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DERI VATI VE 5 TECHNI CAL FI ELD The present invention relates to a lgrldaesthef 2605
preparing a sugar chain asparagine derivative and a sugar chain asparagi ne
derivative. 10 BACKGROUND ART Conventi&nally, a technique for degrading a
sugar chain by a glycosidase to derivatize the sugar chain has been utilized
in the analytical studies on a several mlligramscale such as structura
anal ysis of a sugar chain. Fbmevety§“§éﬂ£ Cﬁ@rivatives of individual sugar
chai ns coul d not be obtained in aﬂgmjy?fﬁizmnunt, devel opnment of the studies
on a gram scal e has been retarded. Therefore, it has been difficult to apply
a sugar chain derivative in the synthesis studies such as the manufacture of
pharmaceuticals. On the Othﬁgcﬂ§§§s #bgp$3gzﬁggggg%mm that a gl ycopeptide is
obtained in a |arge anount i mca et Biophysica Acta
1335 (1997) 20 p23-3§:)(J NG R 3 éed a case where a

f 1 uor enyl nmet hoxycar bonytated—(F ve of a conpound 1
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TECHNICAL FIELD

The present invention relates to a process for preparing a sugar chain

asparagine derivative and a sugar chain asparagine derivative.

10 BACKGROUND ART

Conventionally, a technique for degrading a sugar chain by a glycosidase
to derivatize the sugar chain has been utilized in the analytical studies on a
several milligram scale such as structural analysis of a sugar chain. However,
since derivatives of individual sugar chains could not be obtained in a large

15 amount, development of the studies on a gram scale has been retarded.
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



shown in Figure 1, or a series of conpounds having del etions of several sugar
resi dues such as sialic acid or gal actose on one of non-reduci ng6 Decemnial260nf
a branched sugar chain in the conpound 1, are obtained in a large anmount. In
25 addition, there are some cases where several sugar chains are isolated in
a small 16 Decenber 2005 2 amobunt froma protein or the |like in human bl ood.
However, when the sugar chain is enployed in the manufacture of a
pharmaceutical, there is.a ri

sk.of, allow h har maceuti.cal to
cont ani nafBORNDEOR ?tPé?teHéBéf}}ehi‘%eRﬂ QURERS bg[?m{'hgoe’leiv%.w HEF 18T there has
been a controversy over,the technique of applying.the 5 sugar, chain to a
phar maceuthaBIlS CRPARYES Inetheipapufaghuge Hgﬁé)?‘éﬁgg%@%g}?ﬁpége@flsﬁr%%g es for
preparing sugar chains of which branched eti.es have.the same structure
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ki nds of processes. A first is a process for isolating an rifying an
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gl ycoprotein. Representative exalrrpl es of this type are those reported in T.
Tamira, eBUBAr chalihig a pRAURMEWICah 994, 216, p335-344, V. H. Thomas, et al.,
Car bohydr. Res., 1998, 306, p387-400, K G, Rice, et al., Biochemstry,
1993, 32, p726MeEmrnihdNSRETE NRECTARRCAHDRIGE Q5 RTAICSITCIOL PrEpYEILSURATI S t hat
t he synthesi s of the sugar chain s, not necessary. However, 15 fhere are
several dekuBs f wiieh PRECARE N0IEHES éa&g%%he&aa?%sta&tv%%@rhws e

chain. As conventional techniques, there are three kinds of processes. A first is
a process for isolating and purifying an asparagine type sugar chain complex

10 from a naturally occurring glycoprotein. Representative examples of this type
are those reported in T. Tamura, et al., Anal. Biochem., 1994, 216, p335-344,

V. H. Thomas, et al., Carbohydr. Res., 1998, 306, p387-400, K. G. Rice, et al.,
Biochemistry, 1993, 32, p7264-7270 and the like. The advantage of these
processes is that the synthesis of the sugar chain is not necessary. However,

15 there are several defects. For instance, the sugar chain derived from the above
glycoprotein is obtained as a mixture of the sugar chains having random
deletions of several sugar residues in non-reducing terminal moieties, and the
sugar chains contained in the above mixture are similar to each other in their
physical and chemical characteristics, so that it is very difficult to separate into

20 individual sugar chains, thereby making it substantially impossible to obtain a
single sugar chain in a large amount. Also, there is a case where a sugar chain
has been isolated from a protein in human blood (isolation from Fibrinogen: C. H.
Hokke, et al., Carbohydr. Res., 305 (1997), p463-468, isolation from Human
Serum Transferrin: M. Mizuno et. al., J. Am. Chem. Soc., 1999, 121, p284-290)

25 in order to obtain the sugar chain in a relatively large amount. As mentioned



gl ycoprotein is obtained as a m xture of the sugar chains having random

del eti ons of several sugar residues in non-reducing term nal nol®Peesmbeaddls
the sugar chains contained in the above m xture are simlar to each other in
their physical and chemical characteridstics, so that it is very difficult to
separate into 20 individual sugar chains, thereby making it substantially

I npossible to obtain a single sugar chain in a |arge amount. Al so, there is
a case where a sugar chain s been [solated froma protein in human bl ood
(i sol at i o#PFCoMPEPISET Hb %W?ngi‘oﬁlﬂ? m”ﬁbbﬁ ?“é‘tﬂgaﬂa.f?fn‘@(r SRy thepugteingog
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in arelatjvely Iar_ge %r%qunt .As nentjoned 16 Decenber 200f5' 3 above, a

protei n i sifhcwite BliBge tharesubingsuear shaing aad deriyaivesiheseqiHa théotein  may be
contam nated with an AIDS virys or _hepatitis viruses. Therefore, it is
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t he _ deve] opnent of pharmaceuticals., Eyen if the sugar chai ns were obtai ned
in & 5 | alegEe ameunt ! iR SITHCWH S e | Fitedhyad €388 WAYeEe 8 rhedns b

re sugar
chai ns and _de_rivativeg t her eof havi ng .many ki nds cg structures are obtained
do not sdsitakvies dhergobhpwing manykingds ofstactuses ale obtpngditlonpQl ry, 1993, 32,

p7264- 7270, or Rice, .et al., Neoglycoconjugate, Academ c Press, 1994, |SBN

0- 12- 440588 stantials exst.
In K. G. Rice, et al., Biochemistry, 1993, 32, p7264-7270, or Rice, et al.,
Neoglycoconjugate, Academic Press, 1994, ISBN 0-12-440585-1 p286-321, a
10 sugar residue is removed from a non-reducing terminal of a sugar chain with a
glycosidase. However, since a sugar chain having a single structure used as a
raw material cannot be obtained in a large amount, the process can only be
carried out on an analytical scale. E. Meinjohanns (J. Chem. Soc. Perkin Trans 1,
1998, p549-560) et al. have obtained a compound 56 shown in Figure S from a
15 bovine fetuin (bovine-derived glycoprotein) and then synthesized a compound 10
shown in Figure 1 via a compound 33 shown in Figure 3. In order to obtain the
compound 56, which is a first raw material, a hydrazine degradation reaction has
been utilized. This hydrazine is highly toxic, so that there is a problem in safety
when the resulting sugar chain derivative is applied to a pharmaceutical, due to
20 the contamination of a trace amount of the hydrazine. In addition, the sugar
chain derivatives of the compounds 56, 33 and 10 to which sialic acid is not
bound can be obtained only in a small amount.
A second process is a process of synthesizing a sugar chain chemically.
Currently, a construction of about 10 sugars prepared by combining

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



10 sugar residue is renoved froma non-reducing termnal of a sugar chain
with a glycosi dase. However, since a sugar chain having a singl & Becangthen 2605
used as a raw material cannot be obtained in a | arge anount, the process can
only be carried out on an analytical sdale. E. Meinjohanns (J. Chem Soc.
Perkin Trans 1, 1998, p549-560) et al. have obtained a conpound 56 shown in
Figure 5 froma 15 bovine fetuin (bovine-derived gl ycoprotein) and then

synt hesi zed a conpound 10 sho in Figure 1 via a gonpou 3.shown in

Fi gure 3.SHOWBHHFERYL ?%ﬁerpftﬁgelféﬂﬁééﬂnfénsw (&}ﬁ”&?ﬂt@daagp&ﬁir aw materi al ,
a hydrazi ng_degradation reaction has been utilized. This hydrazine is highly
t oxi c, sopé%ﬁg?hgﬁl’@ ch'agta}g,c&)ﬁtgmgrﬁcgsgflgg t %Fﬁé‘g?regiﬂl{‘ic{“rél@ﬂﬁﬁ? chain
derivative is ahppl ied to a ph%r rﬁceuti cal, due to 20. the contam nation of a
trace anotiitbothackeisnlbr ablaHed: | HOWaUFS SHIFE HHRICBRAFAON SRS HEFNTTAUSves of

t he conpounds, 56, 33 and 10 to which sialic acjd. ] ot bound can be

obt ai ned BKIS/1sihdefeshihal asypthesis 1n & %ﬁnep%@@f?@qh Iﬁrﬁ@ﬂegno@ven

synt hesi zj ng a sugar chain chem cal]y rently,. a construcijon of about 10
sugdrs prdpased isye dsmgan Fhyinas iR heuitl b %@éaﬁwwéwilschem cal

synt hesi s process can be nmade_as 16 Dﬁﬁenber 2005 4 ,sggﬁm in a reported case
of J. Sei$withesszedyin apameuntabasvcrrl mpygraah @ timg periggHf asdang prabayl ant age

of this process .is that all .of the sugar chajn derivatives can be
t heor et i camg yeass ssqiaEed. H¥(tlcethereshayeebgenssoptas samstGases whepsseyegalenor nous,

sugar chains are synthesized chemically, most of the cases actually could
synthesize the intended sugar chain only in an amount as small as several

10 milligrams.

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



there is a defect that a synthesis in a large amount is difficult. In
addition, even 5 in case where a sugar chain in which about 10 $G@etcmiesi200&s
are bound is synthesized in an amount of several mlligrans, a tinme period
of as long as about one year is requir2d. Wiile there have been so far sone
cases where several sugar chains are synthesized chemcally, nost of the
cases actually could synthesize the intended sugar chain only in an anpunt
as small as several 10 mlligrams. A third process is a process of

synt hesi zichginaisgnedifiedhsith aglyeesidassi ang asugashygtarpse. r dagabphdiid a cheni cal
reaction. As a representative exanple, there is a process as reported by
Carl o Unvédayig onlxayemspamginnAsmdesidggdougd to itsaappreplps g tepmenddr ocess

enpl oys a technique in which a sugar chain is 15 constructed to a certain

| engt h by medieti sahosymithediayyingrid thisartigles dlowesergagcondang Hudieiprogeed to t he
sugar chain by an enzymatic reaction, thereby extendin t he sugar chain.
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specificity, the kinds of sugar which can be introduced into the sugar chain
are ¥init sdgan ¢hagrieaghohavisg voeavienae et Zal penng pelsls ather GaoAspRREINE,t he 20
chem cal synthesis, a |large-scale synthesis js difficult, so that the final
product ¢teh belshaaiveghant pound to 8 mentreduengtterminag ohshe sugay cham.c. H. Lin
et al. (Bioorganic & Medicinal Chemstry, 1995, pl1625-1630), a
si al yl ol i Jdgrsfoomaptugae chainolarivativg capnet kmollginedoisa pyigémpdmppugda process
reported lR/ M Koketsu et al. (J. Carbohydrate Chem stry, 1995, 14(6),
1so, there is not suggested obtainment of individual derivatives of the
compounds having arbitrary deletions of the sugar residues in the branched sugar
10 chain of the branching sugar chains in a large amount. An article by C. H. Lin et
al. does not give 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



25 p833-841), and the structure of the non-reducing term nal noieties of the
sugar 16 Decenber 2005 5 chain is nodified with a glycosi dase ah@DacsulgaR005
transferase. A sugar chain having only one asparagi ne (Asn) residue bound to
its non-reducing terminal noiety is sfown in a drawing of this article.
However, according to the process reported in J. Carbohydrate Chem stry,
1995, 14(6), p833-841, a mxture of 5 sugar chains each having on average
about 2.5 ami no acids other than asparagine, such as |ysine, which are bound
to a non- psnaaeging desivatimes usstul wethe fipdd Of thy develapaert of phargiagcgytiealehai n
derivative cannot be obtained as a single conpound. Also, there i s not
suggest edapdthe Weeaan be COAREREAURIODERE, HY 3 Asge 3MOURS as EBMPILRHEY HRE ng
arbitrary del etions of the sugar residues in the branched, sugar 10 chai n of

t he branchf Hg BrRfaart.c Agiotker ablect| afithe pPearsahiveAHOR IS {cP@ Ve EPrggesgin et at .
does not give any evidence that a sugar chain is_obtained as a single

product . [o7 PrEBMiRGASUERNEIGARSPHABINEATIHPIOFES Bt ARRPIREI2 CREHOUIIR ( Mar cel
Dekker, Inc., 1997, |SBN 0-8247-9531-8, p.79-205) that if the trifurcated
sugdr chaVit a si6piPERIGPSIIBBGURIRAT ghpip aspargear derbratiye; syherelzy vasiows a

gl ycosi dase, sugar chains 15 can be sequentially renoved froma non-reducing
term nal isplate@d sugayaghasmaspiraginge pedyuganahainsy afilguaresusgdnl asnmueghadsri vat i ves.
However, how the individual sugar chains are separated after the enzymatic

t r eat ment SUgarsbainjesparagiag debmatiyese cag Pacassemiendy phtiinediioalargeo t hose

havi ng uni form branching. Therefore, even . .
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:
(2)  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:



with this process, it is thought that the individual derivativ f
conpounds 20 havi ng arbitrarygdeletions of sugar residues in tﬁiD%¥§%%ﬁg%ﬁ
sugar chain of the branching sugar chains cannot be obtained in a | arge
anount. DI SCLOSURE OF | NVENTI ON An object of the present invention is to
provi de a process for preparing a 25 sugar chain asparagi ne derivative,

wher eby various isolated sugar chain 16 Decenber 2005 6 asparagi ne
derivatives useful in the field of the devel opnent of pharnaceuticals and
the |li ke can be conveniently obtained in a | arge anount as conpared to those
of the prior art. Another object of the present invention is to provide a
process for preparing a sugar chain as agi ne and a process for preparing a
sugar chain 5 via a step for preparing ugar chai n asparagi ne derivati ve,
whereby various isolated sugar chain a ragi nes and sugar chains, which are
useful as much as sugar chai n aspar agi derivatives, can be conveniently
obtained in a |large anpbunt as conpare those of the prior art. Stil

anot her object of the present inventiopjyis to provide a novel sugar chain
asparagi ne derivative, a sugar chai par agi ne and a sugar chai n.
Concretely, the present invention r o: (1) a process for preparing a
sugar chai n aspargi nc derivative der\ froma sugar chain asparagine,
conprising the steps of:




(a) introducing a fat-soluble protecting group into the sugar chain aspargine
15 contained in a mixture of one or nore sugar chai n aspar agi ne$§ Decengher @085
m xture of sugar chain asparagi ne derivatives; and (b) subjecting the m xture
of sugar chain asparagine derivatives o8 a mixture obtainable by hydrolyzing
a sugar chain asparagi ne derivative contained in the mxture of sugar chain
asparagi ne derivatives to chromatography, to 20 separate each of the sugar
chai n asparagi ne derivatives therefrom (2% t he process accprdin% to the

above (1) anf{rtaeompowist haying anseordness ¢rle(ions) of sugarreidussig theabsygar chain
asparagi ne derivative separated in step (b) with a glycosidase; (3) the
process aceomdiung;to the above (1) or (2), wherein the nixture of one 25 or
nore sugar chai n asparagi nes conprises: 16 December 2005 7 5 .16 Decenber 2005
8 and/ or &4konpbepaodeay Apepreng Gramoere akihetabome (b tosiigavherzindhedatrn t he
above compound; (4) the process according to any one of the above (1) to
(3), wher sphibitprataeting graup is fhraserrimetboyramenyd (Fmes) &f9uRiet hoxycar bonyl
( Fm)SC) o %J)p; 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)  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
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



5 (5) the process according to any one of the above (1) to (3), wherein the
step (a) is a step of introducing Fnoc group into the sugar chaDecastpalgihe
contained in a mxture of one or nore sugar chain asparagi nes having a
sialic acid residue at a non-reducind§ terninal, and introducing benzyl group
into the sialic acid residue, to give a mxture of sugar chain asparagine
derivatives; 10 (6) a process for preparing a sugar chain aspargine,

conpri si ng t he steps of: (a) introdycing a fat-soluble protecting group into
a sugar UHEPH BHFACHRIASPETHIBTEUIPHS® mi xture of one or nore sugar chain
asparagines, to give a mxture of sugar chain asparagi ne derivatives; (b)
subj ecting the m xture of sugar chain asparagi ne derivatives or a nixture 15
obt ai nabl e by hydrol yzi ng a sugar chain asparagi ne derivative contained in
the m xture of sugar chain asparagi ne derivatives to chromatography, to
separate each of the sugar chain asparagi ne derivatives therefrom and (c)
renmoving the protecting group fromthe sugar chai n asparagi ne derivative
separated in the step (b), to give the sugar chain asparagine; 20 (7) the
process according to the above (6), further conprising the step of: (b')
hydrol yzi ng the sugar chain asparagi ne derivative separated in step (b) wth
a glycosidase; and/or (c') hydrolyzing the sugar chain asparagi ne obtained in
step (c) with a glycosidase; 25 (8) The process according to the above (6)
or (7), wherein the m xture of one



16 Decenber 2005 9 or nore sugar chain asparagi nes conprises Decenber
2005 10 16 Decenber 2005 11 and/or a conpound havi ng one or nnﬁ@[ﬁﬁ@ﬁ?ﬁgwgsof
sugar residues in the above compound; (9) the process according to any one
of the above (6) to (8), wherein the 1@at- soluble protecting 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 mxture of one or nore sugar chain
asparagi nes having a sialic acid residue at a non-reducing term nal, and

i ntroduci ng benzyl group into the sialic acid residue, to give a mxture of
sugar chai n asparagi ne derivatives; 10 ) a process for preparing a sugar
chain, conprising the steps of: (a) int ucing a fat-soluble protecting
group into a sugar chain aspargine consned in a nmixture of one or nore
sugar chain asparagines, to give a m e of sugar chain asparagi ne
derivatives; (b) subjecting the m xture sugar chai n asparagi ne derivatives
or a mxture
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15 obtai nabl e by hydrol yzing a sugar chain asparagi ne derivative contai ned
in the mxture of sugar chain asparagi ne derivatives to chromatdgiPegmber 2¢05
separate each of the sugar chain asparagi ne derivatives therefrom (c)
renoving the protecting group fromthel$ugar chain asparagi ne derivative
separated in the step (b), to give a sugar chain asparagine; and 20 (d)
renovi ng an asparagi ne residue fromthe sugar chain asparagi ne obtained in
the step (c), to give the sugar chain; (12) the process the above (11),
further cendprsicogpdundshaspngbne Ebmoneydsiesionsicfgugherasidies iolihe abagpar agi ne
derivative separated in step (b) wth a glycosidase; and/or 25 (c')
hydr ol yzi ngmphendugar chai n asparagi ne obtained in step (c) with a 16
Decenmber 2005 12 gl ycosidase; and/or (d') hydrolyzing the sugar chain
obt ai ned {9 st & prdcess advoadigiytoasydasaf the aBpve he tor(B¢esberen thalfatg to t he
above (11) or (12), wherein the m xture of one or nore sugar chain
aspar agi nesublenproitaxrsig gréupas &mmr g@0p5 13 s 16 Decenber 2005
5 (10) the process according to any one of the above (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;
10 (11) a process for preparing a sugar chain, 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
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,;
(c)  removing the protecting group from the sugar chain asparagine derivative
separated in the step (b), to give a sugar chain asparagine; and
20 (d) removing an asparagine residue from the sugar chain asparagine obtained
in the step (c), to give the sugar chain;
(12) the process the above (11), further comprising the step of:
(b’) hydrolyzing the sugar chain asparagine derivative separated in step (b)

with a glycosidase; and/or

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



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 altobecefrbd) 2003
(13), wherein the fat-soluble protecting group is Frnoc group; 5 (15) the
process according to any one of the abpve (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 chain asparagines having a sialic acid
residue at a non-reducing termnal, and introducing benzyl group into the
sialic acid rediydomdasepagi/e a m xture of sugar chain asparagi ne derivatives;
10 (16) a sugar chain asparagi ne derivative having the general fornula: ASn -
FrfCc 15 (dher eiytir&dyzanmglthiRXugahchiinmiyaibed instepi(dalvitr a glfdosidast; are H, 16
Decenber 2005 H5 or 15 with proviso that a case where RlL and R2 are both H
(13) the process according to the above (11) or (12), wherein the mixture of

one or more sugar chain asparagines comprises:



10 i s excluded; 15 (17) a sugar chain asparagi ne derivative hayj t he
general formula: RX i 20 RY OROH i n tOA NOS' NCO NHAO mh‘iﬁgwgﬁézg‘ﬁ R

and RI is 16 Decenber 2005 16 10 and the other is H o NHAc OH Hd4~ON HO HO
HO 16 Decenber 2005 13

AcHN

%
%%

AcHM

=
=

]




17 5 10 15 or Hi'" HO NHAc OH HO O O NHAc HO, 704 HOHOON HO O (18) a
sugar chai n asparagi ne having the general fornula: 20 wherein RBs BReeridsr 2005
whi ch nmay be identical or different, are H HO 16 Decenber 2005 5

14

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

(14) the process according to any one of the above (11) to (13), wherein the
fat-soluble protecting group is Fmoc group;

5 (15) the process according to any one of the above (11) to (13), 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 (16) a sugar chain asparagine derivative having the general formula:
R
\
o OH

H oH .
H 03;2&/“ Asn-Fmoc
15 H AcHN

AcHN
R 2

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

H HD H
»
o1
HOu- H Aﬂ
AcH
HO OH H



10 15 20 25 18 or with proviso that a case where R3 and R4 are both or 16

Decenber

2005 19 is excluded; and (19) a sugar chain havi ng theigeeesmber 2005

formula: 5 OH 10 wherein R3 and R6, which rmay be identical or different, are
H, H 16 Decenber 2005 20 or with proviiso that a case where R5 and R6 are both

H

10

15

20

HO | . pcHl

oM HC

or H
H

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

L2

CH H

is excluded;

(17)  a sugar chain asparagine derivative having the general formula:

wherein one of R* and RY is.



16 Decenber 2005 21 5 10 15 or 20 or one of R5 or R6 is Hand the other is is
excluded. 25 16 Decenber 2005 22 BRI EF DESCRI PTI ON OF THE DRAW ING3edeimdpar 2005
shows a group of structures of sugar chain asparagi ne 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

I nvention. Figure 3 shows a group of structures of sugar chain asparagi nes
obt ai nabl e according to the present invention. Figure 4 shows a group of
structures of sugar chain asparagi nes obtainable according to the present

I nvention. 10 Figure 5 shows roup of structures of sugar chai ns obtai nable
O
Ho O HO
5 HO o—
HOI * HOXZQ Mo, N4
AcHN™ Ho OHHO/ O ©

HO
HOoNIQ,
HO

10 and the other is H,

o
HQ O
HO, o HO
HO » HO\QZS\‘ Ho NiAe

AcHN™ Ho OH HOS~G Yo
HO
HO 0
HO

HO
ﬂo&é’p&"zﬁa\”m
OH HO YO ©
HO
roselo
HO—™




according to the present invention. Figure 6 shows a group of structures of
sugar chai ns obtainable according to the present invention. Fi gaDecemlsshonss
an exanple of a step in the process for preparing a 15 sugar chain
asparagi ne derivative according to thg7resent invention. Figure 8 shows an
exanpl e of a conversion step of a sugar chain asparagi ne derivative with
various glycosidases. Figure 9 shows an exanple of a conversion step of a
sugar chain asparagi ne derivative with various glycosidases. 20 Figure 10
shows an exanple of a conversion step of a sugar chain asparagine derivative
wi th various glycosidases. Figure 11 shows an exanple of a conversion step of
a sugar chain asparagine derivative with various glycosidases. Figure 12
shows an exanpl e ofH@ step of renoving a protecting group 25 (Fnoc group)
froma sugar chain ar agi ne derlvatlve and an exanpl e of ahﬁg Decenber 2005

23 step of re e froma su ar agi ne.
One pf théi he process
{}5 derivative - QQ e ‘nt i nvention

BEST MODE FOR CAR
for preparing a sugar c
resydes in that the proc

or

o OH

H

© wgely
HO '

(18) a sugar chain asparagine having the general formula:

>

RB

“&&&%‘%ﬂ\sn

AcHN
R4

15

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




i ntroducing (binding) a fat-soluble protecting group into (to) a sugar chain
asparagi ne derived from for instance, a naturally occurring gllbcoarotber 2005
preferably a sugar chain asparagine contained in a mxture of sugar chain
aspar agi nes obtai ned from asparagi ne ggpe sugar chains, to give a m xture of
10 sugar chai n asparagi ne derivatives, and thereafter separating the m xture
into each of the sugar chain asparagi ne derivatives. The term "sugar chain
asparagi ne" as used herein refers to a sugar chain having asparagine in a
binding state. Also, the term "asparagi ne type sugar chain" refers to a
group of sugar chajas in each of which N-acetyl glucosam ne existing in a
reducing termnal i5/15 bound by N-glycoside |inkage to an acid am no group
of asparagi ne (g de of a protein, wherein the group of
sugar chai ns hav ARl (3-(1-4)-GlcNAc as a nother core. The
term "sugar chain ! o refers to a sugar chain asparagine
having a fat-soluble presectHDg g2 ) ’a state of binding to an asparagine
residue. Also, in the 20 structuraI!i'r 13, of the compound, "AcHN' denotes
acet am de group. As nentioned aboygy T g i i
occurring glycoprotein is a m xturidQof chai ns having random del eti ons
of sugar residues at non-reducing termnals.” The present inventors have
surprisingly found that a fat-soluble protecting group is introduced into a
sugar chain derived 25 froma naturally occurring glycoprotein, concretely a
sugar chai n asparagi ne 16 Decenber 2005

Ag

H
H
10 H

H

15

20

25 ' | HO



24 contained in a mxture of sugar chain asparagi nes, so that a m xture of
the resulting sugar chain asparagi ne derivatives into which thespeodeiedri20gs
groups are introduced can be easily separated to individual sugar chain
asparagi ne derivatives by nmeans of a fgnown chromatography. As a result, each
of the sugar 5 chain asparagi ne derivatives having a diversity of structures
can be prepared in a |arge anount. For instance, the sugar chai n asparagi ne
derivatives having anal ogous structures, which had been conventionally
di fficul tis tocladpdraid, such as conmpounds 2 and 6 shown in Figure 1 and
conpounds 3 and 7 shown in Figure 2, can be separated, so that each of those
conpoundg1gpn aosgar epaircithvéag the/géneral fbomudr:ge anount. | n addition, nmany
ki nds of the sugar chain asparagi ne derivatives can be synthesized nore by,
for instance, renoving the sugar residues fromthe resulting sugar chain
asparagi ne derivative sequentially wth glycosi dases. As described above, the
i ndi vi dual sugar chaiyyag$paragi ne derivatives can be separated by
introducing a fat-solfRl e protecting group into a sugar chain 15 asparagi ne
to glerivatize the sugay chai n aspar agi ne. This(hi presumably due to the fact
that a fat solubility gf the overaklHsugar cfai*ff'asparagi ne derivatives is
i rotectjng group, so that an

e*%rse phase colum is
) senSTtively separating 20
i ndi vi dual sugar efeti vatives reflecting the difference in

t he R6

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




sugar chain structures. For instance, the fat solubility of Fnoc group, which
is a fat-soluble protecting group preferably used in the present DetoHgst: 2005
is very high. 1In other words, the fluorenyl backbone in Fnoc group has a
very highly fat- soluble structure inpghich two benzene rings are bound to
the 5-nmenbered ring 25 center. For instance, it is thought that a very strong
interaction with octadecyl 16 Decenber 2005 25 group in ODS colum is
generated, the ODS col unm being one of the reverse phase columms, whereby

t he sugar chain asparagi ne derivatives having anal ogous structures can be
separated. Further, according to the present invention, there can be obtai ned
5 conveniently in a | arggyanount various sugar chain asparagines by renpving
the protecting group o he resulting sugar chain asparagine derivatives,

and al so various sHEWF the by renoving the asparagi ne residues fron1the
resulting sugar chai Ha3paTah dperi bed bel ow. Concretely, the
process for preparing a suga ' e derivative 10 according to
the present invention conpri <34 th- s'- ¥ a) introducing a fat-soluble
pretecting group into the sugar chain a ‘ contained in a mxture of
one or nore sugar chain asparagi nes, g4 m xture of sugar chain

aspar agi ne derivatives; and (b) subjecCt W xt ure of sugar chain

aspar agi ne derivatives -or a mxture

X

AcHN
10 H
H.

15
or

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




15 obtai nabl e by hydrol yzing a sugar chain asparagi ne derivative contained in

the m xture of sugar chain asparagi ne derivatives to chronmat ogr BpDycentt@r 2005

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 mxture of one or nore

sugar chai ns each having asparagine in a binding state. For instance, the

m xture nmay 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 chains

havi ng asparagi nes l#pnd at reducing termnals is preferred fromthe

vi ewpoi nt of 25 facil 'ti on of availability. The term "sugar chain" as used

herein refers to Hﬂ[gL 2905 ABHRugar chain in which two or nore
X/ 0f, t he sugar chai n asparagi nes can be
ATy

nonosacchari des ar

NN yppobt ai ning a m xture of
gl ycoprot ei ns and/ or gl ycopept i*¥e f nnajurally occurring raw materi al s,
such as m |k, bovine-derived fetuin o &gty and adding to the m xture an
enzynme such as protease, for instant :g‘o:ﬁ]‘-" % (manufactured by Wako Pure
Chem cal Industries, Ltd.), Actinase-E manufact ured by Kaken Pharmaceuti cal
Co., Ltd.) or a general carboxypeptidase or am nopeptidase to carry out a
reaction under known reaction conditions to cleave a peptide noiety, thereby
giving the m xture of the sugar chain

_ AcHN
H
H.
10 H
_ Hey
15
or
H
B
3]

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

is excluded.

25



10 asparagines as a reaction mxture after the reaction, or further renoving
the conponents other than the sugar chai n asparagi nes from t helé &acdmlean 2005
m xture by a known process, such as purification process using various
chromat ographic methods using gel fil22ation colums, ion exchange col ums
and the like and a high-performance |iquid chromatography (HPLC), thereby
giving the m xture of 15 the sugar chain asparagines as a resulting product.
Fromthe viewpoint of the facilitation. in the preparation, it is preferable
that the BBaEE RESCREPTION, OFaddE BRAWINGS known egg-derived gl ycopepti de
[ Bi ochi mi ca et BiophysicaActa 1335 (1997) p23-32; crude SGP (a m xture

cont ai ni ng pr oFguie lishosgg gusiup, ofasirucheiey fhseearaahalmAsparpging| ke, wherein the
gl ycopeptide is contained in an amount of 20 from about 10 to about 80% by
wei ght) ] . daliwdjvestobitainapleaicgpruting 4bthe pigagnttineesiiar chai n aspar agi nes
contained in the mxture are hydrolyzed to previously cleave a part of sugar
resi dues t her ebfgure 2rshowmsHegioupvipfoitrictoes of Sugaretivaiy agpragineng t he sugar
chai n asparagi ne derivatives having desired sugar chain structures. The
degee of derijeativies aosajpable aggerding p@%nd prgbentiipvéntiAn.ed as | ong as the
structure is retained within the scope of the 16 Decenber 2005 27 term "sugar
chai n" as usedFigereBrshoWsea gioupuriestoltuncs od sagarddwien R¢padagibove i ncl udes, for
i nstance, a m xture containing a conmpound 24 shown in Figure 3 and/or a
conmpound tktaimaplonecosdinggoghd rescndb myenfiosugar resi dues in the above

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



conmpound. In this case, the upper Iimt of deletions of sugar residues from
the 5 conpound is 9, fromthe viewoint of retaining the struct t6®coédmbdre005
"sugar chain" as used herein in the conpound. For instance, conpounds 25 and
29 shown in Figure 3 can be efficientl$3 obtained in a m xture of the sugar
chai n asparagi nes containing the compound 24 (hereinafter referred to as a
conpound 24 m xture) by subjecting the mxture to 10 an acid hydrolysis in
the manner as described bel ow, and furthernore the conpounds 2 and 6 shown

i n Fi gur estép ofnéohvhrgearcaypacagioa déndus (rgar a shgdrrchays pspaaggime. deri vati ves, can
be obtained efficiently. For instance, an appropriate anmount of an about 0.1
N aqueous acidic solution is added to the conpound 24 m xture to carry out a
reaction, for instance, 15 at 4 to 100C. During the reaction, with

moni t or i NBESAe MOOE dSQRofCARBYING QUiedHE AINVWENIAON | ayer chr onat ogr aphy
(for instance, silica gel 60F254 (manufactured by Merck), ethyl acetate :
met hanol : wat ©neof4hd {atimeswd ths ptbass tarpreparerg 3 sugirecha@naspamagine st opped
at a point where the conpounds 25 and 29 can be obtained in the | argest
anodnt . Fderivatstearfabe présent enention rasidebm gaopegutozéssafareprisdsout 5 to 10
hours under the condition of 25C, or after about several mnutes under the
condi t i oninafodiiOihg (bifndifig) alfhtysoluble pretectingrgrosp oderid sugarahaini70C, t he
reaction is stopped 35 mnutes after the beginning of the reaction, and the
m xt ur e isspacgieedenved Eromadiodinstankize ameaotilp ocoamingeglytoppmeeinby neutral i zi ng
the reaction solution. In addition, the above acid is not particularly

| i mted. preferably a sugar chain asparagine contained in a mixture of sugar chain

asparagines obtained from asparagine type sugar chains, to give a mixture of

10 sugar chain asparagine derivatives, and thereafter separating the mixture into
each of the sugar chain asparagine derivatives. The term “sugar chain
asparagine” as used herein refers to a sugar chain having asparagine in a binding
state. Also, the term “asparagine type sugar chain” refers to a group of sugar
chains in each of which N-acetylglucosamine existing in a reducing terminal is

15 bound by N-glycoside linkage to an acid amino group of asparagine (Asn) in a
polypeptide of a protein, wherein the group of sugar chains have
Man-#-(1-4)-GlcNAc-f3-(1-4)-GIcNAc as a mother core. The term “sugar chain
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



25 instance, there can be used inorganic acids and organic acids such as 16
Decenber 2005 28 hydrochloric acid, sulfuric acid, nitric acid &6december 2005
trifluoroacetic acid, a cationic exchange resin, an insoluble solid reagent
and the like. Simlarly, a conpound 3324an be efficiently obtained fromthe
conpound 24 in the above m xture. For instance, an appropriate anount of the
above 5 aqueous acidic solution is added to the conpound 24 m xture, the
reaction is carried out preferably at 80C, and the reaction is stopped at

pr ef er abl gong@inediimatraixtate: f sugde chaigi aspriglasss, stthat adeiityre offhe hydrol ysi s
may al so be carried out enzymatically. The enzyme used in the reaction is

pr ef er abl igsultigigyssiger ahsia aspacgane dorryarvesfints) whish thp @sotesting gsounareeact i on
forms can be used. For instance, when the conpounds 25 and 29 are obtained
from t he intnogucedic@ubt gasiheseparateddnnedividual segar dhadn aspareging sialic acid
hydr ol ase having an activity of cleaving sialic acid at a term nal can be
used. Théersratiyee bysmaats plag kinowhahrgmatogiraply. Asd residt.csaehrd thaypuper any of
comercially avail abl e enzynes, newly isol ated enzynes, enzynes generated by
15 feans dfaimesgraginentgrivativesbavng a dieetsitiyeyf simicturag cas beprepargdne ahas t he
above activity. The enzymatic reaction may be carried out in accordance with
a known laggedampont. Bor insgnchethesagai dimin abparpgiogrdesiyativesrbavingr ed by t hin

| ayer chronmatography in the sane manner as descri bed above, and the reaction
may be  analogous structures, which had been conventionally difficult to separate, such as

compounds 2 and 6 shown in Figure 1 and compounds 3 and 7 shown in Figure 2,
can be separated, so that each of those compounds can be prepared easily in a

10 large amount. In addition, many kinds of the sugar chain asparagine derivatives
can be synthesized more by, for instance, removing the sugar residues from the
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



appropriately stopped at a point where the conpounds 25 and 29 are obtained
in 20 the largest anmounts. The fat-soluble protecting group is lbmaedbaed0s
into the sugar chain asparagine contained in the m xture of sugar chain
asparagi nes using the mxture obtained>as described above. The protecting
group is not particularly limted, and there can be used, for instance, a
car bonat e- based or am de-based protecting 25 group, such as Fnoc group,
t - but yl oxycarbonyl (Boc) group, benzyl group, allyl 16 Decenber 2005 29
group, al Eydupxinc@PSoedumngis @eperated.48e 3PS gobupn bemgnenchef theagpoisat t hat t he
resul ting sugar chain asparagine derivative can be imedi ately used in the
synt hesi spbdseacadeninsewhgtepydpe sugarechaimaspasagiac sleotveb venbayngwpalagomsef er abl y
Froc group, Boc group or the like, nore preferably Fnoc group. The Fnoc 5
group i s elspauies day tef fepardted. when there exists in the sugar chain a sugar,
such as sialic acid, which is relative unstable under acidic conditions. The
i ntroduction &urthhy agrotdeng tathegpresgntayetsmng there @dndgtotdeimeddi ng to a known
process (for instance, Protecting Groups in Organic Chem stry, John Wley &
Sonss | NC. conwmientby ko 4 B9 ge aSRit @azizas 6830 hein aspardmines by remowingwhen Frnoc
group is used, an appropriate amount of acetone is added to the m xture
cont ai ni ngrtegtang groaiprofadpaesadiing sug®-dhaioaspaybgiee ldgtivativeyacdrnilsa dyl
carbonat e and sodi um hydrogencarbonate are further added thereto

various sugar chains by removing the asparagine residues from the resulting

sugar chain asparagines, as described below.

Concretely, the process for preparing a sugar chain asparagine derivative
10 according to the present invention comprises the steps of:

(2)  introducing a fat-soluble protecting group into the sugar chain asparagine
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

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.

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



and di ssolved, and thereafter the resulting m xture is subjected to a binding
reaction of Fnbc group to an asparagi ne resi due at 25C, whereby tthBedember &5
group can be introduced into the asparagi ne residue of the above sugar chain
asparagi ne. According to the procedureg6descri bed above, a m xture of the
sugar chain asparagi ne derivatives into each of which a fat-sol uble
protecting group is introduced is obtained. 20 Next, in the step (b), the
m xture of the sugar chain asparagine derivatives is subjected to a known
chr omat ogsagdnchaes pewihadt fwaof maat ineraisacthaites age hphyd. to separate each of
the sugar chain asparagine derivatives therefrom In this step, the mxture
of sugar chai nTasparagicns tHesugar chees asfrragimes cam bt lobtabed byst lepown) can be
directly used. Alternatively, there may be used a m xture of the sugar 25
chai n asparagsserdferablyth wektaohngiamadktine dfiglybeprotaibs end/ionglweepeptidbai n 16
Decenber 2005 30 asparagi ne derivatives contained in the above m xture to
hydr ol ysi $rono nptueail postyrringl mawmaterpds,tsuoh as meills igavine-dsiided fetuireoeof , from
the viewpoint of efficiently obtaining sugar chain asparagi ne derivatives
havishg t hegglesid sitlisggathemikture sh enzymeasach b prategsee fooinstanee cpemasge of t he
sugar residues is the sane as that 5 described above. In addition, the
hydr ol ysi $manyfaeairediblyi WakoRure iCHeneicslhimeusiiesnerd. pAcamseitbed above.
(manufactured by Kaken Pharmaceutical Co., Ltd.) or a general carboxypeptidase
or aminopeptidase to carry out a reaction under known reaction conditions to
cleave a peptide moiety, thereby giving the mixture of the sugar chain
10 asparagines as a reaction mixture after 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



For instance, when conpounds 3 and 7 are obtained, the mxture containing

conpounds 2 and 6 is subjected to hydrolytic treatnent wwth a déllactoberddos,
i nstead of separating the conpounds 3 and 7 fromthe m xture, 10 whereby the
conpounds 3 and 7 can be further easil {7separated fromthe resulting mxture
by HPLC, and each of the conpounds can be obtained as an isolated product in

a | arge anount.

The separation of each of sugar chain asparagine derivatives

by chromatography can be carried out by appropriately using known 15
chr omat ogteaph{sagar shaigl yas aised hereie.oibiemtktens abtaiped aaldesdritarhalogpeaphi es. For
instance, the resulting mxture of sugar chain asparagine derivatives is
purified cladegeforfintanae,i omixtore oontelniogatcogtpoping, 24sttdwinem Fpgurefd ed by
using HPLC. The colum which can be used in HPLC is preferably a reverse
phase cohudror afcompmsidaraoeng onsSor prgaydeldimss df sngan iesslusasedhe abowni on
exchange- based 20 colum, and concretely, a nonoQ col um manufactured by
Phar maci agomabund. betids cesd, timuppetuimdtafrdedetionsiadtsugar eanduss fooinitheed. The
separation conditions and the |ike nay be adjusted by referring to a known
condi t i oncoipoondiing, fromt the viewpomt pf octetiung the gachumfof the “degar edhisligar
chai n asparagi ne derivatives can be obtained fromthe m xture of sugar chain
aspar agi nes dsrd Matinvestheliogyraaind. 25 schematical ly shows an exanple of a step
in the process for preparing a sugar 16 Decenber 2005 31

For instance, compounds 25 and 29 shown in Figure 3 can be efficiently

obtained in a mixture of the sugar chain asparagines containing the compound 24

(hereinafter referred to as a compound 24 mixture) by subjecting the mixture to

10 an acid hydrolysis in the manner as described below, and furthermore the

compounds 2 and 6 shown in Figure 1, which are corresponding sugar chain

asparagine derivatives, can be obtained efficiently.

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

25

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

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



chai n asparagi ne derivative of the present invention. Furthernore, the sugar
chai n asparagi ne derivative having a desired sugar chain structl6mDece@aBed®®05
efficiently obtained by hydrolyzing the sugar chain asparagine derivatives
separated in the step (b) [step (b')].280or instance, in the 5 stage of
separating the sugar chain asparagi ne derivatives, the sugar chain

aspar agi ne derivatives can be roughly separated by limting the kinds of the
sugar chain asparagi ne derivatives contained in the m xture, and thereafter
t he sugarhydebehloriasisad, agifneicderd wetricvasid and tefibpemicetic aoidypdradiopsd s, f or

i nstance, hydrolysis wth a glycosidase, whereby the sugar chain asparagine
deri vat i veshhage ngpin,haa ihSolabdd saditl magant arthihe 18¢er uct ures can be efficiently
obtai ned. Here, the hydrolysis can be carried out in the sane manner as
descri bed aboviimikspgai @mpourid 33 san pe efficiabily obtened o yiir cdmpbends carri ed
out with a glycosidase of which cleavage node of the sugar residues is

cl ear, frXhintthe aboeepoixnireofForansardd, iani apptropriatehtreiumt g thdrebswgar chai n
asparagi ne derivatives having the desired sugar chain 15 structures. For

i nsgance,aqueeus astidés silationfis adde dcionthe wodspoindrith Gixtard, ke ceapiownds 3 and 7
by the renpval of the gal actose residues (Figure 8) can be acconplished by
di ssol vi ngriib¢ oapprdemnddy 2t 80, @nidrtha réadtioaris cfopped s pagfeeablpli@sphat e buffer,
acetate buffer, Good's buffer or the like), and carrying out cleavage

reacti on mfnués ifver thalbegimseg péshalteastiont h a gal act osi dase in accordance wth
a known condition. The conpounds 2 and 6 may be a m xture of these or

i ndi vidual |y i'Blgd hyédlysis may also be carried out enzymatically. The enzyme used

in the reaction is preferably a glycosidase, and an enzyme of either endo- or exo-
10 reaction forms can be used. For instance, when the compounds 25 and 29 are
obtained from the compound 24 in the same manner as described above, a sialic
acid hydrolase having an activity of cleaving sialic acid at a terminal can be used.
The enzyme is not particularly limited, and the enzyme may be any of
commercially available enzymes, newly isolated enzymes, enzymes generated by
15 means of genetic engineering and the like, as long as the enzyme has the above
activity. The enzymatic reaction may be carried out in accordance with a known
condition. During the reaction, the progress is monitored by thin layer
chromatography in the same manner as described above, and the reaction may be
appropriately stopped at a point where the compounds 25 and 29 are obtained in
20 the largest amounts.

The fat-soluble protecting group is introduced into the sugar chain
asparagine contained in the mixture of sugar chain asparagines using the mixture
obtained as described above. The protecting group is not particularly limited,
and there can be used, for instance, a carbonate-based or amide-based protecting

25 group, such as Fmoc group, t-butyloxycarbonyl (Boc) group, benzyl group, allyl



conpounds. It is preferable that a comrercially avail able known exo-form
enzyne is utilized for the gal actosi dase used in this reaction. [ADeocmbdr@005
enzyme nmay be a newy isolated enzyne or an enzyne generated by genetic
engi neering, 25 as long as the enzyne BAs a similar activity. Next, in the
same nmanner as 16 Decenber 2005 32 descri bed above, the reaction solution
obtai ned after the reaction (a m xture of sugar chain asparagine derivatives
of which sugar residues are cleaved) may be subjected to chromatography to
gi ve eachg®ups agploxyaibenateeogi aeacedyl graupy d5om the vigwpemtdbat the i s
preferable that the separation_ is carried out by HPLC (ODS 5 col umm, el uent
bei ng a 5Esuilingvgenshaimmserdging deravative cidchoinmetiagely used igmthe The
conversion of the conpounds 3 and 7 to the conpounds 4 and 8 by the renoval
of the N siehesigpfiasesiredhalycoprpiide thepbovep®icding souads paplieratled by
di ssol vi Bﬁ t he compounds 3 and 7 _in a buffer (for instance, phosphate buffer,
acet at e bbmpergrogpodoe ghar ef therliken anqre pagferainy fiaee gravy. olke EFimag/age
reaction of 10 the N-acetyl glucosam ne residues with an
N- adet y| ggospsanspecdalde effacive vhganberewixisis an iecmgar ehainta srgarAsuah asan
N-acetyl hexosani ni dase can be used. The conpounds 3 and 7 may be m xtures of
t hese or $inali¢ atighathigh iselattvedunsédnp sndas acidic ¢andptiestiser bt entroductimn
comercially avail abl e known exo-form enzyne is utilized for each enzyne
used in tof hemratictiog.grobp may be camiedmit magortding o aknewnyprosedsaffed enzyne or
an enzyme generated by genetic engineering, as

instance, Protecting Groups in Organic Chemistry, John Wiley & Sons INC.,

New York 1991, ISBN 0-471-62301-6).

10 For instance, when Fmoc group is used, an appropriate amount of acetone
is added to the mixture containing sugar chain asparagines, 9-fluorenylmethyl-N-
succinimidyl carbonate 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 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



|l ong as the enzyne has a simlar activity. Next, in the sane manner as

descri bed above, the reaction solution obtained after the reactib@ecé@ber 2005
m xture of sugar chain asparagine derivatives of which sugar residues are

cl eaved) is subjected to chromatograpB®p to give each of sugar chain

asparagi ne derivatives. For instance, 20 it is preferable that the separation
Is carried out by HPLC (ODS col um, eluent being a 50 nM aqueous anmmoni um
acetate : nethanol = 65:35 or a 50 MM aqueous ammoDni um acetate :

acet oni t r iabparagige: defivativhe containedsinghe abovémisomp tahgidrodysinto prevously
conpounds 5 and 9 by the renoval of the mannose residues (Figure 8) can be
acconpl i skkdvby 26t df fecluganesidueesdbersobndematharvdewgpoint af bifidientlyf or

i nstance, phosphate buffer, 16 Decenber 2005 33 acetate buffer, Good's buffer
or the |ikbjainiagdugar clyaingspanagoleedaragpdiveehavingthofdesired sugarndsin r esi dues

wi th a mannosi dase under a known condition. The conpounds 4 and 8 nmay be a
m xt ure oftruttases. ofhée delgreediiaht gleasagaobthe sugapmsities i$ thd same af ¢ietbl e t hat a
comercially avail abl e known exo-form5 enzynme is utilized for the

mann®si daslesarthed dboviehila add#odri, ohe hpil=dysis e yelmez gareiedmay i éheasammed y i sol at ed
enzyme or an enzynme generated by genetic engineering, as long as the enzyne
has a si mmamneaas desdrihedNibave. i n t he sanme manner as descri bed above, the
reaction solution obtained after the reaction (a m xture of sugar chain
aspar agi ne der Foatinstarsceowhehi compoigsls ¥ &sd dues obraimecl, davmdyturs

containing compounds 2 and 6 is subjected to hydrolytic treatment with a
galactosidase, instead of separating the compounds 3 and 7 from the mixture,

10 whereby the compounds 3 and 7 can be further easily separated from the
resulting mixture by HPLC, and each of the compounds can be obtained as an
isolated product in a large amount.

The separation of each of sugar chain asparagine derivatives by
chromatography can be carried out by appropriately using known

15 chromatographies, singly or in a combination of plural chromatographies.

For instance, the resulting mixture of sugar chain asparagine derivatives is
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, Iatro-
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



10 subjected to chromatography to give each of sugar chain asparagine
derivatives. For instance, it is preferable that the separati omnéDecaabdri26ds
out by HPLC (ODS columm, eluent: there can be used, for instance, a m xed
solution of a buffer such as an about310 to about 200 mM ammoni um acet at e
and a water-soluble organic solvent with fat solubility such as
acetonitrile, or ethanol, or nethanol, or butanol, 15 or propanol in
appropriate anmounts; when exenplified herein, it is preferable that the
el uent i schaiQspidagineedersvativenofi thonpacsentirentianetonitrile = 82:18.). The
conversion of the conmpound 10 to the conpound 11 by the renoval of the
gal act ose resi Hughe(rogy tlee Q)gac ahaineaspecapmd detreativeyhaliisg aldesirgdaugaonpound
10 in a buffer (for instance, phosphate buffer, acetate buffer, Good's 20
buf f er or chdie stiukct)re candecdficiantly ausincd bavagleolyeity thersugar cthaingal act ose
residues wth a gal actosidase in accordance with a known condition in the
same mannespaaagindelecivatiees sipavated lin thesstpp €h)efsalp @) hdfortinstasepanaheon of the
sugar chain asparagine derivatives fromthe reaction solution obtained after
t he ¥ eact stape Od sapatating tid sugarghaircisparagispdeavatimecsdérd sugar eksinof whi ch sugar
residues are cleaved) is carried 25 out by, for instance, HPLC (ODS col um,
el uent beasiragind deiMdvativencan B6 rdegidybepar2@dD YBUmarimg thakinds ef ahe sugar
acetonitrile = 85:15). Also, by further hydrolyzing the conpound 11 with an
ar bi t r ar y chgjhysspsiagasederivetives npataiteCmnthbenxouwee ah @ chdrasfoeviheisagsr sugar
chai n aspar agi ne

chain asparagine derivatives are subjected to hydrolysis, for instance, hydrolysis

with a glycosidase, whereby the sugar chain asparagine derivatives having the

10 desired sugar chain structures can be 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 sugar residues is clear, from the viewpoint of more efficiently
obtaining the sugar chain asparagine derivatives having the desired sugar chain

15 structures.

For instance, the conversion of the compounds 2 and 6 to the compounds

3 and 7 by the removal of the galactose residues (Figure 8) can be accomplished
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



derivatives (for instance, conmpounds 11, 12, 13 and the like). 5 The
conversion of the conpound 11 to the conpound 12 by the renoval 16@ecti®er 2005
N-acetyl gl ucosam ne resi dues (Figure 9) can be acconplished by dissolving
the conpound 11 in a buffer (for instade, phosphate buffer, acetate buffer,
Good's buffer or the like), and carrying out cleavage reaction of the
N-acetyl gl ucosam ne residues with an N acetyl gl ucosam dase under a known 10
condition in the sane manner as described above. It is preferable that the
separ at i odesafitiedabowgatheaieactiomsqlatiagiohéained after thegsadtram{a méxtueaofi on
solution obtained after the reaction (a m xture of sugar chain asparagi ne
deri vat i vesgarfchaihasparagigaderiagiidesest whichciugay eas)dues aractdazddpotaydye f or

i nstance, HPLC (ODS colum, eluent being a 50 mM aqueous anmoni um acetate :
acet oni t r slitgecte8%0 Throma® ghgh ctongiee shadm obfugdrehaompspanag 8@ decvatigeconpound
13 by the renoval of the mannose residues (Figure 9) can be acconplished by
di ssol vi n§ot hstamwenjias paeft2abile that bhud Serardticr isicastiedoet bpHRIPE{ODSUf f er
acetate buffer, Good's buffer or the Iike), and carrying out cleavage

rea i on oflunhitg eimemdséng eS0duds aquédus anmeniosiatate: | acaotioritan@: 1Bk h a
known condition in the same manner as 20 described above. It is preferable
that the separ@heeonoérséacof thie comgpoueld& and Asp thagimpoueds 4 ahd\Belsy f rom t he
reaction solution obtained after the reaction (a mxture of sugar chain
aspar agi nechedemonral io¥ else Di-asdtylghucsgming esidlies{Fauee 8¢ cembediccomptished ed out
by, for instance, high-performance liquid colum chromatography (ODS col um,
el uent bebpdissoblngithaqoeposndsBranduhin a buffer (for instance, phosphate buffer,

acetate buffer, Good’s buffer or the like), and carrying out cleavage reaction of
10 the N-acetylglucosamine residues with an N-acetylglucosaminidase in
accordance with a known condition. Also, an N-acetylhexosaminidase can be
used. The compounds 3 and 7 may be mixtures of these or individually isolated
compounds. It is preferable that a commercially available known exo-form
enzyme is utilized for each enzyme used in this reaction. Also, the enzyme may
15 be a newly isolated enzyme or an enzyme generated by genetic engineering, as
long as the enzyme has a similar activity. Next, in the same manner as described
above, the reaction solution obtained after the reaction (a mixture of sugar chain
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,



25 acetate : acetonitrile = 82:18). 16 Decenber 2005 35 The conversion of the
conmpounds 3 and 7 to the conpounds 14 and 19 (Figure 10) can bd6desenpki Hsd
by di ssolving the conpounds 3 and 7 in a buffer (for instance, phosphate
buffer, acetate buffer, Good's buffer @ the like), and carrying out

cl eavage 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

commer ci alabgtatealmafifem e s buffeerotifcdika)eany aarry mguauticlersage seactimn ef al i ¢ aci d
hydrol ase used in this reaction. Al so, the enzyne may be a newy isol ated
enzyme or tnmannyseresgdresrvattied rhynnpsidase aindaga keewingpndaigon.odpeas t he enzyne
has a simlar activity. 10 Thereafter, in the same nmanner as described above,
t he react icompeands deamdod treiynzrla mekture of heeseamdndivmdyadl ynisetated of sugar chain
aspar agi ne derivatives of which sugar residues are cleaved) is subjected to
chr omat ograpippunds.gitvis peefenatdé tisatgacorsharciallpepailaye kaodar ¢xafones. For
instance, it is preferable that the separation is carried out by

hi ghs per f enamneds biifaed faotha mamtusclmae agediphthig GRStion! Uik, thewsrynks bei ng a
50 mM aqueous ammoni um acetate : acetonitrile = 85:15). The conversion of the
conpounds nidy bend neéd1y esdled coapomernstsanidnzyne: gtnerhtydtthyeg eretovalgindering

N-acetyl gl ucosam ne resi dues (Figure 10) can be acconplished by dissolving

t he conpountisnglds thecerkymenhas bsihiitar actioityi Médanimethe same manner as

described above, the reaction solution obtained after the reaction (a mixture of
sugar chain asparagine derivatives of which sugar residues are cleaved) is

10 subjected to chromatography to give each of sugar chain asparagine derivatives.
For instance, it is preferable that the separation is carried out by HPLLC (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 S0 mM aqueous ammonium acetate : acetonitrile = 82:18.).

The conversion of the compound 190 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. [t 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



phosphate buffer, acetate buffer, Good's buffer or the like), and carrying
out 20 cl eavage reaction of the N acetyl gl ucosam ne residues W 18 D&Bember 2005
N-acetyl gl ucosam ni dase or the like in accordance with a known condition in
the sanme manner as described above. |184is preferable that the separation of
each of sugar chain asparagine derivatives fromthe reaction solution
obtained after the reaction (a m xture of sugar chain asparagine derivatives
of which sugar residues 25 are cleaved) is carried out by, for instance,

hi gh- per f ammowen acpiae :coetomtrilé =Décéhber 2005 36 chromat ography (ODS
colum, eluent being a 50 mM aqueous anmoni um acetate : acetonitrile =
82:18). The corisr,diyofurtfer hiydralgrimguhdsoffpoand 1A0with anrebdmrpounds 16 and 21
by the renoval of the nmannose residues (Figure 10) can be acconplished by 5
di ssol vi nglyichsidasethe ndsn pnalnchnie ¢onvartbdfifiter varicrs sugst elraie asphagpiat e
buffer, acetate buffer, Good's buffer or the like), and carrying out

cl eavage dedeitiws (@6r idstemcopomapeundss] HJues 1Riand the dikehosi dase i n accor dance
with a known condition in the sane manner as described above. It is

preferabl e t haThehensesdsmdt dre afmpaanhl bfe thegromphaidl 2bpahagemevderi vati ves
fromthe reaction solution obtained 10 after the reaction (a m xture of sugar

chai n aspaf #gl Neacteylghadosy@snofesivhies {Fipugaf) caedbe duesmplichad pved) is carried
out by, for instance, high-performance liquid colum chronmatography (ODS
col umm, eHdisedlvile thgc@mpOundvl ddnadugfer (for instance, phosphate buffer, acetate
buffer, Good's buffer or the like), and carrying out cleavage reaction of the
N-acetylglucosamine residues with an N-acetylglucosamidase under a known
10 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 out by, for instance, HPLC (ODS
column, eluent being a 50 mM aqueous ammonium acetate : acetonitrile = 85:18).
15 The conversion of the compound 12 to the compound 13 by the removal
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).



ammoni um acetate : acetonitrile = 82:18). The conversion of the conpounds 16
and 21 to the conpounds 17 and 22 15 by the renoval of the gal aetmsember 2005
resi dues (Figure 11) can be acconplished by dissolving the conpounds 16 and
21 in a buffer (for instance, phosphatgsbuffer, acetate buffer, Good's
buffer or the like), and carrying out cleavage reaction of the gal actose
residues with a gal act osi dase in accordance with a known condition in the
same nmanner as described above. It is preferable that the separation of 20
each of sugar Uheiconaspasmot e cenpyaidsveand 7anthbeompaahdo 4 saldutd on
obtained after the reaction (a m xture of sugar chain asparagi ne derivatives

of which ghigate 10psaidbeacesmplifleamepiissslvimy theecbmpburtds, 3 hnd 7iinsi buffer
hi gh-performance liquid colum chromatography (ODS col um, eluent being a 50

MM aqueougfor 33T ) Eﬁh@@}@lﬁeﬂé buffeacaicont buffiee, Go&Fstifferdfy tihéikepriner si on of
t he conpounds 17 and 22 to the conpounds 18 and 23 16 Decenber 2005 37 by the

removal Oﬁ:aﬁr?ﬁlg;\]blﬂ@éW@bU@@(&ﬁm ofthessiliuesd (Ediguéewith)a gatahnidas€ onp! i shed
by dissolving the conpounds 17 and 22 in a buffer (for instance, phosphate

buf fer, ageidtgndivi®ra ke®QH onlHider TR céMpolin#ed andMmadibeyd AEx@IFE
cl eavage reaction of the N-acetyl glucosam ne residues with an 5

the. same maner e Posa abova T e b T ranT s URat L he caparht i on of
each of  gavailable known exo-form enzyme is utilized for the sialic acid hydrolase used in

this reaction. Also, the enzyme may be a newly isolated enzyme or an enzyme

generated by genetic engineering, as long as the enzyme has a similar activity.

10 Thereafter, in the same manner as described above, the reaction solution obtained
after the reaction (a mixture of sugar chain asparagine derivatives of which sugar
residues are cleaved) is subjected to chromatography to give each of sugar chain
asparagine derivatives. For instance, it is preferable that the separation is carried
out by high-performance liquid column chromatography (ODS column, eluent

15 being a 50 mM aqueous ammonium acetate : acetonitrile = 85:15).

The conversion of the compounds 14 and 19 to the compounds 15 and 20
by the removal of the N-acetylglucosamine residues (Figure 10) can be
accomplished by dissolving the compounds 14 and 19 in a buffer (for instance,
phosphate buffer, acetate buffer, Good’s buffer or the like), and carrying out

20 cleavage reaction of the N-acetylglucosamine 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



sugar chai n asparagi ne derivatives fromthe reaction solution obtained after
the reaction (a mxture of sugar chain asparagi ne derivatives 0b Dibtraber0Qar
residues are cleaved) is carried out by, for instance, high-performance
liquid colum 10 chromatography (ODS cgbumm, el uent being a 50 nM aqueous
ammoni um acetate : acetonitrile = 82:18). As described above, each of the
various sugar chain asparagine derivatives of which branching structures at
the term nals of the sugar chains are not uniform can be obtained as

i ndi vi duakhissedtagerphydipoSmdsurhy, éluenhesingwdiComM iaggedireathmaduivat i ves with
various glycosidases and the |ike to renove the sugar residues at

non- r educhtgateeraderaligilef= 8hd8%ugar chains after the obtai nment of each of
the sugar chain asparagi ne derivatives. Mreover, even a |arger nunber of

the kinds of fihe cougarsiehef theaspapagidsel dard 2@ té Viescompobedpt@pad ed by
changing the order or the kind of hydrolysis with various glycosi dases. 20

Accor di ngbyyeh@ rerovelndfl the aharrose essiduen@igmes] Yraaurtesacebniplishedvy cost  for
obtai ning the sugar chain asparagi ne derivatives having very limted sugar

chaimn str d@solvesg dicccampoindyd] Luad 20rinarbudfual (Y61 ieslanseapiosphatethefeont rary,
according to the present invention, about 1 gramof the sugar chain

aspar agi nqcetges budéd, Grrodnabifigr dﬁ&jerlﬂck)samiatarejri@'gmnﬁtcrlmhgc esactidn dfe prepar ed
in an about 2 25 week period by using a conventional gel filtration col um,
HPLC col ufiiz. maAfod rebflude eeiibe mafHiBidSe 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
10 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 = 82:18),
The conversion of the compounds 16 and 21 to the compounds 17 and 22
15 by the removal of the galactose residues (Figure 11) can be accomplished by
dissolving the compounds 16 and 21 in a buffer (for instance, phosphate buffer,
acetate 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



| east three kinds of glycosidases (for instance, gal actosidase, nmannosi dase,
and N acetyl glucosam dase) w thout necessitating any parti cul at6 devémies 2005
reagents. In accordance with the procedures descri bed above, when the
protecting group, for instance, is FmB¢é group, there can be efficiently
obtai ned a sugar chain 5 asparagi ne derivative represented by the general
formula: 10 R 2 As nNFno ¢ wherein Rl and R2, which nmay be identical or
different, are H H 16 Decenber 2005 39 with proviso that a case where Rl and
R2 are bobntls mewiletdhadeacetplglecasaaiipe reswduesidigureddarcaahgi n aspar agi ne
derivative includes, for instance, each of the_conpounds shown in Figure 1
and Fi gur accompiified biyndissolv e theswpermnds 17tand Thipe byélsr ffardnstanea, to 23, 70
and 71 are conpounds prepared 15 for the first time in the present invention.
The pr esephosphatnbafder, eaearpliiders Gans’s buffer or the like), and carrying out
cleavage reaction of the N-acetylglucosamine residues with an
5 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
are cleaved) is carried out by, for instance, high-performance liquid column
10 chromatography (ODS column, eluent being a 50 mM aqueous ammonium
acetate : acetonitrile = 82:18).
As described above, each 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



above conpounds. In addition, as a preferred enbodi ment of the process for
preparing a sugar chain asparagine derivative of the present i hvPatdngrer 2005
there is provided a process for preparing a sugar chain asparagi ne
derivative in which the step (a) is a38tep of 20 providing a m xture of one
or nore sugar chain asparagi nes each having a sialic acid residue at a
non-reduci ng termnal, .introducing Fnoc group into the sugar chain

asparagi nes contained in the above m xture, and introducing benzyl group

i nto thelsiskihree kuid$ ofeglydosdases (Girvastaned, galpctovdassu grnnehlase aanshr agi ne
derivatives. According to the above process, various forns of the sugar chain
25 aspar dyhemyliucosaniidese)ouithds nesessitefin g @ngparyculbt d¢viees pnreageatsge anount .
For 16 Decenber 2005 40 instance, the separation efficiency of the conpounds
2 and 6 shownli acéirdenee withctha poecdducesedesedbediaboetywhéretlizgpiotesimmpunds can
be efficiently prepared. In other words, while there is a disadvantage in
ef fi ci engroupdifoemistancsepdrmot ggou h ehe recrapdenef§icnalydotBantetli ansugelryhhiirom a

m xture of the both conpounds, in this 5 enbodi nment, the both conpounds can
be %f fi cagrarhginecaivatse frepneserted biyxhegenedal/ famtuladuci ng benzyl group into a
sialic acid residue of the both conpounds, and subjecting to the above step
(b) first of all as a mxture of the follow ng conpounds 76 and 77: 16
Decenber 2005

Rl

\
OH OH OH
10 “@@@Asn-Fmo C
ACHN
RZ

AcH™

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




41 16 Decenber 2005 x 42 16 Decenber 2005 43 Therefore, since the conpounds
76 and 77 can be relatively easily separated, the conpounds calbt Becember 2005
separated, and thereafter renoving the benzyl group fromthe conpounds 76
and 77 by a process described bel ow enabl e conpounds 2 and 6 to be
efficiently separated and obtained fromthe m xture of the conpounds. 5
Contrary to the sonmewhat difficulty in separation of the conpounds 2 and 6,
it is thought that the reason why the separation of the conpounds 76 and 77,
whi ch argr obt ai ned by int uci ng benzyl group into a sialic acid residue of
the conpounds 2 angg cdn be easily carried out is that a highly

f at - sol ubl e benzyl___ t i ntroduced into carboxyl group of the sialic
acid residue, sot drophobic interaction with a reverse phase
colum of HPLC (high-perforrmance |iquid chromatography) is further
increased. Therefore, it is deduced that the interaction with the reverse
phase colwtiprovRbahabh ¥agmeheper’ ahd REhee Bepar ation step (b) may be markedly
i nproved, whereby consequently the separation of the both conmpounds can be
acgonplished reflecting the difference 15 in the sugar chain structure nore

sensitively.
ﬂ.ﬂ/ \ Ac
H ‘
o H B
HEL N

10
is excluded.
Concretely, the above sugar chain asparagine derivative includes, for instance,
each of the compounds shown in Figure 1 and Figure 2. Among them, the
compound 1, the compounds 2 to 9, 11 to 23, 70 and 71 are compounds prepared
15 for the first time in the present invention. The present invention encompasses the
above compounds.

In addition, as a preferred embodiment of the process for preparing a sugar
chain asparagine derivative of the present invention, there 1s 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



The m xture of one or nore sugar chain asparagi nes each having a sialic acid
residue at a non-reducing termnal is not particularly |imted, l@Petanigrag0s
the mxture is a mxture of one or nore sugar chain asparagi nes having the
above structure. A mxture of one or HAbre sugar chains each having a sialic
acid 20 residue at a non-reducing term nal and al so havi ng asparagi ne bound
at a reducing termnal is preferred fromthe viewpoint of easy availability.
As the above m xture, a mixture containing the conmpound 24 shown in Figure 3
and/ or ainstanseutht Jegaraiposiéicienoysrdhe epmpoonds dfanduyshowesh Higweiln t he
above conpound is preferred. 25 It is preferable to carry out the above step
(b'), frosin he indreagsdl, mtheo¢byl heleasbebarpoRrods cau be giffingntiyfprepdredt Iy obt ai ni ng
a sugar chain asparagi ne derivative having the desired sugar chain

st ruct ur eothien warids, whiledierens a dasadvhantage gaeffchianthy degatl ngeparatingithat i ves,
there are obtained those prepared by introducing benzyl group and Fnoc group
t her ei nt ocompoands 2 hodd gefepielydray a mixtonuad thg both gompoonds,aaghisher ei nt o.

The introduction of benzyl group into a sialic acid residue of the sugar
chain aspambgidimentayheeotbarompatimslstcanbeadtioredtiyosbtainet feokibevmigtweess (f or

i nstance, see Protecting Goups in Oganic Chem stry, John Wley & Sons | NC.,
New Yor k ©b9%dtrodisihg Genzyl-g28pin®)a sialic acid residue of the both compounds, and

subjecting to the above step (b) first of all as a mixture of the following

compounds 76 and 77:



10 I n accordance with the above procedures, for instance, there can be
efficiently obtained a sugar chain asparagi ne derivative havi ng!thPagepibeg2olp
and Fnoc group introduced thereinto, respectively, which is represented by
the general formula: 15 Rx i RY 20 wherein one of R and RY is HO O biol
M677' 76 25 Acl UCHC bH O HO HO 16 Decenber 2005 45 and the other is H HQ

t



HO not W7/ xf H' ". "(c) 4cs- NHAC AcHN HO OH H43 ' Q HO HO HO 0 NHAc OH HO
HO HO HO O HO air#~ HO-O NHS OH H000 OHO ¢ C O {3 16 December 2005
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HO NHA 16 Decenber 2005 46 or 5 Concretely, the sugar chain asparagi ne
derivative includes the above conpounds 76 and 77, and the fol loWepgmber 2005
conmpound 78: 16 Decenber 2005 47 x 01,Z r- 16 Decenber 2005 48 The sugar
chai n asparagi ne derivative obtained adéording 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 chai n asparagi ne
derivative is protected by benzyl t here ? e sonme .advant ages that the

desired sugaiciereysincedbe sampoands 178 :@(r)lgpﬂﬂ AN K gfg‘@?%ﬁ@ﬁ%ﬁe%@l@ﬁn@esi de
reactions involving the carboxyl group in the solid phase synthesis of the
gl ycopept FerapoaBdegfphe separated; prd glfg@@ftﬁﬁﬁmvéﬁoﬁ}edgﬁnﬁél gErUpR/EeMVEhewi t hout
i ntroduction of benzyl group. Al so, the_present invention provides a process
for pr epaﬁ@lﬁgoén@%a@ﬂné% ity a psgresagesraiteddunow conbbprampowrdscsdend & t he
various | ;sooll)g tefef(ijcigrlljt(lt’}(:Jl gep?ar}gtieg and obtained from the mixture of the compounds.
5 Contrary to the somewhat difficulty in separation of the compounds 2 and
6, it is thought that the reason why the separation of the compounds 76 and 77,
which are obtained by introducing benzyl group into a sialic acid residue of the
compounds 2 and 6, can be easily carried out is that a highly fat-soluble benzyl
group is introduced into carboxyl group of the sialic acid residue, so that a
10 hydrophobic interaction with a reverse phase column of HPLC
(high-performance liquid chromatography) is further increased. Therefore, it is
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



10 asparagines in a |large amount. The above process further conprises,
subsequent to the step of preparing a sugar chain asparagi ne derDeaimbee200b
accordance with the above process for preparing a sugar chain asparagi ne
derivative, a step of renoving the pratecting group fromthe resulting sugar
chain asparagi ne derivative. 15 In other words, the process for preparing a
sugar chain asparagi ne according to the present invention conprises the
steps of: (a) introducing a fat-soluble protecting group into a sugar chain
aspar agi fierthexffigienely obtaming atsupsr caioaspangimerdersugae hahaigthespar agi nes, to
give a mxture of sugar chain asparagine derivatives; 20 (b) subjecting the
m xt ure desisetysugativhhin sispansgi ne derivatives or a mxture obtainable by
hydrol yzi ng a sugar chain asparagi ne derivative contained in the m xture of
sugar chai n a3paiisgnitdigienyakitiesugar chainagiaoggiapdyrivhdvess eipaeaire each of
sugar chain asparagi ne derivatives therefrom and (c) renoving the protecting
group fr obdined tigaprehatd bgsipavdgeing earyvabupend2omeepasgs debrtintd,he step
(b), to give a sugar chain asparagine. 16 Decenber 2005 49 The steps (a) and
(b)s are the thareprepatedaseintmdubhgadyemooeras thefein.epari ng a sugar chain
asparagi ne derivative, and the m xture of one or nore sugar chain

aspar agi nes ugad iaftddudreor af bewdylpireu P iMb adiligadldeusidus od tid Suglrso

chain asparagine may 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).

10 In accordance with the above procedures, for instance, there can be
efficiently obtained a sugar chain asparagine derivative having benzyl group and
Fmoc group introduced thereinto, respectively, which is represented by the

general formula:

15 o

wherein one of R* and R is

20
25 oH HOE; :0 G

HO
ey
HO—™



t he sane as those descri bed above. 5 The renoval of the protecting group from
t he sugar chain asparagine derivative in the step (c) can be cH PeeanteuR00h
accordance with a known process (for instance, see Protecting Goups in
Organic Chem stry, John Wley & Sons 45NC., New York 1991, | SBN
0-471-62301-6). For instance, when the protecting group is Fnoc group, the
Fnmoc group can be renoved by addi ng norpholine to 10 the sugar chain
asparagi ne derivative in N, N-dinmethylformam de (DMF) to carry out the
reactiongpashsefierad Hgal ly shown in Figure 12. On the other hand, Boc group
can be renoved by a reaction with a weak acid. After the renoval of the
protecting group, a sugar chain asparagi ne nay be properly obtained by
purifying a reaction m xture by a known process such as various

chr omat ogr aphi es 15 enploying a gel filtration colum, an ion exchange col um
or the like or a processdp‘ ieparation by HPLC as desired. In addition,
simlarly to the above pry p\ for preparing a sugar chain asparagine
derivative, as a preferreodi ment of the process for preparing a sugar
chain asparagine of thegresent invention, there is provided a process for 20
preparing a sugar chain wasparagine, in which the step (a) is a step of
providing a @ne or nore sugar chain asparagi nes each having a
sialic amgﬂ a ndﬂCkedu0|ng termnal, introducing Frnoc group into
t he sugar n i

S ntalned in the above m xture, and introducing
benzyl gr Ot?g—% i g
aspar agi ne gle. o
* HG

|due qqﬂgkye a mxture of sugar chain
(}H PHJ F g O
HO
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25 this enbodinment, in the step (c), the renoval of benzyl group in addition
to the 16 Decenber 2005 50 renoval of Fnoc group is carried out.lgThRemBeOMRL
of benzyl group can be carried out in accordance with a known process (for
instance, see Protecting Goups in Oganic Chem stry, John Wley & Sons
INC., New York 1991, |[|SBN 0-471-62301-6). 5 Further, in the sane manner as
menti oned above, it is preferable to hydrolyze the sugar chain asparagi ne
derivatives separated in the step (b) and/or hydrolyze the sugar chain

aspar agi ne obtai ned in(f step (c), fromthe viewpoint of efficiently
obt ai ni ng a sugarye]i I} dsparagi ne having a desired sugar chain structure.
The hydr gjrysi s @ried out in the same manner as described 10 above.

It is nore prefe mcarry out the hydrolysis with a glycosi dase [step
(b") and/or step (c')], fromthe viewpoint of nore efficiently obtaining a
sugar chain asparagi ne having a desired sugar chain structure. In accordance
with the above procedures, for instance, there can be efficiently obtained a
sugar chai n asparagi ne represented by the general formula: 15 off ~oK 20 3

5 Concretely, the sugar chain asparagine derivative includes the above compounds

76 and 77, and the following compound 78:



wherein R and R, which may be identical or different, are H 16 _Decenber
2005 5 10 51 H or 15 20 with proviso that a case where R3 and R4 DgeambgtddOk
or 1 6 Decenber 2005 52 5 is excluded. Concretely, the sugar chai n asparagi ne
i ncludes, for instance, each of the 4jonpounds shown in Figure 3 and Figure
4. Among them the conpounds 25 to 32, 34 to 46, 72 and 73 are the conpounds
prepared for the first tine in the present invention. The present invention
enconpasses t he above conpounds. 10 Further, the present invention provides a
process for preparing a sugar chain capable of obtaining the various

| sol ated sugar chains in a |large a%E?nt.




The above process further conprises, subsequent to the step of preparing a
sugar chain asparagi ne in accordance with the above process forngspRpabél®03d
sugar chain asparagi ne, a step of renoving an asparagi ne residue fromthe
resulting 15 sugar chain asparagi ne. |Ia8other words, the process for
preparing a sugar chain of the present invention conprises the step of: (a)
I ntroducing a fat-soluble protecting group into a sugar chai n asparagi ne
contained in a mxture of one or nore sugar chain asparagines, to give a 20
m xt ur e offhssggar cihan nspapgimeglany atier iob&dtined sccqrd)ngstobthesceinbgdirhentndaxt ur e of
sugar chain asparagi ne derivatives or a m xture obtainable by hydrolyzing a
sugar chaba daspdy agedén selid patsevsyntiasisaoheglyadopeptide.nbitcercarledx Wygaupchai n
asparagi ne derivatives to chromatography, to separate each of sugar chain
aspar agi nex@ang vatisveic ddidredidoent fe {uphr chamvispgrdelee gerdv#dte i3g group from
t he sugar chain asparagi ne derivative 16 Decenber 2005 53 separated in the
step (b), pt@e@bﬂ@;@besugh%rmimitlﬂbraapasmé adyamtagdeq that (lendasing supaaspar agi ne
residue fromthe sugar chain asparagine obtained in the step (c), to give
t he ssugar pefradecarbbd BEfideehp obainddwithpubcausihesislareaanistiaselvimg thee above
process for preparing a sugar chain asparagine, and the mxture of one or
nor e sugaga®biyhgroup in the solid phase synthesis of the glycopeptide, as compared to
the sugar chain asparagine derivative without introduction of benzyl group.
Also, the present invention provides a process for preparing a sugar chain
asparagine capable of obtaining each of the various isolated sugar chain
10 asparagines in a large amount. The above process further comprises, subsequent
to the step of preparing a sugar chain asparagine derivative in accordance with
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.



aspar agi nes used and the fat-soluble protecting group used are also the sane
as those nentioned above. In addition, in the process for prepd Dacgnzbes A6y
chain of the present 10 invention, as a preferred enbodi nent, there is
provi ded a process for preparing a sudar chain asparagine, in which the step
(a) is a step of providing a m xture of one or nore sugar chain asparagi nes
each having a sialic acid residue at a non- reducing termnal, introducing
Fnoc group into the sugar chain asparagines contained in the above m xture,
and i nt roduci nghbetepgl(apamdifb)iare she pame pathasedoite aBoyepiavges fa gi ve a
m xture of sugar chain asparagine derivatives. In this enbodinent, in the
step (c), pteperingraosuplar chaipeaspgfagimoderivatived and tlehmisturéef opegovadreof Fnoc
group is carried out. The renoval of benzyl group can be carried out in
accor danceugair tchairhas pabagine pussclears] theHat-saunblegprotdctingegraspasadianealsesi due from
t he sugar chain asparagine in 20 the step (d) can be carried out in
accor dancthewiarte as thosedegerduslsahovBor i nstance, the sugar chain asparagine is
reacted with anhydrous hydrazine and then acetylated to renove the asparagi ne
residue, wher elihie acmoyak ofcthaiproteating growb{rainn e, sugsr shisrespecgity shown in
Figure 12. Also, a sugar chain can be also obtained by refluxing the sugar
chai n aspderagitine ini thh shepafc) wgn ibe caredsoat imcpoeordanzb veith atkinow rapbceker eaf t er
acetylating the sugar chain asparagine to renove the 16 Decenber 2005 54

(for instance, see Protecting Groups in Organic Chemistry, John Wiley & Sons

INC., New York 1991, ISBN 0-471-62301-6). For instance, when the protecting
group is Fmoc group, the Fmoc group can be removed by adding morpholine to

10 the sugar chain asparagine derivative in N,N-dimethylformamide (DMF) to carry
out the reaction, as schematically shown in Figure 12. On the other hand, Boc
group can be removed 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



asparagi ne residue. After the renoval of the asparagi ne residue, the sugar
chain nmay be purified appropriately by a known process such as 16dbdcomber 2005
chr omat ogr aphi es enpl oying a gel filtration colum, an ion exchange colum or
the like, and a separation process by 3PLC as desired. 5 Further, in the sane
manner as nentioned above, it is preferable to hydrolyze the sugar chain
asparagi ne derivatives separated in the step (b) and/or hydrolyze the sugar
chai n asparagi nes obtained in the step (c), and/or hydrolyze the sugar chain
obt ai ned remothkoSFac(gtpup fis omricdeowt) &leatniovat ofbénil @ndiliy cabvbai ni ng a sugar
chain having a desired sugar chain structure. The hydrolysis 10 may be

carri ed aatriéchotihier &aedamenveith akndeacpideess gboirstarice, se¢ Prorecymef erable to
carry out the hydrolysis with a glycosidase [the step (b') and/or the step
(c') andieupslie vgepid Chyhistfy, doht WEiley énBonsINGE, NeweYeff 199t Iy obt ai ni ng
a sugar chalin having a desired sugar chain structure. In accordance with the
above prassii0oes;1-62301-6%t ance, there can be 15 efficiently obtained a sugar
chain represented by the general fornula: OH 20 wherein R5 and R6, which may

be sdentical durtlierfigrtaglamarather’ds mensreer abiR@Hit36 ptéferable to
hydrolyze the sugar chain asparagine derivatives separated in the step (b) and/or
hydrolyze the sugar chain asparagine obtained in the step (c), from the viewpoint
of efficiently obtaining a sugar chain asparagine having a desired sugar chain
structure. The hydrolysis can be carried out in the same manner as described

10 above. It is more preferable to carry out the hydrolysis with a glycosidase [step
(b’) and/or step (c’)], from the viewpoint of more efficiently obtaining a sugar
chain asparagine having a desired sugar chain structure.
In accordance with the above procedures, for instance, there can be

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

15

RB

OH

Asnh

MHN HO™ AchN
20 :

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



or 20 with proviso that a case where R5 and R6 are both H 16 Decenber 2005 56

5 10 15 or

excl uded.
conpounds
55, 57 to
the first
t he above
t he sugar

10

15

20

H K N or one of RS or R6 is Hand the other is 206Bec¢mber 2005
Concretely, the sugar chain includes, for instance, each of the
shown 25 in Figure 5 and Fisgure 6. Anong them the conpounds 48 to
69, 74 16 Decenber 2005 57 and 75 are the conpounds prepared for
time in the present invention. The present invention enconpasses
conpounds. As descri bed above, according to the present invention,
chain g :

H




asparagi ne derivative, the sugar chain asparagi ne and the sugar chain
(hereinafter 5 these three terns are collectively referred to &6 Desergbar 2005
chain series" in sone case) each having a desired sugar chain structure can
be prepared at a | ow cost, efficientlyszand in a | arge anount. The above sugar
chain series are very useful in the field of the devel opnent of
pharmaceuticals and the like. An application exanple in the 10 devel opnent of
t he pharnaceuti cab?incl udes, for instance, a synthesis of cancer vaccine.
I't has been kpown at when the cell.is cancerated, a sugar chain which is
not initially ey Ygfh a xpressed. It has been al so known t hat
when the sugar’ ' serri cal ly and adm nistered to an

i ndi vidual as a vacci ngH t H®caNcek
if a desired sugar 15 chain seri estiB Eypr epared according to the present
invention, a vaccine effective powiN it nent of cancer can be

synt hesi zed. Al so, a novel vaccing be synt hesi zed by derivati zi ng sugar
chain series obtained according to the present invention by further bonding
news sugaris egsludegs usi ng a conbi nation of a chem cal reaction and a sugar
transferase reaction and the like, 20 In addition, for instance,

er yt hr opa@@icréte[5h sugaradhintio psiregine ifdadbs €or inss@depsach dfdeapeut i c agent
for an anema owing to its erythrocyte-proliferating ability, but it has

been f oungnmipiainds RAowHAndTigara®Wand Pigurdny Aeidng themynhessmipbandEPOtbas a
sugar chai n bound thereto. As described above, sone proteins exhibit their

physi ol ogixgal tefice g sandt Yy arende cotdppubids Breraired feugarfirsh@inesn thberefore, for

present invention. The present invention encompasses the above compounds.

10 Further, the present invention provides a process for preparing a sugar
chain capable of obtaining the various isolated sugar chains in a large amount.

The above'process further comprises, subsequent to the step of preparing a sugar

chain asparagine in accordance with the above process for preparing a sugar

chain asparagine, a step of removing an asparagine residue from the resulting
15 sugar chain asparagine.
In other words, the process for preparing a sugar chain of the present
invention comprises the step 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
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



25 instance, a novel glycoprotein having a novel physiological effect can be
16 Decenber 2005 58 synthesized by preparing a protein itself i ht®etamigg 2005
anount in an E. coli expression systemw thout binding ability of a sugar
chain to the protein, and subsequentl $3introducing 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
vari ous sugar etgratedtinube atepsb)vikigive asugyr dysdn esparagiaisi diithg to t he present
invention. In addition, a novel physiological activity can be inparted by
substituti{dly semoyug whaiparagine réadud from Watsugar thaioaspareging eptaowsk ot ei n
with a sugar chain 10 prepared according to the present invention. A

t echni que of subgte step (¢)gtagiieghe supai ¢chabwned by a gl ycoprotein with a sugar
chain obtained according to the present invention includes, for instance, a
process described in P. Sears and C H  Wng, Science, 2001, vol. 291,

p. 2344-2350. In other words, the process includes a process of treating a
gl ycopr ot ei n wilthk stepsIaNtmbDtare gheisosans Hiodase thsat@redoroegsstiorput t he

gl ycoprotein in a state in which only one N-acetyl glucosam ne residue is
bound to phepaasiger sgianehassagpaeagine tand thamiiature off onehg mpoxst igar chao
subsequent|ly binding a desired sugar chain in the sugar chain asparagi ne
obt ai ned aspavaginag used aine tipr Bdesotublapertedctorg ¢foap usedtaanaksp thashmefast he

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



conpounds shown in Figure 3 and Figure 4) to the N-acetyl gl ucosam ne residue
20 described above with a (3-Nacetyl gl ucosam ni dase (Endo-M . A Decemlrdar2éDy,
there can be carried out a process of providing an N-acetyl gl ucosam ne-bound
t RNA, synt hesi zing a gl ycoprotein havigag an N-acetyl gl ucosam ne resi due by
utilizing, for instance, an E. coli expression system and thereafter
introducing a desired sugar chain in the sugar chai n asparagi ne obtai ned
according to the 25 present invention into the glycoprotein with Endo-M 16
Decenber agpitagh® desidaddiAftemthetrbmovabbf g aspemgmerestlueythentgay ohbhem a

gl ycoprotein is wutilized as a therapeutic agent includes a rapid netabolic
rate of tohey bé porfiedtapipnop@ateiynb st dmedn divicess sicliuas wapiduse fact that the

gl ycoprotein is netabolized by the Iliver inmediately after the renoval of
the si al ichrambhgexplses employinpe galddtradbricolunn, emmionadxchéingheolyinyeopr ot ein i n
a living body. Therefore, it is necessary that the glycoprotein is

adm ni st ehietlkatarl £ e¢paantion psscess by\HRWCals degedbove, if a sugar chain is
prepared according to the present 1 nvention, wherein sialic acid is newy

i ntyoduced t o Farther ninrtak sametrhensargarmetionedsaboas, itds beefeestde kenmoved, and the
sugar chain i's introduced into a target protein with Endo-M the netabolic
rate of lgdidigz@thcaniaoichuin aspatading degviidety separao] Gomersaép s, arilfot hat the
anount of "'the glycoprotein to be adm nistered can be | owered.” The present

i nvent i omydtdllyz&ehe®ugar shei dspaaddivedssiaieddd thy stepaay @fd/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 desired 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:

OH

R ogg?l/
20 “D{)&/" Acht | AcHN OH

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



Exanmples, without intending to limt the present invention to these Exanpl es.
15 The structural fornulas and the nunbers for each of the conpdémitsember 2005
shown in Figures 1 to 6. The data of 1H NVR were obtained by the measurenent
wth HOD at 4.8 ppmat 30C in Exanpleg 1 to 7 and with a signal of nethyl
group of acetone as an internal standard at 2.225 ppm and HOD at 4.718 ppm
at 30Cin Exanples 8 to 45. Also, the conpounds from which Fnoc groups had
been 20 renoved were neasured in the co-existence of a 50 nmM amoni um

hydr ogencarbonate in a neasurenent solvent. Exanple 1 Synthesis of Conpound
24 In 100 mM of a tris-hydrochloric acid-calciumchloride buffer (TRIZMA 25
BASE 0. 05 nolg bum chlgkide 0.01 nol /I, pH 7.5) was dissolved 2.6 g of

an 16 Decepb egg- d r| ved crude SGP (sialyl glycopeptide).

Fifty-ei gHA 52’ Of sodi umazide and 526 ng of Actinase-E
( manuf act ur ) G0, PPP8 ) were added to this

sol ution, xture was al 37C. After 65 hours, 263

was allowed to stand at
hilized, and thereafter
\umm chr omat ogr aphy
1.0OmM/mn), to give

0 1} "
ng of Acti se- E MBs added agai n, OB atiM hé
37Gfor additional 24 hours. This solution
the residue was purified twice by gel fil
(Sephadex G 25, 2.5 4 x 1 m eluent: water,
1.3 g (555 nol) of a desired conpound 24

10

15 AtHN

H or

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




shown in Figure 3. The structure of the sugar chain contained in SGP is shown
10 as follows. 16 Decenmber 2005 61 16 Decenber 2005 62 | n additiléMecehlder 2005
physi cal data for the resulting conpound 24 are as follows. 'H NVR (D20,
30C) 5.15 (1H s, Man4-H ), 5.06 (1H & GcNAcl-Hl), 4.95 (1H s, Man4' -

H ), 4.82 (1H, s, Mani-Hl), 4.69 (1H d, GIcNAc2-Hl), 5 4.67 (2H, d,

G cNAc5,5'-H ), 4.53 (2H, d, &al16,6'-Hl), 4.34 (1H, d, Man3-H2), 4.27 (1H, d,
Man4' -H2), 4.19 (1H, d, Man4-H2), 3.03 (1H, dd, Asn-(3CH), 3.00 (1H, dd,
Asn- (3CH), 2.76 (2H, dd, NeuAc7,7'-H3eq), 2.15 (18l1, s x6, -Ac), 1.79 (2H
dd, NeuAc7,7'-H3,x) 10 Exanple 2 Synthesis of Conpounds 1, 2, 6 and 10 The
conpound 24 (609 ny, 1 nol ) obtained in Exanple 1 was dissolved in 20.7 ml
of water, and 13.8 m™if 0.1 N hydrochloric acid was added thereto.

| mredi ately aftery at 70C for 35 mnutes, the 15

sol ution was coole @8t ed aqueous sodi um hydr ogencar bonat e

.l

. AcHN
10 HOw

15 or

e
o)

H

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

20

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 55, 57 to 69, 74



was added thereto to adjust its pHto 7. The solution was |yophilized, and
thereafter the residue was purified by gel filtration col um chriémdcegberdons
(Sephadex G 25, 2.5 US x 1 m eluent: water, flowrate: 1.0 mM/mn), to give
534 ng of a m xture of a conpound 24, ggnpounds 25 and 29, and a 20 conpound
33 each shown in Figure 3. These four conponents were proceeded to the next
step without being isolated fromeach other. The physical data for the
resulting sugar chain mxture are as follows. 'H NWR (DzZO 30C) 5.13 (s,

Man4- Hl) , abd %2 4r8.th&eodrpbuhds BréphrddiforEhe Netltirl Jin th2prebe@dinentidand’ - H ),
4.93 (s, Man4'-Hl), 4.82 (s, n3-Hl), 16 Decenber 2005 63 4.60 (d,

GLcNAC2- HDhe pheSéht (AlverfelaNASonBpaskls thebéve cothpowad, 6' - H1) , 4. 44 (d,
Gal6, 6'-H ), '4.24 (d, Nan3-H2). 4.19 (d, Mand'-H2), 4.11 (d. Mand-H2). 2.97

(bdd, Asn-(3CHAs @eszﬁbéddbob@,th‘c\!&ardﬂﬁl_g,to derdtdgyentién, Ghe 6bgist chsn- (3CH) ,
2.15 (s x5, -Ac), 1.79 (dd, NeuAc7-H3ax, UAc7' - H3ax) 5 Four-hundred and

twent y- ni ngpithbinededativt, HRSuFhX Ehif agparafier RRIhEI shGar Shdarhefvdh dftayas
dissolved in 16.3 nl of acetone and 11. of water. To this solution were

added 9-f liQeaRide BRhSMEe dbifdieiiely FafeEd EREDONRAE chdi@bsefiedTin sd@d casepl ) and
sodi um hydr ogencarbonate (80.4 ng, 957 nol), and the
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 (EPQ), 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



10 m xture was stirred at roomtenperature for 2 hours. This solution was
applied to an evaporator to renpove acetone, and the renai ni ng 96DHce@BeVE®S
purified by gel filtration colum chromatography (Sephadex G 25, 2.5 $ x 1
m eluent: water, flowrate: 1.0 m/mg, to give 309 ng of a mxture of a
conmpound 1, conpounds 2 and 6, and a conpound 10 each shown in Figure 1.
This m xture was purified 15 by HPLC (ODS col um, eluent: 50 mM aqueous

anmoni um acet ate : rrethanol = 65:35, 2.0 ~x 25 cm flowrate: 3 m/mn). As
a result, $JaChGPROM Brebari gﬂdﬂélﬁdtsetftlﬁra adpdrmbhesin & B ¥blre of the
conpounds and 6 was el ute ter m nutes, and the conpound 10 was

el uted aft@fprO}isn Swtes. whas wihdidpeadilinedt @@@%arvwaﬁq Pt HeasriotdAn A

| yophil'i zed, and thereafter desalted by gel tration colum 20

chr omat Ogrﬁ%é’%ﬁéﬁ ﬁ‘l@l@ﬁu@'r%ﬁo tRe prétein 812 idhr @M{ﬁfﬂavm’?h Resiréd QMpdrate: 1.0

m /mn), thereby gi'ving 150 of 'a desired m xture of the corrpounds 2 and 6.

The physi Ca{alﬂl@fractm% wmhr@g%ﬁa&w Rig)rl@tﬂre gmeﬂsu{»@nltmsto gieMWR (D20,
300) 7.99 (2H, d, 2H, d, Fno H m Fnoc)? 25 5.15 (1H,

>0 Og@gj zl%ozve? Eﬂ?s&)ﬂ‘élcﬂ ac ?‘Aﬁjthé%}oteﬂr ,%5 b@lh&roéum?{gﬂﬂtd ﬁ'%)venlﬂogﬁge”ger

(Cj;! ngﬁi _5 En)@ls}lga éhz?n%%ﬁgvﬂngqnal{}gﬁégkg?r élli]a)in sf} %résﬁd(}llgb@a@g%%@@d g 02(7 1I(—IlH
bdd, Asn- Pagé))rdmg 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 B-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 $-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.



2.76 (21-1, dd, NeuAc7,7'-H3eq), 2.15 (18H, s x6, -Ac), 5 1.79 (2H, dd,
NeuAc7, 7' - H3ax); HRMS Cal cd for CLD3H154NNNaG66[ MrNa+]  2581. 883 DE@uiHdr 2005
2581. 8821. The physical data for the resulting m xture of the conpounds 2 and
6 are as follows. 10 "H NWMR (D20, 30Ck97.99 (d, Fnoc), 7.79 (d, Fnoc), 7.55
(m Fnoc), 5.14 (s, Man4-H), 5.12 (s, Man4-H), 5.00 (d, GlcNAcl-Hl), 4.94
(s, Man4'-H ), 4.93 (s, Mand4'-H ), 4.82 (s, Man3-H ), 4.60 (d, GlcNAc2-H1),
4.58 (d, G cNAc5,5-Hl), 4.46 (dd, &l6,6'-H ), 4.44 (d, &l6,6'-H), 15

4.24 (d, Man3- HRhdd#ioh? tHedproieiht'entBintefedldurfehtlyMridn WD)y c@prdteiatigd,
Asn-PCH), 2.72 (dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.64 (bdd, Asn-PCH), 2.15 (s

X5, -Ac), ulilizéd asd.th&Napéetic bBent.indledéed rapidadgtabbic pdty vifche g rbeint he
resulting conmpound 10 are as follows. 20 'H NVR (D20, 30C) 7.99 (2H, d,

Froc) , 7. 48nliristeréd. TRRC dué tB3hé 4dct that'the EfROprotinlid rﬁéﬁboﬁzecﬂ/@?‘%hﬁl), 5. 06
(1H, d, GLcNAc1-H), 4.93 (1H s, Mand'-H ),  4.82 (1H, s, Man3-Hl), 4.69 (1H,

d, GlcNAcZivEllimnfedfafelly2iterdhe & mdEIDThe Biblic actd 8Ris{idglin @he yhaidil), 4.34
(11-1, d, Man3-H2), 4.27 (1H, d, Man4' -H2), 25 4.19 (IH, d, Man4-H2), 3.03

(1H5 bdd, tA&InAGD thePl Pébprdtdin belg 1ivisdbE&) ThdRIERS &b Hecdfd@Py 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
10 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.

15 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

20 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
25 BASE 0.05 mol/l, calcium chloride 0.01 mol/l, pH 7.5) was dissolved 2.6 g of an



65 2.15 (12H, s x4, -Ac); HRVS Calcd for C8lIH 20N6NaGs0[ M-Na+] 1999. 6930,
found 1999. 6939. Exanple 3 Synthesis of Conpounds 3 and 7 5 The 18iDdcUmBed 204
ng, 97 unol) of the conpounds 2 and 6 obtained in Exanple 2 and 24 ng of

bovi ne serum al bum n were di ssolved ingg2 m of HEPES buffer (50 mM pH
6.0), and Di pl ococcus pneunoni ae-derived (3-galactosidase (1.35 U was added
thereto. This solution was allowed to stand at 37C for 15 hours, and
thereafter |yophilized. The residue was purified by 10 HPLC (ODS colum, 2.0
4) x 25 cppo-detiend cridft SNPaE a?a?nide. Fifey-2lght mideetadmd (772 gmo1B5 © 15,
flowrate?g m/mn), and g’ggﬂggﬁn shg;nﬂ?% é%igure 2 mag elﬁte after
129 ni nut gpsodinth &ideaROENE Mg WiA\@inake® gﬁhmfa&t&fﬂedwaKaﬂ&n Each of the
fractions was collected and | yophilized. Subsequently, the fraction was
desal t ed PjatdficeulioBISCeQIIudT) wete @dded t@this Rolutlonenid thingkturd fvalsor a first 15
m nutes, and applied to a gradient of water : acetonitrile of from10:0 to

85: 15 (VvohlyéRed & s@hdfa37aCpesftads Dholifs0nb1 éngd of ARtiAhsHiEesas added hefint 0 @
gradient of water : acetonitrile from85:15 to 80:20 for a period of from 31

to 45 m npi@fhie iiawrd #as alldwldTb/sMnd at 370 Yoy @daitiesl DahoeePeURd 3 in an
anount of 81 ng and a conpound 7 in an amount of 75 ngy. 20 The physical data
for the regutibhReasA9BPRIREd3at] teddaffe? thOYsidud WhbPufiBéa twd@Oby 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 pumol) of a desired compound 24

shown in Figure 3. The structure of the sugar chain contained in SGP is shown

10 as follows.



7.99 (2H, d, Fnoc), 7.79 (2H, d, Fnoc), 7.55 (4H, m Fnoc), 5.15 (1H, S,
Man4-Hl), 5.06 (1H, d, GLcNAcl-H ), 4.95 (1H, s, Man4'-Hl), 4.8 Détemtgr 2005
Man3-H ), 4.69 (1H, d, GlcNAc2-H ), 4.67 (2H, d, GIcNAc5,5 -H'), 25 4.53
(1H, d, Gal6'-Hl), 4.34 (1H, d, Man3-HZ);, 4.27 (1H d, Man4'-H2), 16 Decenber
2005 66 4.19 (1H, d, Man4-H2), 2.97 (1H bdd, Asn-(3CH), 2.76 (11-1, dd,
NeuAc7' - H3eq), 2.61 (1H, bdd, Asn-[3CH), 2.15 (15H, s x5, -Ac), 1.79 (1H,

dd, NeuAc7'-H3ax); HRMS Calcd for C86HL27N7NaC63 [ M+Na+] 2128. 7356, found
2128. 7363. 5 The physical data for the resulting conpound 7 are as foll ows.

' H- NMR( D20, 30C) 7.99 (2H,._d, Froc), 7.79 (2H, d, Froc), 7.55 (4H, m Fnoc),
5.15 (1H, S, Man4-HY) = 5.86 (1H, d, GIcNAcl-H), 4.95 (1H, s, Man4'-H,), 4.82
(1H, s, Man3-H1), 4 H_d, GLcNAc2-Hl), 4.67 (2H& d, A cNAc5,5 -H), 10
4.53 (1H, d, Gal6-H (1H, d, Man3-H2), % H d, Man4'-H2), 4.19
(1H, d, Man4-H2), 2, #d, NeuAc7-H3eq), 2.60
(1H, b dd, Asn-(3 wdd, NeuAc7-H3ax) HRMS
Cal cd for C86H 25N7Na 172.7084. 15 Exanple 4
Synt hesi s of Conpound .3 ®ol) of the conpounds 3
and 7 obtained in of HEPES buffer (50 m\
pH 6. 0) together

(TH “bdd, Asn-(3CH), 2.
.15 (15H, s x5, -Ac),

3[/Nal] 2172.6995, f
agd 8 A mxture (90

UL
sA
usy
BlY
[BA
sA-



with 8 ng of bovine serum al bum n without separating the conpounds from each
other, and 2.88 U of a bovine kidney-derived (3-glucosam ni dasd 6(Ibearnfbacafsed
20 by Signa-Aldrich Corporation, from bovine kidney) was added thereto. This
solution was allowed to stand at 37C fog»18 hours, and thereafter

| yophilized. The residue was purified by HPLC (ODS colum, 2.0 ~ x 25 cm
eluent: 50 nM aqueous ammoni um acetate : nethanol = 65:35, flowrate: 3
mM/mn), and a conpound 4 shown in Figure 2 was eluted after 117 mi nutes,
and a conpound § ZRiiMGs, &k;ﬁg@licat Hefa f%?_?heme@u&mgcoﬁag@uﬁ 28 13ge hig BSlloWES was
coll ected and 16 Decenber 2005 67 Lyophilized. Subsequently, the fraction was
desal ted bdem ggt@m, 2.0 $ x 25 cm eluent: water for a first 15

m nutes, and app iQe fo a gradient of water : acetonitrile of from10:0 to
85: 15 for 3 13eMipd Madd-0IN, 1606 ¢1 80 dMGINAS-HANE. IShamM 10 Magy'agi gnt of water
. acetonitrile of from85:15 to 80720 for a period 5 of from31 to 45

m nut es; fug;ga@q;,es', ﬁa&_gjlﬁ’rﬂ.ag(1H9dgm(g;1p‘§gqqn8,r ed conpound 4 in an anount

of 40 ng an conmpound in an anbunt o . The physical data for the
resulging W%ded RNAES5 .01 ) ons3 oHHINYR ©76,),300) 8.01 (2H, d, Froc),
7.805§2H, 3', Q) ,’%7.%56 (4H, rhb Frm(g), 10 5.6;2 (1R s, Man4-HL), 5.08 (1H,

4 b g A i N 5,645 0%, AR, 499 (14,
3.03 (1H, dd, Asn-BCH), 3.00 (1H, dd, Asn-3CH),
2.76 (2H, dd, NeuAc7,7’-Ha.q), 2.15 (18H, s x6, -Ac),
1.79 (2H, dd, NeuAc7,7’-Hzax)
10

Example 2 Svnthesis of Compounds 1, 2, 6 and 10

The compound 24 (609 mg, 261 umol) obtained in Example 1 was
dissolved in 20.7 ml of water, and 13.8 ml of 0.1 N hydrochloric acid was added
thereto. Immediately after heating this solution at 70°C for 35 minutes, the

15 solution was cooled on ice, and a saturated aqueous sodium hydrogencarbonate
was added thereto to adjust its pH to 7. The solution was lyophilized, and
thereafter the residue was purified by gel filtration column chromatography
(Sephadex G-25, 2.5 ¢ x 1 m, eluent: water, flow rate: 1.0 ml/min), to give
534 mg of a mixture of a compound 24, compounds 25 and 29, and a

20 compound 33 each shown in Figure 3. These four components were proceeded
to the next step without being isolated from each other.

The physical data for the resulting sugar chain mixture are as follows.
'H-NMR (D,0, 30°C)

5.13 (s, Man4-H,), 5.12 (s, Man4-H,), 5.01 (d, GIcNAc1-H,),

25 4.94 (s, Man4’-H,), 4.93 (s, Man4’-H,), 4.82 (s, Man3-H,),



4.55 (1H, d, Gal6-H1), 4.33 (1H dd, Man3-H2), 4.20 (1H dd, Man4-H2), 4.15
(111, dd, Man4'-H2), 2.97 (1H, bdd, Asn-(3CH), 2.76 (2H, dd, NeudDécembdr36y3 ,
2.62 (114, bdd, Asn-(3CH), 2.15 (12H, s x4, -Ac), 15 1.79 (2H, dd, NeuAc7,
7' -H3ax); HRMS Cal cd for C78H114N6NaO48MrNa+] 1925. 6562, found 1925. 6539.
The physical data for the resulting conmpound 8 are as follows. 'H NVR (D20,
30C) 20 7.99 (2H,d, Fnoc), 7.79 (2H, d, Fnoc), 7.55 (4H, m Fnoc), 5.15 (1H,
S, Man4-Hl), 5.06 (1H, d, G cNAcl-Hl), 4.95 (1H, s, Mand4'-H), 4.82 (1H, s,

Man3- Hr) , , . 2H,), 4.4 GG 6% < IH)) . 4. 53 (2H,
d,nGaI Zs) 6' '43?)9((1 (2%%2%%%%&%&5?{@%#@ind, m“?-ﬁa@ HZI?{%»Z.97 (lH,( bdd,

Asn- (3CH2) 4 44. (46 Galble 4H), NQH%@?Mdﬂ%eH%)A.I & Mdnd’1H,),bdd, Asn-(3CH2), 2.15
(12H, s x4, -Acy, 16 Decenber 2005 68 1.79 (1H dd, NeuAc7'-H3ax); HRVS Cal ed

for Cr8H11 + L - d 6 I esi s of
Conpound 54'g§¥g%%§%)ridz g? S(gié%%n E%ﬂﬁgﬁ?@gf g?ﬁ?gafﬁ%ﬁﬁgﬁ? ZH%?\% 3 ny

of bovi nez.%ar(ﬁahaheﬂrﬁmw.g gé §§91%@g 1179 @dTiNeRAJERES, Rehiy ¢80 )M pH

6.0), and 10 U of Jack Bean erive - manhoSi dase was added thereto. This
5

Four-hundred and twenty-nine milligrams of the mixture 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-fluorenyl methyl-N-succinimidyl carbonate (155.7 mg,
461.7 umol) and sodium hydrogencarbonate (80.4 mg, 957 umol), and the

10 mixture was stirred at room temperature for 2 hours. This solution was applied
to an evaporator to remove acetone, and the remaining solution was purified by
gel filtration column chromatography (Sephadex G-25, 2.5 ¢ x 1 m, eluent: water,
flow rate: 1.0 ml/min), to give 309 mg of a mixture of a compound 1, compounds
2 and 6, and a compound 10 each shown in Figure 1. This mixture was purified

15 by HPLC (ODS column, eluent: 50 mM aqueous ammonium acetate : methanol
= 65:35, 2.0 & x 25 cm, flow rate: 3 ml/min). As a result, the compound 1 was
eluted after 51 minutes, a mixture of the compounds 2 and 6 was eluted after 67
minutes, and the compound 10 was eluted after 93 minutes. Each of the fractions
were collected and lyophilized, and thereafter desalted by gel filtration column

20 chromatography (Sephadex G-25, 2.5 ¢ x 30 cm, eluent: water, flow rate: 1.0
ml/min), thereby giving 150 mg of a desired mixture of the compounds 2 and 6.

The physical data for the resulting compound 1 are as follows.

'H-NMR (D0, 30°C)
7.99 (2H, d, Fmoc), 7.79 (2H, d, Fmoc), 7.55 (4H, m, Fmoc),
25 5.15 (1H, s, Man4-H,), 5.06 (1H, d, GlcNAc1-H,), 4.95 (1H, s, Man4’-H;),



solution was allowed to stand at 37C for 21 hours, and then |yophilized.
Subsequent | vy,

10 el uent:

the residue was purified by HPLC (ODS col um, 2. 06DecertbecDdO5
water for a first 15 minutes, and applied to a gradi ent of water

acetonitrile of from10:0 to 85:15 for a4period of from 16 to 30 m nutes,

and then to a gradient of water : acetonitrile of from®85:15 to 80:20 for a
period of from31l to 45 mnutes; flowrate: 3.0 M/mn), to give 20 ng of a
conmpound 5 shown in Figure 1. 15 The physical data for the resulting
conpound 54@82(1d$, § MhedwH ), 4 BONVH, dDENcN2RCYHY), @l 2H, &, GRedaes,ST-1H09, (2H,
7.56 (4H, m Fnoc), 5.00 (1H, d, GlcNAcl-H ), 4.95 (1H, s,

desired

d, Fnoc),

Man4' - H1) , 445BEH 1, G5l6,EH3), H134 (1H, 6 MahbiH

GLcNAC5-Hi ), 4.44 (1H, d, Gale-HL), 20 4.11 2?’1H, dd, Mand' -H2), 4.07 (1H,

4. G7QRG 2 Nn4*4H5H (1H, d,

dd, Man3- H2)19 @I97d (Minabdd, 3A3n1(B G, Aa;ngﬁcx(q%ﬁ,.og lHl,\lﬁdé\QKsnfﬁgHj), 2.62 (1H

bdd, Asn-[3CH), 2.15 (12H, s x4, -Ac), 1.79

Cal cd for @i \
Synt hesi s of Conmpound 9 16 Decenber 2005 69 The conpound 8 (40 ng, 630 nol)

obt aiqned in Ex

) , NeuAc7'-H 3 ); HRMS
NENaQ4BA M RaH 5. ) 173 (G8BY s X¥pund),1763. 6074. 25 Exanple 6

| &d, Nalcd, 7MH.9f); HRMEREalse fonTa, HWINgNee g MiSgclved in 7.8

m of HEPES burfer (50 mM

10

15

20

25

2581.

8838, found 2581.8821.

The physical data for the resulting mixture of the compounds 2 and 6 are

as follows.

'H-NMR (D,0, 30°C)
7.99 (d, Fmoc), 7.79 (d, Fmoc), 7.55 (m, Fmoc), 5.14 (s, Man4-H,),

5.12 (s, Man4-H), 5.00 (d, GIcNAc1-H,), 4.94 (s, Man4’-H)),

4.93 (s, Man4’-H,), 4.82 (s, Man3-H;}), 4.60 (d, GIlcNAc2-H,),

4,58 (d, GlcNAcS,5’-H,), 4.46 (dd, Gal6,6’-H;), 4.44 (d, Gal6,6’-H,),

4.24 (d, Man3-H,), 4.19 (d, Mand’-H,), 4.11 (d, Man4-H,),

2.97 (bdd, Asn-BCH), 2.72 (dd, NeuAc7-Hsq, NeuAc7-Hs,,),

2.64 (bdd, Asn-BCH), 2.15 (s x3, -Ac), 1.79 (dd, NeuAc7-H;,, NeuAc7’-Ha,,)

The physical data for the resulting compound 10 are as follows.

'H-NMR (D,0, 30°C)
7.99 (2H, d, Fmoc), 7.79 (2H, d, Fmoc), 7.55 (4H, m, Fmoc),
5.12 (1H, s, Man4-H,), 5.06 (1H, d, GlcNAc1-H,), 4.93 (1H, s, Man4’-H),),

4.82 (1H, s, Man3-H,), 4.69 (1H, d, GlcNAc2-H,), 4.67 (2H, d, GlcNAc5,5°-H))

b

4.53 (2H, d, Gal6,6’-H,), 4.34 (1H, d, Man3-H,), 4.27 (1H, d, Man4’-H,),

4.19 (1H, d, Man4-H,), 3.03 (1H, bdd, Asn-BCH), 3.00 (1H, bdd, Asn-BCH),



pH 6.0), and 38 U of a Jack Beans-derived a-nmannosi dase was added t hereto.
This solution was allowed to stand at 37C for 63 hours, and thelt Dswepibet 2005d.
5 Subsequently, the residue was purified by HPLC (ODS columm, 2.0 ~ x 25 cm
eluent: water for a first 15 mnutes, amgd applied to a gradi ent of water
acetonitrile of from10:0 to 85:15 for a period of from16 to 30 m nutes,

and then to a gradient of water : acetonitrile of from85:15 to 80:20 for a
period of from31l to 45 mnutes; flowrate: 3.0 mM/mn), to give 30 ng of a
desired 10 xppr2pds R4, TRE); HBMS ahlddafoa T,oM zgmgqa@ﬂMmgW:@mgggop are as
follows. '"H NWR (D20, 30C) 8.01 (2H, d, Fm)cﬁ, 7.80 (2H, d, Fnoc), 7.56 (4H,
m Fnoc), Spodrd (969 6939Mand-H ), 5.08 (1H, d, GlcNAcl-H ), 4.53 (1H d,
Gal6-Hl), 15 4.32 (1H, dd, Man3-H2), 4.28 (1H, dd, Man4-H2), 2.81 (1H, bdd,
Asn-(3CH), 2.76 (1H, dd, NeuAc7-H3Cq), 2.59 (1H, bdd, Asn-(3CH), 2.13 (12H,
s x4, -Ac), 1.80 (1H, dd, NeuAc7H3ax) ; HRVMB Cal cd for C72HL04NONaO43[ M+Na+]

1763. 6034, Hqusie B763 Gilfdsis 40 Conasiingls B APy ot ection of Fnoc G oup
(Synt hesi s 'of Conpound 33) The conmpound 10 (10.5 ng, 5.27 tnol) obtained in

Exanpke 2 vas difgohy@rd anZﬂél\-Aglgfrb7?Im@1 R thaesRBelhde? bnbrabimidegl ifor mam de

solution, and the solution was reacted for 2 hours under argon atnosphere at
room t enpergliwisle 2 Y 28 nid bl bbiinRrsenih altllHRN® e MeGisaslded if 92thl §f Sol ution,

and the m xture was
HEPES buffer (50 mM, pH 6.0), and Diplococcus pneumoniae-derived

p-galactosidase (1.35 U) was added thereto. This solution was allowed to stand
at 37°C for 15 hours, and thereafter lyophilized. The residue was purified by
10 HPLC (ODS column, 2.0 ¢ x 25 cm, eluent: 50 mM aqueous ammonium
acetate : acetonitrile = 85 : 15, flow rate: 3 ml/min), and a compound 3 shown in
Figure 2 was eluted after 129 minutes, and a compound 7 was eluted after
134 minutes. Each of the fractions was collected and lyophilized. Subsequently,
the fraction was desalted by HPLC (ODS column, 2.0 ¢ x 25 c¢m, eluent: water
15 for a first 15 minutes, and applied to a gradient of water : acetonitrile of from
10:0 to 85:15 (volume ratio) for a period of from 16 to 30 minutes, and then to a
gradient of water : acetonitrile from 85:15 to 80:20 for a period of from 31 to
45 minutes; flow rate: 3.0 ml/min}, to give a desired compound 3 in an amount
of 81 mg and a compound 7 in an amount of 75 mg.
20 The physical data for the resulting compound 3 are as follows.
'H-NMR (D0, 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, GIcNAc1-H,), 4.95 (1H, s, Man4’-H,),
4.82 (1H, s, Man3-H,), 4.69 (1H, d, GlcNAc2-H,), 4.67 (2H, d, GIcNAcS5,5’-H,),
25 4.53 (1H, d, Gal6’-H,)), 4.34 (1H, d, Man3-H,), 4.27 (1H, d, Man4’-H,),



25 applied to an evaporator at 35C. The procedures were repeated three tines
to 16 Decenber 2005 70 renpbve the reaction solvent. The resi dudoBsepmbet 200s5d
by gel filtration colum chromatography (Sephadex G 25, 2.5 4 x 30 cm

eluent: water, flowrate: 1.0 m/mn), tgg 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 resulting conpound 33 from Exanple 2. The physical data for the

resultin d f d 3 - 11-1
L5541 7S, PR a7 2 RRSS A0S (TR, SNt D11 )

1H, Man3- 2 5 £ = 7.8
o GloNAch & %“?‘%"’“2“*&“?’?‘” 350, Sk B

Man3- H- 2 # - dd, 1H, J =
N 2 o )1 l{f‘RHliJﬁS SE?} fﬁlzfdzgéHuiNsNadélz[(Ml% @12%65%@% 214281?36?:) A

2.93(dd 1 H J=6.8Hz, 17.0 Hz, Asn-(3CH), 2.08 (s, 3H, Ac), 2.05 (s, 6H,
Acx2), 2.01 (s, 3H, Ac) Exarrple 8 Synt hesis of Conpound 14

5 The physical data for the resulting compound 7 are as follows.

'H-NMR(D0, 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, GlcNAc2-H,), 4.67 (2H, d, GlcNAc5,5’-Hy),

10 4.53 (1H, d, Gal6-H,), 4.34 (1H, d, Man3-H;), 4.27 (1H, d, Man4’-H,),
4.19 (1H, d, Man4-Hy), 2.97 (1H, bdd, Asn-BCH), 2.76 (1H, dd, NeuAc7-Hj,,),
2.60 (1H, b dd, Asn-BCH), 2.15 (15H, s x5, -Ac), 1.79 (1H, dd, NeuAc7-Hs,,) ;
HRMS Calcd for CggH;25N;Na3Os3[M+Na™] 2172.6995, found 2172.7084.

15 Example 4  Synthesis of Compounds 4 and 8
A mixture (90 mg, 47.3 umol) 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 -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 ¢m, 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



20 The conpound 3 (28 ng, 21.3 nol) and 1.0 ng of bovine serum al bum n

di ssol ved in HEPES buffer (50 MM pH 5.0, 454 L),

wer e

and neur am nildd3eember 2005

(manuf actured by Signa-Aldrich Corporation, fromViblio Chol erae, 198 nl)

was added t hereto.

and

thereafter the termnation of the reaction was confirmed by HPLC
The 25 reaction solution was purified by HPLC (YMC Packed Col umm

anal ysi s.

This solution was al lgmed to stand at 37C for 20 hours,

D-ODS-5 S-5 16 Decenber 2005 71 120A ODS No. 2020178, 20 x 250 mm eluent: 50

M aqueous [papmiNized Sabsiqicatly, arefratidn whe desad@d 2y, HPILW

Furt her,

100 mm el ut@e f 25 %im,Wlhéht: RAterfoph Ol RRtintifeenand 4pplaklioar ptQiditidfl ), to
give a desired conpound 14 5 (17 ng, yield: 700/3. The physical data for the

resul ting GeappunettadhieriRsof from 10¥9.to'83: VRIS 0Bdt bl d6 ;@E*O rirmtes, o Hz,

Fnoc), 7.71 (d, 2H, J = 7.5 Hz, Frnoc), 7.51 (dd, 2H, J =

Hz, Fnoc),

: W OBSecoldmml,/ m n) .
the residue was desalted on ODS col um (Cosnosil 75C18- 0PN, 15 Xx

7.43

(dd, 2H, J ind%hén & a griidient ofl@afertact®nithitt ofvBradr 8515, toBMA €6k a pEkiod = 9.5
Hz, GLcNAC1-H-1), 4.92 (s, 1H Mand' -H1). 4.76 (s, 1H, Man3-H1). 4.58 (d,

(d,

1H, Js= 8. QfHiromBUciiAPP mihdiks; HoWTaled 3.0 M l/mdi

1H, J

10

15

20

25

= 7.8 Hz, Gal6' -H 1), 4.34 (t,
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 (D,0, 30°C)
8.01 (2H, d, Fmoc), 7.80 (2H, d, Fmoc), 7.56 (4H, m, Fmoc),
5.22 (1H, s, Man4-H,), 5.08 (1H, d, GlcNAcl1-H,), 4.94 (1H, s, Man4’-H,),
4.84 (1H, s, Man3-H,), 4.69 (1H, d, GlcNAc2-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’-Hs.), 2.62 (1H, bdd, Asn-BCH), 2.15 (12H, s x4, -Ac),
1.79 (2H, dd, NeuAc7, 7°-Ha,.); HRMS Caled for C7gH{14NgNaOg[M+Nat]
1925.6562, found 1925.6539.

The physical data for the resulting compound 8 are as follows.
'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, GIcNAc1-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;),
4.53 (2H, d, Gal6,6’-H,), 4.34 (1H, d, Man3-H;), 4.27 (1H, d, Man4’-H,),
2.97 (1H, bdd, Asn-BCH,), 2.76 (1H, dd, NeuAc7’-Hs,,),

2.61 (1H, bdd, Asn-BCHy;), 2.15 (12H, s x4, -Ac),

1, & e dShetiofipdint)s 4. 47
noc) ,



4.24 (bd, 1H, J = 1.9 Hz Man3-H2), 15 4.18 (bdd, 1H, J 1.4 Hz, 3.3 Hz,
Man4-H2), 4.11 (bdd, 1H, J = 1.4 Hz, 3.5 Hz, Man4'-H 2), 2.7 Dé&edchbed )05
= 3.0 Hz, 15.7 Hz, Asn-(3CH), 2.52 (bdd, 1H, J = 8.7 Hz, 15.7 Hz, Asn-(3CH),
2.06, 2.05, 2.04, 1.89 (each s, each 3H68Ac); HRMB Calcd for 20
C75H110N6NaO45[ MtNa+] 1837. 6402, found 1837.6471. Exanple 9 Synthesis of
Conmpound 19 The conmpound 7 (20 ng, 9.4 nol) and 1.6 ng of bovine serum
al bumin were dissolved in HEPES buffer (50 mMM pH 5.0, 323 L), and
neur ani ni dase® (125 ddyd¥eifAct died); YR MY alal fir iRt GoNp a8 d+ Nar dm Vi bl i o
Chol erae, 141 mJ) 16 Decenber 2005 72 was added thereto. This solution was
al | oned t 0182506363 fBING ¥FAS.AWBhours, and thereafter the ternmination of the
reaction was confirmed by HPLC anal ysis. Subsequently, the reaction solution
was purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A ODS No. 2020178, 20
x 250 mm eluent: 50 mM 5 aqueous ammoni um acetate : acetonitrile = 80: 20,
fl ow r at e: E&amiplerdn) .Svhthdashesf Compounds due was desalted on an ODS col um
(Cosnosil 75C18-0OPN, 15 x 100 mm eluted first with 50 nL of H2O and then
Wi t h 25% acet oniTtheidoeppoura 4 3 g 4083imel) obtamed MIEX8mplS4rmmd 3/ivg of 76%) .
The structure of the resulting

bovine serum albumin were dissolved in 6 mi 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,
10 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.
15 The physical data for the resulting compound 5 are as follows.
"H-NMR (D0, 30°C)
8.01 (2H, d, Fmoc), 7.80 (2H, d, Fmoc), 7.56 (4H, m, Fmoc),
5.00 (1H, d, GlecNAc1-H,), 4.95 (1H, s, Man4’-H,), 4.84 (1H, s, Man3-H,),
4.67 (1H, d, GIcNAc2-H;), 4.56 (1H, d, GlcNAc5-H,), 4.44 (1H, d, Gal6-H,),
20 4.11 (1H, dd, Man4’-H,), 4.07 (1H, dd, Man3-H,), 2.97 (1H, bdd, Asn-BCH),
2.76 (1H, dd, NeuAc7’-H;.y), 2.62 (1H, bdd, Asn-BCH), 2.15 (12H, s x4, -Ac),
1.79 (2H, dd, NeuAc7’-Ha,,); HRMS Calcd for CjH;04NgNaO,3[M+Na™]
1763.6034, found 1763.6074.

25 Example 6 Synthesis of Compound 9




conmpound was confirmed fromthe finding that its 1H NVR was identical to that
10 of the preparation. Exanple 10 Synthesis of Conpound 15 The 1@6?@9@?1@??400@45
ng, 24 nol) and 1.7 ng of bovine serumal bumin were dissolved in HEPES
buffer (50 mM pH 5.0, 820 L), and neur gy nidase 15 (manufactured by
Sigma- Al drich Corporation, fromViblio Cholerae, 134 nlJ was added thereto.
This solution was allowed to stand at 37C for 14 hours, and thereafter the
term nation of the reaction was confirmed by HPLC anal ysis. Subsequently,

the reaction SO'M&% Y éh()'rﬁ’g @oﬁﬁleg d¥Mactag 8% me 144y 5f5 S-5
120A ODS No. 2020178, 0O My eluent:” 50 mM 20 aqueous anmoni Um acet at e

. acetonit rﬂobﬁlerseﬁ}ﬁn?ﬂbuHlﬁ\wrefd@ssoﬂvdaunm B)ml GUHEPES, buﬂfé}e(sne;ﬁmue was
desalted on an ODS col um (Cosnosil 75Clg-OPN, 15 x 100 mm eluted first with

50 nL of iﬁ?{ 3@45)?? BIW b aaéek @%@h@abh%a %amahaos@ageewas d88id aftre@mpound 15

(28 nmg, The physical data for the resulting conpound are as

foll 2 F
70710‘("’3 Zﬁhlg'fs@'MBoﬁ%@Q aﬂ&vé@t—‘@g@aﬁa a?@%CT%rH éi hggrsﬁlgnd hén }é( ngh)?hz'%cﬁi4 ( g‘d)c)

2 35~ 7. SeqfURR) e Eostfhdas amlﬁafa% HPLE (D820l ihnn 1410 & x2Pei, He.

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-BCH),
2.76 (1H, dd, NeuAc7-Hse,), 2.59 (1H, bdd, Asn-BCH), 2.13 (12H, s x4, -Ac),
1.80 (1H, dd, NeuAc7Hj;,, ) ; HRMS Calcd for Co;H;04NgNaO4[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



4.92 (s, 1H, Man4'-H1), 4.76 (s, 1H Mn3-H 1), 4.58 (d, 2H,

A cNAc2,5' -H 1), 5 4.47 (d, 1H, J = 8.0 Hz, Gal6'-H 1), 4.35 (16 DddImberd®)s,
4.24 (bd, 1H, J = 1.9 Hz, Man3-H2), 4.11 (bs, 1H, Man4'-H2), 4.07 (bs, 1H,
Man4-H2), 2.72 (bd, 1H, J = 15.5 Hz, Asi®(3CH), 2.52 (bdd, 1H, J = 8.7 Hz,
15.5 Hz, Asn-(3CH), 2.06, 2.04, 1.89 (each s, each 3H, Ac); HRMS Cal cd for
10 C67HO7NSNaO40[ MtNa+] 1634. 5608, found 1634. 5564 Exanple 11 Synthesis of
Compound 70 The conpound 15 (11 , 6.8 nol) and 1.5 ng of bovine serum

al bumi n  weemodk $bo ksaationrsoHEPIES Thefresidu¢ Sousrvrifpad By gel bmtion calnthn

(3-gal actosi dase 15 (manufactured by Sei kagaku Corporation, from Jack Beans,
11 L, 275 mbyomatogasipled(Sdpdaden G-2hj g.SSbkLﬁQ on, amsntwaegdlavo rateand at 37C
for 14 hours, and thereafter the termnation of the reaction was confirned
by HPLC andl.§silsmiijhte giveak trigoef & desitddorompeunpsli33 shewnby Hipwe X neldPacked
Colum D-ODS-5 S 5 120A ODS No. 2020178, 20 x 250 mm eluent: 50 nM aqueous
ammoni um 20686kt Bhe strucinet oftlterieseltmg8@m2tourfd was canfirmed flotmihe) findimyt her ,
the residue was _ desalted on an ODS col um (Cosnpsil 75C18-0OPN, 15 x 100 nmm
el ut edl firshat i tH-NWIRripexftrus? @ asridenticn toithdt of5he sasettong compedind 88 gi ve a
desired conpound 70 (6.3 ng, yield: 64% . The physical data for the

resul ti ng doompdinaple€.as foll ows. 25 1H NWR (300

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, GlcNAc1-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, GIcNAc2-H-1),
4.58 (d, 2H, J = 7.8 Hz, GlcNAc5,5’-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



16 Decenber 2005 74 57.91 (d, 2H, J = 7.5 Hz, Fnoc), 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 led)ccEmber)2005
5.10 (s, 1H, Man4-H1), 4.99 (d, 1H, J = 9.5 Hz, G cNAcl-H 1), 4.91 (s, 1H,
Man4' -H 1), 4.76 (s, 1H, Man3-H 1), 4.5%1(d, 2H, G cNAc2,5 -H 1), 5 4.32 (t,
1H, Frnoc), 4.24 (bs, 1H, Man3-H 2), 4.10 (bs, 1H, Man4-H 2), 4.06 (bs, 1H, J
= 1.3 Hz, Man4'-H2), 2.72 (bd, 1H J = 14.0 Hz, Asn-f3CH), 2.52 (bdd, in, J
= 9.5 Hz, 14.8 Hz, Asn-f3CH), 2.06, 2.05, 1.89 (each s, each 3H, Ac); M5(Fab)
Cal cd for 1C0AHBEIONBSPNRGH]S, 1460250 thowethehdFTD mM hquexamphendidufynt hesi s of
Compound 20 The conpound 8 (47 ng, 25 nol) and 1.9 ng of bovine serum al bum n
wer e di ssolgedtd naddiRiaBileus 88120( 5@ wriMte .pHA./Gin B4Buither, dredresilireawiagi dase
(manuf actured by Signa-Aldrich Corporation, fromViblio Chol erae, 369 nlJ) 15

was added idbsdleidoon TS cehimit (Gosmasil abCowePN,0l 5% d00 rain, 3Rted dirsBwithour s,
and thereafter the term nation of the reaction was confirmed by HPLC

anal ysi s. ThanLrefddi® andshénwidre S@sadesonifile), 2@ giveaandediterl ¢omppbuhd 2e¢d product
was subsequently purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A ODS
No. 292017817 34,%ild070%). elmeephiysicd) datd faguke usudimDesrpoasehas gs
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, GlcNAc1-H-1),
492 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
4.58 (d, 1H, J = 8.0 Hz, GIcNAc2-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 (1, 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 Cy5H110NgNaOys[M+Na "] 1837.6402, found 1837.6471.

Example 9 Svynthesis of Compound 19

The compound 7 (20 mg, 9.4 umol) 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)



20 acetonitrile = 80:20, flowrate: 4 nL/mn). Further, the residue was
desalted on an ODS col um (Cosnosil 75C18-CPN, 15 x 100 nm ellGtegembersd005
with 50 nL of H20 and then with 25% acetonitrile), to give a desired
conmpound 20 (26 ng, vyield: 65%. The phsgpsical data for the resulting
conpound are as follows. 'H NWR (30C) 25 57.92 (d, 2H, J = 7.5 Hz, FnoC),
7.71 (d, 2H, J = 7.5 Hz, Fnoc), 16 Decenber 2005 75 7.51 (dd, 2H, J = 7.5 Hz,
Fnoc), 7.43 (dd, 2H, J = 7.5 Hz, Frnoc), 5.12 (s, 1H, Man4-H 1), 4.99 (d, 1H,
J = 9.4 Hz wdslaidddhbteld. TAiSsblGSen s aMawAd-toFsiand £ 377 A for 18HthodYsnad+ 1) ,
4.57 (bd, 2H, G cNAc2,5' -H 1), 4.46 (d, 1H J = 7.5 Hz, (A16'-H 1), 4.34 (t,
3H, Fnoc), tHerdéfttbthe tdihin¥eiod oftthe reactondwddcddfsrmetdby MPI4 khlysis2. 72 (bd,
1H,.[ = 15.5 Hz, Asn-(3CH), 2.52 (bdd, 1H, J = 9.2 Hz, 15.5 Hz, Asn-(3CH),

2. 06, 2.05Sybs&PudmBC theSreaed6h satdtiofowas gﬁﬁfﬁe&:@&(}@PL@(Yl\@@MXdﬁﬂl\bQ 4p[ M-Na+]
1634. 5608, found 1634.5644. 10 Exanple 13 Synthesis of Conmpound 71 The

conpound 2@ d1ddnD-ODS$A5 RBI1202NG IS NoTa0201 TDVINE 256, 8luRHIY 30 mMgr €
di ssol ved in HEPES buffer (50 M pH 5.0, 330 RL), and (3-gal act osi dase

(manuf act urgdeys MBnkAGaHULEPORaEI0ANld £ BT IRTloWBeRES4 ml/mdifl), FoSthefl) was
added thereto. This solution was allowed to stand at 37C for 46 hours, and
the residue was desalted on an ODS column (Cosmosil 75C3-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 umol) and 1.7 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 820 uL), and neuraminidase
15 (manufactured 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,0 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)



15 thereafter the term nation of the reaction was confirnmed by HPLC anal ysi s.
The reaction solution was purified by HPLC (YMC Packed Col umm !1pDepgnber3085
120A ODS No. 2020178, 20 x 250 mm eluent: 50 nM aqueous amoni um acetate :
acetonitrile = 80:20, flowrate: 4 nlL/nhg). Further, the residue was
desalted on an ODS col um (Cosnosil 75C18-0OPN, 15 x 100 nm eluted first 20
with 50 nL of H2O and then with 25% acetonitrile), to give a desired conpound
71 (6.6 ng, yield: 61%. The physical data for the resulting conpound are as
follows. 'Bh!_?!‘%d(éﬂﬁ 57, 907 #motlh 7.917d, 213, J2.7. 5L)Emde)/0 (d, 2H J = 7.5
Hz, Froc), 25 7.49°(dd, 2H,Z’J = b/j.5 Hg Fnoc), 7.42 (dd,)’ZH, J =7.5 Hz,
Froc) , 16 DeqeRen 290574615, oy, 7. MM D5 oy $dd, 1H J = 9.4 He,
GlcNAcl - H 1), 4.91 (s, 1H l\/hn4'-i‘rl),(4.’76 (s, 1H K/ans-cﬂﬁl), 4.55 (d, 2H,
d cNAC2, 5- KB ge. 18, RbaddLH- 1544 5906) 1HAT 24 § b GIENAGDA:1;2), 4. 18 (hs, 1H
Nan4-H2),l5%%S’%§d, EiH, J Elg%r?ﬂz, 3.3 Hz, Man4'-H2),bL’5 2.72 (bd, 1 H, J

2
= 15.5 Hz, D@ H; O ke, , -13. 06,
2 05, 1 66 Canch o Math HVARe LA R 4 L GBI

1450., found AA3%,3 = 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, Mand-H-2), 2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),
2.52 (bdd, 1H, J = 8.7 Hz, 15.5 Hz, Asn-pCH),
2.06, 2.04, 1.89 (each s, each 3H, Ac); HRMS Calcd for

10 Cg7HoNsNaO o[ M+Na*] 1634.5608, found 1634.5564

Example 11 Synthesis of Compound 70

The compound 15 (11 mg, 6.8 pmol) 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 puL, 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 75Cg-OPN, 15 x 100 mm, eluted first
with 50 mL of H,O 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)



10 Exanmpl e 14 Synthesis of Conpound 16 The conpound 5 (32 ng, 18.4 nol) and
2.5 mg of bovine serumal bumin were dissolved in HEPES buffer [&GDeteMbepBD(5
5.0, 713 L), and neuram nidase (manufactured by Signma-Aldrich Corporation,
fromViblio Cholerae, 134 nlJ was added4t hereto. This solution was all owed
to stand at 37C for 17 hours, and 15 thereafter the term nation of the
reaction was confirmed by HPLC anal ysis. Subsequently, the reaction solution
was purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A ODS No. 2020178, 20
x 250 nm &V9anfd; 260 Jrv7. aHaebmocarhifi(drdcbrat.& Hademonitrile = 80:20, flow
rate: 4 nmb/m ng Further, the residue was desalted on an CDS coI um
( Cosnosi | 75@18“(12&12@7155%2, Foocyd.43K(dd e d Fst.5 W2 Fmec)l of H20 and t hen
with 25% acetonitrile), give a desired conmpound 16 (13 ng, yield: 529%.
The physi callOd@t &Hf (Mamﬁhé{ 1Be459|9 {d, nlchbrrﬂbﬁanr& &rleN&clr B ows. 1H NWVR (300)
87.92 (d, 2H, J = 7.5 Hz, FnoC) 771%{% J =7.5 Hz, Fnoc), 25 51
(dd, 2H, 34917(s5leMﬁm4)cI)i 1)744743 (@daH n?z}H=1)z4555Hﬁd %tﬁchAszﬁe&éfﬂﬁer 2005
77 5.00 (d, 1H, J = G cNAcl - 4.92 (s, 1H, Man4'-H 1), 4.75 (s,
1H, Man3- H4BR, (t41H8F(xtbc),24—124Ibs; 1H,5M|a|z;3 I@ﬂjl\lﬂ\d@ (b5, W) Mand-U72),d, 1H, J = 7.8
Hz, Galé'-H-1), 4.34 (t, 1H Fnoc), 4,10 (bd, 1H Man3-H2),

406(bs 1H,J = 13Hz Man4 H2) 2.7 (bd 1HJ 14.0 Hz, Asn- fCH),

2.52 (bdd, 1H, J = 9.5 Hz, 14.8 Hz, Asn-BCH),
2.06, 2.05, 1.89 (each s, each 3H, Ac); MS(Fab) Calcd for
Ce1HggNsO3s[M+H™] 1450.5, found 1450.4.

10

Example 12 Synthesis of Compound 20

The compound 8 (47 mg, 25 pmol) 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 HPL.C 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: 50 mM aqueous ammonium acetate :

20 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 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),



4.07 (bs, 1H Man4'-H2), 2.72 (bdd, 1H, J = 15.5 Hz, Asn-(3CH), 5 2.52 (bdd,
1H, J = 9.2 Hz, 15.5 Hz, Asn-(3CH), 2.07, 2.05, 1.89 (each s, e&dbe@ber)05
MS( Fab) Cal cd for ChlH83N5QB5[ M+rH+] 1450.5, found 1450.3. Exanple 15

Synt hesi s of Conpound 17 10 The conpounds16 (9 ng, 6.2 nol) and 1.6 ng of
bovi ne serum al bumn were dissolved in I'-1EPES buffer (50 mM pH 5.0, 613
L), and (3-gal actosidase (nmanufactured by Sei kagaku Corporation, from Jack
Beans, 186 nlJ) was added thereto. This solution was allowed to stand at 37C

for 32 hour ther eaf ¢ Foltso)t eumi@at hanyof 75he, 1 j on was confirmed
by HPLC an::{f%yls?ds‘b.cj zﬁgreécﬁzén 15 )éol ut(i oh Was pur ir}?%’e}?ﬁgy’ HPLC ( YMC Packed

Col um D- 03555151 30 703, Moo (@0A172 0301 GRAARY.rehyent: 5O MM aqueous

anmoni um acet a{ acet oni = 80:20, flowrate: 4 mn). Further, the

%EE? ;é:f i’i‘i‘f@%@ﬁﬁ“ﬁﬁ‘*’a '12?37?1%“ﬁ%%ﬁfﬁ‘j&%‘%Z?éf’ﬁ?fﬂ?‘igﬁ@?ﬁ?ﬁé a
resul ting (%‘?r%gﬂnl ’ajr g égﬁzdlﬁ%ﬁﬁﬁﬁ%ﬁ@ ?%g)q“@yg@g?‘lgs’ gﬂ,’ 1\%29{:4 ﬁ?)l’-lz
Cad. Sn 3 A9 T Va2 2aTB0) v, =055 88 ARBRHIAT . 1) a b (s
1H  Man4’ - 49 (hac2 P2 o S s 571z, Rsd-gic), GLCNAC2, 5" - K- 1),

2.06, 2.05, 1.89 (each s, each 3H, Ac); HRMS Calcd for

Cy7HoNsNaOyo[M+Na* | 1634.5608, found 1634.5644.

10 Example 13 Svynthesis 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 puL, 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)
§7.90 (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),



16 Decenber 2005 78 4.09, 4.07 (s, 1H, Man4'-H 2, Man3-H2), 2.72 (bd, 1H, J
= 15.5 Hz Asn-13CH), 2.56 (bdd, 1H, J = 8.1 Hz, 15.5 Hz, Asn- (18@Mcemperd005
2.05, 1.89 (each s, each 3H, Ac); MS(Fab) Calcd for C55H77N5NaQ, o] MFNa' ]
1310. 5, found 1310.2 5 Exanple 16 Synthegis of Conpound 18 The conpound 17
(3.4 ng, 2.6.tnol) and 1.1 ng of bovine serum al bumn were dissolved in
HEPES buffer (50 mMM pH 5.0, 257 L), and N-acetyl-(3-D glucosam nidasc
(Sigma- Al drich Corporation, fromJack Beans, 10 144 mlJ) was added thereto.

Thi s sol utison (@%PE'MQM@Q{IF), sbond, aH, 30 hqz AP EH-ad thereafter the
termnation of the reaction"was confirnmed by HPLC anal ysi's. The reaction

sol ution V\/@;@p%ilﬁ,qqaﬁzly’-ﬁeﬂ-gélﬁ@/@, E@E‘Mﬁ'ﬂﬁ?{g%g%%ﬁﬁﬁA@%{@ﬁ No.

2020178, 20 x O mMm eluent? 50 nmM aqueous m acetate : acetonitrile

= 80:20, Lo 13y, Bkl 004 (o EL Itin3 £12) 1018 €54, due Mg 923! ted on an 0DS
col um (Cosnosil’ 75C1B-OPN,” 15 x 100 nm ef’uted first wth 50" of H20 and

then with 25§ ed‘{pth{]ijgill_gnz 303 PizV®1g9ggined conpound 18 (2.1 np, yield:
75% . The physicdl data for the resulting Conpound are as follows. 'H NWR
(300) 5 2.72 (bd, 1H, J = 15.5 Hz, Asn-BCH),

2.52 (bdd, 1H, J = 8.0 Hz, 15.5 Hz, Asn-3CH),

2.06, 2.05, 1.88 (each s, each 3H, Ac); MS(Fab) Calcd for

Ce1HgsN5sO35[M+H "] 1450.5, found 1450.3

10 Example 14 Synthesis of Compound 16

The compound 5 (32 mg, 18.4 pmol) and 2.5 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 713 uL), 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;g-OPN,

20 15 x 100 mm, eluted first with 50 mL of H,O 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),



20 67.91 (d, 2H, J = 7.5 Hz, Fnoc), 7.71 (d, 2H, J = 7.5 Hz, Fnoc), 7.51 (dd,
2H, J = 7.5 Hz, 7.5 Hz, Fnoc), 7.43 (dd, 2H J = 7.5 Hz, 7.5 HA0 Degewber 208500
(d, 1H, J = 9.7 Hz, GlcNAcl-H1), 4.91 (d, 1 H J = 1.6 Hz, Man4' -H1), 4.76
(s, 1H Man3-H 1), 4.58 (d, 1H J = 7.8, GIcNAc2-H 1), 4.34 (t, 1H Fnoc),
4.07 (d, 1 H J =2.7 Hz, Man4' -H2), 25 3.97 (dd, 1H, J = 1.6 Hz, 3.7 Hz,
Man3- H-2), 16 Decenber 2005 79 2.72 (bdd, 1H, J = 3.2 Hz, 15.1 Hz, Asn-(3CH),
2.52 (bdd, 1H, J = 8.9 Hz, 15.1 Hz, Asn-(3CH), 2.07, 1.89 (each s, each 3H,
Ac);  MB(Faljg CE&'MJQ@.W#@@M\Q%H‘@N@Z ﬁg@ﬁ- ‘Mari@umg}O%-B 5 Exanple 17
Synt hesi s of npound 21 The conpound (28 , 16 nol) afd 1.7 nmg of bovine
serum al bum 75 MGEE Mbﬁ@q{-\iz,d%ga éb*,Eﬂi,SJQU‘f.IS%Z,@QNMZ,BHPﬁl , 624 L), and

neur am ni dase *(nmadufacture i gma- Al dr Cor poration, fromViblio

Chol erae, 4177 p)y [y vps fggitﬁﬁg dd??*-ﬁf—?% 4THY & Al FH%BA, %@t(ﬁh' P4 f3-fiLand at

37C for 17 houtg, and _ reafter the tefm hati he’ r'eact1 on was

by LG (it P B AR S H - S B M5 TSRS R8I D5, 20 X 250 Tm

el uent: 50 erely Sra u ake, . tonitrile = 80:20, flowrate: 4
m./ m'%). Ft]f)‘ﬁ\%gr, ’q?ﬁg?g?l) &éﬂrsv\ggﬁ ’esaliltﬁecg%gn an ODS col um ( Cosnosi |
75C, 8- PN, 5 07, 2.05, 1.89 (each s, each 3H, Ac); MS(Fab) Calcd for Ce;HggN5O35[M+H*]

1450.5, found 1450.3.

Example 15 Synthesis of Compound 17

10 The compound 16 (9 mg, 6.2 pmol) and 1.6 mg of bovine serum albumin
were dissolved in HEPES buffer (50 mM, pH 5.0, 613 pL), and p-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: 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,O 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)
$7.89 (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, GlcNAc2,5’-H-1),



15 15 x 100 mm eluted first with 50 nL of H20 and then with 25%
acetonitrile), to give a desired conpound 21 (14.6 ng, yield: 1&3%cembhe2005
physi cal data for the resulting conpound are as follows. 'H NVR (30C) 87.92
(d, 2H, J = 7.5 Hz, Fnoc), 7.71 (d, 2H,79 = 7.5 Hz, Fnoc), 20 7.50 (dd, 2H,
J =7.5 H, Fnoc), 7.43 (dd, 2H, J = 7.5 Hz, Fnoc), 5.12 (s, 1H, Man4-H 1),
4.99 (d, 1H, J = 9.5 Hz, GcNAcl-H1), 4.77 (s, 1H, Man3-H 1), 4.57 (d, 2H,
J =7.2 Hz, GcNAc2-H 1), 4.46 (d, 1H, J = 7.8 Hz, (al16-H 1), 4.34 (t, 1H
Froc) , 4. 22,00bd,071(d, 1B, Man47-H22, Nfan3-H42%)2.723 (B9, 11, J £H5. 58IAAEhHDCH) 25 2. 72
(bdd, 1H, J = 15.5 Hz, Asn-(3CH), 16 Decenber 2005 80 2.52 (bdd, 1H, J = 9.8
He, 155 HeSeAend( 8L = 2109, (15,5 6t AMABTIN]. BO (s, 3H Ac); WS(Fab) Cal cd
for CA HB88NSQB35[ MrH ] 1450.5, found 1450.3. Exanple 18 Synt hesis of Conpound
22 5 The coumponnd, 1139 &AchEg, e;ﬁ;hggﬁpm;mg(ﬂa O3 caffobovi ne serum al bum n
wer e di ssolved in HEPES buffer (50 pH 5.0, 672 L), and (3-gal actosi dase
( manuf act UC%‘H}?N ﬁg@ﬂmkyaﬂ)rmms,ifgnndﬁBq)szack Beans, 205 nlJ) was added
thereto. Thi's solution was allowed to stand at 37C for 20 hours, and
thergafter the termnation of the reaction was confirnmed by HPLC anal ysi s.
The reaction

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--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 HPI.C (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;3-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 $7.91 (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, GIcNAc1-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),



10 solution was purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A ODS No.
2020178, 20 x 250 mm eluent: 50 nmM aqueous ammpni um acet ate : BEPtemiber D@ =
80:20, flowrate: 4 mJrin). Further, the residue was desalted on an ODS
colum (Cosnosil 75C18-0OPN, 15 x 100 mm.,.eluted first wth 50 nL of H20 and
then with 25% acetonitrile), to give a dési red conmpound 15 22 (5.6 ng, yield:
64% . The physical data for the resulting conpound are as follows. 'H NWR
(300 67.87 (d, 2H, J = 7.5 Hz, FnoC), 7.67 (d, 2H, J = 7.5 Hz, Fnoc), 7.48

2, B, Yl e B, 2 0, B2 6 O
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Co55H7gNSO30[ MHH+] 1288. 5, found 1288. 3. Exanple 19 Synthesis of Conpound 23
The conpound 22 (3.6 ng, 2.8 unp]) and 1.2 ng of bovine serum

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 75C3-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)
§7.92 (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-BCH),



5 al bum n were dissolved in HEPES buffer (50 mM pH 5.0, 277 ulL), and

N- acet yl - (3- D- gl ucosani ni dase (Si gma- Al drich Corporation, fromlddedceBbanz(05
195 nJ) was added thereto. This solution was allowed to stand at 37C for 24
hours, and thereafter the term nation ofyst he reacti on was confirned by HPLC
anal ysis. The reaction solution was purifTied by HPLC (YMC Packed Col umm 10
D-ODS-5 S-5 120A ODS No. 2020178, 20 x 250 mm eluent: 50 nM aqueous ammoni um
acetate : acetonitrile = 80:20, flowrate: 4 mJm n) Further the residue

m@fhdggzmﬁcﬁ?%%gg% (r:\glngJ\;\nmt %%5%?:{%%? Zi@tlfll(@%\‘( t; gl ve‘a de5| ?Lgt ed first
2 15
comound 23896 TR iAd SSEab{ R CLUSISRY. AL Tab0S Fap LaRgtS,
(d, 2H, J = 7.5 Hz, Fnoc), 7.50 (dd, 2H, J = 7.5 Hz, Fnoc), 7.43 (dd, 2H, J
= 7.5 Hz, Froc), 5.11 (s, 1H, Mand-H 1), 4.99 (d, 114, J = 9.7 Hz,

A cNAc1- H 77 )ay 4.57 (d, 1H, J = 6.5 Hz,
GcNAcI—I—le)MQSS%SJrOf %, 1H, 3 = 3.0 Hz, Man3-H2), 4.07

Eggg iﬂ j - 813’ %m&@ﬂéﬁ%@%ﬁ %g%&?rﬂﬁ% %(gil 6img (eacﬁgse eac&)?t%? A02 >
MS( Fab) Cal“?ecxlch?gso%éﬂgwé%%[g\@fﬂr}(]solrg@ﬁ p‘h ST@%F}'Q dﬂ?gng B-ég)lactosmase

(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 75C5-OPN, 15 x 100 mm, eluted first
with 50 mL of H,O 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)
$7.87 (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, GlcNAc2,5-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-CH),
25 2.54 (bdd, 1H, J = 9.5 Hz, 15.5 Hz, Asn-BCH), 2.05 (s, 6H, Acx2),



16 Decenber 2005 82 Exanple 20 Synthesis of Conpound 11 The conpound 10 (123
my, 62 nol) and bovine serumalbumin (1.1 ng) were dissolved i 6 BERnShdaabber
(50 MM pH 5.0, 2.5 nL), and (3-gal actosi dase (manufactured by Sei kagaku

Cor poration, from Jack Beans, 24 L, 612 811J) was 5 added thereto.
solution was allowed to stand at 37C for 61 hours, and thereafter the

termnation of the reaction was confirned by HPLC anal ysi s.

The

Thi s

reaction

solution was |yophilized, and subsequently purified by HPLC (YMC Packed
Col utm D- DSBS (S35, 1ROAMBTF a6) .CA262 03785 s H2AN 30 R R +HY | 828854 found 1B8SaBueous

ammopni um acetate : acetonitrile = 80:20, flowrate: 3.5 nL/

mn).

10 Furt her,

the residue was desalted on an ODS colum (Cosnosil 75C18-0PN, 15 x 100 mm

eluted first with 50 nL of H20 and then with 25% acetonitri

le),

to give a

desired corpeunslc 1D (Syinthesis wi €otpotdid)23 The physical data for the resulting
7.5 Hz, FnoC),

7.71 (d, 2H, ,| FhéledmpBundR¢3.6 mg, 3@ md]) @i 1.2Img of bovhie sdri@c) , 7. 43 (dd,
2H, J = 7.5 Hz, Fnoc), b5.11 (s, 1H Mand-H 1), 4.99 (1H d,,[ =
GLcNAg 1- H Blbumth @érd dissdived MUHEPES buffed (FBm(M, pHH .OMTB i) land 4. 55 (d, 2H,

conpound are as follows. 'H NWR (30C) 15 57.91 (d, 2H, J =

J = 8.6 Hz, GlcNAc2,5-H 1), 4.34 (t, 1H Fnoc),

9.9 Hz,

N-acetyl-B-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)
§7.91 (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, GlcNAc1-H-1),
20 4.77 (s, 1H, Man3-H-1), 4.57 (d, 1H, J = 6.5 Hz, GlcNAc-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-3CH),

2.52 (bdd, 1H, J = 8.9 Hz, 15.5 Hz, Asn-BCH), 2.05, 1.89 (each s, each 3H, Ac);

MS(Fab) Calcd for CuyHgsN,Oys[M+H] 1085.4, found 1085.3.

25



20 4.24 (s, 1H Man3-H2), 4.18 (s, 1H Mand-H2), 4.10 (s, 1H_ Man4'-H 2
2.72 (bd, 1H, J = 15.5 Hz, Asn-(3CH), 2.51 (bdd, 1H, J = 9.0 HAS Dwembe2005
Asn-(3CH), 2.06 (s, 3H, Ac), 2.05 (s, 6H, Acx2), 1.88 (s, 3H Ac); HRMVS

Cal cd for C69H100N6NaO40[ M+rNa+] 1675. 5843, found 1675.5841. 25 16 Decenber
2005 83 Exanple 21 Synthesis of Conmpound™2 The conpound 11 (50 ng, 30 ltnol)
and 2.0 ng of bovine serumal bumn were dissolved in HEPES buffer (50 mM pH
5.0, 920 L), and N-acetyl-(3-D gl ucosam ni dase (nanufactured by

Si gma- Al dl‘l%g@E@@r %in‘?ﬁesissaf@%@@‘ﬂleans 2.1 U was added thereto. This

sol ution : ~for 48 hours, and thereafter the

;Olzgl .”gh' g%s"Lg?f*fe Sﬁﬁéﬁrﬁﬂtﬁfﬁ@%ﬁﬁ&&ﬁ%ﬁ%ﬂ% F ke Bty CREY 10 |
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oDS 1 50
o 2 Sy B OGH eg, A Beis cSipaly 0 (25
mg. ﬁ\:l d: a99e/8 the-lggt% ﬂﬁ%s ﬁﬁmn ta? aflgwed t§ sfafia tt3'79@ f%ogrf%orl]lcrjs ezlirn

foll
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,3-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 $7.91 (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, GlcNAc1-H-1),
491 (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
CeoH100NsNaO,o[M+Na™] 1675.5873, found 1675.5841.

25



'H- NMR (300) 15 67.91 (d, 2H, J = 7.5 Hz, Fnoc), 7.70 (d, 2H, J = 7.
Fnoc), 7.50 (dd, 2H, J = 7.5 Hz, Fnoc), 7.43 (dd, 2H J = 7. 161Dec¢1nb¢,r)2005
5.10 (s, 1H, Man4-H1), 4.99 (d, 1H,J= 9.7 Hz, G cNAcl-H 1), 4.91 (bd, IN, J
= 1.6 Hz, Man4'-H 1), 4.77 (s, IN, Man3- |§L1) 4.58-4.52 (b, IN, GcNAc2-H1),
4.33 (t, IN Fnoc), 4.24 (bs, IN, Man3-F'2), 20 4.06 (dd, IN J = 1.6 Hz,
3.2 Hz, Man4-H2), 3.97 (dd, IN, J = 1.6 Hz, 3.5 Hz, Man4'-H2), 2.72 (bd,
IN, J = 15.5 Hz, Asn(SCH) 2.53 (bdd, IN, J = 9.0 Hz, 15.5 Hz, Asn-(3CH),
2.05, 1.88 : l e 22 Synt heS|s of Corrpound 13 16
Decenber -“- nl?jnl)l nol) and 0.9 ng of bOVI ne serum

2|cblrjrg1nﬂosy\§;§ed|’[?%gér9ﬁgcl{ ur edfﬁn%]%rgal%ﬁg%ng% r"pgﬁg Y%ﬁc}seH d II<n Beans,
30 L, 3.2 T 37C
for 21 hou ereﬁ%{)@d ﬁg QE?thtg{fﬁer%grrﬁnmr&y 83) gﬁat”ﬁé) ?% ctitgnsr/vgg cgtnfi r med
by HPLC l fi.ed by HPLC
(W Packed SeuH i o BESHEalduse (i BRIy RIHER DR B, Yient - 50
E\J/Ir ¢ fﬁglrjeou%rommﬁcr]( B%&?%t. flif‘} Wasaﬁzc?&e%nt'hgfét&.el*ﬁls s%h%%n (wva%vgllo%&e% to stzrﬂjré mn).

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 §-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;5-OPN, 15 x 100 mm, eluted first with 50 mL of H,O 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 $7.91 (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, GIcNAc1-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-fCH),

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




the resi due was desalted on an ODS col um (Cosnosil 75C18-OPN, 10 15 x 100
mm eluted first with 50 M of H2O and then with 25% acet oni t ril6epecetber 2005
a desired conpound 13 (3 ng, yield: 43% . The physical data for the

resul ting conpound are as follows. 'H N¥R (30C) 67.92 (d, 2H, J = 7.5 Hz,
Froc), 7.71 (d, 2H, J = 7.5 Hz, Fnoc), 15 7.51 (dd, 2H, J = 7.5 Hz, FnoC),
7.43 (dd, 2H, J = 7.5 Hz, Frnoc), 4.99 (d, 1H, J = 9.5 Hz, A cNAcl-H 1), 4.76
(s, 1H, Man3-H1), 4.57 (1H, G cNAc2-H 1), 4.06 (d, 1H, J = 3.2 Hz,

Man3-H2), 2. 7TTHebebm undlecgﬂ@rr@J‘ﬁZLwﬁéD'a(na%1m§0580(zﬁfécberllﬂﬁ1alguﬁ1i§-3 Hz,
15.5 Hz, Asn-(3CH), 2.05, 1.89 (each s, each 3H, Ac). 20 (Deprotection of

Froc G oup wRie ditgalvedial MEPERBaNFEMB0REM, v 5\eX40AlL), 9hd IhehS1@RIdagbal n
asparagi ne derivatives were subjected to the deprotection of the Fnoc group

i n accor dapg@nidcurtd®yf SohIANGrieh Coeporfsn, frbi Rick B4sp3b af, 3.2 U)
N, N- di met hyl f ormam dc and "160 L of norpholine were added 25 per 1 rnol of the

Froc form gfstiifled YRt "BhIY IR REIa8a1loded tbREIIER WP Y8 KRGS Mer 2005
85 mi xture was subjected to reaction at roomtenperature under argon

g%ﬁrgﬁslonrenr € therd i@ BT MRt BBn Of thd Eeactidf v ANcoMRnedty HPEE Biallkfs. (el uent: 1M
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,

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),
499 (d, 1H, J = 9.5 Hz, GIcNAc1-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-3CH), 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



acetate: isopropanol =8:5), and thereafter the m xture was cooled with ice
water. To this mxture was added diethyl ether in an anount ofl6 Dgceribaeg0phat
of the 5 reaction solution, with stirring the mxture for 15 m nutes, and
thereafter the precipitates formed wergsfiltered. The residue obtained was
di ssolved in water, and evaporated at 35C. Further, a procedure of adding 3
m. of toluene thereto and evaporating the m xture was repeated three tines.
The residue was purified by reverse phase colum chronat ography (Cosnosi

75Clg- OPN, nﬁ%@%el@& ﬁBJecté@ t@l‘éh%ﬁbn a‘t\@é&h)temﬁéﬁl’me%n%ﬁr Y ehSspheronpound
33 The compound 10 (10 5.3 nmol) was reacted for 7 hours in  accordance

wth the af{@l\éqeﬂﬁﬁﬁ.%w&%he&@acﬁfomv@s dafimned sPMeunduds: (¥ fhmodianyi el d:
769 . The resulting conpound was confirmed fromthe finding that 1ts 1H NWR

was identi %@éta%eo 1§dgﬁﬁgéﬁolt-955 PhEP B edé ARt thEXANRIE wath c%b[ﬁd@?t‘hslcefwa@@frpound 26

The conpound 3 was subjected to the reaction for 20 21

hours in a%%s’sa PGt %staﬁﬁcégi%{ﬁ PERELHULEmolift O ¥BtithedaRAT SCH gormound 26
(6.3 ny, yi el d: 88% . The physical data for the resulting conpound are as

foll ,
GOCN?({;\?. H %M@g(s}?lglo?av&l% sﬁﬁm%fﬁe rwﬁﬂf}re"fo%)lS Iﬁlrﬁlzei ‘Qnd “ﬂzreé{t% ﬁleg | E‘g (2H

GleNAC2, 5' phkctitates formed were filtered. The remdue obtamed 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 75C3-OPN, 15 x 100 mm,

10 eluent: water).

Example 23 Synthesis of Compound 33

The compound 10 (10.5 mg, 5.3 umol) 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 wmol) 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)
35.13 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.9 Hz, GIcNAc1-H-1),
25 4.95 (s, 1H, Man4’-H-1), 4.78 (s, 1H, Man3-H-1), 4.62 (2H, GicNAc2,5’-H-1),



16 Decenber 2005 86 4.56 (d, 1 H J = 8.1 Hz, G cNAc5-H1), 4.52 (d, 1 H J
7.8 Hz, Gal6'-H 1), 4.25 (bs, 1H Man3-H2), 4.19 (bs, 1H Nah@Depember 29032
(bs, 1H, Man4-H2), 2.94 (dd, 1H, J = 4.5 Hz, 17.0 Hz, Asn-f3CH), 2.85 (dd,
1 H J=6.8Hz, 17.0 Hz, Asn-(3CH), 5 268 (dd, 1H, J = 4.6 Hz, 12.4 Hz,
NeuAc7'-H 3eq), 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 3a,); MS(Fab) Calcd for

C7i HL18N7OB1[ M+H+] 1884. 7, found 1884.5. 10 Exanple 25 Synthesis of Conpound

27 The comaoyg@ 4H V=@ 18iz, T1ENERIS) HYB)S 432hjdes e d 4 9.8 He, GapptiHon, for 23
hours in accordance with the above procedures, to give a desired ’‘conpound 27

(8.5 g, yuelsbs88H) MJﬂlﬁ}pngﬁi.%:akbgqmﬁ Na@ﬁwtﬁe%):agmo%ﬂs?gﬁ, %@m%lm{_lg are as

follows. 15 NVR (30C) 55. s, I'H, 'Man4- H 1)’ ., 1H, ="9.7 He,
GlcNAc1- H- 3) - ' I\ a2 (s, 1H, Man3-H 1), 4.62 (d, 2H,
GLcNAG2, 5 ?ﬁ41§!j,£§}1{.’?5 %‘55 %MJUIEFZ {A%H?H}zcﬁ)éalﬁ “H.1), 4.26 (bd, 1H,

Man3- H- 2) 99y lHe MRpA 7 RY, Adn P Fpdd, 1H J = 1.6 Hz, 3.3 Hz,
Man4- H 2) 2%25(1)(%2.’ 94 ’(]dd, 1H° 3’2 4.0 Hsz%:U).?Z Hz, Asn-(3CH),
5 2.68 (dd, 1H,J = 4.6 Hz, 12.4 Hz, NeuAc7’-H-3,,),
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

Cy1H11sN705:[M+H ] 1884.7, found 1884.5.

10 Example 25 Svnthesis of Compound 27

The compound 4 (11.0 mg, 5.8 pmol) 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, GlcNAc1-H-1),
4.95 (s, 1H, Man4’-H-1), 4.78 (s, 1H, Man3-H-1), 4.62 (d, 2H, GlcNAc2,5’-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-fCH),
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,,); MS(Fab) Calcd for
25 CesH10sNgNaOQys[M+Na ] 1703.6, found 1703.1.



2.85 (dd, 1H, J = 7.2 Hz, 17.2 Hz, Asn-[3CH), 2.68 (dd, 1H, J = 4.1 Hz, 12.1
Hz, NeuAc7'-H3eq), 2.09, 2.07, 2.04, 2.02 (each s, each 3H, AgPeccamipa 2084,
1H, J = 12.1 Hz, 12.1 Hz, NeuAc7'-H3",); MS(Fab) Caled for 25
C63H1041N6NaO416] MtNa+] 1703.6, found 1803.1. 16 Decenber 2005 87 Exanple 26
Synt hesi s of Conmpound 28 The conpound 5 (7.0 ng, 4.0 nol) was subjected to
the reaction for 21 hours in accordance with the above procedures, to give a
desired conpound 28 5 (5.3 ng, yield: 87%. The physical data for the
resulting conmpound are as follows. 'H NWR (30C) 65.07 (d, 1H, J = 9.4 Hz,
GlcNAcl-H 1), 4.94 (s, 1H, Man4'-H 1), 4.76 (s, 1H, Man3-H 1), 4.61, 4.59
(each d, e@xhmbtt 261 \AeEsH o Cdmpoubd 28 44 (d, 1H, J = 7.8 Hz, Gal6'-H 1),
4.10, 4.07 (each 1H, Man4',3-H2), 2.93 (dd, 1H, J = 4.6 Hz, 17.5 Hz,

Asn- (3CH), 2-85T(Héd:,0ni;b;d>unﬂ 5(7.00nfR4.04dmbl)hizas AdfedtS8CH) theXebdti¢tigor 3H, 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. Rhdufs2i acd@rdahce wlith theHthovkprdcttiuredet AdvE a HeSided combolad 28Cal cd for

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, GlcNAc2,5’-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-fCH),
2.85(dd, 1H, J = 7.0 Hz, 17.5 Hz, Asn-CH),
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
Cs,HosNgNaO4[M+Na™] 1541.5, found 1541.3.

Example 27 Synthesis of Compound 30

The compound 7 (13.9 mg, 6.6 umol) 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, GlcNAc1-H-1),
25 4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),



C57H94N6NaO41 [ MtNa+1 1541.5, found 1541.3. Exanple 27 Synthesis of Conpound
30 The compound 7 (13.9 ng, 6.6 tnol) was subjected to the readbilRavember 257
hours in accordance with the above procedures, to give a desired compound 30
(8.0 ny, yield: 64% . The physical datagBor the resulting conpound are as
follows. "H NWR (300 65.13 (s, | H Man4-H1), 5.06 (d, | H J = 9.9 Hz,

G cNAcl-H 1), 25 4.91 (s, 1H, Man4'-H1), 4.77 (s, 1H, Man3-H 1), 16
Decenber 2005 88 4.61, 4.60 (each d, each 1H, J = 8.0 Hz, A cNAc2,5-H 1),
4.55 (d, 1H,61]463B(chchizi, cBilc Nl S = 80 Diz, GIeNACRS-HH,),J = 8.0 Hz, Gal6-H 1),
4.24 (bd, 1H, Mani-H2), 4.19 (bdd, 111,J= 1.3 Hz, 3.2 Hz, Mand4'-H 2), 4.10
(bdd, 1H, 4.55 U,4H7, = SQHWGIMMSH-I?)U 642(@011(1;1151,- 8LB|H11 Galé-B-1),z, 16.7
Hz, Asn-[3Cl1), 2.80 (dd, 1 H J =7.5 Hz, 16.7 Hz, Asn-(3CH), 2.66 (dd, 1H,
J = 4.6 Hz42u2(bdl, HEH, NienPET-2h-8e9)bdd, 2L 10,1 =2. 981z, BZOELZ RO’ -R-D] (each s,
each 3H, Ac), 1.71 (dd, 1H J = 12.4 Hz, 12.4 Hz, NeuAc?-H—3,x); V5( Fab)

Cal cd for 4MQ GadHlH{ NANa@6HE MR, NMQG6-H-2)f ound 1906. 1

5 2.90 (dd, 1H,J = 4.5 Hz, 16.7 Hz, Asn-§CH),

2.80(dd, 1H,J = 7.5 Hz, 16.7 Hz, Asn-BCH),

2.60 (dd, 1H, J = 4.6 Hz, 12.4 Hz, NeuAc7-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 C;1H,17N7NaOs;[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)
d5.12 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.5 Hz, GlcNAc1-H-1),
4.91 (s, 1H, Man4’-H-1), 4.77 (s, 1H, Man3-H-1),
20 4.61, 4.59 (each d, each 1H, GlcNAc2,5-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-BCH),
2.81 (dd, 1H,J = 6.5 Hz, 17.0 Hz, Asn-BfCH),
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),



Exanpl e 28 Synthesi s of Conpound 31 The conpound 8 (8.0 ng,

subjected to the reaction for 12 hours in accordance wi th thelabweember 2005

procedures, to give a desired conmpound 15 31 (6.0 ny, yi eI
physi cal data for the resulting corrpoun(g are as follows.
(s, 1H Man4-H 1), 5.06 (d, 1H J = 9.5 Hz, G cNAcl-11-1),
Man4' -H1), 4.77 (s, IH Mn3-H 1), 20 4.61, 4.59 (each d,
G cNAc2,5-11-1), 4.43 (d, 1H, J = 8.0 Hz, Gl 6-H1), 4.24

4.2 nmol) was

d: 86% . The

' H NMR (30C) 65. 12

4.91 (s, 1H,
each 1H,
(bd, 1H,

Man3- i+ 2), }.4701(% '?@'P'J =“1"2.6'\ﬁ9412.5'ﬁ2 1N@u&éﬂp@éx)-JNi%(()FQbJ‘f&Ed%oHﬁ, e n ( ﬁZCH) :

2. 81 (dd,
12.6 Hz, 7. : 2.00 h
Decenber %@‘%@“@%N% gﬁ’:?’ ﬁzﬁ)@m‘j 1,7@%206 e, ((IilgﬁAci

Cal cd for C63H104N6NaOA46[ I\/H\la+] 1703. 6, found 1703. 0. Exanmpl e 29 Synthesis

each 311, Ac),
H 3ax); M5(Fab)

of Conpound 32 5 The conpound 9 (7.7 ng, 4.4 nol) was subjected to the
reaction fEEcam%%c qursﬁzn'tl{bs%‘:&fo@g%%ﬁn&‘3t2h t he above procedures, to give a

desi red comnpou

5 The compound 9 (7.7 mg, 4.4 umol) 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, GlcNAc1-H-1),

4,78 (s, 1H, Man3-H-1), 4.61, 4,60 (each d, each 1H, GlcNAc2,5-H-1),

4.44 (d, 1H, J = 8.0 Hz, Gal6-H-1), 4.23 (d, 1H, J = 3.0 Hz, Man3
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),

-H-2),

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

Cs7HosNgNaO4,[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.

16



32 (5.2 ng, yield: 78% . The physical data for the resulting con“%%und are as
follows. 'H NVR (30C) 10 55.14 (s, 1H, Man4-H1), 5.07 (d, 1H, 10 Decagnber2p0s
G cNAcl-H1), 4.78 (s, 1H, Man3-H 1), 4.61, 4,60 (each d, each 1H,
GlcNAc2,5-H 1), 4.44 (d, 1H J = 8.0 Hgyy 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-(3CH), 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 3w), 2.06 (s, 6H, Acx2), 2.03,
2.01 (each'g,NggRI38H) Ac), 1.71 (dd, 1H J = 12.7 H, 12.7 He,
NeuAc7-H 3, x); MS(Fab)” Calcd for C57H94N6NaO41] MtNa+] 1541.5, found 1541. 2.

20 Exanpl e 330 1S%0Y PE N an AH-PP06 18, BT, Fhe sHm@IBM A4 -[91)L My, 5.0 nol) was
subjected to the reaction for 13 hours in accordance with the above

pr ocedur eS4_gg)(Sgi1yE_Ma,ql4a’s}1L§ﬂ lguipreeli] e M&@-{pﬁ;?’ ng, yield: 77% . The physi cal
data for the resulting conpound are as 25 follows. 16 Decenber 2005 90
4.61,4.57,4.55 (each d, each 1H, J = 7.5 Hz, GlcNAc2,5,5’-H-1),
5 446 (d, 1H, J = 7.3 Hz, Gal6’-H-1), 4.23 (bs, 1H, Man3-H-2),
4.18 (bs, 1H, Man4’-H-2), 4.10 (bs, 1H, Man4-H-2),
2.87 (dd, 1H,J = 4.8 Hz, 17.0 Hz, Asn-BfCH),
2.76 (dd, 1H,J = 7.2 Hz, 17.0 Hz, Asn-BCH), 2.07 (s, 3H, Ac), 2.04 (s, 6H, Acx2),
2.00 (s, 3H, Ac); MS(Fab) Calcd for C4H;0oNgNaOys[M+Na™] 1615.6,

10 found 1615.0.

Example 31 Svnthesis 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)
85.11 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.5 Hz, GIcNAc1-H-1),
491 (s, 1H, Man4’-H-1), 4.76 (s, 1H, Man3-H-1),
20 4.60, 4.57, 4.55 (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-$CH),
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 C60H101N6043[M+H+] 1593.6, found 1593.8.



"H-NWR (30C) 55.11 (s, 1H, Man4-H1), 5.06 (d, 1H J = 9.5 Hz, G cNAcl-H 1
4.92 (s, 11-1, Mand'-H1), 4.75 (s, 1H, Man3-H1), 4. 61 4. 57, 1uDeMbeRdM0Y
each 1H, J = 7.5 Hz, G cNAc2,5,5-H1), 5 4.46 (d, 1H, J = 7.3 Hz,
Gal6' -H 1), 4.23 (bs, 1H Man3-H2), 4¢18 (bs, 1H Mn4' -H2), 4. 10 (bs, 1H,
Man4-H2), 2.87 (dd, 1H,J = 4.8 Hz, 17.0 Hz, Asn-[3CH), 2.76 (dd, 1H, J = 7.2
Hz, 17.0 Hz, Asn-(3CH), 2.07 (s, 3H, Ac), 2.04 (s, 6H Acx2), 2.00 (s, 3H,
Ac); Ms(Fab) Calcd for C60HLOONNNaO43LM+Na+] 1615.6, 10 found 1615.0. Exanple
31 Synthesis of Conmpound 42 The conpound 19 (9.8 ng, 5.4 unol) was subjected
to the reaction for 13 hours in accordance with the above procedures, to

give a desgkgghpfOTPOLRH RIS é@céﬁpgufm}gyl el d: 88% . The physical data for
the resul ting corrpound are as Torlovvs H NWR (30C) 55.11 (s, 1H, Man4-H 1),

.06 (d, 1H J ‘21“61 c%ngio 9'175!\'(‘55115534* grlln %Jas(s% dgﬂMthﬁr%&&til&nfo‘} 76 (s,

1H, Man3-H 1), 4.57 each H 1), 4.46

l(\/g n41HH- % ) r%?l%g@('%] a%}@awdg:]w%uth 4%@?0((\/% pr@)'éledd\‘%@,?{o"gﬂgé a deird®cbdpotid

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, GlcNAc1-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, GlcNAc2,5’-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-fCH),
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 Cs;HggNsOz5[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)
35.09 (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),



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-(3CH), 2.07 (s, 3H Ac), 2.04 (s, 6H, Acx2), 25 2.00 (6 Degembes005
M5( Fab) Cal cd for C60HLOLN6OA3[ M+H+] 1593. 6, found 1593.8. 16 Decenber 2005
91 Exanple 32 Synthesis of Conpound 38 TPhe conpound 15 (5.1 ng, 3.2 nol) was
subjected to the reaction for 11 hours in accordance with the above
procedures, to give a desired conmpound 5 38 (4.0 ng, yield: 919% . The

physi cal data for the resulting conpound are as follows. 'H NVR (30C) 85.10
(s, 1H, Mras41E4134 (Gachid,edch 1H, IHCBIACKE-H-E)c MR (sH H) ManB-H22Y,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, GLcNAc2,19),dtbA feach.bb/efch 1HHMah&4 7HE2 1z, Gal 6' -H- 1), 4.24 (d, 1H, J =
2.3 Hz, Man3-H2), 4.10, 4.06 (each bd, each 1H, Man4',4-H 2), 2.90 (dd, 1H,
J = 4.2 Hz g6(d, HH, JAsn7(BBH) AsnBEH),(dd, 1H, J = 7.3 Hz, 16.8 Hz,
Asn-(3CH), 15 2.07, 2.04, 2.01 (each s, each 3H, Ac); M5(Fab) Calcd for
C52H88N503&[M+(—dtj], 1HL399 6% Hzoun@ Hg,Qﬁsﬂﬂ[j(ﬁxﬁrrpl e 33 Synthesis of Conpound 72

5 2.07,2.04, 2.00 {each s, each 3H, Ac); MS(Fab) Calcd for C46H78N5033[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)
05.11 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.5 Hz, GlcNAc1-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, GlcNAc2,5-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;HgsNsO3[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



The conpound 70 (4.0 ng, 2.8 tnol) was subjected to the reaction for 20 13
hours in accordance with the above procedures, to give a desiréfl Deoerpber?§0572
(2.9 ny, yield: 85%). The physical data for the resulting conpound are as
follows. "H NWR (30C) 85.09 (s, 1H, Man4sH 1), 5.06 (d, 1H, J = 9.8 Hz,

G cNAcl-H1), 25 4.91 (s, 1H, Man4'-H1), 4.76 (s, 1H Man3-H 1), 16
Decenber 2005 92 4.61, 4.54 (each d, each 1H, GlcNAc2,5-H 1), 4.24 (s, 1H,
Man3-H2), 4.10, 4.06 (each bs, each 111, Man4,4'-H2), 2.87 (dd, 1H, J =
17.2 Hz, AIB-{23GCHp, yRId633Wi, Thelphyscabd&tater thikrreulting cdsmpduddre &5 2. 07,
2.04, 2.00 (each s, each 3H, Ac); MS(Fab) Calcd for CA6H78N5CB3[ M+H+]

1228.5, fotsith@@28. 3. Exanpl e 34 Synt hesis of Conpound 43 The conpound 20
(5.4 ng, 3.3 nmol) was subjected to the reaction for 10 11 hours in

accor dancelmNMngo%@pve procedures, to give a desired conpound 43 (4.1 ng,
yield: 87% . The physical data for the resulting conpound are as follows.

"H NMR (306%.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-BfCH),
2.06, 2.04, 2.00 (each s, each 3H, Ac); MS(Fab) Calcd for
C46H7gNsO53[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 35.07 (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-pCH),
2.81(dd, 1H, J = 6.8 Hz, 16.9 Hz, Asn-pCH),

25 2.08, 2.04, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for



85.11 (s,

1H, Man4' -
GlcNAc?2, 5-

M5(Fab) Calcd for C52HssN5Q38[ M-H+] 1390.5, found 1390. 2. Exanple 35

Synt hesi s
t he reacti

gi ve a desired conmpound 16 Decenber 2005 93 73 (2.9 ny,

1H, Man4-H 1), 5.07 (d, 1H, J = 9.5 Hz, G cNAcl-H1), 15 4.91 (s,
H1), 4.77 (s, 1H Man3-H 1), 4.61, 4.57 (each d, eaclo D¢tember 2005
H1), 4.46 (d, 1H, Gal6-H 1), 4.24 (s, IH Mn3-H2), 4.18 (bs,

IH, Man4-H2), 2.90 (dd, 1H,J = 4.0 Hz, 947.0 Hz, Asn-(3CH), 2.80 (dd, 1HJ =
7.3 Hz, 17.0 Hz, Asn-(3CH), 20 2.07, 2.04, 2.01 (each s, each 3H, Ac);

of Conpound 73 Thg conpound 71 ég)g‘ ng, 2.8 nol) was subjected to

O HaNsN2a®- 1 [Mhdar § 12404 founthh

th the above procedures, to
yield: 85%. The

physi cal data for the resulting conpound are as follows. 'H NWR (30C) 65.11
(s, 1H, Man4-H1), 5.06 (d, 1H, J = 9.9 Hz, G cNAcl-H 1), 5 4.91 (s,
Man4' - H 1) Exdiaple 8%, SkiHthdstndt Goddpound@®, 4.54 (each d, each 1H, J =
H1), 4.24 (s, 1H Man3-H2), 4.18 (dd, 1H J = 1.6 Hz, 1.6 Hz,

GlcNAc?2, 5-

Man4- H 2)
5

10

15

20

25

3. 9&he Mdmpiayndl1 E( 1S ngiz] .2 Jurdo I ashabiected)o, the reaction for
14 hours in accordance with the above procedures, to give a desired compound
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, GlcNAcl-H-1), 4.91 (s, 1H, Man4’-H-1),
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-CH),

2.79 (dd, 1H, J = 7.0 Hz, 17.0 Hz, Asn-CH),

2.07, 2.05, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
CaoHg7NsNaO,5[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
41 (0.8 mg, yield: 80%). The physical data for the resulting compound are as
follows.
'H-NMR (30°C)
05.07 (d, 1H, J = 9.5 Hz, GlcNAc1-H-1), 4.91 (s, 1H, Man4’-H-1),
4.76 (s, 1H, Man3-H-1), 4.62 (d, 1H, J = 7.8 Hz, GlcNAc2-H-1),

1H,
7.9 Hz,

4.08 (d, 1H, J = 2.9 Hz, Man3-H-2), 2.92 (dd, 1H, J = 3.9 Hz, 17.3 Hz, Asn-BCH),



2.88 (dd,

1H, J = 4.3 Hz, 16.8 Hz, Asn-(3CH), 10 2.77 (dd, 1H, J =

7.2 Hz,

16.8 Hz, Asn-(3CH), 2.06, 2.04, 2.00 (each s, each 3H, Ac); I\/B(l%abwe@djecﬂOﬂii)r

C46H73N5C33[ MrH+] 1228. 5,

15 The conpound 16 (2.2 ny, 1.5 nol) wag, subjected to the reaction f

hours in accordance with the above procedures,

(1.6 ng, vy
foll ows.

Man4' - H 1)
GlcNAc2, 5
4.1 Hz,

2.08, 2.04
C46H77N5Na

10

15

20

25

or 7

ield: 84% . The physical data for the resulting conpound are as

“H NMR (30C) 20 65.07 (d, 1H, J = 9.7 Hz, GLcNAcl-H 1), 4.92 (s,

found 1228.3. Exanple 36 Synthesis of Conmpound 39

to give a desired conmpound 39

1H,

2SR 4y L. q BnTI ) At SR A (eosheltn eosh M gy

0 MU (R R LN QA S O3 8 For 16 Decenver o005 o4

(3CH),

25

O33[ MtNa+] 1250. 4, found 1250. 3. Exarrpl e 37 Synthesis of Conmpound
40 The conpound 17 (1.5 ng, 1.2 nol) was subjected to the reaction f

Example 39 Synthesis of Compound 44

The compound 21 (2.3 mg, 1.6 umol) was subjected to the reaction for

or

7 hours in accordance with the above procedures, to give a desired compound 44

(1.6 mg, yield: 84%). 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 = 9.8 Hz, GlcNAc1-H-1),

4.77 (s, 1H, Man3-H-1), 4.61, 4.57 (each d, each 1H, GlcNAc2,5-H-1),

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-fCH),

2.82 (dd, 1H, J = 7.0 Hz, 17.3 Hz, Asn-pCH),

2.05,2.04, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
CusH-sNsO3[M+H "] 1228.5, found 1228.3.

Example 40 Svnthesis of Compound 45

The compound 22 (1.6 mg, 1.3 umol) was subjected to the reaction for
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, GlcNAc1-H-1),
4.77 (s, 1H, Man3-H-1), 4.61, 4.54 {each d, each 1H, GlcNAc2,5-H-1),



5 14 hours in accordance with the above procedures, to give a desired
conmpound 40 (1.1 ng, yield: 89% . The physical data for the reuD¢dendper 2005
conmpound are as follows. '"H NWR (30C) 55.07 (d, 1H, J = 9.5 Hz,
G cNAcl-H 1), 4.91 (s, 1H, Man4'-H1), 8 4.76 (s, 1H Mn3-H 1), 4.62, 4.55
(each d, each 1H, GlcNAc2,5-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-(3CH), 2.79 (dd, 1 H J = 7.0 Hz,
17.0 Hz, Asn-(3CH), 2.07, 2.05, 2.01 (each s, each 3H, Ac); MsS(Fab) Calcd for
15 CAOH67N3ERGB[IMNas 25 H38ddn3-Hokpdh 1D ERI, AH, Exartpd Elz38.(55a; Mesids-1612),
Compound 41 The conpound 18 (1.3 ng, 1.2 nol) was subjected to the reaction
for 14 ho@r89 (du, aeL;or ddE eIz 619 HheAsh@EHpr ocedures, to give a desired
conmpound 20 41 (0.8 ny, yield: 80%. The physical data for the resulting
conpound anre78agld, fiel, Vowng.s B N6 H30&8nGEW)Y (d, 1H, J = 9.5 Hz,
GlcNAc1-H 1), 4.91 (s, 1H, Man4'-H1), 4.76 (s, 1H, Mn3-H 1), 4.62 (d, | H,
J = 7.8 Hz2.08, N 2-.01 9ach®; edclD8H( hc)IMS(Fab) €alkdHor Man3-H-2), 2.92 (dd,
1H, J = 3.9 Hz, 17.3 Hz, Asn-(3CH), 16 Decemnber 2005

5 CaoHg7NsNaO,s[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 umol, yield: 85%). The physical data for the resulting compound
are as follows.
‘H-NMR (30°C)
$5.10 (s, 1H, Man4-H-1), 5.06 (d, 1H, J = 9.5 Hz, GlcNAc1-H-1),
4.77 (s, 1H, Man3-H-1), 4.61 (d, 1H, J = 7.3 Hz, GlcNAc2-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-BCH),
2.05, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for
Ca,HssN4Oo3[M+H "] 863.3, found 863.3.
20

Example 42 Svnthesis 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.



95 2.83 (dd, 1H, J = 7.0 Hz, 17.3 Hz, Asn-(3CH), 2.07, 2.01 (each s, each 3H,
Ac); MB(Fab) Calcd for C32H55N4027[ MrHt] 863.3, found 863. 2. BEtdpgsiembs8n2005
Synt hesi s of Compound 44 5 The conpound 21 (2.3 ng, 1.6 linol) was subjected
to the reaction for 7 hours in accordanceswith the above procedures, to give
a desired conpound 44 (1.6 ng, yield: 84%. The physical data for the
resulting conpound are as follows. "HNW (30C 10 55.11 (s, 1H, Man4-H1),
5.06 (d, 1H,J= 9.8 Hz, GlcNAcl-H 1), 4.77 (s, 1H, Man3-H 1), 4.61, 4.57
(each d, ealtli-NMR @@WAc2,5-H 1), 4.46 (d, 1H J = 7.8 Hz, Gal-H1), 4.22,
4.18 (each bs, each 1H, Man3,4-H2), 2.91 (dd, 1H, J = 4.1 Hz, 17.3 Hz,

Asn- (3CH), 8582 éé’dm’ ManddH=1Y SOH, 1H, J3= 9,0 AsnGl8CAakl-H5)2. 05, 2.04, 2.01
(each s, each 3H, Ac); MS(Fab) Calcd for C46H78NSC33[ MHH ] 1228.5, found
1228. 3. ExanplgsAPHSMUnae s s1 )pfl, 7GqQRpOHOM A8 - AhE), conpound 22 (1.6 ny, 1.3 nol)
was subjected to the reaction for 20 14 hours in accordance with the above
procedures, 4169 (di YE, & €68 HedGl€0AR2H )45 56 Xd 12 HD GlyNelcd;5’88%), The physi cal
data for the resulting conpound are as foll ows.

5 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 C54H90N6Na03g[M+Na+] 1453.5,

found 1453.2.

10
Example 43 Synthesis of Compound 35
The compound 12 (12.0 mg, 8.4 pmol) 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
15 follows.

'H-NMR (30°C)

85.10 (s, 1H, Man4-H-1), 5.07 (d, 1H, J = 9.7 Hz, GIcNAc1-H-1),

4.91 (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),
20 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-3CH),

2.61 (dd, 1H,J = 7.3 Hz, 17.0 Hz, Asn-BCH),

2.07, 2.01 (each s, each 3H, Ac); MS(Fab) Caled for

CagHgsN4O25[M+H 71 1025.4, found 1025.2.



' H NMVR (30
4.77 (s, 1
Decenber 2

Hz, 3.0 Hz
(dd, 1H, J
Ac); M5(Fa

41 Synt hes

gi ve a des
data for t
Man4-H 1),
4.61 (d, 1
Man3- H 2) ,

C 55.12 (s, 1H, Man4-H 1), 5.07 (d, 1H,J= 9.7 Hz, GlcNAcl-H 1),
H, Man3-H 1), 4.61, 4.54 (each d, each 1H, GlcNAc2, 51¢tembies 2005

005 96 4.22 (d, 1H J = 2.5 Hz, Man3-H2), 4.18 (dd, 1H J =
, Man4' -H2), 2.89 (dd, 1H, dg= 4.3 Hz, 16.9 Hz, Asn-(3CH),

1.4
2.78

= 7.5 Hz, 16.9 Hz, Asn-(3CH), 2.06, 2.05, 2.01 (each s, each 3H,
b) Calcd for 5 C40H67NSNaCO28[ MtNa+] 1088. 4, found 1088. 3. Exanpl e
i s of Conmpound 46 The conpound 23 (1.6 ng, 1.5 nol) was subjected

to the reagti@pld 4 SAtHeol snd RoRGeardaneAphiids Tdandhjgve procedures, to
rtTed conpound 10 46 (1.1 ng, 6.4 nol, yreld: 85%. The physical

h | I we , 1H,
¢ TETpLBRAGEE o259 g Lol CEIENIR I,

5.06 , , Man3-
b Y10 o5 DR g ey g i

1),

1H J =

4.3 Hz, 17,Qublits Ao (BEIrhidsABtibAdvasifopHilized.: Folihuhdred dit Asn- (3CH),

5

10

15

20

25

thirty microliters of N,N-dimethylformamide was added to the solid obtained
after drying, and further 20 uL 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 Iyophilized. 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
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 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),

25



2.05, 2.01 (each s, each 3H, Ac); MS(Fab) Calcd for C32H55NAO23[ MtH+] 863. 3,
found 863.3. 20 Exanple 42 Synthesis of Conpound 34 The conpouhfl Degeriligr 200y,
7.5 nmol) was subjected to the reaction for 11 hours in accordance with the
above procedures, to give a desired conggund 34 (9.2 ng, yield: 86%. The
physi cal data for the resulting conpound are as 25 follows. 16 Decenber 2005
97 'H-NMR (30C) 85.11 (s, 1H, Man4-11-1), 5.07 (d, 1H J= 10.0 Hz,

GlcNAcl H1), 4.91 (s, 1H Mwn4'-H1), 4.77 (s, 1H, Man3-H 1), 4.61 (d, 1H,

J = 6.8 Hzg 3@'@’\‘?&?#&1ﬂz55c1(19-1Ph%H541%§'\1§@51\4%n4Fh 5 4.24 (bs, 1H

Man3- H- 2) N4'"=FF 2 114, Miha- H—2) 2.80 (dd, 1
H J =3.84 P fHz g (ﬁ&@&. F,”héls 15.6 Hz,
Asn- (3CH), '.0(9?, 3 Aep O 05C cg<’2 5701 (s) 3H, Ac); MB(Fab)

CC)?' ggnggLn%g@W-Mtﬁﬁﬂséﬁﬁ%ﬁ, dl@N@x‘éz?ﬁ%BHZl),lo Exa”p' e 43 Synthesis
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-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

10 C99H143N17N3058[M+H+] 23808, 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),

15 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, GlcNAc1-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),

20 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-BCH),

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

25 CogH143N7NaOsg[M+H "] 2380.8, found 2380.5



The conpound 12 (12.0 ng, 8.4 nol) was subjected to the reaction for 11
hours in accordance with the above procedures, to give a desirdd Dxeombenra0535
(7.0 ng, yield: 81%. The physical data for the resulting conpound are as 15
follows. '"H NWR (30C) 65.10 (s, 1H, I\/anﬁzg—t-l), 5.07 (d, 1H, J = 9.7 Hz,

d cNAcl -H 1), 4.91 (s, 1H, Man4'-H1), 4.78 (s, 1H, Man3-H 1), 4.61 (d, 1H,J
= 8.0 Hz, GlcNAc2-H 1), 4.25 (bs, 1H, Man3-H2), 20 4.06 (bs, 1H,

Man4' -H2), 3.97 (bs, 1H, Man4-H2), 2.79 (dd, 11-1, J = 5.0 Hz, 17.0 Hz,
Asn-(3CH), 2.61 (dd, 1 H J =7.3 Hz, 17.0 Hz, Asn-(3CH), 2.07, 2.01 (each
s, each 3H, Ac); MS(Fab) Calcd for C38HGGNAO2B[ MtH+] 1025.4, found 1025. 2.

25 16 Dece sis and |sol ation of Conpounds 76 and
77 The co RREhA095 = . £t b® ) were dissolved in 220 L of

water e 100, b BhoRadu SRR oL 88 UmEGIAPIN S, Ria eI R
thirty mcpplidessuals ity dimmhhy d. 8 CrRrYida, Y eRiRAded £ A0 e Bl OPt ai ned

5 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)

10 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

15 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.

20 'H-NMR (30°C)
7.90 (d, 2H, Fmoc), 7.70 (d, 2H, Fmoc), 7.53-7.40 (m, 9H, Bn, Fmoc),
536 (d, 2H,J = 11.6 Hz, CH,), 5.30 (d, 2H, J = 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,),

25 4.57 (m, 3H, GlcNAc2-H,, GIcNAc5,5’-H,), 4.32 (d, 2H, Gal6,6’-H,),



after drying, and further 20 L of a 6.6 nol benzyl brom de/

N, N-di met hyl f or manmi de sol uti on was added thereto. This sol uti od6Wesensbérr2084
under argon atnosphere. After 48 hours, the di sappearance of the starting
material was confirmed by TLC (eluent: jjf NHAOAc : isopropanol = 2:1), and 10
thereafter 4.4 nL of diethyl ether was added to the solution to allow the
conpound to precipitate therefrom The precipitated sugar chains were
filtered, and the residual sugar chain was dissolved in water and _

I yophi | i zed.24The 17}13,51’{46149-}%?1‘ LgR (ﬁhm,mmg[{gaat.uoqmaa, MniLHed by fractional
HPLC (YMC Packed Col um ODS-5 55 120A "No. 2020178, 20°% 250 mm

el uent: 50omd 8QHA kR nigMECcetaieyAGcrilpyl §rile = 78:22, flow rate:
4 ni/nmin), and&gﬂcoﬁpoung ;7 vﬂvavrswel itéd after 85@ nutes and a conpound 76
was el ut edrafit @4 IHTANN-BEH), TR (5! AL iaenS2 Wer 20¢qLAars @dch g, Aund her
desal ted on anGHCDS col urmB((:_cg’srmsi(If 75C18- OPN, 15qx 100 T el ut ed ?FI’ st
with 50 nliofg H2Orpnek)t e WiH ML T% 12061 901 N&lAcY 9’ 91V HrEes Catd

conpound 76 1 n an anount of 1.6 ny and a 20 desired conpoluhd 77 1 n an anount
of 1.8 ny. ¢dhe NGR, daT Re-es * 1 9ee3 o991lthi1 A9 2989P8HRd are as fol lows. Data
for Conpound 7€9HX§LI\T§|NRZ(%C) 57.}92 (d, 2R J =775 Hz, Fnoc), 7.71 (d, 2H J
= 7.5 Hz, Fnoc), 25 7.53-7.40 (m 9H, Fnoc, -CH2-Ph), 5.38 (d, 1H J = 12.1
Hz, -CHz-Ph), 16 Decenber 2005

INDUSTRIAL APPLICABILITY

According to the present invention, various sugar chains having desired
sugar chain structures can be obtained in large amounts very conveniently.

10 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.



99 5.31 (d, 1H, J = 12.1 Hz, -CH,-Ph), 5.12 (s, 1H Man4-H1), 4.99 (d, 1H J
= 9.5 Hz, GcNAcl-H1), 4.92 (s, 1H Mn4' -H1), 4.76 (s, 1H Wemdedhidr00s
4.58 (m 3H, G cNAc2,5,5'-H1), 4.47 (d, 1H J = 7.9 Hz, Gal6' -H 1), 4.3r32?d,
1H, J = 7.9 Hz, Gal6-H 1), 5 4.24 (bs, 1H,_ Man3-H2), 4.19 (bs, 1H,

Man4' -H2), 4.11 (bs, 1H, Man4-H2), 2.782(bd, 1H, Asn-(3CH), 2.68 (dd, 1H,
J =4.6 Hz, 12.7 Hz, NeuAc7-H 3eq), 2.52 (dd, 1 H J =8.7 Hz, 15.0 |-z,
Asn- (3CH), 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-H3ax); MS(Fab) Calcd for 10
C99H143N17NaObs[ M+H+] 2380. 8, found 23 MBat a for Conpound 77 1H NMWR
(300 87.91 (d, 2H, J =7.5 Hz, Frnoc), 7.71 (d, 2H, J = 7.5 Hz, Fnoc), 15
7.53-7.41 (m 9H, Fnoc, -CH,-Ph), 5.37 (d, 1H J = 12.1 Hz, -CH,-Ph), 5.31
(d, 1 H J=12.1 Hz, -CH-Ph), 5.12 (s, 1H Man4-H 1), 4.99 (d, 1H J = 9.8
Hz, G cNAcl -1H 1) A pra@sg $or prdpaNmp4 sugat phaindspérgise ddtyatdandedivdd frof 88 (M
3H, GlcNAc2,5,5 -H 1), 4.46 (1H, d, J = 7.8 Hz, (al6-H 1), 4.33 (d, 1H, J
=7.8 Hz, GabegarEhpin agfragidé, Comprikiig tansepd-a), 4. 19 (bs, 1H, Mand' -H2),
4.11 (bs, 1H, Man4-H2), 2.72 (bd, M Asn-(3CH), 2.68 (dd, 1 H J = 4.8 Hz,
13.0 Hz, Ne(»Ac7-itr8dying a fat-soluble protecting group selected from the group consisting

of Fmoc and Boc groups into the sugar chain aspargine contained in a mixture
of one or more sugar chain asparagines, to give a mixture of sugar chain
asparagines 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 a compound of the following formula, in which

Asn denotes asparagine :



2.52 (bdd, 1H, J = 9.7 Hz, 14.1 Hz, Asn-(3CH), 2.06, 2.05, 2.04, 2.02, 1.89
(each s, each 3H, Ac), 1.84 (dd, 1 H J = 13.0 Hz, 13.0 Hz, NeuhOecdhbd,20D5
M5( Fab) Calcd for 25 C99H143N7NaGb8[ MtH+] 2380.8, found 2380.5 16 Decenber
2005 100 Exanpl e 45 Synthesis of Compound 78 A cool ed aqueous solution of the
conmpound 1 (20 ng) was applied onto a iggwex-50Ww8 (H ) colum (4) 0.5 cmx 5
cm chilled at 4C, and the eluted 5 aqueous solution was |yophilized. The
resulting |yophilized product was dissolved in a chilled water at 4C, an
aqueous Cs2CAXB (2.5 nmy/1 m) was added thereto to adjust a pH of the aqueous
solution to 5 to 6, and the aqueous solution was then |yophilized. The

Froc- di si al o-sugar chain sanple after the |yophilization was dissolved in a
dry DV (1.3 m), and benzyl bromde (5.1 ul) 10 was added thereto with
stirring the mxture at roomtenperature for 45 mnutes under argon gas
stream The term nation of the reaction was confirmed by TLC, thereafter the
reaction solution was cooled to 0OC, and 1 of diethyl ether was added to
the reaction solution to precipitate the ired product. This substance was
filtered with a filter paper. Distilled r was added to the residual
desired 15 product, and eluted as a filtr , and subsequently concentrated
under a reduced pressure. The resulting i due was purified by applying to
an ODS colum (4)

§
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1.6 cmx 14 cm eluent: H20 - 40% aqueous McOH), to give a conpound 78 (18.2
ng, yield: 85%. The physical data for the resulting conpound 7% Be®@ndSr 2005
follows. 20 "H- NWMR (30C) 7.90 (d, 2H, Fnoc), 7.70 (d, 2H, Fnoc), 7.53-7.40
(m 9H, Bn, Fnoc), 5.36 (d, 2H, J = 11.6 Hz, CH2), 5.30 (d, 2H, J = 11.6 Hz,
CH2), 5.12 (s, 1H, Man4-Hl), 4.99 (d, 1HO04 = 9.7 Hz, GcNAcl-H1), 4.93 (s,
1H, Man4'-Hl), 4.75 (s, 1H, Man3-H), 25 4.57 (m 3H, GlcNAc2-H ,
GlcNAc5,5'-Hl), 4.32 (d, 2H, &l16,6'-Hl), 16 Decenber 2005 101 4.24 (d, 1H
Man3-H2), 4.18 (d, 1H, Man4'-H2),4.10 (1H, d, Man4-H2), 2.72 (bd, 1H,

Asn- (3CFI ) , aml/gra caapoxad INsting pny-or |swg)del i@ qiirugar 19sidymsnin(tBeidpove. 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. @mpoud.Hz, NeuAc7,7'-H3ax); FIRMB Calcd 5 for

Cl17H165NsNa2066[ MrNa+] 2783. 9597, found 2783.9501. | NDUSTRI AL APPLI CABI LI TY
According to the present invention, various sugar chains having desired

sugar chain structures can be obtained in | arge anobunts very conveniently. 10
Ther ef ore, 4.her eThe peapessedotdond o any bhe ed claomstihter Apehdietn dgefit sohdde nst
cancer, inflammtion, influenza and the |ike. Especially, the sugar chain
aspar agi ne protecting group is fluorenylmethoxycarbonyl (Fmoc) group.

5. The process according to any one of claims 1 to 3, wherein the step (a) ls
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.

6. A process for preparing a sugar chain aspargine from a mixture, comprising

the steps of:

(a) introducing a fat-soluble protecting group selected from the group consisting
of Fmoc and Boc groups 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

(c)  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)



derivative and sugar chain asparagi ne which can be obtained in the present
invention are excellent in safety without any risks such as adriexXPesgmbér 208%i ¢
substances during the preparation processes. 16 Decenber 2005 102 CLAIM5S 1. A
process for preparing a sugar chain aspaﬁg'ne derivative derived froma

sugar chai n asparagi ne, conprising the st Bs of : (a) introducing a
fat-soluble protecting group selected fromthe group consisting of Fnoc and
Boc groups into the sugar chain aspargine contained in a mxture of one or
nore sugar chai n _aspar ggi ne to gijve a mxture of sugar chain asparagines
derivatives; and‘fﬁﬁaéﬁgf%%ééﬁbapﬁ}rnixture of sugar chain asparagi ne
derivatives o5 a mxture bt ai nabl e by hydrol yzin sugar .chaj n aspar agi ne
derivative d6nt ai}}YéﬁOfﬁfiZH‘& TSRt EL%‘“O%PQ%@H?C %Wéi‘%dg@rf‘égpa@q)r%” érivatives to
chr omat ogr aphy, t? separate each of the sugar chain asparagi ne derivatives
therefrom 2. Thé!ﬁ?%%g§§-according to claim1, further conprising the step
of (b'): hydrolyzing the sugar chain asparagi ne derivative separated in step
(b) with a glycosidase. 3. The process according to claim1l or 2, wherein

the m xture of one or nore sugar chain asparagi nes conprises a conpound of
the foll ow ,89 f o hapEpcessmoppidets to claim 6 or 7, wherein the mixture of one or more

sugar chain asparagines comprises a compound of the following formula, in which

Asn denotes asparagine:



Asn denotes asparagi ne : 16 Decenber 2005 103 16 Decenber 2005 104 and/or a
conpound having one or nore del etions of sugar residues in thel&bpgember 2005
conpound. 4. The process according to any one of clainms 1 to 3, wherein the
fat-soluble protecting group is fluorenyl nmethoxycarbonyl (Fnoc) group. 5.
The process according to any one of clajgps 1 to 3, 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 chain asparagi nes having a sialic acid residue
at a non-reducing termnal, and introducing benzyl group into the sialic
acid residue, to give a mxture of sugar chain asparagine derivatives. 6. A
process for preparing a sugar chain aspargine froma mxture, conprising the
steps of (a) introducing a fat-soluble protecting group selected fromthe
group consisting of nd Boc groups into a sugar chai n aspargi ne
contained in a mxtu one or nore sugar chain asmaragines, to give a

m xture of sugar chai pa&&agi ne derivatives; dbj ecting the mixture of
sugar chai n asparagin tives or a mxture

=
Q

HO




obt ai nabl e by hydrol yzi ng a sugar chain asparagi ne derivative contained in
the m xture of sugar chain asparagi ne derivatives to chromat ogr BpD¥ceniter 2005
separate each of the sugar chain asparagi ne derivatives therefrom and (c)
removi ng the protecting group fromthe sugar chain asparagi ne derivative
separated in the step (b), to give the s@gar chain asparagine. 7. The process
according to claim®6, further conprising the step of: (b') hydrolyzing the
sugar chai n asparagi ne derivative separated in step (b) 16 Decenber 2005 105
with a glycosidase; and/or (c') hydrolyzing the sugar chain asparagi ne

obt ai ned i md'oep dompmiridhavinglopeasimasedel8iomkhe gupac assdasdarttengove claim 6
or 7, wherein the m xture of one or nore sugar chain asparagi nes conprises a
conmpound o&nhb@uﬁ@Jlomjng formula, in which Asn denotes asparagi ne: 16
Decenber 2005 106 16 Decenber 2005 10i and/or a compound having one or nore
del etions of sugar residues in the above conpound.

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. A process for preparing a sugar chain from a mixture of sugar chain

asparagines, comprising the steps of:

(a) introducing a fat-soluble protecting group selected from the group consisting
of Fmoc and Boc groups 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;

(c)  removing the protecting group from the sugar chain asparagine derivative
separated in the step (b), to give a sugar chain asparagine; and

(d)  removing an asparagine residue from the sugar chain asparagine obtained

in the step (c), to give the sugar chain.



9. The process according to any one of clains 6 to 8, wherein the fat-soluble
protecting group is Fnoc group. 10. The process according to ahyDesesmbef 2005
claims 6 to 8, wherein the step (a) is a step of introducing Fnmoc group into
t he sugar chain aspargine contained in a mxture of one or nore sugar chain
asparagi nes having a sialic acid residugg at a non-reducing termnal, and

i ntroduci ng benzyl group into the sialic acid residue, to give a m xture of
sugar chai n asparagi ne derivatives. 11. A process for preparing a sugar chain
froma m xture of sugar chain asparagi nes, conprising the steps of: (a)
introduci ng a Mie-protassltaipt 01 ehirting conpifsisettrecdtes of:r om the group consi sting
of Fnoc and Boc groups into a sugar chain aspargine contained in a m xture of
one or nofL) SUgArdthAhd tﬁ@@@gﬂgr;hm%asma%mweﬁvmm Yégarafedsingaép Chpi n _
asparagi ne derivatives; (b) subjecting the m xture of sugar chain ‘asparagi ne
derivatives or wgtHm gly&b@ida@&tﬂid?@@ e by hydrol yzing a sugar chain asparagi ne
derivative containe in the mxture of sugar chain asparagi he derivatives to
chr omat og hy SOGh : : I i derivatives
therefro Ca}()c) h?/gﬁ% ?ﬁgar?%g@%r ot eé‘??%ﬂg?ig%%??‘ggn@é‘ﬂéﬁgﬂggﬁg{ckﬂgi n asparagi ne
derivative se W&E%s&%d‘?@r step (b), to give a sugar chain asparagi ne; and
(d) renoving afi"asparadi ne residue fromthe sugar chain asparagi ne obtai ned

in the step)(chyafdtyfh¥Ght B8eSUIRIn 6Bk 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 a compound of the following formula, in which

Asn denotes asparagine :



16 Decenber 2005 108 12. The process claim 11, further conprising the step
of : (b") hydrolyzing the sugar chain asparagine derivative sepal@Degerhier2hHep
(b) wth a glycosidase; and/or (c) hydrolyzing the sugar chain asparagine
obtained in step (c) with a glycosidase; and/or (d') hydrolyzing the sugar
chain obtained in step (d) with a glycosidase. 13. The process according to
claim 1l or 12, wherein the m xture of W% or nore sugar chain asparagi nes
conprises a conpound of the following fornmula, in which Asn denotes
asparagi ne : 16 Decenber 2005 109 16 Decenber 2005 .110 and/or a conpound
havi ng one or nore del etions of sugar residues in the above conpound. 14.
The process according to any one of claims 11 to 13, wherein the fat- soluble
protecting group is Frnoc group. 15. The pi::ess according to any one of
clainms 11 to 13, wherein the step (a) step of introducing Fnoc group
into the sugar chain aspargine contalned

CH
AcHN




m xture of one or

nore sugar chain asparagi nes having a sialic acid residue

at a non-reducing termnal, and introducing benzyl group intol&Recesibgr 205

acid residue, to give a mxture of sugar chain asparagi ne derivatives.
sugar chai n asparagi ne derivative having the general

16. A

formula: RL CH 1- di

AsnFno ¢ ACHN wherein Asn is asparagi ngi® and R2, which may be identical or
are H, 16 Decenber 2005 111 or with proviso that a case where R

di fferent,
and R2 are . both HH

havi ng the general formula: 16 Decenber 2005 112 OH c-OH

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, whercin the fat-

soluble protecting group 1s 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 chgin 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.

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

Rl

\

AcHN AcHM

nnﬁ/g&i/%é&As n-Fmoc

wherein Asn is asparagine .,

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

is excluded. 7 17. A sugar chai n asparagi ne derivative



0~, .. As.n. Fnroc NHAC NHAc RY wherein Asn is asparagine , one of Rx and RY is O
NHAM (c)H dA and the other is H HO col:~, ,~ HO ~y0 NHS AcHNHle@mtic 20&3 0
HO 1-f0 16 Decenber 2005 113 0 NHAc C} HO HQ HO

111

or H

with proviso that a case where R’ and R* are both H
7

NHAG

HO
HO
or HO\%\O

1s excluded.

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



N~ OHHOf OO0 18. A sugar chain asparagi ne having the general formula:
wherein Asn is asparagine , R3 and R4, which may be identical &¢ Ddcdrhlear@G3
are H H HD NO 16 Decenber 2005 114 or with proviso that (i) a case where R3
and R4 are the sane, (ii) a case where R3is and R4 is H or HO OHO HDDH
(iii) a case where R3is Hand R4 is ,1gnd NHAc HOA~j~ HOB/ u O are

excl uded.

9 OH OH

H
H”é&/go Lo R-Asn.-Fmoc

NHAC NHAC

. . . X .
wherein Asn is asparagine , - one of R” and R’ is

and the other is H,




16 Decenber 2005 115 19. A sugar chain having the general formula: OH CH
ACHN At KH wherein Rs and R6, which may be identical or differenntDeaembéd 208516
Decenber 2005 116 or with proviso that a (i) a case where R5 and R6 are the
sanme, (ii) a case where one of R5 and R6 is Ho OH HP NHAc HD ~ and the
other is Hor Ho Ho u0- | and (iii) a gage where RS is 16 Decenber 2005 117

Hﬂi E 0! H
or HO 10
HO—™"

18.  Asugar chain asparagine having the general formula:

RB

b » OH

H1
AcHN AcHN

HO oH i



and R6 is H are excluded. 20. A sugar chain asparagine derivative having the
general fornmula: As .n - Fin ac wherein Asn is asparagi ne , T DegechbB22005
whi ch nmay be identical or different, are H 16 Decenber 2005 118 or with
proviso that a case where Rr and RZ are both H 14 #1l:0--~i His excluded,

‘ 114

or

with proviso that (i) a case where R® and R* are the same,

(ii) a case where R? is HO OB‘
Ro

aH NHAC.

HOTV N, o M : ,
and R* is H or %&/o ' d So , and
HO HO

(iii) a case where R’ isHand R* is | O\j\HO O are excluded.



16 December 2005

115

19. A sugar chain having the general formula:
R°

H .
H AcHR H AcHH O H
_ R 6

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




16 December 2005

116

with proviso that a (i) a case where R® and R® are the same,

(ii) a case where one of R” and R® is HC%‘(EE‘
"R
0

NHAC
HO

and the otheris Hor M© Jd o
HO HO
0
and (iii) a case where R’is

H
ﬂoz@
H

CGH W




16 December 2005

117

and R® is

are excluded.

20. A sugar chain asparagine derivative having the general formula:

Rl

H OH OH
H ' %%'%/%S&S»Asn-Fmoc

AcHN
R 2

wherein Asn is asparagine , R' and R* which may be identical or different, are H,



16 December 2005

118

or H

HO
with proviso that a case where R* and R are both | M§ "
) He Ho e

H
Ho |
or | HO ) g o
2 Hﬁo Ne)

is excluded,



