1 SPECI FI CATI ON SUGAR CHAI N ASPARAG NE DERI VATI VES, SUGAR CHAI N ASPARAG NE,
SUGAR CHAIN, AND PROCESSES FOR PRODUCI NG THESE 5 TECHNI CAL FI ELD The
present invention relates to asparagi ne-linked oligosaccharide derivatives,
aspar agi ne-1inked ol i gosaccharides and ! ol i gosaccharides, and a process for
prepari ng such conpounds. 10 The present invention relates also to

asparagi ne-1inked oligosaccharide derivatives containing fucose and a
process for preparing the derivative. BACKGROUND ART 15 In recent years,
mol ecul es of ol igosacchari des haveéFPERLFERTEN attention as third chain life
nol ecul es follow ng nucleic acids (DNA) and proteins. The human body is a
huge cell society conprising about 60 trillion cells, and the surfaces of
all the <cells are covered with oligosaccharide nol ecul es. For exanple, ABO
20 bl ood EYFERAFEAHEASPARACH R RESHIIPAGVED: tHEAR FHAIRREPIIACINE, SUGAR

ol i gosacchari des over the surfaces of cells. osacchari des function in

ai
connection with the re&dhi ANBnPROFETHY FORNBRPIHENST (THEREOf cells and are

key substances for the establishnent of the cell society. D sturbances in
the c®ll 25 society |ead, for exanple, to cancers, chronic diseases,

i nfectious diseases and aging. For exanple, it is known that when cells
cancer at ECENEfeS ELDoccur in the structure of oligosaccharides. It is also

known that Vibrio cholerae, influenza virus, etc. ingress into cells and
cause The present invention relates to asparagineé-linked

oligosaccharide derivatives, asparagine-linked oligosaccharides and
oligosaccharides, and a process for preparing such compounds.

10 The present invention relates also to asparagine-linked
oligosaccharide derivatives containing fucose and a process for

preparing the derivative.

BACKGROUND ART

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

20 blood type are determined according to the difference of
oligosaccharides over the surfaces of cells.

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

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

For example, it is known that when cells cancerate, changes



infection by recogni zing and attaching to a specific oligosaccharide. 5
Clarification of oligosaccharide functions |eads to devel opnent of
pharmaceutical s and foods based on novel principles, contributing to the
prevention and therapy of diseases, and a wide variety of applications are
expected of oligosaccharides. digosaccharides are nmuch nore conpl ex than
DNA or proteins 10 in structure because of the diversity of arrangenents of
nonosacchari des, nodes or sites of |inkages,, |engths of chains, nodes of

br anches 48T otRridle s&ERGEVTR &f SL1APGREFPITASS .  Teddt @lRgl ¥ROWR ot cal
information derived fromthe structures thereof is nore diversified than is
t he case %PrhHo DN LETdepr bR vRP 2 F1APE hotlkh tINGTRRPoRENCGE IS PBYe8R e on

ol i gosacchari des has been  recognized, the conplexity and variety of

st r uct ur é8fPRBI FHPIFPECIRET ERE ATSr 66#%%%11?91 thé FBsehfth on

ol i gosaccharides unlike the studies on DNA and proteins. Many of proteins
present O}ifABASIHIHEGEs of cell menbranes 20 or in serum have

ol i gosacchari des attached thereto as described above. The nol ecul es wherein
ol i gosacchari déd2at B e oLtriashry 1dpt unfitdodiEndeads tr ned

gl ycoproteins, which can be divided into two %r oups according.to, the

di f f er enG8VERORPRR thofe PBRTMRFSHEGE 16 R iP5 PBPFPY SR NEL #21AREPTE
protein. 25 digosaccharjdes of one type are asparagine-linked )

ol i gosac CRRFFHRECIAANTG 99%5?’6%anitﬁ?3g%n?yﬁkﬁraﬁ¥e%i 1SGASEH NG GrBUPLY t he
side chain ,of asparagine (Asn) is |linked with _the oligosaccharide. 3

O i gosacVRAFPHELIHRPPRECBEHEIS 1AFSe CAPRCTRLIH O pECBRF Y SKar i des
(0-glycosidic |Linkage type). wherein the ol igosacchari de_is linked wth the
al cohol of ser Pﬁég?%%ﬂ O 9efr BERIHEY FRrF. CAMpleydhan DNA or proteins

10 in structure because of the diversity of arrangements of
monosaccharides, modes or sites of linkages, lengths of chains,
modes of branches and overall structures of higher order.
Accordingly, biological information derived from the structures
thereof is more diversified than is the case with DNA and proteins.

15 Although the importance of research on oligosaccharides has been
recognized, the complexity and variety of structures thereof have
delayed progress in the research on oligosaccharides unlike the
studies on DNA and proteins.

Many of proteins present on the surfaces of cell membranes

20 or in serum have oligosaccharides attached thereto as described
above. The molecules wherein oligosaccharides are combined
covalently with proteins are termed glycoproteins, which can be
divided into two groups according to the difference in the mode of
linkage between the oligosaccharide and the protein.

25 Oligosaccharides of one type are asparagine-linked oligosaccharides
(N-glycoside linkage type) wherein an amino group of the side chain

of asparagine (Asn) is linked with the oligosaccharide.



aspar agi ne-1inked oligosacchari des have a basic skeleton conprising 5 five
sugar noieties, and are divided into subgroups of high-mannose type,
conpl ex type and m xture type, according to the kind of the nonreducing
termnal sugar noiety of the oligosaccharide |inked. On the other hand, the
muci n-1i ked ol igosaccharides are divided into four groups according to the
difference of the basic skeleton. 10 Although such oligosaccharides are

i nportant _conpounds,, these conpounds are insufficient in absolute apounts
avai | abl &119RERFAPL IGESoBE af B RIS GBRARIAMUGEE FHRE (Rt JOSGraPrERASS

ol i gosaccharides only fromglycoproteins which are present_in the |iving
body. |—|ov(8\78i13,’°?%1‘1]§y &FPF?%%I%/YH YOETsIT the @&Iaaagwl?wsd%sso#mked

ol i gosacchari des from gl ycoproteins. Further there are in the |iving body
nany oIi&&§5cUW%FF&€?°&h¥€h %WHE%ﬁ§ngs%ﬁﬁﬁ€F°§ﬁBe 48 cufty H2e encount er ed

in obtaining a single oligosaccharide. only in | arge quantities. It is
al so di fF?EgF?glcrbe' &°A 8%1%%3“&&36{‘?‘?? géglvc?f aogﬁaaga%}& GO%e SORRF tH1 % e not

present in the Iiving 20 boq¥ An gbpqgt of the gresent inyention is to
provide &1¥BvRIIALIRALLEYPTe-3 diegs ot YO Iy FYRIBRIRS 45 P IBoRERR Mg at
| east one sialic acid or squLc acidtderivative_at a nonrigucin term nal,
and a pr &¥BEs FUPLSepEPE NP M X LARE. TYBS ARGREALBS) BRtE XERE PAVERRi on is
to provide a novel a;garagine-linked olégo accgaride cont, inin%¥aé | east
one si al PERTSTIG A tEFRIPRT YR IABPEFLY i g1AgAF AT getéﬁ fal, and a
4 process for preparing the sane. Anotaer_ob'ect of,%he i nv ntlgn isto
or ovi de. BPnbbeI SR §eStccHiT B B0 At BF i g SREr GBS LTt AFeaFr e et or
Siallc achd, fSH VALYS Bed i S0UEhD AR 0P "the A28k Sfon.
10 Although such oligosaccharides are important compounds,
these compounds are insufficient in absolute amounts available.
Methods of obtaining oligosaccharides include isolation of
oligosaccharides only from glycoproteins which are present in the
living body. However, it is difficult to cut off large quantities
15 of oligosaccharides from glycoproteins. Further there are in the
living body many oligosaccharides which closely resemble, and
difficulty is encountered in obtaining a single oligosaccharide
only in a large quantities. It is also difficult to obtain large
quantities of oligosaccharides which are not present in the living
20 body.

An object of the present invention is to provide a novel
asparagine-linked oligosaccharide derivative containing at least
one sialic acid or sialic acid derivative at a nonreducing terminal,
and a process for preparing the same.

25 Another object of the invention is to provide a novel

asparagine-linked oligosaccharide containing at least one sialic

acid or sialic acid derivative at a nonreducing terminal, and a



5 the sane. An object of the present invention is to provide a novel

aspar agi ne-1i nked ol i gosacchari de derivative containing at |east one fucose
in Nacetyl glucosam ne on the nonreducing term nal side of an

aspar agi ne-l i nked ol i gosacchari de wherdin the asparagi ne has 10 ami no group
protected with a lipophilic (hydrophobic) protective group, and a process
for preparing the derivative. DI SCLOSURE OF THE | NVENTI ON The present

i nvention provides the follow ng inventions. 15 1. An asparagi ne-Ilinked
(err) 2, 3PEPFHBS AThRTEHRT #Y | Wt iS?®€- havi ng undeca- to hepta-saccharides and
represented by the formul a gl) I%i ven bel ow, ,and process thereof RN O OH OH
OH H-00 O &°RER§T ObRENRE FH§ 1nVenAePR IR EMNRIR¥IEF RI°Hid R2 are each
a hydrogen atom qr qne of the groups. 20 represented by the fornulae (2) to
(5) and RAYIBRRIHERTELRFe BRta g% REnt S 2T RASIEF2LAGL2 Gf SRALARPRA shoul d

al ways be the group of the formla 2:)L. 5 RHO- R" HOOCH C~-1 f' O HO AcHN
ROO derivative at a nonreducing terminal, and a process for preparing

5 the same.

An object of the present invention is to provide a novel
asparagine-linked oligosaccharide derivative containing at least
one fucose in N-acetylglucosamine on the nonreducing terminal side
of an asparagine-linked oligosaccharide wherein the asparagine has

10 amino group protected with a lipophilic {(hydrophobic) protective

group, and a process for preparing the derivative.

DISCLOSURE OF THE INVENTION
The present invention provides the following inventions.
15 1. An asparagine-linked @2,3-oligosaccharide derivative
having undeca- to hepta-saccharides and represented by the formula

(1) given below, and process thereof

R]
N o . 4
OH OH OH
H ~Q o o . o)
o) - 0 Asn-Fmmoc (1)
fo .

AcHN AcHN

N

wherein R' and R’ are each a hydrogen atom or one of the groups
20 represented by the formulae (2) to (5) and may be the same or
different, provided that one of R' and R’ should always be the group

of the formula (2).



O(2) ACHNHOOOHHOAHOHO R R and R' are in the follow ng
conbinations (a) R=F, R=0H, R'=CH (b) R=OH, R=F, R'=CH 5 (c) R=CH,
R=OH R=F (d RROH R =04 R'=0OH HHOB O Ac(HN HOO OHHOHOO(3) H
H-0 HOHOACEN HOHOp OHO (4 HO20 HOOH HOH.O(5 HO6 2. An
asparagi ne-linked (err)2, 6-oligosaccharide derivative having undeca- to
hept a- sacchari des, containing fluorine and represented by the fornula (6)
gi ven bel ow, and process thereof

R HO
» HOOC |
R H o HO AcHN
R ) oi:%;;::?€%\\
o) oH 0
AcHN HO HO o) (2)
HO
_0
HO
HO

R, R' and R” are in the following combinations
(a) R=F, R'=0OH, R"=OH
(b) R=OH, R'=F, R"=OH

5 (c) R=0H, R'=OH, R"=F

(d) R=OH, R'=0OH, R"=0H

(3)

H _
HO— 0 Hi AcHN
HO o
OH
. HO o o)
H

HO.
HO. AcHN

HO.

HO O 0

' HO (4)

HO -Q
HO
' OH
HO
- 0

HO o (5)
HO :



Rx \O OH OH CH O O-CF AsuFnoc (6) o off~\ H AcM AcHN cHN 5 wherein R' and
R ' are each a hydrogen atom a group represented by the formula (7) or one
of the groups represented by the fornulae (3) to (5), provided that one of
Rx and Ry should always be a group of &he fornula (7). R® HOOC HOR O ~ _
HO Acl-IN AcCHNHOHOOHHOO(7) HO O HOHO 10 RR R and R' are in the
follow ng conbinations (a) R=F, R =0H, R'=CH (b) R=CH, R=F, R'=0H (c)
R=OH, R =0OH, R'=F 3. An asparagine-|linked (err)2, 3-oligosacchari de having
undeca- 15 to Hep@%-%ﬁ%ﬁﬁﬁﬂpﬁégl%ﬁﬁpr%ﬁr%§%ﬁ¥%ﬁa59h? § SSRIVEATEES gi ven

bel ow, %2%1950&5 é%éjq%geggpgg—Jgégharides, containing fluorine and

represented by the formula (6) given below, and process thereof

RX
\b :
_|-0
H 0 o
-
0 O&/O Asn-Fmoc (6)
ke - *

AcHN AcHN

5 wherein R* and R are each a hydrogen atom, a group represented by
the formula (7) or one of the groups represented by the formulae
(3) to (5), provided that one of R* and R* should always be a group

of the formula (7).

R
R” HOOC H?
(0]
AcHN
HO 0
HO OH po o

HO

(7)

-0
HO
HO

10 R, R’ and R” are in the following combinations
{(a) R=F, R'=0H, R"=0OH
(b) R=OH, R'=F, R"=OH
(c) R=OH, R'=OH, R"=F
3. An asparagine-linked (2, 3-oligosaccharide having undeca-
15 to hepta-saccharides and represented by the formula (8) given below,

and process thereof



OHOHOH HOOOOAMm gy \ ~/ 12 AcHN AcHN wherein R and R2 are as

defi ned above. 4. An asparagine-linked (err)2,6-oligosaccharide having
undeca- to hepta-saccharides, contai ni n7g fluorine and represented by the 5
formula (9) given below, and process thereof x OOHOHOH HO4 On O HHY
AcHN AcHN wherein R' and R' are as defined above. 5. An
(err)2, 3-ol i gosacchari de having undeca- to hepta- saccharides and
represented by the fornula (10) given below, and 10 process thereof 0 OH OH
OH HO,0 OO G0 0 HOH (10) 12 ArHN AcHN wherein R and R2 are as

defi ned above. 6:2 An a2, 6-ol i ggsaccharide_havi ng undeca- to hepta-

sacchari des, ﬁl ng flugrine and r r€8ent ed by the formula 15 (11)
given bel 0™ g oN 8, 0
H Asn . (8)
ke *
AcHN

wherein R' and R’ are as defined above.

4. An asparagine-linked (®2,6-oligosaccharide having undeca-
to hepta-saccharides, containing fluorine and represented by the

5 formula (9) given below, and process thereof

wherein R* and RY are as defined above.

5. An &2, 3-oligosaccharide having undeca- to hepta-
saccharides and represented by the formula (10) given below, and

10 process thereof

1

R
\0 ' »
OH OH OH
H = o Q - 0
0 H 0 } oH (10)
H
2 AcHN AcHN

wherein R' and R’ are as defined above.

6. An (2,6-oligosaccharide having undeca- to hepta-

saccharides, containing fluorine and represented by the formula

15 (11) given below, and process thereof



\ 0O HOHOH H-OO!(}~0O0 ~OH(11) v AcHN AcHN I wherein R' and R
are as defined above. 7. An asparagine-linked (a2,3) (a2, 6)-oligosaccharide
derivative having undecasacchari des and represented by the formula 5 (22)
given below R OOHOH OH HO O 4j--O-§~ O O HO O HO Asn-Fnoc ( 2 2) RY AcHN
AcHN wherein R is a group represented by the formula (2), Rr is a group
represented by the formula (7) below R HOOC HO " R R O O-~ HO AcHN AcHN
HOHOOHHO O Q/(7) HOHOO HOR R and R' are in the follow ng

conbi nati ons R\O _

OH OH

4 OH
HO -0 o o o
0
- o OH (11)
ILY ' AcHN " AcHN

wherein R* and R' are as defined above.

7. An asparagine-linked (®2,3) (@2,6)-oligosaccharide
derivative having undecasaccharides and represented by the formula

5 (22) given below
]

N
O
o OH OH
-0
HO o O o 0 N

0 sn-Fmoc (2 2)
' HO HO

RY

AcHN AcHN
wherein R' is a group represented by the formula (2), RY is a group

represented by the formula (7) below.

R
R” HOOC H?
R o o o HO AcHN
8]
AcHN
HO (0]
HO OH yo 0

HO

(7)

-0
HO

HO

R, R’ and R” are in the following combinations
10 {(a) R=F, R'=0H, R"=OH

(b) R=OH, R'=F, R"=0H

(c) R=OH, R'=OH, R"=F

(d) R=0OH, R'=0H, R"=OH

8. An asparagine-linked (®2,3) (®2,6)-oligosaccharide



10 (a) RFF, R=H, R'=H (b) R=OH, R =F, R'=CH (c¢) R=OH, R =0H, R'=F (d)
R=CH, R =0OH, R'=0H 8. An asparagi ne-linked (a2,3) (a2,6)-oligosaccharide 9
derivative having undecasacchari des and represented by the fornmula (23)
gi ven below Rk OHOH OH HO "O O O O Ash-Ftnt ( 2 3) OHO OHO Rz AcHN AWN
wherein Reis a group represented by the formula (2), Rx is a group
represented by the formula (7) below. R' R HOOC HO R ~~00_ HO AcHN AcHN HO
HOOH HO QO 0 (7 HO . 0 HOOHO R R .and R'.are_in the_ follow
combi nat (678 v Fhye ARving LEaettedtanorhons Yebzetelb Sy hY Mrmua

(23) given below

X

R
\\O
OH OH
OH
-0 @)

HO 0 0

o) 0O Asn-Fmoc (2 3)

I HO HO

R’ AcHN AcHN

wherein R’ is a group represented by the formula (2), R* is a group

represented by the formula (7) below.

(7)

R, R’ and R” are in the following combinations
{(a) R=F, R'=0H, R"=OH
(b) R=OH, R'=F, R"=0OH
{c) R=OH, R'=0OH, R"=F
10 {(d) R=OH, R'=0H, R"=0OH
The present invention relates to a novel asparagine-linked
oligosaccharide derivative containing at least one fucose in N-
acetylglucosamine on the nonreducing terminal side of an
asparagine-linked oligosaccharide wherein the asparagine has amino
15 group protected with a lipophilic protective group, and a process
for preparing the derivative.

The present inventor has already developed, as disclosed in



(c) RROH, R=0H, R'=F 10 (d) R=OH, R =CH, R'=0H The present invention
to a novel asparagine-linked oligosaccharide derivative containing
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oligosaccharides, wherein oligosaccharides deficient in sugar
moieties as desired are linked.

The processes of the prior application include:
(1) a process for preparing an asparagine-linked oligosaccharide
derivative derived from an asparagine-linked oligosaccharide which
process includes the steps of:

(a) introducing a lipophilic protective group into an asparagine-
linked oligosaccharide or at least two asparagine-linked
oligosaccharides included in a mixture comprising the
oligosaccharide or said at least two oligosaccharides to obtain an
asparagine-linked oligosaccharide derivative mixture, and

(b) hydrolyzing the asparagine-linked oligosaccharide derivative
mixture or asparagine-linked oligosaccharides derivative included
in this mixture and subjecting the resulting mixture to
chromatography to separate off asparagine-linked oligosaccharides
derivative,

(2) a process for preparing an asparagine-linked oligosaccharide
derivative according to (1) which further includes the step (b') of

hydrolyzing the asparagine-linked oligosaccharides derivative



20 (b) hydrolyzing the asparagi ne-linked oligosaccharide derivative mxture
or asparagi ne-1inked oligosaccharides derivative included in this mxture
and subjecting the resulting m xture to chronmatography to separate off
aspar agi ne-li nked ol i gosaccharides defitvative, 25 (2) a process for
prepari ng an asparagi ne-1linked oligosaccharide derivative according to (1)
whi ch further includes the step (b') of hydrolyzing the asparagi ne-Ilinked
ol yeos: dREBRTR55 ot baesher Brerr BParit ArHepidgehe. || nked

gl ycosid s a esstf repart e-linked

ol i gosaccharide derivative according to él%_or gg&ﬁgherein thﬁgﬁiature
ponprisid&) PhBT T o LRECREFPHE I AaPgPATad Hifst of 1 HRSASEHAr i 88

Cor o3 portiays L SHTESRBoHhd WnGrel ) At TEHe: CHRCMLLHEe OBy ohas
deficient, (4).a process._for preparing an asparagine-linked oligosaccharide
deriva:!\F@eaelb‘? THY llgﬁy%nl%a’tﬁjfta :(tl?e?az( O@EPBFﬂC?ﬁ%rlq%spdgﬁilggﬁs
protective group is uQr eny] met hoxycar bon noc roup, .a

P oces ForoPabal faf thi- Sepa L, G- PRk A g0 aat et LasrppaRt i
according to_any one of to (3) .wherein the step.(a) .is,the, step of

i nt r oducitfg5¢ d“ﬁ%ﬁﬁﬁdi&%%r?ﬁbéﬁgﬁgFﬁ iﬂ%ﬁI$ﬁ¥%dm86%F%0§%é¥ﬁ&FF88tor sai d
at | east t%o asgara iqe-linked 15 oligosacchari es thiﬁﬂqa siglic noi ety at
a nonr eddé nd PEPRTTalt T aRECYHANEE FRPEHE M dPESS st IHAS6H8ELRG benzyl

group into the .sialic noiety to ob%%in tgﬁ aspar. gi he-1inked
ol i gosacgﬁﬁﬁyﬁ‘éwedeaﬁc\?ﬁg?e% %?)&Wr gre (8§ pr&?ggz ’f'lg?r‘i)]r%giﬁ ng an
asparagi Ng- L pked ol i gosaccharide ;20! PRI MR LR RLEPH A1 (Fmoc)
10 group,
(5) a process for preparing an asparagine-linked oligosaccharide
derivative according to any one of (1) to (3) wherein the step (a)
is the step of introducing Fmoc group into the asparagine-linked
oligosaccharide or said at least two asparagine-linked
15 oligosaccharides having a sialic moiety at a nonreducing terminal
and included in the mixture, and introducing benzyl group into the
sialic moiety to obtain the asparagine-linked oligosaccharide
derivative mixture,
(6) A process for preparing an asparagine-linked oligosaccharide
20 including the steps of:

(a) introducing a lipophilic protective group into an asparagine-
linked oligosaccharide or at least two asparagine-linked
oligosaccharides included in a mixture comprising the
oligosaccharide or said at least two oligosaccharides to obtain an

25 asparagine-linked oligosaccharide derivative mixture,

(b) hydrolyzing the asparagine-linked oligosaccharide derivative

mixture or asparagine-linked oligosaccharides derivative included



(a) introducing a |ipophilic protective group into an asparagi ne- |inked

ol i gosaccharide or at |east two asparagi ne-linked oligosaccharides included
in a mxture conprising the oligosaccharide or said at |east two

ol i gosaccharides to obtain an 25 aspar&gi ne-1inked ol i gosacchari de
derivative mxture, (b) hydrolyzing the asparagine-Ilinked oligosaccharide
derivative mxture or asparagine-linked oligosaccharides derivative

included . 12 . in this m xtyre .and subjecting the resulting mxture to
chronatodPaﬁﬂ§stTf¥ﬁﬁ&§rﬁP§ %qu%£§63926PﬁefégqﬁQéBgoW?ﬁ8§% Mari des

derivative, and (c) .renoving the pratective .gro romthe asparagine-linked
5501 | gos SEERER FRRSITRY: FOat PR A6 B &1 EPB1AT 5 LREKET bl (o SR EarT

aspar agi ne- L i nked ol i gosaccharides, (7) a process for preparing an
asparagiH@FFYﬁkﬁﬁhoﬁpgosaccharide according to (6) which further includes:
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asparagi ne-1inked al.i gosaccharide. 15.according to (6) or (7) wherein the

m xture 883%??%ﬁ9ﬁfy}ﬁge o?f%ﬁﬁﬁ%ﬁfﬁgf?ggsbr said at |east two

oIigosacq? rides inclgdes a _canpound_of_ the fo mu%a (Q%Hbelo anQéor a
conpound gr?e%ﬁﬁﬁﬁﬁsngort%F?Rﬂﬁ&ngoﬁﬁoﬁﬁﬁﬁﬁﬁﬂéﬁﬁ'Elg.e?e? go&ﬁggéﬁﬁb € moi ety

is deficient,..(9 f ' i ne-1inked

oi | gosacRar A AT aG (s o DTS “Th () wherein the Iipophilic
prOteCtIV%: r%&%p'?beQ%fg&%%glyzing the asparagine-linked

10 oligosaccharides derivative separated off by the step (b) with a
glycosidase, and/or
the step (c¢') of hydrolyzing the asparagine-linked
oligosaccharides obtained by the step (¢) with a glycosidase,
(8) a process for preparing an asparagine-linked oligosaccharide
15 according to (6) or (7) wherein the mixture comprising the
oligosaccharide or said at least two oligosaccharides includes a
compound of the formula (A) below and/or a compound corresponding
to said compound wherein at least one sugar moiety is deficient,
(9) a process for preparing an asparagine-linked oligosaccharide
20 according to any one of (6) to (8) wherein the lipophilic
protective group is Fmoc group.
(10) a process for preparing an asparagine-linked oligosaccharide
according to any one of (6) to (8) wherein the step (a) is the step
of introducing Fmoc group into the asparagine-linked
25 oligosaccharide or said at least two asparagine-linked
oligosaccharides having a sialic moiety at a nonreducing terminal

and included in the mixture, and introducing benzyl group into the



(10) a process for preparing an asparagi ne-linked oligosaccharide according
to any one of (6) to (8) wherein the step (a) is the step of introducing
Fnoc group into the asparagi ne-linked 25 oligosaccharide or said at |east
two asparagi ne-1|i nked ollgosaccharldeé having a sialic noiety at a
nonreducing termnal and included in the m xture, and introducing benzyl
group into the 13 sialic nmoiety to obtain the asparagine-Iinked

ol i gosaccharide derivative m xture, HOOC11 H O OH Ac
AcHN~ NOSH®! &R TR BYORP 6’5?)”% B8 GSPRﬁﬁ%nlngerC’l%&?%ﬂ%? Acll N AcHN
NOtHQ\O ASSI HO' AcF\W NO ON

erivative mixture,

HO
O ~ moog .
HO o o 0 i AcHN
AcHN' HO.
HO oH
HO

HO

S92, A2 %ﬂ&ﬁ

Since a detailed description is given in the prior

(A)

5 application about the preparation of these asparagine-linked
oligosaccharide derivatives and asparagine-linked oligosaccharides,
reference will be made to the application. However, what is
disclosed in the prior application will be described to some extent.
The process of the prior application for preparing asparagine-

10 linked oligosaccharides derivative is distinctly characterized in
that a lipophilic protective group is introduced into (linked with)
a asparagine-linked oligosaccharide derived from a naturally
occurring glycoprotein, preferably asparagine-linked
oligosaccharides included in a mixture of asparagine-linked

15 oligosaccharides obtained from oligosaccharides capable of linking
to asparagine, to obtain a mixture of asparagine-linked
oligosaccharides derivative, followed by separation of the mixture
into individual asparagine-linked oligosaccharides derivative. The
term an "asparagine-linked oligosaccharide" as used herein refers

20 to an oligosaccharide having asparagine linked thereto. Further



(A) Since a detailed descriptionis given in the prior 5 application about
the preparation of these asparagi ne-linked oligosaccharide derivatives and
aspar agi ne-1inked oligosaccharides, reference will be nmade to the
application. However, what is discloséd in the prior application will be
described to sone extent. The process of the prior application for
preparing asparagine 10 |inked oligosaccharides derivative is distinctly

characterized in that a |ljpophilic tective.qroup is intraoduced jnto
e hnErferh anigbs ek PPl oS Rh I S I Re B, SeRAT G S bt al 1 y
occurrin | ycoprotein,  preferably asparagi ne-linke ol i gosacchari des

r e Led topa LSRR k. B Baga S iied PRR A - o sbariniirace BRESSToa 1 om
ol i gosacchari des capable of Jinkin 0.as aqgi ne, .to .obtain ] Xture of
e por oo Bl R FeR BT R Butiad i gataghte J30 N8RSt S i B bar ket onof
the mxture. into individual aspar.agi ne-linked.oli 9sacch i des derivati ve.
The ter #CaR *BYBREG Re®T | HIEE O oég%%%é?1 be Sg'ﬂ%aai Sr8irnPrefers 20 to
an ol i gosacchari de. hayi aspar agine linked theretqQ. Further 14 the term
"ol i g%gaé’é”ﬁé?fla&ndcé’ éSth‘?ﬁ p"ﬁ“ﬁ% ﬁg“tcblcé'éﬁéré]a]gﬁﬁggcf"@?e‘?% th& C2T§r oup of

ol i gosacchari des mhﬁﬁein N—aceyééglucasaninekg esent at.a_reducing term nal

i s attacKEA By RE gl (ROsTHE PPnkagEA TS tive L 18E6FY AMIS3g-8Ep Y aspar agi ne
As in.th | tid f 5 t ei d i.ch.h Ma . .
Corr) - a) CERREEEIIE e PR ofo e gbpRL e ln 8 MaltaC Py a8 diorass, wherein

(err)-4) err)- Cc as ore ru

"asparagi ne:| i nked ol igpsacchari de rivative" refers taq_an
asparagiﬁe?f?orhf 5l Pé%g%%c %ﬁiquuﬁhgreﬁ?FaggeﬁiBSp%???E? WOt 8¢ ?5%'group i's

o Ly AL sy L M L LRSIt 85T 2 o
10 acetamido group.

As described previously, oligosaccharides derived from
naturally occurring glycoproteins are a mixture of oligosaccharides
which are randomly deficient in the sugar moiety at the nonreducing
terminal. The present inventors have unexpectedly found that the

15 introduction of a lipophilic protective group into an
oligosaccharide derived from a naturally occurring glycoprotein,
preferably into asparagine-linked oligosaccharides included in a
mixture thereof, makes it possible to readily separate a mixture of
asparagine-linked oligosaccharides derivative having the protective

20 group introduced therein into individual asparagine-linked
oligosaccharides derivative by a known chromatographic procedure.
Consequently, asparagine-linked oligosaccharides derivative having
different structures can be prepared individually in large
quantities. For example, asparagine-linked oligosaccharides

25 derivative which resemble in structure and which are conventionally

difficult to separate can be separated from one another, and these

compounds can be prepared easily in large quantities. Further a



As descri bed previously, oligosaccharides derived from naturally occurring
gl ycoproteins are a m xture of oligosaccharides which are randomy
deficient in the sugar noiety at the nonreducing termnal. The present

i nventors have unexpectedly found thatl®he 15 introduction of a |ipophilic
protective group into an oligosaccharide derived froma naturally occurring
gl ycoprotein, preferably into asparagi ne-linked oligosaccharides included
ina mxture thereof, makes it_possible tqQ readily, separate a m xture,_ of
aspar agi AeYFPRkBF DIGF088cCHETTULS EFi FatthRfe rﬁéW‘\Fulb“? HERFTGEBET V8% gr oup
i ntroduced . therein i.nto i.ndjvidual aapgéggine-linked ol i gosacchari des

derivati VelByS3° cEhP oY Vrap AP AU PE SPAEY NSt PyParagine-
aspar agi ne-| i nked ol i gosacchari des derivative having different structures
can be pﬂéﬁgfng%%ﬂﬂsﬁlSﬁaf}ék?yé%réyﬁgrﬁ%aptities. For exanple,
and which are SOHOonVTGRARFIRod { TR0 5 BEPIAHdCaroNe Uhfhrated from
one apot her, and [Hesi co ound% candbe ren red egsél .Jé; I%rgea _
quant? t1 BEPAFEF e ARES Op JREGSCHAEITE P IRy (o5 TS aar 1 ¥ HOtE SR ENEF &R Ul t i ng
RSpar agi MG PRI G BESAELTa M HoaoHRFFUA varke el TI TS RaET e
POl b B1SLEELINS U oUn 0502 ShataghteLnked ol Lgopaealil oo
copar a0 gee! koo ol pgeeEel Ll de onCst | ol B Lo 0% MALEL, o EgouDl v
2L O L8R DR AP Gty E0Y EgPRPLA) Lo, e vhol
iﬂprfyedaggg§g§¥§é_ Qnggav§¥¥bggy%cggkgggéﬂ:é%%%gg$vgn€£tgH%ukgvggagikably
improved interaction between the oligosaccharide and the reverse-
phase column to be used favorably, consequently separating the
asparagine-linked oligosaccharides derivative from one another by
reflecting the difference of structure between the oligosaccharides
15 with high sensitivity.

Further by removing the protective group from the
asparagine-linked oligosaccharides derivative obtained, various
asparagine-linked oligosaccharides can be artificially prepared
easily in large amounts according to the prior application.

20 However, the asparagine-linked oligosaccharide derivative,
the asparagine-linked oligosaccharide and the oligosaccharide
obtained by the invention of the above-mentioned prior application
are all o2, 6-bonded compounds.

Furthermore, the asparagine-linked oligosaccharide

25 derivative, asparagine-linked oligosaccharide and oligosaccharide

obtained by the invention of the above-mentioned prior application

are all compounds wherein the oligosaccharide has no fucose linked



phase colum to be used favorably, consequently separating the
aspar agi ne-1inked oligosacchari des derivative from one anot her by
reflecting the difference of structure between the oligosaccharides 15 with
hi gh sensitivity. Further by renoving &he protective group fromthe
aspar agi ne-1inked oligosacchari des derivative obtained, various
aspar agi ne-1inked oligosaccharides can be artificially prepared easily in
| arge anounts according to the prior application. 20 However, the
aspar agi f&€FPRRed ol i gosacchari de derivative, the asparagine-Iinked

ol i gosaccharide and the oligosaccharide . obtained by the_invention of the
above- ment i onedtfr PERSPpIiVARFOPR REYISES fBRrFYRREHIRdeE S pounds.

Furt hernore, the asparagi ne-linked oligosaccharide 25 derivative, .

aspar agi R&iPPRREIMIIGoLaELYAri e FRd2BPREABECHAPKER Cbiiosaredapydehe

i nvention of the above-nentioned prior application are all conpounds
wherei n PRE B8R gbidrsarsrpraLtdn ALE0SE (1" RRBYed 6~OmBREE o he present
i nvention provides, an_asparagi ne-linked oligosaccharide derivative, an
aspar agi M&SFLARRY Bt iY6sabeharadd1oaRd BRI QT igBIacRha?? dRthifeR thre
(err)2, 6-bonded conpounds not 5 disclosed in the above-nentioned prior
appl i cat PERYIERS FrcReradhrdvh ideedafl igpsaciatd Iri AREH M iV§esaBchari de
derivative, an L asparagine-|inked oligosaccharide, and an ol i gosacchari de
whi ch ar 8SPaFpoiRR/eiinkRd Gt IR EIBEA TR ALDNBBUREISTRE RATFEAC afitFhe Gtai n
fluorine. 10 The present invengion further prog%&es an asparagi ne-1inked

ol i gosac@har PgEeId APy & anti- OATAED LIMROGEES| P BIGRICHRE2 1N scl osed

in the a%gﬁgigggyloned prior application.

10 The present invention further provides an asparagine-linked
oligosaccharide derivative which is a fucose-linked compound not
disclosed in the above-mentioned prior application.

The difference between @2, 3-bonded compounds and &2, 6-
bonded compounds will be described below.

15 The &2, 3-bonded compound and the (2, 6-bonded compound
represent modes of bonding between sialic acid and galactose. The
former refers to a compound wherein the carbon at the 2-position of
sialic acid and the carbon at the 3-position of galactose are
linked by & -bonding. The latter refers to a compound wherein the

20 carbon at the 2-position of sialic acid and the carbon at the 6-
position of galactose are linked by @& -bonding. Thus, the
difference resides in the difference in the carbon-to-carbon bond
between sialic acid and galactose.

This difference is involved, for example, in the receptor

25 recognition of influenza viruses. Influenza viruses recognize

oligosaccharides having sialic acid at the terminal as the receptor.

However, the human influenza virus is different from the avian



The di fference between a2, 3- bonded conpounds and a2, 6- bonded conpounds w ||
be descri bed bel ow. 15 The a2, 3-bonded conpound and the a2, 6- bonded conpound
represent nodes of bonding between sialic acid and gal actose. The forner
refers to a conpound wherein the carboh’at the 2-position of sialic acid
and the carbon at the 3-position of galactose are |inked by a-bonding. The
| atter refers to a conpound wherein the 20 carbon at the 2-position of
sialic acid_and the carbon at the 6- posjtjon of %%actose are_|inked by

a- bondi ngP THERZ2 (R SSaiR  BreaRi T EBRHLGL T T hothf (1UMERCEPFR: F1RALLY
carbon-to-carbon bond between sialic acid and gal actose. This difference is
i nvol ved Fef8PnE3eiild IOPACEIF HasSe PREF 1R addGgRF L oF® of 21 AP B9 r uses.

| nfl uenza yi ruses recogni z | igosaccharjides_having sialic acid at the
Corm nal 90AEReSS 0 dREERRS CREWRARTET CREChUMt Wonf PSSR rus i s different
fromthe avian 17 influenza virus_in receptor specificité.e The forner

i

speci fi cRLE§OSIEIRFAALESYRET s £c@hAFi 3Tt wifer%et m -HoRdpd P4 tLFE6- bonded
to | act ose,. whereas the |latter specifically.recogni zes | i gosacchari des
wher & 28hoRS 1R, W3 e Blarai s PE bl G sbae o 8E o g S eRas t he
difference in the de of . bondi ng bet wee sialic acid and .gal.act ose, and
further GRPHLF i PROSPRIFLCORE d 200, At Chet SAAFCFERGS | 11 (LA eRPR ¢ he
host ranﬁg of infg%gnz? Vi ruses.. ghg p{es nt inventiq$.r%lates to

aspar agi F&2Yi AEF0 T8 F g dtHA CHa Fe S A0SV e § 2738 2t agiind P FRked

ol i gosaccharides and oligosaccharides which are novel and not disclosed in
t he prioylrgﬁﬁﬁication, and a process for preparing such conpounds.

According to the process Qhvihe:dMventl: &M 43RaL3AL Pinkea
i0 oligosaccharide derivatives, asparagine-linked oligosaccharides and
oligosaccharides which are novel and not disclosed in the prior
application, and a process for preparing such compounds.
According to the process of the invention, an asparagine-
linked oligosaccharide (nonasaccharide-Asn-Fmoc) protected with a
15 lipophilic protective group and serving as the starting material is
reacted with sialic acid transferase to transfer sialic acid or a
sialic acid derivative to the oligosaccharide, and the resulting
asparagine-linked oligosaccharide protected with the lipophilic
protective group is subjected to chromatography for separation to
20 obtain an asparagine-linked disialooligosaccharide derivative
protected with the lipophilic protective group and two kinds of
asparagine-linked monosialooligosaccharide derivatives.
The asparagine-linked disialooligosaccharide derivative and
two kinds of asparagine-linked monosialooligosaccharide derivatives
25 obtained are then subjected to sugar hydrolysis to obtain
asparagine-linked nona- to hepta-saccharide derivatives having

sialic acid or a sialic acid derivative.



| i nked ol i gosacchari de (nonasacchari de- Asn-Fnoc) protected with a 15

| i pophilic protective group and serving as the starting material is reacted
with sialic acid transferase to transfer sialic acid or a sialic acid
derivative to the oligosaccharide, andlfhe resulting asparagine-Iinked

ol i gosaccharide protected with the lipophilic protective group is subjected
to chromat ography for separation to 20 obtain an asparagi ne-1inked
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obt ai n asSparagine-1Tinke rrdeca- 0" heplta- saccharide derivatives

cont ai ni ng fHEose. NG B 06 eI NG IROND k- Jl particularly Tinited, and

f
there can 5% usedﬁ'?gr Instance, a ca?bonaterased or ani de-based 10

protecting gr OQPFyﬁiJ&{r‘eocﬁcéF'égpf?/% 0P - Egié’l&ﬁ’a%ﬁp‘i%ﬁgég,?ﬁnd FhyR-

benzyl group, a g Xycar bonate group, or group. From

the viewaging,taly t e, r ?ﬁé‘%éﬁc@g gSBé‘.’E FICTRYNS Eegroel@ﬂi’es@%%%%” de
derivative can be iI'mredi at e y used 1n the synthesis of a desired
glyc?@epb&ggecE{Hﬁ %Q%KB,péﬁﬁﬁK§§ @Qogr§4%hﬂf;t—butyloxycarbonyl (Boc)
group, benzyl group, allyl group, allyloxycarbonate group, or
acetyl group. From the viewpoint that the resulting asparagine-
linked oligosaccharide derivative can be immediately used in the
synthesis of a desired glycopeptide, the above protecting group is
15 preferably Fmoc group, Boc group or the like, more preferably Fmoc
group. The Fmoc group is especially effective when there exists in
the oligosaccharide a sugar, such as sialic acid, which is relative
unstable under acidic conditions. The introduction of the
protecting group may be carried out according to a known process
20 (for instance, Protecting Groups in Organic Chemistry, John Wiley &
Sons INC., New York 1991, ISBN 0-471-62301-6).

For instance, when Fmoc group is used, an appropriate amount
of acetone is added to the mixture containing asparagine-linked
oligosaccharides, 9-fluorenylmethyl-N-succinimidyl carbonate and

25 sodium hydrogencarbonate are further added thereto and dissolved,

and thereafter the resulting mixture is subjected to a binding

reaction of Fmoc group to an asparagine moiety at 25.degree. C.,



15 preferably Fnoc group, Boc group or the like, nore preferably Fnoc

group. The Fnoc group is especially effective when there exists in the

ol i gosaccharide a sugar, such as sialic acid, which is relative wunstable
under acidic conditions. The introductt®n of the protecting group nay be
carried out according to a known process 20 (for instance, Protecting G oups
in Organic Chenlstry John VVIey & Sons INC., New York 1991, | SBN

0- 471 623 F t d X t t
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fluorine

10 synthesis. More specific examples of such derivatives are those
wherein the hydroxyl group attached to the carbon atom at the 7-
position, 8-position or 9-position of sialic acid is substituted
with a hydrogen atom or halogen atom. Examples of halogen atoms
are fluorine, chlorine, bromine, etc., among which fluorine is

15 preferred.

Examples of sialic acid transferases usable are those
generally available commercially, those naturally occurring and
those prepared by genetic recombination. A suitable transferase
can be selected in accordance with the kind of sialic acid or

20 sialic acid derivative to be transferred. A more specific example
is one derived from a rat recombinant which is an &2,3-transferase,
and one derived from rat liver which is an @®2,6-transferase.
Alternatively, sialic acid or a sialic acid derivative may be
transferred using sialydase to shift equilibrium as by pH

25 adjustment.

The separation of each of asparagine-linked oligosaccharide

derivatives by chromatography can be carried out by appropriately



Exanples of sialic acid transferases usable are those generally available
comercially, those naturally occurring and those prepared by genetic
reconbi nati on. A suitable transferase can be selected in accordance with
the kind of sialic acid or 20 sialic aéPd derivative to be transferred. A
nore specific exanple is one derived froma rat reconbi nant which is an
a2, 3-transferase, and one derived fromrat liver which is an
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10 separation conditions and the like may be adjusted by referring to
a known condition. According to the above procedures, each of the
desired asparagine-linked oligosaccharide derivatives can be
obtained from the mixture of asparagine-linked oligosaccharide
derivatives.

15 In the case where the protective group is Fmoc group,
asparagine-linked oligosaccharide derivatives of the formulae (12),
(13), (17), (18), (22) and (23) can be obtained by the above
procedures.

Furthermore, the asparagine-linked oligosaccharide

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

25 derivatives can be roughly separated by limiting the kinds of the
asparagine-linked oligosaccharide derivatives contained in the

mixture, and thereafter the asparagine-linked oligosaccharide



(13), (17), (18), (22) and (23) can be obtained by the above procedures.
Furt hernore, the asparagi ne-1inked ol igosaccharide 20 derivative having a
desired oligosaccharide structure can be efficiently obtained by
hydr ol yzi ng the asparagi ne-1inked oli@gdsaccharide derivatives separated in
t he above step. For instance, in the stage of separating the

asparagi ne-1inked oligosaccharide derivatives, the asparagine i nked
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10 structures.

For instance, the removal of the galactose moieties can be
accomplished by dissolving the compounds to be hydrolysed in a
buffer (for instance, phosphate buffer, acetate buffer, Good's
buffer or the like), and carrying out cleavage reaction of the

15 galactose moieties with a galactosidase in accordance with a known
condition. The compounds to be hydrolysed may be individually
isolated compounds or a mixture of these compounds. It is
preferable that a commercially available known exo-type enzyme is
utilized for the galactosidase used in this reaction. Also, the

20 enzyme may 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 asparagine-linked
oligosaccharide derivatives of which sugar moieties are cleaved)

25 may be subjected to chromatography to give each of asparagine-
linked oligosaccharide derivatives. For instance, it is preferable

that the separation is carried out by HPLC (ODS column, eluent



preferable that a commercially avail abl e known exo-type enzyne is wutilized
for the gal actosidase used in this reaction. Also, the 20 enzynme may be a
new y isolated enzyme or an enzyme gengrated by genetic engineering, as

|l ong as the enzyne has a simlar actlv??y Next, in the same manner as
descri bed above, the reaction solution obtained after the reaction (a

m xture of aspar agi ne- | i nked oli gosacchari de derivatives of which sugar
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preferab
utilized for each enzyme 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. Next, in
the same manner as described above, the reaction solution obtained

15 after the reaction (a mixture of asparagine-linked oligosaccharide
derivatives of which oligosaccharide moieties are cleaved) is
subjected to chromatography to give each of asparagine-linked
oligosaccharide derivatives. For instance, it is preferable that
the separation is carried out by HPLC (ODS column, eluent being a

20 50 mM aqueous ammonium acetate: methanol=65:35 or a 50 mM aqueous
ammonium acetate: acetonitrile=82:18).

The removal of the mannose moieties can be accomplished by
dissolving the compounds to be hydrolysed in a buffer (for instance,
phosphate buffer, acetate buffer, Good's buffer or the like), and

25 carrying out cleavage reaction of the mannose moieties with a
mannosidase under a known condition. The compounds to be hydrolysed

may be individually isolated compounds or a mixture of these



the separation is carried out by HPLC (ODS col um, eluent being a 20 50 niM
aqueous ammoni um acet at e: net hanol =65: 35 or a 50 nM aqueous anmmoni um
acetate: acetonitrile=82:18). The renoval of the nannose noieties can be
acconpl i shed by dissolving the conpouRds to be hydrolysed in a buffer (for

i nstance, phosphate buffer, acetate buffer, Good's buffer or the like), and
25 carrying out cleavage reaction of the mannose noieties with a

mannosi dase und a known condi.tion, The conpounds_to be, h rolysed nay be
[ ndli vi duSOPpOPagt a i 180%8§ 165 el 1 G ek e L RN HAS. 1 i o
preferable that a conner0|a ., avai_l abl e known axQ- t e.enzy is utilized
for the r‘?ﬁ‘ﬁnB’éP‘aa%‘bzyﬂ?edslﬂ %lzse rfgﬁcfP%rf"a%o?d atfie % tﬁﬁ be a newy

i sol ated enzyme or Zyne nerat d net.i c.e neering, as |long as
Lhe ooy reark ity padh . PREV IR F6Y RE. 8 i heSEhe wg% 8Bscr i bed
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about 10 _to_about §% .a mat r-soluble organi c
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fUCO§§ IIaerivatives. For instance, it is preferable that the separation is
carried out by HPLC (ODS column, eluent: there can be used, for
instance, a mixed solution of a buffer such as an about 10 to about
200 mM ammonium acetate and a water-soluble organic solvent with
lipophilicity such as acetonitrile, or ethanol, or methanol, or
15 butanol, or propanol in appropriate amounts; when exemplified
herein, it is preferable that the eluent is a 50 mM agqueous
ammonium acetate:acetonitrile=82:18.).
It is possible to prepare novel asparagine-linked
oligosaccharide derivatives containing at least one fucose in N-
20 acetylglucosamine on the nonreducing terminal side of an
asparagine-linked oligosaccharide wherein the asparagine has amino
group protected with a lipophilic protective group, by obtaining
various asparagine-linked oligosaccharide derivatives in this way
and thereafter causing the transfer of fucose.
25 The fucose to be used is one generally available
commercially, or one prepared by chemical synthesis.

Examples of fucosyl transferases usable are those generally



20 acetyl gl ucosam ne on the nonreducing termnal side of an
aspar agi ne-1i nked ol i gosacchari de wherein the asparagi ne has am no group
protected with a lipophilic protective group, by obtaining various
aspar agi ne-1inked ol igosaccharide deri@gtives in this way and thereafter
causing the transfer of fucose. 25 The fucose to be used is one generally
avail able commercially, or one prepared by chem cal synthesis. Exanples of
fucosyl transferases usabl e_are those eneraII 24  avai l bIe comercially,
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10 The separation of each of asparagine-linked oligosaccharide
derivatives by chromatography can be carried out by appropriately
using known chromatographies, singly or in a combination of plural
chromatographies.
For instance, the resulting mixture of asparagine-linked

15 oligosaccharide 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
column, and concretely, a monoQ column manufactured by Pharmacia,

20 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 asparagine-linked oligosaccharide derivatives can be
obtained from the mixture of asparagine-linked oligosaccharide

25 derivatives.

As described above, each of the various asparagine-linked

oligosaccharide derivatives of which branching structures at the



separation conditions and the |like may be adjusted by referring to a known
condi tion. According to the above procedures, each of the desired
aspar agi ne-1inked ol i gosaccharide derivatives can be obtained fromthe

m xture of asparagine-linked ol igosaccRaride 25 derivatives. As described
above, each of the various asparagi ne-linked oligosaccharide derivatives of
whi ch branching structures at the 25 termnals of the oligosaccharides are
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N acotyl G EERCRh Bachr AEPROT QRCRETTolia Any b CRINr 2B Hy ces or
reagentSVaonggqgﬁQ%@ggagééh t he procedures descri bed above, when the

10 According to a conventional process, enormous amounts of
time and cost for obtaining the asparagine-linked oligosaccharide
derivatives having very limited oligosaccharide structures are
required even on an analytical scale. On the contrary, according to
the present invention, about 1 gram of the asparagine-linked

15 oligosaccharide derivatives having desired oligosaccharide
structures can be prepared in an about 2-week period by using a
conventional gel filtration column, HPLC column, and at least three
kinds of glycosidases (for instance, galactosidase, mannosidase,
and N-acetylglucosamidase) without necessitating any particular

20 devices or reagents.

In accordance with the procedures described above, when the
protecting group, for instance, is Fmoc group, there can be
efficiently obtained a asparagine-linked oligosaccharide derivative
of the formula: (14) to (16), (19) to (21) in individually isolated

25 compounds or a mixture of these compounds.

Also, the present invention provides a process for preparing

a asparagine-linked oligosaccharide capable of obtaining each of



protecting group, for instance, is Fnoc group, there can be efficiently
obt ai ned a asparagi ne-linked oligosaccharide derivative of the formula:

(14) to (16), (19) to (21) in individually isolated 25 conmpounds or a

m xture of these conmpounds. Also, the BFesent i nvention provides a process
for preparing a asparagine-linked oligosaccharide capable of obtaining each
of 26 the various isolated asparagine-linked oligosaccharides in a |arge
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HPLC as. @q%}irgdkncﬁvnﬂ BEERELaNeR MR chhge Pracedines d rdl%%%samve,
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10 Organic Chemistry, John Wiley & Sons INC., New York 1991, ISBN O0-
471-62301-6). For instance, when the protecting group is Fmoc group,
the Fmoc group can be removed by adding morpholine to the
asparagine-linked oligosaccharide derivative in N,N-
dimethylformamide (DMF) to carry out the reaction. On the other
15 hand, Boc group can be removed by a reaction with a weak acid.
After the removal of the protecting group, a asparagine-linked
oligosaccharide may be properly obtained by purifying a reaction
mixture by a known process such as various chromatographies
employing a gel filtration column, an ion exchange column or the
20 like or a process of separation by HPLC as desired.

In accordance with the procedures described above,
asparagine-linked oligosaccharides of the formula: (8) and (9) are
obtained in individually isolated compounds or a mixture of these
compounds.

25 Further, the present invention provides a process for

preparing a oligosaccharide capable of obtaining the various

isolated oligosaccharides in a large amount. The above process



obtained in individually isolated conpounds or a m xture of these

conpounds. 25 Further, the present invention provides a process for
preparing a oligosacchari de capabl e of _obtaining the various isolated

ol i gosaccharides in a | arge anount. Thé” above process 27 further conprises,
subsequent to the step of preparing a asparagi ne-linked oligosaccharide in
accordance with the above process for preparing a asparagi ne-|inked
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10 the asparagine moiety, whereby oligosaccharide can be obtained.
Also, oligosaccharide can be also obtained by refluxing the

asparagine-linked oligosaccharide with heating in a basic aqueous
solution and thereafter acetylating the asparagine-linked
oligosaccharide to remove the asparagine moiety. After the removal

15 of the asparagine moiety, the oligosaccharide may be purified
appropriately by a known process such as various chromatographies
employing a gel filtration column, an ion exchange column or the
like, and a separation process by HPLC as desired.

In accordance with the procedures described above,

20 oligosaccharides of the formulas (10) and (11) are obtained in
individually isolated compounds or a mixture of these compounds.

As described above, according to the present invention, the
asparagine-linked oligosaccharide derivative, the asparagine-linked
oligosaccharide and the oligosaccharide (hereinafter these three

25 terms are collectively referred to as "“oligosaccharide series" in

some case) each having a desired oligosaccharide structure can be

prepared at a low cost, efficiently and in a large amount.
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produced according to the invention, it is possible to prepare a
vaccine which is effective for treating cancer. The
oligosaccharide series obtained by the invention can further be
made into derivatives by attaching novel sugar moieties thereto
through combinations of chemical reactions and reactions of sugar

transferases for the preparation of novel vaccines.

BEST MODE OF CARRYING OUT THE INVENTION

The present invention will be described below with reference
to Reference Examples and Examples, to which the invention is not
limited.
Reference Example 1

Preparation of 2,6-asparagine-linked disialooligosaccharide

In 100 ml of a tris-hydrochloric acid-calcium chloride
buffer (TRIZMA BASE 0.05 mol/l, calcium chloride 0.01 mol/1l, pH
7.5) was dissolved 2.6 g of an egg-derived crude SGP (sialyl
glycopeptide). 58 mg (772 #mol) of sodium azide and 526 mg of
Actinase-E (manufactured by Kaken Pharmaceutical Co., Ltd.) were

added to this solution, and the mixture was allowed to stand at



25 gl ycopeptide). 58 ng (772 (err)nmol) of sodium azide and 526 ng of
Actinase-E (manufactured by Kaken Pharnaceutical Co., Ltd.) were added to
this solution, and the m xture was allowed to stand at 29 37'C. After 65
hours, 263 ng of Actinase-E was added Adain, and the mixture was allowed to
stand at 37 C. for additional 24 hours. This solution was freeze dried, and
thereafter the residue was purified twice by gel filtration colum

chr omat oqr, y (Sephadex G5 2 2.5 0X 1. m eluent: ter, flowrate: 1.0
o O aR Y pEBRIRE ReGsn 20310 e AcHiBRPEE obF GRRER RSt T A ohk e

di si al ool [ gosacchari de. e sical data foe-the resul.tin
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The physical data for the resulting &2, 6-asparagine-1linked
disialooligosaccharide are as follows.

10 'H-NMR (D,0, 30 C)

05.13 (s, 1H, Mand4-H-1), 5.07(d, 1H, J=9.5Hz, GlcNAcl-H-1), 4.95(s,
1H, Man4-H-1), 4.77(s, 1H, Man3-H-1), 4.61(d, 1H, J=7.6Hz, GlcNAc2-
H-1), 4.60(d, 2H, J=7.6Hz, GlcNAc5, 5-H-1), 4.44(d, 2H, J=8.0Hz,
Galé, 6-H-1), 4.25(bd, 1H, Man3-H-2), 4.20(bdd, 1H, Man4-H-2),

15 4.12(bd, 1H, Mand4-H-2), 2.94(dd, 1H, J=4.5Hz, 17.2Hz, Asn- [3CH),
2.85(dd, 1H, J=7.0Hz, 17.2Hz, Asn-[3CH), 2.67, 2.66(dd, 2H, J=4.6Hz,
12.4Hz, NeuAc7, 7-H-3_), 2.07(s, 3H, Ac), 2.06(s, 6H, AcX2),

2.02(s, 6H, AcX2), 2.01(s, 3H, Ac), 1.71(dd, 2H, J=12.4Hz, 12.4Hz,

NeuAc7, 7-H-3
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OpuH OH ~-DOQH AT ' HO H-O FQOU ~~NTI NH2 HO NHAc NHAcO COOH HO HOOC OH HQOO
~0O HO HO OO NHAc (A) H& HO OH H3Cx HO 20 0 30 Reference Exanple 2
Preparation of Conmpounds 1, 2,3 and 4 gerr)Z,G-Asparagi ne-1i nked

di si al ool i gosaccharide (609 ngy, 261 (efP)npl) obtained in Reference Exanple
1 was dissolved in 20.7 m of water, 5 and 13.8 ml of 0.1 N hydrochloric
acid was added thereto. Imediately after heating this solution at 70 C for
35 m nut g‘s t he | ut 'gon was cool ed on ice, and a saturated agueous sodi um
hydr ogen&&f FETATS %&g'p 8d&d thereto to adjust its pH 7. The solution was
freeze dried, and.thergeafter the residye_was purified 10 by gel filtration
col um chr%ﬁéﬁa&& aphy° s&BﬂBﬂ‘é&‘?%lzaz'g.%x?#x 1 m eluent: water, flow
rate: 1.0 m/nmin), to give 534 ny, of mxture o

(or 1) 2. b bz PR e FaF b S0 seHEPPEELe ( 9K as2 6t (oL)

2, 6- ine-linked ' | i har.i d ine- i d
001 HRERREn ) 5T CPRACE TR BomBRERT L RV B pf BEALEAL1BEL B ERE: next

asi al ool i
esul 1 nd gl FobabeREr Pabe HUEOFEIoRE SEq SPPoRbocd I D20, 300) 5. 13(s.
Nhn4_Hl)ngé&géégle%Q%éyl%éaé%é%l@%isG%&f%%%%H*g%’76J%Aggf 35 minutes,
the solution was cooled on ice, and a saturated aqueous sodium
hydrogencarbonate was added thereto to adjust its pH 7. The
solution was freeze dried, and thereafter the residue was purified
10 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 (2,6-asparagine-linked disialooligosaccharide, two kinds of «
2,6-asparagine-linked monosialooligosaccharide and asparagine-
linked asialooligosaccharide. These four components were proceeded
15 to the next step without being isolated from each other.
The physical data for the resulting oligosaccharides mixture
are as follows.
'H-NMR (D,0, 307C)
5.13(s, Man4-H1), 5.12(s, Man4-H1), 5.01(d, GlcNAcl-H1l), 4.94 (s,
20 Man4'-H1l), 4.93(s, Man4'-H1), 4.82(s, Man3-H1), 4.60(d, GlcNAc2-H1),
4.58(d, GlcNAc5,5'-H1), 4.47(dd, Gal6,6'-H1l), 4.44(d4d, Galé6,6'-H1),
4.24(d, Man3-H2), 4.19(4, Man4'-H2), 4.11(4, Man4-H2), 2.97 (bdd,
AsN- BCH), 2.72(dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.64 (bdd, AsN- [3CH),
2.15(sX5, -Ac), 1.79(dd, NeuAc7-H3ax, NeuAc7'-H3ax)
25 A 429-mg quantity of the obtained oligosaccharides mixture

was dissolved in 16.3 ml of acetone and 11.2 ml of water. To the

solution were added 9-fluorenyl methyl-N-succinimidyl carbonate



20 Man4' -H'), 4.93(s, Man4'-H ), 4.82(s, Man3-Hl), 4.60(d, GLcNAc2-H1),

4.58(d, GIcNAc5,5'-Hl), 4.47(dd, (al6,6'-Hl), 4.44(d, (R16,6'-Hl), 4.24(d,

Man3- H2), 4.19(d, Man4'-H2), 4.11(d, Man4-H2), 2.97(bdd, AsN-t9CH),

2.72(dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.84(bdd, AsN-13 CH), 2.15(s X 5, -Ac),

1.79(dd, NeuAc7-H3ax, NeuAc7'-H3ax) 25 A 429-ng quantity of the obtained

ol i gosaccharides m xture was dissolved in 16.3 nml of acetone and 11.2 m of

water. To the solution Were added 9- quorenyI nmet hy I-N-sucm ni m dyl

car bonat €132 -7 (U85 41y, “awL) 7and sriium, hyd §88?%?ﬁ1fﬁﬂi}ac‘}6e 88r bdrtht e95(780 4
ng, 957 _Fgerr))rml) and the mxture was stirred at roomterrperature for 2

hour s. PQllso ARG (Sﬁevxﬁjsx%l’pﬁﬂ vag f‘BHéJﬁede\?épSPa‘[“oFe‘?Q?%\‘?e aﬁe% IRITSnd

t he renai |ng s%)lutlon was (;Zled by filtration colum

chr omat oér afh§°t Septadéx @3 ?\?O%aftt?erntto nareys q‘q%\ﬁner af8d 1.0

m / 309 tu d d 3, d
) 52 SeEe e Tt T fp.uga 9«9&%&( EECES L Ok Tent - 50
agueous ammoni um acet at e: %(Iﬂanol %‘E err)X 25 cm fl ow, rate: 3

m /i 7). SRTORAFRITARDY éﬁﬁgg & £ v%és eib ed Muf CePEBY: M3 RTes f18%mi xt ur e

f Co ted 67 t und_4 | ut ed
gfternggunﬁ%ﬁut s r'l‘%z{érﬁﬁ L#l’é 9 ract |e:)ﬁs vv&ranr gmulécol Ilrgc{)]gdgomﬁ) eéLZengl 2du ©

dth af |lted b fil | h d
G252 BELEITC T BH AR, TH L ATRr e 19 AR PherERy 15

I Vi 15 d t f ds_2 Th d t
for the r rg)gggf Feomsang: & Sg%em{‘%vé%%ﬂ AR R SgeEP Y S8t n d.
F H 7.55 5. 4- H
5. 06( 1H 20 s f—“Hl%)loﬂ ) el RaR A% 7, Rbhbh fpomeunt 1 wat)

10 eluted after 51 minutes, a mixture of Compounds 2 and 3 was eluted

0‘)

after 67 minutes, and Compound 4 was eluted after 93 minutes. Each
of the fractions were collected and freeze dried, and thereafter
desalted by gel filtration column chromatography (Sephadex G-25,
2.5 ¢ X 30 cm, eluent: water, flow rate: 1.0 ml/min), thereby
15 giving 150 mg of a desired mixture of Compounds 2 and 3.
The physical data for the resulting Compound 1 are as
follows.
'H-NMR (D,0, 300C)
7.99(2H, 4, Fmoc), 7.79(2H, 4, Fmoc), 7.55(4H, m, Fmoc), 5.15(1H, s,
20 Man4-H1), 5.06(1H, d, GlcNAcl-H1), 4.95(1H, s, Mand4'-H1), 4.82(1H
s, Man3-H1), 4.69(1H, d, GlcNAc2-H1l), 4.67(2H, d, GlcNAc5,5'-H1),
4.53(2H, d, Gal6,6'-H1l), 4.34(1H, 4, Man3-H2), 4.27(1H, 4, Mand'-
H2), 4.19(1H, d, Man4-H2), 3.03(1H, bdd, AsN- SCH), 3.00(1H, bdd,
AsN- BCH), 2.76(2H, dd, NeuAc7,7'-H3eq), 2.15(18H, sX6, -Ac),
25 1.79(2H, dd, NeuAc7,7'-H3ax) ; HRMS Calcd for C,,H,,N,NaO, [M+Na+]

2581.8838, found, 2581.8821



S, Man3-Hl), 4.69(1H, d, GlcNAc2-Hl), 4.67(2H, d, A cNAc5,5 -H), 4.53(2H,
d, Gal6,6'-H), 4.34(1H d, Man3-H2), 4.27(1H, d, Man4'- H2), 4.19(1H, d,
Man4- H2), 3.03(1H, bdd, AsN-f3CH), 3.00(1H, bdd, AsN-(3CH), 2.76(2H, dd,
NeuAc7, 7' - H3eq), 2.15(18H, s X6, -Ac),325 1.79(2H, dd, NeuAc7,7'-H3ax) ;
HRVS Cal cd for CLO3HL54N8NaO66[ MrNa+] 2581. 8838, found, 2581.8821 32 HOO
OH HO Hol O 43%$ NHAC AcHNNo OHC4 Tz O HOO HOHC6 H&E CHOH H OHO "' O
"Il O NHAe NHAO HO MVHO HO 0 HO AcH HO ON NHAe HO The structure of the
above oligosaccharide is shown bel ow. NeuAc: sialic acid, Gl: D gal actose,
GLcNAc: N-aget yogPigesanmi ne, Man: D-nmannose, Asn: asparagine 5 NeuAc a 2-'
6Gal 13 1-Ho (3 1- 2Nan a I\ 6Nan/3 1--4dc 31-4GI cNAc- - Asn- Frnoc

3 NctuAc a BSlacdl g OHE%dl“NActS 1- 2Nan a | (1 The physical data

for the resulting m xt¥rH °Cbrrpounds 2 and 3 follows. 'H NVR (D20,

30°x) 10 7.99(d, Fnoc), 7. Q Froc), 7.55(m F A b.14(s, Man4-H),
_ 0 OH OH
o MR oxiR_oqla i T W
o NHACc NHMH

HO
r HO™ ™0

_OH.
HoHo %% o HO o
HOl :&2’/ x
¢ NHAc
AcHN 34 OH
The structure of the above oligosaccharide is shown below.

NeuAc: sialic acid, Gal: D-galactose, GlcNAc: N-acetylglucosamine,

Man: D-mannose, Asn: asparagine

NeuAc a 2— 6Gal B I 4GlcNAc B 1= 2Man & I\
6Mam B 1= 4Gl cNAc B 1= 4G1cNAc— Asn-Fmoc
NeuAc a 2— 6Gal 8 1— 4GIcNAc B 1—~ Mana 1”7
(1-a)

The physical data for the resulting mixture of Compounds 2
and 3 are as follows.
'H-NMR (D,0, 307)

10 7.99(d, Fmoc), 7.79(d, Fmoc), 7.55(m, Fmoc), 5.14(s, Man4d-H1),
5.12(s, Man4-H), 5.00(d, GlcNAcl-H1), 4.94(s, Mand'-H1l), 4.93 (s,
Man4'-H1l), 4.82(s, Man3-H1l), 4.60(d, GlcNAc2-H1), 4.58(d,
GlcNAcS,5'-H1), 4.46(dd, Galé,6'-H1), 4.44(4, Galé6,6'-H1l), 4.24(d,
Man3-H2), 4.19(d, Mand4'-H2), 4.11(d&, Man4-H2), 2.97(bdd, AsN- SCH),

15 2.72(dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.64(bdd, AsN- SCH), 2.15(sX5,
-Ac), 1.79(dd, NeuAc7-H3ax, NeuAc7'-H3ax)

The physical data for the resulting Compound 4 are as

follows.

'H-NMR (D,0, 30C)



5.12(s, Man4-H), 5.00(d, AcNAcl-H), 4.94(s, Man4'-H ), 4.93(s, Man4'-H),
4.82(s, Man3-H1l), 4.60(d, G cNAc2-Hl), 4.58(d, dcNAc55 -H), 4.46(dd,
Gal6,6'-H ), 4.44(d, Gl6,6'-H ), 4.24(d, Man3-H2), 4.19(d, Man4'-H2),
4.11(d, Man4-H2), 2.97(bdd, AsN-/FCH), 335 2.72(dd, NeuAc7-H3eq,
NeuAc7-H3eq), 2.64(bdd, AsN-[3CH), 2.15(s X 5, -Ac), 1.79(dd, NeuAc7-H3ax,
NeuAc7' - H3ax) The physical data for the resulting Conpound 4 are as
follows. 1H NVR (D20, 30t)_33 7.99(2H, d Fm)c%, 7.79(2H, d, Fm)c%
7.55(4H, TmP%k#Bc)d, §mpsd 117 - L2 (2Hymda- FAYST 5. o&C1HHE o™ ARREAcl SHiLy (1H: o( 1h,
s, Man4' -H S, .Man3- H 4 69(1H G cNAc2-H ), 4. 67&2H, d,

¥, d,
Man4' 5 H2)

)., 4.82(1H, , d
GcNAc5,e‘>"aP|4||'5*})'45.(-éh6(<éﬁ; 8, GANG-HL ) 4 PBGH 1S MeRhn3ip) 442
Mo 1 3CHE BaRa 10k, 453 (Ancy CIRREBCHT bu 407" @H: 1), G Masboprrral)
S SR R A R
5 H2), 4.19(1H, d, Man4-H2), 3.03(1H, bdd, AsN-f3CH), 3.00(1H, bdd,

AsN- BCH), 2.15(12H, sX4, -Ac) ; HRMS Calcd for C,H,,N.NaO,, [M+Na+]

1999.6930, found, 1999.6939

“Rgcé-,g_go NHAc . 0
Oh oZJ;*‘"‘o ®
*L?fé'% &

o : O:T,O
OH OH
HO ”Qﬁ\;&%ég'ﬂéé\g'nf\r"” (1)
O

_ HOZ NHAc NHAcO COOH
H ) .
OH Ho§ 0_°
HO'WO NHAc
HO OH
10 Table 2 gives the structure of Compound 4 as simplified.

Reference Example 3
Preparation and Isolation of Compounds 2 and 3

The mixture of Compounds 2 and 3 obtained in Reference Example 2

(5.0 mg, 2.2 #mol) were dissolved in 220 {#L of water, and 100 UL
15 of a 22 mM aqueous cesium carbonate was added thereto to adjust its

pH 7.0. This solution was freeze dried. Four-hundred and thirty

microliters of N,N-dimethylformamide was added to the solid

obtained after drying, and further 20 /(L of a 6.6 [tmol benzyl

bromide/N,N-dimethylformamide solution was added thereto. This

20 solution was stirred under argon atmosphere. After 48 hours, the



HO O NHAc HO OH 10 Table 2 gives the structure of Conpound 4 as sinplified.
Ref erence Exanple 3 Preparation and |Isol ati on of Conpounds 2 and 3 The

m xture of Conpounds 2 and 3 obtained in Reference Exanple 2 (5.0 ng, 2.2
(err)mol) were dissolved in 220 [LL of 3fater, and 100 ILL 15 of a 22 nM
aqueous cesi um carbonate was added thereto to adjust its pH 7.0. This
solution was freeze dried. Four-hundred and thirty mcroliters of

N, N- di et hyl f or mam de was added to the solid obtained after drying, and
further SdspPpegfancesof FRpFtadng MabebiaderR, RoBf HETe IForkEni de sol uti on
was added thereto. This 20 solution was stirred under argon atnosphere.
After 48 (gduent: tHe NB4OAq; begiremrandéelo?) t radstherpaftemtdedi ab ks confirned
by TLC (eluent: 1M NH40Ac:.i sopropanol =1:2), and thereafter 4.4 niL of

di et hyl EiRERYheRthardegst 8dded oIt ALt o ITOwAL hev cHp srrgoppd to
precipitate therefrom The precipitated, oligosaccharides were 5 filtered,
and the PESFHRLTYS i'GSTSEEPRr iThe RESCHPESDISFPLLACTRESHATIFS WrERZe dri ed.
The residue after the |yophilization was purified by fractional HPLC (YMC
Packed CaRbARTES 005 thesresiguadpslngosacemyias wap ddsslvied 18| Waker 50 niv
aqueous ammoni um acetate acetonitrile=78:22, flowrate: 4 niL/mn), and
Conpound @3dndseetsitiddedo Trt sredqugi abEes Hifd 1eoRBbLhER BloRa¥ad| DRt BT er 91
m nutes. The fractions were collected, and further desalted on an CODS

col utm  PEoérdetionAdCHBLEPNMA FagkedoCrnmeDUCRd -Pi F5t MAPhOBE Ne- of H20
and then with 25% acetonitril eé, to %i ve a benzyl derivative of Conpound 2
in an am30AP1B8. 2206 Mpdnama BEMEAK: dEr MMaR@weoUst arRoThWpRFRFEEES 1 an anmount

of 1.8 .
rrgcetonitrile=78:22, flow rate: 4 mL/min), and Compound 3 was eluted

10 after 88 minutes and Compound 2 was eluted after 91 minutes. The
fractions were collected, and further desalted on an ODS column
(Cosmosil 75C18-OPN, 15 X 100 mm, eluted first with 50 mL of H.,O
and then with 25% acetonitrile), to give a benzyl derivative of
Compound 2 in an amount of 1.6 mg and a benzyl derivative of

15 Compound 3 in an amount of 1.8 mg.

A benzyl compound of Compound 2 (decasaccharide, 13.6 mg,
5.8 mmoles) was dissolved in 1.4 ml of NaOH aq. (pH=12) with ice
cooling. The solution was stirred for about 8 hours while
monitoring the reaction by HPLC. On completion of progress of the

20 reaction, the reaction mixture was adjusted to a PH of 7.0 with 40
mM of HCl. The mixture resulting from neutralization was filtered
by a membrane filter, followed by concentration, and fractionation
and purification by JPLC (YMC- pack ODS-AM, SH-343-5AM, 20 X 250
mm, AN/25 mM AcONH, buffer=20/80, 7.0 ml/min., wave length: 274 nm) .

25 The fraction obtained was concentrated and passed through an ODS
column (Cosmoseal 75C,,-OPN, product of NACALAI TESQUE, INC.) for a

desalting treatment, followed by concentration and freeze-drying to



A benzyl conpound of Conpound 2 (decasaccharide, 13.6 ng, 5.8 nmoles) was
dissolved in 1.4 mM of NaOH aq. (pH=12) with ice cooling. The solution was
stirred for about 8 hours while nonitoring the reaction by HPLC. On

conpl etion of progress of the 20 reactPén, the reaction mixture was adjusted
toaPHof 7.0 with 40 nmMof HCL. The m xture resulting fromneutralization
was filtered by a nenbrane filter, followed by concentration, and
fractionation and purification by JPLC (YMC- pack ODS-AM SH—343 5AM 20 X
250 mm 9R4e33 Hag dpRFPLHE0/A86, - 7CHRAYTE 1. (CwavEI | gtht) -2Fheri .

25 The fractlon obt ai ned was concentrated and assed throu%h an QDS col um
( Cosnpse&Pmpsend e ingdohadt thi ﬁ%&éﬂEAPgT$§X§ﬂ§allﬂE¢§ f dAPde HeshP%s ng
treatment, followed by concentratlon and freeze drying to 35 obtain the
desired phSdSEFUCtuURe OfCGREBOMRE 2 @6, ﬁlﬂﬁ 1fedtoy " The conpound obt ai ned
had the follow ng physical da;a Table 1 shows the structure of Conpound 2
as sinpl i¥iM¥R C4Q0MHR (2O0NRE C.DHOP=-40810, HOD=4.81) 5 6 8.00(d, 2H, J=7.2,
Froc), 7.79(d, 2H, J=7.2, Fnoc), 7. 59(dd 2H, J=7.2, Fnoc), 7.53(dd, 2H,
J=7.25 Fn%c% 005d22@§ cm' vadEoR ) 7 - B Go( dH. 1411=7 32=9 Fgockt c R (d4i) 2H,

5.01(s,1 H_ Man4' - 85(s g) 4.58-4 5H), 4. 57(dd 2H J=8.0),
4. 38- 4. 48Ch 22Hmo%, '3§(§3<d<_%H)2H'4 53¢ Bs, FARE) - Nén:&z#&) i’h s H1

2.64-2. 85(n1 3H, Asn-(3 10 ,. NeuAc7- H3eq), 13, 2. 12%§achs 12
Acx4), 1508p4d. 3 Jﬁc(?) 1%%‘&&} By, 5224653 HJb"-"i?‘lb HNe)uAé?S 8x) 1Hy
benzyl conpound_ of Conpound_ 3 decasaccharlde mol es) was

di ssol ved -PA~%: &° - NatHP 44 ﬁﬁrlﬁj vﬁkt1% 3@ 4cgg TufH)Thé gaﬁﬁtlon was

stirred for about 5 hours mhile 15 nmonitoring the reaction by HPLC. On
conpl et i ) f4p?%@¥%s§HofM?%%*ﬂpeaétFBﬁPst redcfton- 87 Wurd wAsnadj ust ed

to PH 7.0 wiith 40 of
CHx2, NeuAc?7- H3eq) 2.16, 2.13, 2.12(eachs, 12H, Acx4), 1.98(s, 3H,

Ac), 1.80(dd, 1H, Ja=12.0, Jb=12.0, NeuAc7-H3ax).

A benzyl compound of Compound 3 (decasaccharide, 5.0 mg, 2.1
mmoles) was dissolved in 2.0 ml of NaOH aqg. (pH=12) with ice
cooling. The solution was stirred for about 5 hours while

15 monitoring the reaction by HPLC. On completion of progress of the
reaction, the reaction mixture was adjusted to PH 7.0 with 40 mM of
HCl. The neutralized mixture was filtered with a membrane filter,
followed by concentration, and fractionation and purification by
JPLC (YMC- pack ODS-AM, SH-343-5AM, 20 * 250 mm, AN/25 mM AcONH,

20 buffer=20/80, 7.0 ml/min., wave length: 274 nm). The fraction
obtained was concentrated and passed through an ODS column
(Cosmosil 75C,,-OPN, product of NACALAI TESQUE, INC.) for a
desalting treatment, followed by concentration and freeze-drying to
obtain the desired product, i.e., Compound 3 (2.5 mg, 52.0%) The

25 compound obtained had the following physical data. Table 1 shows

the structure of Compound 3 as simplified.

'H NMR (400MHz, D,0, 30°C, HOD=4.81)



HCl. The neutralized mxture was filtered with a nenbrane filter, followed
by concentration, and fractionation and purification by JPLC (YMC pack
ODS- AM - SH-343-5AM 20 x 250 mm AN 25 mM AcONH4 20 buffer=20/80, 7.0
m/mn., wave length: 274 rin). The frd€tion obtained was concentrated and
passed t hrough an ODS colum (Cosnosil 75C18- OPN, product of NACALAI
TESQUE, INC.) for a desalting treatnent, followed by concentration and
freeze-drying to obtain the desired product i.e npound 3 (2.5

52. 0% Th% 8 23 (onBBuné-bift-aiFmed) hat §he f 8H 0\7\[7’196 prfy@lcéal 7 dad éfid'Ta?lﬁll el
shows the structure of Coggound 3 as _si nr'ﬁ|lfl ed. J(H NIVR( 400M—|z D20, 30' C,
HOD=4. 81)°~365- Fm%?)m(df’ 3 7FFroc °er) 8341 (8H, 1‘3 7“861 “Ehoe) |
7.59(dd, 2H = Frmoc) =7. 6, Fnoc) 1H, Man4-Hl),
5.09(d, fH°9jd9 J5“ ér@wﬁclcmlimls”r}é(sf’ arrs Neilﬁ‘4' Mﬁr!li) H41)58445?1(1rr71 (’5'H)
4.54(t, 2H, J=7.5), 4.40-4,50(b, 2H), ? 28(bs, lH 5 Man4- H2) ,
4.19(bs, >y, 425402 (A7 2H, - AshO 4k INet?Ath ﬁsé&)(s 5 2 -28(Rs . 1HL
Asn-}3CH), 2.16, 2.15, 2.13, 2.11(eachs, 12H, Acx4 1.98(s, 3H, Ac),
1.80(d, Mem4-Haka A 49 (PE=z13HY4, NIPACTBFbax)2H. Rsne eNE%éﬁi?)t’é3€1q)
Preparati on of Compounds 5 and 6 10 The m xture 5224 , 97 /Lnol) of
Conpound -25aAd? B(yhtlFi ndaR - PrHRef ér bhe & -Branpt & 2 ard ®a<kg- ot2BHovi ne serum

al bum n Were di ssoJved.in 22 nl of HEPES buffer and
Di pl ococ&g&4) aneLPr?oJrﬁ adfdeffhed 183-Gdr ayt"os‘tadége‘l J%%fm&uéﬂaeW?’ﬁer et o.

Thi s sol ution was allogred to stand at 37 'C for 15 hours, and 15 thereafter

freeze dReEGTeRTRe FEePdGe*was purified by HPLC (ODS columm, 2.0 j>X25 cm

el uent: 50_mM aqueous gn&mm um aget aée acetonitrile=85:15, flowrate: 3
pounds an

m/min), ahdFEFHsdaRa°

10 The mixture (224 mg, 97 Umol) of Compounds 2 and 3 obtained
in Reference Example 2 and 24 mg of bovine serum albumin were
dissolved in 22 ml of HEPES buffer (50 mM, pH 6.0), and Diplococcus
pneumoniae-derived [3-galactosidase (1.35 U) was added thereto.
This solution was allowed to stand at 37 C for 15 hours, and

15 thereafter freeze dried. The residue was purified by HPLC (ODS
column, 2.0 ¢ X25 cm, eluent: 50 mM agqueous ammonium
acetate:acetonitrile=85:15, flow rate: 3 ml/min), and Compound 5
was eluted after 129 minutes, and Compound 6 was eluted after 134
minutes. Each of the fractions was collected and freeze dried.

20 Subsequently, the fraction was desalted by HPLC (ODS column, 2.0 ¢
X 25 cm, eluent:water for a first 15 minutes, and applied to a
gradient of water:acetonitrile of from 10:0 to 85:15 (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

25 45 minutes; flow rate: 3.0 ml/min), to give a desired Compound 5 in
an amount of 81 mg and Compound 6 in an amount of 75 mg.

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



was eluted after 129 mnutes, and Conpound 6 was eluted after 134 m nutes.
Each of the fractions was collected and freeze dried. 20 Subsequently, the
fraction was desalted by HPLC (ODS columm, 2.0 45 X 25 cm eluent:water for
a first 15 minutes, and applied to a @fadient of water:acetonitrile of from
10:0 to 85:15 (volume ratio) for a period of from16 to 30 m nutes, and
then to a gradient of water: acetonitrile from85:15 to 80:20 for a period
of from31l to 25 45 m.nutes; flowrate: 3.0 mM/mn), to give a desired
Conpound %-¥MR (D¢ adfbuht of 81 ng and Conpound 6 in an anount of 75 my. The

hysi cal _d for,th t] d 5 fol l ows. .37 H NVR(D20,

%ﬁ@ Zi‘fa(ghgéﬁi;qzwf ??i:igtlﬁﬁfﬁﬁﬁzﬁﬁ@% %.r-g’é’ggﬁ;%ﬁg?ﬁ?&ﬁ)'ézsiié%’ii(iS's,
n4- , o d, cNAc1- , o Sy nd' -H1), 4. S,

Man3- H1) Mapd e;’é{k hH -%,6 (%c NAC ﬁﬂ‘%“,‘ﬂﬁgg( 241,953(,1H615M%%?%' By &5513.( (1H, d,

Gal6' -H ), 4.34(1H d, -H2), 4. 27(1H, . d, 'CH2), . 4. 19( 1H,

Man4- H2) ?Slz%‘?? %‘H) 'bgdfg/ig’ip @cn%l,CNQF%B‘(”iH %%,E’Q%Rbuiéﬁl-% )(r% 2?‘2&(1H,

bdd, ASN- 2,15(15H, s X5, -Ac), .1.79(1H. . dd, 7 - i HRVB

Cal cdP f o#(%gglﬁzmm%gs[ﬂi’l\xa#’jﬁ“?%& @}35‘”éf1(3f'glﬁﬁd, 49 Q{_A@B&Hﬁlgé%-héH ysi cal

data for the resulting Conpound 6 are. as follé)ws. 1H NVR (D20, 30t)

7.99( 2H, 4d1%fHbe)d- ﬂa?é(ﬁ?qfld%-%ﬂn‘&é),bqf%s"(%, W) FriodP, (18 18¢1H, s,

Man4- HL), 5.06(1H d, GIcNAcl-HL), 4.95(1H, s, Mand' -H ), 4.82(1H 15 s,
Man3- H1),eHP‘%b§1*Heqd,' 1o hnb?- |L?P))d 4sB705H) - g2 - ¥ ENBE5 S8 3 H JAC)4. 53(1H, d,

Vand. 1) 13850180 pHg RALN Torey 7 BRER G o dB \B il N 60 1. oo,
ASN-13CH) 1 o Fpd6- O ouRal®21 28\ Pyeal - 79(1H, dd,
10 The physical data for the resulting Compound 6 are as
follows.
'H-NMR (D,0, 30TC)
7.99(2H, 4, Fmoc), 7.79(2H, d, Fmoc), 7.55(4H, m, Fmoc), 5.15(1H, S,
Man4-H1), 5.06(1H, d, GlcNAcl-H1), 4.95(1H, s, Mand'-H1), 4.82(1H,
15 s, Man3-H1), 4.69(1H, d, GlcNAc2-H1l), 4.67(2H, d, GlcNAcS5,5'-H1),
4.53(1H, 4, Galé6-H1), 4.34(1H, 4, Man3-H2), 4.27(1H, 4, Man4'-H2),
4.19(1H, 4, Mand4-H2), 2.97(1H, bdd, AsN- 3CH), 2.76(1H, dd, NeuAc7-
H3eq), 2.60(1H, bdd, AsN- SCH), 2.15(15H, sX5, -Ac), 1.79(1H, dd,
NeuAc7-H3ax) ; HRMS Calcd for CgH,,.N,Na,O,, [M+Na+] 2172.6995, found,
20 2172.7084
Reference Example 5
Preparation of Compounds 7 and 8
A mixture (90 mg, 47.3 /Umol) of Compounds 5 and 6 obtained
in Reference Example 4 was dissolved in 8.1 ml of HEPES buffer (50
25 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 [3-glucosaminidase (manufactured by Sigma-Aldrich



NeuAc7-H3ax) ; HRMS Cal cd for C66H125N7Na3053[ MtNa+] 2172. 6995, found, 20
2172. 7084 Reference Exanple 5 Preparation of Conpounds 7 and 8 A m xture (90
ng, 47.3 /.Lnol) of Conpounds 5 and 6 obtained in Reference Exanple 4 was
dissolved in 8.1 ml of HEPES buffer (5868 25 mM pH 6.0) together with 8 ngy
of bovine serum al bum n w thout separating the conpounds from each ot her,
and 2.88 U of a bovine kidney-derived A3-gl ucosam ni dase (nmanufactured by

Sigma- Al drich 38 Corporation, fraom bovine kjdney) was added thereto. This
St Ut on CoRBETaF I Ge 2D bogie LSRR YOT AttobbeYSEma MHd SRELEIOF r cove
dried. The residue was purified by HPLC gCDS colum, 2.0 O X25 cm eluent:
50 MV aqi@8udl LemRshitoncaeBE st e: et h 43| LB5RRETS | 13T thEESAREST HTERRR), and

Compound 7 was eluted after 117 m nutes, and Cor‘rgound 8 was g)lrgt ed after
127 mi nuBEdedEathe gresidier vag iR 1qAsPR et &S sAtvfteezd driéa. cm

Subseauent L % et o0, g desth! Bl ARG (PRSI, 2 Oy X 25 om
e R B g T AT R0, B 8 St 50
5020 1 o BeBoEl Bk 7 iR T 5 B re a5 T e S
SL 37, g BBy 25, B alls, " BB SRR L 3 g el ovs.
4 5a( 111 1005 ABRETTILY: 04060( 1y SCHENAL ALY, £AFo7(1 1= L CHERAESE ).
4-55(1H, dy SiPiddho 4 §2Ldendde MBRE: oo 204 1L o A% PTG b2Ls
10 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 a desired
Compound 7 in an amount of 40 mg and Compound 8 in an amount of 37
mg. The physical data for the resulting Compound 7 are as follows.
15 'H-NMR(D,0, 30C)
8.01(2H, 4, Fmoc), 7.80(2H, 4, Fmoc), 7.56(4H, m, Fmoc), 5.22(1H, s,
Man4-H1), 5.08{(1H, 4, GlcNAcl-Hl), 4.94(1H, s, Man4'-H1l), 4.84(1H,
s, Man3-H1), 4.69(1H, d, GlcNAc2-H1), 4.67(1H, d, GlcNAc5-H1),
4.55(1H, 4, Galé6-H1l), 4.33(1H, dd, Man3-H2), 4.20(1H, dd, Man4-H2),
20 4.15(1H, 4d, Mand'-H2), 2.97(1H, bdd, AsN-f3CH), 2.76(2H, 44,
NeuAc7,7'-H3eq), 2.62(1H, bdd, AsN-SCH), 2.15(12H, sX4, -Ac),
1.79(2H, dd, NeuAc7,7'-H3ax) ; HRMS Calcd for C,,H,,,NNaO,, [M+Na+]
1925.6562, found, 1925.6539
The physical data for the resulting Compound 8 are as
25 follows.
'H-NMR (D,0, 30TC)

7.99(2H, 4, Fmoc), 7.79(2H, 4, Fmoc), 7.55(4H, m, Fmoc), 5.15(1H, S,



20 4.15(1H, dd, Man4'-H2), 2.97(1H, bdd, AsN- (3CH), 2.76(2H dd,

NeuAc7, 7' -H3eq), 2.62(1H, bdd, AsN-f3CH), 2.15(12H, sX4, -Ac), 1.79(2H, dd,
NeuAc7, 7' - H3ax) ; HRMS Cal cd for C72H14, N6NaO46] MFNa+]  1925. 6562, found,
1925. 6539 The physical data for the re%ﬁltlng Compound 8 are as 25 foll ows.
"HHNMR (D20, 30°C) 7.99(2H, d, Fnoc), 7.79(2H, d, Fnoc), 7.55(4H m Fnoc),
5.15(1H, S, 39 Man4-Hl), 5. 06(1H d, GLcNACL- Hl) 4.95(1H, s, Man4'-H),

e L S
e S 2 Vol Y R S S o
GO T R D ST

Ref er ence Exanpl bovi ne serum al bum n_were dlssolved in 6
M of HEPRS. BT BOSmASEHTBIS), b 6 A0 NRRAC BeHHGaber 1 v 18

mannosi dase was gFed thereto. Thi solutéon was allowed to stand at 37 C

for 21 h&Gfs, AshaP tHéh: 11 dedd28ri 8d .4 subSéqubntd (-t A8: FeRYle RidE) puri i ed

™ nut os, " é?)Jp Sw.@ln@%{%ﬁw B Gafar PR deesr | 225 995 10: 0 1o

85:15 for ? cé) t_l ganto 30 mi nutes, andthentoagradlent of
wat er : 58 IR A RS Prdm 85:15 to 80:20 for a period of from31l to 45

m nut es; f£0m1ra e 3 93ﬂﬁéﬂkﬁ to give 20 ng of a desired Conpound 9. 20
The phyS| cal gata- Fesul t i ng Conpound 9 are as foll ows.

Compound 7 (30 mg, 473 [tmol) obtained in Reference Example 5

10 and 3 mg of bovine serum albumin were dissolved in 6 ml of HEPES
buffer (50 mM, pH 6.0), and 10 U of Jack Beans-derived Q-
mannosidase was added thereto. This solution was allowed to stand
at 37 C for 21 hours, and then freeze dried. Subsequently, the
residue was purified by HPLC (ODS column, 2.0 ¢ X 25 cm,

15 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 9.

20 The physical data for the resulting Compound 9 are as follows.
'H-NMR (D,0, 307C)
8.01(2H, 4, Fmoc), 7.80(2H, d, Fmoc), 7.56(4H, m, Fmoc), 5.00(1H, 4,
GlcNAc1-H1), 4.95(1H, s, Mand4'-H1l), 4.84 (1H, s, Man3-H1), 4.67 (1H,
d, GlcNAc2-H1), 4.56(1H, d, GlcNAc5-H1l), 4.44(1H, d, Gal6-H1),

25 4.11(1H, dd, Mand'-H2), 4.07(1H, dd, Man3-H2), 2.97(1H, bdd, AsN-[f3
CH), 2.76(1H, dd, NeuAc7'-H3eq), 2.62(1H, bdd, AsN-[3CH), 2.15(12H,

sX4, -Ac), 1.79(2H, dd, NeuAc7'-H3ax) ; HRMS Calcd for



1H-NVR(D, O, 30t) 8.01(2H, d, Fnoc), 7.80(2H, d, Fnoc), 7.56(4H, in, Fnoc),
5.00(1H, d, dcNAcl-H), 4.95(1H, s, Man4'-H ), 4.84 (1H, s, Man3-Hl),
4.67(1H, d, AcNAc2-H ), 4.56(1H d, GLcNAc5-H ), 4.44(1H, d, &Gl6-Hl), 25
4.11(1H, dd, Man4' -H2), 4.07(1H, dd, MifA3-H2), 2.97(1H, bdd, AsN- CH),
2.76(1H, dd, NeuAc7'-H3eq), 2.62(IH, bdd, AsN-1liCH), 2.15(12H, s X4, -Ac),
1.79(2H, dd, NeuAc7'-H3ax) ; HRMS Cal cd for 40 C72HL04NSNaO43 [M+Na+]

1763. 6034, found 763. 07 Ref er en a Preparation of Compound 10
Conpound BHuthNaY 433“53%5‘7 ﬁélsf gh? néﬂ”ﬁi "2?@ %%c"e Exanple 5 5 and 5 g of
bovi ne serum al bum n wgre di ssolved in 7.8 m of HEPES buffer (50 mM pH
6.0), and®3STEPOF AL Beans-derived (err)- mannosi dase was added t her et o.
Thi s sol utlon was allo¥:eg to stan at 37 C for 63 hours, and then freeze
dri ed. SubBETRAFRGLYD PhetCTRUGud was purified by HPLC (ODS col um, 2.Qt) X
25 cm eluent: 10 water for a first 15 mnutes, and applied to a gradl ent of
water: acet onieFPPRIGf 8f {4 19: P 3% “8@’531?5"?6?1%9%&9 cSQGfSFeF?%n?’iaG“HI@ 30

m nut and .then t radi ent of . _ace on| rile, of fro 51

501 5057 o ATep; D D IER STID TR veit HBRiraE et 1 bR Pl HyERA o

gi ve 30 of a desired ound 10Q. 15 The si_cal data for the resulting
Conpound PEEE5F e (2% ™| PH\(A:gng)' KOVRE( Botf °¥‘8 Bgapsrderivaddt), 7. 80(2H,

y 552":0 ) mgf;%ﬁ@ﬂ ) asF"@é%Mﬁi étleaﬁés Faliat e, 0]3180‘%?%2 G%ZNA” "
2.81(1H, N- 3 20 2.7 NeuAc 2.59 H AsN- B
CH) | (2 13¢131 gés § jours) ap (ﬁl—#‘ %reﬂéEXQ %%JQBF%)DS or

C72H104N§§%1 L was Jurlfled by HPLC (ODS column, 2.0¢ X 25 cm, eluent:

10 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 Compound 10.

15 The physical data for the resulting Compound 10 are as follows.
'H-NMR (D,0, 307C)
8.01(2H, 4, Fmoc), 7.80(2H, d, Fmoc), 7.56(4H, m, Fmoc), 5.23(1lH, s,
Mand4-H1), 5.08(1H, d, GlcNAcl-H1), 4.53(1H, 4, Galé6-H1l), 4.32(1H,
dd, Man3-H2), 4.28(1H, dd4, Man4-H2), 2.81(1H, bdd, AsN- SCH),

20 2.76(1H, dd, NeuAc7-H3eq), 2.59(1H, bdd, AsN- SCH), 2.13(12H, sX4,

-Ac), 1.80(1H, dd, NeuAc7H3ax) ; HRMS Calcd for C,H,,NNaO,,[M+Na+]
1763.6034, found, 1763.6041
Reference Example 8
Preparation of Compound 11
25 Compound 5 (28 mg, 21.3 /tmol) and 1.0 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 454 {/L),

and neuraminidase (manufactured by Sigma-Aldrich Corporation, from



1763. 6034, found, 1763.6041 Reference Exanple 8 Preparation of Conpound 11
25 Conpound 5 (28 ng, 21.3 (err)mol) and 1.0 ng of bovine serum albumn
wer e dissolved in HEPES buffer (50 mM pH 5.0, 454 )1 L), and neuram ni dase
(manuf actured by Sigma- Al drich Corporatiton, from41l Viblio Chol erae, 198
mJ) was added thereto. This solution was aI |l owed to stand at 37V for 20
hours, and thereafter the term nation of the reaction was confirnmed by HPLC

anal ysis._.The reaction ution was .purified Packed Col um

b 0% 5 §iB1E01 S eg oSt S0 A 25Be% %fﬁ.y St nto T T aducous

anmoni um acetate:acetonltrlle éo 20, flow rate: m_/mn) Further, the
o)

resi due WALoHESaF? Fadf BB Lot uir ((CodRuEF! ai‘Stltéle@@RI tgy she 100 nm el uted
first with 50 nl, of O and then with 25%. acgijl hHié%‘? a_de5|red
Conpound FFMERFEHY ‘{szé'ri“a r%%m”ld’a‘?hg"‘b f a]tyﬁé re ifti ng

d f ol Tabl e f 11
oMo T sdete Enreiadebn 495 o TiBA Y G oM bERe S caRROYIB0d 15 %2

= 7.51(dd,  2H J=7 = HJ— 5Hz. Fnoc). 5. 12
moc?\ém Ié(ll@%‘ ODf é‘@’(dzoi%%?é%?fz 25&1&'#%:@1 nlt) 58. @’2(%‘11?@10 s|van4' |(—51)
4.76(s, 1H_ Man3 4.58(d.. 1H. J

J6-are, SERENANE d55pe 1508 d%ltrfﬁe 50: by R Tate, )%L/Miwilr& Froc).
411 Egd %ngﬁiiugefzﬁfswg 4058 3 Pumrzg%spf@fbﬁéﬁ%ﬂ s hi - Hlszs?’mz,
S e e L
found 1837e§gg%tr11e) to give a desired Compound 11 (17 mg, yield: 70%).
10 The physical data for the resulting compound are as follows. Table
2 shows the structure of Compound 11 as simplified.
'H-NMR (30°C)
07.91(4, 2H, J=7.5Hz, Fmoc), 7.71(d4, 2H, J=7.5Hz, Fmoc), 7.51(dd,
2H, J=7.5Hz, Fmoc), 7.43(dd, 2H, J=7.5Hz, Fmoc), 5.12(s, 1H, Man4-
15 H-1), 4.99(d, 1H, J=9.5Hz, GlcNAcl-H-1), 4.92(s, 1H,Mand'-H-1),
4.76 (s, 1H, Man3-H-1), 4.58(d, 1H, J=8.0Hz, GlcNAc2-H-1), 4.55(4d,
1H, J=8.4Hz, GlcNAc5'-H-1), 4.47(d4, 1H, J=7.8Hz, Galé6'-H-1), 4.34(t,
1H, Fmoc), 4.24(bd, 1H, J=1.9Hz, Man3-H-2), 4.18(bdd, 1H,
J=1.4Hz ,3.3Hz, Man4-H-2), 4.11(bdd, 1H, J=1.4Hz, 3.5Hz, Man4'-H-2),
20 2.72(bdd, 1H, J=3.0Hz, 15.7Hz, AsN-3CH), 2.52(bdd, 1H, J=8.7Hz,
15.7Hz, AsN-[CH), 2.06, 2.05, 2.04, 1.89(each s, each 3H, Ac) ;
HRMS Calcd for C,H,NNaO, [M+Na+] 1837.6402, found 1837.6471
Reference Example 9
Preparation of Compound 12
25 Compound 6 (20 mg, 9.4 HUmol) and 1.6 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 323 4L),

and neuraminidase (manufactured by Sigma-Aldrich Corp., from Viblio



Ref erence Exanple 9 Preparation of Conpound 12 25 Conpound 6 (20 ng, 9.4
(err)nmol) and 1.6 ng of bovine serum al bum n were dissolved in HEPES buffer
(50 MM pH 5.0, 323 (err)L), and neuram nidase (nmanufactured by

sigma-Al drich Corp., fromViblio 42 CRélerae, 141 nlJ) was added thereto.
This solution was allowed to stand at 37C for 18 hours, and thereafter the
termnation of the reaction was confirnmed by HPLC anal ysis. Subsequently,
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Si g Al GEESRC TR R S BT GRber e T e G e o s
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R e B e e e
acetate: %‘é@EBHlEHl'eES:,SQoZQwé lapvc\iers’E‘FrSEi é‘orﬁﬁédﬁd”)lz '(:yﬁ trhbgr ’yiteri%: 76%) .
10 The structure of the resulting compound was confirmed from the
finding that its 'H-NMR was identical to that of the standard
compound. Table 2 shows the structure of Compound 12 as simplified.
Reference Example 10
Preparation of Compound 13
15 Compound 7 (45 mg, 24 (#mol) and 1.7 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 820 4L),
and neuraminidase (manufactured by Sigma-Aldrich Corp., 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
20 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 agueous ammonium
acetate:acetonitrile=80:20, flow rate: 4 mL/min). Further, the
residue was desalted on an ODS column (Cosmosil 75C18-OPN, 15 X
25 100 mm, eluted first with 50 mL of H,0 and then with 25%

acetonitrile), to give a desired Compound 13 (28 mg, yield: 74%).

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



resi due was desalted on an ODS colum (cosnosil 75C18-CPN, 15 X 25 100 nmm
eluted first wwth 50 nL of H20 and then with 25% acetonitrile), to give a
desired Conpound 13 (28 ng, yield: 74%. The physical data for the
resul ting conpound are as follows. Tabfd 43 2 shows the structure of
Compound 13 as sinplified. 'H NVR(300C) 67.92(d, 2H, J=7.5Hz, FnoC),
7.71(d, 2H, J=7.5Hz, Fnoc), 7.51(dd, 2H, J=7.5Hz, Fnoc), 7.44(dd, 2H,

J=7.5Hz, Fnpc), 5.10(s, i 4- 5 H1)..4.99(d, . 1H J=9.5Hz, GLcNAci - H 1),
4.92(s, ngB?%)éM‘gl%S%)%}mh&?%(M’? ‘ioﬁ}’owﬁgﬁé%"’f) ,S(lE['.b%éph? 2H, GCNACS,S'CI-I-I-l)?
4.47(d, in, J=B,QHz, Galé'-H1), 4.35(t, in, Froc), 4.24(bd, in, J=1.9Hz,

van3- H X NMRBPs, in, Man4' -H2), 4.07(bs, 1H, Man4-H2), 2.72(bd, 1H,
204, 1. B{ Skirs e bH S AETO G it 2For Ch T HE7NBREA0 MKBAa
Compound 2B (37 7 22 RR01 3 B & oo Bt KEOShr i oL o BurdPher 6
e el BRI T A 0 e, SRS

and ther 8a 83 (k" PR R  orf e tm a2 it Rasfiuny 14-aa By Mo >
anal ysi s.._The,

o oduct - Hal” SibeaRent iy burd Toad by LD VE Padken Bt MEpR s 5
i(z:g?a?g:sgcbg% on%’?lrzl?(ls%’gd)ggo&% ‘ﬁsgvl\i/q??it gj:1 U(Z’p{ﬁ_g’/%qﬁ?w%&rjﬁﬁ? ’Ia?’ggal(gg)g e was
desal t edJQTS .aghzc,]:)is([\\lqlgjém ,( gogg?géé, 71§-Ic,:1§_=9.3]7\j}'-]z,1513§ S5Hz, AsN-[3CH), 2.06,
10 2.04, 1.89(each s, each 3H, Ac); HRMS Calcd for C,H,,N.NaO,,[M+Na+
1634.5608, found, 1634.5564
Reference Example 11
Preparation of Compound 14
Compound 8 (47 mg, 25 Mmol) and 1.9 mg of bovine serum
15 albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 840 uL),
and neuraminidase (manufactured by Sigma-Aldrich Corp., from Viblio
Cholerae, 369 mU) was added thereto. This solution was allowed to
stand at 37 C for 37 hours, and thereafter the termination of the
reaction was confirmed by HPLC analysis. The reaction solution was
20 freeze dried, and the freeze dried 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 agueous ammonium
acetate:acetonitrile=80:20, flow rate: 4 mL/min). Further, the
residue was desalted on an ODS column {(Cosmosil 75C18-OPN, 15 X
25 100 mm, eluted first with 50 mL of H,O and then with 25%
acetonitrile), to give a desired Compound 14 (26 mg, yield: 65%).

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



25 100 mm eluted first with 50 nL of H20 and then with 25% acetonitrile),
to give a desired Conpound 14 (26 ng, yield: 65%. The physical data for
the resulting conpound are as follows. Table 44 2 shows the structure of
Conpound 14 as sinplified. ' H NVR(30CF4(77.92(d, 2H, J=7.5Hz, Fnoc),

7.71(d, 2H, J=7.5Hz, Fnoc), 7.51(dd, 2H, J=7.5Hz, Fnoc), 7. 43(dd 2H,
J=7.5Hz, Fnoc), 5.12(s, 1H, Man4- 5 Hi), 4.99(d, in, J=9.4Hz, G cNAcl-H1),

4.91(s, 1H, Man4' 4.77(s, 1H Man3-H bd 2H, GLcNAc2,5 -H 1),
4.46(d, in shoy37t%wt)regfereke&)®"@°§& t1 3# ﬁﬂﬁ‘l?i 19d94(bs, in,
Man4' - H-2) , 19 bs 1H, Man4-H 2), 2.72(bd, 1H, J=15.5Hz, AsN-O CH),

2. 52( bdd, IIWB ) 2Hz. 15.5Hz, AsN-},CH), 2. 06, > 05, 1.89(each s, each 3H,
10 Ac) ; HRMS Ca|Cd for C H97N5NaCﬂ0[N%hb+] 1634, 5608, found, 1634. 5644
Ref er ence? Exahifl e 212 ﬁr%p%ﬁ‘?a't iFRCht  CombBimdH 57 ChnERmd™e( 327 npl (A%, 4

(50 md_ 6367 sy 12 Sl e aPant il cotle EARRL att LF Ly By Fantt o
I h f Vib hi
cof ut Fon i f?‘)%%ig% 05 et TP A Sttt HEFSar Pl t he lT '
the reactt 9R Psot it iU adls bur 1T e by 2L & LAV Fachetd O (D 408 5 S 5
éiﬁﬁﬁfﬁd?t%‘ﬁ.m%%;% 30, fi 50 ace: h“e“}mﬁ%ﬂ?e”aﬁ‘?#ifﬁfatn%?m?zzrdye was
W th 50 rﬁ’laﬁﬂﬁ%sfaﬁ?raaﬁ‘éﬁ(-aca"f%"%@%béiﬁﬁn?@#a Sp 707 U0y qpers tepd "
Conmpound ilf g#f% IelSQ’T’ab%/ﬁ BC§§ Tp 6ph)é$|ogal dé’;\&(aeac?lr the resultl ng

conpound
10 Ac) ; HRMS Calcd for C. H,N.NaO, [M+Na+] 1634.5608, found, 1634.5644

Reference Example 12
Preparation of Compound 15
Compound 9 (32 mg, 18.4 /[Umol) and 2.5 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 713 4L),

15 and neuraminidase (manufactured by Sigma-Aldrich Corp., from Viblio
Cholerae, 134 mU) was added thereto. This solution was allowed to
stand at 37 C for 17 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

20 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 75C18-OPN, 15 X
100 mm, eluted first with 50 mL of H,0 and then with 25%
acetonitrile), to give a desired Compound 15 (13 mg, yield: 52%).

25 The physical data for the resulting compound are as follows. Table

2 shows the structure of Compound 15 as simplified.

'H-NMR (30°C)



2 shows the structure of Conpound 15 as sinplified. 'H NVR(30C) 45 Or.92(d,
2H, J=7.5Hz, Fnoc), 7.71(d, 2H, J=7.5Hz, Fnoc), 7.51(dd, 2H, J=7.5Hz,
Fnoc), 7.44(dd, 2H, J=7.5Hz, Fnoc), 5.00(d, in, J=9.9Hz, dcNAcl-H1),
4.92(s, 1H, Man4'-H1), 4.75(s, 1H, Ma#3-H 1), 4.58(d, 2H, J=7.5Hz,

G cNAc2,5' -H 1), 4.47(d, 1H, J=7.8Hz, 5 Gal6'-H 1), 4.34(t, in, Fnoc),
4.10(bd, in, Man3-H2), 4.07(bs, 1H  Man4'-H2), 2.72(bdd, 1H, J=15.5Hz,
AsN-13CH), 2.52(bdd, in, J=9.2Hz, 15.5Hz, AsN-(3 , 2.07, 2.05, 1.89 (each
s, each 3H -3l ; 2KB( Eah)SHZGaFEact or7 B1idee REORET 1459¢k, T ouhidd.1450. 3
Ref erence Exanpl e 13 10 Preparatjon_of Conmpound 16 Conpound 10 (28 ng, 16

t Lol ) aﬁ&"lq;?nifzof FBGG/ nePs‘}e‘lrM' afpuli b 'eFHPgéolng’ie%o (9 LBPES buffer
(50 MM pH 5.0, 624 ,U .L) and _neur am ni dase (nanufact ured_ by

Si gma- Al dFPc AR EorLeNACL ol 1 1 196 (EnolBr a”@nahli?'% Hhab g%dé&rtﬂ%%t%: Thi's
sol ution s 15 allowed_to stand at 37 C for 17 hours, and thereafter the

t er m nat itdn 6f5?§% @@écFTBng SCESH%F¥H§HJBQJHPEngﬁ§1YEPSJ=7SQH§equentIy,
the reaction solution mgs purified by Hﬁhg} YM: Packed | umm ?—CDS—S S-5
120A ODSCRG® ' 26720174, 346t x Yho FAAC) « ef uthiPd 53 HmMaRldhi% -afmBiithin 1H
acetate:acetonitrile=80:20, flow 20 rate: 4 nL/mn). Further, the residue
was desaMBBf' o An @32 (kdfunil/( E5drvsiiF. Atrai e, 252980 Hin el ut ed
first with 50 nL of H20 and,then with 25% acetonitrile), to give a desired
ConpoundJ=262524. 16 9§z yPeN dF CHBoY 2 - Ohe Dy si Lab? difashs §r e3e rH¥5ul ti ng

conpound _are a ol.l.ows. Tabl e tructure_ of Co n 25 16 as
sigg|ifié8$ i %Jﬁﬁ%@owﬁflcg'gor 2,50 G55 56t ur e 8, Loqpoyng
Reference Example 13
10 Preparation of Compound 16

Compound 10 (28 mg, 16 {mol) and 1.7 mg of bovine serum

albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 624 /L),
and neuraminidase (manufactured by Sigma-Aldrich Corp., from
Viblio Cholerae, 117 mU) was added thereto. This soclution was

15 allowed to stand at 37 C for 17 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 agqueous ammonium acetate:acetonitrile=80:20, flow

20 rate: 4 mL/min). Further, the residue was desalted on an ODS
column (Cosmosil 75C18-OPN, 15 X 100 mm, eluted first with 50 mL
of H,0 and then with 25% acetonitrile), to give a desired Compound
16 (14.6 mg, yield: 68%). The physical data for the resulting
compound are as follows. Table 2 shows the structure of Compound

25 16 as simplified.
"H-NMR (30C)

07.92(d, 2H, J=7.5Hz, Fmoc), 7.71(d, 2H, J=7.5Hz, Fmoc), 7.50(d4d,



67.92(d, 2H, J=7.5Hz, Fnoc), 7.71(d, 2H, J=7.5Hz, Fnoc), 7.50(dd, 46 2H,
J=7.5Hz, Fnoc), 7.43(dd, 2H, J=7.5Hz, Fnoc), 5.12(s, in, Mand- H 1), 4.99(d,
IH, J=9.5Hz, GLcNAcl-H1), 4.77(s, 1H, Man3-H 1), 4.57(d, 2H, J=7.2Hz,

G cNAc2-H 1), 4.46(d, in, J=7.8Hz, Gal 45H 1), 4.34( G Fnoc), 4.22(bd, 1H,
J=2.7Hz, Man3-H2), 4.19(b, in, 5 Man4-H2), 2.72(bdd, 1H, J=15.5Hz,
AsN-13CH), 2.52(bdd, 1H, J=9.8Hz, 15.5Hz, AsN-13CH), 2.05(s, 6H ACX2)

1.89(s, 3H Ac): MS(Fab), Cal OB1HB8NSCB5 [ MeH+) 1450.5. found,
1450(3 Réfer @ﬁ%e *&gr?%\")‘é’ 147(‘#>‘r0§15%r at' on- bf iR ach'{’NL % 7l't“r| ggg&y 7-

1 tior o1 LTS a1 38 (ort e 02 B F° %8?‘”‘" :H-4”Z§dac'%f?d onfy 1%1>osn o

QAc OH 1 P

nm:ﬂ ) ngs% s cHedm Bee i Atgar) g ?%%ﬁam ?ﬂl't#ﬁ it 181 5o 1heat ed,
D- G 1

or t1 one 444 (he sof EPER: e fie: dFe %@“‘?@f&%& ﬁfw'g”a?;?az hour s,

and the conpletion of reaction was thereafter recogni zed y T

(t ol ueneMePAyl-2ketat’€48dq)  1Hhd Yleact? orP$H XLEG vésszr(é’fiér n&d t% 9 18m

terrperature and then Eoured into 300 cc_ of |ce wat er . The 20 resul ting

preC|p|t e S t ti e | ta olve in
dPeStias 2311/ ‘t‘bdzmpsf(?l PRt iR 2hel - 8% &ti gl af®) ndtS diaddol ved
et hanol fo y i.0 ivin 0,g of Compound 17 (41%in
yi el d). %‘z;f gé‘bﬁ GatedtO f&;& é%%éi T %%%io 36897 (4.3 g, 11 mols) was
dISSO|Ve%.Egrentr“gxample 14 (Preparation of 5-acetamide-3,5,7-trideoxy-7-
fluoro-D-glycero- 3 -D-galacto-2-nonulopyranosidonic acid 25, 7-

10 fluorosialic acid)

OH _OH OAc.OAc HO _OPiv
OJ:§;;3Vr JS§£§SL/ PWOJS§£;SL/
G 17 18

(1) Preparation of Compound 17
Sodium acetate (5 g, 69 mmols) was dissolved in acetic
anhydride (60 ml), the solution was heated, and D-galactose (G)

15 (10 g, 55 mmols) was thereafter added in small portions to the
solution. The mixture was refluxed with heating for 2 hours, and
the completion of reaction was thereafter recognized by TLC
(toluene:ethyl acetate=5:1). The reaction mixture was returned to
room temperature and then poured into 300 cc of ice water. The

20 resulting precipitate was collected by filtration. The
precipitate was dissolved in ethanol (14 ml) for recrystallization,
giving 9.0 g of Compound 17 (41% in yield).

(2) Preparation of Compound 18

Compound 17 (4.3 g, 11 mmols) was dissolved in methylene



47 chloride (120 m), and the solution was thereafter cooled to -20 C under
an argon stream Subsequently, tin tetrachloride (3.1 g, 12 mmols) was
added to the solution, the m xture was stirred for 20 m nutes, benzyl

al cohol (2.3 g, 22 mols) was then addéd to 5 the mixture, and the reaction
tenperature was returned to room tenperature. After the conpletion of
reacti on was recogni zed by TLC (hexane:ethyl acetate=l:1), the reaction

m xture was poured into a saturated aqueous sol ution of sodium

hydr ogen(,Cé‘llBBh%% ef 120 B o by e RO REL PR (HREFERRY PRI 0 Pde. The

met hyl ene 10, _chl oride | ayer was dried over anhydrous nagnesi umsul fate, then
filtered-8AdCcBRéBhtahEEgoRNSEr St uLftb PR anddvduEinaketdidcldoradg (3.1
desiccator, thereafter dissolved in disti]led nmethanol (80 m), sodium

met hoxi d@- ( 431MRRLS)5 ¥Bsnadied tRLhEd8etuE PR h&hEoMIKERFE Wagnd CiREEHi xt ur e
was stirred under an argon stream After_the 15 comS:)I etion_of reaction was

r ecogni z€@Tby0 THEYEEShyPen 2 b (3hENRRt handI9 wte FRebS 5 Was thes pddedi bh

m xture was neutralized with a cation-exchange resin IR 120(+) to term nate
the reactPENM¥HEF G edPA (RS F§3GtdPBd L BTREFFUIEe BT aF S LWES K8 TPPItrate was
concentrated in a vacuum The residue was dried jn a 20 desiccat or,

t her eaf t (—FF“‘H?E%HP%d %ﬁtep‘i/rtlh@ REMP LAt IAY) O REAE HECD MBS FFERIT 3@ Y was
cooled to C Tri met hyl acet chlo |de (4 38,5 nmmol s) was added to

t he reactTPSn (hexans: @théﬁda‘f ‘é“iﬁ >31€15 sreraé:ttgPHe’al’f?}‘l?eod’mst BRBEFAt ure and
stirred under an argon _stream for 1 hour., After %hg quPle ion of reaction
was recodhit?ed Wuzr t?ECa‘E‘h%%hsnéoéPﬁWna%fets&dé“? yare CERBR’ mi xture

was cooled._to ' and npt hanol was. thereafter ,added to the m xture to

t er mi nat &t E%w‘?%éhyt CERTATHEC} dudty BRERY GRS MRS 188nc her e bRy lene s

10 chloride layer was dried over anhydrous magnesium sulfate, then
filtered and concentrated in a vacuum. The residue was dried in a
desiccator, thereafter dissolved in distilled methanol (80 ml),
sodium methoxide (431 mg, 5.5 mmols) was added to the solution,
and the mixture was stirred under an argon stream. After the

15 completion of reaction was recognized by TLC (ethyl
acetate:methanol:water=10:5:1), the reaction mixture was
neutralized with a cation-exchange resin IR-120(+) to terminate
the reaction. The resin was filtered off for removal, and the
filtrate was concentrated in a vacuum. The residue was dried in a

20 desiccator, thereafter dissolved in pyridine (44 ml), and the
reaction mixture was cooled to 0 C. Trimethylacetyl chloride (4.6
g, 38.5 mmols) was added to the reaction mixture, and the mixture
was returned to room temperature and stirred under an argon stream
for 1 hour. After the completion of reaction was recognized by

25 TLC (hexane:ethyl acetate=2:1), the reaction mixture was cooled to
0 7:, and methanol was thereafter added to the mixture to

terminate the reaction. The reaction mixture was concentrated as



it was in a vacuum the residue was then dissolved in ethyl acetate, the
sol ution was washed with a saturated aqueous solution of sodiumchloride
and water, and dried over anhydrous nagnesiun1 sulfate to evaporate off the
ethyl acetate. After the magnesium5 stiffate was removed by filtration, the
filtrate was concentrated in a vacuum The residue was purified by silica
gel colum chronmat ography (eluent: hexane: ethyl acetate 2: 1) gi vi ng

Compound , 18 2 8 ield 58% . HO . OPiv ORi vV Lvy oBn PF~ vO
e CCOB T bt Gty SEe %%Sléf»lspg?%ﬁfbeﬁl gﬁ"gﬁfas%% £19 Compound 18
(200 nm, sol ved

di.chl th
oyri di neaeftgtmm%ﬁpﬁﬂBA%%tW% Wgﬁﬁﬁﬁrva*'zﬁ (188 HES 060 g 4%%& Skt eRied o

t he sol ution, _and

t th st at -15 d

ar gon st PEaRbafh S Srife st et ShE Coi é)tveinyl?-*'f ’g“é’cﬂ“&ﬁnﬁééuun o

15 th hl nh th th | (5 ni
.t he SHASEES ofb MAEPOFECart sl ¥gb¥ﬁ§?<¥?}%ﬁ i KR P PR T ee
ti f trat t t ed th t hyl
hoot ot o B ERERars, CERRY S vrea AP Eh B %eavﬁ%?*égxﬁ%%agcaﬁgewgm‘f? on’ of
sodi um chl oride. The $$$an|cd ayer was d&r ﬁ ver. 20 an fus nmagnesi um
sul f at e, ‘Fof | Bt by Ao BRd Plondé tPYit‘T’Jo]nlcaTﬁg 8T was purified

tcj%ms)lotlngaﬁ} Tigfgglrua% 3hiﬁl%%7.3%r§(%ahg (ethyyl ace%t% 2hle) ,angeivjindf) giving

Compound 18 (2.8 g, yield 58%).

HO _OPiv OPiv
Compound 1 8 — pijy 2 OoBn — PEO R OAc
OCOCH,CI OCOCH,CI
19 20

(3) Preparation of Compound 19

10 Compound 18 (200 mg, 0.455 mmols) was dissolved in
dichloromethane (7.8 ml) and pyridine (1.3 ml), chloroacetic
anhydride (155 mg, 0.91 mmol) was added to the solution, and the
mixture was reacted with stirring at -15 C under an argon stream
for 15 minutes. After the completion of reaction was recognized,

15 the chloroacetic anhydride was quenched with methanol (5 ml), and
the reaction mixture was azeotropically boiled with toluene three
times for concentration in vacuum. The residue was extracted with
ethyl acetate, and the extract was washed with a saturated aqueous
solution of sodium chloride. The organic layér was dried over

20 anhydrous magnesium sulfate, followed by filtration and
concentration. The residue was purified by silica gel column
chromatography (ethyl acetate:hexane=1:4), giving Compound 19 (172

mg, yield 73.5%).



1H NVR(400MHz, CDC13) 6 7.37-7.29(m 5H, Ph), 5.39(dd, in, J1 2=8.0Hz, J2
3=10.4Hz, H2), 4.89(dd, in, J3 4=3.4Hz, H3), 4.89, 4.62(2d, 2H, J=12.5Hz,
OCH2Ph), 4.53(d, in, H1), 4.37(dd, |IH, Jba 61=11.5Hz, J6a, 5=6.0Hz, H 6a),
5 4.32(dd, in, J6b,5=6.6Hz, H6b), 4.08°(m in, H4), 3.92 (s, 2H,
COCH2C1), 3.75(dd, 1H, HJ5), 1.23, 1.19 [2s, 18H, COC(CH3) 3) 13C NWR
(400MHz, CDC13) S 178 33 177.57, 165.92, (C=0O), 136.66, 128.48, 128.07,
127. 89( Ph%, 99 16{\1§ 82(C 3) 72.35(C-5), 70.92(C2), 10

70. 49( I4@I" ) 62. 30(C-6), 40.40(C0OCH2C1), 38.95, 38.80

[ COC( CH3) ) 27. 14, 26 08 COC{(DCHB 3] 'H-NWR and 13C-NVR were neasured

usi ng Br uket* X -AVARKE: 400 l’Ihr)rve ' adH408:. MEB) OHAm e, tT1HE - 48Pvelit 2 has

d hl I I dard. W
ot her | 15 Idgaa 1 ke ZLI D ododd 1 T B 2R R fEn ek s

f . Ch d by O d h I
Conct ant &by 197 (1) 1-1ge eéI Id%s. el SeIf?ih oot SOy tuere Ry ke

Si | I 30 h 23 d h I | which
ws S da et sghort bt D0oB! odheld G Rint B Eherd 62 ‘7' coff. ta. "Used
for detectin react ions. (for TLC) was DC- Pl a ten Kiesel 6 F254 (Artl,
05715), [(P6H af 7l ¥ne) col viths ludéd %‘Sor IfHghCY nce

chromat ogy a Cosnosi| 5C18- AR Packed Col urm [| 4.6 X150 mi,
pr oduct %&I&f@s@ﬁf)l NC. . The spectrophot of l uoronet er used was FP-
25 210 Spectrofluoroneter, p JA Preparati on of Conmpound 20
Corpound 59 16300" 7705758§6ﬁn§?) le)a7 3361 664 136 45 45ERPbr orret hane. (5. 8

M), and,dbepvbam NS Yk AL Tk 48 SPAST 35 (c-5), 70.92(c-2),

10 70.49(OCH,Ph), 67.29(C-4), 62.30(C-6), 40.40(COCH,C1), 38.95, 38.80

(coc(cH,),) , 27.14, 26.98 [coc(cH,),)
'H-NMR and C-NMR were measured using Bruker's AVANCE 400

(mentioned as 400 MHz). When the solvent was deuteriochloroform,
trimethylsilane was used as internal standard. When other

15 deuteriated solvents were used, the peak of the solvent was used
as a reference. Chemical shifts were indicated by 0 (ppm), and
the coupling constants by J (Hz). Used for silica gel
chromatography were Merck Silicagel 60, 70-230 mesh or 230-400
mesh, and spherical silica gel which was Silica Gel 60 (Spherical),

20 product of Kanto Chemical Co., Ltd. Used for detecting reactions
(for TLC) was DC-Platten Kieselgel 60 F254 (Artl, 05715), product
of E. Merk. The columns used for high performance chromatography
(HPL.C) were Cosmosil 5C,,-AR Packed Column [¢$4.6 X150 mm], product
of NACALAI TESQUE, INC.. The spectrophotofluorometer used was FP-

25 210 Spectrofluorometer, product of JASCO.
(4) Preparation of Compound 20

Compound 19 (300 mg, 0.583 mmol) was dissolved in



was added to the solution with stirring under an argon streamat -15 V. The
m xture was returned to roomtenperature 10 mnutes after the addition of
DAST and reacted for 1 hour. Disappearance 5 of the material was confirnmed

by TLC,

the DAST was quenched with nePRanol (3 m), and the reaction

m xture was concentrated in a vacuum The residue was purified by silica
gel chromatography (ethyl acetate:hexane=l:6), giving Conpound 20 (211 nm,

Id 709 1H NMR( 400 13) .1 5 7.37- Ph)., 31(ddd, 1H,
X[ “r=14. éoﬁfh 9r°m&ré1(a@§w gngeC, @)née,a&étw]@mlngse %ﬁﬁﬂ%&orj)fezil?

H 2),

4.86

2. 2Hz,  OCH2Ph H 1), 4.59(d, 1H, OCHZPh)

d, ,
4. 44( ddd¥@ 1?—?‘}%41 @—§%64F—Qlu’§]1°“|:”%6¥’6ﬁ|§1rﬂ unﬂeﬁsfrao?fg%s 3680 b=

12. 1 Hz,
J6b, F=1. 28Pz

J6a %;2 41Hz, J6a. F=2.23HZ, H6a), 4.24(ddd, 1H, J6b, 5=5.67Hz, 15
HBY) MiZtysesvas ye taErefiplq ) LooR ﬂ?(“ﬁﬁriﬁlr%@) miguses 1. 18

C2s, 18H, ococgc:Hs 13C NVR (400N 177,94, 117.43 165 88( C=0
136 34 f§§e§5 hﬁi@%ﬁlo‘iz‘? hpnd ‘é%a%?%f 81?0‘3%(d 15gppeaan ( )

C4),

O o TR B ool e it oyl 1

SR e ol 3 7,589 ety dw%truréowﬁsu%%nffftés%ﬁuha "‘200( 625
ng, 1.21 nmols) was di ssplved in

10

15

20

vacuum: e residue was purlgléyq%y silica gel chromatography
(ethyl acetate:hexane=1:6), giving Compound 20 (211 mg, yield 70%).
'H-NMR (400MHz, CDC1,)

6 7.37-7.27(m, SH, Ph), 5.31(ddd, 1H, J, .=14.3Hz, J, ,=9.69Hz,

J, ,=9.63Hz, H-3), 5.04(4d, 1H, J, ,=7.93Hz, H-2), 4.86(d, 1H,
J=12.2Hz, OCH,Ph), 4.60(d, 1H, H-1), 4.59(d, 1H, OCH,Ph), 4.44(d4dd,
1H, J, ,=9.04Hz, J, ,=50.6Hz, H-4), 4.43(ddd, 1H, J,, 4=12.1Hz,

Je. s=2.41Hz, J, ,=2.23Hz, H-6a), 4.24(ddd, 1H, J, .=5.67Hz,

Je, »=1.28Hz, H-6b), 3.93(s, 2H, OCOCH,Cl), 3.75(m, 1H, H-5), 1.25,
1.18 (2s, 18H, OCOC(CH,), )

“C-NMR (400MHz, CDC1,)

0 177.94, 117.43, 165.88(C=0), 136.34, 128.55, 138.23, 127.92(Ph),
98.68(C-1), 87.35(d, J, ,=188.62Hz, C-4), 72.65(d, J, .=7.96Hz, C-2),
72.05(d, J, ,=20.02Hz, C-3), 71.49(d, J, ,=23.09Hz, C-5),

70.80 (OCH,Ph), 62.12(C-6), 40.30(0COCH,C1), 38.87 (0COC(CH,),) ,

27.17, 26.92 [0CcOC(CH,), )



(24.2 m), and sodium nmethoxide (13.1 ng, 0.6 mvol) was added to the
solution with stirring under an argon streamat -15 C. 5 Di sappearance of
the material was confirnmed by TLC 30 mnutes later, and the reaction

m xture was neutralized (pH 6-7) with al cation-exchange resin IR 120(+).
After the resin was filtered off, the filtrate was concentrated in a
vacuum The residue was purified by silica gel chromatography (ethyl

acet at e: hexane=l :4), 10 giving Conmpound 21 (395 ng, yield 74%.

1H NVR(400MHz, CDC1,) (5 7.38-7.8Kwn 5H, Ph), 5.18(ddd, 1H, J3 F=14.8Hz, J3

4=9. 5| Hz, J2 3=8.99Hz, H3), 4. R0(g, (Z)LH, J=11. P%A 63(d, 1H,
OCH2Ph) 7(ddd, dH. _J5Piv Ba_F=2. 22y ). 4 47(d. 1H, J1

c‘@%ﬁ? 2057 5-8. 96Hz, PivOAdar By, F=50. 8Hz,
Bb 5-6. 05Hz, J6b, F=1.26Hz, H 6b) .

2=7. THz, 4.38(ddd, 1H,
H4), 4.23(ddd, 1H, J6a,,=12.0Hz,

3.75(m 1H, H5), 3.54(m 1H, J2_,,=2.70Hz, H2), 1.27, 1.26 [2s, 18H OCCC
(CH3) 3) 13C-NMR (400MHz, CDC13)2 %0 8 178.17, 177.94€=0), 136.54, 128.54,
128.17, 128.12(Ph), 101.31 (C1), 87.45 (d, J4 F=187.39Hz, C4), 74.17 (d,

j 3, F=18.(88HPrefarad)ion7df 48¢mpouhdl, B17. 56HZ, C2), 71.45(d, J,' =23.2 C5),
71.09(OCCH2Ph), 62.44(C-6), 38.90, 38.85 [OCOC(CH,),) , 27.14, 26.99 52

| OCOC (CH3) 3 Zofifpuiri far(@Rbomg pofl Campowhd) 2@as dlisgsedivadi om nofthayoildi ne
(22.2 /11, 0.274 mol) in dichloromethane (370 (err)l) was added dropw se
trifluordgethank, mndukbdinme reattipdridede (126l /g, | 0.6. Bl )mwals) adtle@ to and 15
m nutes later, a solution of Conpound 21 in dichloronmethane (1 m) was

added dr epei seliti drheimhxstteriatgy Qnfer Dirs appear anceawfat has C.

5 Disappearance of the material was confirmed by TLC 30 minutes
later, and the reaction mixture was neutralized (pH 6-7) with a
cation-exchange resin IR-120(+). After the resin was filtered off,
the filtrate was concentrated in a vacuum. The residue was
purified by silica gel chromatography (ethyl acetate:hexane=1:4),

10 giving Compound 21 (395 mg, yield 74%).
'H-NMR (400MHz, CDCl,)
6 7.38-7.29(m, SH, Ph), 5.18(ddd, 1H, J, ,=14.8Hz, J, ,=9.51Hz,
J, ,=8.99Hz, H-3), 4.90(d4, 1H, J=11.7, OCH,Ph), 4.63(d, 1H, OCH,Ph),
4.47(ddd, 1H, J, (,=2.43Hz, J,, ,=2.2Hz, H-6a), 4.47(d, 1H, J, ,=7.THz,
15 H-1), 4.38(ddd, 1H, J, ,=8.96Hz, J, ,=9.67Hz, J, ,=50.8Hz, H-4),
4.23(ddad, 1H, J,, &=12.0Hz, Jg, ;=6.05Hz, J, ,=1.26Hz, H-6b), 3.75(m,
1H, H-5), 3.54(m, 1H, J, ,,=2.70Hz, H-2), 1.27, 1.26 [2s, 18H,
0COC (CH,) ,)
C-NMR (400MHz, CDCl,)
20 0 178.17, 177.94(C=0), 136.54, 128.54, 128.17, 128.12(Ph),
101.31(c-1), 87.45(4, J, ,=187.39Hz, C-4), 74.17(4, J, =18.88Hz, C-
3), 72.45(d, J, ,=7.56Hz, C-2), 71.45(d, J, ,=23.26Hz, C-5),

71.09 (OCH,Ph), 62.44(C-6), 38.90, 38.85 (ococ(cH,), ) , 27.14, 26.99



material was confirmed by TLC, and the reaction m xture was diluted wth

di chl oronet hane. The organic | ayer was washed with a 10 saturated aqueous
sol ution of sodi um hydrogencarbonate, saturated sodium chloride agueous
solution and water, dried over anhydro®é magnesium sulfate and thereafter
concentrated. The residue was further dried by a vacuum punp, and then

di ssolved in benzene (1 m). Sodiumazide (13 ng, 0.206 mml) and
tetraanno§$un1chlor'de 15 (57 ny, 0.206 mmol) were added to the solution
under an &HGUNCHsk:r éam at room tenperature, and the mixture was reacted at
40 (err)?. The di sap ea&ance of tﬁ material was confirmed by TLC, and the
react i on (Al xPTFRATAL OPh8F R ofifentrated in a vacuum The residue was
subj ected to extraction with_ethy|]_ acetate, and the 20 extract was washed
with a saturaté8 So¥PiHAICRI BFi BEE LiEoUS2 - Softdt i B Hhd™iRdr e dried over
anhydrous magnesium sulfate and thereafter concentrated. The residue was
purifi eddpgnipronethgae (R uih) o RE9SGr ApMRYIsR Myl finet dretideane=1: 4),
affording Conpound 22_&30 4 gpi yi el d 959%. 25 ' Bk NVR(400MHz, CDC13) b
7.39-7. 35pAfoRts hydrideoitfydil - 274 Fues) P 3 apth 157fhuteS 323 87Hy,
H3), 4.93(d, 1H, J=12.07Hz, OCH2Ph),.4.67(d, -1H 53 J1, 2=1, 18Hz, H 1),
4.63 (d, ?iﬁf?f O(f‘r|z°19jr)u,%12‘.‘5‘1 &&&110%5 364" Si‘i?ﬁ%i‘lﬁghan% ‘éa}“}%:‘é"?‘%Mz, J6a,
F=2. 08Hz, Fkga , 4.23 dqg, 1H, J,, 5:6§#4FEM 16b, F=1. 14Hz, H 6b), 4.08(m
1H, H 2) 2ddegqnppwige FPsihe MIXgurssat Ugy, Ecerpremyance ©LEPRVR (400MHz,

SN, e IE ST TR B,
J3 F=18. 381 n G103 (A PP S24AA(C13yel Bls 323128 with a
10 saturated aqueous solution of sodium hydrogencarbonate, saturated
sodium chloride aqueous solution and water, dried over anhydrous
magnesium sulfate and thereafter concentrated. The residue was
further dried by a vacuum pump, and then dissolved in benzene (1
ml). Sodium azide (13 mg, 0.206 mmol) and tetraammonium chloride
15 (57 mg, 0.206 mmol) were added to the solution under an argon
stream at room temperature, and the mixture was reacted at 40 C.
The disappearance of the material was confirmed by TLC, and the
reaction mixture was thereafter concentrated in a vacuum. The
residue was subjected to extraction with ethyl acetate, and the
20 extract was washed with a saturated sodium chloride agqueous
solution and water, dried over anhydrous magnesium sulfate and
thereafter concentrated. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane=1:4), affording
Compound 22 (30.4 mg, yield 95%).
25 'H-NMR (400MHz, CDCl,)
0 7.39-7.32(m, S5H, Ph), 4.99(ddd, 1H, J, .=13.18Hz, J, ,=9.27Hz,

J, ,=3.87Hz, H-3), 4.93(d, 1H, J=12.07Hz, OCH,Ph), 4.67(d, 1H,



38.90 [OCOC(CH3), J , 27.18, 26.95 (OCOC(CH3)3 10 H HONHAc Conpound 2 2 F O
Bn HOH H 23 24 (7) Preparation of Conmpound 23 conpound 22 (180 ng, 0.387
nmol ) was di ssolved in nmethanol (8 rﬂ)ﬁ sodi um et hoxi de (922 ng, 9.67

mol s) was added to the 15 sol ution, él the m xture was reacted with
stirring at 40 C. TLC revealed 4.5 hours later that the reaction m xture
collected into a spot, and the mxture was neutralized with a

h fol | d

The Crecnauetoant et ot il CReh o S dshe il Sphy o Cot A2 50
tate: h I d oL £ 6%

N i et o M A B Bl B g,

J, F=51. 6z L LfHz5-H- @@Hz4 f§(E+91% 2)H-3) 4&m02%h1H19? kﬁza @.93(addd:

1H, 25 J6a. 6b=12 19HZ, J6a 5=2.3| Hz, J6a. F=2.32Hz, J6a, OH 6.20Hz, H 6a) ,
3.89 54 18H7RGOCUWH) 43" 1 6b). 3.39(m 1H, H5) 13C NVR(400Mk, CDCI3) O

136. 39, 128 4, 83(Ph), 98.63(C-1), 88.19(d, J, F=178.91Hz,
C 4, 873 %’Fgg 5%§ﬁ§3%5 Eééé) c£5)? 71.18(éCH2%h) 5 7& 16 (d, J. F=19.69Hz,
C-3), 64.48(d, J2 F=8.42H 61. 39(0- f Co d 24
Corri:)ou.nd 52§ (818% nb77(§%(‘§6‘0|lmn}§ v%é’ i?ésS? e]dé r?ln”etelﬁg % 7'On1 ), m;gg'?i C
anhydridg, (333 1) . g3 33 (40! 5) Vs 39ded [P th€o1(q, g, ,-23.89, c-5),

71.73(d, J, .=18.98, C-3), 70.57(0CH,Ph), 62.42(C-2, C-6), 39.08,

38.90 (ococ(cH,), ) , 27.18, 26.95 (ococ(cH,), )

H N3 HO—, NHAc
Compound 2 2 — F .0 —  F .0
HO. OBn HOX\X;JA ~OH

(7) Preparation of Compound 23

10

Compound 22 (180 mg, 0.387 mmol) was dissolved in methanol
(8 ml), sodium methoxide (922 mg, 9.67 mmols) was added to the
15 solution, and the mixture was reacted with stirring at 40 C. TLC
revealed 4.5 hours later that the reaction mixture collected into
a spot, and the mixture was neutralized with a cation-exchange
resin IR-120(+), followed by filtration and concentration. The
residue was purified by silica gel column chromatography (ethyl
20 acetate:hexane=1:1), giving Compound 23 (105.3 mg, yield 91.6%).
'H-NMR (400MHz, CDC1,)
6 7.40-7.31(m, 5H, Ph), 4.96(d, 1H, J=12.13Hz, OCH,Ph), 4.71(d, 1H,
J, ,=1.33Hz, H-1), 4.69(d, 1H, OCH,Ph), 4.49(ddd, 1H, J, =51.06Hz,
J, =9.19Hz, J, ,=9.20Hz, H-4), 4.02(m, 1H, H-2), 3.93(dddd, 1H,

25 J,, &=12.19Hz, J,, ,=2.31Hz, J, ,=2.32Hz, J,, ,=6.20Hz, H-6a), 3.89-



sol uti on,

m xt ure,
repl acin
di sappea
activate
col um
(57 g,
F=1. 44Hz >
H-4 a)

NHCOCH

J, F=177.

a catal ytic anmount of 10% Pd/ C was thereafter added to 10 the

and the resulting mxture was stirred at room tenperature after

g the atnosphere in the reactor wi th hydrogen. TLC indicated

rance of the material 2 hours °Pater, followed by filtration with

d carbon and concentration. The residue was purified by silica gel
15 chromat ography (ethyl acetate: nethanol =5:1), giving Conpound 24

yj eld 729 . 1H NVRL400 D20 3(dd 1H, J1 2=2.69Hz, J
(?m 1[‘ éS(Hdéb) %HZ’J"‘ éﬁ ., J3 ,=9.06Hz, J, 5=9.58
4 47(

ﬁacfé’t"ﬁ] WH%@(%%’ 3.95(m 2H, H6a- a, H-6b-a), 2 14(s 3
130- NVR(400NHz, _D20)_ 6 175.27(0=0-_a), .93, 46
SO R B en, b e E 85 e By edhSidi o

EzlgiZﬁfé‘@mé%a?i%% Bdlcnh B don?3 Soktneg Son i oY)

Pr epar at
(123 %g
sodlun1p
sial ate

10

15

20

25

18 iy o)t i RO i S cueAbut i Aty Rerb i es Gel)in &

phat e buf fer ution OmM pH 7.5, 3.4 m), and al dol as
w§§ Pﬁ%‘?% lon 8gd!é%m?%uqq(négsol ution to start a

Compound 23 (105 mg, 0.353 mmol) was dissolved in methanol
(7 ml), acetic anhydride (333 /11, 3.53 mols) was added to the
solution, a catalytic amount of 10% P4d/C was thereafter added to
the mixture, and the resulting mixture was stirred at room
temperature after replacing the atmosphere in the reactor with
hydrogen. TLC indicated disappearance of the material 2 hours
later, followed by filtration with activated carbon and
concentration. The residue was purified by silica gel column
chromatography (ethyl acetate:methanol=5:1), giving Compound 24
(57 mg, yield 72%).
'"H-NMR (400MHz, D,0)

0 5.23(dd, 1H, J, ,=2.69Hz, J, .=1.44Hz, H-1- @), 4.65(ddd, 1H,

1
Hz,

H

, 88.30(d,

e

J, =50.94Hz, J, ,=9.06Hz, J, ,=9.58Hz, H-4-@), 4.47(m, 1H, H-2-@),

4.43(ddd, 1H, J, ,=14.28Hz, J, ,=4.9Hz, H-3-@), 4.16(m, 1H, H-5- @),

3.95(m, 2H, H-6a-@, H-6b-@), 2.14(s, 3H, NHCOCH,- @)
“C-NMR (400MHz, D,0)

6 175.27(C=0- @), 93.46(C-1-«), 88.30(d, J, ,=177.00Hz, C-4- ),
69.91(d, J, ,=24.41Hz, C-5-@), 67.60(d, J, ,=18.74Hz, C-3- @),

60.36(C-6), 54.12(d, J, ,=8.68Hz, C-2-(), 22.31(NHCOCH,- &)

20 4. 43(ddd 1H J3 F:14.28FE, J2 3=4.9Hz,

5



reaction at roomtenperature. The reaction mxture was freeze- dried 24
hours | ater. The product was dissolved in a small anount of water and
applied to an ani on-exchange resin colum (AG 1-X8, 10 200-400 nesh, formate
form. After passing 300 ml of water PRArough the colum, the desired
product was eluted with 1IMformc acid, and the eluate was concentrated
under the deconpression. The residue was purified with a gel filtration
colum (Sephadex G 15, water), giving conpound 25 (40 ng, yield 58.9%. 15
1H NVR(400MHz, D, 0) 6 4.61ggd, odiH, J7 8=8.97Hz, J7 F=45.56Hz, H 7), 4.18(dd,

1H, J5 6=10. 63Hz, J6 F=29.8 H6), O 15(m 1H, H4), 4.07(m 1H H8),
4.02(dd, Pempgund2d totz, HFB) dd, 1H, J9a9b=12.18Hz, J9a 8=2.77Hz,
J9a F=2.86Hz, H 9a), 3.76(cdiN b 8§98H33H, 20 J9b F=2.06Hz, H-9b),

2.40(dd, 1H, J3eq, 2ax=13.00, JM€y 4=4.88Hz, H 3eq), 2.15(s, 3H, OCOCH3),
2.00(dd, 1H, J3,< 4=11.70Hz, H 3ax)s 13C- NVR(400MHz, D20) 6 175.17,
173. 68(C=0), 96.01(C-1), 89.12(d, J7 F=179.23Hz, C-7), 69.67(d, J6

F=17. 41 C.,6 68..31(d 8, F=26. , G8), 67.26(C4), 56 62.70(C6),
52. 17( CHé)g) %’é&i@f(%l?)“ OEZ(P]%{HNQ%OE%_‘Z Ref erence Exanple 15 Preparation of
5- Acet am do- 3, 5, 8-1ri y+83- 11 uor a5 I ro-A - .

D- gal act o- 2- no%ﬁf“Bﬁg}?gﬁ%‘l}éi‘égn‘.“ ’ a(g:io2 (%ﬁgbr%ésaqla | ELAEY ,te Z%Z%mg’

5- A ,do; 3, 5, 8-\t rl : 8-l - -/ 3- I - .
o S B LB RO IOt el 8 g 3

2- nonul opyfanosi

accorging 50,k NhSERETE BLYAL: Q1AW ok {Fbd! BuOes b A AGH bRy OH Ove

aldolase sialate was thereafter added to the solution to start a
reaction at room temperature. The reaction mixture was freeze-
dried 24 hours later. The product was dissolved in a small amount
of water and applied to an anion-exchange resin column (AG 1-X8,
10 200-400 mesh, formate form). After passing 300 ml of water
through the column, the desired product was eluted with 1M formic
acid, and the eluate was concentrated under the decompression. The
residue was purified with a gel filtration column (Sephadex G-15,
water), giving Compound 25 (40 mg, yield 58.9%).
15 'H-NMR(400MHz, D,0)
0 4.61(dd, 1H, J, ,=8.97Hz, J, ,=45.56Hz, H-7), 4.18(dd, 1H,
Js ¢=10.63Hz, J, .=29.86Hz, H-6), 4.15(m, 1H, H-4), 4.07(m, 1H, H-8),
4.02(dd4, 1H, J, ,=10.10Hz, H-5), 3.90(ddd, 1H, J,,=12.18Hz,
Jes §=2.77Hz, J,, ,=2.86Hz, H-9a), 3.76(ddd, 1H, J, ,=5.33Hz,
20 J,, -=2.06Hz, H-9b), 2.40(dd, 1H, J,, ;,=13.00, J,, ,=4.88Hz, H-3eq),
2.15(s, 3H, OCOCH,), 2.00(4d, 1H, J,, ,=11.70Hz, H-3ax)
“C-NMR (400MHz, D,0O)
0 175.17, 173.68(C=0), 96.01(C-1), 89.12(d, J, ,=179.23Hz, C-7),

69.67(d, J, ,=17.41Hz, C-6), 68.31(d, J, ,=26.50Hz, C-8), 67.26(C-4),



HoN~' ~ O OZH ~ HpNO2Me BACHNNO GzMe HO HO BnO 26 BnO CH Ove BnhO (H Ove C

AfHN 'j° / COZMe d ACHN CO2Me BnO AcH BnO OH BnO F O f Ho F T AcH COzMme

,9 ACHN O OZH BnO HO 27 NWR data of 8-fluorocialic acid are shown bel ow.

10 ' H- NVR(400MHz, D20), 6 4.69(dddd, 1P¢ JBF=48. 7Hz, J89a=5. OHz,

J6, 9b=3. 5Hz, H8), 4.03(ddd, 1H, J45=10. OHz, J3ax4=11.1Hz, JSeq,4:4.7Ft,

H4), 3.95(dd, 1H, J95=10.0Hz, J56=9.9Hz, H5), 3.94(ddd, 1H, J6, =' -0Hz,

J75=6.8Hz, _J7F=14. OHz1 H 7 (9 dd, 1H, J9a9b= 13 3Hz, J9a, a=3. 5Hz

J9bF=28. Bk 7045 Lo, é‘%e%)dd”lﬁ §5éko Pl FEFEHG), | Hog), 3.72(ddd,

1H, J9a9b=5. 33Hz, J9a, 8= 5 OHz, J91, F=30.6Hz, H9a), 2 .28 (dd, 1H,

J3eq, 3axREECTORCe EXSEBAS4lBHz, H 3eq), 2.05(s, 3H, Ac), 1.87(dd, 1H,

J3ax4=11. 1Hz, J3eq 3ax=13. 00, H-SaX% Ref er ence Exanpl e 16 57 Prepgratl on

of 5-Acet a‘?ﬁ%r@tsog ‘Pf‘l%@&?}?a@lfl?u - q}t@II%%?% Eiefrlr“)oro -glycero

D- gal act - 2- nonul gpyr anosi doni c .acid (9-f ialic,aci

5. Acet anPage Fe 4 e ABoG PHINGPBIE B yterh A Brpsi Ao acie. 27)

2- nonul opyr anosi doni ¢ aci d g28) was prepar ed fromsialic %m d (26)
5-Acetamido-3 trideoxy-8-fluoro-D-glycero- D-galacto-

2-nonulopyranosidonic acid (27) was prepared from Sialic acid (26)

according to the scheme given below.

oH Y
:g oH a Q9 ome b HO §7 ome
s
MR o — = v corte — > 500 eg o
HO HO BnO
26 v
. BnO 99 ome d Bng OH oy '
'———> Bno" —'—_> il Y
BnO ;%Q}\cozwle Egg;:%g}\cozm
BnO BnO
F
Bno B opme " ™
e f! g HOm...
—=»  Bno 07—CO,Me ———— AcHN 0 OH
BnO HO

27

NMR data of 8-fluorocialic acid are shown below.

10 'H-NMR(400MHz, D,0),

0 4.69(dddd, 1H, J,,=48.7Hz, J,,,=5.0Hz, J,,=3.5Hz, H-8), 4.03(ddd,

1H, J,,=10.0Hz, J,, ,=11.1Hz, J,. ,=4.7Hz, H-4), 3.95(dd, 1H,

J, =10.0Hz, J,;,=9.9Hz, H-5), 3.94(ddd, 1H, J,,=~~0Hz, J,,=6.8Hz,

J, . =14.0Hz, H-7), 3.88(ddd, 1H, J,,=13.3Hz, J,,,=3.5Hz, J, ,=28.0Hz,
15 H-9b), 3.86(dd, 1H, J,,=9.9Hz, J,,="~0Hz, H-6), 3.72(ddd, 1H,

Jou.o=5-33Hz, J,, ,=5.0Hz, J,,,=30.6Hz, H-9a), 2.28(dd, 1H, J,.,,=13.00,
=4.6Hz, H-3eq), 2.05(s, 3H, Ac), 1.87(dd, 1H, J,, ,=11.1Hz,

3eq4

J =13.00, H-3ax)

3eq, 3ax

Reference Example 16



5 according to the schene given below M NOOCHOHa HO

O OZH ACHN OzMe ACHN OZNle HO HO BnO 26 F OBn Owe e, f,g

2Me ACHN O2H BnO HO 28 Reference Exanpl e 17 Preparation

acid ONH2 RR R HRR R HRRPN 2/INkORAa ROKO O HOO, " 000H
F

AcH COOMe ,,cr+ 9eaeACHN O COOH HO AcO' |'" HOHOOH 7FFR=F, R - R'=CH
7TFER=F, R = R'=0Ac A 0~,OJNk BF:R = R'=CH, F\’-FSFR-F\"OAC F1'- F
8F-R=R=0H R=F 9FR—R =0H R'=F 9F: R= R =QAc, =F AcO QAc 9F: R= R

—OH, R'=F PX$pagation ef “phqgtapidey 3 5R9-C§IiléﬁPﬁé %fluqﬂa'O—éHgl(‘aﬁirmf? Dowex

50- X8, MeOH, (2 20, .609%1C10,.;. 10 (b Tetrazol e,

t - BUOCH, cﬂ%b%F?'?% NRYLORYERAPS 1PR) © %\#é;\olzﬁﬁlﬁla‘? |a€C§§i 48] o 074
nmol es) was dissolved in distilled rret hanol (3 m), 50W X8 5 )
was added to t RePSBFHrIdR 3 wi ?htﬁ’cqeror’?yné §§U?B%rﬁt9e1|¥ﬁ€i‘8f ﬁr@ “§RdeF %n ar gon

t dth ty d 3 h Af t f
om0t | AN OB PRRACEAICTHE TN EN WS PAEE. FFPE ct il ZnBeinlent rat ed

in . .
5 according to the scheme given below.

Ho 9H oy a ™ M ome b e HO OBn oo
——————>» HO —_—
AcHN—Z727 "CO:M AcHN—Z7 27 COMe E&?W-cozm
HO HO BnO
26
OB
n F" on
———*~———*’ Bn ———-——’-
AcHN OzMe A:’,.‘,’,'j O,H
HO
28
Reference Example 17 Preparation of CMP-sialic acid
NH2
Rl " Hl
Rll \
T o0 ™™ w °/| &
HO COOH AcHN COOMe ,\,cN NHAC AcHN 07 cooH
HO A A HO OH
7ER=F,R'=R"=OH  7FR=F,R'=R"0Ac  {_ 7F:R=F, R' = R"=OH
8F:R = R":OH R'=F 8F:R=R' '=0Ac,R'=F A0 OA 8F:R = H"_OH R'=F
9F:R= R’ =<OH, R"=F 9F:R=R' =OAc, R"=F : ¢ 9F:R= R' =OH, R"=F
OH:R=R'= R"=0H OH:R=R'=R"=0H OH:R=R' = R"=0H

(a) (1) Dowex 50-X8, MeOH, (2) Ac,0, 60%HC10,;
10 (b) (1) 1H-Tetrazole, CH,CN, (2) t-BuOOH, CH,CN, (3) DBU, CH,CN,
(4) NaOMe, MeOH,H,0
Sialic acid (0.074 mmoles) was dissolved in distilled
methanol (3 ml), Dowex-50W-X8 (65 mg) was added to the solution
with stirring at room temperature under an argon stream, and the
15 mixture was reacted for 3 hours. After confirming the completion
of reaction, the reaction mixture was filtered and concentrated in
a vacuum. The residue was dissolved in acetic anhydride (200 &#1),

a solution (22 1) of acetic anhydride and 60% perchloric acid



a vacuum The residue was dissolved in acetic anhydride (200 91), a
solution (22 [L1) of acetic anhydride and 60% perchloric acid 58 (15:1) was
added to the solution with stirring at 120C, and the mxture was reacted at
10C for 40 minutes. After confirming th® conpletion of reaction, the
reaction mxture was diluted with ethyl acetate, the dilution was washed

W th saturated aqueous 5 sol ution of sodium bicarbonate. The organic | ayer

o VacdahD ADASR Bor B Gl LARE At G drARTE SEi Y 50) RAVITG
(0. 23 BV E) BrEh B8 b Kal Iy CobPF ebb WV .00 beaeRe CORF SETASEe ( ho
(oot due wsiohonel vediLacllat! Lhadrescel onyisilieo 360 LSirb epgh |1 o anc
argon SEFBIn STHE R x O CHI PR TPRI S SOt ERpEFAr S Rut o 15

| at er folkomed urt her rﬁgct%on fﬁr 10 minutes., After.the. conpletion

3 solut ontg% a f1um 1 onate.. The organic layer was_ dried gve
of react oM EY (Hc ST YBL FHEPRLE L i IR PRI e WY X Pt Fa S (&t hy!

acetate gnd vosted Wih, g sahurated agusous osolutl of, of Sodlum bi carbonat e
and satura aqueous ‘'solutiron o sodium chioride. e organi c | ayer was

dri ed over.a0hy digus B0 TRANeS T SuLLaLe.d alboved, by flh1 abLog, and

concentratron at a ure of up'to u y aze&fropic

boi 111G LD .01 UaBECLM cegho FEUpNE Wakery DL stildgdoageippitrile (400

(err)l) e resrdue, and uene sol ution (290

al) was ggg%gj{&eﬂ%w R@.%Jﬁ%@&ég g&srgvi4{@At%ng§9iiygooqa%%r Y@E'hZS argon

stream ure was returne roomtenpe ure mnutes | ater,

'f0|h9%6dngzéﬁéréﬂr%% E?&egﬁ)ﬂﬂen¥%§§dué“$§g dissolved in distilled
acetonitrile (100 /1) each time, and the resulting solutions were
mixed together. To the resulting solution was added 1H-tetrazole
(17 mg, 0.23 mmole) with stirring in ice water under an argon
stream. The mixture was returned to room temperature 5 minutes

15 later, followed by a further reaction for 10 minutes. After the
completion of reaction was recognized, the reaction mixture was
diluted with ethyl acetate and washed with a saturated agqueous
solution of sodium bicarbonate and saturated aqueous solution of
sodium chloride. The organic layer was dried over anhydrous

20 magnesium sulfate, followed by filtration and concentration at a
temperature of up to 30° C and further by azeotropic boiling with
toluene twice to remove water. Distilled acetonitrile (400 #1)
was added to the residue, and 2.5M t-BuOOH toluene solution (290
11l) was added dropwise to the mixture with ice cooling under an

25 argon stream. The mixture was returned to room temperature 5

minutes later, followed by stirring for 20 minutes. After

completion of reaction was recognized, dimethyl sulfide (53 #1)



conpl etion of reaction was recogni zed, dinethyl sulfide (53 Al) 59 was
added dropwi se to the m xture, and the t-BuOOH was quenched. DBU (18 [Li)
was t hereafter added dropwi se to the mi xture, followed by stirring at room
tenperature for 20 nminutes. After the>8onpletion of reaction was

recogni zed, nethanol (0.67 m), 5 water (1.35 m) and sodi um net hoxi de (360
ng) were added to the reaction mxture, followed by reaction at room

t emper at ure f8 %6 hoyrs. After the conp Ie%i n of reaction was E}egognl zed,
the readBofdHf t‘%ﬁoé)‘“%% EQbT T T g Cext? Sorr RPPRT Wit B rueRfge

extract was washed w th dichl oronet hane. The aqueous |ayer was 10

concent r 2B88d (1§ 41Vatatinhegeabbat &dqd thranﬂ%ﬁp%? dthfr 81%Fub® to 25 C. The
| t | ut fied h t
(oi tent - L0 IHRPA oA FaPEr o€ (A FEPREEREe (EFnE) Mt g CRFER Al |

d Ref le 18 15 P. t - 7" -1 I
20 d CuBn ORI PELBPRe S MEaERIORAL B oPSFEERTh (e i rmner as

o |e.r 39‘ B ot T R e Anfosgt it eERbHESe a bt onrre <t Rotien, i act
528%((120 gfﬁcgﬁor?(i‘glx%‘rﬁ J?OHO_LW%?‘ZWH%%?H’GOH %&dTE%HGtJ‘E‘SE%ﬁﬁS‘% f°r53~§15 9Hz,
16 haa HovEE. J§&O%%@?%$%'t3an & eafiﬁlgﬁzwaag%ea%néﬁfd%% b5 (dd,
Tonor 2 aRpt e pdiite a2 dunik g O8heitierdBn 81t vadd aﬁ%géﬁg"b :
F o) SSRacE ZW%HZ“’aﬁcf Pl e8ondtindd o %f@ﬁi@a@%%ﬁ%%ém

10 concentrated in a vacuum to about 8 ml at a temperature of up to

25° C. The resulting aqueous solution was purified by gel column

chromatography (eluent: 20 mM ammonia water, flow rate: 0.3
ml/min), giving CMP-sialic acid .
Reference Example 18

15 Preparation of CMP-7"-deoxy-7"-fluoro-sialic acid

CMP-7"-deoxy-7"-fluoro-sialic acid was prepared in the same

manner as in Reference Example 7 with the exception of using
Compound (25) in place of sialic acid. NMR data is given below.
'H-NMR (400MHz, 50mM ND,DCO, in D,0),

20 0 8.04(d, 1H, J,,=7.6Hz, H-6), 6.20(d, 1H, J,,=7.6Hz, H-5), 6.06(d,
1H, J,» , =4.5Hz, H-1'), 4.54(dd, 1H, J,» ,=9.5Hz, J,» ,=45.9Hz, H-7"),
4.42~4.20(m, 7H, H-2', H-3', H-4', H-5'a, H-5'b, H-6", H-8"),

4.16(ddd, 1H, J =4.7Hz, J, y ,=11.3Hz, J,,=10.3Hz, H-4"),

4" ,3" eq
4.03(dd4, 1H, J5"’4"=J5",5"=10.3HZ, H-5"), 3.91(ddd, 1H, Jg"a,9"b=12.2HZ,

25 J, ., =2.8Hz, J,, ,=2.8Hz, H-9"a), 3.75(ddd, 1H, J,,,,=12.2Hz, J

9" b, "

=5.4Hz, J,, ,=2.1Hz, H-9"b), 2.61(dd, 1H, J,

3" eq,4”

-4.7Hz, J,,=13.3Hz,

H-3"eq), 2.14(s, 3H, Ac), 1.76(ddd, 1H, J, ., =11.5Hz, J,,=13.3Hz,



60 J3ax, P=5.6Hz, H 3"ax), Reference Exanple 19 Preparation of
CWVP- 8" - deoxy-8"-fluoro-sialic acid CMP-8"-deoxy-8"-fluoro-sialic acid was
prepared in the sane 5 manner as in Reference Exanple 7 with the exception
of using Compound (27) in place of siaPPc acid. NVR data is given bel ow.
"H NVR (400MHz, 50nM NDADCO, in D20), 6 8.08(d, in, J56=7.6Hz, H6), 6.20(d,
1H, J65=7.6Hz, H5), 6.09(d, an, J1 2 =4.1Hz, H1'), 4.90(m in, H8"),
4.42(dd, in, J3'2=33'4 10 =4.9Hz, H3'), 4.39(dd, in, J2.1=4.1Hz, J2
=4, OHz Iobk D) 61, 3H-3"¥Q(m 3H, H4', H5a, H5b), 4.15(ddd, in,
J4"3"eq=4.%k& J§:3-a 21%95FE, J45=10. 5Hz, H4"), 4.10-3.90(m 5H, H 5"
H 6", H Feferepee £xampdendd 5 6o(dd, in, J3"eq4d”=4.4Hz, J9 13.1Hz, H 3"eq),
2.13(s, 3H. _Ac), .1 .77 _(ddd, ,1H, J3" ax,4- =11.. 5Hz, .Jg. =13. iHz, 15 J3a=P
4.5Hz, H 3‘*5‘%8%“%8%?&‘%@9 BatsPE B ‘éfrlélé’&f’éf?%l%fa“d
CVP- 9" - deoxy-9"-flypro-sialic_acid CVP-9"-deoxy-9"-fluoro-sialic acid was
prepared in thgmgéﬁe'g 1 u??Pﬁ%¥ﬂf§n881%£§ﬁbﬁge?aﬁf$hlqﬂ%“%f?@ﬁtion of
usi ng_20_Compound .(28) .in place of .sialic acid. _Exanple Preparati on of
noparhoi RETPRIEY 10t SegpBeRts Peein ol triring BTtk 858he. an no
group of the aspa ine i ratected with. F group .and.two Kinds of
aspar agi ﬁg@P?‘ﬁ%‘gd(%g Tonoast OO%E gﬁ??i?ﬁ%ﬁ?'g(@@%%c agtralD g’sgﬂlﬁ{l and’ C1- 3)
wherein t gnﬁpi ro sparagine is protected with Fnoc group
Using sialicC aé?goygﬁhggggggéﬁﬁ%ﬁPgéH%g}t acid was 61

0 8.08(d, 1H, J,,=7.6Hz, H-6), 6.20(d, 1H, J,.,=7.6Hz, H-5), 6.09(d,

1H, J, ,=4.1Hz, H-1'), 4.90(m, 1H, H-8"), 4.42(dd, 1H, Jy , =J,

10 =4.9Hz, H-3'), 4.39(d4, 1H, J, ,=4.1Hz, J , , =4.9Hz, H-2'),
4.31-4.28(m, 3H, H-4', H-5'a, H-5'b), 4.15(ddd, 1H, J, , ,=4.4Hz,
J, 3 =11.5Hz, J,,=10.5Hz, H-4"), 4.10-3.90(m, 5H, H-5", H-6", H-7",

H-9"a, H-9"b), 2.60(dd, 1H, J =4.4Hz, J,,=13.1Hz, H-3"eq),

+ "
2.13(s, 3H, Ac), 1.77(ddd, 1H, J, ., =11.5Hz, J,=13.1Hz,
15  J, ,..=4.5Hz, H-3"ax),
Reference Example 20
Preparation of CMP-9"-deoxy-9"-fluoro-sialic acid
CMP-9"-deoxy-9"-fluoro-sialic acid was prepared in the same
manner as in Reference Example 7 with the exception of using
20 Compound (28) in place of sialic acid.
Example 1
Preparation of asparagine-linked disialo @2,3-
oligosaccharide (Cl1-1) wherein the amino group of the asparagine is
protected with Fmoc group and two kinds of asparagine-linked
25 monoasilo &2, 3-oligosaccharides (Cl-2 and Cl1-3) wherein the amino

group of the asparagine is protected with Fmoc group

Using sialic acid transferase, CMP-sialic acid was



transferred to the asparagi ne-linked asi al ool i gosaccharide which was
obtained in Reference Exanple 3 and wherein the am no group of the
asparagi ne was protected with Fnoc group. The sialic acid transferase used
was (err)2,3-transferase which 5 was Eénmer ci ally avail abl e and derived
froma rat reconbi nant. The asi al ononasaccharide (20 ng, 10.1 g nol es)
obtained in Reference Exanple 3 was dissolved in 50 nM of cacodylic acid

buf f L0 H m d bovi |.bymi n.(BSA, .5 th
added o rRRERPiR e ks ERRATHANGr STREFE Bddaockeesr T Ty $BRE" 26 .
QL‘QeceD?kﬁ(%%ﬁ?Ea?e i whiteid%Phe YY) o309 LPe

red unitor y. I'—éllnally, Jroup

40.4 (err).nol .and .al ka

resul ti né’)aﬁi )?Eﬁ%%n%ésms TrYe

(err)2, 3-sialyltransferase roduct o LBl OCHEM 100 (err)l) was added to
the hixt e St e bE P REhe ulbr B By (o stand &l 37C for 48

hours. The reaction was term nated upon the starti ng 15 material reducing to
the desired qudR€i £yl | HbriteastRG2ERUSTRIAS dh? by HPANSEezaget Weich

reaction mxture was filtered with mepbrane filter., The filtrate was
Concent r SPSICOBTSTIgIe YL ARA L IARIR A9 BRETERH LHRH PhERbarTamBaRPE ed by HPLC
(YMC- Pack R8D @RS, a6 D iQPSrasAc cR0: 225Gy, AN 25 MM ACONGE Dyl Lgrs & 18/ 82,
7.5 20 mM/mn., wave length: 274 nm . The eluates obtal ned were

di si al oupdeeasRes NBlaEdeeCONPAING dcElvédd 1M A mt BEt 88co@Ndc acid
nonosi al odecasacchari de conpounds (Cl1-2) and (Cl1-3) in 30 mnutes and 34

i nut es, pf@spects eliv paihes FRAC! 20AS HLYe! ge CAhaCheHunitlegyat,ed Agf was
freeze-dried individually, giving Conpounds 1, 2 and 25 3 in respective

amount s @hefl- Jadds (& ¥, sd1 & i .( 8r8%Wheafd xBube Nierd Baad¥) cuAhei R data as
to the compounds is given below. Conpound (Cl-1) 62 in NVR(400MHz, D20,

30'Ci0}«]364d81)6 mg, 40.4 Umoles) and alkanline phosphatase (5 (1, 125

units), and the resulting mixture was stirred uniformly. Finally,
¢2,3-sialyltransferase (product of CALBIOCHEM, 100 /1) was added
to the mixture, and the resulting mixture was allowed to stand at
37°C for 48 hours. The reaction was terminated upon the starting

15 material reducing to the desired quantity while monitoring the
reaction by HPLC, and the reaction mixture was filtered with a
membrane filter. The filtrate was concentrated to reduce the
quantity thereof and thereafter purified by HPLC (YMC-Pack R&D ODS,
D-ODS-5-A, 20 X 250 mm, AN/25 mM AcONH, buffer = 18/82, 7.5

20 ml/min., wave length: 274 nm). The eluates obtained were
disialoundecasaccharide compound (Cl-1) in 25 minutes, and
monosialodecasaccharide compounds (Cl1-2) and (Cl1-3) in 30 minutes
and 34 minutes, respectively. The fractions were collected,
desalted and freeze-dried individually, giving Compounds 1, 2 and

25 3 in respective amounts of 0.7 mg (2.7%), 1.9 mg (8.3%) and 3.5 mg
(15.3%). The NMR data as to the compounds is given below.

Compound (C1-1)



6 7.90(d, 2H, Fnoc), 7.69(d, 2H, Fnoc), 7.49(dd, 2H, Fnoc), 7.42(dd, 2H,
Froc), 5.10(s, in, Man4-Hl), 4.97(d, in, GLcNAcl-H ) 44.91(s, in,
Man4' - H 1), 4.50-4.60(m 4H), 4.34(1H _Fnoc), 4.24(bs, 5 1H, Man3-H2),
4.18(bs, in, Mand-H2), 4.10(m 2H), 2.94(m 3H Asn |3CH, NeuAc7, 7' -H3eq),
2.40-2.60(m in, Asn-J3CH), 2.05, 2.03, 2.02(each s, Ac), 1.77(dd, 2H,
NeuAc7, 7' - H3ax) . Corrpound (CI-2) 'H NVR(400MHz, D20, 30C, HOD=4.81) 10 (5
7.90(d, 2H, Fm)chM 2B d3 7.49(dd, 2H, Fmoc) 7.42(dd, 2H,
Fnoc), 5.H PR (4P HTVarPLt H13 459 84 GlcNAc1- H1), 90(s i H,

??é‘;b? % 1. Sfilfla ) s 45510 By T égéz(mw%%%) At
E‘G%E'Sd“?e@% A Al FBR) o8 olm% (e &M%zﬁ%m}#é %&%ﬁgéﬁ%ﬁ’ )
%?dgllzéﬁzﬁz Q"? MéﬁiO(F’gnlc)l)n‘l il ﬂ?f“h fﬁgo( 3Zhﬁge%g'ﬁﬁil-ﬁr?wg%
21y, 5. 170 Kol 1B, Yo e 'S okl oy A T IR -l 220
Eﬁ;“‘ci T Al %“%%axf é@“z ol a: 9%1%&%?[-?4%2 Red3(31° 20
I >S%';2(§1?%f‘<%a““%”pA‘éA4°%3 o R 15 KRR 14, Man O L 4GLoNAc 0
1-- 4GLeNedfadnlly ARG 2)
'H NMR (400MHz, D,0, 30°C, HOD=4.81)
10 0 7.90(d, 2H, Fmoc), 7.69(d, 2H, Fmoc), 7.49(dd, 2H, Fmoc),
7.42(dd, 2H, Fmoc), 5.10(s, 1H, Man4-H1), 4.97(d, 1H, GlcNAcl-H1),
4.90(s, 1H, Man4'-H-1), 4.47-4.60(m), 4.43(d, 1H), 4.32(1H, Fmoc),
4.22(bs, 2H), 4.17(bs, 1H, Man4-H2), 4.06-4.13(m, 2H), 2.72(m, 2H,
Asn- 3CH, NeuAc7-H3eq), 2.50-2.60(m, 1H, Asn-[3CH), 2.05, 2.03,
15 2.01(each s, Ac), 1.77(dd, 1H, NeuAc7-H3ax) .
Compound (C1-3)
'H NMR (400MHz, D,0, 30°C, HOD=4.81)
0 7.90(d, 2H, Fmoc), 7.69(d, 2H, Fmoc), 7.49(dd, 2H, Fmoc),
7.42(dd, 2H, Fmoc), 5.10(s, 1H, Man4-H1), 4.97(d, 1H, GlcNAcl-H1),
20 4.90(s, 1H, Man4'-H-1), 4.50-4.60(m), 4.45(d, 1H), 4.33(1H, Fmoc),
4.22(m, 2H), 4.17(bs, 1H, Man4-H2), 4.09(m, 2H), 2.74(m, 2H, Asn-f
CH, NeuAc7-H3eq), 2.45-2.60(m, 1H, Asn-3CH), 2.05, 2.03, 2.02,

2.00{(each s, Ac), 1.77(dd, 1H, NeuAc7-H3ax)



3 NeuAc a2-3Gl (31- -4GIcNAc 13 1-2Man a 114, (Cl1-2) NeuAc a 2--3Gl 13
1- 4G cNAc (3 1-2Man a I\ 1; Man 131--4GlcNAc O 1--4GIlcNAc--Asn-Fnoc 3 Gl
Q1l-4GcN.Ac O I- Man a lr (d-3) Exar‘rg)le 2 5 Compound (d-2) (2 ng, 0.88
(err)nole) obtained in Exanple 1 and ng of bovine serum al bumi n were

di ssolved in 100 ILlI of HEPES buffer solution (50 MM pH 5.0), and

(3-gal actosi dase (product of Sei kagaku Corp., from Jack Beans, 5 (err)l,
100 nl)) was\caderestat @ 16l cNsob L#i2igun o {he resul ti ng sol uti on vvas allowed to
stand at 37'C for 10 15 hours, and thére % A ? nﬁl It rrbrane
filter. The filtrate was purified by 88 ¢ Cﬁflbl ) X 25 cm
el uent: %uMMZaq&IEDm»smldNAd@n»OMananﬂom um acet ate : acetonitrile = 82:18;
flowrate 7.5 rﬂlan foll owed by concentration of the solvent and
freeze-drying. The (F&stdue was dissolved in 200 Al of 15 water and desal ted
by ODS-col um chromat ogr aphy (Cosnosil 75C18-opn, washing with water first,
subsequent elution with 25% aqueous solution of acetonitrile), giving 0.5
(err)g of the dediaigd~G6hpdunhb 2{C2)I\ lﬁThe NVR data is given beI ow. 1H
NVR(400MHz, D20, 30C,, HOD=4.81) 64 7 H, E d 2H, Fnoc),
7.49(dd, 2H, Fnoc), 7.42(dd, 2H, Fno 5’ 33 %”g‘ CEl” %\?%ggﬁlﬁc Hf?“ IEP 98(d, 1H,
d cNAcl - mit)ApaZ-a»:QIa(sl-»MEﬂcNmbm%b-ZMdﬂb)l 4.50- 4. 60(rr) 4.33(1H, Fnoc), 4.22(m

2H) (C1-2)

NeuAc @ 2>3Gal B 17 4GIcNAc 8 1 2Man « IN
6Man B 17 4G1cNAc B 1= 4Gl cNAc> Asn-Fmoc
al B 1= 4G1cNAc B 1-=2Man o 1”7
(C1-3)

Example 2
5 Compound (Cl1-2) (2 mg, 0.88 (mole) obtained in Example 1 and

1 mg of bovine serum albumin were dissolved in 100 it1 of HEPES
buffer solution (50 mM, pH 5.0), and 3 -galactosidase (product of
Seikagaku Corp., from Jack Beans, 5 1, 100 mU) was added to the
solution. The resulting solution was allowed to stand at 37°C for

10 15 hours, and thereafter filtered with a membrane filter. The
filtrate was purified by HPLC [ODS column, 2.0 (diam.) X 25 cm;
eluent: 50 mM aqueous solution of ammonium acetate : acetonitrile =
82:18; flow rate 7.5 ml/min], followed by concentration of the
solvent and freeze-drying. The residue was dissolved in 200 (1 of

15 water and desalted by ODS-column chromatography (Cosmosil 75C,,-opn,
washing with water first, subsequent elution with 25% aqueous
solution of acetonitrile), giving 0.5 4g of the desired Compound

(C2). The NMR data is given below.

'H NMR(400MHz, D,0, 30°C, HOD=4.81)



4.17(bs, 1H, Man4-H2), 4.10(m 2H), 2.74(m 2H, Asn-/3CH NeuAc7 5 H3eq),
2.45-2.60(m 1H, Asn-/3CH), 2.05, 2.03, 2.01(each s, Ac), 1.78(dd, 1H,
NeuAc7- H3ax) GIcNAc /3 1- -2Man a |y 3Man(31-4G cNAcJ31-4G cNAc- Asn- Fnoc
NeuAc a 2-3Gal 01--4GL cNAc (31- -2Man®4 | (C2) Exanple 3 10 Conpound (C2)
(1.8 nmg, 0.86 [Lnole) obtained in Exanple 2 and 1 ng of bovine serum

al bum n were dissolved in 90 al of HEPES buffer solution (50 mM pH 5.0),
and 4 /11_(250 mJ) of N acet -éerr)- gl ucosam dase (product of

Si gma- Al dt i t17 966 p2B- 15086 3adk S BEAN A WwEECCAddedt T Y héHs of BRFlon.  The

(50411 SO0 e LAk 10, SRR 2d el L DR B o,
FPLC 008 SR 2Bk AT , & F45Eb of]Uefoa B8, kAR o0 SpL D O
concent 908! WS aRhER  Ap ety Y, L0 BB KB Lo v
TSI PR ST 1R M L B oSSRl U LA T 25t e
300V ER9; 0 GeaBEP0), 25,0 80100, 218 ST 8 Froc), 7,800, 2
5.21(s, in, Man4-Hl), 5.09(d, 1H, J=8.8, GlcNAcl-HL), 5.00(s, in,

Man4' -H 1), 4.87(s, 1H), 4.60-4.78(m 5H), 4.40-4.50(bm 2H), 4.34(s, 1H),
4.28(bs, in, Mand-H2), GANROE tt v, NJa=3. 0, Jb=9.9), 2.80-2.95(m 2H

Asn-/ 3CH, ,Man B 1= 4G1cNAc B 1461 M- Asn-Fnoc
NeuAc a2 3Gal 8 1-4G1cNAc 8 1-Man a 17
(c2)
Example 3
10 Compound (C2) (1.8 mg, 0.86 /[mole) obtained in Example 2 and

1 mg of bovine serum albumin were dissolved in 90 /1 of HEPES

buffer solution (50 mM, pH 5.0), and 4 #1 (250 mU) of N-acetyl-(-

glucosamidase (product of Sigma-Aldrich Corp., from Jack Beans) was
added to the solution. The resulting solution was allowed to stand
15 at 37°C for 24 hours, and thereafter filtered with a membrane
filter. The filtrate was purified by HPLC [ODS column, 2.0 (diam.)
X 25 cm; eluent: 50 mM agqueous solution of ammonium acetate :
acetonitrile = 82:18; flow rate 7.5 ml/min), followed by
concentration of the solvent and freeze-drying. The residue was
20 dissolved in 200 (1 of water and desalted by ODS-column
chromatography (Cosmosil 75C,;-opn, washing with water first,
subsequent elution with 25% aqueous solution of acetonitrile),
giving 0.9 #4g of the desired Compound (C3).
'H NMR (400MHz, D,0, 30°C, HOD=4.81)

25 0 8.01(d, 2H, J=7.6, Fmoc), 7.80(d, 2H, J=7.6, Fmoc), 7.60(dd, 2H,



5 NeuAc7-H3eq), 2.65-2.75(m 1H, Asn-{3CH), 2.16, 2.14, 2.12(eachs, Acx3),
1.98(s, 3H, Ac), 1.89(dd, in, Ja=12.1, Jb=11.9, NeuAc7-H3ax). Man a |IX 3Man
|3 1-t 4GL cNAc O 1- 4G | cNAc--Asn-Finac 3 NeuAc a 2-Mal 3 1--4Gl cN. Ac
131--2Man a | (C3) Exanple 4 Conpoun8>(C3) (0.8 ng, 0.42 1U.nole) obtained
in Exanple 3 and 10 1 ng of bovine serum al bum n were dissolved in 50 U of
HEPES buffer solution (50 m\/l pH 5. 0) and 30 (err)l (2.9 U of a-

mannosi dase (product of | dri ¢ .,. from Jack_ Beans added to
the sol uth™ 8ng' T Fes - 15?68 Hrt 1960 - \ﬁasF‘chcf)omédzlldsst]éﬁd aé% §3‘§C f or

hours, and reafter f||t e ane 15 filter. Thef ra
purified bQBRéLC”f CﬁS 88k u Igpfvylol"(qdlagr?w S 28l o ét §08t7r1\/f;aqifgous
sol ution of anmp t tonitrjle = 80:20; 75n1/mn]

f ol | owed b)?o 6071@%?1 i o% ‘g? ‘{aﬁ’g)( Bl vé’ﬁ{ a‘hd’*‘lf(rsee}@ dr%;vzr?a(tbsThé tesi due was
di ssolved in 200 91 of water and desalted by CD - um 20 chr omat ocajraphy

(Cosnosi Map8CHBL opfiv,204d6hi H: \Maﬁ? -Rat 8P~ ?t?)s't BQUBs%ﬁU@nt Hol AFPoR Gt h 25%

aqueous sol ution of acetonitril givin of the deS| red Conpound

(C4) 3H RNEREZO0ME) -D3EP° 39 ?5<“Hdé’_ﬂ4 Bgy- Cﬁ)@o%dgﬁ'zﬁ 15*7 212 feayhs. 7. 79(d,
2H, J=7. 2, 7.59(dd, . 2H 6 7
5.21(s, i §R/1;Ci1 4 4= g% ot %%9@‘310%6 ﬁll%A(]:l Eﬁ 1. ad’eﬂA?é(H{’ e

4.40-4.50(m 2H), 4.32(bd, 1H, J=2.3), 4. 28(bs, 1H), 4 22(bdd, in, Ja 9.7,
Jb=2.8, Man4-H2), 2.80-2.95(m MhalQsn-5 CH NeuAc7-H3eq), 2.60-2.75(m in,

Man 814Gl cNAc B 124Gl cNAc=Asn—Fmoc
NeuAc @ 2-=3Gal B 1-~4G1cNAc 8 1-=Man & 1”7
(C3)

Example 4
Compound (C3) (0.8 mg, 0.42 /[mole) obtained in Example 3 and

10 1 mg of bovine serum albumin were dissolved in 50 {£1 of HEPES
buffer solution (50 mM, pH 5.0), and 30 4«1 (2.9 U) of «-
mannosidase {(product of Sigma-Aldrich Corp., from Jack Beans) was
added to the solution. The resulting solution was allowed to stand
at 37°C for 63 hours, and thereafter filtered with a membrane

15 filter. The filtrate was purified by HPLC [ODS column, 2.0 (diam.)
X 25 cm; eluent: 50 mM aqueous solution of ammonium acetate :
acetonitrile = 80:20; flow rate 7.5 ml/min], followed by
concentration of the solvent and freeze-drying. The residue was
dissolved in 200 (1 of water and desalted by ODS-column

20 chromatography (Cosmosil 75C,,-opn, washing with water first,
subsequent elution with 25% aqueous solution of acetonitrile),
giving 0.6 [tg of the desired Compound (C4).
'H NMR(400MHz, D,0, 30 C, HOD=-4.81)

0 8.00(d, 2H, J=7.2, Fmoc), 7.79(d, 2H, J=7.2, Fmoc), 7.59(dd, 2H,



5 Asn-13CH), 2.14, 2.14, 2.12(eachs, Acx3), 1.98(s, 3H Ac), 1.88(dd, iH,
Ja=12.1, Jb=12.0, NeuAc7-Max). Man 3 1--4Gl cNAc (31--4F cNAc--Asn-Fnmoc. 3
NcuAc a 2-"- 3Gl j31- -4 cNAc /3 1--2Man a 1 (C4) Exanple 5 10 Conpound
(C1-3) (1 ng, 0.44 / |.nole) obtained PA Exanple 1 and 1 ng of bovine serum
al bum n were dissolved in 50 ||l of HEPES buffer solution (50 mM pH 5.0),
and (3-gal actosi dase (product of Sei kagaku Corp., from Jack Beans, 5
(err).1, 100 mu) was added to the solution. The rzsultin%sol ution was

f

al | oned t%57s€antmat) 37-8248¢: 18115 Hodr sTMYMa Chétdar t B Mat%efdd with a

mb fil he fil i fi ODS d
X 25 om 5 bp&@%u&%mdaéL%%%y“%iwﬁ??La'% SR G okt &0 RacdEbni 111

= 82:18; wrate 7. / foIIo b centratlo f the solvent
and freefe3a?§7?nng'Tﬁe rgL S%JEJ%\HJSS d|1§ e%z %ﬁr&zoé III Jas 9 20 Wat2r®and
desal ted by QODS-col um chromat ogr aphy CosrmS| | _75C, washing with
wat er fi MéP4-HBabselgulne - &P i ol witsh- adlG886S- H%‘?ﬂ)utl oﬁoo? ?alééft"orﬁ”crl l e),
gi vi ng 0.3 U g of the desired Conpound (C5) H NVR(400VHz, D20, 301C
81)A525 P@ o?_( a4 244 143=7 - é-?(?%*t-‘a AEXd] ¢ gl - S s.3371 2 ACknpt)88 (Ado( dd,
2H 67 = 3(d Frmc) 5. 21(5 1H, Man4-H1l),
5.09(d, ilﬁ ﬂag NA? qui 70%8% ?lH Man4' -H- 1), 4.55- 4.70(m) .
4.44(1H, Fnoc), 4. 30 4.38(bm 2H), 4.28(bd, 1H, Mn4-H2), 4.17-4.25(m 2H),
2.78-2.95(m 2H, Asn-f3CH, NeuAc7- I—Be%Manﬁa—-%G BNAZ BT6K 46 cNA > ASHimdc3CH) , 2. 16,

215, 2. 3 BB RPN o TR 5 A e 7

(C4)

Example 5

10 Compound (C1-3) (1 mg, 0.44 [tmole) obtained in Example 1 and
1 mg of bovine serum albumin were dissolved in 50 (1 of HEPES
buffer solution (50 mM, pH 5.0), and [3-galactosidase (product of
Seikagaku Corp., from Jack Beans, 5 (1, 100 mU) was added to the
solution. The resulting solution was allowed to stand at 37°C for

15 15 hours, and thereafter filtered with a membrane filter. The
filtrate was purified by HPLC [ODS column, 2.0 {(diam.) X 25 cm;
eluent: 50 mM aqueous solution of ammonium acetate : acetonitrile =
82:18; flow rate 7.5 ml/min], followed by concentration of the
solvent and freeze-drying. The residue was dissolved in 200 (1 of

20 water and desalted by ODS-column chromatography (Cosmosil 75C,,-opn,
washing with water first, subsequent elution with 25% aqueous
solution of acetonitrile), giving 0.3 (g of the desired Compound
(C5) .
'H NMR (400MHz, D,0, 30°C, HOD=4.81)

25 0 8.01(d, 2H, J=7.2, Fmoc), 7.81(d, 2H, J=7.2, Fmoc), 7.60(dd, 2H,



1.98(s, 3H, Ac), 1.89(dd, 1H, Ja=12.2, Jb=12.0, NeuAc7-H3ax). NeuAc a2-

2- @Gl (31--4GLlcNAc j3 1--211an a I X 6Klan 31- F4AGLcNAc131-4G cNAc- , Asn- Fnoc
G cNAc 0 1- Van a | (C5) Exanple 6 Conmpound (C5) (1.0 ng, 0.48 /invole)
obtained in Exanple 5 and 10 1 ngy of Bévi ne serum al bumin were dissolved in
50 //.1 of HEPES buffer solution (50 mM pH 5.0), and 4 /11 (250 nlJ) of
N-acetyl -0- glucosam dase (product of sigma-Aldrich Corp., from Jack Beans)

57¢ for 92 ndureiedng e RaTaas B PEM b ofrdidin s iRy Hhe YPSUr PR or The
i S e
Tl e b B
erutTon" & S udb. Lot ol Bhocli Py ifen, 570
0SS &S AR R b enz g TS S0 00 33 00 38 o T5Teat”) 3200 8]y T

G onie - i ye & s 2T LiadiAR iy - RrL B B, Serihont S

4.38-4.48(m 2H, Fnoc), 4.40(bd, J=2.4, 1H), 4.18-4.25(m 2H), 4.15(m 1H),
2. 80- 2. 99 mc a2H 36ABAICHNANBL®ENG 3eq) , 2. 65-2.75(m in, Asn-13CH), 2. 16,

2.13, 2.12(eachs, 9H, Acx3), 1.98(s, 63H  Ac .89(dd, \n, Jazl2. 2,
Jb=12.0, NeuAc7- H3ax). /Bﬁ’anﬁ I JGlcl\gAcg? éﬁi}’lchAc-*Asn Fioc
GlcNAc B 1= 2Man @ |

(C5)
Example 6
Compound (C5) (1.0 mg, 0.48 (mole) obtained in Example 5 and

10 1 mg of bovine serum albumin were dissolved in 50 /1 of HEPES
buffer solution (50 mM, pH 5.0), and 4 X1 (250 mU) of N-acetyl- -
glucosamidase (product of Sigma-Aldrich Corp., from Jack Beans) was
added to the solution. The resulting solution was allowed to stand
at 37°C for 22 hours, and thereafter filtered with a membrane

15 filter. The filtrate was purified by HPLC [ODS column, 2.0 (diam.)
X 25 cm; eluent: 50 mM aqueous solution of ammonium acetate:
acetonitrile = 82:18; flow rate 7.5 ml/min}, followed by
concentration of the solvent and freeze-drying. The residue was
dissolved in 200 U1 of water and desalted by ODS-column

20 chromatography (Cosmosil 75C,,-opn, washing with water first,
subsequent elution with 25% aqueous solution of acetonitrile),
giving 0.6 [Lg of the desired Compound (C6).
'H NMR(400MHz, D,0, 30°C, HOD=4.81)

0 8.01(d, 2H, J=7.6, Fmoc), 7.80(d, 2H, J=7.6, Fmoc), 7.60(dd, 2H,



NeuAc a2-3Gal 13 1-'-4d cNAcl131-2Man a 1-*, B Man/3 1-4GlcNAc
131--4GlcNAc--Asn-Fnmoc Man a 1/ (CO Exanple 7 10 Conmpound (C6) (1.0 ng,
0.53 (err)nole) obtained in Exanple 6 and 1 ny of bovi ne serum al bumi n were
di ssolved in 50 91 of HEPES buffer soPfition (50 mM pH 5.0), and 10 /11
(0.9 U) of a- mannosidase (product of Sigma-Aldrich Corp., fromJack Beans)
was added to the solution. The resulting solution was allowed to stand 15
at 37C for 20 hour s, and thereafter filtered with menbr ane filter. The
filtrateWds®puiT4Sed by (Bt c 408 dofunfi™o2. 0 5('&92%)1 'XNE’S“ llﬁl el uent: 50
mM aqueoys s l.ution of ammpni um acet at e: (alcetonl trile _n]g flow rate
7.5 m / nionf? (fol Hbwedd by GO T i on- &F (S hd P oMEBAL i freééésdr}ﬁ%g

The residue was_ 20 di s§ol ved in 200 hi_of water and desalted b ODS- col um

chr omat odrafnd - Tofnoed) r 45¢48t ™ wakhi TPt 4 - RALRE 1754 &bsequent

elution with 25% aqueous sol ution of acetonitrile IVI of the
q ) B 97

desired GoABotineP (ME7REIH F\IN'F@QIBOI‘J‘ILE B280 - 3P 3m. Heb- gﬁ GNQUZEH(d 2H,

J=7.6, Fnoc), 7.81(d, 2H, J=7 T—% 7.60(dd, 2H, 69 J 7. m)c)

7. 53(hd, RS 9. & 260N, sHog“(sal TR 32018, 2 cLENR AMERSRS, X

Man4' -H 1), 4.84(s, 1 4. 55-4 70( 4.44 t 1H _J=6.0, Fno

4.30- 4. 38CH3) - 13998 5. HéHzl Bl m?- ‘rg‘]‘i'41k%'7(“’§l 1212, 30812 £ 0B H{*C%Fﬁga")-

Asn- Rl CH, NeuAc7-H3eq), 2.55-2.70(m 5 1H, Asn- AACH) 2.16, 2.13, 2.12

(eachs, Acx3), 1.98(s, 3H, Ac) 1.89(dd, 1H, Ja=12.2, Jb=12.3, NeuAc7- Max),
NeuAc a2 3Gal B 1-4GlcNAc B 1-2Man & Iy

6
Man 8 1= 4Gl cNAc B 1= 4GI cNAc~> Asn~Fmoc
Man(xlj(
(C6)

Example 7

10 Compound (C6) (1.0 mg, 0.53 /mole) obtained in Example 6 and
1 mg of bovine serum albumin were dissolved in 50 i1 of HEPES
buffer solution (50 mM, pH 5.0), and 10 (1 (0.9 U) of «-
mannosidase (product of Sigma-Aldrich Corp., from Jack Beans) was
added to the solution. The resulting solution was allowed to stand

15 at 37°C for 20 hours, and thereafter filtered with a membrane
filter. The filtrate was purified by HPLC [ODS column, 2.0 (diam.)
X 25 cm; eluent: 50 mM aqueous solution of ammonium acetate:
acetonitrile = 80:20; flow rate 7.5 ml/min], followed by
concentration of the solvent and freeze-drying. The residue was

20 dissolved in 200 (1 of water and desalted by ODS-column
chromatography (Cosmosil 75C,;-opn, washing with water first,
subsequent elution with 25% agqueous solution of acetonitrile),
giving 0.5 tg of the desired Compound (C7).
'H NMR (400MHz, D,0, 30°C, HOD=4.81)

25 0 8.01(d, 2H, J=7.6, Fmoc), 7.81(d, 2H, J=7.6, Fmoc), 7.60(dd, 2H,



NeuAc a 2-- 3Gal 0 1-4G | cNAc [3 1-FNan a |y 6Man 13 1-4Gl1 cNAc

[ 31--4GLcNAc Asn-Fnoc (C7) Exanple 7A 10 Preparation of asparagine-Ilinked
disialo(a 2,6)(a 2,3)oligosaccharide wherein the am no group of the
asparagi ne was protected with Fnoc gréap Using sialic acid transferase,
CWP-sialic acid was transferred to the asparagine-|inked

asi al ool i gosacchari de 15 (Conpound 2) which was obtained in Reference
Exanpl e 3 and wherein the am no group of the asparagi ne was protected with
Froc group’7.2Themsd)al i7c 5acdd, t2atanI-8r. 6seFrused Wwad942, 3tH r airdf.@rase whi ch was
commercially avail able and derived froma rat reconbinant. Conpound 2 (1.7
ng, 0. 75GLlENBtE)HIOLL &i.0eds| niRefMamdncl- 20, Exaddlse BHWast dissgol0éd, i 5H5B0 nmM
of cacodylic acid buffer (5.0 in pH, 85 111), and bovi ne serum al bum n
(BSA, 1 mglraves tihewm=-a&ddedrFimac) t He 39k ul s trs, Td)t he. nd x4 rse(mperB) added
CWP-sialic acid (4.8 ng, 7.5 ILnoles) and al kanl i ne phosphatase (1 111, 75

units), and7t8e 1H)esul.Bong. 98 i, UE, Wasn SBicH!, elewsd T -0r3dqy ., Bioall yio @l2, 3 25
sialyltransferase (product of CALBIOCCHEM 75 al, 34 nlJ was added 70 to the

m xtuse, jandashepegsyl 2ing W ABUr 2. WAGatHsOQWREx S 0, St avdsat 3u374efor 3.5
hours. The reaction was term nated upon the disappearance of the starting
mat er i al 1wBbk&d oI ,t gaEng. 2 hesb=1@aadt, | Reudy7 #3la&) .and the reacti on m xture
was filtered with a 5 nenbrane filter. The filtrate was concentrated to
reduce the quantity thereof and thereafter purified by HPLC fractionating

col um ( YMZE Pack g S:o- A, 20 X 250 mm AN 25 nmM AcONH4  buffer =
18/ 82, 7&%“ ?m%@f‘%oﬁiw%?ﬁm\@m. Conpound ( C7A)
Man 3 1=~4G1cNAc 8 1-4GIcNAc=>Asn-Fmoc
(C7)

Example 7A
10 Preparation of asparagine-linked disialo(Q 2,6) (Q
2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group
Using sialic acid transferase, CMP-sialic acid was
transferred to the asparagine-linked asialooligosaccharide
15 (Compound 2) which was obtained in Reference Example 3 and wherein
the amino group of the asparagine was protected with Fmoc group.
The sialic acid transferase used was (2,3-transferase which
was commercially available and derived from a rat recombinant.
Compound 2 (1.7 mg, 0.75 (mole}) obtained in Reference
20 Example 3 was dissolved in 50 mM of cacodylic acid buffer (5.0 in
pH, 85 il), and bovine serum albumin (BSA, 1 mg) was then added to
the solution. To the mixture were added CMP-sialic acid (4.8 mg,
7.5 Umoles) and alkanline phosphatase (1 ©#1, 75 units), and the
resulting mixture was stirred uniformly. Finally, @2,3-

25 sialyltransferase (product of CALBIOCHEM, 75 i1, 34 mU) was added



was obtained as an eluate 25 mnutes later. The fraction was 10 col |l ected,
desalted and freeze-dried, giving 1.3 ng (67.8% of Conpound (C7/A) . The
NVR data is given below. H NVR(400MHz, D20, 30t, HOD=4.81) 6 8.00(d, 2H
J=7.2, Fnoc), 7.79(d, 2H, J=7.2, Fnoc)707.60(dd, 2H, J=7.2, Fnoc), 7.52(dd,
2H, J=7.2, Fnoc), 5.21(s, 1H, Man4-H1), 15 5.09(d, 1H, J=8.8, G cNAcl-H1),
5.03(s, 1H, Man4'-H1), 4.86(s, 1H), 4.58-4.72(m 5H), 4.54(d, 1H, J=8.0),
4.38-4.48(m 2H), 4.34(bs, 1H), 4.28(bs, 1H), 4.15-4.25(m 2H),
2. 80- 2. 86fddhe Irixtlere4. 4nd Phe h2sgl tilpg Avix By was2a¥BoweB3omstddd 3H,
Ja=4.4, Jb=12.4, Asn-13 CH, NeuAc7-H3eq), 2.60-2.72(m 1H, Asn-13CH), 2.16,
2. 15, 2. B4 C2002.3K dauhss, The x6pctiloms(as, t8Hninaded up@d( dbe 1H, Ja=12. 4,
Jb=12.0, NeuAc7-H3ax), 1.81(dd, 1H, Ja=12.4, Jb=12.0, NeuAc7-H3ax). NeuAc a
2-- 6Gal disappedGrNA©L( Bhe- stadHringemhXeBMah while4@eNAer (1 the
1-4d cNAc- Asn-Fnoc 3 NeuAc a 2- - 3G | 13 h4G@ cNAc 13 1-2Man a 1 Exanple
7B Pr epar@icbohonfbyadifacCagane- thenkedcdisn ahio{tage3pagaf Vliterxxdbwdlthgasacchari de
wherein the am no group of the asparagine was protected with Fnbc group
Usi ng5si alembrace df ititansf flessdi1ChPteiwdd ccoacedtnated ttcamsfiereethe¢ o t he
aspar agi ne-1inked asi al ool i gosaccharide 5 (Conpound 3) which was obtained in
Ref er enceuBranpy ectraod ahérgiereaflierapunit igroby BPLE hiraaspanagineg was
protected with Fnoc group. The sialic acid transferase used was
a2, 3-t r arsfllenas eymdriralekWRSD capgrencioakl y- avaid ablxs camah, dRRY ¥® doM A@ONE, I at
reconmbi nant. Conpound 3 (1.2 ng, 0.53 u.nole) obtained in Reference

buffer = 18/82, 7.5 ml/min., wave length: 274 nm). Compound (C7A)

was obtained as an eluate 25 minutes later. The fraction was

10 collected, desalted and freeze-dried, giving 1.3 mg (67.8%) of

Compound (C7A). The NMR data is given below.

'H NMR(400MHz, D,0, 30°C, HOD=4.81)

0 8.00(d, 2H, J=7.2, Fmoc), 7.79(d, 2H, J=7.2, Fmoc), 7.60(dd, 2H,
J=7.2, Fmoc), 7.52(dd, 2H, J=7.2, Fmoc), 5.21(s, 1H, Man4-H1),

15 5.09(d, 1H, J=8.8, GlcNAcl-H1), 5.03(s, 1H, Man4d4'-H-1), 4.86 (s, 1H),
4.58-4.72(m, 5H), 4.54(d4d, 1H, J=8.0), 4.38-4.48(m, 2H), 4.34(bs,
1H), 4.28(bs, 1H), 4.15-4.25(m, 2H), 2.80-2.86(dd, 1H, Ja=4.4,
Jb=12.4, NeuAc7-H3eq), 2.73-2.83(m, dd, 3H, Ja=4.4, Jb=12.4, Asn-f
CH, NeuAc7-H3eq), 2.60-2.72(m, 1H, Asn-f3CH), 2.16, 2.15, 2.14,

20 2.12(each s, Ac x5), 1.98(s, 3H, Ac), 1.89(dd, 1H, Ja=12.4, Jb=12.0,
NeuAc7-H3ax), 1.81(dd, 1H, Ja=12.4, Jb=12.0, NeuAc7-H3ax).

NeuAc a 2> 6Gal 8 1--4GIcNAc B 1=>2Man a Iy

6
3Man B 1 4G1cNAc 8 124Gl cNAc> Asn—Fmoc
NeuAc a2 3Gal 8 1=-4G1cNAc 8 1-9Man a 17

Example 7B

Preparation of asparagine-linked disialo(®2,3) (&



10 Exanpl e 3 was di ssolved in 50 nM of cacodylic acid buffer (5.0 in pH, 60
,11), and bovine serumal bumin (BSA 1 ng) was then added to the solution.
To the m xture were added CMP-sialic acid (3.4 ng, 5.3 4noles) and

al kanl i ne phosphatase (1 ,cal, 75 unit8}, and the resulting m xture was
stirred uniformy. Finally, x2,3 15 sialyltransferase (product of

CALBI OCHEM 52.9 ,Cal, 24 mJ) was added to the m xture, and the resulting
m xture was allowed to stand at 37C for 3 hours. The reaction was

t er mi nat &d 6lpdhgesrcchgirddppeheraide the ahénetanaupngfntherdangigiing weai t ori ng
the reaction by HPLC, and the reaction mxture was filtered with a 20
menbr ane prolteered ik Flmprageoums concentrated to reduce the quantity

t hereof and thereafter purified by HPLC fractionating colum (YMC Pack R&D
ODS, D- ODS- 5- AUs209 Xs &0 arme 1ANE 2an s ras@eNHEMP bedflgic ac18/8@s 7.5 nl/min.,
wave | ength: 274 nm Conpound (C7B) was obtained as an eluate 23 m nutes

| at er. Theahsfetterh teash25aspd tagsined | idksd|asid landigosryehadriided, giving 1.1
ng (81.2% of Conpound (C7B). The NWR data is given below. 'H NVR(400MHz,
D20, 30" X Cokpbard 1) whichphw®s Ot in2d]in JRef e enEgpExamyl &/ ¥ énd2whedein 6,
Froc), 7.59(dd, 2H, J=7.6, Fnoc), 7.51(dd, 2H, J=7.6, Fnoc), 5.21(s, 1H
Man4- H ) the5a08fel,grtdp 9£10he asEbeRsdle HF3s EradeCsed 1w tiviimpc- Blrowp . 4. 84( s,
1H), 4.60-4.72(m 5H), 4.52(d, 1H, J=7.6), 4.35-4.45(m 2H), 5 4.33(bs, 1H),
4.27(bs, 1H), Zh&bsilalb( mcidHpradsBOradeBabdd, wdd, a2 Jhtradsfdlpadl. Which
NeuAc7-H3eq), 2.73-2.83(bs, dd, 3H, Ja=4.8, Jb=12.4, Asn-1.3CH,

NeuAc7- H¥eq) commeéd-ial22( availkiblas and3deived fFom 2, 1@t recthbdashts, Ac x5),
1.97(s, 3H, Ac), 1.88(dd, 1H, Ja=12.4, Jb=12.4, NeuAc7-H3ax), 1.80(dd, 1H,
Ja=12. 4, Jb=12cCémpdlenAc¥/-(H3&xhg, A3 [Lmole) obtained in Reference

10 Example 3 was dissolved in 50 mM of cacodylic acid buffer (5.0 in
PH, 60 (1), and bovine serum albumin (BSA, 1 mg) was then added to
the solution. To the mixture were added CMP-sialic acid (3.4 mg,
5.3 Umoles) and alkanline phosphatase (1 1, 75 units), and the
resulting mixture was stirred uniformly. Finally, &2,3-

15 sialyltransferase (product of CALBIOCHEM, 52.9 (1, 24 mU) was
added to the mixture, and the resulting mixture was allowed to
stand at 37°C for 3 hours. The reaction was terminated upon the
disappearance of the starting material while monitoring the
reaction by HPLC, and the reaction mixture was filtered with a

20 membrane filter. The filtrate was concentrated to reduce the
quantity thereof and thereafter purified by HPLC fractionating
column (YMC-Pack R&D ODS, D-ODS-5-A, 20 X 250 mm, AN/25 mM ACONH,
buffer = 18/82, 7.5 ml/min., wave length: 274 nm). Compound (C7B)
was obtained as an eluate 23 minutes later. The fraction was

25 collected, desalted and freeze-dried, giving 1.1 mg (81.2%) of

Compound (C7B). The NMR data is given below.

'H NMR (400MHz, D,0, 30T, HOD=4.81)



NeuAc a 2-3Gal i3 1-43 cNAc I3 1- 2Man a IX fi Man i3 I- -4G 1 cNAc A3 |-
-4G CcNAc--Asn-Fnoc 3 NeuAc a 2--6Ga | /31- -43 cNAc 131--2Man a 1

Exanpl e 8 Preparati on of asparagi ne-linked di7 ''-deoxy-7 ''-fluoro-

si al o(a2, 3)oli gosacchari de wherein the7am no group of the 15 asparagi ne was
protected with Fnoc group (C8-1), and two kinds of asparagi ne-linked nono7
"'-deoxy-7 ''-fluoro-sialo(a 2,3)oligosaccharide wherein the am no group of
t he asparagine was protected with Fnoc group (C8-2 and C8-3)

Aspar agi ne-8 iotkéd aiy J*7 6dedwgel, ' 7. 7K (duoRH, sT=l ¢ CEm20) 2, B) ™ (dbs&ichar i de
wherein the am no group of the asparagine was protected with Fnoc group,
and two Kirdd§. ofme®par’agi hédl i dked=7rbnofmoc).,dSoxy{§. ' 1Hf MagrdoHd) al o( 2,
3)oligosaccharide wherein the am no group of the asparagi ne was protected
with Frod-§8édp Bhowitl0be} oW Gcd -8B1 ai hetl (sh flHe Mamt' rthriner 4a84i(a, Exanpl e
1 except of 25 using CWMP-7 ''-deoxy-7 ''-fluoro-sialic acid obtained in

Ref er enc@HY3 4 E&&nbl7€ (8, FENeuAG2d4d2- 1BGaT=0 61-4&. 8Nk - 4B(m.- 2H}an a | X 6 Man
/3 1--43 cNAc 13 1-4G I cNAc- -Asn-Fnoc 3 7FNcoAc a 2--3Gal 0 1-4GLlcNAc /3
1--2Man &-33 (beg-1H), &aR7/B9- 4B)IcNAcA314-PMin &H) X 2i80-2.86(dd, 1H,

Ja=4.8, Jb=12.4, NeuAc7-H3eq), 2.73-2.83(bs, dd, 3H, Ja=4.8,
Jb=12.4, Asn- [3CH, NeuAc7-H3eq), 2.60-2.72(m, 1H, Asn- 3CH), 2.15,
2.12, 2.10(each s, Ac x5), 1.97(s, 3H, Ac), 1.88(dd, 1H, Ja=12.4,

Jb=12.4, NeuAc7-H3ax), 1.80(dd, 1H, Ja=12.4, Jb=12.4, NeuAc7-H3ax).

10
NeuAc @ 2 3Gal 814Gl cNAc B 12Man @ Iy
6
Man 8 124Gl cNAc 8 174Gl cNAc>Asn-Fmoc

3
NeuAc a 2->6Gal 814Gl cNAc 8 1=2Man « 1/

Example 8
Preparation of asparagine-linked di7’'’-deoxy-7'’'-fluoro-
sialo( @2, 3)oligosaccharide wherein the amino group of the

15 asparagine was protected with Fmoc group (C8-1), and two kinds of
asparagine-linked mono7’'’'-deoxy-7’'’-fluoro-sialo( &
2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group (C8-2 and C8-3)

Asparagine-linked di7’'’-deoxy-7'’-fluoro-sialo (@

20 2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group, and two kinds of asparagine-linked
mono7’ ' -deoxy-7'"'-fluoro-sialo(@2,3)oligosaccharide wherein the
amino group of the asparagine was protected with Fmoc group shown
below were obtained in the same manner as in Example 1 except of

25 using CMP-7''-deoxy-7'’-fluoro-sialic acid obtained in Reference



Man01- 4d cNAc/ 31-4d cNAc- Asn-Fnoc 7FNeuAc a 2 - - 3Gl / 1-4GL cNAc /
1--Nan a | (C8-2) 7FNeuAc a 2--3Gal 13 1-r4d cNAc 13 1--2Man a ly 6

Man/ 31- 4GLcNAc 01- -4GLlcNAc-Asa-Fnoc 3 Gal / 1-4GIcNAc / 1--Man a | (C8-3)
5 Exanple 9 Conpound (C9) was obtained78n the sanme manner as in Exanple 2
except of using Conpound (C8-2) obtained in Exanple 8 in place of Conpound
(C1-2) in Exanple 2. d cNAc 0 1--2Man a I\ 3Man 13 1- -4 cNAc /3

| --4GLcNAc- -Asn-Fnoc 7FNeuAc a 2- - 3Gl (3 1--43 cNAc (3 1-?-Man a 1
(C9) 10EERERHPEEB-10 Conmpound (Cl0) was obtained in the sanme manner as in
Exanpl e 3 except of using Conpound (C9) obtained in Exanple 9 in place of
Compound (C2) in Exanple 3. 74 Man a ly 6 3Man (31~4d cNAc

(31- 4GLc NARusASI=BOID G |- FNeWAg 18- Rar 321 [3 1 4@ cNAc 13 1-2Man a 1/ (C10)
Exanpl e 11 Conpound (Cl1) was obtained i n same nmanner as jin Exarrpl e 4

except of using Compound (C10) obt ai nedSMﬁIhB E?A%N@QL]O’?WCMC"C%H foc
7FNeuAc a 2 3Gal 8 1=4GlcNAc 8 1-2Man « |

(C8-1)
al B 1 4GlcNAc B 1= 2Man a IN ‘
bMan B 14G1cNAc B 174Gl cNAc~> Asn-Fmoc
TPNeuAc @ 2= 3Gal 8 1-=4G1cNAc § 1= 2Man o 1”7
(C8-2)
TFNeuAc a2 3Gal B 1==4GIcNAc B 1==2Man @ I
bMan B 17 4GlcNAc 8 1= 4G1cNAc=> Asn-Fmoc

al B 1-4G1cNAc 8 1--2Man a 1”7
(C8-3)

5 Example 9
Compound (C9) was obtained in the same manner as in Example
2 except of using Compound (C8-2) obtained in Example 8 in place of

Compound (Cl1l-2) in Example 2.

GlcNAc B 1=2Man & I ‘
bMan B 1> 4GlcNAc B 1 4Gl cNAc> Asn-Fmoc
TFNeuAc a 2 3Gal 8 1--4G1cNAc 8 1-=2Man & e
(C9)

10 Example 10

Compound {(C10) was obtained in the same manner as in Example
3 except of using Compound (C9) obtained in Example 9 in place of

Compound (C2) in Example 3.



5 Conmpound (C3) in Exanple 4. 3Man/3 |--1Gl cNAc[ 31--46] cNAc- - Asn- Fnoc
7FNeuAca2- 3Gl !3l--4GLcNAc(il-2Manal (A1) Exanple 12 Conpound (Cl2) was
obtained in the same nmanner as in Exanple 5 except of using Conpound (C8-3)
obtained in Exanple 8 in place of 10 @énpound (Cl-3) in Exanple 5. 7FNeuAc
a 2- - 3Gl (3 1-4d cNAAc /3 |- -211an a I\ 6 Manl 3 1-4GlcNAc
(31-4GLcNAc-Asn-Fnoc 3 G cNAc /3 |- -2Man a | (Cl2) Exanple 13 Conpound
(C13) was obtained in the same manner as in Exanple 6 except of using
Conpound (Cl12) obtained in Exanple 12 in place of 15 Conpound (C5) in
Exampl e 6. 7FNeuAc a 2- -3@&l (3 Yad&g¢NAc /31--2Man a |y 3Man /3 1- -4GL

cNAc (3 1- -4GL cNAc- -Asn-Fnboc Man a f é%}%ﬁﬁﬁwj’g&% Z’S%SP‘%O@Q ound
; ;

(Cl4) was obtained in the same nmanner aéwa ng

Conpound 761GLR) « DR3a InEie i cEx amptBadd T n pl ace of Compound (C6) in Exanple
7. 7FNcuAc a 2- - 3&1 !3 1- -4G cNAc /3 1--mma ly 6 Man j3 1-- 4G cN. Ac
I3 1-- 4G cNAc- - Asn- Frot1?)

Example 11
Compound (Cl11l) was obtained in the same manner as in Example
4 except of using Compound (C10) obtained in Example 10 in place of

5 Compound (C3) in Example 4.
Man 3 1=-4G1cNAc B 1 4Gl cNAc=>Asn~Fmoc
ENeuke @ 2= 36al 8 1= 4G1eNAC B 1= Man & 7
(C11)

Example 12
Compound (C12) was obtained in the same manner as in Example
5 except of using Compound (C8-3) obtained in Example 8 in place of

10 Compound (C1-3) in Example 5.

TFNeuAc a2 3Gal B 174Gl cNAc B 1= 2Man @ I\
6Man B 1 4GIcNAc B 1= 4Gl cNAc>Asn-Fmoc
G1cNAc B 1=2Man a i
(C12)

Example 13
Compound (Cl13) was obtained in the same manner as in Example
6 except of using Compound (Cl2) obtained in Example 12 in place of

15 Compound (C5) in Example 6.

TFNeuAc a2+ 3Gal B 1 4GlcNAc B 1==-2Man & I\
6Man B 1 4G1cNAc B 1= 4Gl cNAc=> Asn~Fmoc
Man<1l’(
(C13)

Example 14



(Cl4) 5 Exanple 15 Preparation of asparagine-linked di8 ''-deoxy-8
"'-fluoro- sialo(a 2, 3) oligosaccharide wherein the am no group of the
asparagi ne was protected with Fnoc group (Cl15-1), and two ki nds of

aspar agi ne- | i nked nono8 '' -deoxy-8" -flaoro-sialo((f 10 2,3)oligosaccharide
wherein the am no group of the asparagi ne was protected with Fnbc group
(C15-2 and C15-3) Asparagine-linked di8 ''-deoxy-8""'-fluoro-sialo(a

2, 3)oligosacchari de erein the am no qQup _of the asparagi ne, was rot ect ed
o Ch Fre. o1 oUBCTRAEN w0 85 o DU grnEaF | TR TEBTRE 08 1L RGP - |
fluoro- sialo(a 2, 3) .oligosaccharid erein the _am no group of the

aspar agi eeﬁﬁép'ﬁ)r%f[ ad gﬂ‘lﬁo C(Céﬁe)\llj\%b%?fdﬁ‘?t 1BeF6W%‘?gl3oB‘%apaéaei‘ﬁfthe
same nmanner _as in anpl e 1 except of using CWP-8''-deoxy-8

‘' -fluor 5—°§‘P8F’P‘é 5@%%&5{%@% Ref erence Exanple 9. 20 SFNeuAc a2- -3Gal
(3 1- -4GcNAc (31-2Man a I X uvVan (3 1-- 4G 1 cNAc 0 1- 4GL cNAc-- Asn- Fnoc

3 SFWUA%F%%A@%%@&‘»MQ#%W%%&r2'\/5‘” al (Cl5-1) The above

asparagi ne-1in ol i'gosacchari de corregsponds to Compound (1) wherein

R1=R =fornula (2), R=OH, R =F and R '' =08 e 4GiElic 7 B~1Cl4coNAs-Fnge | - Man a
1-4, 6 Man 13 1--461 OAc (3],4Gl M-Aso-Fnoc  8FNeuAc a 2- 3Gal (3 1-4GL
cNAc (3 1- -2Man a 1

5 Example 15

Preparation of asparagine-linked di8’’-deoxy-8'’'-fluoro-
sialo (@ 2,3)oligosaccharide wherein the amino group of the
asparagine was protected with Fmoc group (C15-1), and two kinds of
asparagine-linked mono8’’-deoxy-8'’-fluoro-sialo(

10 2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group (C15-2 and C15-3)

Asparagine-linked di8'’-deoxy-8’'"'-fluoro-sialo(Q
2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group, and two kinds of asparagine-linked

15 mono8’’-deoxy-8’’-fluoro-sialo( & 2,3)oligosaccharide wherein the
amino group of the asparagine was protected with Fmoc group shown
below were obtained in the same manner as in Example 1 except of
using CMP-8''-deoxy-8’'’-fluoro-sialic acid obtained in Reference
Example 9.

20

8FNeuAc a2 3Gal B 1==4G1cNAc 8 1=2Man a Iy
6Man B 1 4Gl cNAc 8 1 4Gl cNAc>Asn-Fmoc
SENeuAc & 236l § 1= AG1YAC B 1= Man @ 7
(C15-1)

The above asparagine-linked oligosaccharide corresponds to

Compound (1) wherein R'=R%=formula (2), R=OH, R’=F and R’’=0OH.



(C15-2) The above asparagi ne-linked oligosaccharide corresponds to
Compound (1) wherein Rl=formula (3), R2=fornula (2), R=OH, R =F and R '=CH
8FNeuAca2- 3Gal (31- 4GlcNAcO 1-2Manal,,,, 6Man R 1-4GL cNAc 0 1-4d cNAc
-Asn-Fnoc Gal j3 1- -4FcNAc (3 1--2MAf a 1/ 5 (Cl15-3) The above
aspar agi ne-1inked ol igosaccharide corresponds to Conpound (1) wherein
Ri=formula (2), R=OH, R=F, R''=0H and R2 =fornula (3). Exanple 16

(Hydrol ysis of conmpound of Exanple 15 using 10 gal actosi dase) Conpound
(C16) was obtained in the sanme manner as in Exanple 2 except of using
Conpound (C15-2) olgtias redclicmcBExarpleell in place of Conpound (C1l-2) in

Exanple 2. G cNAc R 1- -2Man a 1\ 6 3 1- 4GIcNAc /3. 1-4GLc5Ac- Aso- Fnoc
8FNeUAC a 2--3Gal /3 1--4G cNAc (31--2)} Hgi*l“k&%é l*f%“ﬁ“#e*é%ﬁsl‘@c

aspar agi nexduhnkes ki gesacichers densprBsponds to Conpound (1) wherein
Rl=formula (4), R2=formula_(2), R=CH, R =F and R'=0OH Exanple 17
(Hydrol ysis of corrpourf&lészxarrpl e 16 using N 77 acetyl gl ucosam ni dase)

Compound (C17) was obtained in,the same manner as in Exanple 3 except of
usi ng Conpound TP€18POvBt2AREAITHC ExHMSi %k C16 IPRR pTlfce I6f COEBRPRUWMIF (€2) in
Exampl e 3.
P Compound (1) wherein R!=formula (3), R’=formula (2), R=0OH, R’=F and

R’ ’=0OH.

8FNeuAc @ 2—3Gal B 1==4G1cNAc B 1= 2Man & I
6Man B 1= 4G1cNAc B 1= 4G1 cNAc>Asn-Fmoc
Gal B 1=-4G1cNAc B 1-=2Man « l’(3
5 (C15-3)

The above asparagine-linked oligosaccharide corresponds to
Compound (1) wherein R!=formula (2), R=OH, R'=F, R’’=OH and R®
=formula (3).
Example 16 (Hydrolysis of compound of Example 15 using
10 galactosidase)
Compound (Cl16) was obtained in the same manner as in Example
2 except of using Compound (Cl15-2) obtained in Example 15 in place

of Compound (Cl1-2) in Example 2.

GlcNAc B 17 2Man a IN
6Man B 17 4G1cNAc B 174Gl cNAc>Asn-Fmoc
SENeuAc o 2= 36al B 1= 461 c¥Ac B 1= 2Man o 17
(C16)

15 The above asparagine-linked oligosaccharide corresponds to
Compound (1) wherein R!=formula (4), R’=formula (2), R=OH, R’'=F and
R’ ’=0H.

Example 17 (Hydrolysis of compound of Example 16 using N-



Man a 1>v bMan R 1- -4GL cNAc I3 1- -4GlcNAc-'-Asn-Fnoc SFNeuAc a2--3Gal 13
1--4GcNAc /31 -Ran a V15 (C17) The above asparagi ne-linked

ol i gosacchari de corresponds to conpound (1) wherein Rl=forrmula (5),
Re=formula (2), R=OH, R =F and R '=CH’7Exanple 18 (Hydrolysis of conpound
of Exanple 17 using mannosi dase) 10 Conpound (C18) was obtained in the sane
manner as in Exanple 4 except of using Conpound (Cl7) obtained in Exanple
17 in place of . Conpoynd éCS? in Exanple 4. Man R 1-'-4Gl cNAc /3 1- - 4G
cNAC- - ASGEERDELY RidaS9l _ 3@l 0 1--4GcNAc /3 1- -2Man a 1/ (Cl8) The
above asparagi ne-1inked, gl i gosaccharj de corresponds to 15 Cogf)oundp(lié)

wherei n Rl=H, RP™RPYR,{G 70 2Y2s ReReyqingdpnyhie FFame-GANnEy 3% P foram

(Hydrol ysis of compound of Exanp]e usj ng. gal.actosi dase) Co und (C19)
s obt AP nEHCFR (e e R Ld CHR) Exarrist 8 RchRamt TS Ve, PG eBrnd
(C15-3) qptai ngéi @Exa | e 15 in place 20 of Conmpound (Cl-3) in Exanple 5.
78 8FNe(REP{UDI 11P3EX30R3§ 3NAc 13 1- -2Man a | X 6Man [3 1--461cNAc 13
1--4GlcNAc--Asn-Fnoc G cNAc 0 1- -2Man a 110, (C19) The above

aspar agi ne-1inked oligosaccharide corresponds to Conpound (1) wherein
Rl=formula (2), R=ROH, R=F, R''=Hahd R2 =forrmula (4).

6
Man B8 I 4GIcNAc B 174Gl cNAc—= Asn—-Fmoc
8FNeuAc a 2 3Gal B 1-=4G1cNAC B 1> Man o 177
5 (C17)

The above asparagine-linked oligosaccharide corresponds to
Compound (1) wherein R!=formula (5), R?=formula (2), R=OH, R’=F and
R’ ’'=0H.
Example 18 (Hydrolysis of compound of Example 17 using mannosidase)
10 Compound (C18) was obtained in the same manner as in Example
4 except of using Compound (Cl1l7) obtained in Example 17 in place of

Compound (C3) in Example 4.

3Man B 17 4Gl cNAc B 174Gl cNAc— Asn-Fmoc
8FNeuAc o 2 3Gal B 1-=4G1cNAC B 1> Man o 17
(C18)

The above asparagine-linked oligosaccharide corresponds to
15 Compound (1) wherein R'=H, R®’-formula (2), R=OH, R’=F and R’’=0OH.
Example 19 (Hydrolysis of compound of Example 15 using
galactosidase)
Compound (Cl19) was obtained in the same manner as in Example
5 except of using Compound (C15-3) obtained in Example 15 in place

20 of Compound (C1-3) in Example 5.



5 Exanpl e 20 (Hydrol ysis of conpound of Exanple 19 using N

acetyl gl ucosam ni dase) Conpound (C20) was obtained in the same manner as in
Exanple 6 except of using Conpound (019) obtained in Exanple 19 in place of
Conpound (C5) in Exanple 6. 10 8FNeuAc’8 2 - -3Gal(3 1-4d cNAc (31- -2Man a
]y 6 Man 13 1- -4GIcNAc (3 1-4G cN. Ac--Asn-Fnoc 3 Man a | (C20) The above
aspar agi ne-1i nked ol i gosacchari de corresponds to Conmpound (1) wherein

R1=f or mulgaNguR) ¢ 2-R=3CH.3 IR-#FNRS' 1>=kh@aRd R2 =fornmula (5). 15 Exanple 21

(Hydrol ysis of conpound of Exanple 20 ufgjn QN d (C21) was
obtained in the same manner as in Exanpj gling@@gctlggﬁ%}ﬁ\%gn%ﬂﬁﬁ’%nd (C20)
obt ai ned in Exanple 20 irﬂleAa@e—-eﬂMan@g’Epound (CB6) in Exanple 7. 8FNeuAc a

2--3Gal j31-4G1 cNAc [3 1- ZQ)IYIan a | X 6Man |131- -4GLcNAc O
1--4GlcNAc- - Asn- Fnoc 20 ( The above aspar agi ne-1i nked oI i gosacchari de

corresponds to_79 Corr%ound él% Vwﬁﬁi{f Rh.:f or nul.a (li‘é) ¢ g R=F, R'"''=CH
and R2=H. Exa Fedb2V HASHAF 481 bR §pa é%??maec‘?}}% a 8?5 SRSy 09
-fluoro- 5 si aI o(a 2, 3 oI %osaccharl de vvherel n_ the anm no group of the
Compound (1) where ormula (2), OH, R'=F, R'’'=0H
=formula (4).
5 Example 20 (Hydrolysis of compound of Example 19 using N-
acetylglucosaminidase)
Compound (C20) was obtained in the same manner as in Example
6 except of using Compound (Cl19) obtained in Example 19 in place of

Compound {(C5) in Example 6.

10
8FNeuAc a2 3Gal 8 1=-4GlcNAc 8 1 2Man a I\

6
3Man B 1> 4GlcNAc 8 1 4Gl cNAc—~> Asn—-Fmoc
r 4
I

Man a
(C20)
The above asparagine-linked oligosaccharide corresponds to
Compound (1) wherein R'=formula (2), R=OH, R’'=F, R’’=0OH and R?
=formula (5).
15 Example 21 (Hydrolysis of compound of Example 20 using mannosidase)
Compound (C21) was obtained in the same manner as in Example

7 except of using Compound {(C20) obtained in Example 20 in place of

Compound {(C6) in Example 7.

8FNeuAc a2 3Gal B 1= 4G1cNAc B 1= 2Man a 1N
6
Man 8 1==4GIcNAc B 1 4Gl cNAc>Asn-Fmoc

20 {C21)

The above asparagine-linked oligosaccharide corresponds to



asparagi ne was protected with Fnoc group (C22-1), and two ki nds of
aspar agi ne-1inked nono9 ''-deoxy-9''-fluoro-sialo(CE 2,3)oligosaccharide
wherein the am no group of the asparagl ne was protected with Fnoc group
(C22-2 and C22-3) 10 Asparagine-|inked 78i9 "' -deoxy-9 ''-fluoro-sial o(CY
2,3)oligosaccharide wherein the am no group of the asparagine was protected
vm'th Fnmoc group, and two ki nds of asparagine-linked nono9 '-deoxy-9" -
fluoro- sialo((E 2, e%n@ol i gosaccharide wherein the _am ,n,o oup of the
aspar agi FOMRAYNDr e dhsgehi th FHBEUGRoIP sFSRH- 18 BBI v Ve 2BBt ai ned in t he
sanme manngr as |n Exanpl e 1 except of using CWP-9 ''-deoxy-9
‘-fluord-sfalic acid obtained in Reference Exanple 10. 9FNeuAc a 2- -3Gal
(3 1--4G cN. 3%)21--2|\/an a 6l tan I3 1- -4 cNAc 3 1--4d cNAc--Asn- Fnoc  91;
NeuAc a 2X@8BLf 4 1. 4G CcNACc p 1-Nan a 1/ (C22-1) Gal O 1-4G cNAC O I- Nan
a 1,~k, 6Man | 1--4 - - C FNeuAc a2--3Gal
/ 31- 4d cNAC /3%fe§%% Oﬁfgogsi’?:ﬁaég’i)e éLdNﬁﬁflr\%ﬁgg adgé)’xy?,%a T0UREC 4G N Ac
/3 1- -2Nan_a --4Gl§lA 3 Gl 0 1-4G cNAc
0 h2Man §iplof 6%% %/?01%?&%68%1 p"ﬁ}eef@lﬁe n%ldlolgur&%}ga%h%f}‘? de (C22-1)

%Pr[ESpong%agggf%gn%gé prg%gc&Q re%ﬁ E%oc groupnchz(%Q, ané]éwoRilgEg gp
asparagine-linked mono9’’-deoxy-9'’-fluoro-sialo(
2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group (C22-2 and C22-3)

10 Asparagine-linked di9’’-deoxy-9’’-fluoro-sialo{Q
2,3)oligosaccharide wherein the amino group of the asparagine was

protected with Fmoc group, and two kinds of asparagine-linked

mono9’ ' -deoxy-9'’-fluoro-sialo(® 2,3)oligosaccharide wherein the

amino group of the asparagine was protected with Fmoc group shown
15 below were obtained in the same manner as in Example 1 except of

using CMP-9'’'-deoxy-9'’-fluoro-sialic acid obtained in Reference

Example 10.

9FNeuAc @ 2>3Gal B 1==4GlcNAc B 1=2Man @ I\
6Man B 1= 4G1cNAc 814Gl cNAc>Asn-Fmoc
FNeuc 2= 3Gal B 1-m 4G1CNAC 8 1= 2Nen o 17
(C22-1)

al B 1=4G1cNAC B 1= 2Man o I
6Man B 1 4G1cNAc B 1 4Gl cNAc—>Asn-Fmoc
gFNeuAc a 2= 36al B 1-=4G1cNAc B 1-2Man a 7’
(C22-2)



5 The above asparagi ne-|linked oligosaccharide (C22-2) corresponds to
Compound (1) wherein Rl=formula (3), R2=fornmula (2), R=OH, R =CH and R
"'=F. The above asparagi ne-|linked oligosaccharide (C22-3) corresponds to
Compound (1) wherein Rl=fornula (2), RR®H, R =CH, 10 R ''=F and R2=fornmul a
(3). Exanple 23 (Hydrolysis of compound of Exanple 22 using gal actosi dase)
Compound (C23) was obtained in the sane nmanner as in Exanple 2 except of
usi ng Conpound (C22-2) obtained in Exanple 22 in place 15 of Conpound
(C1-2) in Exanple 2. Conpound (C23) is an asparagine-linked oligosaccharide
correspommen@db»mmmlémmmwml | = fornmula (4), R2=fornmula (2)

R=OH, R=0H and R ''=F. GLcNAc 13 I-
CNAc- - Asn- Frioc  9FNeuAc a 2--3Gal (3 1:g 1o %!1 é‘mpﬁoll @%%N%(‘%
Exanpl e 24 (Hydr ol gsigsi-eiGleaopowridand 1’Exarrp| e 23 using N

acet yl gl ucosam ni dase) 902’50 pd (C24) was obtained in the same manner as in
Exanple 81 3 except of f 3 Conmpound (C23) obtained in Exanple 23 in place

ol | gosacchar | GERecOTYE %S%E’BFF\%”E% Bhunbizage %ﬁi@rﬁéﬁsw i (5
R2=formula 5 (2), RROH, R = andR"—.Mar2 a l\
corresponds to Compound (1) wherein R formula (2), R=OH, R'=0H
and R''=F.
5 The above asparagine-linked oligosaccharide (C22-2)
corresponds to Compound (1) wherein Rl=formula (3), R°=formula (2),
R=0OH, R’'=0OH and R''=F.
The above asparagine-linked oligosaccharide (C22-3)
corresponds to Compound (1) wherein R'=formula (2), R=0OH, R’'=0H,
10 R’’'=F and R°=formula (3).
Example 23 (Hydrolysis of compound of Example 22 using
galactosidase)
Compound (C23) was obtained in the same manner as in Example
2 except of using Compound (C22-2) obtained in Example 22 in place
15 of Compound (Cl1-2) in Example 2.
Compound (C23) is an asparagine-linked oligosaccharide
corresponding to Compound (1) wherein R!=formula (4), R%=formula

(2), R=OH, R’'=OH and R’'’'=F.
GlcNAc B 12Man o 1\6
Man 8 1= 4G1lcNAc 3 1= 4G cNAc>Asn-Fmoc
9FNeuAc a2 3Gal B 1-=4G1cNAc B 1->2Man @ 177
(C23)

20 Example 24 (Hydrolysis of compound of Example 23 using N-
acetylglucosaminidase)

Compound (C24) was obtained in the same manner as in Example



Man (31-4GlL cNAc (3 1--4G cNAc-Asn-Fnmoc 3 9FNeuAc a 2--3Ga) 8 1-4GlcNAc
131--2Man a 1 (C24) Exanple 25 (Hydrolysis of conpound of Exanple 24 using
mannosi dase) Conpound (C25) was obtained in the same nanner as in Exanple 4
except of using Conpound (C24) obt ai ne8lin Exanpl e 24 in place of 10
Compound (C3) in Exanple 4. Conpound (C25) is an asparagi ne-|inked

oli gosacchari de correspondi ng to Compound (1) wherein R =H, R2= forrrul a (2),
R=CH, =CH and Man 31- 4GlcNAc- - Asn-F NeuAc
a 2-r 3Ga"| egEery EN&&“F{ Eomli’\%‘ﬁlda (F%?&%’?ta‘fé"d&& s l\gef(%ﬁydr“o? 8rs %’%:
conmpound of Ex e .22 us | act osi dase) Conpound (C26) was obtained in
t he sarrecﬁ'ﬁ'ﬁ’ﬂg? LC%) lﬁxﬁﬁﬁrﬁ%legé ‘except of using Conpound (C22-3) obtained

Ex | 22 | Co d (C1- d (C26
Sl R o acid@ gaggﬁﬂaﬁa&@g%&féfgﬁ%%lﬁwa% el S

wherein R =formul a (2) R''"=F and R=formula_(4). 82 9FNeuAc

a 2--3GaICP§IeSH‘€§WcI§? C?%?fa}%/ (f1|) KRR &3 R46|f8R£8&él? 3(51) A EYREM I n- Froc

Gc [3 lan. a I/_ E,x_ |l e 27 (Hydrolysis of conmpound of Exanple
Man @ In

6
Man B 1 4G1lcNAc B 1 4G1cNAc> Asn-Fmoc
9FNeudc a 2-=36al B 1==4G1cNAc 8 1= Man a 1”7
(C24)

Example 25 (Hydrolysis of compound of Example 24 using mannosidase)
Compound (C25) was obtained in the same manner as in Example
4 except of using Compound (C24) obtained in Example 24 in place of
10 Compound (C3) in Example 4.
Compound (C25) is an asparagine-linked oligosaccharide
corresponding to Compound (1) wherein R'=H, R®-formula (2), R=OH,

R’'=0OH and R’ ’=F.
Man 8 1==4G1cNAc B 1= 4Gl cNAc> Asn-Fmoc
gFNeuAc @ 2-=3Gal B 1-=4G1cNAc 8 1= 2Man & 17
(C25)

15 Example 26 (Hydrolysis of compound of Example 22 using
galactosidase)

Compound (C26) was obtained in the same manner as in Example
5 except of using Compound (C22-3) obtained in Example 22 in place
of Compound (C1-3) in Example 5.
20 Compound (C26) is an asparagine-linked oligosaccharide
corresponding to Compound (1) wherein R'=formula (2), R=OH, R’'=OH

R’’'=F and R’°=formula (4) .



acet yl gl ucosam ni dase) Conpound (C27) was obtained in the sane manner as in
Exanple 5 6 except of using Conpound (C26) obtained in Exanple 26 in place
of Conmpound (C5) in Exanple 6. Conpound (C27) is an asparagi ne-Ilinked

ol i gosaccharide corresponding to conpéand (1) wherein Rl=fornula (2), R=CH,
R=0H R''=F and RR=forrmula (5). 9FNeuAc a 2- -3Gl t3 1- -4Gl cNAc (31-
-2Man a 1A Mau 13 1- -43 cNAc /3 1--4G | M--Asn-Fnoc Man a 1' 10 (C27)
Exanpl e 28 (Hydrolysis of conmpound of Exanple 27 using nannosi dase)
Conpound i i.n.the same manner as in Exanple 7 except of
usi ng ca#%%ﬁﬁ%l¥%§9§9§%?§ﬁ§%8@ﬂnq@%aﬁgﬁg 27 in place of Conpound (C6) in
Exanple 7. 15 Conpound (C28) is an asegﬁhgﬂhe4GkNMHﬁPﬁMMgMEa@Bh&mmde
correspondi ng to Conpoun hejei n =formula (2), RROH, R=0H, R '=F
and R2=H. 9FNeuAc a 2--3 IMW.%&%NAC [3 1-2Man a I\ Man 131-4GlL cNAc R
1- 4Gl cNAc-Asn-Fnoc (C283280 Exanple 29 Preparation of asparagi ne-|inked

di7 ''-deoxy-7 ''-fluoro 83 sialo(2,6)oligosaccharide wherein the am no
group of Ekhephs it agiydeolwaiss priotcempedndv ¢th Framplgr 2mugi@2ONt), and two
ki nds of asparagi ne- |inked nono7 ''-deoxy-7

"' -fl uor ecstpl @l;Gpaolinfgdsse)char i de wherein the am no group of the
asparagi ne was protected with Fnoc group 5 (C29-2 and C29-3)
Compound (C27) was obtained in the same manner as in Example
5 6 except of using Compound (C26) obtained in Example 26 in place of
Compound (C5) in Example 6.
Compound (C27) is an asparagine-linked oligosaccharide
corresponding to Compound (1) wherein R'=formula (2), R=OH, R’=0H,
R’’=F and R’=formula (5).

9FNeuAc a 2—+3Gal B 1==4GIcNAc B 1=-2Man a I
6Man B 1=4G1cNAc B 1= 4Gl cNAc> Asn-Fmoc
Mma1/3
10 (Cc27)

Example 28 (Hydrolysis of compound of Example 27 using mannosidase)
Compound (C28) was obtained in the same manner as in Example
7 except of using Compound (C27) obtained in Example 27 in place of
Compound (C6) in Example 7.
15 Compound (C28) is an asparagine-linked oligosaccharide
corresponding to Compound (1) wherein R'=formula (2), R=0OH, R'=0H,

R’’=F and R°=H.

9FNeuAc a 2> 3Gal B 1=-4G1cNAc B 1=2Man o I
6Man B 1= 4G1cNAc B 1 4Gl cNAc>Asn-Fmoc
(C28)

20 Example 29

Preparation of asparagine-linked di7’'’-deoxy-7''-fluoro-



Asparagi ne-linked di7 ''-deoxy-7 ''-fluoro- sialo(2,6)oligosaccharide
wherein the am no group of the asparagine was protected with Fnoc group,
and two ki nds of asparagi ne-linked nono7 ''-deoxy-7

‘' -fluoro-sial o(2,6)oligosaccharide whéfein the 10 ami no group of the
asparagi ne was protected with Fnoc group shown below were obtained in the
sanme manner as in Exanple 1 except of using CMP-7 ''-deoxy-7

o -siali i.d obtai ned, i n. Ref Ex le 7, , 6-1 f
PRRAA R e R T e I N et T
idt f d 6.0 15 of i id buffer. Sh bel
Cheni cal "Rr R see i vREh oerid 2rupo S02M) C el SuB b Liide o7 ABa R IHEST
1--Na . X 6 J- -4G1 f3 1- -.1d - .z Asn-F . IF Ac. a 2--
boal 3 T LyEreR ] i a5t TS ot giald kT 0114805 MR et NG 2
3Man 3 l-t-éelGI cNAC (% I--4g &'\é Ac--Agn-iFgDvs: s TENeuA o 2-1-%\/&m0% 1iélGlcNAc 3
1-2Man a P (?’fﬂJQQOZ)g CPENSUAC A PEERT T 1792 AEPeNACES Mt n-a Fy % Man 3

1-r 4G cNA - -4 - -Asn-Fnoc Gl 3 1--4G cNAc 3 1-2Man a 1/3 (C29-3)
84 a ﬁ%gééifﬁbgkéFggis of conpound of Exanple 29 using gal actosidase)

Conmpound ( C30) ,was_obt ai ned, i , .S nercas in Exanple 2 except of
usi ng ConpoundAfaﬁ%gzﬁneogtlgrﬁgdélln Aeeavel g fiioro

Exarnpte 29 in place
sialo(2,6)oligosaccharide wherein the amino group of the asparagine
was protected with Fmoc group, and two kinds of asparagine-linked
mono7'’' '’ -deoxy-7’’-fluoro-sialo(2, 6)oligosaccharide wherein the

10 amino group of the asparagine was protected with Fmoc group shown
below were obtained in the same manner as in Example 1 except of

using CMP-7’’-deoxy-7’’-fluoro-sialic acid obtained in Reference

Example 7, @2,6-transferase which was commercially available and

derived from a rat liver as a sialic acid transferase, and pH 6.0
15 of cacodylic acid buffer. Shown below are chemical formulae of

(C29-1) to (C29-3).

TFNeuAc a2 6Gal 8 1=-4G1cNAc 8 1-=2Man @ 1N
6Man B 1= 4G1cNAc B 1= 4Gl cNAc=>Asn-Fmoc
TFNeuAc e 2 6Gal 8 1-=4G1cNAc B 1= Man o 17
(C29-1)
Gal B 1=4G1cNAc B 1==2Man a I
6Man B 1™ 4G1cNAc B 1 4Gl cNAc>Asn-Fmoc
TBNeukc @ 2 66al § 1= 4G1cNAc § 1w 2Man @ 7
(C29-2)

TFNeuAc a 2>6Gal B 1= 4G1cNAc B 1=2Man a IN
6Man B 1™4G1cNAc B 1= 4G1cNAc=Asn-Fmoc
Gal 8 1= 461cNAc B 1 Man o 7
(C29-3)



5 of Compound (Cl-2) in Exanple 2. Shown below is chem cal fornula of

(C30). G cNAc /3 1-2Man a 1,., Man /3 1-4GLcNAc[ 31--4G I cNAc- - Asn- Fnoc
7FNeuAc a 2- 6Gal !3 1- -4d cNAc (31-2Man a | (C30) Exanple 31 (Hydrolysis
of conpound of Exanple 30 using N aceB§l gl ucosami ni dase) 10 Compound (C31)
was obtained in the same manner as in Exanple 3 except of using Conpound
(C30) obtained in Exarrpl e 30 in place of Conpound (C2) in Exanple 3. Shown

bel i h f C31 1--4GlL cNA 340G
i BORBRE 0 | BByl bhbolBq, Pramer i usin i ¢ 5o (

(Hydr ol yswli of co(g)ﬂ?l{nd of Exarrpl e 31 using mannosi dase) Conpound (C32) was
obt ai ned FPn2Ehes ¥ manner as in Exanple 4 except of using Conpound (C31)

bt ai ned Ex le 3 I C3 Ex le 4. Sh bel

o ohom cal fornmpsutt (PaFEE AR nan Bes TAE RerRACPS Lt SRETLP 5

Mau/ 3 1- - 4GLcNA 1-4GL | e 33 d f

colrjrpound oﬁxﬁg%?‘rfﬂ( uféngggﬁbp%dndgggcgbs%ﬁ%@ e)dCE) ; %Hg 8l %‘Lt Z.I ged
th Ex t f

obt a1 hed OEnCERBNGI (53 -Fh b JEETRE ongUy PECTYafe %hr%%% | osmui%o%

below is (%%w cal formul a of

GlcNAc 8 12Man « 1\6
Man 8 1=~ 4G1cNAc B 174G cNAc>Asn-Fmoc
TENewhc @2 G6al § =461 cNAC B 1-=Man @ P
(C30)

Example 31 (Hydrolysis of compound of Example 30 using N-
acetylglucosaminidase)

10 Compound (C31) was obtained in the same manner as in Example
3 except of using Compound (C30) obtained in Example 30 in place of
Compound (C2} in Example 3. Shown below is chemical formula of

(C31).

Man @ Iy
6Man B 1> 4Gl cNAc 8 174Gl cNAc=> Asn-Fmoc
TPNeuc @ 2= 6Gal B 1--4G1cNAC B [ Dan a 17
(C31)

15 Example 32 (Hydrolysis of compound of Example 31 using mannosidase)

Compound (C32) was obtained in the same manner as in Example

4 except of using Compound (C31l) obtained in Example 31 in place of
Compound (C3) in Example 4. Shown below is chemical formula of

(C32).
Man B 1=~ 4G1cNAc 8 1 4G1cNAc=> Asn-Fmoc
TFNeuAc a 2»6Gal B 1--4G1cNAc B 1->2Man a 1’(3
20 {C32)

Example 33 (Hydrolysis of compound of Example 29 using



5 (C33). 7FNeuAc a 2- -6Gl1(3 1--4G cNAc /3 1-a2Man ra 1y 6Man (31--4G cNAc
13 1--4d cNAc-Asn-Fnoc G cNAc '3 1--2Man a 111f (C33) Exanple 34

(Hydrol ysis of conmpound of Exanple 33 using N- acetyl gl ucosanm ni dase)
Compound (C34) was obtained in the san®®>nanner as in Exanple 10 6 except of
usi ng Conpound (C33) obtained in Exanple 33 in place of Conmpound (C5) in
Exanpl e 6. Shown below is chem cal fornmula of (C34). 7FNeuAc a2--6Galp 1-

| G cNAc(31-2Manall 6 Man i3 1--4G cNAc /3 1--4G3 cNAc--Asn-Frnoc Man a 1X
(C34) EPAMRFECSEa59) drol ysis of conpound of Exanple 34 using mannosi dase)

15 Co d 5 ined in th ) in Exanple 7 t of
usi ng. CompoundCBREAE b Aol FrORSAIST e 34 T 6 BBe COpdu T ERS i n_
Ex | . Sh bel ' hem _cal | f. G35 /ENeuA 2-- 6Gl !'3
1T A RAER S S 5 FBANG d4C19 BRI e SOAE. A AR FRERS® 20
C35) Ex | 36 to 49 86, | i | the.fol |l ow

spat ag) AB. F PR bI e B0d bothdE ebt VRTUE L eHEP ot bETATHER (BPREIACS
2-666,; 13(C}3)Af§31 cNAc /3 1- -2Man a ly

TFNeuAc @2+ 6Gal B 1==4GlcNAc 8 17 2Man a Iy
6
Man B 1= 4G1cNAc 8 1= 4Gl cNAc~>Asn-Fmoc

3
GleNAc B 1=2Man « 1/
(C33)

Example 34 (Hydrolysis of compound of Example 33 using N-
acetylglucosaminidase)
Compound (C34) was obtained in the same manner as in Example
10 6 except of using Compound (C33) obtained in Example 33 in place of
Compound (C5) in Example 6. Shown below is chemical formula of

(C34) .

TFNeuAc a2 6Gal B 1= 4GIcNAc B 1 2Man a IN
6Man B 174Gl cNAc B 174Gl cNAc= Asn~Fmoc
Manal’(3
(C34)

Example 35 (Hydrolysis of compound of Example 34 using mannosidase)
15 Compound (C35) was obtained in the same manner as in Example

7 except of using Compound (C34) obtained in Example 34 in place of

Compound (C6) in Example 7. Shown below is chemical formula of

(C35) .

TFNeuAc a 2> 6Gal B 1==4GIcNAc 8 1= 2Man a IN
6Man B 17 4G1cNAc B 1 4Gl cNAc>Asn-Fmoc

20 (C35)

Examples 36 to 49



11 Man/ 1-4G IcNAc /3 1-4G I cNAc- Asn- Fnoc  8FNeuAc a 2 -

6Gal/ 31- 4GlcNAc/ 31- 2Manal X3 (C36-1) Gal /3 1- -4G cNAc /3 1-2Man a I X

Manl 3l - - 4GLcNAc/ 1- - 4G cNAc- - Asa- Fnoc 8FNeuAc a 2---6Gal /3 1-4GLlcNAc /3
1--2Man a | X3 (C36-2) 8FNeuAc a 2-6GaPB®/3 1-r4dcNAc /3 1- -2Man a I\ 6 Man
(31-4G1 cNAc (31-4G1 QAc-Asn-Fnoc Gal /3 1-4GIcNAc /3 |--2Man a |1 /3 5
(C36-3) G cNAc /3 1-2Man a I x 6Man /31- -43 c9Ac / 3 1- - 43 cNAc-

-Asn- Fnmoc  BFNeuAc.,a,2-- 6Gl /3 1-'-4G cNAc (3 1---2Man 1x (C37) Man a
1,4, 6 Man /3 fnomaéwz?npgri thg UNRYANES LSRRI 108 - éFRE%‘?—\c a 2- Hal 13

g;\lAé4Esn%li‘Nﬁ\§8/S§"éém}R%je aeﬁlba ’%8 ?@%%ﬁ‘éﬁ’@dﬁg | f:§|\A/gn/2 f&?:%) 10 87
8FNeUuAc a 2-6Gal {3 1- |G cNAc 13 1-2Man a 1,,4, 6Man 131- -4G cNAc 0 1-4Q
CNAC- - As %Fl@qgcca 2 -QGEWI-L}GIICNAC%qEL ﬁlanléz IN
6ManB 1= 4GicNAc 8 1= 4Gl cNAc>Asn-Fmoc
SFNeudc @ 2= 66al 8 1= 4G1CNAC 8 1= DHan o 17
(C36-1)

al B 14GlcNAc B 12 2Man a I\
6Man B 1=4GlcNAc 8 1= 4Gl cNAc=Asn-Fmoc
8FNeuAc ¢ 2= 6Gal 3 1--4GIcNAc 8 1=~ 2Man @ 1’(3
(C36-2)

8FNeuAc @ 2>6Gal B 14G1cNAc B 1= 2Man a I
6Man B 1> 4GIcNAc B 1= 4Gl cNAc>Asn-Fmoc
Gal B 116 cNA § 1= Man a 17
5 (C36-3)

GlcNAc B 12Man a I

6Man B 174Gl cNAc 8 174Gl cNAc~Asn-Fmoc

8FNeutc a 2= 66al @ 1-—461cNAC 8 1= Man & 17 '
(C37)

Man « 1\6
Man 3 174G1cNAc 8 1~ 4G1cNAc> Asn-Fmoc
8FNeuAc a2 6Gal B 1-4G1cNAc B 1= 2Man a 7’
(C38)

Man 3 1= 4G1cNAc B 1= 4G1cNAc=>Asn-Fmoc
8FNeuAc a2 -=6Gal 8 1-=4G1cNAc B 1--2Man a 1”7
(C39)

10



(C40) 8FNeuAc az2-6Gal 13 1- 4G cNAc |13 1--2Man a 1X 3Man (3 1-43 cNAc |3
| -4G CcNAc- Asn-Fnoc  ManalX (C41) 8FNeuAc a 2- 66al (31-43 cNAc 0 1-Nan a
| ~6 1llan /3 1- 4G | cNAc 01- 9G | cNAc-,
j3 1-4F eNAc / 1-2Man a 6 Nan )3 1-4GBENAC |3 1-4GL cNAc- Asn- Froc 3
(C43-1) Gal 13 1-4F cNAc p

| -Nan a 1\ 6 3llan ,3 1-4G cNAc /3 1-43 cNAc-Asn-Fnmoc 9FNeuAc a 2- 6Gal R
FNeuAc a2-6Gal |3 1-4G cNAc /31-2Man a

9FNeuAc a 2-6Gal 131--4d cNAc R 1-2Man a |

1- 4G cNA o (GAR X
1X Man /%Fﬁ”%ég %‘Eﬁéﬁt%{ 1§(§%ﬁ\c Zi)c'-%@"p-

C

Asn-Fnmoc 5 (C42) 9FNeuAc a 2-6@Gl

Gal

13 1-4G cN.Ac /3 1-2Man a 1

(C43-3) 88 GIcNAc t3 1-2Man a 1,., 6 MaB@iﬁrﬂﬁHﬂAClﬁGIéNABAC"ASH Fmoc

/ 31- ~4GLcN. Ac- - . Asn- Fnoc (,1CNAc31-»2Mana1’

(c40)

8FNeuAc a2 6Gal 8 1==4GIcNAc 8 1=2Man a I\

Manal’(
(Cca1)

8FNeuAc a2 6Gal 8 1= 4GIcNAc B 1-2Man a Iy

5 (Cca2)

9FNeuAc a2 6Gal 8 1= 4G1cNAc B 1= 2Man a I

9FNeuc a2 6Gal B 1-=4G1cNAc 8 1-Man & 1”7
(C43-1)

Gal B 174Gl cNAc B 1= 2Man a I\

9FNeuAc @ 2—=06Gal 3 1= 4Gl cNAc B 1= 2Man « 1/
(C43-2)

10

9FNeuAc a 2= 6Gal 8 1-=4G1cNAc 8 1-2Man a I\

Gal B 1==4GlcNAc 8 1-2Man o 1”7
(C43-3)

6
Man 8 1-=4G1cNAc 8 1= 4Gl cNAc>Asn-Fmoc

6
Man 8 1= 4G1cNAc 8 1= 4Gl cNAc=Asn-Fmoc

6
3Man B 17 4G1cNAc B 1= 4Gl cNAc>Asn—Fmoc

6
Man 8 1= 4G1cNAc 8 1= 4G1 cNAc= Asn-Fmoc

6
Man 8 1==4GlcNAc 8 1= 4Gl cNAc=Asn-Fmoc



9FNeuAc a2 6Gal /3 1-4G IcNAc B 1~2Man a 1~ (C44) Man a ly 6Man/ 31

-4GlcNAc/ 31 -4d cNAc~Asn Fnoc 9FNeuAc a 2 - - 6l f4 1- -4 CNAc '4 1- Nan
a l/ 3 (C45) 3ManB 1 -4GlcNAc/ 31- -4GIcNAc--Asn-Fnoc 9FNeuAc a 2 -'- 6Ga 1
/3 1-- 4G1 cNAc /3 |- Van a |~ 5 (C46P8 9FNeuAca2- 6Gal / 31--4G cNACBI -

2Manaly 6Man/ 3 1 -4G cNAc B 1 -4GlcNAc-Asn-Fnoc G cNAc /3 1--Dian a |'413
(CA7) 9FNeuAc a 2--6Gal /3 1-4dcNAc |3 1-2-Man a 6 1lan /3 1-4G cNAc 13
1--4GlcNAc- Asn-Fnoc  Man a 1 (C48) O9FNeu.Ac a 2- Cal /3 1--4Gl cNAc (3
1--2Man a 1\ Man /3 h 4Glﬁl\m 3»53434 CNAc- Asn-Fnoc 10 (C49) As a
representative exanpl e, own below i sTNVR data of BF a

2, 6-undeca- sacchari des- Asn- Fnoc ( C36- 1) ,MaB® I=™HGNNR( 2 0ONHZNAD2 Dn-B0¢ |,

HoD=4. 81 N , A80(d, 2H, J=7.4, Fmoc), 7.59(dd, 2H
J= )QFI@S”?C%}L%{}%@ %ﬂZNAj}Bf%ach) 3 22(s. 1H, Nan4m8, 5.0g(d, 1H,

J= 9 4 GLcNAc1- H1), 5.05($¢44H, Man4' -H 1), 4.85-4.95(m 5 1H),
4.55-4.75(n), 4.53(d, 1H, J=7.9), 4.43(m 1H), 4.35(bs, 2H,

Man & I
6Man B 174Gl cNAc B 1 4G1cNAc=>Asn~Fmoc
SFNeuAc a2 6Gal & 1= 4G1cNAC B 1-m2an o 17
(C45)

Man 8 1= 4Gl cNAc 8 1 4Gl cNAc= Asn-Fmoc
9FNeuAc a2 6Gal 8 1-=4G1cNAc 8 1-=Man a 1”7
5 (Cc46)

9FNeuAc a2 6Gal 8 1-4GlcNAc B 12Man a Iy
6Man B 17 4G1cNAc 8 174Gl cNAc=>Asn-Fmoc
Gleic 8 1=an a7
(C47)

9FNeuAc @ 2> 6Gal B 1-=4G1cNAc B 12Man a I\
6Man B 17 4G1cNAc 8 174G cNAc=> Asn-Fmoc
Man « 1'(3
(c4a8)

9FNeuAc a 2= 6Gal 8 14GlcNAc B 1™ 2Man « 1\
6
Man 8 1= 4G1cNAc 8 17 4Gl cNAc>Asn-Fmoc
10 (C49)

As a representative example, shown below is NMR data of 8F«

2, 6-undeca-saccharides-Asn-Fmoc {(C36-1).



Man3- H2), 4.28(bs, 1H, Man4-H2), 4.10-4.25(m 2H), 2.75-2.85(m 1H, Asn-/J
CH), 2.63-2.70(dd, 2H, Ja=3.9, Jb=12.0, NeuAc7,7'-H3eq), 2.55-2.65(m 1H,
Asn-/3 CH), 2.16, 2.11, 2.08(eachs, 15H, AcxS), 1.84(s, 3H, Ac), 1.74(dd,
1H, Ja=12.3, Jb=12.2, NeuAc7-H3ax). 108Bxanple 50 (Deprotection of Fnoc
group of asparagine-linked oligosaccharide derivatives) Al of the
aspar agi ne-1inked ol i gosacchari de derivatives were subjected to the
deprotection of the Fnoc gro in accordance wth the follow ng procedures.
First, 249 Y5 (490MizN B8 dPfet-hyiPPofnhi de and 160 (err)L of norpholine were
added per_1 (erlr%rml of the Fnoc formof the sugar chain aspargi;i ne, and
the resul?ihdl (& xelr eI wadt sEBPELt e 8B G edBy i o1 - FEOM ¢ efpe? Edir €Hunder

argon atnopsphere. The term natjon of the_reaction was confirmed by TLC
(el uent : ITNI- AR Um 5cét7‘ég]@d s%br dpdndt =823’ and>{ Rer Pk t“@rnq?ﬁé?zo mi xture

n
led with j ter. To thi ' dded  diethyl ether i
amount o - 28 (0 nbl 1 Sof CLANATkIETY of- DS utkon TaRA{ o+ ARG EnaS Rt ur e

f 15 m_nutes, t h ft t i pitat f d ilt d. Th
Fosi dhe 0B ai et uad® @ sobl ToU i Hoarer: Shnd dvdPor ed Rt H48eC. Hart her . a
d 2 ddi 3 f tol h d ' ] xt
s T opSaPdafithr b Fithds. HndtHriistte had duritPedZhy revi-de hdsel col um

chr omat ogr ap Cosnpsi| 75C18-CPN, 15 X 100 mm eluent: 90 water) to
obt ai n C%Pé%&di RgbAspalbFide 2 k&P ol'i §8548charTHS TExHApTe 51

(Removal of aspargrgi ne resi dée gf asg ragine-Linked oli aosacchari de)
Aspar agi fe>reéi uiwddl r BABVEF MY fetlt ifrd laspal &iFard1S i iREd A&x5) .

o osacsany e APl 0e0;! A EETILe 5314 SA! gus LylAag and her

10 Example 50 (Deprotection of Fmoc group of asparagine-linked
oligosaccharide derivatives)

All of the asparagine-linked oligosaccharide derivatives
were subjected to the deprotection of the Fmoc group in accordance
with the following procedures. First, 240 (L of N,N-

15 dimethylformamide and 160 (L of morpholine were added per 1 U{mol
of the Fmoc form of the sugar chain asparagine, and the resulting
mixture was subjected to reaction at room temperature under argon
atmosphere. The termination of the reaction was confirmed by TLC
(eluent: 1M ammonium acetate:isopropanol=8:5), and thereafter the

20 mixture was cooled with ice water. To this mixture was added
diethyl ether in an amount of 10 times that of the reaction
solution, with stirring the mixture for 15 minutes, and thereafter
the precipitates formed were filtered. The residue obtained was
dissolved in water, and evaporated at 35 C. Further, a procedure

25 of adding 3 mL of toluene thereto and evaporating the mixture was

repeated three times. The residue was purified by reverse phase

column chromatography (Cosmosil 75C,,-OPN, 15 X 100 mm, eluent:



Exanpl es 52 to 69 Each of the asparagine-linked Fnoc-oligosacchari des
prepared in Reference Exanples 2, 3 and 8 to 13 and Exanples 1 to 7 was 10
di ssolved, in an anmobunt of 2 nnoles, in about 10 ml of Tris hydrochloric
acid buffer. To the solution were adde89200 nnol es of GDP-fucose and 0.5 nlJ
of Fucosyltransferase V (human reconbinant), and the m xture was allowed to
stand at 37C for about 2 hours for reaction. The reaction m xture was
diluted with 20 m of ultrapure 15 water and thereafter subjected to

capil | ar W%Pébt?%rﬂ’ﬁf@é& §°{¥%|%¥H‘dl§igl F‘éﬁaﬁ%‘%ﬁqq éﬂﬁkeﬁooh%ﬂqsa&maé?ed%?n
buffer: Tris-borate in pH, 100, mM hept ane sul fonat e, appl i ed voltage
27 kv, té&pmriscl Z(ffmﬂﬁfi ¢ ra%ﬁéﬁéf‘?oﬁeﬂiﬂ”@m‘)& ASPREAHINS HddkgRoduct .
Starting materials and products in each of exanples are 20 shown bel ow. 91
Table 1 °BidRpRecHEridedrting material : NenAc a 2--6Gal p 1--4G cNAc (31-
-ZMan a | ~ 6- 3anG3l --4G cNAc[ 31 -4GLcNAc-~Asn-Fmoc Gal '3 1-4GcN. Ac [3
1--2Man a 1 (CORpBtRAei™s re&?léPSd\*ﬁ%% -Tempved By repctiigga@sparadiftglinged. - 4

cNAc 131-2Man a |y 6Man(3 1-4GF cNAc 131-4G cNAc--Asn-Fnoc 3 Gl 0 1- 4G cNAc
/3 1_52N@H130§acgpar1de obtained in Example 50 with anhydrous hydrazine and

then acetylating to prepare corresponding oligosaccharides.
Examples 52 to 69
Each of the asparagine-linked Fmoc-oligosaccharides prepared
in Reference Examples 2, 3 and 8 to 13 and Examples 1 to 7 was
10 dissolved, in an amount of 2 nmoles, in about 10 ml of Tris
hydrochloric acid buffer. To the solution were added 200 nmoles of
GDP-fucose and 0.5 mU of Fucosyltransferase V (human recombinant),
and the mixture was allowed to stand at 37°C for about 2 hours for
reaction. The reaction mixture was diluted with 20 ml of ultrapure
15 water and thereafter subjected to capillary electrophoresis (fused
silica capillary, 50 mm i.d., 60 cm, buffer: Tris-borate, 8.3 in pH,
100 mM heptane sulfonate, applied voltage 27 kV, temp. 25°C, 214
mm) for separation to obtain the desired product.
Starting materials and products in each of examples are

20 shown below.



Fuc ce Ix Exanple 53 Starting material: Gal (3 1- 4G cNAc 13 1--2Man a ly 6
3Man Q 1--4G1L cNAc Q 1-~4G cN. Ac--Asn-Fnoc NenAc a2-.-6Gl '3 1~4G CNAc (3
1-2Man a | Ftic a 1y NeuAc a 2--6Gal 0 1-4G cNAc 13 1-2Man a |\ 3Manl3
1--4GlcNAcl 31-- 4GlcNAc- Asn-Fnoc Gal 233 1-4G cNAc (3 1--2Man a | x NenAc
a2-'-6Gl1l R 1- 4G cNAc 0 1- 2Mvan a 1y 3wari |3

1-461CNAc) 31--4GLCNAc--Asn-Fnmoc Gal O 1-4G cNAc 13 1-Mart a Ix 3 Fuc a 1
(Conpound 3) 92 Product: Fuc a 1,4, 3 Gal [3 1-43 cNAc I3 1- -2Man a 1-%*,
Man (3 1- -4G cNAc /3 |- -4GlcNAc- AsAaRi®el 3 NeuAc a 2-r 6Gal /3 1--4G1
CNAc /3 1-- 2Man a 1x 3 Fuc a |l FucalX3 @Gl (3 1- -4GcNAc /3 1-2Man a
1y Man / ¥xempla@A¢NAc 13 | -4GLlcNAc- - Asn- - Fnoc

Starting material:
NeuAc a 2 6Gal 8 1=-4GlcNAc B 1= 2Man @ Iy
6Man B 17 4GlcNAc B8 17 4G1 cNAc=> Asn-Fmoc
Gal B 1461 c¥Ac 8 1 Mana 17
(Compound 2)

5 Product:
Fuc o l\
3
NeuAc a2-6Gal B 1==4GlcNAc B 1= 2Man a I
6
3Man B 174G1cNAc B 174Gl cNAc~Asn-Fmoc
Gal 8 1461 cNAc 8 1-=2Man a 17
/3
Fucal

Example 53

Starting material:
Gal B 174GlcNAc B 17 2Man @ 1N
6Man B 174Gl cNAc B 174Gl cNAc= Asn~Fmoc
NeuAc & 2-=6Gal 8 1-~4G1cNAc B 1-2Man o 1”7
Fuc a Iy
NeuAc « 2-=6Gal 8 1‘>4G1(?;NAC B 1= 2Man @ I
6Man B 17 4G] cNAc B 1461 cNAc>Asn-Fmoc
Gal B 1 1G1cNAC B 1= an @ 7

NeuAc a2 6Gal B 124Gl cNAc B 1= 2Man a Iy
6
Man B 174Gl cNAc 8 1= 4Gl cNAc>Asn-Fmoc

Gal B 1—>4Gl§NAc B 1 Man o 1”7

Fuc a 1/

{Compound 3)



3 NeuAc a 2- 6Gal /3 1- -4GIcNAc 13 1- -2Man a |l @l i3 1-*-43 cNAc /3
1-2Man a 1-., 6 Man (31-'-4G cNAc /3 1- -4GLcNAc- -Asn-Fnoc 3 NeuAc a 2-
6Gal /3 1--4GL cNAc /31- 2Man a 1/ 3 Fuc a | 93 Table 2 Exanple 54
Starting material: Gal 13 1--4G cNAc $3 1-2Nan a |y 6Man(3l--4G cNAc/
1--4GLcNAc-Asn-Fnoc 3 Gal (3 1--4GcNAc p |- Nan a I/ 5 (Conpound 4)
Product: Fuc al\ 3 Gl 13 1-'-4GL cNAc 0 1-2Mwan a 1-,,,

6Man131--4d cNAc/ 3l - 4G cNAc- Asn-Fnoc 3 Gal 13 1-4G cNAc R 1--2Man a i x

Fuc a 1/3 Fucal-,,, 3 Gal 3 1-4Gl cNAc 13 1--2Man a 1\
Product:
Fuc a |
\3

Gal B 17-4GlcNAc B 1 2Man & Iy

6
3Man B 17> 4G1cNAc 8 17 4G1cNAc>Asn-Fmoc
NeuAc a9 6Gal 3 1—>4G1§NAC B1=Mana1”

Fucal/

Fuc a Iy
3
Gal B 1 4GlcNAc B 12 2Man @ Iy

6
3Man B 17 4G1cNAc B 1™ 4G1cNAc™ Asn-Fmoc
NeuAc @ 2= 6Gal B 1=-4G1cNAc 8 1= Man a 17

Gal B 17 4G1cNAc B 17 2Man a I
6Man B 174Gl cNAc B 1= 4G1cNAc>Asn-Fmoc
Neuke a2 6Gal § == 461cNAc § 1= Man a 17
Fuc a 1’(3



6Man 13 1-4G cNAc /3 1--4GlL cNAc--Asn-Fnoc Gal 13 1-4d cNAc (3 1-2Man a /
Gal /31-4GLcNAc 13 1-2Man a |\ 6Man (3 1-4G cNAc 13 1--4GLlcNAc--Asn-Fnoc 3
Gal /3 1-4dcNAc R 1--2Man a 1 3 Fuc a 1/ 94 Exanple 55 Starting nmaterial:
Gal '3 1- 43 cNAc /3 1- 2Man a 1\ plaf3a 1-4GlcSAc J31--4GL cNAc- - Asn- Frnoc
G cNAc d 1--2Man a 1/3 (Conpound 11) 5 Product: FucalX 3 Gal 0 1--4d cNAc
/3 1--2Man a I X fi Man 1-4G cNAc 13 1--4d cNAc-Asn-Fnoc G cNAc /3 1-Van a
|/ Exanple 56 Starting material: GcNAc I3 1- -Man a 1x Man 13 1-F 4 G |
cNAC i3 1-- 4 G 1 cNAc--Asn-Fnoc Gafap3e124@ cNAc 13 1--Nan a 1 10
(Conpound 12) Product:

Example 54

Starting material:
Gal B 1 4GIcNAc B 1 2Man a I
6Man B 17 4G1cNAc B 1= 4G1cNAc>Asn-Fmoc
Gal B 161 cNAC B 1= Mana 17
5 {Compound 4)

Product:
Fuc o 1\
3
Gal B 1 4GlcNAc B 1= 2Man @ I
2Man B 174Gl cNAc B 17 4G1cNAc> Asn-Fmoc
Gal B 1-=4G1 cNAc 8 1-=2Man o 17
/3
Fucal

Fue a IN
Gal 8 1->4GI§NAC B 1 2Man & I
6Man B 1= 4G1cNAc B 1= 4G1cNAc~>Asn-Fmoc
Gal 8 1=4GlcNAc B 12Man a 1/3

Gal B 14G1cNAc B 1=~ 2Man & I
gMan B 1= 4GIcNAc 8 1= 4Gl cNAc>Asn-Fmoc
Gal B 1=4GIcNAC B 1-~9Man o 177
/3
Fucal



Gl cNAc (3 I- Nan a 1\ Man 13l --4GlL cNAc (31-4G cNAc--Asn-Fnoc 3 Gl (3
| --43 cNAc 131--2Man a | 3 Fuc a 11 15 95 Exanple 57 Starting material:
Gal B 1-4G cNAc (3 |I-t2Man a 1x 6Man 13 1 -4G 1 cNAc (3 |- 4G

cNAc- Asn- Fnoc  Manal X3 (Conpound 13) 84Product: Fuc a IX 3 Gl a

1- 4d cNAcl 31- 2Manal\ bMan B 1-4G cNAc 131- 4Gl cNAc-tAsn-Frnmoc Man a | X
Exanple 58 Starting material: Man a 1\ 3Man /31-- 4Gl cNAc J3

1--4d cNAc--Asn-Fnmoc  Gal (3 1--4GIcNAc /3l1--2Man a | 10 (Conpound 14)
Product : B#RPAS12%, 3Manl 31- 4GLcNACB 1- -4111cNAc- - Asn- Froc

Starting material:
Gal B 14GlcNAc B 1= 2Man & IN
6Man B 174Gl cNAc B 174Gl cNAc>Asn-Fmoc
GleNAC B 1= Man o 7

(Compound 11)

5 Product:

Fuc a I
Gal 8 1->4G1(3:NAC B 1= 2Man a IN
6ManB 1= 4G1cNAc B 174Gl cNAc™Asn-Fmoc
loAc B 1 Man o 17

Example 56

Starting material:

GlcNAc B 1=-2Man a IN
6Man B 174Gl cNAc B 1= 4GIcNAc> Asn-Fmoc
Gal B 116 cNAc B 1= Men a1
10 (Compound 12)

Product:

GlcNAc B 1==2Man IN
i}
3Man B 1> 4GlcNAc 8 174Gl cNAc=Asn-Fmoc
Gal B 1-=4G1cNAc 8 1-=Man a 177

3
Fucal/

15



Gal B 1-4GIcNAc B 1--Man a I X 3 Fuc a 1.W96 Exanple 59 Starting material :
Gl (3 1--43 cNAc (3 1--2Man a 1,,,, Man /3 1-4GlL cNAc 13 1-- 4d

CN. Ac-: Asn-Fnoc (Compound 15) 5 Product: Fuc a IX Gal /3 1-4G@ cNAc i
1--2Man a | X Man 13 1-4G cNAc /3 1--4&2cNAc- Asn-Fnoc Exanple 60 Starting
material: Man (3 1-4G cNAc /31-4G1 cNAc-Asn-Fnoc 3 Gl / 1--4G cNAc /
|--2Man a |/ 10 (Conpound 16) Product: Man (31-'-4G cNAc |3

| --4G cNAc--Asn-Fnoc 3 Gal R 1--4GLcNAc (3 1-.-2Man a | 3 Fuc al/ 97
Tabl e 3 BERERPFe®B1 Starting material :

Starting material:
Gal B 1=-4GlcNAc B 12Man a IN
6Man B 1=4G1cNAc B 1= 4Gl cNAc=Asn-Fmoc
Mancvl’(3
(Compound 13)

5 Product:
Fuc a I
Gal B 1->4G12NAC B 17 2Man a IN
6Man B 1> 4GIcNAc B 1 4Gl cNAc>Asn-Fmoc
Man o 1’(3

Example 58

Starting material:

Man a I
6ManB 1= 4G1cNAc 8 1= 4G1 cNAc=>Asn-Fmoc
Gal B 1461 c¥Ac § 1= MNan & 17
10 (Compound 14)

Product:
Man a I
6
3Man B 17 4G1cNAc B 174Gl cNAc>Asn-Fmoc
Gal 8 1=-4G1cNAc B 1-=Man @ 17
/3
Fucal



NeuAc a2- 3Gal /3 1- 4GIcNAc /3 1- 2Man a |y 3Man / | 43 cNAc /31-4G1
CNAc--Asn-Finoc NCUAc a 2- 36al G 1--4GL cNAc G 1--2Man a | 5 (Conpound 17)
Product: Fuc a 1\ 3 NcuAc a2-3Gal (3 1--4GcNAc (3 1--2Man a I X
Man(31--461cNAc131-- 4GIlcNAc--Asn-Fino86é NeuAc a 2-- 3Gal /3 1--4F cNAc (3
1--2Man a | 3 Fuc a I X Fuc a 1\ 3 NcuAc a 2- -3&1 /3 1--4d cNAc (3
1--2Man a |y 6Man / 1--4G cNAc (31--4Ad cNAc--Asn-Finoc NcuAc a 2- - 36al 13
1--4G cNAc 3 1-2Man a 1X NeuAc a 2-- 3Gl (31--4G@ cNAc (3 1-2-Van a | X 6Man|
| - 4GLcNACFaPaey TNAC- r Asn- Fi noc NeuAc a2- -3Gal /3 1-4F cNAc /3 |- Nan a
1X 3 Fuc a | 98 Exanple 62 Starting material: NeuAc a 2--3G 113 1-4G |
CNAc [3 Frasfapafuatarighen (3 1-4G cNAc 13 1--4d c, NAc- Asn-Fnoc  Gal [3

1- - 4G cNAa] A 8=Xi6 BB -a2Man ¢ GQMpound 18)
6Man B 174Gl cNAc B 1> 4GlcNAc>Asn-Fmoc
(Compound 15)

5 Product:

Fuc « 1\
3
Gal B 14GlcNAc B 1=2Man « I
]
Man 8 14G1cNAc 8 124Gl cNAc=>Asn-Fmoc

Example 60

Starting material:

3Man B 17 4G1cNAc 8 174G cNAc>Asn-Fmoc
Gal B 1==4GleNAc B 1-=Man o 17
10 {(Compound 16)

Product:

3Man B 17 4G1cNAc 8 174Gl cNAc>Asn-Fmoc
Gal B 14GIcNAc B 1 Man a 17
/3
Fucal



5 Product: Fuc a |y NeuAc a 2-3Gal 0 1-4GlL cNAc 13 1-2Man a |y Mani

1-4G cN. 4r./31--4GlcNAr, -: I sn-Fnoc 3 Gal 13 1--4G cNAc t3 1--2Man a 1 3
Fur, a | Fucaly 3 NeuAc a 2->3Gl [3 1--4G cNAc 13 1--2Man a | X 6 Man

r31- 4GlcNAcp 1+4GlcN, Ac--Asn-Fnoc  Gal 213 1--4G cNAc 0 1-Nan a | NeuAc a 2-
Mal O 1-4G cNAc O 1--2Man a ly b 3Man[3 1-- |G cNAcf31- -4GlcNAc- - Asn- Fnoc
Gl '31--4 Me 13 1--2Man a I X 3 Fuc a 1'~ 99 Table 4 Exanple 63
Starting material: 5 Gal [3 1--4F@ cN. Ac 13 |--2Man a ly 3 Man /3 1-4d cNAc
(3 1--4G1 cNAc- Asn-Fnoc NeuAc a 2-- € 1-4d cNAc /3 1-2Man a |
(Conpound 19) Product:

Example 61

Starting material:
NeuAc a 2= 3Gal 8 1==4GlcNAc B8 1= 2Man a I

)]
3Mam B 17 4G1cNAc 8 1= 4G1cNAc>Asn-Fmoc
NeuAc a 2= 3Gal B8 [-~4GlcNAc B 1-~2Man « 1/
5 (Compound 17)

Product:
Fuc e Iy
NeuAc a 2->3Gal 3 1->4G12NAC B 1= 2Man a Ix
6Man B 1 4G1cNAc 8 174Gl cNAc—Asn-Fmoc
Neuke a2 3Gal B 1461 chAc B 1= 2Man o 17
Fuc a 1’(3

Fue @ IN
NeuAc a 2= 3Gal 3 1"4G13NAC B 17 2Man a I\
6Mam B 17 4G1cNAc 8 1=~ 4G1cNAc=>Asn-Fmoc
Newke a2 3Gal B 1461 chAc 8 1= 2Man o 17

NeuAc a 2= 3Gal B 1=4G1cNAc B 1=~ 2Man a Ix
6Man B 1=4GIcNAc 8 1= 4G1cNAc=>Asn-Fmoc
Neke & 2 3621 § 1-=461cNAc 8 1= 2Man a 17
Fuc a 1’(3



Fuc aly 3 Gl [3 1-4GIcNAc (3 1-2Man a I X 6 Man f3 1-- 4Gl cNAc
CNAc-- Asn- Fnoc NeuAc a2-- -3Gl R 1-4G cNAc 13 1--2Man a | 3 Fu
1-4d cNAc 0 1--2Man a I X fi Man O 1- -4GlL cNAc (31--4Gl cNAc--Asn

NeuAc a 2- - 3Gal (31- 1-4G cNAc 13 1-2%an a |

1-4G3 cNAc 3 1--2Man a |y 6 Manl 31-4GLcNAct 1--4GLcNAc- Asn- Fnoc
131--4GL cNACc I3 I--2Man a | 100 Exanple 64 Starting material:

2-- 3@l

GLcNAc 1 1_f1'32'\@ aly 6Man |3 1--4GLcNAc t3 1--4GLcNAc- Asn- Fnoc
4

2- - 3Gl

5

afp cNAc (3 |- Nan a 1/ (Conpound 20) 5
Starting material:
NeuAc @ 2--3Gal 8 1=-4G1cNAc B 1 2Man @ IN
6Man B 1=4G1cNAc B 1= 4G1cNAc> Asn-Fmoc
6l B 1= A61cKAc B 1= Nana 1

{(Compound 18)

Product:
Fuc a Iy
3
NeuAc @ 2=3Gal B 1=4GlcNAc B 12Man @ I\
6
3ManB 1= 4G1cNAc 8 124Gl cNAc> Asn-Fmoc
Gal B 1=4G1cNAc 8 1-=2Man a 17
/3
Fucal

Fuca 1\3
NeuAc a 2->3Gal B [==4G1cNAc 8 1= 2Man « ]\6
Man 8 1= 4G1cNAc B 1--4G1cNAc=Asn-Fmoc
Gl § 1= AG1cNAe § 1= 2Nan @ 17

NeuAc @2 3Gal B 1=-4GlcNAc B 1=2Man @ Iy
6
Man B 174Gl cNAc 8 1= 4Gl cNAc=>Asn-Fmoc
Gal B 146Gl cNAC B 1-2Man o 17
/3
Fucal

13 1--4G1
c al Gl 13
-Fnoc 3

Fuc a I X3 Fix al X3 Gal t3

3 NeuAc a

NeuAc a



Product: G cNAc I3 I- Nan a I X 6 Manl 31-~4GLlcNAc~ 1--4G cNAc- - Asn- Fnoc

NeuAc a 2~ 3Gl 13 1- 461 eNAc f3 1--2Man a I/ Fuc a 1/ Exanple 65 10
Starting material: Man a | X Man 131-4GL eNAc /3 1--4GL cNAc--Asn-Fnoc NeuAc
a 2-3Gal (3 1-4GlcNAc 13 I--Van a 1 (C8fpound 21) Product: Man alx 6Man O
1--4GlcNAc 13 1-4GF eNAc--Asn-Fnoc NcuAc a2- -3Gl R 1-4GleNAcO 1--2)(ana |
Fuc al/ 15 101 Exanple 66 Starting material: Man A 1--4G

| ctNAC(31--4d cNAc--Asn-Fnoc NeuAc a_2:.3Gal 0 1--4GLcNAc (31-2Man a 1X
(Conpound 22) 5 Product: Man (3 1-- T NAC 13 1--4G 1 cNAc--A sn-Fnoc
NenAc a 2--3Gl /3 1--4GLcNAc 13 1--2Man a 1/ 3

Example 63

Starting material:

Gal B8 1-4GIcNAc B 1==2Man a I\
6Man B 1=4G1cNAc B 1= 4Gl cNAc=> Asn-Fmoc
Newkc @ 2-=36al § - 461cNAC § 1-=an a 17
(Compound 19)

Product:
Fuc a Iy
Gal 8 1->4G1<3:NAC B 1= 2Man a I
gMan B 1= 4G1cNAc B 1= 4Gl cNAc=> Asn-Fmoc
Neue &2 3al 8 1-=4G1cNAc § 1-=2Nen @ "

Fuc a 1/

Gal B 14GIcNAc B 1= 2Man a IN
6Man B 1= 4G1cNAc B 1= 461 cNAc>Asn~Fmoc
NeuAc a 2-=3Gal B 1-=4G1cNAc 8 1=2Man « 1/3
Fuc a 1/3

Fuc a I
Gal B 1‘>4G12NAC B 1=2Man a I
6Man B 1= 4GIcNAc B 1= 4G1cNAc=Asn-Fmoc
Newhc o 2-=36al § 1= G1cNAC B 1-=2Man a 17



Fuca | X Exanple 67 10 Starting material: NenAc a 2--3Gl (3 1--43 cNAc (3
1--2Man a |-, k, 6Man [3-0 4(1 cNAc /3 I-"-4GlL cNAc--Asn- Fnoc GLcNAc
/31-2Man a 1X3 (Conmpound 23) Product: Fncal X 3 NenAc a 2--3Gl R 1-4G cNAc
13 1--2Man a 1X 3Man 131--4GL cNAc 13 M2Q 4G cNAc-Asn-Fnoc G cNAc |3
1--2Nan a 1/ 102 Exanple 68 Starting material: NeuAc a2--3Gal 3 1-4GlcNAc
/3 1--2Man a 1,,4, fi Man j3 1--4GlcNAc(31--4GlcNAc--As n-Fnoc W©Man a |/
(Conpound 24) 5 Product: Fuc a I X 3 NeuAc a 2- 3Gl 0 1--4d cNAc 0 1--2Man
a | X 6 MEfaBle.64 4Gl cNAc (31- -4GL cNAc--Asn-Fnoc 3

Starting material:

GlcNAc B 1= 2Man a I
6Man B 17 4G1cNAc B 174Gl cNAc>Asn-Fmoc
Newhc a2 36al B 1= 4G1c¥Ac B 1= Man a1
(Compound 20)

Product:
GlcNAc B 1= 2Man « 1\6
Man B8 1-4G1cNAc 8 1 4G1cNAc=> Asn-Fmoc
Neuke 2 36al B 1461 c¥Ae 8 1= Man o 17
Fuc o 1’(3

Example 65

10 Starting material:

Man o 1\6
Man 8 1-4G1cNAc B 1= 4Gl cNAc=> Asn-Fmoc
Nethc a2 36al f 1-- 461 NAC B 1= Man @ 1
(Compound 21)

Product:
Man & 15
6Man B 17 4G1cNAc B 174Gl cNAc>Asn-Fmoc
Newhe a2 36al § 1--4GIcNAc 8 1 Man e 17
Fuc « 1’(3
15



Man al Exanple 69 10 Starting material: NeuAc a2--3Gal /31-
-4G eNAc/ 31 --2Man a | X Man (3 1-x-461 cNAc 13 1-~ 4d cNAc-Asn- Fnmc
(Conpound 25) Product: 15 Fuc a I X 3 NcuAc a 2--36al p 1--4d cNAc 13
]--2Man a 1X Man 0 1--43 cNAc 0 1--4G%ENAc-Asn-Fmmc 103 CLAIMS 1. An
aspar agi ne-1inked a2, 3-oligosacchari de derivative having undeca- to
hept a- sacchari des and represented by the formula 5 (1) given below O OH OH
OH H,OOHOO0O\ HOO\T\/Asn-Fnoc ( 1) 1 HO\ _ z AcHN AcHN wherein R
and R2 arf&aBRER % hydrogen atom or one of the groups represented by the
fornmul ae QZ) to (5) and_may be the sane or different, provided that one of
R and lpe the group 10 of the fornmula (2). R HO R HOOC
HO. _ k~
Man B 1= 4G1cNAc 8 174Gl eNAc=> Asn—Fmoc
NeuAc a 2+ 3Gal 8 1==4G1cNAc 8 1-=2Man & 177

(Compound 22)

Product:

3Man B 17 4G1cNAc B 1 4G1cNAc=>Asn-Fmoc
NeuAc @ 2+ 3Gal 8 1—>4G1§NAC B 1 9Man a 17
Fuca 1/

Example 67

10 Starting material:
NeuAc a2 3Gal B 1=-4G1cNAc B 1-2Man o I
6Man B 174Gl cNAc B 1 4G1 cNAc=>Asn-Fmoc
BleNAC B 1o an o 17
(Compound 23)

Product:
Fuc a IN
NeuAc @ 2+ 3Gal 3 1->4G12NAC B 1> 2Man a I\
6Man B 124Gl cNAc 8 174G cNAc= Asn—-Fmoc
GleNic B 1= Nana 17



OHOACHN ROO ACHLNHOOOHHOO O(2) HO OHOHO R R and R' are in
the followi ng conbinations (a) R=F, R =0H R'=0H (b) R=OH, R =F, R'=0OH 15
(c) RROH, R=CH, R'=F (d) R=OH, R=0CH, R'=CH 104 H HOB OH ACHN HO O OH O
HOO(3) x HO HOHOACHN HO"Y-~ 80 OHO(4) H 0O OHHO HO'O (5)

Example 68

Starting material:

NeuAc a2+ 3Gal B 1=4GlcNAc B 1=2Man & I
6
3Man B 1>4GlcNAc 8 174Gl cNAc—= Asn-Fmoc

Man a 1/
(Compound 24)

Product:

Fuc a Iy

3
NeuAc a2 3Gal B 14GlcNAc B 17> 2Man a I\
6
Man 8 17 4G1cNAc 8 124Gl cNAc>Asn-Fmoc

Man o 1/

Example 69

10 Starting material:

NeuAc a2 3Gal 8 1==4G1cNAc B 17~ 2Man a 1N
6
Man 8 124Gl cNAc 8 1= 4Gl cNAc=Asn-Fmoc

(Compound 25)

Product:

15
Fuc a I
NeuAc o 2+ 3Gal 3 1"4G1§NAC B 17 2Man a I
6Man B 174Gl cNAc 8 17 4G1cNAc>Asn-Fmoc



HO 2. An asparagine-linked (err)2,6-oligosaccharide derivative 5 having
undeca- to hepta-saccharides, containing fluorine and represented by the
formula (6) given below RX 0 CHOH Ox H O O 0 ~CFC As4Ptroc (6) OH - \ '

AGHN ACN ~

wherein R and R are eacdif3a hydrogen atom a group represented

by the formula (7) or one of the groups represented by the formul ae 10 (3)
to (5), provided that one of R and R' should always be a group of the

formula (7).
_OHO HO R

105 RRHOOC HO-~ ROQ-~-HH ACHNHOHOOHHOY 0 O(7) HO
R and R' are in the foIqL(MiMﬁg conbinations (a) R=F, R =CH,

R'=CH (b) R=EOH, R =F, R'=CH

1. An asparagine-linked ®2,3-oligosaccharide derivative

having undeca- to hepta-saccharides and represented by the formula

5 (1) given below

AcHN

R!
\O _
OH OH OH
0. Asn-Fmoc (1)
HO H
2 AcHN

N .

wherein R' and R® are each a hydrogen atom or one of the groups

represented by the formulae (2) to (5) and may be the same or

different, provided that one of R' and R’ should always be the group

10 of the formula (2).

R HO
R” HOOC o | . o ACHN
7o O&\vo%
AcHN o 0 OH yo 0 0 (2)

H

HO

-0
HO
HO

R, R’ and R” are in the following combinations

(a) R=F, R'=0H, R"=0OH

{b) R=0OH, R'=F, R"=OH

15 {c) R=0OH, R'=0H, R"=F

(d) R=OH, R'=OH, R"=OH



5 (c) R=OH, R =0H R'=F 3. An asparagine-linked a2, 3-oligosacchari de havi ng
undeca- to hepta-saccharides and represented by the fornula (8) given bel ow
RRHOH OHO OO 4)14 no ~Asn . ( S? X AWN AcHN wherein R and R are
as defined above. 10 4. An asparagi ne-19hked (r2, 6-oligosacchari de having
undeca- to hepta-saccharides, containing fluorine and represented by the
formula (9) given belowx OCHOHOH HO OOHOOO. OHO Asn (9) xo 1Y
Acl N ACHN wherein R* and R are as defined above. 15 5. An

(r2,3-oligos hari de havi ng undeca- to hepta- saccharides and represented

by the fornmul 10) given below 106 OOCHOHOH HOO O
HO— o H AcHN

HO o
OH
HO (3)
HO AcHN
HO
HO O 0
HO (4)
H ~0
HO.
OH
HO
HO _0 “(5)
HO .

2. An asparagine-linked 2,6-oligosaccharide derivative
5 having undeca- to hepta-saccharides, containing fluorine and

represented by the formula (6) given below

RX :
N o :
_ OH OH oH
H -2 o 0 0
.0 - Asn-Froc (6)
b .

AcHN AcHN

wherein R* and R* are each a hydrogen atom, a group represented by
the formula (7) or one of the groups represented by the formulae
10 (3) to (5), provided that one of R* and R should always be a group

of the formula (7).



HOR (10) 12 ACHN Ho ACHN wherein Rl and R2 are as defined above. 6. An

@, 6-ol i gosacchari de havi ng undeca- to hepta- saccharides, contai ning
fluorine and represented by the formula 5 (11) given belowx \O 4. Oox H
ox 0 HOO1 OOH( 11) HIT Acl-1145ACHN wherein R and RY are as
defined above. 7. A process for preparing an asparagi ne-|linked (Y2, 3-

di si al ool i gosacchari de derivative having undecasacchari de and 10
represented by the fornula (12) given below, the process being characterized
by transferr{ng skﬁlic acig or a sialic acid derivative to an

aspar agi ked PFgosacc aride protected with a Ilipophilic protective
group usi ngg Talg i nsferasejo-andacHsubj ecting the resulting
asparagi ne- | i i gosaccharl with a lipophilic protective
group to %Mt on#® ography fror~"Sepalaty, H HQ,,0 O

HO

-0
HO
HO

R, R’ and R” are in the following combinations
(a) R=F, R'=OH, R"=OH
(b) R=OH, R'=F, R"=0H
5 (c) R=OH, R'=OH, R"=F
3. An asparagine-linked (¢2,3-oligosaccharide having undeca-

to hepta-saccharides and represented by the formula (8) given below

R\b
oH OH OH
HO -Q o o o
2 HO OH Asn (8)
ILZ AcHN AcHN

wherein R' and R® are as defined above.
10 4. An asparagine-linked (2,6-oligosaccharide having undeca-
to hepta-saccharides, containing fluorine and represented by the

formula (9) given below

OH OH
0 0
0 Asn (9)
HO
AC}IN . AC}IN

wherein R® and RY are as defined above.

15 5. An @2,3-oligosaccharide having undeca- to hepta-

saccharides and represented by the formula (10) given below



OHO O Aso-Fnnc (1 2) HO Rz AcHN AcHN 107 wherein R and R2 are each a
group represented by the formula (2). 8. A process for preparing an

asparagi ne-1inked 12, 3- nonosi al ool i gosacchari de derivative having
decasaccharide and represented by thet&rmula (13) given bel ow, the process
being 5 characterized by transferring sialic acid or a sialic acid
derivative to an asparagi ne-linked oligosaccharide protected with a

| i pophilic protective group using a sialic acid transferase, and subjecting
the resulting asRaragine-Iinked ol i gosaccharide protected with a |ipophilic
protective group bQ)chronatography for 10 separation 0 OHOH OHHOO OO
OHO OHO Asntnoc ( %3 RZ AcHN wher ei n ongpﬁf R and R2 is a group
represented by th E%UUIa (2) an t he ot ereof is a group

repr esent edOy theTprRul g A @ preparing an

aspar agi ne-1in 7315y i LNe dﬁiivagidé)having
nonasacchari deland represented t he rmul a (\14) given below, the process
bei ng charact®&rized by hydrol yzing an aspar affff-1i nked

nmonosi al ool i gosacchari de derivative represented by the formula (13) wusing a

gal ctosidase O 4GH 0 o .5 defined above.

6. An (2,6-oligosaccharide having undeca- to hepta-
saccharides, containing fluorine and represented by the formula

5 (11) given below

OH OH
0 o}
OH (11)
H
AcHN * AcHN

wherein R* and R’ are as defined above.
7. A process for preparing an asparagine-linked «2,3-

disialooligosaccharide derivative having undecasaccharide and

10 represented by the formula (12) given below, the process being
characterized by transferring sialic acid or a sialic acid
derivative to an asparagine-linked oligosaccharide protected with a
lipophilic protective group using a sialic acid transferase, and
subjecting the resulting asparagine-linked oligosaccharide

15 protected with a lipophilic protective group to chromatography for

separation
Rl
AN
0

OH
-0 o

OH OH

As-PFmoc (1 2)

Rz AcHN AcHN



HO "OOO0 OH OHO Asn-Fnoc ( 1 4) RZ AcHN AcHN 20 108 wherein one of R
and R is a group represented by the formula (2) and the other thereof is a
group represented by the formula (4). 10. A process for preparing an
aspar agi ne-1inked (err)2,3- nonosi al odi%gosacchari de derivative having

oct asaccharide and 5 represented by the fornmula (15) given below, the
process being characterized by hydrol yzi ng an aspar agi ne-1|i nked

nonosi al 0ol i gos chari%& derivative represented b he_f ormul a %1 usi ng
TR ne et sE iR deannhi ek @SR SRR R PRe TR [Pt ) - 1D R
AcHN AcHN 10 ergin one of R and R _is a groq¥ re resEnéeg gé the formul a
(2), and the &thBrPTHETFor oFsPARAOUY AEpPERRIEW by PHEYf dfmdra (5). 11
A Process, Lot I EDA] A0, 2opardadiine: | [ 0ked, G2 3. 10nos Al g0l Lggsacchar i de
derivative having tasacchari de an r eprese b ed y e formul'a (16) given
bel ow, the process. hein 5 ar rized gy hydr zing an .
asparagiﬁgp Fﬁﬁ%ﬁfq#% oggSI%%Tﬁbékggéﬁa f$éj é?ﬁéét?b%'?%%?ﬁgbﬁféagby t he
fornuga %%g}ackg¥{¥%dabga ngéfg¥¥%ng sialic acid or a sialic acid

derivative to an asparagine-linked oligosaccharide protected with a

lipophilic protective group using a sialic acid transferase, and

subjecting the resulting asparagine-linked oligosaccharide

protected with a lipophilic protective group to chromatography for

10 separation

OH OH

o 0
O HO HO Asn-Fmoc (1 3)

1|12 AcHN AcHN
wherein one of R' and R’ is a group represented by the formula (2),
and the other thereof is a group represented by the formula (3).
9. A process for preparing an asparagine-linked ®2,3-

15 monosialooligosaccharide derivative having nonasaccharide and
represented by the formula (14) given below, the process being
characterized by hydrolyzing an asparagine-linked
monosialooligosaccharide derivative represented by the formula (13)
using a galctosidase

R

O
OH
o)
OH H

-0 0

O OHO OHO Asn-Fmoc (1 4)

R2 AcHN AcHN

HO

20



OOHOH 400Ho000 HOOHOASo-Fn c ( 1 6) | HRZ AcHN AcHN wherein one
of R and R is a group represented by the formula (2), 20 and the other
thereof is a hydrogen atom 12. A process for preparing an asparagi ne-|inked
U2,6 109 disial ooligosaccharide deri vatd ve havi ng undecasacchari de and
represented by the formula (17) given below, the process being

characterized by transferring sialic acid or a sialic acid derivative to an

aspar agi N Lakesh ol 9asanaNa | e PLOLRE! eV A5 pLT RO I Qhgot i ve

group using a SI I C acl rans era J ectin res t1ng

aspar ag %"nﬁr Ak eg el g %%?88?6‘{:% de grl%Bt ?%f%ség_ﬁteﬁoﬁy O‘EFQE%HUQLSDESQ%EN Ive

group to ¢ onatography Separati on
AsfFnoc (1 7) Y Ac ACHN 10 mherern R' ' h a,graqup
represented by Eheﬁ\f FoeE (PF PR ocessp“f‘o&rgl&eeﬁérnfc(ng %% 3

aspar agi rf‘n%nog Qggﬁodﬂ)%%sgccﬁgpf)éé %eqqlv'ag9§gcﬁmrﬂgd%cgggéé(@ﬂa{fll%eh%%idng

decasacchari
5 represented by the formula (15) given below, the process being

characterized by hydrolyzing an asparagine-linked
monosialooligosaccharide derivative represented by the formula (14)

using an N-acetylglucosaminidase

OH OH

0 Y O Asp-Fmoc (1 5)

l‘lz AcHN AcHN
10 wherein one of R' and R’ is a group represented by the formula (2),
and the other thereof is a group represented by the formula (5).

11. A process for preparing an asparagine-linked @2,3-
monosialooligosaccharide derivative having heptasaccharide and
represented by the formula (16) given below, the process being

15 characterized by hydrolyzing an asparagine-linked
monosialooligosaccharide derivative represented by the formula (15)

using a mannosidase

R
\O

OH
-0 o o

o) 0 Asn-Fmoc (1 6)

R2 AcHN AcHN

OH OH

wherein one of R' and R® is a group represented by the formula (2),
20 and the other thereof is a hydrogen atom.

12. A process for preparing an asparagine-linked 2,6-



represented by the fornmula (18) given below, the process being

characterized by transferring sialic acid or a sialic acid 15 derivative to
an asparagi ne-|inked oligosaccharide protected with a |ipophilic protective
group using a sialic acid transferase,l!%hd subjecting the resulting
aspar agi ne-1inked oligosaccharide protected with a |lipophilic protective
group to chromat ography for separation xX0 OH OHOH HO-OOO0 0 Xv* OHO

OHO Asn- Enuc N AcHN erein o R' i.s a grou
 opr csentadip O?lrﬁ)egqﬁé‘FﬁBPﬁl?Aei)derfi’étl%ﬂ P eEE S e angy oo O

ted b | a f
nepar ag| REPFPARECY V2 BPe niiotila Q‘avfg@iﬁeﬁ% Befle BT odse Rarag

hari d d ted th 1 bel, th
eing. 5 PREPSLTEAFL LE?%Q%? Sk S ta b i%ﬁ%d acid™ 1T PTOERS

nonosi al oI| osacchari de derlvatlv ented b th 18 using a
Dol act os AREAES EEFD, B ot oo A0 18 D10 EG G e B e A oL £ 00y L her AcEiy
AcHN 5 lipophilic protective group using a sialic acid transferase, and
subjecting the resulting asparagine-linked oligosaccharide

protected with a lipophilic protective group to chromatography for

separation

X

OH OH
-0 o
Asp-Fmoc (1 7)
HO

AcHN AcHN
10 wherein R* and R are each a group represented by the formula (7).
13. A process for preparing an asparagine-linked 2,6-

monosialooligosaccharide derivative having decasaccharide and
represented by the formula (18) given below, the process being
characterized by transferring sialic acid or a sialic acid

15 derivative to an asparagine-linked oligosaccharide protected with a
lipophilic protective group using a sialic acid transferase, and
subjecting the resulting asparagine-linked oligosaccharide

protected with a lipophilic protective group to chromatography for

separation
AN
0 OH
OH
OH
. (0}
0 AsnFmoc (1 8)
| HO HO
20 R" AcHN AcHN

wherein one of R* and R' is a group represented by the formula (7),



wherein one of R® and R' is a group represented by the fornula (7), 10 and
the other thereof is a group represented by the formula (4). 15. A process
for preparing an asparagine-linked (12, 6 nonosi al ool i gosaccharide derivative
havi ng oct asacchari de and representedi%@ the formula (20) given below, the
process being characterized by hydrolyzing an asparagi ne-1inked 15
nnnosialooligosaccharide derivative represented by the formula (19) using

an N—acet gl cos m ni dase OOH_OH CF HO c (20
R R ERE IR ERFohE, DR P aP R o bro%pe:r'féopﬁe‘l?‘fém@ﬁ” by t he

fornula (7), he other thereof is a I es & ge formul a
(35 50 1h AT oboBESIeE Sedonr it i 2l ar ot RETS TRekepYE.
monosi al gol.J, gogg eydsdecersatd vr%mxbgghyve%eqa%%%ghgar e o gepr esent ed

by the f orm Focess b er1 28

R e 'tﬂ?ak%’%‘é%da 5q§”°§59é9%4n1%8§?§§22%’§#3§ é%%' O HO -0
00 5 characterized by hydrolyzing an asparagine-linked

monosialooligosaccharide derivative represented by the formula (18)

using a galactosidase

X

//§£§i:ijix//
Asn-Fmoc (1 9)

AcHN AcHN

wherein one of R* and RY is a group represented by the formula (7),

10 and the other thereof is a group represented by the formula (4).
15. A process for preparing an asparagine-linked 2,6-
monosialooligosaccharide derivative having octasaccharide and
represented by the formula (20) given below, the process being
characterized by hydrolyzing an asparagine-linked
15 monosialooligosaccharide derivative represented by the formula (19)

using an N-acetylglucosaminidase

AN
0
OH

HO -0 0 0

o ¢}
0 HO o AsnFmoc (2 0)

1|1Y AcHN AcHN

OH OH

wherein one of R* and R is a group represented by the formula (7),
and the other thereof is a group represented by the formula (5).

20 16. A process for preparing an asparagine-linked ¢2,6-



OOHO O AsrFtnc (2 1) HO RY AcHN AcHN wherein one of R and RY is a group
represented by the formula (7), and the other thereof is a hydrogen atom
17. A process for preparing an aspareﬁg?ne-linked a2,3 10 oligosaccharide
havi ng undeca- to hepta-saccharides a ]represented by the forrmula (8), the
process being characterized by renoving the protective group from an
aspar agi ne-1i ked x2, 3-ol i gosaccharide derivative having undeca- to
hepta-saccharidgs]%p% regﬁgge t r9¥ £he11Q%ﬂP|ﬁ é%gsagﬁl%gaeAagéocess for
prepar i n§°3R° BN TSRS SBEATT R8T 2eRRAFI e HaV ng Undeca- to
hept a- sacohar] des. ARQ LRRressAhed OBy L0 LA (8 o lhe rgeess being
char act efrzed y Temnoving e progect?ve group from an asparagln%-llked
(12, 6-ol i gosaccharj de. derivative hayi undeca- .t pt a- sacchari des and
repr esentcgar%(f/te%et%h]eoyf %(‘?r%cfalé’z(lg)g. g%QQ%%%&%%éélg%ggpr eparing an

x2, 3-o0li C i ] . 4un - e - r a e ted by
Fhe tor mPROT Thoo BB B R e b A R R b S R R P
asparagi ne.resi om an asparagi ne-1iked a2, 3-ol i gosacchari de havi ng
undeég- pglﬁﬁé%sgﬁgéégﬁg%%des and represented by the forrmula (8). 20. A
process for preparing an (r2,6-oligosaccharide having undeca- to

hept a- sacchar gdes and represented by the formula (11), 5 the process being
characterized Bx)renoving t he asparagi ne resi due from an asparagi ne-1iked
a2, 6-ol i gosacctrari de havi ng eca- to epdt a- sacchari des and represented by
(a§,3) (a2, 6)-oligosaccharide

AsnFmoc (2 1)

AcHN

wherein one of R* and RY is a group represented by the formula (7),
and the other thereof is a hydrogen atom.
17. A process for preparing an aspareagine-linked ®2,3-

10 oligosaccharide having undeca- to hepta-saccharides and represented
by the formula (8), the process being characterized by removing the
protective group from an asparagine-liked 2,3-oligosaccharide
derivative having undeca- to hepta-saccharides and represented by
the formula (1).

15 18. A process for preparing an aspareagine-linked ®2,6-
oligosaccharide having undeca- to hepta-saccharides and represented
by the formula (9), the process being characterized by removing the
protective group from an asparagine-liked @2,6-oligosaccharide
derivative having undeca- to hepta-saccharides and represented by

20 the formula (6).

19. A process for preparing an (2,3-oligosaccharide having
undeca- to hepta-saccharides and represented by the formula (10),

the process being characterized by removing the asparagine residue



derivative having undecasacchari des and represented by the fornmula 10 (22)
given below RO OH OHHO-OOO ON OOOAsn-Fnoc ( 2 2) HO HO RY AcHN
AcHN wherein R is a group represented by the formula (2), RY is a group
represented by the formula (7) bel ow. 1R< HOOC HO R O On HO Ackl N AdI N HO HO
OHHOOO (7) HO -0 HOHO R R and R' are in the follow ng conbi nati ons
15 (a) RRF, R=H, R'=H (b) R=OH, R =F, R'=0CH (c¢) R=OH, R =OH, R'=F 113
(d) REOH, R =OH, R'=0H_22._ An asparagine-linked ((x2,3)

(cX2, 6) - SFPPoRRAGIRAREane gkt kst 4’ TRV ERG2G PENAPP d&RAetad rtpr esent ed

by the f%%g%g?Saééﬁ%%igggegn E¥é§¥e§énted by the formula (8).
20. A process for preparing an (2,6-oligosaccharide having

undeca- to hepta-saccharides and represented by the formula (11),
5 the process being characterized by removing the asparagine residue
from an asparagine-liked @2,6-oligosaccharide having undeca- to
hepta-saccharides and represented by the formula (9).
21. An asparagine-linked (@2,3) (&2,6)-oligosaccharide
derivative having undecasaccharides and represented by the formula

10 (22) given below
1

R
\o
OH
_0
HO o Q o 0 .
¢ HO HO Aso-Fmoc (2 2)
RY AcHN AcHN

wherein R' is a group represented by the formula (2), RY is a group

represented by the formula (7) below.

-
R” HOOC H?
)
AcHN
HO )
HO OH o 0

HO

(7)

-0
HO
HO
R, R’ and R” are in the following combinations
15 (a) R=F, R'=0H, R"=0OH

(b) R=0OH, R'=F, R"=OH

{c) R=0OH, R'=OH, R"=F



OOHOH 4pHO OHHO , 00O OO O Asn-FnDc (2 3) HO RZ AcHN AcHN 5 wherein R3
is a group represented by the formula (2), R is a group represented by the
formula (7) below. A HOOC HOO~ HO AcHN L R O p- O AcHN HO HO OH HO 0 O (7)
HO HOHO R R and R' are in the ¥lo | owi ng conbi nations (a) R=F

R =0H R'=CH 10 (b) RROH, R=F, R'=0H (c) R=CH, R =0H, R'=F (d) R=OH,

R =OH, R'=0H 23. An asparagi ne-linked ol igosaccharide derivative containing

at Ieast(ﬁ?e jécosq_i% h?@getylglucosanine on the 15 nonreducing term nal
side of a a§b Vadiﬁg-ri kéﬂ*oligosaccharide wherei n the asparagi ne has
am no grou rotected with | i hi]ic
9 PP 22. An asparag?ne-Pf%ie (®2,3) (®2,6)-oligosaccharide
derivative having undecasaccharides and represented by the formula

(23) given below
X

R
\o
OH OH
OH
_0 0
HO o 0
0 o Asn-Fmoc (2 3)
HO HO
R’ AcHN AcHN

5 wherein R’ is a group represented by the formula (2), R* is a group

represented by the formula (7) below.

R
R” HOOC H?
R o o o HO AcHN
0
AcHN
HO 0O
HO OH yo 0

HO

(7)

-0
HO
HO

R, R’ and R” are in the following combinations
(a) R=F, R'=OH, R"=OH
10 (b) R=0OH, R'=F, R"=0OH
(c) R=OH, R'=OH, R"=F
(d) R=OH, R'=OH, R"=OH
23. An asparagine-linked oligosaccharide derivative
containing at least one fucose in N-acetylglucosamine on the
15 nonreducing terminal side of an asparagine-linked oligosaccharide
wherein the asparagine has amino group protected with a lipophilic

protective group.



protective group. 114 24. A fucose-containing asparagine-|inked
ol i gosacchari de derivative according to claim23 wherein the

asparagi ne-1inked oligosaccharide having the protected am no group in the

asparagi ne thereof with a |ipophilic ¥rbtective group is an
asparagine-linked 5 (err)2,3-oligosaccharide having undeca- to
hepta-saccharides and represented by the formula (1). 25. A

fucose-contalnl ine-1inked oli osacch rivative according to
clai m 23 wher 6PA t ot SSHH SGPBLF HRkAFP 599@8&%}‘1% GL ORI of oot oq

th 10 t.h f th hi | t
S an SSORPAURREYS (ReaC e 19 2 eégzgg%“m. ke RAbTHt thadesroro

ve group

hept a- hari d fl ted by the f I 6
26 A T UGSRR LTI R TALHAT Al PERREEL T ghs GECHRr e UaPPORTRIRE
di t 23 t he | i nked_15_ ol d

Paving { RBCBPOT CELEH RGBT bl PR PRGBS A AG o€ HETUT e  7ked

| i pophilic_protective oup s an asparagi ne-|i nked
(err)?2, 6‘%?1%6§é@8ﬁ3??8%IH§V| §lﬁﬂd ‘xiotﬁeh

gPEa AR PddgeandPd r epr esent ed

by the forrrulaéGQd%gthformula (Iil)'OOOOOAsn Fnc O (6) Y ACHN AcHN |

represe

25. A fucose-containing asparagine-linked oligosaccharide

derivative according to claim 23 wherein the asparagine-linked

oligosaccharide having the protected amino group in the asparagine

10 thereof with a lipophilic protective group is an asparagdine-linked

2,6-o0ligosaccharide having undeca- to hepta-saccharides,

containing fluorine and represented by the formula (6).

26. A fucose-containing asparagine-linked oligosaccharide

derivative according to claim 23 wherein the asparagine-linked

15 oligosaccharide having the protected amino group in the asparagine

thereof with a lipophilic protective group is an asparagine-linked

@2, 6-oligosaccharide having undeca- to hexa-saccharides and

represented by the formula (6)

0 o
0 Asn-Fmoc (
Hi
AcHN AcHN

wherein R* and R are each a hydrogen atom, a group represented

6)

by

20 the formula (7) or one of the groups represented by the formulae

(3) to (5), provided that one of R* and R’ should always be a group

of the formula (7) or (3)



wherein Rx and Ry are each a hydrogen atom a group represented by 20 the
formula (7) or one of the groups represented by the formulae (3) to (5),
provi ded that one of R' and Rv should always be a group of the fornula (7)
or (3) 115 R RHOOCHOR OO/ 0 HOWEHN O AcHNHOHO OHHO 0 O (7) Hn
_OHOO Hwhere R=0O4 R = OHand R" = oH 27. A process for preparing an
aspar agi ne-1inked oligosaccharide derivative containing at |east one fucose
in N 5 acetyl gl ucosam ne on the nonreducing term nal side of an
aspar agi ne- ki nked ol i gosacchari de wherein the asparagi ne has am no group

prot ect ed® a 198 phili%fprotective group, the process being
characterizg 3= fycose t heetgspar agi ne-1i nked

ol i gosacchari ein th anagj e protected amno 10 group with
a | i pophi i peot ecti ve giggéggégh%im Y% ransferqgg, and subj ecting
the resulting asparagine-linked oligdosaccharideg protected with the

| i pophilic protective group to chronatogma

where R = OH, R’ = OH and R” = oH.
27. A process for preparing an asparagine-linked
oligosaccharide derivative containing at least one fucose in N-

5 acetylglucosamine on the nonreducing terminal side of an
asparagine-linked oligosaccharide wherein the asparagine has amino
group protected with a lipophilic protective group, the process
being characterized by transferring fucose to the asparagine-linked
oligosaccharide wherein the asparagine has the protected amino

10 group with a lipophilic protective group using a fucosyl
transferase, and subjecting the resulting asparagine-linked
oligosaccharide protected with the lipophilic protective group to

chromatography for separation.



