiety 9 of the above asparagi ne-1inked

ol i gosaccharide. According to the procedures descri bed above, asparagine-
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usabl e di rgeildedimgt Bi-Sust £ inthergass fLaMdphain¥hewpoi nt of obtai ni ng
aspar agi ne-11 nked ol igosaccharide derivatives having the desired

ol i gosaccharide gf rind Wiep €4f ] CiiRNikrubBeo SR8 G08=1 1 ek
ol i gosacchari de derivatives contained in the m xture may be hydrol yzed

bef ore this1 s§@dcbaciie dériafdft iveBEotidledTByetheSstdl (0 WSeséherdwsul ting
m xture of asparagine-linked oligosaccharide derivatives. The extent of
sugar resifitesidddvidualtasgdragintheisie® A goBatbRapPidyideusivaasees Bie
hydrol ysis can be conducted in the sane manner as above. The separation of
each of askawwagiaheromahkethmiy, gesaechallidy Z@adeiovat inge shivpme hogredggr aphy
can be carried out by appropriately using known chromatographies, singly or
in a conbi Ala¢ imixtofreppira¢rardvioral dgredlvldgoskorhansiawegrivahévessul ting
m xture of asparagi ne-1inked _ _
10 obtained is usable directly in this step, whereas from the
viewpoint of obtaining asparagine-linked oligosaccharide
derivatives having the desired oligosaccharide structure
efficiently, the asparagine-linked oligosaccharide derivatives
contained in the mixture may be hydrolyzed before this step to cut
15 off some sugar moieties and to use the resulting mixture of
asparagine-linked oligosaccharide derivatives. The extent of sugar
residues to be cut off is the same as in the previous case. The
hydrolysis can be conducted in the same manner as above.
The separation of each of asparagine-linked oligosaccharide
20 derivatives by chromatography can be carried out by appropriately
using known chromatographies, singly or in a combination of plural
chromatographies.
For instance, the resulting mixture of asparagine-linked
oligosaccharide derivatives is purified by a gel filtration column
25 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

column, and concretely, a mono Q column manufactured by Pharmacia,



ol i gosaccharide derivatives is purified by a gel filtration colum 25
chromat ogr aphy, and then purified by using HPLC. The col um which can be
used in HPLC is preferably a reverse phas® colum, for instance, ODS
phenyl - based, nitril e-based, or ani on exchange-based columm, and
concretely, a nono Q col umm nanufactured by Pharmacia, 10 |atro-beads

col um nanufact atron c n be i zed. The epar ati.on.conditions
ond he T A eaas np DAL T35 Baered dy 28 rar ieb oottt rons i or di ng

to the aboye proceduress,cah ohalbe. faal hed psparading: binkele ring o
ollgosacch eérivatives ¢can be tal ne From-thHe m Xtureée

aspar agt neg ied g BI0RGECIRCLIGi ndoLd A1 UBSve A E0! pacn

th
aspar agl ne-1rn (0] osacchari rivatives e above pr ocess

are aspar | g@gﬁg S d % ef erably
aspar agi nzg%élhﬁrlflgdgégggca loqtlgi(%gp?gfgsﬁsccharglgggéd%er%%t:i\%g gﬁgr% preferably

aspar agi NespikRd FYBHCERs fi%t0PBas S aLiAEld8ede{ANS 1018g0sdBEnIP e
preferable is asparagine-linked undecasacchari de derivative of the

fol |l ow ng gd@iratigewherein Prot is a protective group. HOOC HOHO HO H HO O
NHHAc O OHH$ O H3c -TI Ogos~0o 0 OH CH

Examples of asparagine-linked oligosaccharide derivatives
prepared by the above process are asparagine-linked undeca- to
penta-saccharide derivatives, preferably asparagine-linked undeca-

10 to hepta-saccharide derivatives, more preferably asparagine-linked
undeca- to nona-saccharide derivatives. The most preferable is
asparagine-linked undecasaccharide derivative of the following

formula wherein Prot is a protective group.

Hocifﬂx}- He
HOI:: NHAc
H,CNHTIG B"N-ﬁ
o}
OH OH
Ho H® o o_Asn-Prot
HO NHAc NHAc
HgOOC o
§=0 .
HO
HOb- NHAc
HyCyp TV HO H°
o}

15
Furthermore, the asparagine-linked oligosaccharide
derivative having a desired oligosaccharide structure can be
efficiently obtained by hydrolyzing the asparagine-linked
oligosaccharide derivatives separated in the above step. For
20 instance, in the stage of separating the asparagine-linked

oligosaccharide derivatives, the asparagine-linked oligosaccharide



H O 00 Asn-Prot HO HO 6 / NHAC NHAc HOOC HO HO HO OH HOBO 0 H H O NHAc

15 Furthernore, the asparagi ne-]inked oligosaccharide derivative
having a desired ol i gosaccharide structu can be efficiently obtained by
ol i gosacchari de derivatives separated in

C&30

hydrol yzi ng t he asparagi ne-1inked

t he above step. For 20 instance, in the stage of separating the

asparagine-ég
ol i gosacchari
ki nds of t

m xt ure

dérivative roug separa m t1ng

wher eby the asparagi ne-1inked oligosaccharide derivatives having the

desi red ol §&6526GRaE fee dudicicueastsayh®1yehbi ci@ntinstabtai negardigfas the

hydrol ysis can be carried out in the sane manner as descri bed above.
Especi &l | ywitd a glpeefedadd e whithabyt tiee hygaehyshe- 1 ke bilegdosakcdtiiead

gl ycosi dase of which 10 cl eavage node of the oligosaccharide noieties is

cl ear, frofetivativeewpavirng ahemdesirdd icdiignkhychitsdenistgutheres can be
aspar agi ne- | i nked

10

15

20

25

efficiently obtained. Here, the hydrolysis can be carried out in
the same manner as described above. Especially, it is preferable
that the hydrolysis is carried out with a glycosidase of which
cleavage mode of the oligosaccharide moieties is clear, from the
viewpoint of more efficiently obtaining the asparagine-linked
oligosaccharide derivatives having the desired oligosaccharide
structures.

As described above, each of the various asparagine-1linked
oligosaccharide derivatives of which branching structures at the
terminals of the oligosaccharides are not uniform, can be obtained
as individual isolated compounds by further hydrolyzing the
derivatives with various glycosidases and the like to remove the
sugar moieties at non-reducing terminals of the oligosaccharides
after the obtainment of each of the asparagine-linked
oligosaccharide derivatives. Moreover, even a larger number of the
kinds of the asparagine-linked oligosaccharide derivatives can be
prepared by changing the order or the kind of hydrolysis with
various glycosidases.

The present invention further provides a process for
preparing various isolated asparagine-linked oligosaccharides in
large quantities. This process includes, subsequently to the step

of preparing asparagine-linked oligosaccharide derivative or

ig}é%%(egl 9P C%%rghggngﬁéeéf’a%teid‘éﬁg’ 1Lﬂ%i@fg2§'h%3k?ﬁ&é ié‘#et%[ehe

H

ar3SRALagi fsd 191KGE sQLL HOSARLC R, 08 A0Ld AT Ue R0} aied in the

, and thereafter the asparagine-linked oligosaccharide derivatives
are subj ecfgd @, NYHEOLYStch £ the@l th8SI ARG iRRAL PhYEd 13 gWshBcRa B §£0Si dase,



ol igosaccharide derivatives having the desired oligosaccharide structures.
As descri bed above, each of the various asparagi ne-linked 15

ol i gosaccharide derivatives of which brahthing structures at the ternminals
of the oligosaccharides are not uniform can be obtained as individual

i sol at ed conpounds by further hydrolyzing the derivatives with various

gl ycosi das SN rempve t ug noj eti es at npns redu
term nal s %% ﬁ:he oF ?d%éggh *hai des 2D %qgngt Oroﬁﬁ%farlnﬁt 1(‘?eac lv%é

aspar agi neg ﬂhé '?;‘&%gn g'fo %h%b?ggl 2dt ‘i%' é?é MY GOV, rg)égftafng* ar ger

nunber of f he “aspa i nk |gosacc ari vatives

can be prepdy %lg¥ fﬂm R 1588208186 (¥ dE'E?vgtﬂF’e Qﬂcr gL QLY Sy Ss W th

vari ous g|yCOSI ases. 25 The present invention further provides a process

for preparing vafd Q‘éﬁlo{éi)l@feﬁ'lea%ﬁ}@‘:@gtﬂ% |dﬂ6‘ﬁ§df96hgﬁ§@%%&b§§§eln | arge
quantities. This process includes, subsequently to the step of preparing

aspar agi nexiiKeeed10bbgosarehael derdesial icud BE derrider ivat iMescairdahee
foregoi ng process for preparing such derivative, the step of renoving the

pr ot ect i vewirtowp khoem pledses Ul bl nins tasper, agesertd tdaad ngl Ggospecihari de
derivative or derivatives. The renoval of the protecting group fromthe
aspar agi neotgdnimk etemi s gosadohar Wilkeyl ey iSvatsi ¥8C carNdwe Yoarkr 1261 oULSEN 0 -
accordance wth a known process (for instance, see Protecting Goups in
Or gani ¢ Chéhi #2391 - §bhrFaN |iey tanSenswHeNC theNewp e tid 0 9roup SBA Droc group,
471-62301-6). For instance, when the protecting group is Fnoc group, the
Froc gr oupthsafmes QQWHWéwaneaﬁémﬁxﬁﬁﬂnpﬁéﬁﬂﬂ@ nerahed ing 4sptkegi ne- | i nked

ol i gosaccharide derivative in N N
10 asparagine-linked ollgosaccharlde derivative in N,N-

dimethylformamide (DMF) to carry out the reaction. On the other
hand, Boc group can be removed by a reaction with a weak acid.
After the removal of the protecting group, an asparagine-linked
oligosaccharide may be properly obtained by purifying a reaction
15 mixture by a known process such as various chromatographies
employing a gel filtration column, an ion exchange column or the
like or a process of separation by HPLC as desired.
In case the protecting group is a benzyl group, the removal
of the benzyl group from the asparagine-linked oligosaccharide
20 derivative can be carried out in accordance with a known process
(for instance, see Protecting Groups in Organic Chemistry, John
Wiley & Sons INC., New York 1991, ISBN 0-471-62301-6).
Further, the removal of the asparagine moiety from the
asparagine-linked oligosaccharide can be carried out in accordance
25 with a known process. For instance, the asparagine-linked
oligosaccharide is reacted with anhydrous hydrazine and then
acetylated to remove the asparagine moiety, whereby oligosaccharide

can be obtained. Also, oligosaccharide can be also obtained by



di met hyl formam de (DMF) to carry out the reaction. On the other hand, Boc
group can be renoved by a reaction with a weak acid. After the renoval of
the protecting group, an asparagine-linkéd oligosaccharide may be properly
obtained by purifying a reaction 15 m xture by a known process such as

vari ous chromat ographies enploying a gel filtration colum, an ion exchange

colum or th |.ike or a process of separation by HPLC as_desired. |In case
Che. pr ot ect BTG BiP S SPHRETE - SLBEE dgorarEuat L doM it BRHOM Gt Gup

fromthe aragine-| i nked tqloinggggcgharréa 20 deéi yative can be carried out
in accordgi %33&%%¥e8uﬁn%ﬁﬁlproces PFHr et AREEY IR R P O R E PR Slips i n

Or gani ¢ Chﬁl_m!gjs‘%d’ é}#?’ﬁggw ey %osg]grﬁ%\%é\lﬁ]ne NG a¥9%i<ne1%%31.’et¥,§|3%}kr%% (the

0-471-6230 e renova € aspar agl nhe noil e

aspar agi ne: LA RAd o8l LAOSAGENAIGLAR fBIL0P GRl bEfeQll-AikAGEORAR e 25 W th

a known process. For 1 nstance, the asparagi ne gosaccharide is

react eds i iy phdeopsobyiankney B dAdAD p:aeeky! Bief do vaeaBye ! he

aspar agi ne noi ety, ereby ol i gosaccharide can be obtained. Also,

ol i gosacchay sty tearapRi@é Snpallyangesd o B3 1tkathygxi dQdrie aspasadnardnigeked
ol i gosaccharide with heating in a basic agueous solution and thereafter
acetyl ati ngoliung @aspahaglike, landkadsepigosiacc pabtdes tigy oy ast des asgmr agi ne
noiety. After the renoval of the asparagi ne noiety, the oligosaccharide nmay
be 5 purified apps cilgdcatiekey dyovwe kreworfing ess tiecprasenvarimemtion, the

chr omat ogr aphi es enpl oying a gel filtration colum, an ion exchange colum
or the |ikasparediaesépaked ianigosecebaride [deirCvativesi tred aspsradesws i liedked
above, according to the present invention, the asparagine-linked

ol i gosldcchekigisagehavade vand tthe adpaesagdwridekébereinafter these three

terms are collectively referred to as "oligosaccharide series" in
some case) each having a desired oligosaccharide structure can be
prepared at a low cost, efficiently and in a large amount.
The oligosaccharide series of the invention are very useful
15 in the field of development of pharmaceuticals. For example,
vaccines for cancers are an example of application to the
development of drugs. It is known that cells cancerate produce an
oligosaccharide which is not found in the living body. It is also
known that when chemically prepared and given to the human body as
20 a vaccine, such an oligosaccharide inhibits the growth of cancer.
If the desired oligosaccharide series can be produced according to
the invention, it is possible to prepare a vaccine which is
effective for treating cancer. The oligosaccharide series obtained
by the invention can further be made into derivatives by attaching
25 novel sugar moieties thereto through combinations of chemical
reactions and reactions of sugar transferases for the preparation
of novel vaccines.

While for example, erythropoietin (EPO) which is a



10 ol i gosaccharide and the oligosaccharide (hereinafter these three terns
are collectively referred to as "oligosaccharide series" in sone case) each
havi ng a desired ol igosaccharide structuté can be prepared at a | ow cost,
efficiently and in a |arge anount. The ol i gosacchari de series of the
invention are very useful 15 in the field of devel opnent of

phar naceuhfaclosr Iic(_)zrl exa Svac |nesfgror r%grgtl:ersal%e arf)e%éa of th
applicati o XTH R 8evel B %r‘?t dr gs. I SRS RATH R SCEIT S Tandt at e

produce an, :ﬁhatglo ME%SQB‘E 2 llci@ekété‘oé &f %&@xgzhgsthlet' \ %%eﬁof'é’ nd lerla

al so  known en ¢ y prepare iven to uman od as 20

a vacci ne, psdiciL;an @i Q%ﬁﬁc@%r 481 L) ha 'ggﬁggﬁgv\@ﬁg(gsa%%ﬁﬁﬁide ﬂénée*ae

desired ollgosaccharlde series can e produc according t e I nvention,

it is possphlgdd PHRRAT %r%t&@ﬁ@ﬂ?cl%eﬂﬂhb% shintiing f)H?siéﬁﬁtl'ch cancer.
The ol i gosaccharide series obtained by the invention can turther be nmade

into deyivadtmastydwhaht BEWMH NP adS o D¥Eba SdHEAi ABDLELAES HHRHeRLY tHrongh it
conbi nati ons of chem cal reactions and reactions of sugar transferases for

t he preparbs igyssibflenevepramae aeprotbin e ar 1exgapneantdrtyt byoai Bl idb1G(EPO)
which is a 14 glycoprotein is used as a drug for treating anem a because of
the abiliéxyptdmrieal syotem othiifolr aseircypdirlec pifebondindad igesacévamididshato
EPO fails to exhibit activity when having no oligosaccharide bonded

thereto. Thus protetsi ngnd nolhsdauehbde dthidsiucing physiidasgicchbridactivity
when having an ol osaccharide bonded thereto, so that it is possible to
prepare a Ppreragiad P &heaimenfdant prg h3vime B desited epressreninysttdm which
i s incapabl e of bonding oligosaccharides to the protein, and subsequently
|ntr0ddb|n©r%ﬁgyﬂ ﬁ@6s§%ﬁ¥%ﬂ3(ﬁ?e protein to exhibit a physiological activity.

Alternatively, a novel glycoprotein having novel physiological
activity can be synthesized by introducing oligosaccharides
prepared by the invention and having various structures into a
desired protein.

15 Furthermore, oligosaccharides present in natural
glycoproteins can be replaced with oligosaccharides prepared by the
invention to thereby give novel physiological activity to the
glycoprotein. Useful as a technique for replacing the
oligosaccharide present in glycoproteins by the oligosaccharide

20 obtained by the invention is, for example, the process disclosed in
P. Sears and C.H. Wong, Science, 2001, vol. 291, pp. 2344-2350.
With this process, the glycoprotein is treated with (3-N-
acetylglucosaminidase (Endo-H) so as to permit only one N-
acetylglucosamine moiety to remain bonded to the asparagine moiety

25 on the surface of the glycoprotein. Subsequently, a desired
oligosaccharide in the asparagine-linked oligosaccharide obtained

by the invention is bonded to the N-acetylglucosamine moiety using

B -N-acetylglucosaminidase (Endo-M). It is also possible to



prepared by the invention and having a desired structure into the 10
protein for causing the protein to exhibit a physiological activity.

Al ternatively, a novel glycoprotein havih§ novel physiological activity can
be synthesized by introducing oligosaccharides prepared by the invention
and having various structures into a desired protein. 15 Furthernore,
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acetyl gl ucosam ni daseé (Endo-H) so as to perm't only one N "acetyl gl ucosam ne

nDi ety st 0 SerERINRA0ARESHa1Yy (the tAs Paideh iONMhebY tHd Py ddpeostihaserpfudehe
gl ycoprotein. Subsequently, a desired oligosaccharide in the

aspar agi neof igHa&dMol i gosacchari de obtained by the invention is bonded to
the N-acetyl glucosam ne noiety using R-N-acetylglucosam nidase (Endo-M. It
i s al so possi bl ertesehs1ypr epanesea ofl ytopopteieinzadsnghd-aueitilcgkiragsam ne
noiety utilizing an E. coli expression system and using t RNA having N
acet yl gl ucosariives bbadecbhlesr ¢hetr timel dlydopereain exdmintistdued as desired
ol i gosaccharide in the asparagine-Iinked oligosaccharide 5 obtained
accor di ng metabed izadeat i drhiight yathebegausspwbeni aiav it agdd ief réneiedvifrom
Presently, the use of glycoproteins as therapeutic drugs
10 the oligosaccharide terminal of the glycoprotein in vivo, the
glycoprotein is metabolized immediately in the liver. For this
reason, there is a need to give the glycoprotein in a considerable
amount. It is therefore possible to control the rate of metabolism
in the living body and to decrease the dose of glycoprotein to be
15 given by preparing an oligosaccharide according to the invention,
with sialic acid which is difficult to remove incorporated therein

at its terminal, and introducing the oligosaccharide into the

contemplated glycoprotein with use of Endo-M.

20 BEST MODE OF CARRYING OUT THE INVENTION
The present invention will be further described with

reference to the following examples, but the invention is in no way
limited to these examples.
Example 1

25 One egg yolk was placed as broken into 67 ml of ethanol
(EtOH) being stirred. The mixture was stirred for about 5 hours
and then filtered, followed by washing with 30 ml of EtOH. To the

resulting crystals was added 83 ml of EtOH again, and the mixture



i nvol ves the problemthat the glycoprotein admnistered is nmetabolized at a
high rate because when sialic acid is removed from 10 the oligosaccharide
term nal of the glycoprotein in vivo, t hi® gl ycoprotein is netabolized
imediately in the liver. For this reason there is a need to give the

gl ycoprotein in a considerable armunt is therefore possi ble to control

th t f tab d dtod f
gl ycopr ot eF# % alﬁie'fi%% Wy o ﬁgﬁérén%%?.ﬁg%rfe% B Bl Rehaing to the
nventi on, <o WAl hEotidl hCE‘o i feohl ! o LeuRKe: Lnarnacs! ed,

therein ster nt roduci ng the ol i gosaccharirde into t

cont enpl at RE AL el b Bhause 84y T BRSk MODE OF CARRYI NG OUT
THE | NVENT C]\l Thgqpre%ent 1anentl on V\AJIEE{Y% M? ?%er escribed with

reference to the(J)olqlh%%eglﬁmcﬁ%ggbygm hﬁ‘aé '?M%@bh.@@d'ﬁq'd" gh@sPaytel im ted
to these exanples. Exanple 1 25 One egg yol k was placed as broken into 67 nl

of et hanol puf#:OHfy . beimgoist izor ad) , Thea Mad, UlE0 WRY whkl A8ded Alo alheut 5 hours
and then filtered, followed by was hi ng with 30 M of EtOH To the resulting

crystals vesyadded 8% ientate EOIGH ag@iductand Hdrekyi Riviaddscrwas .St Leded
overnight. The m xture was thereafter filtered, followed by washing with 30
m of EtOHL.O0he emgstalshabtagideddtoetiee sdiluedongi andiglabatiktBreg wdis

del i pi dated egg yol k. (a) The delipidated egg yol k was dissolved in a
phosphat e abldwdd ep §Taid iat 3l67C Abriapouanald Nedds(.10afryr ware adeeiindoidrhe
solution. Orientase ONS (product of Hankyu Bioindustry Co., Ltd. 1.0 9)
was furtheef adedepstiore Vé%ﬂ gonghrmegh st H&Chi ’hereeagtsion mixture was

10 filtered with Celite. The filtrate was concentrated and purified
by gel filtration column chromatography (Sephadex G-25, 2.5 X 100
cm, H,0). The fractions containing the desired saccharides were
collected, concentrated and then freeze-dried.

{(b) To the residue (about 430 mg) obtained were added Tris-

15 hydrochloric acid * calcium chloride buffer solution (7.5 in pH, 43
ml) and NaN, (21 mg) to obtain a solution. Actinase E (43 mg) was
added to the solution, and the mixture was allowed to stand for 24
hours while being checked for pH every 12 hours. Actinase E (21.5
mg) was added to the reaction mixture again 24 hours later,

20 followed by a reaction again for about 48 hours while being checked
for pH. After the termination of the reaction was confirmed by TLC,
the reaction mixture was filtered with Celite, and the filtrate was
concentrated and purified by gel filtration column chromatography
(Sephadex G-25, 2.5 X 100 cm, H,0). The fractions containing the

25 desired saccharides were collected, concentrated and then freeze-
dried.

(c) The residue {(about 120 mg) obtained was dissolved in 1.5

ml of water, and 26 mg of sodium bicarbonate was added to the



allowed to stand at 50C for about 24 hours. After the termnation of the
reaction was confirmed by TLC, the react',Pn m xture was 10 filtered with
Celite. The filtrate was concentrated and purified by gel filtration colum
chromat ogr aphy (Sephadex G 25, 2.5 X 100 cm H,O. The fractions contai ning
the desired saccharides were collected, concentrated and then freeze-dri ed.

b) To th L b taj d }S- h i
o) o oal CESIEAPHE, GRORHE ABMLIED AR BhBEQ SR oE 1dS o BeTKAEORET ) €
to obtain @.§9l #{ iFen At RIS Exfcd Adri) oWesucaddied de9 thexsoldt i@n, and the

m xture was allowed to stand for 24 hours while being checked for pH every

12 hours. Aakthdsfolmdrdbe? afg) th@Sraaddedntomitudeatbi @Bafted W r3gai N 24
hours later, 20 followed by a reaction again for about 48 hours while being

checked frampplatéfé efort Rehbergl nafficen olie tdissappaatante Ve wenhatsetaby TLC,
the reaction mxture was filtered with Celite, and the filtrate was

concentr atwad apdf prmed itgd Ty @esoprdranatli: oM eg@hesus GhlanhbngsAEmnoniSaphadex
G 25, 2.5 X100 cm H O. The fractions containing the 25 desired

sacchari desetete=302) edthed regontentwixttedeands t ¢trerceteezed byiad. (c) The
resi due (about 120 ng) obtained was dissolved in 1.5 m of water, and 26 ng
of sodi umdyiaparbbent e Taathederslidue wiree 17dded 15t mdnof Tea tdre amidx Rbrel wefs
added a solution of 68 ng of Fnoc-Csu _ .

(N (9- f | usHerpr et WS Ox PESr BBAYPIBRIFSUGEENFRLFRId if9218 Mingfes, followed

di met hyl formam de, and the resulting m xture was reacted at room

t enper at urly PoPeBAFR IR PAPFERUTfe gp@aﬁ%‘é%‘?‘hgn&é‘yﬁf &R THiterarashegs

conft Lo BTk ] 55pIRRAh LI 0ueaus el b, OL.ATIBILA At e<0:2)
freeze-dried. The product was purified using an ODS column (Wako-
Gel 100C18) for gradient elution. The fractions containing
oligosaccharides were collected, concentrated and freeze-dried.
(d) The residue was purified by an HPLC fractionating column
15 (YMC-Pack R&D ODS, D-ODS-5-A, 20 X 250 mm, AN/25 mM AcONH,
buffer=20/80, 7.5 ml/min., wavelength 274 nm). A fraction of main
peak eluted about 15 minutes later was collected, then concentrated
and desalted on an ODS column. When freeze-dried, the product
afforded about 13.3 mg of the desired disialo Fmoc oligosaccharide

20 derivative.



evaporator. To the residue were added 15 m of water and 25 nml of diethyl
ether, and the m xture was stirred for m nutes, followed by a separation
procedure. The aqueous | ayer was further @Vashed 10 with 15 m of diethyl
ether, and thereafter concentrated and freeze-dried. The product was
purified using an ODS col um (Wako- Gel 100018) for gradient elution. The
fractions containi ol i gosacchari des were coll ected, concentrated and
freeze-dried. rﬂei due was purified by an HPLC frac ating colum
15 ( YMC- Pack , S R\ NAR: X 250 nm AN 25 nmM AcORtAbuf f er =20/ 80,
W ngt'l’P fraction of main peak eI J Rpout 15
m nut es Iater ., collected, t ncentrated and desalted/oOr
colum. When fTeeze-dried, theHp ct afforded about 13 3]mg of the
desired disialo Fnoc oligosaccharid 20 delgyvat i yg- 18 ©
HO O }~0 NHHAc H3CG-n O OHRO H8 O [
NHAc NHACO COOH HOOC HO CHO !

HHAYy NNH O HO
O Y NHAC
Ac O COOH

HO
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Hsc_n, HO HO OH
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The 'H-NMR data as to the compounds is given below.
'H-NMR (400MHz, D,0, 30 C, HOD=4.81)

5 8.01(2H, d, J=7.5Hz, Fmoc), 7.80(2H, d, J=7.5Hz, Fmoc), 7.60(2H, d4d,
J=7.5Hz, Fmoc), 7.53(2H, dd, J=7.5Hz, Fmoc), 5.23(1H, s, Man4d-H,),
5.09(1H, d, J=9.4Hz, GlcNAcl-H,), 5.04(1H, s, Mand'-H;), 4.86(1H, s,
Man3-H,), 4.70~4.66(m, GLlcNAc2-H, G1cNAc5,5'-H,), 4.54(2H, d,
J=7.9Hz, Gal6,6'-H;), 4.44(1H, 4, FmocCH), 4.34(1H, bd, Man3-H,),

10 4.29, (1H, bd, Man4'-H,), 4.20(1H, bd, Man4-H;), 2.77(2H, dd,
NeuAc7,7'-H,,). 2.80(1H, bdd, Asn-SCH), 2.62(1H, bdd, Asn-[3CH),

2.14(18H, sX6, -Ac), 1.80(2H, dd, NeuAc7,7'-H,.)

Example 2 [Disialooligosaccharide-Boc derivative
15 (undecasaccharide) ]
Steps (a) and (b) were performed in the same manner as in
Example 1.
(c) The residue (about 120 mg) obtained was dissolved in 1
ml of 0.1N NaOH ag. To the solution was added (Boc),0 (4 ml,
20 product of Tokyo Kasei Co., Ltd.), and the mixture was reacted at

room temperature for 2 hours. After the disappearance of the



O The '"H NVR data as to the conpounds is given below. 1H NVR(400VHz, D20,
30 V, HOD=4.81) 5 8.01(2H, d, J=7.5HZ, Fnoc), 7.80(2H, d, J=7.5Hz, Fnoc),
7.60(2H, dd, J=7.5Hz, Fnoc), 7.53(2H, dd? J=7.5Hz, Fnoc), 5.23(1H, s,
Man4-H,), 5.09(1H d, J=9.4Hz, GIcNAcl-H1), 5.04(1H s, Man4'-H,), 4.86(1H,
s, Man3- Hl) 4.70'-4.66(m GLcNAc2-Hl GLcNAc5,5'-Hl), 4.54(2H, d, J=7.9Hz,

Gal6, 6' - . 4. 34(1H,_ bd, Man3-H2 10 4, 1H,_ bd,
Mand' - H2) ‘2@1 %@fH‘”aBdc‘”l\grﬁ“eg;%’Y ELC77§’2ﬁQPr88an°NedA6f2qu°H§es?%u %“0

bdd, Asn-(3 3 4 X6 2H " dd,
NeuAc7, g (?-lﬁ“ i %%a b%%gl Q?SOI( I ]gc_)(gsacdéﬁgl}l'l Om%c <-’;Sndeer“ﬁ‘-’l\? S?i%d Ot

(undecasacchar egfa}kﬂ% 658 A8 ARG LDloer BrOL LR L0 NG S AR m ner as

in Exanple € Tesi alne ssolved in 1

n of 0. 1 A\%)gd @vqtla ? Erjhﬁ %Ql Hﬁbﬂfoi‘@(?etqg%%daﬁgogﬂ&%a(ﬂe@ ad?QsP&?%Cta of

Tokyo Kasel and the mxture was reacted at roomtenperature for

2 hours. Abjesr e di 8RPASINAREE . OfThteh%q@xgoum%}'éxalwa‘é’aéoﬁgéﬁﬁfa{% ban{LC
(i sopropanol : 1M aqueous sol ution of ammonium acetate=3:2), 2.

di chl or onethane Mas e agsledhd,q £ g bi}eﬁ‘}tdr%” O ¥ T ?Eﬁlél%pﬁr@tlldb@ _;I' he
aqueous | ayer was further washed with 2.5 m of chlor omet hane and

thereaf t erpagdansdeh t0 Wopafd Dfs 7 G wmgfwlmfl H@he FEREcaU8L 0 HaAY@hgWasS
concentrated, and the residue was purified by an ODS col um (gradi ent H20

100% - H20tﬂﬂ¢dﬁﬁhied #R€Y AANA 5 5B s a c ¢4 IAN=B0LC 1 ¢ rividne ver debnbnradttai ni ng
t he desired disial ooligosacchari de Boc derivative (confirmed by
HPLC) was collected, concentrated and freeze-dried.

10 (d) The residue was isolated and purified by HPLC. (YMC-Pack
ODS-AM, SH-343-5AM, 20 X 250 mm, AN/25 mM AcONH, buffer=5/95, 7.0
ml/min., wavelength 215 nm). A fraction of main peak eluted about
11 minutes later was collected, concentrated and then desalted by
gel column chromatography (Sephadex G-25, H,0). When freeze-dried,

15 the concentrate gave about 10.0 mg of the desired

disialooligosaccharide Boc derivative.

HOOC
oHO
Q:N_ NHAc
He,cTI o?""o
(0]
0-_0
OH OH ﬁ’
Ho H® 'évvﬁ '
HO NHAc NHACO COOH
 Jooc s
0
HO %‘.\/
H ‘.’h:,d\ w NHAc
HyCyp 1 HO HO
(0]

'H-NMR (400MHz, D,0, 30°C, HOD=4.81)
20 0 5.19(s, 1H, Man4-H,), 5.12(d, 1H, J=9.6, GlcNAcl-H,), 5.00(s, 1H,

Man4'-H,), 4.61-4.71(m, 3H), 4.49(d, 2H, J=7.6), 4.30-4.40(bs, 1H,



HPLC) was col | ected, concentrated and freeze-dried. 10 (d) The residue was

| sol ated and purified by HPLC. (YMC-Pack ODS-AM SH 343-5AM 20 X 250 mm
AN/ 25 mM AcONH4 buffer=5/95, 7.0 m/nin?9 wavel ength 215 nm). A fraction of
mai n peak eluted about 11 mnutes |ater was collected, concentrated and
then desalted by gel colum chromatography (Sephadex G 25, H20). When
freeze-dried, 15 the concentrate gave about 10.0 ng of the desired

di si al ool i 435k ERhr i4e 185c 4Br i NRRI Ve - AckUrod BioMRet - i - & NHARSH3EHT VFI
HO 10 ot BR800 7 B 1390 Tnde P ChardPe b bo A58 R 20N SDo G- 300,
T e SR T 4Tk S TRy Foph ot g R BEMSAEL 310
o L0 38 oM Aoy 255, bl g bl 1

5 NeuAc7-H,,), 1.48(s, 9H, Boc).

Example 3 [Disialooligosaccharide Ac derivative (undecasaccharide)]
The steps (a) and (b) are performed in the same manner as in
Example 1.

10 (c) The residue (about 120 mg) obtained was dissolved in 1
ml of purified water. To the solution were added K,CO, (72 mg) and
then acetic anhydride (99 ml), and the mixture was stirred for
about 2 hours. After the mixture was reacted at room temperature
for 2 hours, the disappearance of the material was confirmed by TLC

15 (isopropanol:1M aqueous solution of ammonium acetate=3:2), and the
2.5 ml of dichloromethane was added to the reaction mixture for
separation. The aqueous layer was further washed with 2.5 ml of
dichloromethane and thereafter adjusted to a pH of 7.0 with sat.
NaHCO, ag. The aqueous layer was concentrated and then purified by

20 an ODS column (gradient H,0 100% — H,0/AN=99/1 — H,0/AN=95/5). A
fraction containing the desired disialooligosaccharide Ac
derivative (confirmed by HPLC) was collected and subsequently
freeze-dried.

(d) The residue was isolated and purified by HPLC. (YMC-Pack

25 ODS-AM, SH-343-5AM, 20 X 250 mm, AN/25 mM AcONH, buffer=1/99, 7.0
ml/min., wavelength 215 nm). A fraction of main peak eluted about
11 minutes later was collected, concentrated and then desalted by

gel column chromatography (Sephadex G-25, H,0). When freeze-dried,



Ja=12.4, Jb=2.8, NeuAc7-H3.), 2.60-2.75(m 1H, Asn-/3CH, 2.13, 2.12,
2.11(eachs, 18H, Acx6), 1.77(dd, 2H, Ja=12.0, Jb=12.4, 5 NeuAc7 -H, ,,) :
1.48(s, 9H, Boc). Exanple 3 [Disialooli g%%accharl de Ac derivative
(undecasaccharide)] The steps (a) and (b) are perforned in the same nmanner
as in Exanple 1. 10 (c) The residue (about 120 ng) obtai ned was di ssol ved

inl m of UI’Ier ter. Tq,th olutia Le added. K2CO3 (72 ng) and
then acetic arﬁ?ng grg\?%anrﬁ’e) ab ggé x{%u\rég V\%%Sl f(iirred for about 2

hours. Aft MBS deeast mtenperature for 2 hours, the
di sappear a%{cselag? %éw‘g& eri ade\/\gg ggﬂﬂartrr%e "by TLC 15 (i sopropanol: I M
aqueous solution of ammoni um acetate=3:2), and the 2.5 m of

di chl oronet hane was added to the reaction mxture for separation. The
aqueous | ayer vvas,_,d‘é;érther washed with 2.5 m of dichl oronet hane and
thereafter adjd9e EpH of 7.0 with sat. NaHCO, aq. The aqueous | ayer
was concentrangn%g,ﬂ; t ofi mdaby 20 an ODS col um (gradient H20 100% >
H2Q' AN=99/ H,e MIBHAAN=957 5)0H tion containing the desired

di si al ool i gosggcharide Ac dery e (confirmed by HPLC) was collected and

subsequently Treeze-dried. (dJOThelresidue was isol ated and purified by
HPLC. (YMC-Pack 25 ODS-AM SH— 343 g§2§”20 nH250 Oon A n1\/| Ac ONH4
oI | e

buffer=1/99, 7.0 m/mn. ONHOf mai n peak
el uted about 11 mnutes Iat er \ngt\gﬁc nd then desalted
by gel colum ChﬁBHEt ography adex G25 HZO) reeze-dried, 21
t he concentrate gavejabegyt ﬁo% of the desired disialooli gosaccharl de Ac
derivative. :0. o D20 > NhAc
H3CTr HO OH
o

'H-NMR (400MHz, D,0, 30°C, HOD=4.81)

0 5.19(s, 1H, Man4-H,), 5.11(d4, 1H, J=9.6, GlcNAcl-H,), 5.00(s, 1H,

Man4'-H,), 4.66(bs, 3H), 4.54-4.57(dd, 1H, Ja=8.1, Jb=4.5), 4.50(d,

2H, J=7.8), 4.31(s, 1H, Man3-H,), 4.25(bs, 1H, Man4-H,), 4.17 (bs,
10 1H, Man4-H,), 2.85(dd, 1H, Ja=15.8, Jb=4.3, Asn-3CH), 2.65-2.75(m,

3H, NeuAc7-H Asn- 3CH), 2.13, 2.12, 2.08, 2.06(eachs, 21H, Acx7),

3ex?

1.77(dd, 2H, Ja=12.1, Jb=12.1, NeuAc7-H,,).

Example 4 [Disialooligosaccharide-Alloc derivative
15 (undecasaccharide)]
Steps (a) and (b) were performed in the same manner as in
Example 1.
(c) The residue (about 120 mg) obtained was dissolved in 6
ml of 0.1N NaOH aq. To the solution was added (AllylOCO),0 (573 ml,
20 product of Tokyo Kasei Co., Ltd.), and the mixture was reacted at

room temperature for 12 hours. After the disappearance of the



HOHO HOOC HO HI,. HO O p~e . N~HAC HSC~OO-|PHgO OqOO0 OHOHHO0
0'yNNH HO H(' HO ZZ; NHAc NHACO COON HOOC HO HO OH HO) 0 0 HO NHAc
H3C~, HO O 5 1H NVR(400MHz, D20, 30t, HOP=4.81) S 5.19(s, 1H, Man4- Hl),
5.11(d, 1H, J=9.6, G cNAcl-H1), 5.00(s, 1H, Man4' -H_,), 4.66(bs, 3H),
4.54-4.57(dd, 1H, Ja=8.1, Jb=4.5), 4 50(d 2H, J=7.8), 4.31(s, in,

VR 2D sk B BIAH Bl ot et ISRl 8, oL o1t
2.12, 2.08 mﬁ%&yﬁﬁeﬁﬁg§a éﬂgﬁz)AC§ )ml Jf %?éﬂi rgngﬂéhéj§é£ aﬁﬁe&zté'the

NeuAc? H3. ? D| si al'ool i gosacchari oc derivative

(undecasacgg@gﬂl@%) }n1§E§P§ £ s Qr&@)or\’"er@hQ%&ﬁdﬁ%d 1h§e£h@a§3ﬂ?rt%'%ner as
in Exanple 1. (c) The residue (about 120 ngy) obtali ned was dissolved in 6

washed with 12 ml of dichloromethane and thereafter adjusted to a

5 pH of 7.0 with 40 mM HC1l. The aqueous layer was concentrated, and
the residue was purified by an ODS column (gradient H,0 100% —
H,0/AN=99/1 — H,0/AN=95/5). The fraction containing the desired
disialooligosaccharide Alloc derivative (confirmed by HPLC) was
collected, concentrated and freeze-dried.

10 (d) The residue was isolated and purified by HPLC. (YMC-Pack
ODS-AM, SH-343-5AM, 20 X 250 mm, AN/25 mM AcONH, buffer=2/98, 7.5
ml/min., wavelength 215 nm). A fraction of main peak eluted about
18 minutes later was collected, concentrated and then desalted by
gel column chromatography (Sephadex G-25, H,0). When lyophilized,

15 the concentrate gave about 8.7 mg of the desired

disialooligosaccharide Alloc derivative.

HoOC
%
HOl- EE;L NHAc
HschNH 0
(o]
OH OH Y
Ho H® évvﬁ 0 sk «
HO NHAc NHAco COOH ©
L Jooc 5
§=o /
"h:,ﬂ‘)\ NHAc
Hsc*n’

20 ‘H-NMR(400MHz, D,0, 30'C, HOD=4.81)

0 6.01(ddd, 1H, Ja=17.2, Jb=10.4, Jc=5.2, -CH,-CH=CH,), 5.37(d, 1H,



m of 0.1N NaOH aq. To the solution was added (Al lyl OCO 20 (573 m, 20
product of Tokyo Kasei Co., Ltd.), and t m xture was reacted at room
tenperature for 12 hours. After the di sag earance of the 22 material was
confirmed by TLC (isopropanol: 1M aqueous solution of anmonium
acetate=3:2), 12 m of dichloromethane was added to the reaction mxture
for separation., The agie | ay S rt-her shed witha,L2 4d_of
di chl oromag'é- hgﬂ'ez'anst %‘lg{rﬂggi‘s)t'e?'ggjdggi eI 't g}alg'g,ﬁl 0 7'\.%0 vvicti:lih @O%HCL The
aqueous | ayefg Was 160NE&N o) eds BN, the Fesiduesvagacpusiif i edobys am DS
col um (gradient H20O 100% H2Q AN=99/1 - H2Q AN=95/5). The fracti on
cont ai ni nguddwe -gegi,r edeo di Siakg9! kgosecchar,i de7Ak) ocs dey-isvative, (c@nfAdnred
by HPLC) was collected, concentrated and freeze-dried. 10 (d) The residue
was isol at eguands pyr (4,1 ae, byaiPLC, ) ( MMEsRackin ODE-AM, 8kh843-PAM . 12QgX 250
mm AN 25 mM AcCONH, buffer=2/98, 7.5 m/mn., wavel ength 215 nm . A
fracti en ofnnwi-2.peakaed 1 §d aheutdd 181HY e-as . bat es=avas aehl gaigd,
concentrated and then desalted by gel colum chromatography (Sephadex G 25,
H20) . When2|3dfdd, i 2B8d, Ja<12 .dhe JbodckntNare 7géy.e .aldobt (8d7 TH) dfa=tlReédesired
di si al ool i gosaccharide Alloc derivative. HOHO HOOC "O11 Heil N, HO O NHAc
.04 _ Fi 3Q713 (0HMf, OAG1 HOCHD, HR. D3/ 2.120H20HL H HO 8062000 dadl, 180, NRiag6s NHACO
COCH "0 HOOC HO

1.77(dd4, 2H, Ja=12.4, Jb=12.0, NeuAc7-H,,), 1.48(s, 9H, Boc).

10 INDUSTRIAL APPLICABILITY
The present invention can provide various isolated
asparagine-linked oligosaccharide derivatives in larger quantities
and with much greater ease than conventionally for use in the field

of developing pharmaceuticals or the 1like.



HOOHHO_ 0O 0 HO HO ONHAc H3CxHI'V HO OH 0 20 'H NVR(400MHz, D20, 30t,
HOD=4.81) 6 6.01(ddd, 1H, Ja=17.2, Jb=10.4, Jc=5.2, -CH2-CH=CH2), 5.37(d,
1H, 23 J=17.2, -CH2-CH=CH2), 5.30(dd, 1H, Ja=10.4, Jb=1l.6, -CH2-CH=CH2),
5.19(s, 1H, Man4-Hl), 5.12(d, 1H, J=9.6, 2@ cNAcl - H1), 5.00(s, 1H,
Man4' - Hl), 4.60-4.71(m), 4.50(d, 2H, J=7.6), 4.35-4.45(bm 1H, Asn- aCH),
4.31(s, 1H,_ Man3-H 2), 4.25(d, 1H, J=2.Q, Man4-H 2), 4.17(d, 5 1H, J=2.4,
Man4d- H2) . 2.87(dd, 1H Ja=15.6, Jb=4.0C Adh~a CH), 2.72(bdd, 2H Ja=12.4,
Jb=2. 4, NeuAc7-H3<), 2.64(dd, 1H, Ja=15.6, Jb=10.0, Asn-jCH), 2.13, 2.12.
2.11, 2.08, 2.05(eachs, 18H, Acx6), 1.77(dd, 2H, Ja=12.4, Jb=12.0,
NeuAc7-H3.), 1.48(s, 9H, Boc). 10 I NDUSTRI AL APPLI CABI LI TY The present
i nventi on can provi de various i sol afed®T°5§p8r 59T RFSHATREE 6??%ﬁ%§%5?ﬁaride

deri vati ves, Lild 34SLoANARL Hdene AN LD MIGNALSALEL A58 L)

an
. OfrL: a
convention or-usé rn el opi ng=phar |caI§ br the

like. 24 E}ééé\ﬁgéa ARt PESSSed l%rggpg,swﬁrw& aaseﬁfo%gggs-té 1840 a mixture

ol i gosacchari-de rivatives including the steps of: (a) treating a _
del i pi dat edf eggh thRlek 1WhkBa 2o PIRIRReBat 990! ajY) & r&hXiHg echdmiRentbdss | i nked

ol i gosaccharides, (b) treating the mxture of 5 peptide-I|inked

ol i gosarchgepeifge Wihlked pEPIdSEASRar@debt@ith & peptidase to obtain a
mixture of asparagine-linked oligosaccharides, (c¢) introducing a
lipophilic protective group into the asparagine-linked
oligosaccharides in the mixture to obtain a mixture of asparagine-
linked oligosaccharide derivatives, and (d) subjecting the mixture

10 of asparagine-linked oligosaccharide derivatives to a fractionating

chromatography using a reverse phase column to separate the mixture
into individual asparagine-linked oligosaccharide derivatives.

2. A process for preparing asparagine-linked oligosaccharide
derivatives as defined in claim 1 wherein the delipidated egg yolk
is obtained by delipidating an avian egg yolk with an organic
solvent.

3. A process for preparing asparagine-linked oligosaccharide
derivatives as defined in claim 1 wherein the asparagine-linked
oligosaccharide derivatives are asparagine-linked undeca- to penta-
saccharide derivatives.

4. A process for preparing asparagine-linked oligosaccharide
derivatives as defined in claim 3 wherein the asparagine-linked
oligosaccharide derivatives are asparagine-linked undeca- to hepta-
saccharide derivatives.

5. A process for preparing asparagine-linked oligosaccharide

derivatives as defined in claim 4 wherein the asparagine-1linked



m xture of asparagi ne-linked oligosaccharides, (c) introducing a |ipophilic
protective group into the asparagi ne-linked oligosaccharides in the m xture
to obtain a m xture of asparagi ne- |inked oligosaccharide derivatives, and
(d) subjecting the m xture 10 of asparagi2se-|inked oligosaccharide
derivatives to a fractionating chromatography using a reverse phase col um
to separate the mxture into individual asparagine-linked oligosaccharide
deri vati vesligosaxohegddesdenivairid|gsr ARG asprtagdingel Lik@ dinsiscgos &echerd de
derivatives as defined iin cl]aim1l wherein the delipidated egg yolk is
obt ai ned b§2eedpidfateRgvaht ¥ an egg yolk with an organic solvent. 3. A

f i ine-1inked oli har.i.d derijvati
process {or brepar 1, Snaag0% L ke oL LagsBenar i der Ll Lv85. 83,
derivativeg, are aspyr agi Berl ik eq !é’ig‘fﬁﬁ?‘s Wi x%]%t 8heS %&Jﬁ?i%%ﬂ%ké’ tives.
4. A proceSSTTor prepari ng asparagine-1inked ol 1 gosacchari de  derivalives as

defined in,¢l 240 3aheGe! @ef{ﬁtﬁ%@r aggnggl%aif%% e-thﬂgéﬂgﬁa%% g@charide

i
. . S
derivatives are asparagi ne-linked undeca- to pta- sacc erivatives.
5. A procegsri®{tiRfe2pari ng asparagi ne-linked oligosaccharide derivatives as
defined in claim4 wherein the asparagi ne-linked 25 oligosaccharide
derivatives are asparagi ne-|inked urKleg@acesd BONrepAGEhIradeafieyineati ves.
6. A process for preparing asparagi ne-linked oligosaccharide derivatives as
defi ned i nlthkédnd igesrechat hide amrdvagines |asided inelli gosaedimani gberein
derivatives are asparagi ne-linked undecasaccharide derivatives.
the lipophilic protective group is a carbonate-containing group or
acyl group.
8. A process for preparing asparagine-
linked oligosaccharide derivatives as defined in claim 7 wherein
the lipophilic protective group is a carbonate-containing group.
9. A process for preparing asparagine-
linked oligosaccharide derivatives as defined in claim 1 wherein
the lipophilic protective group is Fmoc group or Boc dgroup.
10. A process for preparing asparagine-

linked oligosaccharide derivatives as defined in claim 9 wherein

the lipophilic protective group is Fmoc group.

11. A process for preparing asparagine-
linked oligosaccharide derivatives as defined in claim 1 wherein
the asparagine-linked oligosaccharides contained in the mixture of
asparagine-linked oligosaccharides obtained by the step (b) are

5 hydrolyzed before the subsequent step to cut off some sugar
moieties.

12. A process for preparing asparagine-
linked oligosaccharide derivatives as defined in claim 1 wherein

the asparagine-linked oligosaccharide derivatives contained in the



7. A process for preparing asparagi ne- |inked oligosaccharide derivatives as
defined in claiml wherein the |lipophilic protective group is a

car bonat e-contai ning group or acyl group. 8. A process for preparing
asparagi ne- |inked oligosaccharide derivali ves as defined in claim7 wherein
the Iipophilic protective group is a carbonate-containing group. 9. A

process f Oﬁu:fQE@Pé”?‘rdfn%sﬁéPé‘éﬂgé rﬁnk'elinlsﬁgg&éalcgz‘i’é%‘iﬁga&é;@'ﬁzadc%rde‘éabb‘£§§né§

defined in claim1l wherein the I'ipophilic protective group is Fnpc group or

Boc graup. p}0cnd\ SNRLqes LPE HYRRAVZBE BSR¥AGHRCsUbS ©oldt@gsacshard de
derivatives as defined in claim9 wherein the lipophilic protective group

is Fnoc grgep. sdde SAgRkORESStI«y. preparing asparagi ne- |inked

ol i gosacchari de derivatives as defined in claiml1 wherein the

asparagi ne-1inked ol igosaccharides contained in the m xture of
aspar agi ne-1inked ol i gosacchari des obtained by the step (b) are 5 hydrolyzed
before the subsequent step to cut off sone sugar noieties. 12. A process
for preparing asparagi ne- |inked oligosaccharide derivatives as defined in
claim1l wherein the asparagine-linked oligosaccharide derivatives contained
in the 26 mxture of asparagi ne-linked oligosaccharide derivatives obtained
5 by the step (c) are hydrol yzed before the subsequent step to cut off sone
sugar noi eti es.



