1 SPECI FI CATI ON SUGAR CHAI N ASPARAG NE DERI VATI VES, SUGAR CHAI N ASPARAG NE,
SUGAR CHAI'N, AND PROCESSES FOR PRCDUCI@G THESE 5 TECHNI CAL FI ELD The
present invention relates to asparagi ne-linked oligosaccharide derivatives,
aspar agi ne-1inked oligosaccharides and oligosaccharides, and a process for
prepari ng such conpounds. 10 The present invention relates also to
aspar agi ne-1inked oligosaccharide i i contai ning fucose and a
process for preparing the derivat?gggi%g%ﬂ%QEUND ART 15 In recent years,
nol ecul es of oligosaccharides have attracted attention as third chain life
nol ecul es follow ng nucleic acids (DNA) and proteins. The human body is a
huge cel | J o] 1S a A C ur of
all the ce §§§%£I§o§%#é§§Q%ﬁghB%F#%%@Q%%%afpggRnéﬁéiﬁﬂ%gggRénggkéﬁg%gf ABO
20 bl ood type are det i.ned J o} j n

ol i gosacchari des over %ﬁiﬁgﬂéur agﬁg{s&gggggl féﬁ%ﬁ%%gggcﬁg}?%es function in
connegtion with the recognition of cells and interaction of cells and are
key substances for the establishnent of the cell society. D sturbances in

t he cell et IEE@d’ for exanple, to cancers, chronic diseases,

i nfectious I'seaseS and agi ng. For exanple, it is known that when cells

cancerate, changes ;?re#ﬁ‘&“h&éh tﬁ'&% SLIYELLNE, %fspgkhgi’r?eaﬁci*})%'ddes- I't is also

known that Vi brio- cholerae, 1nfluenza virus, etc. Tngress into cells and

cause 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 recognizing and attaching to a specific oligosaccharide. 5
Carification of oligosaccharide functigns |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 prgt&insin tflel Srstdiigleube becadine Bhrthes di ter skty1 &f alhanggaents of
nonosacchari des, nodes or sites of |1nkages, |engths of chains, nodes of

branches k- Qyehahbrsd ) UGines z8f vikaherletor defgre ACGRHE RELYs D Pl QQseal
informati on derived fromthe structures thereo? is nore diversified than is

the case Witdb: BOC QiBiAng 45 Aldheuahqt be 4 mdianee of research on

ol i gosacchari des has been recognized, the conplexity and variety of
struct ures: {d-Rkehabpye. del ayed progress in the research on
ol i gosaccharides unlike the studies on DNA and proteins. Many of proteins

present on the siHAideest06n &t lo1TBBRAAAESridd) RAhck NoBEr IHAJRAS _
ol i gosacchari des attached thereto as descri bed above. The nol ecul es wherein

ol i gosacchayd IdmeRt €o £ PHU ARG cut Q¥ £y fblE PALULIRS ndLe1 tSFiRAples,
gl ycoproteins, which can be divided into two groups according to the

di ffer enceod vt ithe i A§des Afhe prikage: hetarerntbhgpp! d0Ba6eaRAE ! dendnd Wil
protein. 25 Qi gosaccharides of one type are asparagi ne-|inked

ol i gosacchaFiddgs of (Apsll Hesicde hiakageduspebs Wel fRidaRRaaiaed. group of the
side chain of asparagine (Asn) is linked with the oligosaccharide. 3

A i gosacchari deg) ifoshbengt 1@ds UREMAER Mok RcmpRexOth&A0IARC Bar 'Eel@@eins
(0-glycosidic |linkage type) wherein the oligosaccharide is linked wth the
al coh@l ofn sarleurSehdcise Breene nEivekdity &l athfigements 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 ol i gosacchari 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
term nal sugar noiety of the oligosaccharide |inked. On the other hand, the
muci n-11iked oligosaccharides are divided into four groups according to the

di f f er encg, ¢ Oirﬁa%%ggéfﬁe%ﬁe't%teoethﬁéo%ygleet Ao, s iy Qesgechanidanar e

i mportant ¢ se compounds insufficie In-a e anount s
avai |l abl e f chari o ol f
oligosacchaﬁySLs onf8 #&gﬁ@ gg rot%ﬁﬁﬁ?ﬁwﬁﬁchgfa QFggggfdg % rkéa/ i ng
body. Ho f I off Nt ties

ol i gosacc arl es Iilg%%]{ dcfgg;reo fel ngyé?urtrhérgggﬁ%qugeaa hrl)n tliﬁ c%I Vi ng body

many ol | g0sasehardes, ﬁ\%ﬁlgos GRELLLERRITRLG, ankhdl LhESULLY Iansnaauyt er o

i n obtaini a’sin ari uantitie

al so ¢ ffmgﬁtsqg romfg%%ogﬁd guan fd%ﬁogﬁfﬁe %gg;§§§paak%f phighae not

present In IVl ng jeCt |nven ron 1's tO

provi de at Ve'comBisz” Iy KR, AL | cg@r aCQQé‘é}&’l"t%gdeJo' AL ¥En§ WY Fdl NY at

| east si‘alic acidor sialic acid i'vatrve at” a nonreduci ng term nal,

and a prd&?xﬁsedfu%r Br e0AfiAAd 0§ %E&CF%P oAnehoe 1143& %%tchg[rléé‘elixﬂé’%“' on is

to prOVI e a nove asparaglne |gosacc contal nl ng a | east

one sialig, A6 dRbShaldC e Hug?ﬁ'i’%ie!ﬁ‘églgé ‘é‘é' QQetﬁJ‘}d“ead and a

4 process for preparing the same.  Anot € rnvention is to

provide a; glour gk&@&@%@&%&b@ﬁ?C%tﬁien'd%fé}eﬁfé gﬂg BLal G Pefcl'e%ﬂr

sialic aCI errvative at a non cln term na process
prep%b'”g 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 nonreduci ng term nal side of an
aspar agi ne-1inked oligosacchari de wherein the asparagi ne has 10 am no group
protected with a |ipophilic (hydrophobic) protective group, and a process

f th SCLOSURE OF THE | NVENTI ON Th
or prepaglng.dd gsogféf&?ahh‘ﬁg;wt% St e present

i nvention provrd ng I nventions. 15 1 An aspar agi ne- | i nked

a2, 3-ol i gosacc %&5 %rdSE g@tra/f)e th@a‘ih{? pgpt(ee a%%(}g i des and

represented by or mu i'ven ow, an Pocess thereof Rc \O OH

011 H 20.80.0,0|abi A poc (1) @%@sgg é?aq\lé"@%ﬁ‘é' Be R ek R ©

each a hydr om of one 0 roups represented ornulae

(2,2 ClogIog, e 4 1malictly FLT  CodR i ) 10
AcHN R Oth% %a('r%). ACHN HO O OH HO AHO HO
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

OH
H /0
Asn-Froc (1)

AcHN

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).



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 (¢) R=CH, R=CH, R=F (d) R=OH, R=0H, R'=CH H HOB O
AcHN HOOOH O HO (3) -0 HOHO H ACEN HO .- HO OO0(4) H_OHO HO
HO -O (5) HO 6 2. An asparagi ne-linked a2, 6-oligosaccharide derivative
havi ng undeca- to hepta-saccharides, containing fluorine and represented by
the formul a (6) gi ven belom/ and process thereof x O

AcHN fi%;;::%€%N\o (2)

HO

-0
HO
HO

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

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

(d) R=0OH, R'=0H, R"=0OH
H
HO— 0o AcHN
HO 0
OH
- HO o

HO

(3)

-0

(4)

OH

HO
HO -0 “ (5)
HO



OHOHOH 0O ~ Aso-Pnoc (6) O }!'(?C\ AcHN AcHN 5 wherein R' and RY are
each a hydrogen atom a group representgd by the formula (7) or one of the
groups represented by the fornmnulae (3) to (5), provided that one of R' and
RY shoul d al ways be a group of the formula (7). R R' HOOC o R O J HO AcHN
O AHNOHOHOOHHOOO(7) HO OHOHO 10 R R and R' are in the

foll | nbi ' . R=F. = '=CH (b =CH =k, R.=CH
ReGH R 2o R SSpe RS D Red R ot O S e BB Shis Y Gt ng
undeca: 16,1 aohep Ao GENAL) KPS, AN TREES R AL inl LIS Bok) O ven

bel ow, an p?ocess t hereo

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

X E
R \O _
-0
H O 0
e %;:Sgg;;%lx/gg:sgg;;SB&/AmHhmc (6)
i? - 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 RY should always be a group

of the formula (7).

.
R’ HOOC H?
® o o o HO AcHN
0
AcHN
HO 0
HO OH yo 0

HO

(7)

-0
HO
HO

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



OH OH OH x 00 OOHAsn (8 1 Hs ACHN AcHN wherein R and R are as

defi ned above. 4. An asparagine-linked CY2, 6-oligosacchari de having undeca-

t o hepta-saccharides, containing fluorine and represented by the 5 formula
(9) given below, and process thereof Rk OOHOHOH n O H-DOHA-AO HO
Asn ( 9 ) | y AcHN AcHN wherein R' and R are as defined above. 5. An

CB2, 3-ol i gosacchari de havi ng undeca- to hepta- saccharides and represented
by the forml a (R&o g| ven below, and 10 process thereof \OCHOH OH H OO
OOH-OH (1 0) i d R are as defined above. 6. An
ul2, 6-oligosa epta- saccharides, containing
fluorine a O(1111 gi veng)bel ow, and process

t her eof xL’

AcHN 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

AcHN
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
AN o . ‘
OH OH OH
H ~Q o Q . 0
o H Y o8 (10)
o\
]I{Z AcHN AcHN

wherein R' and R’ are as defined above.
6. An Q2,6-oligosaccharide having undeca- to hepta-
saccharides, containing fluorine and represented by the formula

15 (11) given below, and process thereof



8 RX\OOHOHOH O H. OOHCOH( 1 1) RY AcHN ACHN wherein R' and R
are as defined above. 7. An asparagi ne- I8i nked (cE2, 3)
((Y2,6)-oligosaccharide derivative having undecasacchari des and represented
by the formula 5 (22) given below RL OOH OH OH HO O O O O HO Aswnoc (2
2) HO RY AcHN AcHN wherein Rl is a group represented by the fornmula (2), RY
IS a group relpz%esented by the formula (7) below R* RHOOC HOR O O _ HO
AcHN AcHN HO \g—i HOOO(7) HO _0 HO HO

OH

_ OH OH
H -0 Q 0
e 0 0 OH (11)
H H
L? - AcHN AcHN

wherein R* and RY are as defined above.

7. An asparagine-linked (@®2,3) (Q2,6)-oligosaccharide
derivative having undecasaccharides and represented by the formula

5 (22) given below

R1

\0 OH oH
OH
Ho/ogi/o/ﬁ/o /%Amﬁmc (22)
HO HO
II{Y 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;)
(o]
AcHN
HO 0
HO OH yo o

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

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

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



R, R and R' are in the followi ng conbinations 10 (a) R=F, R =CH, R'=CH (b)
RROH, R=F, R'=CH (c) RROH, R=0H, R'=F (d) R=OH, R =0H, R'=CH 8. An
asparagi ne-linked (a2,3) ( a2, 6) -oli g(?sacchari de 9 derivative having
undecasacchari des and represented by the formula (23) given bel ow RX O CH
OHOH -04 ~-OHO OOp Asn-Fnoc (2 3) HO RZ AcHN AcHN wherein R2 is a

Pormil  (Fbot o hrvie TR fsRhe By bt ReBreb B SR BT 1o
OR" E?HHO 5252) ﬁve%n%elféware in the follow ng conbinations (a) R=F, R =CH,

X
R
\o
OH
_0 0
HO o 0
8] HO o AsnrFmoc (2 3)
HO
R’ AcHN AcHN

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

represented by the formula (7) below.

i
o) o HO AcHN
o]
HO OH 0
HO o (7)
HO

HO
HO

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



(b) R=OH, R=F, R'=0H (c) R=OH, R =0H, R'=F 10 (d) R=OH, R =CH, R'=CH The
present invention relates to a novel aspgragine-linked oligosaccharide
derivative containing at |east one fucose in N acetyl gl ucosam ne on the
nonreduci ng term nal side of an asparagine-|linked oligosaccharide wherein

t he asparagi ne has am no 15 group protected with a lipophilic protective
group, andapapéssesstenftORpPI BT icng Nbhe2 det | Madgse . (hdbheind RsantreifB¥e84 Or has
al ready devel oped, as disclosed in 10 Japanese Patent Application No.

2001- 185685 Abetied ngfrtier appEidadont'd, aprédussepr ifor pp@bdidig @RPArapiRELsses
for preparing asparagine- |inked oligosaccharides derivative,

aspar agi neihkeéesl i plsageractded idées vanilve) i gasacchael dbskathi ch processes are
capable 5 of producing various isol ated asparagi ne-linked oligosacchari des

deri vati velwgbbagieatidesease dlNddsackhagbdescalieht padce ety enlel eAphbye and
further novel asparagine-linked oligosaccharides derivative,

aspar agi nefl ppk@seiold yasacehaidddeaseandspatagioraqdhred debigodaeabRides
ol i gosacchari des deficient in sugar 10 noieties as desired are |inked. The
pr ocesses detivheiywr iwWdrhagpeacat icazel Agluike:1drheraspabeessarf or prepari ng an
aspar agi ne-1inked oligosaccharide derivative derived from an
aspar agi neohtvekeibralilgosand htutuherwhbell aymaeginentinkes the steps of: 15
(a) introducing a |ipophilic protective group into an asparagi ne- |inked
ol i gosacchat ydeaarhaati deeadér iwax invepanagarsgiriailddkedl o puogacehanrdass i aied uded
in a mxture conprising the oligosaccharide or said at |east two
ol i gosacchaigdescdimrdlieai nwisdrein oligosaccharides deficient in sugar
10 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:

15 (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

20 (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,

25 {(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



aspar agi ne-|i nked oligosaccharide derivative mxture, and 20 (b) hydrol yzing
t he asparagi ne-1inked ol i gosacchari de degrivative mxture or
aspar agi ne-1inked oligosaccharides derivative included in this mxture and
subjecting the resulting m xture to chromatography to separate off
aspar agi ne-| i nked oligosaccharides derivative, 25 (2) a process for

prepari ng sepazapéd agi M@yl knkesesd | @0sacehas i gieycodaah¥al i ve according to (1)
whi ch further includes the step (b') of hydrolyzing the asparagi ne-|inked
ol i gosacchani depréesdsy doirvprddarisrpanabegapddiney 1tihreat €Di ddyackihalide

gl ycosi dase, (3) a process for preparing an asparagine-Ilinked

ol i gosacclaariidet ieerdamiridyfagaceordi g t(2) (Wexdin Fhewhexire tdvmpiixt Hge
conprising the oligosaccharide or said at |east two oligosacchari des

i ncl udes The ebigpesuuthafritibeof agaid at( Apabel tww andgosaeckorpusndncludes
corresponding to said conpound wherein at | east one sugar noiety is

defici &nt a cénpoud afeshel 66rmiEpARA) NYeddw apBfcagianeohptked rirgepanehadg i de
derivative according to any one of (1) to (3) wherein the Ilipophilic
protectiveogsaid d¢@nmuniduehenyimeithaxuear boaydugarme) et Oigrauficieh), a
process for preparing an asparagi ne-linked oligosaccharide derivative
accordi ng (80 anyradessoffoflprémaxildly whernsparddimestiepkéd)ol igodateharefe of

i ntroduci ng Fnoc group into the asparagi ne-1inked oligosaccharide or said
at | east dewiasphragidrerdingetb Hnyolbngosactharicdds) haénglim tdeal i ¢ noi ety at
a nonreducing termnal and included in the m xture, and introducing benzyl
group i ntadiphphisialproteotiéty dupbtiai a f heowmspamaghorydarikedl (Fmoc)

ol i gosaccharide derivative mxture, (6) A process for preparing an
aspar agi ngrbupked ol i gosacchari de

(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



20 including the steps of: (a) introducing a lipophilic protective group
into an asparagi ne- |inked oligosaccharige or at |east two asparagine-1linked
ol i gosaccharides included in a m xture nprising the oligosaccharide or
said at | east two oligosaccharides to obtain an 25 asparagi ne-|i nked

ol i gosacchari de derivative m xture, (b) hydrolyzing the asparagi ne-|inked

ol i gosacchar de_ derjvati 1Lt ur. r.aspar.agine-|inked oligosaccharides
derivati vé%i %ﬁ:‘}%gneld(%%e %ﬁdt%ﬂ%’ elréltgflgrtéﬁ%nr ssutgjnelgtnlnh}étlf%ee Yesul t | ng m xture

t h ff ine-li | i harid
der i vat  ver ShEPH Ry B8 B Ee oBRERRO e DR BRI | ke
5 oligosaggp§$iglEadgghvative separated off in the step (b) to obtain

€

aspar agi ne- ol i'gosaccharides, (7) a process for preparing an

IR S e v

the step (b e asp gi ne-T1nked gosacchar1 des

gfre:ov?é‘c f ;’Slf&%‘{dpfagﬁ‘h%é 8 rfJéeci%eBeé%%ﬁ’%ﬁ(%ﬁ 18! ¥£0Si das58y,) apg/ g 1 e

0 yzing the asparagi ol'i gosacchari des obtained by

the step gg%?¥ﬁéibéa1gh¥885$ﬂ§§§ﬁgg§§ggdggpcess for preparing an

aspar agi ne- ol'igosacc according to (6) or (7) wherein the

m xt ure CQW!’;%%etsQe 09'1&1%%%9193‘%5(1%?19{???4 g?&{;%&?}%l %acchala}%er a

ol i gosacchari des 1 ncludes a conp or mu el ow an

compound. eLE£angndnds) {0, 23l duemROUNG MRS n at | east one sugar moi ety
i s deficient, a process for preparing an asparagine-Ilinked
ol i gosaccharj g8 EPTSH BGak81 FMnPEChsbBradthd Binpagrein the lipophilic
10 oligosaccharides derivative separated off by the step (b) with a
glycosidase, and/or
the step (¢') 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



protective group is Fnoc group. (10) a process for preparing an
aspar agi ne-1inked ol i gosacchari de accoiging to any one of (6) to (8)
wherein the step (a) is the step of intfoducing Fnoc group into the
asparagi ne-1inked 25 oligosaccharide or said at |east two asparagi ne-|inked
ol i gosacchari des having a sialic nDiety at a nonreducing termnal and
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reference wi e nadew atlon However, what is
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Since a detailed description is given in the prior
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 1linked 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



disclosed in the prior application will be described to some extent. The
process of the prior application for preparing asparagine 10 |inked
ol i gosacchari des derivative is dlstlncth characterized in that a
| i pophilic protective group is introduced into (linked with) a
aspar agi ne- | i nked ol i gosaccharide derived fron1a naturally occurring
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asparaglne I|gosacc ar|d a lipophific protective group is
attached o, in h : ip.t u rmul ae of
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m xture o I gosacc arid which are randon y deficient sugar

noi et ataEQﬁ:ﬂﬂﬂY%@Bﬁbng ternlnal The present inventors have unexpectedly
found that the 15 i'ntroduction of a |ipophilic protective group into an

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



ol i gosacchari de derived froma naturally occurring glycoprotein, preferably
i nto asparagi ne-linked oligosaccharides_included in a mxture thereof,
makes it possible to readily separate a m xture of asparagine-Iinked

ol i gosacchari des derivative having the protective 20 group introduced
therein into individual asparagine-linked oligosaccharides derivative by a
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ol i gosacc rivative having structu n be prepared
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conventional|ys S ffdSibhalPasenghal.g 50 be separated from one another, and
t hese conpoun%s C be prepare eaS|Fy In large quantities. Further a 15
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bet ween the ol i1 gosaccharide and the reverse- se colum to be uSed

favor abl y o1600SARERELY 1 SERAALAIG! EyaRSARIAGLRG) | EOkat Qhiogasacchar des

derivative from one anot eflecting the erence of structure
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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



aspar agi ne-1inked oligosacchari des derivative obtained, various
aspar agi ne-1inked oligosacchari des can artificially prepared easily in
| arge anounts according to the prior apg i cation. 20 However, the
aspar agi ne-1inked ol i gosaccharide derivative, the asparagine-I|inked

ol i gosaccharide and the oligosaccharide obtained by the invention of the
above-nen%%gggﬂoprior application are all a2, 6-bonded conpounds.

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

aspar agi ne- | i kgl ob 80SAC A0l U0tk A5 36 Cfadl 1001 ahgedl by  he

i nvention of the above-nentioned prior application are all conpounds

wher ei n t%qriglg;gggmw hdei has 0 %Eggés%ﬁﬁs?edﬂ ke&hgfggo%acmﬁr%ssem

i nvention p S an aspar agi ne- gosacchari de derivative, an

asparagi nephi gkedh 0l ARRASEDAL iR 1000 a0 0l 90RACENALIAR A B ar e

a2, 6- bonded conpounds not 5 disclosed in the above-nmentioned prior

appl i cati gRg-08ed U REE a 15\%” ti8HedSPALAY! ?1'1%95?%;},0'%&0%%%9%? de

derivative, an asparagi ne-I'1nked ol i gosaccharide an ol 1 gosacchari de

whi ch ar e, gl 400V a%%Qréﬁﬁné'"Zl’i%ﬂang?ﬂggmr}q%eaagrm&@ea! 3q contain

fluorine. "10 The present 1nvention further provides an asparagi ne-1linked

ol i gosacchapideqy Ass i43kke¥eo MY &b dchiad 1 Y CA%E- Lhnk ety srmeund 80in: 4i selosed

in the above-nentioned prior application. The difference between a2, 3-bonded

conpounds 3 dngde B-ari0Rded £ORRBYAGSa idrpGadeshd i et ah oY cdre e
a2, 3- bonded conpound and t he a2, 6- bonded conpound represent nodes of

bondi ng beywgeinsialic acid and gal actose. The former refers to a conpound
wherein the carbon at the 2-position of

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 coﬁpound
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



sialic acid and the carbon at the 3-position of galactose are |inked by
a-bonding. The latter refers to a conpoynd wherein the 20 carbon at the
2-position of sialic acid and the carbon at the 6- position of gal actose are
| i nked by a-bonding. Thus, the difference resides in the difference in the
carbon-to-carbon bond between sialic acid and gal actose. This difference is
i nvol ved, ih@luexsdpidus Ant hecéwoaptspeci2bct ©£0gMhé | Bhrmfr ispkliienzal W r uses.
I nfl uenza viruses recogni ze oligosaccharides having sialic acid at the
term nal a®cbhgiies elliGbsactyeMBes whideehhnBikilid ladehzas Virbys -béndkd f&y ent
fromthe avian 17 influenza virus in receptor specificity. The fornmer

speci f i calday acteseogntzaeasl tiieseotwr isgesi iherldiyn recaghtzesi d is 02, 6- bonded
to galactose, whereas the latter specifically recognizes oligosaccharides
wher ei n siAliiggsactithriNed2wleborvlad 10 cgat a8t s ey 2 53 Idodaedk BeVWga 1 ddto e
difference in the node of bonding between sialic acid and gal actose, and
furthes dirftf @sekeevn nthaitakhe @t fbrenglayn atige emider 6ff ebomd 16$ thdticieng t he
host range of influenza viruses. The present invention relates to

aspar agi nedihilhkeacild ald gatacedss, daddénrvieér ES feaspae abn nei-dliirkadid,

ol i gosacchari des and oligosaccharides which are novel and not disclosed in
t he prior plappai gagdtonrplandnarestadesinborheriepar iraggsuch ofifpemads.
According to the process of the invention, an asparagi ne- |inked

ol i gosacclvdrudes ( nonasacchari de- Asn- Fnoc) protected with a 15 lipophilic
protective group and serving as the starting material is reacted with sialic
aci d transferas@heoptesersf énventlion weliatesr ta aspartdginacildnkledi vative to the
ol i gosaccharide, and the resulting asparagine-Ilinked oligosaccharide

pr ot et ed oMigbsadwehdrigephiericatives, 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

gsialic acid or a sialic acid derivative.



protective group is subjected to chromatography for separation to 20 obtain
an asparagi ne-|inked di si al ool i gosacchajgde derivative protected with the
| i pophilic protective group and two ki nds of asparagine-|inked
nonosi al ool i gosacchari de derivatives. The asparagi ne-1inked
di si al ool i gosacchari de derivative and two kinds of asparagi ne-Ilinked
nonosi al ool i gosaaehaspieagitlel- ¥ ahke@sunddzacbtai Reshk s dchar i e bjecivert ive
sugar hydrolysis to obtain asparagi ne-linked nona- to hepta-saccharide
derivatives Bayhrgpire-alinkedCdik it od1shsbiéctaniidederayadive. 18 The
aspar agi ne-1inked undeca- to hepta-saccharide derivative or
aspar agi nendeskeskdiaviidleonlh gasagc bathdred ahdre trdesashectat itdesAgar Fnoc)
obt ai ned above are subjected to sugar hydrolysis as starting naterials to
obt ai n aspgaagly€td iakedadetny ndteriiala- sacadindasgerayhié dsinkied dbtah
fucose is transferred using sugar transferase to obtain asparagi ne-1inked
trideca- tto hepi asacchaehaei deridertieatl, i veswieint &uaosg 1isiCtOssens fEireefdr asesd i Ng
group is not particularly limted, and there can be used, for instance, a
car bonat eshgaedtxansfisrdeebts asbtHinprepecadging Qriakpd stideds FwOhegeaup,
t - butyl oxycar bonyl (Boc) group, benzyl group, allyl group,
al | yl oxycaabohat Hdeyrdeupivaoivesceintlhigiogpfudasem t he vi ewpoi nt that the
resul ti ng asparagi ne- |inked oligosaccharide derivative can be i mredi ately
used in the symhhesrstaftiagdgsourpdi ginpcopepticelarllye lamdvedpraoidathierg gr oup
is 15 preferably Fnoc group, Boc group or the like, nore preferably Fnoc
group. Theaknbe wesup fiog espenicad,| p ehfbatatee balsed dbheamidxitsisedin t he
ol i gosaccharide a sugar, such as sialic acid, which is relative unstable
underl@ci giroteotnitid igowsp, Téech ras Fodoct gooumf t-batplokecd fhagrydr dBpchmy be
carried out according to a known process

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.,



20 (for instance, Protecting Goups in Organic Chemstry, John Wley & Sons
I NC., New York 1991, |SBN 0-471-62301-6)9 For instance, when Fnbc group is
used, an appropriate anount of acetone is added to the m xture containing
aspar agi ne-linked oligosaccharides, 9-fluorenyl nethyl-N succinim dyl
carbonate and 25 sodi um hydrogencar bonate are further added thereto and
di ssol vedwheaeBy t ttes ealccegrole d2s bet i AGrodudad d@nits Shb| £edaGigtineambi &€y Ny
reaction of Fnbc group to an asparagine noiety at 25.degree. C., 19 whereby
t he Fnoc @fothe cattoee aisphradimed inkied bhegespatagiide. noi ety of the above
aspar agi ne-1inked oligosaccharide. According to the procedures described
above, a m xturacebrdime taspaecagroeedindscdestt oshctiosiel, de dixtwsd iofes i nto
each of 5 which a lipophilic protecting group is introduced is obtained.
The si al i checadpdtadimeudedked dangoganehatlde aleaiilvahli ees ciommereaical by, or one
prepared by chem cal synthesis. Exanples of sialic acid derivatives usable
are t hesewpenbrallipowhdilli abbeotoarrimge gadly , i Orintthrodeced eparadahiyieahemni cal
10 synthesis. Mdire specific exanples of such derivatives are those wherein
t he hydroxyl grabup atdbocheditiotd hise aarddon sabnen géndrad 19- apasidblon,
8-position or 9-position of sialic acid is substituted wth a hydrogen atom
or hal ogerocatentidanplesoné mhadpeged by ocsemiarad sluohesies. chl orine, brom ne,
etc., anmong which fluorine is 15 preferred. Exanples of sialic acid
transf erases usabhephee dfhedeligensidlderigutivedlwabienerei elidse t hose
naturally occurring and those prepared by genetic reconbination. A suitable
t r ansf er agenecahl pervedlebl edcommeacdel dmncer wiidset beekarel dfy shelicahci d or
20 sialic acid derivative to be transferred. A nore specific exanple

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



is one derived froma rat reconbinant which is an a2, 3-transferase, and one
derived fromrat liver which is an a2,6;fransferase. Alternatively, sialic
acid or a sialic acid derivative may be” 'transferred using sial ydase to
shift equilibriumas by pH 25 adjustnent. The separation of each of
aspar agi ne-1inked oligosaccharide derivatives by chromatography can be
carried out;h OR%.L-alely. hils Ngi K Lchronm ggﬂ{ ' o3 BY rin
a conbina#%éngo pIhE%F C r%ﬁ%%égrép e, orq%hstgﬁgé, tzgﬁﬁgsupt#%%P

m xture of.,aspa¢ skknked oligosaccharide derivatives is purified by a
gel fiItrgt?op co Jﬁﬁl > chromat ography, and then purified by using HPLC
The col um whi chogai Akl d chl HELG {i5iPhekel DIk AskaY¥asste PR LO! UM,

for instance, ODS, phenyl-based, nitrile-based, or anion exchange-based

col um, a@%g@g&&@%ﬁme e FPROQ R YRNL B ALY 8dgby ARG 68 column

| at r o- beads col um manufactured by latron can bé utilized. The 10 separation

condi 4 ongyapth LA dehiee BRY DRAGuSERSay RRASGT BBt Omd JIANA GRAGLLI On.

According to the above procedures, each of  the “desired asparagi ne-l1nked

ol i gosacchapi ge f&sd MRt k¥EE £ & eraBi ¢l Db QR bRSs & X Wi, O or

aspar agi ne-1i nked ol i gosaccharide derivatives. 15 In the case where the

protectivengi e | SOETOEhEAPLbaseRS PAE 881 NeHdsalsed P! wgﬁ@%%%hgs-based
derivatives of the formulae (12), '(13), (17), (18), (22) and (23) can be

obt ai ned By1LAE, ARV @onBEEEEHHN &S mofHH! BSTIR SanhfScRSPA 3Gl Baakhaked,
ol i gosaccharide 20 derivative having a desired oligosaccharide structure can

be efficigptd oA dmRYmdMH Rt izeA0Y Ne: taSRakagl Be-ddiNkedd. The

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



ol i gosacchari de derivatives separated in the above step. For instance, in
the stage of separating the asparagi ne-Linked oligosaccharide derivatives,
t he asparagi ne-1inked oligosaccharide 25 derivatives can be roughly
separated by limting the kinds of the asparagine-Ilinked oligosaccharide
derivatives contained in the mxture, and thereafter the asparagine-|inked

ol i gosaccta@glggﬁg‘;es detd %ﬂgﬁ é(@éedart% ﬁgak8ﬁ3tr§ngs t qfo*}y%gk éi ﬁﬂroﬁ%ié‘”ce,

hydrol ysis gl ycosi dase, where e aspar agi ne-
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can be iciently obtained. Here, the hydrolysis can be carried out in
the same ra%!r}%gtféesd%%%heeghé%reﬁse@%@éécycharadbssefséﬁf@é@ €ant pat the

hydrolysis Is carried out " wth a glycosidase of which cleavage node of the

0|'gosaCCQ@E&Q?eﬁ@d§”dﬁ%§1hédC'#E?é fth@Mh{&fo1)d i@WeahNbe Of a 0N ShLLI ¢hently
obtai ning the asparagi ne-linked oligosaccharide derivatives having the

desired olthgosare e allasdEMPdd 8BovEOrEdfRANGES, (e d gmvalBiet he
gal act ose noi eties can be acconplished by dissolving the conpounds to be

hydrol ysedph® he BWdRNvEE S 1d NSIA1E8, oRPOSPHALE gﬁ%égidaé’&%@%léﬂf fer,
Good's buffer or the Itke), and carrying out cl éavage reaction of the 15

gal act ose ARLGhLE M Bracgal &ﬁtg%%'a@éﬁﬁri&'e afirdances V‘éié’hxa RO the
condition. The Conpounds to be hydrolysed may be individually isolated

conpounds yeewBo R XtdH @Rt LPESE SRTROHBESinddy ithe Qéﬁéﬁﬁéﬁﬂéilh%ﬁbda
comercial |y avail abl e known exo-type enzyne is utilized for the

gal act osi daggosls€chd i deNtisri CRACVRN hadi 88, tid 12 reAZY I BydBRE D@ rdgaew y
i sol ated enzynme or an enzyme generated by genetic engineering, as |long as

the epgymthast@rsd Ml ar activity. Next, in the sanme nmanner as descri bed
above, the reaction solution

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 1like), 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



obtained after the reaction (a m xture of asparagine-Ilinked oligosaccharide
derivatives of which sugar noieties arezgl eaved) 25 may be subjected to
chromat ography to gi ve each of asparagi ne- |inked oligosaccharide
derivatives. For instance, it is preferable that the separation is carried
out by HPLC (ODS columm, eluent 22 being a 50 nM aqueous amoni um acet at e:
acet oni t ridedang2a 18) .mM Rejueeadvahmafi unhachtace! \aitonasanl s 20imt.i es can be
acconpl i shed by dissol ving the conmpounds to be hydrolysed in a buffer (for
i nstance, phosplitakerbudd£l ,ofachbal eadedfleylucGoadise mdivfties eantihe | i ke),
and carrying out cleavage reaction of the N acetyl glucosanm ne noieties with
an N- acet \Wogbnpbdssitedibdade ssolviagre ahdarorpuntds ek bewhydooydddrin Al so, an
N- acet yl hexosam ni dase can be used. The conmpounds to be hydrol ysed nay be
i ndi vi dualduf fersofat echscanpeunpisosphaaenbuf fiere, cicethesebebigouaded'st is 10
preferable that a comercially avail abl e known exo-type enzyne is wutilized
for eabh énfyme osechd nikk)s amdctarayingl sot ¢lemavegeyreacinion v aheelt y
i sol ated enzynme or an enzyme generated by genetic engineering, as |long as
t he enzymaceaglglsioddreneanbietias wikht ani N-addtylgaoeosanirerdaasse descri bed
above, the reaction solution obtained 15 after the reaction (a m xture of
aspar agi necconéegce|wigds acghawn donddetipnat Avess, @n Whachtylhgaesanihadade
noieties are cleaved) is subjected to chromatography to give each of
aspar agi neahni hkedsed! iTpes aovbeundie toe bevhydxels, sedomaynse aimod, viiduaildy
preferable that the separation is carried out by HPLC (ODS col um, el uent
bei ng a 2Gsb0apdl acprevysdanubn umxdcetad€: timstchaeobo88dl5 r i® 50 mM aqueous
anmoni um acet ate: acetonitrile=82:18). The renoval of the nannose noieties
can bél0acooepkirabhkel that di sswherqiglille avaibohimd knownbexdys esegmenis
buffer (for instance,

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 agqueous 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



phosphate buffer, acetate buffer, Good's buffer or the like), and 25
carrying out cleavage reaction of the n?gnose noi eties wth a mannosi dase
under a known condition. The conpounds f0 be hydrolysed may be individually
i sol ated conpounds or a m xture of these 23 conpounds. It is preferable
that a commercially avail abl e known exo-type enzyne is utilized for the

mannosi dage sedsl N ANis HLEACION. ALSO, L SNANTR, RYa PR 1ty SOI at ed
enzyme or Sancoenzyime génefated by genetic englneeriny, - as 1ong as the enzyme

eacti on SOPGETBS SAMINL8 SriLiAdY, SRF S IRRATe 08 gag i agiove,  The
aspar agi nehbaked. dhidosanehatide ey Katl Uesadl i choq oLl ggaacshar de

noi eties are cleave I's subje chro o gl ach of

Siﬁ?re?%ibF%z%k@%eﬁ?%%fé%%??%??%%ﬁ?d%é%gﬁ?fl%éﬁ#ﬁe%ys iihe & o e Brtien:
about 30 Po MBS0 A Aron uirachr ol B e s hate gt APElere

out 10 fo 3bout” F40" ant e el er 3o ubl .
o 15 but g TP e o R e o Fee B B e T hor el n

it is pre%%%ﬁ?&?irr}«{]—glt:ig%?%g%%@zﬁadc@ua‘%iég.%%\%ﬂ%'{qgléé of‘@??ﬂ!h“lm

acet at e: acet oni I'S pPOSSI to prepare nove

aspar agi nghkg%ae&haqli:dgomfg@féé %efeds&'hxaé&weiss captaLpipg.pt |east one

fucose in acetyl gl ucosamne on the nonreducihg termnal side of an

aspar agi n%&bﬂ%ﬁé’q%&&%ﬁ??f@i‘% | e ner Qéﬂazt%ﬁr%f;&g%tﬂgé "$1 1 is28hE 01 98" OUP

protected Wt protective grou ning various

aspar agi nqelk pked, Al | gosacghalide deriyalidas dniet bhit ave R4 LRELRA L er
causing the transfer of fucose.
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 agueous
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



25 The fucose to be used is one generally available comercially, or one
prepared by chem cal synthesis. Exanpleﬁ of fucosyl transferases usable are
t hose generally 24 avail able conmercia ﬁ t hose naturally occurring and
those prepared by genetic reconbination. A suitable fucos transferase can
be selected in accordance with the kind of fucose to be transferred. A nore

speci fic ex%gg!aﬁlé %%%X!ﬂ%?nsglﬁg%s%ayu? dﬁ(}}”&aﬁ%rﬁ% A8 NMose

pl asma- dei'V seruny deri-ve derives iver-derive which is an

enzyme for fregggéé gﬁF' % eft¥§°§§c<§x\iﬁ>1'}fat§88t ylag! Hﬁgégﬁ "Gk tt'il‘r%nQ?gueg“C' ng

term nal ara osacchari ernati cose can

be transf erre Tgwgctedqusgggéfdamhamtw& GO LEDE U as. Dy pH

adjustnent € separati on ol eacC aspar agl ne- |gosacchar|de

derivatives ?L‘fSJP{ dTatR%;S"PJ‘YSf%%'}f?g gﬂr@r%d Qu%u\?é{%)?ﬁﬂ{a%%“fie%géyv using

known chr oma ographi es

chromal Ogr%ﬂﬂbﬁsre og{blhﬁﬁka\'}gfasxﬁah%eﬁ?ﬂht'%xﬂ&-ﬁ%ﬁ&? 19,[ rr%fﬁ?"d%%'l%d'bpked

15 ol i gosaccharide deri vat S 1s purified a ge at'ion ¢col'um

chr omat Ogrﬁ%@ - adPd dd)en PEHﬁ' fied %zgﬁénﬂoﬁpﬁ%nsm?r?% UATE MY &1 &gg” be

used in H I's preferab reverse ase i nstance,

phenyl - %%@ty%l&é sgao %%egn %n‘?r%dﬁé%@&nrﬁegx?rﬁg%ﬁgof 2%&}’%{&[90%% inked

concretely, umm nanu acture s col um

manuf act ur.g qgggaéé}; drqb'ae%a” pﬁete‘ftnbltwgij %%oséegﬁ%%é A @QI.:L g@slﬁg;dtthe

i ke may be juste referring known condi t1 on. ccor I ng

above procf%@ugga%seegab% Qhs ro%ﬂrﬁﬂrﬁmé Sul hakedkpld gosacchar i de

derivatives can be tai ne e mxture o aspar glne i nked
Ol'go§@CChar'deThaSSgﬁgfaéﬁahV%§'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



As descri bed above, each of the various asparagi ne-linked oligosaccharide
derivatives of which branching structurgg at the 25 termnals of the

ol i gosaccharides are not uniform can b&~ obtained as individual isolated
conpounds by further hydrolyzing the derivatives with various glycosidases
and the like to renove the sugar noieties at non-reducing termnals of the
ol i gosaccharldeg 8 & Usle LReqODIAUNRAGsOr €30 OlnilrBEn 503 3 DEhi Rkad
ol i gosacchari de derivatives. reover, even a larger nunber of the I'nds of
t he asparagi ngzkipked ald C i depl,vatd £ red by

changi ng ?hquggg? or 9ﬁ§ﬁa?%§ %?&ﬁ&'Polygigﬁmnt %ggfpoﬁgﬂgfgégéidases. 10
Accor di ng . 1.QN S, YRt § 5 i d st for
obt ai ni ng eﬁéggggg%gg%ﬁg{??ﬁ%@%ggﬁﬁgggggéﬁggiae g%r?&%%isgs éﬁgnéﬁgery
limted olJ J t t a3l ol i . gggl scal
scale. On sIt g%%‘?\?%ire%e aa%céggdil%ncgﬁctlglg_ ttﬁeﬁg#%eissg%fe;éﬁgeg?!l% a _c??%d%ggr am of
the aspar agiRe- LhOKastslomBhEI0P ALLRAEIend Sk INAIIQES ey g desired

ol i gosaccharide structures can be prepared in an about 2-week period by

using 2 GaYBOLEONAl el LAt AdONMEOLUID: HELG GohUDTer AL Lpash1 1 ee

ki nds of gl ycCosidases (for 1nstance, gal actosi dase, nmannhosi

N-acet yl ghycgsagt )as\eﬁa&aﬁ&%nﬁ%%ai bat L 5% &hh Akt ji&ﬁl\%tizgsd%\éhcgé or

reagents. I n accordance Wt e procedures described above, when th

protecti ng, QpguRg ﬁyrcr{a%&ﬁ CEhe iosrd%'fogrgfﬂé'm'r{cf]%rfeh9a{]ofc}?sit{fv;iitﬁi ently

obt ai ned & asparagi'ne-11nked oligosaccharide derivative e formul a:

(14) to (18)riochdNY1Jdidlkesn individually isolated 25 conmpounds or a
m xt ure of tﬁese conmpounds. Al so, the present invention provides a process

for pigparing 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



a asparagi ne-1inked oligosacchari de capabl e of obtaining each of 26 the
various isol ated asparagi ne-Ilinked oligggaccharides in alarge anount. The
above process further conprises, subseqdent to the step of preparing a
aspar agi ne-1inked oligosaccharide derivative in accordance with the above
process for preparing a asparagine-linked 5 oligosaccharide derivative, a

step of rec’ﬁ%ygrggié@se HaLeeh! Ellﬁpagfa%%e-ﬁﬁggé%@i&%%tﬂ'c%&gi@éspai%%i 1&rhkLnked

ol i gosacchari de derivati ve. e renova ecting group fromthe

aspar agi ”%dohﬂ'é?drﬁiiﬁa%%%?ééé&e ABHLA LY CAILPE SBBELEEEL OUlo ithe step

accordance wth a known process (for 1nstance, see Protécting Goups 1h 10

Or gani ¢ E%%%%%{riégo'wa\%kﬁﬁ%ig%eﬁq}r%k%'?icon 94 Xl 1 5298 er d AN 5y

471-6230 I NSt ance, rotecting group is Fnoc group, the

Froc grou%c%gggg Cégﬂgypqhgyagggiﬂgﬁggggh9+%ggﬁéﬁ?ggs(EK%%E%E&HﬂH%ZHEHKSQthe

ol i gosacchari erivative in N, I met hy 0 carry out

;eﬁgéLQQ'CiO?gt’%?‘f‘gf‘éJﬁ?eléengi%’pﬁ?%Q“—‘B RN AR RBP YRS ﬁ%@ecfﬁ%&t hg[}ﬁﬁ“ﬂt h

e renova e protecting group, a aspara ked

0'igosaccfﬁfoindéhgay%shﬂt%gpsgﬁa(r tRl ey -gofswégggﬁﬁiaga&ééi pifbxture by

a known process such as various chronatographies oying a gel filtration
colum, an ion %@hﬁaﬂ@v&plmh@r?w@e&%ﬁ K25 Ardlf A4S sggri&pr%-at' on by

HPLC as desired. In accordance with the procCedures descri bed above,

aspar agi ngshipkegh A Lesagehas i gesi ek ithecdorgalar 484 and iﬁ)ac%gggaﬁ%ai ned

in individually 1solated conpounds or a mxture of these conpoun

Further, LRQnPLEREMNT IJP6eBELON: P OVisi8Rc8, PEACEs S thkBEin ré&%{déﬁgna ,
ol i gosacchari de capable of obtaining the various 1solated oligosaccharides

in a harge3aRYAtchdilte t3POVEoRE GFESY & Sons INC., New York 1991, ISBN 0-
471-62301-6). For instance, when the protecting group is Fmoc group,
the Fmoc group can be removed by adding morpholine to 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



27 further conprises, subsequent to the step of preparing a
aspar agi ne-| i nked oligosaccharide in acggrdance with the above process for
preparing a asparagi ne-linked oligosaccharide, a step of renoving an
asparagi ne noiety fromthe resulting asparagine 5 |linked ol igosacchari de.
The renoval of the asparagine noiety fromthe asparagi ne- |inked

ol i gosacchritder Cesmie @, I sels@lierith tac ené déte of blrepar kipwn process. For

i nstance, the asparagi ne-linked oligosaccharide is reacted with anhydrous
hydr azi ne aapdrh§ene acieikeldabe figdadaiamideldn t - @spakcagwieh Nl tapoveher eby

ol i gosacchari de can be obtained. Al so, oligosaccharide can be al so obtained
by refl uxipigckbe f&spaepgiriifgla karhrakigesatsibar iode gvkhtciediide)gal Btapbasi
aqueous solution and thereafter acetylating the asparagine-Iinked

ol i gosacchdar rdRot ind efiD\wephbeg bisp atcadgitpe f At eihe réluetihdeadw@im@gahel5 of the
asparagi ne noiety, the oligosaccharide may be purified appropriately by a
known proQaakedushidssaeaha@ilde chr omat ogr aphies enploying a gel filtration
colum, an ion exchange colum or the 1like, and a separation process hy
HPLC as desi r ed. Thenraaswsdaic @ hei aspd ey ipeome dat ¢ Sf xtes ahieb e sp &byite -20

ol i gosaccharides of the fornmulas (10) and (11) are obtained in individually
i sol at ed adnapedndsidysazchiaxide ecaaf beheaertedpaitnda. acASrdesey iWwied above,
according to the present invention, the asparagine-linked oligosaccharide
deri vat i v&nowhepasqgegsagFoe- L nskace,olthgosspatmarinde 1ankled hel ialdsgeshaehas | de
(hereinafter these three 25 terns are collectively referred to as

"ol i gosacdbarkedets@wiadl’ anhydsone hydse}iracdndatiengaaetighittedl] to remove

ol i gosaccharide structure can be prepared at a |low cost, efficiently and in
a | arge amhentsp@fagine 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.



The ol i gosaccharide series of the invention are very useful in the field of
devel opnent of pharnmaceuticals. For exagple, vaccines for cancers are an
exanpl e of application to the devel op t of drugs. It is known that cells
devel opi ng cancer 5 produce an oligosaccharide which is not found in the

living body. It is also known that when chem cally prepared and given to
the human body hsan, o igo C n i nLOW h
of cancer. If tﬁggdgélﬁgé?éqiaﬁgggcc rldégsgﬁgega%gﬁﬂgg Q%?ogﬁﬁggﬁaégbrdlng

to the i NYENLHONesdiq ok BE9S] Mlorki0 o BRALR. Ak UASCT N0 MLCo1 5, €F T ect i ve

for treating cancer. I gosaccharide series o talne by the invention

can fur thenche,Jade. iahAIerd Aty esahy) 814 Aching aeYel syidale Mo eties

thereto t roug conbi nat1 ons of em cal reactions and reactions of sugar

Lransf erases { iadfie S @ALALT 90 O RONEL cvAcCLEPPs A AESTNODELLE, CARRYING

OUT THE | e pres invention w be descri be
ref erepnce f anpl h 3 n i s not
it 35PRure, & H9gets %ﬁsﬁ@%&?ﬁt POy SopnBRLATAC R e BF?% ked

di si al ool &Q0?$C§M '}éiil%wn' BhdO00,Hln ehe Féify *Bé%b%?@hoéﬁ& e‘iix ¢3| EWI oH

chl ori de er (TRIZMA BASE 0. 05 nD calciumc Ior| 0.01 no

7.5) was I g e eLhV £S 5
gl ycopept ?{gﬁég yg& 2aS( ?7§Q%i%l %ngg égd?gl&ym g§§§ SiZ%{ﬁﬂl%f th,%\ctl nase- E

(manuf act B&SQthOﬂ(%%%e?harf@%lét hedl r &P- oll'gbga%cﬂ\ﬁfﬁie %%‘ii‘igst Qat s
solution, "and the mxture was allowed to stand at C. After 65 hours,

263 ngy of pR6ELPES e MAIngd I8k P8R en®oh, it is possible to prepare a

10 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.

15
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.

20 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/l, pH
7.5) was dissolved 2.6 g of an egg-derived crude SGP (sialyl

25 glycopeptide). 58 mg (772 {4mol) 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



the m xture was allowed to stand at 37 C. for additional 24 hours. This
solution was freeze dried, and thereaftgr the residue was purified tw ce by
gel filtration colum chromatography (Sephadex G5 25, 2.5 ( X1 m eluent:
water, flowrate: 1.0 mM/mn), to give 1.3 g (555 [Lnol) of a desired

CY2, 6- asparagi ne-1inked disialooligosaccharide. The physical data for the

resul ting #2%6- @&Q@&agsn@o&wk%3 i b8! 20li:99828CH2¢ | incll 8o@sn! Ohdgws. 10
"H-NWR (D20, 30 t) 85.13 (s, 1H, Man4-H 1), 5.07(d, 1H, J=9 g ,

G cNAcl - Hile mdxPeES waslH11M084- ¢6 PDrard: ZZ(§7 aH, f&@rb?dd'i‘tllbnaf 84 (KouAd,
J=7.6Hz, GLcNAc2- Hi), 4.60(d, 2H, J=7.6Hz, GLcNAc5, 5-H 1), 4.44(d, 2H,

J=8.0Hz, 1mk6sobuthdn wak 22ebde diHedyhBddHtRgreskt2R( BHE, rddtaddndsH 2), 15
4.12(bd, 1H, Man4-H2), 2.94(dd, 1H, J=4.5Hz, 17.2Hz, Asn-(3CH), 2.85(dd,

1H, J=7. OftiritiedHzwiAS by J6H) fiPeatiod. 66{Gth cHtomdEdgbhiBhy (shphdaexNeuAc?,
7-H3,), 2.07(s, 3H, Ac), 2.06(s, 6H Ac X 2), 2.02(s, 6H Ac X 2), 2.01(s,

3H, Ack, hs/ledd, p2t1 121468 : Mz, £10RUASde: -0 Rl /i diO0GHQivEOOs qq
HO p~ NH Ac” H3C-NH O O4 H O O 0 OH OH HO Hq ONi NH2  HOU; W NHAc “NHAcO COOH

HO HOCC Oﬂ; H@@ QmH@) QO NRAG i8R 2,6-asparagine-1linked

disialooligosaccharide.
The physical data for the resulting @2, 6-asparagine-linked

disialooligosaccharide are as follows.

10 'H-NMR (D,0, 30 C)
05.13 (s, 1H, Man4-H-1), 5.07(d4, 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(d4, 2H, J=7.6Hz, GlcNAc5, 5-H-1), 4.44(d4d, 2H, J=8.0Hz,
Gal6é, 6-H-1), 4.25(bd, 1H, Man3-H-2), 4.20(bdd, 1H, Man4-H-2),

15 4.12(bd, 1H, Man4-H-2), 2.94(dd, 1H, J=4.5Hz, 17.2Hz, Asn- 3CH),
2.85(dd, 1H, J=7.0Hz, 17.2Hz, Asn- BCH), 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,.)

HO
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HoHO oo Ho% ,
o3 R10> Niac (A)
¥ HO OH
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HscTr
)

20



HO OH H3Cx 0 20 0 30 Reference Exanple 2 Preparation of Conpounds 1, 2,3
and 4 a2, 6- Aspar agi ne-|i nked disialooliggsaccharide (609 ng, 261 ,u.nol)
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. Immediately after
heating this solution at 70 C for 35 mnutes, the solution was cool ed on

ice, and oys sodi um hydrogencarbonate was added thereto to
adj ust it%e%%&%{xg%_ﬁ%a%g%%u?i on was freeze dried, and thereafter the residue

was purified 10 by .gel OIFi Icto;n?;){lggscpl um ghpopat ography (Sephadex G 25, 2.5
' )

X1 m eluent: water, flow rate: 1.0 m’/mn), to give 534 ngy of a mixture

of a2, 6-asparaqgi ne-1inked. di,si.al.0aol.i gosacchari de..two, kinhds o
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ol i gosacchari1 des m xtur
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, 30C)
5.13(s, Man4-H1), 5.12(s, Mand-H1l), 5.01(d, GlcNAcl-H1l), 4.94 (s,

20 Man4'-Hl), 4.93(s, Man4'-Hl), 4.82(s, Man3-H1l), 4.60(d, GlcNAc2-H1),
4.58(d, GlcNAcS5,5'-H1), 4.47(d4dd, Gal6,6'-H1l), 4.44(d4, Gal6,6'-H1l),
4.24(d, Man3-H2), 4.19(d, Mand'-H2), 4.11(d, Man4-H2), 2.97 (bdd,
AsN- BCH), 2.72(dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.64(bdd, AsN- [3CH),
2.15(s X5, -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



was dissolved in 16.3 mM of acetone and 11.2 ml of water. To the solution
wer e added 9-fluorenyl nethyl-Nsuccini g1 dyl carbonate 31 (155.7 ng, 461.7
[ Lnrol ) and sodi um hydr ogencar bonat e (80. & ng, 957 g nol), and the m xture
was stirred at roomtenperature for 2 hours. This solution was applied to
an evaporator to renove acetone, and the remaining solution was puri fied by

gel filt rg@S% coI u 5 C?[m @t ogoaghg &gg@%rggé?%r 2ter e(tsgf ?m 95‘# uent:

wat er, 489 grve ound 1,

ds 2 f
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col umm, el uen anmoni um ace

cm f1ow rate’ o3 gt s éapflé@sea ., 0UROUIL é:\éfa§1gﬂ19vg|#é&%n%ft§5d51

m nutes, a mxture o ounds 2 and 3 was ter m nut'es, and

Conpound Ath‘é’a:?feﬁéi‘ﬂﬁ% §01§E18§ &%aﬂerea iEgch, tf*lg %5@§$+ Oﬁu‘ﬂﬁre

collected and freeze dri and t ter desa te tration
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found1025§ﬁu%§81after 51 minutes, a mixture of Compounds 2 and 3 was eluted

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 o 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, 30TC)
7.99(2H, 4, Fmoc), 7.79(2H, d, 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-H1), 4.67(2H, d, GlcNAc5,5'-H1),
4.53(2H, d, Gal6,6'-H1), 4.34(1H, 4, Man3-H2), 4.27(1H, d, Man4'-
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



32 ~HO"O0 O off HO/'" NHAc ( HOpHN~~\ O 0oj~ HOHW O jiNyy~~~~\y~~~
O NHACO NHAC HO O OH. W-T H. 0 lio Thejstructure of the above

ol i gosaccharide is shown below. NeuAc: sialic acid, Gal: D gal actose,
GlcNAc: N-acetyl glucosam ne, Man: D-nmannose, Asn: asparagine 5
NeuAcaZ2---6CGal (31--4GLcNAc 31--2Manall 6 3N an (3 1-- 4GlL cNAc /3 1--461
CNAc-- Asn- Fnoc NeuAc a 2-- 6Gal 31--4GcNAc (3 1-- 2Man a 1 (1-a) The
physi cal data for bhe resulting m xture of Conpounds 2 and 3 are as

fol | ows. OHOBOC) 10 7.99(d, Fnoc), 7.79(d, pmsnc), 7.55(m Fnoc),
5. 14(s, Ivan IVBM%H) 5.00(d, GLcNAc1l- 4.94(s, Man4d'-H),
4.93(s, -H1) 4.60(d, Glc 1), 4.58(d,

GLcNAc5, 5' HI) 4 46(dd o-HI) 4. 44(d, Gal ), 4.24(d,

Man3- H2), 4.19(d, Man4'- H2) (d I\/an4 H2)

HO Hc;&/ﬁ/ 7*:' (1)
2

o NHAc

(o)
3&?} g o

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 8 [ 4GIlcNAc B I 2Man a IN

6
3Man B 1™ 4Gl cNAc B 1= 4Gl cNAc— Asn-Fmoc
NeuAc @ 2— 6Gal B 1—4GlcNAc B 1— Man 1/
(1-a)

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

10 7.99(d, Fmoc), 7.79(d, Fmoc), 7.55(m, Fmoc), 5.14(s, Mand-H1),
5.12(s, Mand4-H), 5.00(d, GlcNAcl-H1l), 4.94(s, Mand'-H1l), 4.93 (s,
Mand'-H1l), 4.82(s, Man3-H1), 4.60(d, GlcNac2-H1l), 4.58(d,
G1lcNAcS5,5'-H1), 4.46(dd, Gal6,6'-Hl1l), 4.44(d, Gal6,6'-H1l), 4.24(d4,
Man3-H2), 4.19(d, Man4'-H2), 4.11(d, Man4-H2), 2.97(bdd, AsN- 3CH),

15 2.72(dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.64(bdd, AsN-3CH), 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, 300C)



15 2.72(dd, NeuAc7-H3eq, NeuAc7-H3eq), 2.64(bdd, AsN-/3CH), 2.15(sX5, -Ac),
1.79(dd, NeuAc7-H3ax, NeuAc7'-H3ax) The3§hysi cal data for the resulting
Compound 4 are as follows. 'H NVR(D20, 0"C) 33 7.99(2H, d, Fnoc),
7.79(2H, d, Fnmoc), 7.55(4H, m Fnoc), 5.12(1H, s, WMan4-Hl), 5.06(1H, d,
GlLcNAc1-H1), 4.93(1H, s, Man4'-Hl), 4.82(1H, s, Man3-H ), 4.69(1H, d,

LN 13 ss12B7{ el LM B i gl S tal g8 M g it

for gﬂl%ﬁé‘ ek ?%f] Aa%%fgé%om? oﬁ%d%%ggg 69§SH4ACQ1Q\AOQE¥%A%| oo oH
NG HO &N YB Tal o £ GOeE" 1 Re BTCEUN S bff Comabind & ST i Trea,
Ref erence £x3Mphe 3 RArakatyon, and4 gl ahi o0 - f29TPeUSSs1, AN Mina -
5 H2), 4.19(1H, d, Man4-H2), 3.03(1H, bdd, AsN-[CH), 3.00(1H, bdd,
AsN- BCH), 2.15(12H, sX4, -Ac) ; HRMS Calcd for CyH,,,N,NaO,, [M+Na+)

1999.6930, found, 1999.6939

kg o i B
"k R&

0-_0
é ﬂ;l o H 7’
H N NH
Ho H® Y (4)

_ HO NHAc NHAco cooH
oH | HON o 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 4mol) were dissolved in 220 UL 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 4L of a 6.6 4mol benzyl

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

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



The m xture of Conpounds 2 and 3 obtained in Reference Exanple 2 (5.0 ng,
2.2 /,tnol) were dissolved in 220 11L okgwater, and 100 !'LL 15 of a 22 nmM
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 met hyl f ormam de was added to the solid obtained after drying, and
further 2Qi/sabpehrande &fl tHel stenzilg matenise/ W Ncdinfrethyd vy na de sol ution
was added thereto. This 20 solution was stirred under argon atnosphere.

After 48 hutentt hew 3, oS appeanee =of 2§ hearid ahliredr b8t &f ialmiwag confirned
by TLC (eluent: 1M NH, 1QAc: i sopropanol =l:2), and thereafter 4.4 nL of

di et hyl etdiethy@se eifiele dralso atiied St WhHeoBoll Gt Bbrh O 1@ @O HRO Udinddaind to
precipitate therefrom The precipitated oligosaccharides were 5 filtered,
and t he resiedupltoté gomaechani dthevas ediipsohvedl dligeshechanided meeze dri ed.
The residue after the |lyophilization was purified by fractional HPLC (YMC
Packeds ColfimtePe@PSra $he 1292Ad¢dIS di¥dgosdB¥drifle 2@sXd2b8o1wed dlnueter50 nv
aqueous ammoni um acetate acetonitrile=78:22, flowrate: 4 ni/mn), and
Conpound Zindasreézk eikikd.affher r&8i duenatfesr atite Gyophindz2t ims walsupediaiéer 91
m nutes. The fractions were collected, and further desalted on an CDS
colum ( Ggsmpattid=I1SHPOBN(YMS Packd aolueh ub-ebsf-i5r st swi2dn Fbhsmvoof H20
and then with 25% acetonitrile), to give a benzyl derivative of Conpound 2
in an anognkoofsl. fo MY 280 mah, bendyht degd wdt b¥Eedis dnniopipAUALeGatid :an anmount
of 1.8 mg. A benzyl conpound of Conpound 2 (decasaccharide, 13.6 ng, 5.8
nmol es) wasedbas$orile7i8n 22, 4fhdw afataOd ay/mi{mpH=h23 wbipournd 3 eael ebgtedhe
solution was stirred for about 8 hours while nonitoring the reaction by
HPLC. 1On eadirplre8$ amimftesr agdeSonmiuridne R8s readtddonftehedt aaictutes . nThéur e was
adjusted to a PH of 7.0 wth 40

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 ag. (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



mM of HClL. The m xture resulting fromneutralization was filtered by a
menbrane filter, followed by concentrat i3 n, and fractionation and
purification by JPLC (YMC- pack ODS-AM “SH-343-5AM 20 X 250 mm AN 25 mM
ACONH4 buffer=20/80, 7.0 mM/mn., wave length: 274 rim. 25 The fraction
obt ai ned was concentrated and passed through an ODS col um (Cosnoseal

1518 CPN.crgfluehe o CA LRSI, o NColnf o > B8l hingy 189t meat

foll owed by concéntration a reeze-'&r'yl n obtain’the desireé

product, idoﬁ\ bugg n@ﬁ)%q)egirggiigtfigé%oglé\g%(ﬁ]ﬂeg}ng1c%qmgggd g%tlr?%ien?dsg&gs the

fol |l owi ng physi cal “data. ructure of ound as
inplifi 1 4 ' C. : 56 8.00(d, 2H, J=7.2,
Froo) ;?%fdfgiﬁle%’(:‘%%%"ﬁﬁg‘%%7?%5(3&5%198‘%):7.2, Fmoc§, 7.53(dd, 2H,
J=7.2, F . 1 Ma 1 o d, 1H, J=9.8, dcNAcl-H1),
5.01(s,lnnl-ﬁ)m%4&-%l(g—§jf)z,'%2.085??6}1!)5)0?—?48@3(3-4. 75(m 5H), 4. g?(gd, 2?4, J=8.0),
4.38-4_.48 4 4.,33(s, 4,28 H.,..Man4- 4. 19 ,

2. 64- 2?852@18@“%%?( g§'170'%|Hﬁ)xFE‘f’CNeu&Aéh§9- edf: 3.‘1?‘,;') i"?f}'g9i§?§ﬁ'hs%ﬂ'12H,
Acx4), 1.986Sy 3fhocy\Chr s} §§(d%l Wy J2=840dy, 2330, 1heunGlr H3gx) - A
benzyl conpound o 'rrpo'uné "(decasacchari de,’ 56 ny, Y ol es) was

di ssol ved 4 0 _ | 2 I i hng.-1Th [uti was
stirred fdr’lr'%eglﬁgbt{%' %u%%???élglﬁ%'h%i o/ £, S04 M-1)106 égOil)ﬁ)

nonitoring the reaction by HPL

conpl eti on 8k B POIES S WNS7 (ALAGH 0Bl BE, rEAGLI0RaTh X e WS Had) ust ed

to PH 7.0 with 40 mv o e neutralized mxture was filtered wWith a
pur 1 cat 1 by 29 BTt (oA TR ok e & 5 Sat S00% 50 hm A 25
ACONHE 20 dpybt eﬁé@)%’ﬁ-(fﬂeé')g Fl{dn n a3nayer s enghly 324 NMxa)The folqcti of,
obt ai ned was concentrated and passed through an ODS col umn

Ac), 1.80(dd4, 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 NaCOH aq. (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
HC1l. 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 x 250 mm, AN/25 mM AcONH,

20 Dbuffer=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)



(Cosnosi | 75C18- OPN, product of NACALAI TESQUE, INC.) for a desalting
treatnment, followed by concentration andgfreeze-drying to obtain the desired
product, i.e., Compound 3 (2.5 ng, 52.0% The 25 conpound obtai ned had the
foll owi ng physical data. Table 1 shows the structure of Conpound 3 as
simplified. H NVR(400MHz, D20, 30'C, HOD=4.81) 36 8.01(d, 2H, J=7.6, Fnoc),

7.80(d, 2Hy Jh @, BADCY-7 76 5%de) , 2 sdel Gu, F0e)6, FrRR0dd7 . Bbad="aB,
Fnoc), 5.21(s, 1H, Man4-Hl), 5.09(d, 1H, J=9.5, GlcNAcl-H1), 5.03(s, 1H,
Mand' - H 1)3=74 658Fflod)L,( M. 52%80, ZH54(H7,.62Hrmda), 5).214s4014, 264 - HAK),, 4. 34(s,
1H), 4.28(bs, 1H, 5 Man4-H2), 4.19(bs, 1H), 2.70-2.85(m 2H, Asn-/3CH,
NeuAc7- H3ex})o9 (d2. Doy 2=-A06m clthadsmi(3Ch) 03 2s 16,H,2 Mbb4 ' 2018), 24 EB(-@aghsm,
12H, Acx4), 1.98(s, 3H Ac), 1.80(dd, 1H, Ja=12.4, Jb=12.4, NeuAc7-H3ax).
Ref er ence sm§anpl. e4 éc Praepagatri on, of . 40capeands FH)gnd .6416, Tie) mxtasr®s( 224, ny,
97 11nol) of Conpounds 2 and 3 obtained in Reference Exanple 2 and 24 ng of

bovi nessemamuakbym 0 meme, dissod vad 2.852R, iy ofaddERES bufdak7( R9<gM pH
6.0), and Di pl ococcus pneunoni ae-derived (3-gal actosidase (1.35 U was

added t heretsg-2. Thim, 9191, uhkan Swas ,abl oged 11, stand, at . Bi7(acher, iduhours, and
15 thereafter freeze dried. The residue was purifi ed by HPLC (ODS col um,

2.0 ck X2:csdy , el uehis, 36, Mk AoUEAS(ENTDH| UM =l2cdt atb=az ef OMNduacl7eB8ax 115,
flowrate: 3 mM/mn), and Conpound 5 was eluted after 129 m nutes, and
Compound GRefesentet®xthrafileenr 134 mnutes. Each of the fractions was
collected and freeze dried. 20 Subsequently, the fraction was desal ted by
HPLC (ODS chrepaxatdoft pf Comfownds &l aedté water for a first 15 m nutes, and
applied to a gradient of water:acetonitrile of from10:0 to 85:15 (vol une
rati olo 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 aqueous 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.



for a period of from16 to 30 mnutes, and then to a gradient of water:
acetonitrile from85:15 to 80:20 for a geriod of from31l to 25 45 m nut es;
flowrate: 3.0 mM/mn), to give a desired Conpound 5 in an anount of 81 ngy
and Conmpound 6 in an anmount of 75 ngy. The physical data for the resulting
compound 5 are as follows. 37 1H NVR(D2O, 30C) 7.99(2H, d, Fnoc), 7.79(2H,
d, Froc), f- @b, mo€poc), 5.15(1H S, Man4-HL), 5.06(1H, d, G cNAcl-H1),
.95(1H, s, Mand4"-H ), 4.82(1H, s, Man3-Hl), 4.69(1H, d, A cNAc2-H ),
.67(2H, d,. 961eNACDH, Fmddl) , 7579 HE( B, Folpc3a16.!55HKUH, A, 3Edd),, d&,.15H08; H2),
.27(1H, d, Man4'-H2), 4.19(1H, d, Man4-H2), 2.97(1H, bdd, AsN-/3CH),
. 76(1H, drn4-AeuAcy. o6H3Eq) d, 2 6ANAH, - vhild, 4 ANV Cl) , M2nd 5(H15H, 4sX2%1H; Ac),
. 79(1H, dd, NeuAc7'-H3ax) ; HRMS Cal cd for C36HL127N7NaGC53[ MtNa+]
2128. 7356,s,f mansl; HRL2R . 63631 104, Trea opiayai- Ba) , datex (Rar, 8hecrawdst,isng HCprpound
6 are as follows. '"H NVR(D2O, 30t) 7.99(2H, d, Fnoc), 7.79(2H, d, Fnoc),
7.55(4%, m.sBrior) ,d,5.GE3E1HH1E, 4 MinAHHL{, BadBHRH, d,.2GILeiNAGI- Meha '4H95( 1H,
s, Man4'-H ), 4.82(1H, 15 s, Man3-Hl), 4.69(1H, d, GLcNAc2-Hl), 4.67(2H, d,
G cNAC5, 5'¢- hbk1u4. H3(Mulde -d2) Gad o HI1H, BadA(Adk- BcuManB-+2hu,4ad/(1H, d,
Man4' - H2), 4.19(1H, d, Man4-H2), 2.97(1H, bdd, AsN-13CH), 2.76(1H, dd,
NeuAc7- H3eghc7 2. 8004ghH, 2bdd (1S dBClisN- B.ctHh( 15H15$19D, A6), -Ae)79( 1H, dd,
NeuAc7- H3ax) ; HRMS Cal cd for CB6H125N7Na3063[ MtNa+] 2172. 6995, found, 20
2172. 7084 1R@bérBNnodl ExXenpbe ' SHRrEpar ARMONCaf cdCdmpro apds, N Nadd [M+Ma+ii xt ure (90
ng, 47.3 U nol) of Conpounds 5 and 6 obtai ned

2128.7356, found, 2128.7363

PNABRMD

10 The physical data for the resulting Compound 6 are as
follows.
'H-NMR (D,0, 30TC)
7.99(2H, d, Fmoc), 7.79(2H, 4, Fmoc), 7.55(4H, m, Fmoc), 5.15(1H, S,
Man4-H1), 5.06 (1H, d, GlcNAcl-H1l), 4.95(1H, s, Man4'-H1l), 4.82(1H,
15 s, Man3-H1), 4.69(1H, d, GlcNAc2-H1l), 4.67(2H, d, GlcNAcS5,5'-H1),
4.53(1H, 4, Gal6-H1l), 4.34(1H, 4, Man3-H2), 4.27(1H, d, Man4'-H2),
4.19(1H, d, Man4-H2), 2.97(1H, bdd, AsN- 8CH), 2.76(1H, dd, NeuAc7-
H3eqg), 2.60(1H, bdd, AsN-3CH), 2.15(15H, sX5, -Ac), 1.79(1H, 44,
NeuAc7-H3ax) ; HRMS Calcd for C,H,,.N.Na,O.,[Mt+tNa+] 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



in Reference Exanple 4 was dissolved in 8.1 nm of HEPES buffer (50 25 mM
pH 6.0) together with 8 ng of bovine se?gm al bum n without separating the
conmpounds from each other, and 2.88 U of "a bovine kidney-derived

/ 3-gl ucosam ni dase (manufactured by Signma-Aldrich 38 Corporation, from
bovi ne ki dney) was added thereto. This solution was allowed to stand at 37

C for Q’%(%F)éra ]! *}%rgaf;&@{né rﬁ%%y)d&é%dcﬂaae theskdye MRS RuhLtigd by

HPLC (CDS C el uent agueous ammoni um

acet at e: m?} ha io@ed %31 éfct)ggéﬂv a(t.atiier @ f%rnbut eﬁa asf t e%‘r?adC%gB?EQE’tJr e%l ut ed

after 117 M- nu ound = 8 was i nutes. Each of the
fractions gr e t r icon_was
desal t ed 8\5@%&%’1“? %%q Fg%ef(lgéxggSH @ﬁe%wmt gbf 01]: éﬁ?ﬁgsf ?Irnét 15
m nut es, qugn@ppéd S taﬁu@ogé aghﬁ?{[luﬂf aket &le ‘fi‘rfé%th‘aﬁbitgé ey Of fferQrmr!xQeO jo0 10

85:15 for a period of from16 to 30 mnutes, and then to a ‘gradi ent  of
vat er: g acfntl%hﬁf ' '£1&3ch&£>8{1?1§57 ad %1§Qe30aEtEHr a1hehk R Of, TdMcorpoliRg 4°

m nut es [ ow rate: m/mn), to give a desired Conpound /7 in an anount

of 40 ng gng, @@P@é{:ﬂ# a%tteg 24y mr&tesof E§<_7h a@thzhergémr@sa'wa%atcaﬂQeté@e
resul ting Corrpound 7 are as follows. VR(D, O, 30t) 8.01(2H, d, Frmc)

7.80(2H, dngFEPSdze %é%“buﬁge{dmz 5t122(é1%ct§on W§Q4aégalte% Q?( ﬂfbhc
GLCNACL- HI), 4.94(1H, s, 4(1H s, Man3-H

GlcNAc2- H%&Dgoigﬂﬁéﬁ Zd @%@ Qmﬁlbiueﬁ é%%f QOrqglplégeﬂgfgg?%égg dd,

Man3- H2) 1H, dd, I\/Bn4 H2 20 4. 15 H = bdd,

AsSN-/ 3CH) angd- Z 2hhq 4 2 MBS ofH?vseér.Qc&%{nlﬂérlbéd@f AoRbl 3Gk, £8- 15(12H,
sX4 -Ac), 9(2H, dd, UAc7,7'-H3ax) ; HRMS Cal cd for

8H1iL61N5|§@Oﬂ9[%ﬂ-\laa+]per$885o§5§?om heued, 3d Homed9 dhe Phwsiteal dakaidor the

resultl ng Conpound 8 are as
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, 30TC)
8.01(2H, 4, Fmoc), 7.80(2H, 4, Fmoc), 7.56(4H, m, Fmoc), 5.22(1H, s,
Man4-H1), 5.08(1H, d, GlcNAcl-H1), 4.94(1H, s, Mand4'-H1), 4.84(1H,
s, Man3-H1), 4.69(1H, d, GlcNAc2-H1), 4.67(1H, d, GlcNAc5-H1),
4.55(1H, 4, Galé6-H1), 4.33(1H, d4d, Man3-H2), 4.20(1H, dd, Man4-H2),
20 4.15(1H, 44, Mand'-H2), 2.97(1H, bdd, AsN- SCH), 2.76(2H, 44,
NeuAc7,7'-H3eq), 2.62(1H, bdd, AsN-BCH), 2.15(12H, sX4, -Ac),
1.79(2H, dd, NeuAc7,7'-H3ax) ; HRMS Calcd for C,H,,N.NaO,[M+Na+]
1925.6562, found, 1925.6539
The physical data for the resulting Compound 8 are as
25 follows.
'H-NMR (D,0, 307TC)

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



25 follows. 1H NWR (D20, 301C) 7.99(2H, d, Fnoc), 7.79(2H, d, Fnoc),
7.55(4H, m Frnoc), 5.15(1H, S, 39 Man4- |§|I) 5.06(1H, d, GlcNAcl-H),
4.95(1H, s, Man4d'-H), 4.82(1H, s, Man3 “H1), 4.69(1H, d, GlcNAc2-H1),
4.67(2H, d GlcNAc5,5' -H ), 4.53(2H, d, Gal6,6'-H ), 4.34(1H, d, Man3-H2),
4.27(1H, Mand' - H2), 2. 97(1H, bdd, AsN-(1CH2), 2 76(1H, dd,

NeuAc7' 6 , 3 1 A 1H,
dd. &euAE%%gi %Ewéﬁ e PTG e N%naso@%% ka5t 698 55k 21 i ha.
1925. 6533 ; R 65 Pr, Cgo,ry% B fé}i)}&(}_;u d 30 ,
473 9 rml) o tgglﬁﬁkgfe g?éﬁen%e %IQ_?A@F Qg) % an gung’ ovi'ne g‘eéum "

al bum n r(geqbﬁsgé V%{Lfsne@ m) of, Ijl;l?;l.:cg aguf%ﬁq.b (H@Q giyl%_-ﬁl ) sg g 10 U of

Jack Beans rrve - rrann05| dase vvas t heref ution was

|1 d d 3 Eﬁ@ :

gubg\gguetnt ?/t : 97 %es?’gué g?ﬁl? ed %@{%Pt 58nc§5 col u%n%esg 02 d6]x ]ﬁ% cm
15 el f

IS ST 5kl 8,350 NAGE, SR SEPLABA L gyl

M nutes, st Befld Gt G AdIeRbo Oy A" 1939CKOBL ! Tiduha0" 1650 51 15 Lo

80:20 for a perio frém'8T t 045 m nutes ow rat e: /mn), to
give 20 mg ¢t g desd %lgogrpound 9. 20 The physical data for the resulting

Conmpound 9 are as fo 'H-NI\/R(D O 30t) 8.01(2H, d, Frnoc), 7.80(2H, d,
Froc), 7. 56§fléls,§fgtlggog} Coﬁn %Hg , G cNAcl-H1), 4. 95(1H s, Man4'-Hl),
4.84 (1H, s n3-Hl), 4.67 d, G cNAc2-H ), 4.56(IH, d, G cNAcS-H1),

g gggiﬂ gddGangF%éun35743%1%&H a4 L B oBiined: QX(§$fef¥$ceNEQ§m$?Q '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 «-
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, 300C)
8.01(2H, d, Fmoc), 7.80(2H, d, Fmoc), 7.56(4H, m, Fmoc), 5.00(1H, d,
GlcNAcl-H1), 4.95(1H, s, Man4'-H1), 4.84 (1H, s, Man3-H1l), 4.67 (1H
d, GlcNAc2-H1), 4.56(1H, d, GlcNAc5-H1), 4.44(1H, 4, Galé6-H1),

25 4.11(1H, dd, Man4'-H2), 4.07(1H, dd, Man3-H2), 2.97(1H, bdd, AsN-f
CH), 2.76(1H, dd, NeuAc7'-H3eq), 2.62(1H, bdd, AsN-[SCH), 2.15(12H,

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



CH), 2.76(1H, dd, NeuAc7'-H3eq), 2.62(1H, bdd, AsN-a CH), 2.15(12H, sX4,
-Ac), 1.79(2H, dd, NeuAc7'-H3ax) ; HRM5,Calcd for 40 C72HL09N6Na®3 [ M+Na+]
1763. 6034, found, 1763.6074 Reference éxanple 7 Preparation of Conmpound 10
Compound 8 (40 ng, 630 linol) obtained in Reference Exanple 5 5 and 5 g of
bovi ne serum al bum n were dissolved in 7.8 m of HEPES buffer (50 mM pH

6.0), and 38 U,qefa [#gﬁg+8q%%% g%éhv 1§§% ggggo§bﬂ lpse was added thereto.

Thi s sol uti’on®was &l t'o stan ours, and then freeze

dried. Su \, %rﬁjq residue was purified by HPLC (ODS colum, 2.0(ti X
25 cm el %ﬁ% g%g at for a fi rst 15 m nutes, and applied to a gradient of

water: acetp élrdél%notﬁff&%% o 85:15 for a period of from16 to 30
m nutes, and then to a gradient o vvater acetonitrile of from 85:15 to

00,20 o oL Bl AT 48, Ho 0 Dk g a%ef%f PP i ng
Compougd 10 4esas Loty sUMNAIRG, 300 BALKL ¢ TR of BRI O

Froc) , n  Fnoc S, I\/an -

ééiéiﬂ’ %ag%iﬁﬁm p%281§5 76%%3“43?3 Acafyié‘e% 5 %%&%1“0 b
ASN-/ 3CH) ’ma%ng:)[;ﬁ&gﬁa v§asx%ddeaA€'ﬂere]t080(I‘ilath Q&ué\i%%%‘gﬁéﬁowedﬂ'}éfss%hgd for
C72H109N6Na(O3[ MtNa+] 1763. 6034, found, 1763.6041 Reference anp e

ooePac 2 TR ks SOTPOMPE B2l WBLe 2L BRIk A e 7D,

ILL), residue was purified by HPLC (ODS column, 2.0d)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, 300C)
8.01(2H, d, Fmoc), 7.80(2H, 4, Fmoc), 7.56(4H, m, Fmoc), 5.23(1H, s,
Man4-Hl), 5.08(1H, 4, GlcNAcl-H1l), 4.53(1H, d, Gal6-H1l), 4.32(1H,
dd, Man3-H2), 4.28(1H, dd, Man4-H2), 2.81(1H, bdd, AsN- 3CH),

20 2.76(1H, dd, NeuAc7-H3eq), 2.59(1H, bdd, AsN-3CH), 2.13(12H, sX4,
-Ac), 1.80(1H, dd, NeuAc7H3ax) ; HRMS Calcd for C,,H,,N.NaO,,[M+Na+]
1763.6034, found, 1763.6041
Reference Example 8

Preparation of Compound 11

25 Compound 5 (28 mg, 21.3 /mol) 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



and neur am ni dase (manufactured by Sigma-Aldrich Corporation, from4l
Viblio Cholerae, 198 mJ) was added thereto. This solution was allowed to
stand at 37 C for 20 hours, and thereaftér the term nation of the reaction
was confirmed by HPLC analysis. The reaction solution was purified by HPLC
(YMC Packed Colum D-ODS-5 5 S-5 120A ODS No. 2020178, 20 X 250 mm el uent:

Further . ORLP e ns s Tan i 3G MBS ‘ant bt t o bl 18 x
100 mm elﬁﬁ§g9f|€5t mnth igtcogo Q§SEH?% gh%%}¥ﬁ%g%%egcggonltrlIe) to

give a des i) Sical data for the

15 8 si M TEaATy r%w%?ﬁo%é% 9}’?5' Eopft ‘?@@ﬁé %Eété’ﬂ”ﬁ‘ég‘%( g
7 st el ol SHakdon 28, A8 YTRRle GpdSedledrog $HppsFioc)
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11673 Qe Mg e B8R TVeq Tt Bty 7400 o A 1509
C75HLI ON6NaGORE M-ddedl 83756402 h Uil 483( B41d ol SiRncgskxampl e 9
Preparation of Conpound 12 25 Conpound (20 ng, 9.4 /Tmol) and 1.6 ng of

bovi ne serate@hoﬁi@ymégaw%eg%és@aé%qrba Sglﬁagﬁu@flflwléﬁﬂ%omleq'd :270s) 323

/1L), and neuram ni dase (nanufactured by ma- Al drich rp., fromVviblio
10 The physical data for the resulting compound are as follows. Table

2 shows the structure of Compound 11 as simplified.
'"H-NMR (30C)
07.91(d, 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(4, 1H, J=9.5Hz, GlcNAcl-H-1), 4.92(s, 1H,Man4'-H-1),
4.76 (s, 1H, Man3-H-1), 4.58(d, 1H, J=8.0Hz, GlcNAc2-H-1), 4.55(d4,
1H, J=8.4Hz, GlcNAc5'-H-1), 4.47(d4, 1H, J=7.8Hz, Gal6'-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, Mand4'-H-2),
20 2.72(bdd, 1H, J=3.0Hz, 15.7Hz, AsN- CH), 2.52(bdd, 1H, J=8.7Hz,
15.7Hz, AsN-[(3CH), 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 (mol) and 1.6 mg of bovine serum

albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 323 uL),

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



42 Chol erae, 141 mJ) was added thereto. This solution was allowed to stand
at 37 C for 18 hours, and thereafter thggotermnation of the reaction was
confirmed by HPLC anal ysis. Subsequently, the reaction solution was
purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A 5 ODS No. 2020178, 20 X
250 mm eluent: 50 mM aqueous anmoni um acetate:acetonitrile=80:20, flow

rate: 4 nignsleyraefFurdhedu) whe addsd diiereds. deistd tsd udh oA NwidDS KIdwadn to
(Cosnosil 75C18-0PN, 15 X 100 mm eluted first with 50 mL of H20 and t hen

Wi th 25% agehanktriy €, £4© 19 weuds fesid athe@eEPOAGHE HekdhiABLiyh bl thebY) .
10 The structure of the resulting conpound was confirnmed fromthe finding
that its 'ddaiVRonasas denifiieabdt oy tHEIC ahalheist autaeduenoIpouittk réakkeor
shows the structure of Conpound 12 as sinplified. Reference Exanple 10

Pr epar at i giolaftiConposinshriTid8 Sprgrumd Ync( dacked A utnnDlODSWRl &1-.57 12 A0f
bovi ne serum al bumin were dissolved in HEPES buffer (50 mM pH 5.0, 820
ILL) apd rsigr &8l N oizsEy o, mainuikactor &, bylusingna sl @i i £dueCrsp ammbh O Vi bl i 0
Chol erae, 134 nlJ) was added thereto. This solution was allowed to stand at
37 C for btehatiesacatwhitthrénead0 €20t faowerate@at4 ail/afin) heF2fthegctthen was
confirmed by HPLC anal ysis. Subsequently, the reaction solution was
purified esiBLE ¢adMadanked €0lanmdO3’ AOBubn StCoshd3Al OBSI NopN02681%8, 20 X

250 mm eluent: 50 mM aqueous anmoni um acetate:acetonitrile=80:20, flow
rate: 4 mioom mn, EUitdErfirkbewitiesdus WaSHOeSAld efeanwath Q3% col um
(Cosnosi |l 75C18-0OPN, 15 X 25 100 mm eluted first wwth 50 nL of H20 and t hen
wth 25% aae¢bomnttilidle) tot gigevae desdewdr Edmponpbuizd (13 @8 nipldi gkd) . 74%) .
The physical data for the resulting conmpound are as follows. Table 43
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 Umol) and 1.7 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 820 uL),
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 agqueous 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



2 shows the structure of Conpound 13 as sinplified. "HNW (30'C (57.92(d,
2H, J=7.5Hz, Fnoc), 7.71(d, 2H, J=7.5Hz43Fnoc), 7.51(dd, 2H, J=7.5Hz,
Fnoc), 7.44(dd, 2H, J=7.5Hz, Fnoc), 5.10(s, 1H, Man4- 5 H 1), 4.99(d, 1H,
J=9.5Hz, G cNAcl-H1), 4.92(s, 1H, Man4'-H 1), 4.76(s, 1H, Man3-H1),
4.58(d, 2H, GIcNAc2,5' -H 1), 4.47(d, 1H J=8.0Hz, Gal6'-H 1), 4.35(t, 1H,
Fnoc), 4. 246hews lthe Fekulddre M Iongodhd 43 ldf bSimplhlifidand' - H2), 4. 07(bs,
1H, Man4-H2), 2.72(bd, 1H, J=15.5Hz, AsN- (3CH), 2.52(bdd, 1H, J=8.7Hz,
15. 5Hz, AshtiaCGHo’CR. 06, 10 2.04, 1.89(each s, each 3H, Ac); HRMS Calcd for
C67HI7NSNaOAO[ M-Na+ 1634. 5608, found, 1634.5564 Reference Exanple 11
Pr epar at i of17 062 @npaynd-14siompawad , 87 (#77(d10 262501, 54 ) Fa@)}. 9. 50 (&,
bovi ne serum 15 al bumi n were dissolved in HEPES buffer (50 M pH 5.0, 840
fLL), ancmeoramm ,dawec(ranuiacid)r ed, by="5 gmm- Amded chs Coo (s,, 1f,0omaNibl i o
Chol erae, 369 nu) was added thereto. This solution was allowed to stand at
37 C fer 3iZihous s99 and 1Hheveafsier, theNhel niirut,| @an 9af(st hed, neant'i-aninwas
confirmed by HPLC anal ysis. The reaction solution was 20 freeze dried, and
the freeza.dei(ed 1H 0028 -¥as) subssdentlly cpeNAd2, ed -By1 HPLL AL Racked
Colum D-ODS-5 S-5 120A ODS No. 2020178, 20 X 250 mm eluent: 50 nM aqueous
ammoni um JaGeDBt e: @CSt'oMi-1L) | | £-B0(t201Hf | Bmoe)at & 24 (bt nim,) .J-AurHzer Matihe
resi due was desalted on an ODS col umm (Cosnosil 75C18-CPN, 15 X 25 100 nm
eluted fimsR)wW 4 B0l 18] H2QA aid 2hed. OF (s ,25%, deaptonil), |22)72 (bd, giNge a
desired Conpound 14 (26 ng, yield: 65%. The physical data for the
resul ti ngJgeaspennd mane acHY 0ld.0agbddable, 448 .2Hshors. SHE AsNU@aH)e ef o6,
Compound 14 as sinplified.

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 Umol) 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 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
25 100 mm, eluted first with 50 mL of H,0 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



1H NMR(30' ©) 57.92(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, 24, J=7.5Hz, Fnoc), 5.12(s, 1H, Man4-
5 H1), 4.99(d, 1H, J=9.4Hz, GIcNACL-H 1), 4.91(s, 1H, Mand'-H 1), 4.77(s,
1H, Man3-H 1), 4.57(bd, 2H, G cNAc2,5 -H 1), 4.46(d, 1H  J=7.5Hz,
Gal6' -H 1), 4.34(t, 3H, Fnoc), 4.24(bs, 1H, Man4'-H2), 4.19(bs, 1H,

Man4- H 2) , 2 Zhbdisbehe 16t rubtliaeSbE, cAedbuhaChll, ag. SAfdiddiedlH, J=9. 2Hz, 15.5Hz,
AsN-/3CH), 2.06, 2.05, 1.89(each s, each 3H, 10 Ac) ; HRMS Cal cd for

C67HI7NS NaA flai-NgiE)  1634. 5608, found, 1634.5644 Reference Exanple 12
Preparation of Conmpound 15 Conpound 9 (32 ngy, 18.4 gnol) and 2.5 ng of

bovi ne sergm galdunim weresgdi ssaloed rn7HEPESHulier 5420 mMc)pH75580.(ad13
UL), 15 and neuram ni dase (manufactured by Signa-Aldrich Corp., fromViblio
Chol er ae, Zi34 gatd).sums mednd thesedd, 2H)i 9=-30bHE| oS a8l Loved 1 mahand at
37 t for 17 hours, and thereafter the termnation of the reaction was
confireed by )HPLCoana) vy, S J=-SubBeusIdNA¢el - Hhe) | eacdl @) 180! MiroON HAVAS |
purified by HPLC (YMC Packed Colum D-ODS-5 S-5 120A 20 ODS No. 2020178, 20
X 250 mm elaet: 180 MM BGgUedyS4 apmibd ,uH, acetmAE2 aoetoni { ra | €680 A@, fl ow
rate: 4 nL/mn). Further, the residue was desalted on an ODS col umm
(Cosnosi | JEHCEBzOPbR165 H(1)10@. Ban t el38, e@mbey st4 vi4 tbs501A1 wdnd2@-2nd t hen
with 25% acetonitrile), to give a desired Conpound 15 (13 ng, yield: 529%.
25 The physigabsdaim, fMan4-we 2y esail 13 0@, canpounts A, adskold@ms. 2TablBaa 2

shows the structure of Conpound 15 as sinplified. '"HNVMR(30't) 45 67.92(d,
2H, J=7.5Ha, BrOCRHz /. 1ALz, 2NsNISCHDHZ2 . 6610Q).,057. Dléddeac2ld, &aén5Shi,
Frnoc), 7.44(dd, 2H, J=7.5Hz, Fnoc), 5.00(d, 1H,

10 Ac) ; HRMS Calcd for C,H;NNaO,,[M+Na+] 1634.5608, found, 1634.5644
Reference Example 12

Preparation of Compound 15
Compound 9 (32 mg, 18.4 f(mol) and 2.5 mg of bovine serum
albumin were dissolved in HEPES buffer (50 mM, pH 5.0, 713 uL),

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 (307C)



J=9.9Hz, GIcNAcl-H 1), 4.92(s, 1H, Man4'-H 1), 4.75(s, 1H, Man3-H 1),
4.58(d, 2H, J=7.5Hz, A cNAc2,5 -H 1), 4447(d, 1H J=7.8Hz, 5 Gal6'-H 1),
4.34(t, 1H, Frnoc), 4.10(bd, 1H, Man3-H2), 4.07(bs, 1H, Man4'-H 2),
2.72(bdd, 1H, J=15.5Hz, AsN 13CH), 2.52(bdd, 1H, J=9.2Hz, 15.5Hz,
AsN-(3CH), 2.07, 2.05, 1.89 (each s, each 3H Ac) ; MsS(Fab), Calcd for

CE61HGENSCBSY Myiid 1480 3-7f sind rrdd50. 3.7 Ref er@nce-Fxamp| &mbd)107Psepad at i on
of Conpound 16 Conpound 10 (28 nmg, 16 ,Lnol) and 1.7 ng of bovine serum

al bumi n wewg 0kgssiyednor) HEPES ad,f er, (597 Mz plEndcd, 62do (d, low, and
neur am ni dase (manufactured by Sigma-Aldrich Corp., from Viblio Cholerae,

117 mJ) was-sadded ¢hwvaetion-Thj s4 sad i or, Wwasndl'S w1l owed7¢ s stiandman33€-t for
17 hours, and thereafter the term nation of the reaction was confirned by
HPLC anal w3gi,s4.58ubseqyenthysut hesromeri, en-sol Ut isoa7was puy ifd7eduky HPLC
(YMC Packed Colum D-ODS-5 S-5 120A ODS No. 2020178, 20 X 250 mm el uent:
50 MM squeRads f anmD), Wn3aget ate, areini ir i b &s80:120, Mhhovw 29) r at.@7 (BsiLinj n) .
Further, the residue was desalted on an ODS colum (Cosnosil 75C18-COPN, 15

X 100 mm makhuted-2) I st wibhaphiwl J-afs BRE, anehtpen) Wi hk2pdgacetionitrile),
to give a desired Conpound 16 (14.6 ng, yield: 68%. The physical data for

t he resul t7=-0020g 0MPOWHE , anenas dugl, | ows7, Tallse 2 showsadihe,Skhbgt sife of
Compound 25 16 as sinplified. H- NWR (3 0'C 67.92(d, 2H, J=7.5Hz, Fnoc),

7.71(d, 2RHc)IF7mMSHzab)Enmoa)cd 7f &0 (aidi, M6, [H+133B056z, £dumt,) ,145043(dd, 2H,
J=7.5Hz, Fnoc), 5.12(s, 1H, Man4- H 1), 4.99(d, 1H, J=9.5Hz, GIcNACl-H 1),
4.77(s, lHefMradedtHyamplé. 53(d, 2H, J=7.2Hz, GLcNAc2-H 1), 4.46(d, in,
J=7.8Hz, &R16-H 1),
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 uL),
and neuraminidase (manufactured by Sigma-Aldrich Corp., from
Viblio Cholerae, 117 mU) was added thereto. This solution 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 agueous ammonium acetate:acetonitrile=80:20, flow
20 rate: 4 mL/min). Further, the residue was desalted on an ODS
column (Cosmosil 75C18-0OPN, 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 (30°C)

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



4.34( G Fnoc), 4.22(bd, in, J=2.7Hz, Man3-H2), 4.19(b, in, 5 Man4-H 2),
2.72(bdd, 1H, J=15.5Hz, AsN-(3CH), 2.52 lgdd, 1H, J=9.8Hz, 15.5Hz,
AsN-13CH), 2.05(s, 6H, AcX2), 1.89(s, 3H Ac); MS(Fab), Calcd for
C61H88N5D35 [ MtH+) 1450.5, found, 1450.3 Reference Exanple 14 (Preparation
of 5-acetam de-3,5,7-trideoxy-7-

f1 uor o- D- L9- 53 D-gal act o- 2 nopul,apyranosi doni ¢ aci 7
1 uor osi alTh G616 EAETCERG e’ HO BB T P A tnd TBr00 O Rie A" alE™ 17 1
1) P i _47:Spdi t gt 9 pypol i ssol ved
[ acetl o aRhyA T AR B0l TRE RN arug Reardd, B BuhTadl bee (O
15 (10 g, 3,m0! 8} VA, Eﬁ%reé{]éﬁcﬂgldﬁgf'g. ¢R| 10T ELONSKS 0 dig ok yiti on.

The mixture was' refluxed with heatin our's, and fhe ‘conpletion’of

reaction vas,hereal tafciecqans aaf My ThGo 140! ypRs ALyl acpaesq 1). The
reaction mxtur& was returned to room tenperature and t hen pour'ed into 300
cc of Lce el,. ,\h ultin rech.pit col | by..filt Lon.
The p?eci%av?‘%é ;22 oy da G et %ﬁ‘i %?ﬁ)fo%'%éb;%%étg s R
giving 9.0.9.0f 0 17 % i [ . eparati,on. o ound 18
Conpound (BEZSC‘%SrWIqeﬁ)rmlzs)(O%\]/\T/asoé gfigs%jfg)g&l(%)%g{%S%éﬁeA% c%%ar%de (120

m), and o] i afit,efy €00 0 1 under an argon stream
Subsequent ?/,Cat %ﬁh%ﬁ%@%"’g@%@ ésf'gg,kﬁl%l&rfm)llqé)g'%as added to the

sol ution, ghe ot WeWAS $hi (FRbara®lod0of Y &Ian8B2Y! 5 3 G9NYecke-3. 9, 22

mmol s) was then added to
fluoro-D-glycero- 3 -D-galacto-2-nonulopyranosidonic acid 25, 7-

10 fluorosialic acid)

OH _OH OAc OAc HO _OPiv

- (o} — o)
HO&&,:OH Aco&\/m\c Pivo&/OBn
OH OAc OH
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



5 the mxture, and the reaction tenperature was returned to room
tenperature. After the conpletion of reﬁgtion was recogni zed by TLC
(hexane: ethyl acetate=l:1), the reaction m xture was poured into a

sat urat ed aqueous sol ution of sodi um hydrogencarbonate, followed by
extraction wth nmethyl ene chloride. The nethylene 10 chloride | ayer was

dried over hzinhxgro (;n%gnesi @%f%t %tigge@as fél—{ Lr%g%g ngo Qneentrat ed in a
vacuum THe T&si dug WWas &(i%ﬁ iR a° &e5|ccator, E:nereagre?er Uissolved in
distilled t . (80 i di t id 431 ,.5.5 I dded
Lo the sol a0l SauRighcR PSRr EEF s CLPTFFEa Uet  an SH R ICer Bam ATt or
the 15 conpl i gn pfy L& CBES%‘“@? Jh%c%QT?E?&,metE'-ﬁi&‘EEPé’ lvas stirred

acet at e: "hanol : wat'er =10: he reaction mxturé was neutralized with a

cat | on- exgﬂfEB ”?grrﬂﬁﬂ&s',%ééggf t?]léc%h%o%r MHNgte  ING§aLO0- e 3G3hN Yas

filtered renoval iltrate was concentrated 1T nh a vacuum

The 1 e8i dugenig fii £d i 8n20c e R6R\BhpeIBHAALLS! (Ul 3sply o Lagpyri dine

(44 m), an reactton m xture was coo rine acetyl

chi or i de (AuforQruB. 5pPUDL Shh@mpddeth O DRaLeach! AL Pexbyhes 4K, Lhe

m xture was returned to roomtenperature and stirred un n argon stream

for 1 hOUrTLcAf(BSJEaﬁéleet%_?r%’k@%%&’{bﬁf;15?39559 %A’(\?ﬁo‘heﬁ%@ﬁfggqa%g p%%r,léc and

(hexane: et hyl acetate= e reaction mxture was coo

met hanol wago! beg alatleadddadold J1GTLK! S Ceddlunt BLALOALEABGRACT T ON.  The

reaction mxture was concentrated as was I n a vacuum the residue was

then di ssqlyedyid 8 Mtr,aee%ﬁ}mﬂ e cat shd %1\@@%3\9@?{&3% Wet By fe gt ur at ed

aqueous solution of sodiumchloride and water, and d over~ anhydr ous

magnegp UMcpSyk-§ 8L € 4,2 L Y%aR0& AL & Ylert Qﬁh?cfiif%s %%tn@tsgumpél;ﬂattehgtﬁggneg um 5

sulfate was renoved by filtration, the filtrate was concentrate
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 C, and methanol was thereafter added to the mixture to

terminate the reaction. The reaction mixture was concentrated as



in a vacuum The residue was purified by silica gel colum chronatography
(eluent: hexane: ethyl acetate=2:1), gi thg Compound 18 (2.8 g, yield 58%.
HO OPiv Piv Conpound 1 8 --> Piv OOBn -- PiF OvO QAc COCH2ClI OCOoCH2CI

19 20 (3) Preparation of Conmpound 19 10 Conpound 18 (200 ng, O0.455 nmols)
was di ssolved in dichloronethane (7.8 m) and pyridine (1.3 m),

chi oroaceti ¢ q anfly df | A8y (h> il cdbidhe MIBL) S AAdEEVEQ {Ggguuti on, and

the mixture"#as Teacte stirring a er an ‘argon-stream for

15 t 5

ol or oacer e akEy d T etauE ot oRTh YpsBACkLOF LAREER0N £hikord cRBBion | on
l, |

mXxture wag %SP\M 0c9{1%§1h¥h9r9é v?ac%‘é‘ tDafohHaNE o%éegn{m%af‘%ﬁ] n]%gnee%at e and

concentration 1 n vacuu e residue was extracte

the extr aggl%fggem@cs@%q Wil Pe % Al 25%93’9 anhyg&%ér()@h%f mﬁgx%é’{ﬂ

chl ori de e organic ayer was over rous magnesfumss rTfate

foll owed QMIE%L& "Ad 9rdhda HP Eirt Fﬁ]b{?” thTé‘%lrl‘?: bgHewé{@s Welnle 60 BY

silica gel chronat ography acet at e: exane— , giving

7,377, 200 “SHoHY: "‘*‘%BI?G&&%“?%‘*“?@%“?* %%49%9%3?3 M8 4 s0(ad,
I 93" 8= i Sl Bhyok O3nc2 el 2B o O 53 (0 1M

H1) , 11. 5Hz, J6a 2732(dd, 1H,
J6b, 5=6. GHémszerP)ra 420808 Hdi1dtsdh) 3. 92(s, 2H,

HO _OPiv OPiv

| 0 | '
Compound 1' 8§ — pivo%,OBn —* PK,;&/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 1ayér 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%).



cocH2d ), 3.75(dd, 1H, H5), 1.23, 1.19 (2s, 18H, COC(CH3)3) 13C NWR
(400MHz, CDC13) 6 178.33, 177.57, 165. 9% (C=0O, 136.66, 128.48, 128.07,
127.89(Ph), 99.16(C 1), 72.82(C 3) ?(c- 5), 70.92(C2), 10

70. 49( OCCH2Ph), 67.29(C-4), 62.30(C—6) 40. 40( COCH2C1), 38.95, 38.80 (CCC
(CH3) 3) , 27.14, 26 98 (COC (CH3) 3) 1H NWR and 13C-NMR were neasured using

Br uker' A?{% ftﬁned as 400 MHz). Wen the sol vent was

deut eri ochl orof orm trl yl sil ane was used as internal standard V\hen
other 15 d I sol yen weg e pea t sal vent sed
as a ref er(gﬁ:gwl %hg%(%al éll'gh:;[%l% \EI\E%%?(?égfdl ya]\t g 2b§ pgﬁv =10 glﬁ the co'upl i ng

gopstants ol 0ed g Sihca 98 ENEOTRL 0%ap9¥ 140418, MIcHen)

Si licagel mésh “or 0 “nesh, “and ‘spherical i'cCa ge ch

was Silic 360 & Spheni cgl rodyct Q td. Used
for det ec?il % reacl'gl %g) ? 37‘[{% I['ﬂl\/\H/gsHBC‘“’PFLatten lgq]bén% @+ 08{ I‘—kall (Artl,
05715) ¢ pry0 E.g Mer C m r i rf rma

chroma?ogragﬁ%d( () ""Wéréé % sm}515|g ySO?qubZ%nggkeg %j,;l gsenﬁzﬁoﬁf X150 mj ,

pr oduct %joc LAI ;’E%%JEH Nguc Tgf %Zgéglg?%g ofI ghor egggrr &qued was FP-

25 210 SpectTtd dor oneter’, pro ‘Pr epar #” Conpound 20
Conmpound 1 vl S%C ) was dissolved in 50 dichloronethane (5.8
m), and d%et 8I é%la%osul fatrifluoride (DAST) was added to the solution with

stirring uéqu%r(53 3R a gg)ns,ptr%%m?gé é (]]D'S)t 09361_?? ”]Si;é%e wag ;;:tur ned to room

t enperat ure m hu after ion o and reac ed for 1 hour.

Di sappear qaeefaé o) | t@% TRYELLR! MA%aqR0G| I TPAl Y CTLE, $0% SR was quenched
wi th met hano : the reaction m xture was concentrated in a
10 70.49(0QHJ%H, 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
(HPLC) 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



vacuum The residue was purified by silica gel chromatography (ethyl

acet at e: hexane=1: 6), giving Conpound 20 éle ng, yield 70%9. H NVR(400MHz,
CDC13) 10 6 7.37-7.27(m 5H, Ph), 5.31(@ d, 1H, J3 F=14.3Hz, J3 =9. 69Hz,
J2,3=9.63Hz, H3), 5.04(dd, 1H, J,,2=7.93Hz, H2), 4.86(d, 1H, J=12.2Hz,
OCH2Ph), 4.60(d, 1H, H 1), 4.59(d, 1H, OCH2Ph), 4.44(ddd, 1H, J4 5=9. 04Hz,

b o Sy ongBe08,0 3 D3Ra0f A oty P ANl B, 291
Caoomke, ) WA gl i vk Bty %%ﬁgr%%%ﬁ%éﬁ R

0 e Bt feeugyeagﬁogﬁ;gp@% (A
et ot i s e o &
dlssolved i n net hanol 4.2 and so un1net oxi de (13. nnDI)

uas_addednbonabdie SOk} Ol SehEELB MAASH 20581 GO Sl BRTNAL, 45 C

Di sappear ance 0 e maferial was confirne nutes | ater, and

the react bggutﬁﬂl XUBhE %@&d?%wa@' b&fﬁff&ﬁb@" gll%é rbéai chromatography

(ethyl acetate:hexane=1:6), giving Compound 20 (211 mg, yield 70%).
'"H-NMR (400MHz, CDC1,)

10 6 7.37-7.27(m, 5H, Ph), 5.31(ddd, 1H, J, ,=14.3Hz, J, ,=9.69Hz,
J, ,=9.63Hz, H-3), 5.04(dd, 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(ddd,
1H, J, =9.04Hz, J, ,=50.6Hz, H-4), 4.43(ddd, 1H, J,, =12.1Hz,
Je, s=2.41Hz, J,, ,=2.23Hz, H-6a), 4.24(ddd, 1H, J, =5.67Hz,

15 J, .=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(d4, J, ,=7.96Hz, C-2),

20 72.05(d4, J, ,=20.02Hz, C-3), 71.49(d4, 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 (0COC(CH,), ]



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 chromat ography (ethyl acetate: hexan ;1:4), 10 giving Conmpound 21 (395
ng, yield 749 . 1H NVR(400ML-1z, CDCl13) 6 7.38-7.29(m 5H, Ph), 5.18(ddd,
1H, J3 F=14.8Hz, J3,4=9.5l Hz, J2 3=8.99Hz, H 3), 4.90(d, 1H, J=11.7,
OCH2Ph), 4.63(d, 1H, OCH2Ph), 4.47 (ddd, in, J5 6a=2.43Hz, Ja F=2.2Hz,

H6a) , 4.47 (d, 1H, J1 2=7.7Hz, ORvH 1), 4.38(ddd, , J4,5=8.96Hz,
J3,4=9.67Hz, J,,F=50.8Hz, H 4p (d g, 1H, J éYQ .OHz, J6b, 5=6.05Hz,
J6b, F=1.2@&apdin@b®, 0 3—25( RivO-Ji: B3 _54( ?,.ﬁlgw@ 70Hz, H2),
1.27, 1.26 [2s, 18H, OCOC (CH3) 3] épC NWR (40 , 20 0 178. 17
177.94(C=0), 136.54, 128.54, 128.17, 128.12(Ph), 101.31(C 1), 87.45(d, J4
F=187.39Hz, C-4), 74.17(d, J3,F=%g 88Hz, C 3), 72.45(d, J2 F=7.56Hz, C 2),
71.45(d, JS F=23.26Hz, C5), 71. é(OCHZPh), 62. 44( C ?, 38.90, 38.85
[OCOC(CH3)3J , 27.14, 26.99 52 (0OCOC (CH3) 3 J (6) Preparation of Conpound
22 To a sdbit Poeparfatgpn @f ngoqpaurd 211, 0.274 mmol) in  di chl oronet hane (370
/t1l) was added dropwi se trifluoronethane- 5 sulfonic anhydride (46 ill,
0.274 mol) at Gowpourd 25 (hihules } adlemmogd sgovas i Hirfsefl vednpo uretimnaly

di chl oronet hane (1 m) was_ added dropwi se to the mixture at 0 " C

Di sappear dRée2 oflk handngediim| metdwxddaf (el 19y P16 mael) tWas aededi ba

m xture was diluted wth dichloronethane. The organic |ayer was washed with
a 10 sat utheedohefuicpuyishl ativring unddruam Batraagetcapbortat €15 Sat ur at ed

sodi um chl ori de aqueous solution and water, dried over anhydrous
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, CDC1,)
0 7.38-7.29(m, 5H, Ph), 5.18(ddd, 1H, J, ,=14.8Hz, J, ,=9.51Hz,
J, ,=~8.99Hz, H-3), 4.90(d, 1H, J=11.7, OCH,Ph), 4.63(d, 1H, OCH,Ph),
4.47(dad, 1H, J, ,=2.43Hz, J, ,=2.2Hz, H-6a), 4.47(d, 1H, J, ,=7.7Hz,
15 H-1), 4.38(ddd, 1H, J, ,=8.96Hz, J, ,=9.67Hz, J, ,=50.8Hz, H-4),
4.23(ddd, 1H, J,, 4=12.0Hz, J, .=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,) ,J
C-NMR (400MHz, CDC1,)
20 0 178.17, 177.94(Cc=0), 136.54, 128.54, 128.17, 128.12(Ph),
101.31(Cc-1), 87.45(d, J, ,~187.39Hz, C-4), 74.17(d, 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



magnesi um sul fate and thereafter concentrated. The residue was further
dried by a vacuum punp, and then dissolyed in benzene (1 mnl). Sodium azide
(13 nmg, 0.206 nmmol) and tetraammoni um chloride 15 (57 ng, 0.206 nmol) were
added to the solution under an argon streamat roomtenperature, and the

m xture was reacted at 40 C. The di sappearance of the material was
confirned lycdd@u,pnd the reaction mxture was thereafter concentrated in a
vacuum The residue was subj ected to extraction with ethyl acetate, and the
20 extract(ewasrepstadon bh a@ommdunidakzed sodi um chl ori de aqueous sol ution and
wat er, dried over anhydrous magnesi um sul fate and thereafter concentrated.

The residue wasTpuai éoRctiy oifl peai@ile @eluMi1Ghoomes agicanhyin( et hyl
acet at e: hexane=l :4), affording conpound 22 (30.4 ny, yield 959 . 25 'H NWR

(400Miz, GREA3drémetndde’ (326 M 1PHiadhldded 896g0tse Itifldorohsedfte, J3
,=9.27Hz, J2,,=3.87Hz, H3), 4.93(d, 1H J=12.07Hz, OCH2Ph), 4.67(d, 1H, 53

J, 2=15 18lda1tbhiy ,arthy@3Gde 4t OCHAPID74 fmolf dged,o X, Jba,1s6BFhdc89HZ, J6a,
5=2.54Hz, J6a, F=2.08HZ, H 6a), 4.23(ddd, 1H, J6b 5=6.14Hz, J6b, F=1. 14Hz,
H 6b) , 41a8ém dHoldtipn, oB. EhpBuntiH21 Hidh)dichlo26mbPBane 18HmM1PCREE CH3) 3 Ti
5 13C-NWMR (400MHz, CDC13) 6 178.01, 177.68(C=0O, 136.06, 128.63, 128. 31,
128. 14( Phhdde87d25dwist) to8bhdIiktute FEIB3CI7 DiGappearandd (¢t the® F=23. 89,

C5) 71.73(d, J3 F=18.98, C3), 70.57(CCH2Ph), 62.42(C 2, C6), 39.08,
38. 90 (OCoELeCHR) wis coB¥ifhBed 2. TRC( CARXT (HeHIeadtTon it ud®: WEsNEATU téd
with dichloromethane. The organic layer was washed 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 T.
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 aqueous
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, CDC1,)

0 7.39-7.32(m, 5H, 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(d4, 1H,



Conmpound 2 2 -> HOC~ OBn HOOH 23 24 (7) Preparation of Conpound 23
Conmpound 22 (180 ng, 0.387 mmol) was di §§ol ved in nmethanol (8 m), sodium
met hoxi de (922 ng, 9.67 nmobls) was added”"to the 15 solution, and the m xture
was reacted with stirring at 40 C. TLC revealed 4.5 hours Iater that the
reaction nixture collected into a spot, and the m xture was neutralized

with a cationyexghange 1 egi i | R %%P(&g 491, aved (Bafi4ikr i onaand,

concentrati‘ozn resi'due "was puri'fie ica gel & uﬁ‘n“thronaltqography

thyl 20 .acet I 105. 3 Id 91. 60
i ANR( 40 o, ?(%é}exgnev 43))8’512%3%m St P qggﬂ 3]6}3 QIS%H St Do "
h ddd
7 IZZES)l.O H;%KPJ%%E*Q 1605, 1y S %45+6%( o3 BoHf %”Hiﬁé%ﬁsmdéﬂ

in, 25 J6 6b= J6a, 5=2. 3| Hz, J6a F=2. 32Hz, J6a 0x=6. 20Hz, H 6a),
3.89 54 3’877(%({:35@%93 H 6b), 3. 39(m 1H, H5) 13C—NNR(4OOM—|Z, CDC13) S

136. 39 3(Ph), 98.63(C-1), 88.19(d, J, F=178.9I Hz,
C 4), 573 9 (gﬁ Jé‘?@%uéﬁélqés)), 71. 18EOCH)2Ph) 5 7(1 16(d, J3 F=19. 69Hz,

C3), 64.4 (]?TfOég Fl%%%% m%‘b % 01639_1(29 ?5 £§Q £ enalg af“l?%l“io'];n )Oorrpound 24

Conmpound was ‘di'ssol'véd 1 n et ha acetic

anhydri de 46333411, I gded _fp t | ugiop atalgytic
amount of “10% ﬁ%/l& ‘was t%égga tér added to EO —{%e()lzl(axtg?"é 23 dﬂﬁ'g résul ting

i xture was 8341 efl alid.98T cl SIPEALYBCANLS' ESPRR N tch%)at gosplere in

the reactor wt
38.90 (ococ(ch,), ) , 27.18, 26.95 [(ococ(cH,), )

NHAc
Compound 2 2 —s H

24

10

(7) Preparation of Compound 23
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,)
0 7.40-7.31(m, SH, Ph), 4.96(d, 1H, J=12.13Hz, OCigPh), 4.71(d4, 1H,
J, ,=1.33Hz, H-1), 4.69(d, 1H, OCH,Ph), 4.49(ddd, 1H, J, .=51.06Hz,

J, s=9.19Hz, J, ,=9.20Hz, H-4), 4.02(m, 1H, H-2), 3.93(dddd, 1H,

4, 5

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



hydrogen. TLC indi cated di sappearance of the material 2 hours |later,
followed by filtration with activated cgrbon and concentration. The residue
was purified by silica gel colum 15 ¢ #onatography (et hyl

acet at e: net hanol =5: 1), giving Conpound 24 (57 ng, yield 72%.

1H NVR(400MHz, D20) S 5.23(dd, 1H, J3, 2= 2 69Hz, J1, F=1.44Hz, HI- a) ,

bty T Ak R s é_%fqg‘s oty Hoaa) 4 16(m AH

H- 5 H H 6 2 14(s. 3H NHOOGH

13C &&(40&/&?“‘%&@% @?12@( C=0 a), s 46( e a). 88.30(d a?

caa g J§é4§§ L1252 15 a’lSJ?’EA#%"El?—z 5 %5"28 8 gg(?&ﬁégoﬁsfwaf ‘e

HO H OH La, F N.C _ 5

Corr})ound go;r%oryrgo%%%z 24@(4;350 73%%@2fﬁ7‘|¥:5?98§%dl%l(’751%¥2)l reg\e/gtgg@%}igg)o
5

Thosphat o TaatFAas BB 3 ?'%810%’5 T 4R G SPOIBR T B8 AT s

t hereaft er sﬁldgFQ%éPattl%% g? g(gdm%'{ngp -gtart a reaction at roomtenperature.
reeze-

The reaction m xture was ied 24 hours later. The product was

di ssol ved in a supbluAdoit(108f myat ¢l 3 dBRP! 188 41320 vaR1 R-RXGhaRge resin
colum (AG 1- X8,

(7 ml), acetic anhydride (333 &1, 3.53 mols) was added to the

1.12

solution, a catalytic amount of 10% Pd/C was thereafter added to
10 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
15 chromatography (ethyl acetate:methanol=5:1), giving Compound 24
(57 mg, yield 72%).
'H-NMR (400MHz, D,0)
0 5.23(dd4, 1H, J, ,=2.69Hz, J, .=1.44Hz, H-1- @), 4.65(ddd, 1H,
J, =50.94Hz, J, ,=9.06Hz, J, .=9.58Hz, H-4- &), 4.47(m, 1H, H-2- @),
20 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, NHCOCﬂ;—a)
C-NMR (400MHz, D,0)
0 175.27(c=0-a), 93.46(C-1-a), 88.30(d4, J, ,=177.00Hz, C-4-Q),
69.91(d, J, .=24.41Hz, C-5- &), 67.60(d, J, ,=18.74Hz, C-3- (),

25 60.36(C-6), 54.12(d, J, ,=8.68Hz, C-2- @), 22.31(NHCOCH,- @)



10 200-400 nesh, formate form. After passing 300 m of water through the
columm, the desired product was eluted with IMformc 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, D20 S 4.61(dd, 1H, J7 =8.97Hz, J7
F=45.56Hz, H7), 4.18(dd, 1H, J5 6=10.63Hz, J6,e=29.86Hz, H6), 4.15(m 1H,
H4), 4.07(m 1H H8), 4.88(d 5=10.1 OHz, H5), 3.90(ddd, 1H
J9a9b=12. 18HZ, J9a, e=2 77Hz, HZ, H 9a) , 3.76(ddd, 1H, J9b ,

, =5 . 33Hz Comoyns) 24 -o8Hz, . é% 1H, J3eq 3ax=13.00, J3e
4=4.88Hz, H3eq), 2.15(s, AsH , 2.00(dd, 1H, J3a: 4=11.70Hz, H 3ax)
13C- NVR(400MHz, D20) 6 175.17, 1H®68(C=0), 96.01(C 1), 89.12(d, J7

F=179. 2311z, C7), 69.67(d, J6 F=b/541Hz, C-6), 68.31(d, J6 F=26.50Hz,
C-8), 67.26(C4), 56 62.70(C6), 52.17(C5), 39.19(C3), 22.61(NHOO0OH3

Ref er ence a Prepar at i

5- Acet am o-S?E%g?%éﬁé%bgé-gg#ﬁﬁggigs-gIycero-/3-

D-gal act o- 2- nonyaBYLAROS 481 gacwziﬁ-nmotiwogwmpq Facé"112s mg,

5- Acet am do- 3, 5, 8- oxy gor o- D-glycero- (3-D gal acto-

2- nonul opyr aposi i i ) 2 ddr Lali §: acl 2

ccor di ng it o2t ao Boh SrEF bPvbed ol BIBIRF Y BT et A B D02
HOU. 05 0208 g3 yin oI BHate bPr&F HIIQAGHH 206480 Opr2§ . BNO QH Qe d,BnO QH 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,
J, ~10.63Hz, J, ,=29.86Hz, H-6), 4.15(m, 1H, H-4), 4.07(m, 1H, H-8),
4.02(ad, 1H, J, ,=10.10Hz, H-5), 3.90(ddd, 1H, J,,,=12.18Hz,
J,. s=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),

3eq, 3ax 3eq. 4

2.15(s, 3H, OCOCH,), 2.00(dd, 1H, J =11.70Hz, H-3ax)

Jax, 4
BC-NMR (400MHz, D,0)
d 175.17, 173.68(Cc=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),



CNQ2M $ BnG, CO2Me BnO AcHN AcH uUnd CH BnO F M f ,g NOF e Ac; 02Me
AcHN' 02H B HO 27 NVMR data of 8-fluorpcialic acid are shown below. 10

1H NVR(400MHz, D20), 6 4.69(dddd, in, JBF=48.7Hz, J89a=5.0Hz, Ja9b=3.5Hz,
H8), 4.03(ddd, 1H, J45=10.0Hz, J3ax4=11.1Hz, J3,4=4.7Hz, H 4), 3.95(dd,

1H, J45=10.0Hz, J56=9.9Hz, H5), 3.94(ddd, in, J67="-0Hz, J?B=6.8Hz, J7 F

0, Tl B ity by SRR 0 e U5 T 0, 1
J9a 8=5. OIﬁégfél?g%i—é%&gﬁil%Qa), 2.28(dd, I1li, J3~ 3ax=13.00, J3ead4=4.6Hz,

H 3eq), 2 (dd, 1H, J3ax4=11.iHz, J3c5 Sax=13.00, H 3ax)

Ref | e 16 57 t .
o Acet am dob SR PP g,y P IBAG: b 1 diigepyy- - fiuoro-D-alycero- -
D-gal act 01709001 90300 LIgRL o AGI O LL YOS A 60 £ 8, 27)

5- Acet am trideoxy- uor o- ycer o- ( a

2- nonul opyr anosi.doni ¢_aci d .(28) Was. prepar romsialic acid (2 5
aCCOI’d!I% ng to the5 ggﬁg?r%ldgol \?é%'geggwep({—y@pgﬁgﬁéﬁo %Yic\?ﬁob%‘, 33 I(EBQ&HOCM
AcHN 02H Qghgh%fbpiféﬁoéﬁh%hg%E%cﬂgo(@7$n$£szﬁ}epared from Sialic acid (26)

according to the scheme given below.

oH ~
:0 QH a Q9 ome b HQ QM ome
——». 2.
Acl-l&g COH AL’W%M" BAQ%’% COMe

HO HO ) BnO
26
c BnQ " ome g BnQ QH ope :
—>  zeZrofcome — > Bnn Z7-07~co e
BnO BnO
Ho F
. BnQ F OMe f,0 oH
4 s,
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,

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

3eq, 4
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,

Jo, =5.33Hz, J,, ,=5.0Hz, J,,,=30.6Hz, H-9a), 2.28(dd, 1H, J,,,=13.00,
Jyeq4=4.6Hz, H-3eq), 2.05(s, 3H, Ac), 1.87(dd, 1H, J,, ,=11.1Hz,

J =13.00, H-3ax)

Jeq, dax

Reference Example 16



d FOBn O e, t,9 OHH AcHO2Me AcHN OZH Boo HO 28 Reference Exanple 17
Preparati on of CNPS|aI|c acid ONH2 RN R Ha R, OHB R . R O PLO NkO

R-ii.- R--~ OHO HO COON AcHN " COOMe°d, CN NWUACHNOCCI]-IHHOAOOaI N
HOHOO—I F:R = 7FR—FR' =R'=0Ac N ~O oNke = = R'=0H 7F: R = HF BF: R=
=0OH, R =F BF: R- OACR'F8FR—R"—O-|R'F9FR—R'O-|R"F9FR—

O TEAROS SR S0 K O Kool GUn s
1H T B
Mta-l,e}-l,rgzg'ghlgg(g\kdn%é‘l‘&%ﬁyyq%fesfﬁ i(@)sl Qg_@gyli afaéi\la%?hanol (3
, Do -50W X8 (6
Lenmeratur e undor éﬁ?arﬁ%%%vﬁam P fatdot S %oﬁ%'x&ﬁlg%g Hapidaldedp- 50T
hours. Af Ler coNLILIING;LRE, Compl el (80 ol Leactiane Lie.[eagt L0 m sk ir e
OB LGOTRLE (28] e 8 At

was f||tere ncentra € resi ue was di ssoO

acetic anhagég l%%Z‘Qo(l %)T_dvl\%@eaﬁa%% gglé 2 ttl) of acetic anhydride and 60%

perchlorlc aci e solution with stirring at 120C,
and the mxture was reacted at 10C for 40 mnutes. After confirmng the

OH OH
HQ OH a 'T;o OMe b, c Ho 9Bn o
D ———— o] _____»
MHN% COH AcHN 227 "CO:Me 74 OzMe
HO HO BnO
26
d ™" ome e,f,g M on
AcHN 0;Me AcHN OzH
BnO HO
28
Reference Example 17 Preparation of CMP-sialic acid
NH
\
%\7‘* ojl
COOH AcHN COOMe o'\'CN NHAC AcHN 07 co O
WL S HO OH
7F:R=F,R' = —0|-| 7F:R =F, R' = R"=0Ac A e 7FR=F,R' = R"=0H

8F:R = R '=OH, R' = 8F:R=R"=0Ac,R'=F e oA 8F:R = R"=OH, R' =

9F:R= R' =OH, n--=|= 9F:R= R’ =OAc, R"=F : © 9F:R= R' ~OH, R,.=

OH:R= R'=R"=OH OH:R=R' = R"=OH OM:R= R’ = R"=0H

(a) (1) Dowex 50-X8, MeOH, (2) Ac,0, 60%HC1lO,;
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 11},

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



conpl etion of reaction, the reaction mxture was diluted with ethyl
acetate, the dilution was washed wth sggurated aqueous 5 solution of sodium
bi carbonate. The organic | ayer was dried over anhydrous magnesi um sul f ate,
filtered and then concentrated in a vacuum affording a residue containing
sialic acid (29) having protected carboxyl. The residue and
CWP-5' - phasphopnidl ta@idedetbvetid W 103Qpn (Wi A3 svinirehgwet el 2x'ent hagi eneél y
boiled with 10 benzene three tinmes, the residue was dissolved in distilled
acet oni tr miet(2®0wd2eacael it nE)° cafdrt he miasides.ngaSdnicdoafisrmene thd xed
together. To the resulting solution was added 1Htetrazole (17 ng, 0.23
mol e) W tcbmplétid@fi rebhceiovl atheurdat t idn arigamresvagadi 1ukfed mixhure was
returned to roomtenperature 5 mnutes 15 later, followed by a further
reacti on fedhylOadatutiees thdf dETutiven wasnpashedwich seadtatsd wamebagogni zed,
the reaction mxture was diluted with ethyl acetate and washed with a
sat ur at ed saquedors ofs @lodt L nb Dfardadiatien. biThar begah bc aldy exatwasatietle AiaUS
solution of sodiumchloride. The organic |ayer was dried over anhydrous 20
magnesi umaahyades rfagnleeier dyl fatet,r at L oer ehhngonbhent caddeantratted in a
tenperature of up to 30 C and further by azeotropic boiling wwth toluene
tw ce to wapnoue, vefferdibysai téeidiuvecebonatnine si40@c9d¢id wd)atdednyo t he
resi due, and 2.5M t-BuQOCH t ol uene solution (290 [11) was added dropw se to
t he m xt upeownetted carbogli ng Thedees adue mandr GYR- St rtamphblaeidi xé ur e was
returned to roomtenperature 5 mnutes later, followed by stirring for 20
m nut es. Aktrévatienpl3éti 60. 23 nmedet) | varaaszecoopicastly lobitetdhwlitbul fi de (53
ul) 59 was added dropwi se to the m xture, and the t-BuOOH was quenched.
DBU (138 Ubenwuase ttioreeatises added reisdpue swad dlitslselnedt im ejistfidllledwed by
stirring at roomtenperature for 20 mnutes. After

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 aqueous
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
1t1) 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)



t he conpl etion of reaction was recogni zed, nethanol (0.67 m), 5 water (1.35
m ) and sodi um net hoxi de (360 ng) were ded to the reaction m xture,

foll owed by reaction at roomtenperature”for 16 hours. After the conpletion
of reaction was recogni zed, the reaction m xture was subjected to
extraction with water, and the extract was washed with di chl or onet hane. The

aqueous | aye reﬁ@%%Jé%qg%ﬂggnEga{ﬁ%jdf}t%rgac 5ntﬂ% %b%HBO E%Pé%c egperature

of up to sul'ting aqueous sof ution was purl col um

o sral L hy‘a@RL?lZ s ST PEY 18594 depat a8 g Bt S
CMP- 7" - " o f) | .
tlé we sa " dh a@cfoq:nh%PZragﬁ%;yfol 2b H?ﬁv?% ta hfe &l d vas

prepar ed in _manne as in ence le 7w he exceptl on of
o4 VR 400R s CoBBER 5 BB e Pt e 28%%44(‘&”?1"%%&%% 980 o)

Th, 3, 5o a5 Eng 5T Bk, A %th%dizif% IR meest, ety §é (ae,,
Jas=10. arg SRePR milfly ol ida B phiboidrh GO cepekdbiat slbne 1y

b L I bl g T
J3694 =4. yé'éct%%ﬁr}nﬂ;?cu?gzwaakg& 1ed2t$4é§t a%ﬂ’l Chi t1h- o %eq:dd’anLiHBhé?’ ax. 4

=11. Jeenr H 3" ax erence
Preparatngtggcgm@g§ %ﬁ@éyw§ ﬁ%r%h@%ﬁ&h@c'ghe queous layer was
CWVP- 8" - deoxy-B"-fluoro-siallc aC| was prepared In e sane

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(d4, 1H, J,,=7.6Hz, H-6), 6.20(d4, 1H, J,.,=7.6Hz, H-5), 6.06(4d,
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 ’3,, eq

=4.7Hz, J,; ,,=11.3Hz, J,,=10.3Hz, H-4"),
4.03(dd, 1H, J ,=J, =10.3Hz, H-5"), 3.91(ddd, 1H, J,, s, =12.2Hz,
25 Jy, . =2.8Hz, Jy,,=2.8Hz, H-9"a), 3.75(ddd, 1H, Jy,,,=12.2Hz, Jy, ¢

~5.4Hz, Jgy,,.=2.1Hz, H-9"b), 2.61(dd, 1H, J =4.7Hz, J,,=13.3Hz,

37 eq,4"

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



5 manner as in Reference Exanmple 7 with the exception of using Conpound (27)

in place of sialic acid. NVR data is giyen below. 1H NVR (400MHz, 50mM

ND4DCO, in D20), <S 8.08(d, 1H, J56=7.6FZ, H6), 6.20(d, 1H, J65=7.6Hz,

H5), 6.09(d, 1H, J1' 2' =4.lHz, Hi"'), 4.90(m 1H, H 811), 4.42(dd, 1H,

J3'" 2 =33 4" 10 =4.9Hz, H3'), 4.39(dd, 1H, J2. 1'=4.1Hz, J'2' ,=4.9Hz,

H2), 4.31-4. H5 a, H5Db), 4.15(ddd, 1H, J4"3,.eQ4. 4Hz,
Jziaééﬂfo %H%'H’éru"

Ja, ~ -11 Spim » , 4.10-3.90(m 5H, H5", H6", H7", H9"a
H—9"b) 4Ft Jg.=13.1Hz, H3"eq), 2.13(s, 3H, Ac),

1, 77(ddd %gr‘iﬁ ? aﬁ’lgHzé =13. IHz 115 J3%,=4.5H, H3"ax),

Ref er ence a tdu0 0 i o f o-sialic acid
CVP- 9" - deoE% té%?o S|§ﬁéa§ a§F§L g%eéxa?l ﬁ%ﬂggne manner as in

Ref erence Exanpl gy W B NG ¥ EGRLL O qflcugwa &0, Gumoud (2% nleace of

sialic acid. Exanp epara Ion o asparaglne Isialo a

ol I gos CCR%%%?Fégml)Re\ﬁ’@%S&é‘ Bl ‘?rlﬁ@' Oy ?Eﬁ%éﬁe"%ggtf&p%@q}f&%ﬁonoas| o

pr ot ec ed Wi noc group and two Ki nds of "asparagin I nked

a2, 3-oli Q%QESM&' &Q\INP %gﬁdotc%lg)n@h%gedn I\lﬂﬁ &{Qa{‘%s %988

aspar agi ne | protecte nmoc group Using sialic acid frans erase

CVP-si al i &, agid (%65[ gdrﬁp%eg&gg%ﬁoo blpe aspar agi ne-1 i nked

asi al ool i gosacchari Wwhi ¢ aied’ in Reference Exanple 3 and wherein

t he am no gr f he; aspa p ct t h, Enpc p. ialic
acid trans éfgﬁéguse% WEs Zzgggtraﬁﬁaeﬁaég ﬁhﬂ%ﬂ 9%53E§H§0n%eggra? @f“i
avai | abl e gnd;deriyed,[roma,raf §eoMNaRtgn) 4 42(aa, 11, g, , =,
10 =4.9Hz, H-3'), 4.39(d4d, 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 =11.5Hz, J,.,=10.5Hz, H-4"), 4.10-3.90(m, 5H, H-5", H-6", H-7",

s ) 3" ax

H-9"a, H-9"b), 2.60(d4d, 1H, J =4 .4Hz, J,=13.1Hz, H-3"eq),

37 eq,A"

2.13(s, 3H, Ac), 1.77(ddd, 1H, J,, . =11.5Hz, J,=13.1Hz,

15 J,» =4 .5Hz, H-3"ax),

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 (Cl-1) wherein the amino group of the asparagine is
protected with Fmoc group and two kinds of asparagine-linked
25 monoasilo @2,3-oligosaccharides (C1-2 and C1-3) wherein the amino

group of the asparagine is protected with Fmoc group

Using sialic acid transferase, CMP-sialic acid was



The asi al ononasaccharide (20 ng, 10.1 unoles) obtained in Reference Exanple
3 was dissolved in 50 nM of cacodylic aﬁgd buffer (6.0 in pH 5 m), and
bovi ne serum al bumn (BSA, 5 ng) was then added to the solution. To the

m xture were added CWMP-sialic 10 acid (26 ng, 40.4 LLnoles) and al kanli ne
phosphatase (5 A, 125 wunits), and the resulting m xture was stirred

uni for m y.. Eh0gLlYea (a2:TeShalyldd Ashenase JAA0U5t 5L CALRLATEM: 400 ul)

was added "to m xture, e resulting mXxture-was owed to0 stand at

37" C for 4 spgg{egmt@q&r gggg\%g&%ﬁ&gw 5‘%&9.v)‘ﬂ%‘}.@ﬁhh?héta"lﬁitrjonggglaﬁﬂgﬁéeri al

reduci ng to esire nonitoring the Treaction and

th ti ] [ ' filter. The filtrat
ncentrated HeorEfind ag PHEGRTSSY VIR SR e caf ter puri ficd by HRL

concentr at gquant i ereafter purified by HPLC
(YMC-Pack R&D ODS, D-ODS-S-A 20 X 250 mm AN 25 mM AcONH4 buffer = 18/82,
7.5 20 ml/nin., TREVEIREHGIICIDAF R eTadRuR A BBt A7 AP Sh&rese which

di si al pund har.i Cl-1) in 25 ni d .
monosi 51 0ABEaCARIRAT 0 BRROLRS (en 95 ARG (CPisp FAt S6FRIAEEt and 34

m nutes, respeciphéelyialdiRrkacthoPsader® &gl ! eetedimotiedaldrdiard in
freeze-dried individually, giving Conmpounds 1, 2 and 25 3 in respective

anount s ofRe@efenBe (Braffle 3. PadMilBo3¥pdandl sH a8t €ddodM)ic BegaNVR data as
to the conmpounds is given below. Conmpound (Cl-1) 62 'H NVMR(400MHz, D20,

30t, HOD=%u8kerfis B 3 gu, 26 mPNOGhAd BobPhé, seddm BNBGHin 7(BEX,dd, mgH, wkeoC) ,
7.42(dd, 2H, Fnoc), 5.10(s, 1H, Man4-Hl), 4.97(d, 1H, GLcNAci-H1), 4.91(s,

1H, Man4' tied) added A th8( Bo1v)an 4. B4 (did mikRGre wWerk (dasieaScbl, s M H2) ,
4.18(bs, 1H, Man4-H2), 4.10(m 2H), 2.74(m 3H, Asn- /3CH, NeuAc7,7'-H3eq),
2-40'?0606@Hd1kb6Aﬁﬂ'MO3EHﬂnDZeQ5,aﬁH(Hikanline 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 (C1-1) in 25 minutes, and
monosialodecasaccharide compounds (C1-2) and {(C1-3) 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 (C1l-1)



2.02(each s, Ac), 1.77(dd, 2H, NeuAc7,7'-H3ax). Conmpound (Cl1-2) 'H
NVR(400MHz, D20, 30t, HOD=4.81) 10 6 7. gg(d, 2H, Fmoc), 7.69(d, 2H, Fnoc),
7.49(dd, 2H, Fnoc), 7.42(dd, 2H, Fnoc);“5.10(s, 1H, Man4-H), 4.97(d, 1H
GlcNAC1-H1), 4.90(s, 1H, Man4'-H 1), 4.47-4.60(m, 4.43(d, 1H), 4.32(1H,
Froc), 4.22(bs, 2H), 4.17(bs, 1H, Man4-H2), 4.06-4.13(m 2H), 2.72(m 2H,

&), 1A AR A T RO el ound (CLL3) T H NVR(400ME, D20,
7 az(dd, 2u PRt 28 To é“ﬂ% 2%&?9&2%”‘7 TR ety =" 20
2. 4 17(b42 0y 2@%@ B T ﬁf(dﬁi’&%ﬁ'ﬁgﬁé hcl eq)
§H45N§uggg ; BE" élguAca 038 ?36%--4 éNic%ﬁﬁ‘-cgl\/Fg”r?é{)m)%l\éz 1-.4GL
(a A‘i#?’ 5 é%z %%iéN@ZQBf%%%" ot RO R o e O e A T
o e S AN B o M, P
CNAC- ASN- BB (each s, Ac), 1.77(dd, 2H, NeuAc7,7'-H3ax).
Compound (C1-2)
'H NMR (400MHz, D,0, 30C, HOD=4.81)
10 0 7.90(d4, 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- SCH, NeuAc7-H3eq), 2.50-2.60(m, 1H, Asn- SCH), 2.05, 2.03,
15 2.0l(each s, Ac), 1.77(dd, 1H, NeuAc7-H3ax).
Compound (C1-3)
'H NMR (400MHz, D,0, 30C, 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-f3
CH, NeuAc7-H3eq), 2.45-2.60(m, 1H, Asn- 8CH), 2.05, 2.03, 2.02,

2.00(each s, Ac), 1.77(4ad, 1H, NeuAc7-H3ax)



Gal 0 1--4GL cNAc 0 1--2Man a | (C1-3) Exanple 2 5 Conmpound (C1-2) (2 ny,
0.88 /tnole) obtained in Exanple 1 and g3 ng of bovine serum al bumn were
di ssolved in 100 /dl of HEPES buffer solution (50 nM pH 5.0), and

(3-gal actosi dase (product of Seikagaku Corp., from Jack Beans, 5 [Il, 100

mJ) was added t.o 0 resul ting solution was aIIowedto st and
at 37C for'® Aé“f?%}%ﬁﬁé J&ﬁ@’*?@l&ré@ P\ﬁfl ltered with a menbrane filter. The
filtrate was purified by HPLC [ ODS coI ulm, 2= @G1¢Ithic B 40X NAD=0Wi-Fne@l uent: 50

nmM aqueou soI . acetonitrile = 82:18; flowrate
7.5 m/m t&r g@églﬁy%ﬁ%ﬁéﬂ%ﬁ n of the solvent and freeze-drying.
The resi due was di sgehved in 200 111 of 15 water and desal ted by ODS-col um

chromat ography (Cosnosil 75C,,-opn, washing with water first, subsequent
elution with 25% aqueous solution of acetonitrile), giving 0.5 /Lg of the

desired Conpound o ta |s gi ven bel ow. 'H NVR(400MHz, D20
301x, HOD=4.81) azf’g%é ﬁzg@éﬂwﬂﬁ . 7.69(d, 2H, Froc), 7.49(dd, 2H,
Fnoc), 7.42(dd, 2H, Fnoc), 5.10(s, in, MMMA»&M)NA(:@198{ochAt#Asﬁ3$ﬁdﬂAcl H),

4.90(s, 1 1H, F 4.22(m 2 4.17(bs,
2 ﬁ/;m %Wa },{})17,4)%13{8 %T%an% Asn((SCH m)NgLAc? 5 I(Eeq),m (bs

2.45-2.60(m 1H, Asnei?,ﬁZH) 2.05, 2.03, 2.01(each s, Ac), 1.78(dd, 1H,
NeuAc7-H3ax) GL cNAc 13 ly2Man a |y an /3 1-- 4GL cNAc /3 1-4GL cNAcy. A
sn-Fnmoc NeuAc a 2-- 3G | 13 1--4G1L cNAc [3 1--2Man a | (C2)

NeuAc a 2> 3Gal 8 1= 4G1cNAc B 1= 2Man @ In
6Man B 17 4G1cNAc 8 1= 4Gl cNAc=Asn~Fmoc
Gal B 1 461cVAc B 1= Nan o 17
(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 /1 of HEPES
buffer solution (50 mM, pH 5.0), and [3-galactosidase (product of
Seikagaku Corp., from Jack Beans, 5 {1l, 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 i1 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 itg of the desired Compound

(C2). The NMR data is given below.

'H NMR(400MHz, D,0, 30, HOD=4.81)



Exanple 3 10 Conpound (C2) (1.8 ng, 0.86 /.Lnole) obtained in Exanple 2 and
1 nmg of bovine serum al bum n were dissol ved in 90 /11 of HEPES buffer
solution (50 MM pH 5.0), and 4 /11 (256 mJ) of N-acetyl-/3- glucosam dase
(product of Sigma-Aldrich Corp., fromJack Beans) was added to the
solution. The resulti ng solution was allowed to stand 15 at 37C for 24

hours, andt ft ltere rane he_filtrate was
puri fied b?/ {gLé% C]%é C ?ﬁiﬂ qz\é%t(%ld?%ﬂf moﬁ)25 Céré (g({ v FBYC )m\/l aqueous
sol ution of ni tate o] 2: 18;5af kow r at nj,
f ol | owed g]y ggﬁce rgﬁ 02 o g sg ven%g 4 frée?g(g V\iﬁ e%rlgglﬁgue was

20 di ssol veggig Zﬂp /M]‘.:&1 Qf HV\@} er 35’?Jd d%ﬁ?ﬁ.} ed4 b3y3( S- 91%&')”“ (ﬁt}ggﬁﬁ&ﬁgraphy

(cosnosi | 47 : opn vvashln I wat er r'st, sefueﬂt utlon wth 25°dA)
(& i N tii'é% D3 B%f '%&M&hgg %734491(%15’2# S6%5, hefach "

Lot ey L g PR A 2 157, 9. oE N AR V7o

Man4' - H- 1 78(m 5H), 4.40-4.50(bm 2H), 4.34(s, 1
4, 28(bs )Hg(ﬁig(?%@“ﬁ‘cgoﬁégﬁé 1H,(mJa:|?_>?0, Ib=9. 9),(2.mso-;?95(m (ZSH v

Asn-13CH, 5 NeuAc7-H3eq), 2.65-2.75(m in, Asn-/3CH), 2.16, 2.14,
2.12(eachs, Acx3), 1.98(s, 3H, Ac), 1.89(dd, 1H, Ja=12.1, Jb=11.09,
NeuAc7-H3ax). Man a |y NhiVA{BI-T2Maa@IN¢cNAC J3 1-4GlL cNAc-Y Asn-Fnoc NeuAc a
2-3CGal 131--4GL R R 1- -2Man a 1lle (?ﬁﬁﬁlEx@ﬂPM@B4*~whﬂAr>Ayrﬁmc

NeuAc @ 2= 3Gal 8 1-=4GlcNAc 8 1-=2Man 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 i1 of HEPES
buffer solution (50 mM, pH 5.0), and 4 /1 (250 mU) of N-acetyl-f3-
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 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

20 dissolved in 200 U1 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 (g of the desired Compound (C3).
'H NMR(400MHz, D,0, 30C, 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,



Compound (C3) (0.8 ng, 0.42 ILnole) obtained in Exanple 3 and 10 1 ng of
bovi ne serum al bum n were dissolved in I LI of HEPES buffer solution (50
mv pH 5.0), and 30 ILI (2.9 U of cr- nnosi dase (product of Sigma-Aldrich
Corp., fromJack Beans) was added to the solution. The resulting solution
was allowed to stand at 37C for 63 hours, and thereafter filtered with a

menbr ane g25=zf i tﬁ{'lo(f)'ljhg .fsislégéfitf}l,""%iﬁ%r,i §+‘g<§i, by .HEL(Q, DS eQluem,y 2.0

(diam) X 25°¢nm el'ent’ nm aqueous " sol ut’i‘on of "amoni um acetate
acetoni ”'s'.%s?g?oi@,O;J=e' QW ERLeach 31,/ 81 84 (s f Ol PW‘EHfthH-f)Q”%e.BW(%' o, of
t he sol vent and’ freeze-dryi ng. e residue was dissolved Tn 200 I'T.| of

wat er and degal £ by £BS Ol ARLENT 9IRS OBIAAY LESTPSI] (ECayr OPN,

washi ng wi'th water f'irst, se?uent elu iog o aqueous sol uti on of
itri : i Vj .6 j C4)..0 n NVR MHz,

D20, °§'ot { MeRkpafsh B oot %;3‘552535?5 Ficy B YagatigiH D ARWHRES

7.59 : 6 =7.2,., E ) 2H, J57. 2, iy Dn2 H

Vand: 1) , NeuRBS ey 25 EX0EGTS (i 2ol Bl 07t bn 7 B0TE S m 219,

4. 32(bd, 39727 Yg (A 38(bgey 1H) g Ag@2( PEd, 7 LH, Ja=9y7, 4 b= A -H2) ,
2.80-2.95%‘%x %H, Asn(-SQ éﬁ Nce)u'Ac7'- H’g(eqf, g’. 60- .7é(mb1ﬁf'5 i’s‘%ﬁﬁgﬁ@é" L 14,
2.14, 2.12(eachs, Acx3), 1.98(s, 3H, Ac), 1.88(dd, 1H, Ja=12.1, Jb=12.0,
NeuAc7- H3ax). Man 01-'-4G cNAc pManeIsdG | cNAc--Asn-Fnoc 3 NeuAc a 2-

-3Gal /31--4G cNAc (31- -2Man a 1 (CAYy. Exaomend 530 £ommemn -3) (1 nm,
0.44 /i.nole) obtained in Exanple 1 and o BN 5 bk
NeuAc a 2> 3Gal B 1-=4GlcNAc B 1=>-2Man a1

(C3)
Example 4
Compound (C3) (0.8 mg, 0.42 Umole) obtained in Example 3 and

10 1 mg of bovine serum albumin were dissolved in 50 (t1 of HEPES
buffer solution (50 mM, pH 5.0), and 30 #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,



1 ng of bovine serum al bumn were dissolved in 50 /il of HEPES buffer
solution (50 mMM pH 5.0), and (3-gal act @gi dase (product of Sei kagaku Corp.,
fromJack Beans, 5 U, 100 mJ) was added to the solution. The resulting
solution was allowed to stand at 37C for 15 15 hours, and thereafter
filtered wwth a nmenbrane filter. The filtrate was purified by HPLC [ ODS

col umm, 2.6B7(di armgc)X 2A senid, etmermt=7 .20 mhbaguend (30! LH| avarf - FNMONI UM
acetate : acetonitrile = 82:18; flowrate 7.5 m/mn], followed by
concentratd.@9 (6f 1he J=sd.VenGlamacf1neze4de§i ogis (khe ,r ést due. Wakn,di2#3 ol ved
in 200 !'-LI of 20 water and desalted by ODS-col um chromat ography (Cosnosi l
75C1B- opn,4. 38abli nH W2 .\Bat ed . 28 (kt,, 180bseqretMd&R| aHi, onTas%.I7, 25% ag8ieous
solution of acetonitrile), giving 0.3 /1.g of the desired Conmpound (C5). 1H
NVR( 400MHManld262) 302 X80 +40954mB13H 22 sk -§3 OH,( Reuddy -#Fg)2, Fruck,. 7881 (h, 2H,
J=7.2, Fnoc), 7.60(dd, 2H, 67 J=7.2, Fnoc), 7-53(dd, 2H, J=7.2, Fnoc),
5.21(s5 lHsnVigek)HLR,. 145. D914, 21H2 (d56ns, AebkaNAcl-bH)s, BH2@s) , 1M, 88 (dd,
Man4' -H 1), 4.55- 4.70(m, 4.44(1H, Fnoc), 4.30-4.38(bm 2H), 4.28(bd, in,
Man4- H2) , 114. T@=242 26( mb=2K)). 0, 2NA&RZ.-98a@w) . 2H, Asn- 13CH, NeuAc7-H3eq), 2.55 5
2.70(m 1H, Asn-/3CH), 2.16, 2.15, 2.14, 2.12(eachs, 12H, Acx4), 1.98(s,

3H Ac), 1.89(dd, in, Ja=12.2, Jb=12.0, ,Ne ¢ a2-3Gal
13L4Gcwm(3L2Mmaa1A6Mm(3.L-4Mﬁ@é%ﬁ%&@}w@%Arﬁhm% d OR (3
1--Man a [Ne@ACo)2—>Exd fptedCbcNospbetihd o (1.0 ng, 0.48 U nole) obtained in

Exanple 5 and 10 1 ng of Bovi ne serum aI bum n were dissolved in 50 91 of
HEPES (

Example 5

10 Compound (C1-3) (1 mg, 0.44 /[mole) obtained in Example 1 and
1 mg of bovine serum albumin were dissolved in 50 i1 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 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 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
(CS).
'H NMR (400MHz, D,0, 30°C, HOD=4.81)

25 6 8.01(d, 2H, J=7.2, Fmoc), 7.81(d, 2H, J=7.2, Fmoc), 7.60(dd, 2H,



buffer solution (50 MM pH 5.0), and 4 91 (250 nlJ) of N acetyl-~-

gl ucosam dase (product of Sigma-Aldrichggorp., fromJack Beans) was added
to the solution. The resulting solution was allowed to stand at 37'C for 22
hours, and thereafter filtered with a nmenbrane 15 filter. The filtrate was
purified by HPLC [ODS colum, 2.0 (diam) X 25 cm eluent: 50 mM aqueous
sol uti on of=-7amDRnoEN acetatad, acetmHTi.tri Fros) 8% .28;(sf | o, redmet -H15,m / m n],
foll owed by concentration of the solvent and freeze-drying. The residue was
di ssol ved 5.m9260 i#, af=9vat eclanscranal,.t 6dobys O0O%,c Mauam - 201 chraorsst-ogr aphy
(Cosnosi | 75C18-opn, washing with water first, subsequent elution with 25%
aqueous sal.gi(an, of . ac@HONFinoe) £)4 .303i4vidAgb0, RH) ,g 40R8t(heé, dasi Mach4CERAPOUN
(CO H NVR(400MHz, D2O, 30 x, HOD=4.81) 6 8.01(d, 2H, J=7.6, Fnoc), 7.80(d,
2H, J=7.6,4 ANDG) 25 m SQId, 228 - 5 @57 26, KSWCPCHT . BS(ald - RHq) J=Z. 65 - Fnoc) ,
5.19(s, 1H, Man4-H), 5.09(d, 1H J=9.2, dcNAcl-Hl), 5.02(s, 1H

Man4' - b 1)2.74.(85(sH, Wdn- SdHH8-24.165( N 15H)2 . 14,38~ 42484 dhs ,2H2uF-MBEX4) 4. 40( bd,
J=2.4, 1H), 4.18-4.25(m 2H), 4.15(m 1H), 2.80-2.95(m 2H, Asn-(3CH,
NeuAc7 5 H3e@)s, 23165-A2)750nB9 L&, AIh- TAERY, 2 2. 015,122 01 3Ne@RAd2(H8aS, 9H,
Acx3), 1.98(s, 3H, Ac), 1.89(dd, 1H, Ja=12.2, Jb=12.0, NeuAc7-H3ax). NeuAc

az2- -3&l - -AC NAC_(31--2Man 1,4, 6 3Man Q|- -4G cNAc i3 1-
_4G cNAc--]\EQ/%-aFZnDGhé:alﬁ/én ‘é}ﬁ““(%) 2ﬁf’éxdalm e 7 10 Conpound (C6) (1.0 ny, O.53
/.cnol e) obtained in Exanple 6 and 1 rggarrﬁl—b@MkmBSermmbMMWmmere
di ssolved in 50 91 of HE%IIEC%ACBI—'»ZManal/
(C5)
Example 6
Compound (C5) (1.0 mg, 0.48 Umole) 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 #1 (250 mU) of N-acetyl-f3-

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 41 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 (g of the desired Compound (C6).
'H NMR (400MHz, D,0, 30C, HOD=4.81)

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



buffer solution (50 MM pH 5.0), and 10 /cl (0.9 U) of a- nmannosi dase
(product of Sigma-Aldrich Corp., from J?gk Beans) was added to the
solution. The resulting solution was all'owed to stand 15 at 37' C for 20
hours, and thereafter filtered with a nenbrane filter. The filtrate was
purified by HPLC [ODS colum, 2.0 (diam) X 25 cm eluent: 50 nm aqueous

0l ution olo2gToguly AGeLaiga, AL kiog S AGS!I o ekt M /i ]

fol | owed By "cbncentration o solvent ‘and freeze-dryihn e reésidue was

20 di ssol \gsg&iigi 209 tﬁ\xgégt &@éﬁi%ﬁ@ﬁ)cﬁ%%ﬁé’, %,Ogghsolﬁm, Ghigarat .Otﬂ{xﬁphy

(cosnosi | opn, ing Wwth watér first, = subsequent el utiion Wi 25%
caueous S0l B 2ln 2600 LSk Ll ol MiD0nfhd | 0o 651 compount

o0 T B TR ol Sl T g 0
oiy. 3l 170R 11365 G dosmasthy B MR Rt ikl et et ol 5

1H, Asn- (. , 2.dbpe 2q%3, 12( , X3)5-1b. 98( 8= 34 n A 8 in,
Ja=12. 2, j\gg%f 3,% 9|1\|82(SAC%?1|'-|3}8§.§3 ] 1Ne%%%g§2-fﬁ?é}aal(%i-%-'4%bc§@c%'3ﬁeyﬁkgn§?§g%l\/an

R 1-- 4G cNAc j3 1-.- 4G 1 cNAc--Asn-Fnoc (C7) Exanple 7A 10 Preparation
of asparagi ne-linked disialo(a 2,6)((Y 2,3)oligosaccharide wherein the

am no gr og‘pu%fﬂr'h%ﬁaééﬂ)'a'f"&@wﬂéﬂM@Maﬂﬁ"rlm ected with Fnoc group Using sialic
acid transferase, CMP-sialic acid was ‘yang)1=461cNAc 8 1461 eNAc=>Asn-Fmoc

Man a I/
{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 [t1 of HEPES
buffer solution (50 mM, pH 5.0), and 10 11 (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 i1 of water and desalted by ODS-column
chromatography (Cosmosil 75C,,-opn, washing with water first,
subsequent elution with 25% aqueous solution of acetonitrile),
giving 0.5 (g 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,



transferred to the asparagi ne-1inked asi al ooligosaccharide 15 (Conpound 2)
whi ch was obtained in Reference Exanple S and wherein the am no group of

t he asparagi ne was protected with Fnoc 6 oup. The sialic acid transferase
used was a2, 3-transferase which was conmercially avail able and derived from
a rat reconbinant. Conpound 2 (1.7 ng, 0.75 /.i.nole) obtained in Reference

20 Exampl o3 wasngigsobved uf St i of scaeodyl | G geid bl e d .0 (n b 85

[/ Cl), and bovi he serdm en ‘allded to ~ the sol ution.

To Lhe M Yuuge vers added VP51 g 2618) (4 BgW, oS [ gmlesh Andes

al kanl i ne pﬁosp at'ase units resulting mx

ti d if Final Ly, 3 25 .si al f t
oLl oo 4980 1 R e & 96T P S PRSP e B i g

{"ﬁ??n”?,it e SfaZ'cs’fgf’t“ﬁ% & BoBeaflme dhoraeRe g, RRM TR & 2okt P%‘- Wit ori ng
. PLC, h . . , 5
Lﬁﬁbr ;f ZC#?;?[%%%{ e fifen &as” é%%@en{%hésizé‘éf%?? e%-'u%e&%}iﬁ B bght 1 .
i §i HPL i i YMC- P R&D
s, b ook SRR etz A28 A Ne b B er - Torez, 75 mi min.,
wave | ength: 274 nnm). Conpound (C7A) was obtained as an eluate 25 m nutes

| ater. The fraction was 10 col |l ected, desalted and freeze-dried, giving 1.3
my (67. 8%Newk ¢ 2Co¥pbadttICTRAY S ITHe eNNR data is given bel ow. 'H NVR(400MHz,

D20, 30t, HOD=4.81) 6 8.00(d, 2H, J=7.%, F =7 E ,
760cad. 2m - 3273, CFmoey . 7. a(aa. e Aefic b di S 00

15 5.09(d, 1H, J=8.8,{(@)cNAcl-H ), 5.03(s, 1H, Man4'-H 1), 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,
Example 7A
10 Preparation of asparagine-linked disialo{( & 2,6) (&
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 Mmole) obtained in Reference
20 Example 3 was dissolved in 50 mM of cacodylic acid buffer (5.0 in
pH, 85 it1), 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 moles) and alkanline phosphatase (1 (1, 75 units), and the

resulting mixture was stirred uniformly. Finally, «@2,3-

25 sialyltransferase (product of CALBIOCHEM, 75 (1, 34 mU) was added



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 6 Jb=12. 4, Asn-13 CH,

NeuAc7- H3eq), 2.60-2.72(m 1H, Asn- ISCH7 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). NcuAc a 2- -6Gal R 1- -4Gd cNAc

(31 - 40 cRaEtag itk 280 (e PR Tahe SRR AN e RTLOTY o ReRRaTa e P e

di si al o(a2;34( 8,1 521h®ugg' 9%%‘39@3&9&1 ecieQmEQg @%ngrtﬂﬂ.p of the

aspar agi ne was prot ected w th Fnoc group ing Si a cid transferase,

asi ai ool | Sieapbrified LR ERE SO R ARREL IR ket

was o tal ned i n rtgeference Exanpl e

3 and whery a@tl{gﬁ%m@g ggg&ptﬁ)é LR ISR AA AR WaS PLALSAILG ! ) FITDC

group. The sial'i c "acl ransferase use , 3-transferase whic

Commr H ?Xs’?é' o ned lge}{%‘ilaﬁé J%tceBFQQgé’ "y edu(g?v aind 3 (1.2

ng, erence 1 SSO in 50 mM

of cacodyl#gaggtgh%%gﬁae%éeéﬁd thdkedtie gurﬁ?’iéfi b%ngevf@cégn%@lﬁ bum n

(BSA 1 6 solutlon e mxture were added

~Stali Geaghfl (v dlsc gn: or{émﬂ ek -8nf %‘@f"i%r“fpﬁhoiﬂ Acbii ' 15

unlts) ing mXxture was Stifred uni

sialyl tra% gefse id%%du‘?t 501 fiBl, O@E‘EM 1é?gt% I bha afh rTU)Co §%n§‘d jto the

m xture, the resulting mxture was allTowed to stand at hours.

The react uae wetﬁairﬁgedna%agﬁd e WP biRen;dlsapreaancendd dhe sbarying mterial

while nonitoring t
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-H1l), 5.03(s, 1H, Man4'-H-1), 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), 2.80-2.86(dd, 1H, Ja=4.4,
Jb=12.4, NeuAc7-H3eq), 2.73-2.83(m, dd, 3H, Ja=4.4, Jb=12.4, Asn-f3
CH, NeuAc7-H3eq), 2.60-2.72(m, 1H, Asn- SCH), 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=-4GlcNAc B 1 2Man @ Iy

6Man B 174Gl cNAc 8 1 4G1cNAc>Asn—Fmoc
Neufc @ 9-=3Gal B 1-=461cNAc 8 1-~Man a 177

Example 7B

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



reaction by HPLC, and the reaction mxture was filtered with a 20 nmenbrane
filter. The filtrate was concentrated tgqireduce the quantity thereof and
thereafter purified by HPLC fractionating colum (YMCPack R& ODS
D-ODS-5-A, 20 X 250 nm AN 25 mM AcONH4  buffer = 18/82, 7.5 m/mn., wave

| ength: 274 nm Conpound (C7B) was obtained as an eluate 23 m nutes |later.
The fracting)wasgesaddréakedhefeizalvhed annto f §@R7eodr tRE, agphpadayd nk ¥aby
(81.2% of Conpound (C7B). The NVR data is given below. 1H NVR(400WMHz, D20,
30t, HOD=4rdtpc¥ed w&xmrmdecdgraky J=7.6, Fnoc), 7.79(d, 2H, J=7.6, Fnoc),
7.59(dd, 2H, J=7.6, Fnoc), 7.51(dd, 2H, J=7.6, Fnoc), 5.21(s, 1H Man4-Hl),
5.08(d, in, J=1@sQng@cNAL-adifl, tbafdferask, cMhndialticl)acid. 8d4¢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, Ydansfedbed . t2b(the Akhparatyife--2i8&éddasildiooldgsdadehalhide?. 4,
NeuAc7-H3eq), 2.73-2.83(bs, dd, 3H, Ja=4.8, Jb=12.4, Asn-/3CH,

NeuAc 75 H3e@ompduhd-P). A2ikh bkt Asteind@Hin Reflérence E2ampld 0 earh wherdEnX5),
1.97(s, 3H, Ac), 1.88(dd, 1H, Ja=12.4, Jb=12.4, NeuAc7-H3ax), 1.80(dd, 1H,
Ja=12. 4, dhelamino NetoAd/ ofi3ake . asptaljénAcwad -@edectddlwi th dacaNAe ohidl- - 2Man
all 6 3 Man 13 1- -4d cNAc (3 1--4d cNAc--Asn-Fnoc NeuAc a 2--6Gl R

| --f4G3 cNAC (31-Th2MepaBid dos@Rlensr&Erapanakionadf vaspatagisteraseked: dh 7

"' -deoxy-7 "'-fluoro- sialo(az2, 3)oligosaccharide wherein the am no group of
t he 15 aspasagomeerwisaliyotheelbable tandFdeeiged UiromC3- tat sAecbribimakitnds of
aspar agi ne-1inked nono7 ''-deoxy-7 ''-fluoro-sialo(a

Compound 3 (1.2 mg, 0.53 /#mole) 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 41, 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, 30°C, HOD=4.81)



2,3)oligosaccharide wherein the am no group of the asparagi ne was protected
with Fnoc group (C8-2 and C8-3) Asparagy e-linked di7 '' -deoxy-7 "'
-fluoro-sialo(a 20 2, 3)oligosacchari de erein the am no group of the
asparagi ne was protected with Fnoc group, and two ki nds of

aspar agi ne-1inked nono7 "' deoxy 7 ''-fluoro-sialo(az, 3)0Iigosaccharide

ehown ;%P@Me%@oo%{@fﬁeﬁf.tn PRV ﬁéﬁn&?nﬁ’?sgi P ense 1 S0hE? 23*?"25
I V4 ' I 7
‘éiNiPr}%gels R 5 ;ééa#”%* i re 20 >°1%f‘.23%8n L ﬁ%&fg&% 15
314? é(&f}%(ﬁ%:?@?o. l‘IJ\l"/FfM% gﬁl--?hf&n@é | eg’aéﬁé K JB cll\lgca13
(1'08' 2y oL S ] TN FEEAT 4T Kan B 3?“%& %wi‘”rialcm 3
4%0’\"2}0'?(%” fpc 4 Gl £ 3 ]H+4G 11%’\'4*0253(& z%'Ya” ?%%%.(e@@%)éﬁ yExanpl e 9

Cowpound ( t'ai ned |n t sanme nanner cept of

usi ng Compgupd @7 ) oighn Jk‘“j@?”ﬁ[%fﬂz!é}(@s C8401 31 CoyRaugd (CL-2) in

Exanpl e 2 a3 n a ' ' ' ‘
Jb=12.4, Asn-BCH, 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(d4d, 1H, Ja=12.4,
Jb=12.4, NeuAc7-H3ax), 1.80(dd, 1H, Ja=12.4, Jb=12.4, NeuAc7-H3ax).

10
NeuAc a2 3Gal 8 1=~4GlcNAc B 1>2Man @ Iy
6
3Man B 17 4GicNAc B 1= 4Gl cNAc=> Asn-Fmoc
NeuAc a 2 6Gal 8 1--4G1cNAc 8 1>2Man a 17

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)o0ligosaccharide 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



Man /31-r4G cNAc /31-4GL cNAc- Asn-Fnoc  7FNeuAc a 2-- 3&l1l0 1-f 4d cNAc O
1--2Man a | X (C9) 10 Exanple 10 Corrpou:; (A O was obtained in the sane
manner as in Exanple 3 except of using npound (C9) obtained in Exanple 9
in place of Conpound (C2) in Exanple 3. 74 Man a |y 6Man /31--4G cNAc R
1--4GLcNAc- -Asn-Fnoc 3 7FNeuAc a 2-'-3Gal / 3 1-'-4d cNAc 131-2Mwan a 1
(C10) EX%QBJn;glé]s Compound (Cl11) was obtained in the sane manner as in
Exanpl e xcept of using Conpound (Cl10) obtained in Exanple 10 in place of
5 Conmpound (C3) in Exanple 4. 3Man 13 1- -4 CNAc R 1--4G cNAc- - Asn-Fnoc
7FNeuAc a 2- -3Gl /3 1- -4GIcNAc (3 1--2Man a | (Cll1l) Exanple 12 Conpound
(C12) was 'BYstigiodst 3ba) AletEgites drale in Exanple 5 except of using

Conmpound (C8-3) obtained in Exanple 8 inﬁMQI{@pe4QfCNACJf§)1_C@@1TepMndAS§1%6§) in
Exanpl e 5. 7FNeuAc a2- -3@Gl !3 1--4d cMAc /31-2Man a |11k 6Man 3 1-

- 4G cNAc/ 3hiNendeq@ 2omieal Adr= plc S &My B1- - 2vanal (C12)  Exanple 13
(C8-1)

Gal B 1=-4G]cNAc B 1-2Man @ I\
6Man B 14G1cNAc B 1461 cNAc=>Asn-Fmoc
TFNeuAc a2 3Gal B 1=-4G1cNAc B 1-2Man a l’(3
(C8-2)
TFNeuAc a 2—3Gal 8 1=-4G1cNAc B 1=-2Man @ I\
6Man B 1 4GIcNAc B 1= 461 cNAc=Asn-Fmoc
Gal B 1 461cNAc 8 1= Man @ 17
(Cc8-3)

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 (Cl-2) in Example 2.

GIcNAc B 1= 2Man a I
6Man B 1=4G1cNAc B 1 4Gl cNAc>Asn-Fmoc
TPNeuc a 2= 36al 8 1= 4C1cNAc B 1-=Nana 17
(C9)

10 Example 10
Compound (Cl10) 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.



Compound (Cl13) was obtained in the same manner as in Exanple 6 except of
usi ng Conpound (Cl12) obtained in Exanpl§A12 in place of 15 Conpound (C5) in
Exanple 6. 7FNeuAc a 2- -3Gl Q 1--4dcNAc /3 1-r2Man a 1y 6 Man R

1--4Gd cNAc (31- -4Qd cNAc--Asn-Fnoc Man a 1/ (Cl13) Exanple 14 75 Conpound
(C14) was obtained in the same manner as in Exanple 7 except of using
Conmpound (C13) obtained in Exanple 13 in place of Conpound (C6) in Exanple
7. 7FNeuAc a 2-- 3Gl R 1--4WcNAc 13 1- -2Man a 6Man (31-4GlcNAc(31
-4GlcNAc- Asn- Fnoc  (Cl4) 5 ExaaneMﬂyﬁkégaration of asparagi ne-1inked di8

‘' -deoxy-8 ''-fluoro- sialo(a 2,3)oligosagghasigdeyher-eim ke~ aiimg: 9r oup of
the asparagine was protected with Fnoc,group (Cl5-1), and two ki nds of

aspar agi nef¥aupraetrbidBl 4Gl gls yl-"g2Man o1 uor o- si al o(a 10 2, 3)oligosaccharide
wherein the am no group gi;d)he asparagi ne was protected with Fnoc group
(C15-2 and C15-3) Asparagine-linked di8 ''-deoxy-8 " -fluoro-sialo(a

2,3)oli go%%%ipp wherein the am no group of the asparagi ne was protected
wi th Fnoc group, and two ki nds of asparagi ne-linked 15 nobno8 ''-deoxy-8

"' -fluoro-sial %%mgoéa&l {093 24a8a5h tei iR 8l Bné NeamdHaRRedr 24P el 1e
asparagi ne was protected with Fnoc group shown below were obtained in the

same ManNNgr cageht FHXYMhE EofSGEH @h0) obtained in Example 10 in place of

5 Compound (C3) in Example 4.
Man B 1= 4Gl cNAc B 1= 4Gl cNAc=>Asn~Fmoc
TPNeuke o 2 36al B 1= 4G1cKAc § - 2an o 17
(C11)

Example 12
Compound (Cl12) 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.

TPNeuAc o 2= 3Gal B 1==4G1cNAC B 1-=2Man @ Iy
6Man B 1= 4G1cNAc B 1= 4G1cNAc=>Asn-Fmoc
GleNAc B 1= Man a 177
(c12)

Example 13
Compound (C13) 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 @ 2->3Gal B 1--4GlcNAc B 1=-2Man a In
6Man B 17 4G1cNAc B 174Gl cNAc=>Asn-Fmoc
Manozl’(3
(C13)

Example 14



using CVWP-8 ''-deoxy-8 " -fluoro-sialic acid obtained in Reference Exanple
9. 20 8FNeuAc a 2- - 3&1(3 1- -4GlcNAgy 3 1--2Man a 1,,~, 6Manl3l
-4GLcNAc(31 -4GIcNAc -Asn-Fnoc 3 8FNeuAc a2-3Gal /3 1--4GlcNAc R 1--2Man a
| (Cl15-1) The above asparagi ne-linked oligosaccharide corresponds to 2
Compound (1) wherein R =R=fornula (2), R=OH, R=F and R'=CH. 76 @Gl 13 1-
4GLcNAC (3 |- Nadinpduhd, 4c146) MazBobtadfidd NACBHe sdfokcmdirr -aAShAnFERampe
8FNeuAc a 2- -3@Gl (3 1- -4GcNAc 3 1- Nan a | (Cl15-2) The above

aspar agi ne-didapedodl wgnsacohpbufe oary)espeadsed oirlCERamphd (1)imeragienof
Rl=formula (3), R2=fornula (2), R=CH, R=F and R '=0H 8FNe uAc a 2 -3G& |
13 I-'-4@dmpeohNAd Qcéy ir2Mxampley76 3Man 01--4G cNAc j3 |-4G |
CNAc--Asn-Fnoc Gal 01--4G cNAc (31--2Man a 1 5 (Cl15-3) The above

aspar agi ne-1inked ol igosaccharide corresponds to Conpound (1) wherein

R] =f or rul EN¢RAy o 2 R=ite] S R=4EIcNR B 1= angd R2 =fornula (3). Exanple 16
(Hydrolysis of compound of Exanple 15 U$§fg 1~ 4cichac 8 1 461cNac=Asi-Fnoc

(Cl4)
5 Example 15

Preparation of asparagine-linked di8''-deoxy-8'’-fluoro-
sialo( Q@ 2,3)oligosaccharide wherein the amino group of the
asparagine was protected with Fmoc group (Cl5-1}, and two kinds of
asparagine-linked mono8'’'-deoxy-8'’'-fluoro-sialo{(Q

10 2,3)oligosaccharide wherein the amino group of the asparagine was
protected with Fmoc group (Cl15-2 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 @ 2->3Gal B 1-=4GlcNAc B 1-=2Man o 1\6
Man 3 1==4G1cNAc B 1= 4Gl cNAc=>Asn-Fmoc
8FNeuAc a 2-3Gal B 1--4GIcNAc B 1=-2Man « 1'(3
(C15-1)

The above asparagine-linked oligosaccharide corresponds to

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



10 gal act osi dase) Conpound (Cl16) was obtained in the sane manner as in
Exanpl e 2 except of using Conpound (Cl3g2) obtained in Exanple 15 in place
of Conpound (Cl-2) in Exanple 2. G cNAc (3 1- -2Man a 1, 3 6Man 31-4G 1
CcNAc (3 1- 43 cNAc-Asn-Fnoc 8FNeuAc a 2--3Gl (31- -4G cNAc 31-2Man a |
(C16) 15 The above asparagi ne-linked oligosacchari de corresponds to
Compound (1) wherein R =formula (4), R2= formula (2), R=OH, R =F and R'=CH.

Exanpl e 17 (Hydrol ysi f coppound, of anple 16 using N 77
acet yl gl ucosam ni dazél)sﬁ Eoﬁ@c?ﬁﬁdﬁ( C?Lh%l a\)Exg obtained in the same nmanner as in
Exanpl e 3 except of using Conpound (C16§Ma®b3tlai4ﬁedAi:ﬂI-Bqamhllt\c»l@—mcpl ace of

Conmpound ( in a_ ya°/3 |-- 4GL cNAc /3 1- -4G cNAc-

- Asn- Fnoc 8%%%%3% f‘?ﬁ%ﬁ‘?h{?’% e &%@ﬁl\/@NAc /3 1-2Man a 1 5 (CLl7) The above
aspar agi ne-1inked ol i gogascbari de corresponds to Conpound (1) wherein

R =formula (5), R2=formula (2), R=OH, R=F and R '=0H Exanple 18

(Hydrol ysis of coepapbde cdsgaxagphe - 1inkisd rg igBBaoshabSR) cok@eEpsm@sing ( C18)
was obtained in the sane manner as in Exanple 4 except of using Conpound

(C17) obt aigagduhl ExprHeelA RP-fd3@a a0f(3) Conpaeraul £3)2) N oaPRe-¢. apln /3
1-r 4C 1 cN. Ac /3 1-- 4C 1 cNAc- Asn-Fnoc

R’ ’=0H.

8FNeuAc o 2= 3Gal 8 1==4G1cNAc B 1-=2Man o I
6Man B 1=-4G1cNAc B 124Gl cNAc=>Asn-Fmoc
Gal 8 1 4G1eNAC B - 2Man @ 17
5 (C15-3)

The above asparagine-linked oligosaccharide corresponds to
Compound (1) wherein R'=formula (2), R=OH, R’'=F, R’’=0H 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 (C1-2) in Example 2.

GlcNAc B 1=2Man @ Iy
6Man B 17 4G]cNAc B 1461 cNAc>Asn-Fmoc
8FNeuAc @ 2 3Gal B 1-~4G1cNAC B 1= 2Man @ 177
(cle)

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-



8FNewAc a 2--3Gal /3 I--4dcNAc /3 1--2Man a | (Cl18) The above
aspar agi ne-1inked oligosaccharide corresponds to 15 Conpound (1) wherein
Rl1=H, R2=forrmula (2), R=OH, R =F and R ''=0H Exanple 19 (Hydrolysis of
conpound of Exanple 15 using gal actosidase) Conpound (Cl19) was obtained in
the sane manner as in Exanple 5 except of using Conmpound (Cl5-3) obtained
i n Exanpl actbylflyptaeemin2@asé) Conpound (C-3) in Exanple 5. 78 8FNeuAc a
2--3G1(3 1-4GIcNAC j3 1--2Man a 1., 6Man 13 1-4GlL cNAc 13 1--4G1
CNAc- Asn- Fnoc  Goepbaid +@NHN ahs( ©jinebhénabbe esaspataageneas i ik atkample
ol i gosacchari de corresponds to Conpound (1) wherein Rl=forrmula (2), R=OH,
R =F, R ' '3=6kcapt ¥ usihgr quhpoyrd) .(Ch6Exanyd meD igHpdampysils dh poapeustl of
Exanpl e 19 using N acetyl gl ucosam ni dase) Conpound (C20) was obtained in
t he sane menpetnds(d2) ExaBpamepleé 3except of using Conpound (Cl9) obtained in
Exanple 19 in place of Conpound (C5) in Exanple 6. 10 8FNeuAc a 2--3Gl /3
1-r4G 1 cNAc /3 1--2Man a 1x, Man / 1--4Gl cNAc '3 1- -4GlL cNAc-- Asn-Fnoc
Man a 1 (C20) The above asparaginﬁmh%ﬂked ol i gosacchari de corresponds to
Compound (1) wherein Rl=fornula (2), R=GQH, R =F, R''=CH and R2

3Man B 174Gl cNAc B 1= 4G1cNAc> Asn-Fmoc

$FNeuAc a2 3Gal B 1-4G1cNAc B 1-Man a 17
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 (Cl17) obtained in Example 17 in place of

Compound (C3) in Example 4.

3Man B 1 4G1cNAc B 1= 4G1cNAc=> Asn-Fmoc

8FNeuAc a 2~ 3Gal 8 1=--4G1cNAc B 1> 2Man a 1
(c18)

The above asparagine-linked oligosaccharide corresponds to
15 Compound (1) wherein R'=H, R?=formula (2), R=OH, R’=F and R’ ‘=OH.
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 (Cl15-3) obtained in Example 15 in place

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



=formula (5). 15 Exanple 21 (Hydrolysis of conpound of Exanple 20 using
mannosi dase) Conpound (C21) was obtain g in the same manner as in Exanple
7 except of using Conpound (C20) obtained in Exanple 20 in place of
Compound (C6) in Exanple 7. 8FNeuAc a2- -3Gl /3 1-4dcNAc /3 1--Nan a 1,,,,
6Man 01- 4G cNAc 01- 4d cNAc- -Asn-Fnoc 20 (C21) The above

aspar agi néF¥auiket™ahilgosned i Bde e ¢ beponds to 79 Conpound (1) wherein
R=formila (2), REGH R=F, R' =OHand \rte (EXaD! e~ Rapridibon of
aspar agi ne-|inked di 9 "-deoxy-9 ‘-flu 5 sialo(a 2, 3) oligosaccharide
wherein the amino group ofGltHes lasiyar abi ne was protected with Froc group
(C22-1), and two ki nds of gesl paragi ne-1inked nono9 "'
-deoxy-9''-fluoro-sialo(a 3)oligosaccharide wherein the am no group of

the asparagi ne was L& ea%tp%@am@ ﬁm&d%weoé&?&gn%dcgzze@o&&

Asparagi ne-linked di9 '"-deoxy-9 l uoro-sialo(a 2,3)ol |gosacchar|de
wherein t IO - i preote t . W zgroup,
and two klla%gl‘g anglaay’glg??%éﬁr[?nkzﬁﬁh%gng@ W%S_Ogeogy g e!g O%’ragggg sial o(a
2, 3) oli g@ggﬁgfgra,ge wherein the amno group of the asparagi ne was
protected with Fnoc group shown 15 bel ow were obt ained in the sanme manner as

i n Exagpl %xiRﬁféeﬁ (@IfydrUﬂ/Qgs AP Bmpouf& BY Ekam ﬂe' yoros siphd.c acid
obtained in Reference  Exanple 10. QENeuAc a 2-- [31--4G cNAC R 1--2Man
al,,,, e%lgﬂg&;gﬁ%ggaseﬂa CcNAc- - Asn-Fnoc 9FNeuAc a 2--3&

1(31- 4GlcNAc 31-.-2Man a 114

Compound (C20) was obtained in the same manner as in Example
6 except of using Compound (C19) obtained in Example 19 in place of
Compound (C5) in Example 6.

10
8FNeuAc @ 2 3Gal B 1-~4G1cNAc B 1 2Man a Iy
6Man B 1=4GIcNAc 8 [=4GIcNAc= Asn-Fmoc
Man a 1’(3
(c20)

The above asparagine-linked oligosaccharide corresponds to
Compound (1) wherein R'=formula (2), R=0H, R’=F, R’’'=0H 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 B8 1--4G1cNAc B 1=-2Man a I
6
Man 8 1=4G1cNAc B 1> 4Gl cNAc>Asn-Fmoc

20 (C21)

The above asparagine-linked oligosaccharide corresponds to



(C22-1) @Gl /3 1- -4dcNAc 13 1- -2Man a 1,4, 3Man 131- -4GlL cNAc i3 1-
-4G cNAc~Asn-Fnoc 9FNeuAc a 2- -3@Gl A3 1--4G cNAc /3 1--2Man a 1/ (C22-2)
80 O9FNeuAc a 2--3Gal /3 1-4F cNAc /3 1-2Man a |\ 6Man /3 1-4G |1 M (31-4G1
CNAC---Asn-Fnoc @Gl 0 1-4d cNAc 131--2Man a | (C22-3) The above

aspar agi ne-1inked oligosaccharide (C22-1) corresponds to Conpound (1)

wher ei N RcoRgshiad " 12 whdkrei R=fH tdFmm@d (and RowrFr 5rThe’ ey end

asparagi ne-11 nked oligosaccharide (C22-2) corresponds to Conpound (1)
wherein Rggkgrmula (3), R2=formula (2), R=OH, R =0H and R ''=F. The above
aspar agi ne-1inked oligosaccharide (C22-3) corresponds to Conpound (1)
wherei n Rexhepnul 22 (2), RROH, R =04, 10 R''=F and R2=formula (3). Exanple
23 (Hydrolysis of conpound of Exanple 22 using gal actosidase) Conpound
(C23) was obt ai rre@phhativn sfaspanaginad inkeBxanp! e- dedxgxcept £ diiottsi ng
Conpound (C22-2) obtained in Exanple 22 in place 15 of Conpound (C-2) in
Exanpl & 2.siGaspeund3f&lijodaccharadpaniegidior thakedind igesgcehathse
correspondi ng to Conpound (1) wherein R =formula (4), R2=fornmula (2), R=OH,
R =CH and aBparafiné&dwdsAproBée Rédirwith ¥m6cMarou83 102G e NAcafd -fwo kinds of

4G cNAc+Ast i - Fnoc

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(
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 a2=3Gal B 1=-4G1cNAC B 1-2Man @ Iy
6Man B 1 4G1cNAc B 1 4Gl cNAc>Asn~Fmoc
9FNeuAc @ 2-=3Gal B 1-=4G1cNAc B 1-=2Man @ 17
(c22-1)

Gal B 1=4G1cNAc B 12Man @ I
6Man B 1 4GlcNAc B 1=-4G1cNAc>Asn-Fmoc
9FNeuAc @ 2> 3Gal B 1-=4GlcNAc B 1-=2Man a 1’(3
(C22-2)



3 9FNeuAc a 2--3Gl /3 1--4GcNAc 0 1-.-Man a | (C23) 20 Exanple 24
(Hydrol ysis of conpound of Exanple 23 ugpbng N acetyl gl ucosam ni dase)
Compound (C24) was obtained in the same nanner as in Exanple 61 3 except of
usi ng Conpound (C23) obtained in Exanple 23 in place of Conpound (C2) in
Exanmpl e 3. Conpound (C24) is an asparagi ne-1inked ol igosaccharide
correspondi ng to Conpound (1) wherein Rl=fornula (5), R =formula 5 (2),

R=CH, R =@H apd R, .5F I\ j3 1--4Gl cNAc (31- -4GlcNAc--Asn-Fnoc
orreuac ad et AR R A g " 2 (C24) Exanple 25

(Hydrol ysis of conpound of Exanple 24 usiMags treriGodidase it cBemrpbuwnitho¢ C25) was
obtained in the sanegggalrmgélfﬂ%gilg»%‘?np*% 4 except of using Conpound (C24)
in of

obtai ned i n Exanpl e pl ac [0 Compound (C3) in Exanple 4. Conpound
(C25) is an asparagi ne-|i(eed3bl i gosaccharide corresponding to Conpound (1)
wherein Rl1=H, R2=formula (2), RROH, R =0OH and R'=F. Man /3 1--4G cNAc O
1- 43 cNAc- - AsnThepDebode HedawAgiae 2Ztink¥@abllgdsacA@ridbA¢c23-1) - 2Man a |
(C25) 15 Exanple 26 (Hydrolysis of conmpound of Exanple 22 using
gal act osi @age¢sponds to Compound (1) wherein R'=R?-formula (2), R=OH, R’'=OH
and R''=F,
5 The above asparagine-linked oligosaccharide (C22-2)
corresponds to Compound (1) wherein R'=formula (3), R’=formula (2),
R=0H, R’'=0H 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 [—=2Man a 1\6
Man 8 1= 4G1cNAc B 1= 4Gl cNAc=>Asn-Fmoc
ORNeuhc @2 36al § o= 4G1cNAC 8 =Man @ 17
(C23)

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

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



Compound (C26) was obtained in the same manner as in Exanple 5 except of
usi ng Conmpound (C22-3) obtained in Exanghe 22 in place of Conpound (C1-3)
in Exanple 5. 20 Conpound (C26) is an asparagi ne-|linked oligosacchari de
correspondi ng to Conpound (1) wherein Rl=formula (2), RROH, R=0H R ''=F
and R2=fornula (4). 82 9FNeuAc a 2--SGaI 131--4Gd cNAc R 1--2Man a 1\

6Manl 31- ;J;G%gy&'gﬁ e ‘h@%@‘ Conpound i 95%%% 1('13E;Lam%f@rb3a th pt&28) ot

Exanpl e 2 rolysis o e 26 using

acetyl gl ugsaping dass) iGoeRaMe L (C27) was obtalned in the sane manner as in
Exanmple 5 6Bexcep?§§flu5|ng Cbnpound (C26) obtained in Exanple 26 in place

of  Conpound ( a @s SRMPQUNG JGEE7) i hRe @ 138RRRAGH AR dd Nked
oI|gosaccharldgﬁ%?og?ﬁépgﬁgﬁn Sto Conp our('-i](1 (1)lmHZreﬁh%% E;légrrm(ilé 2), R=CH,

O oot L8 Tl o DR Ly | ?s‘fy%gé'z;%ﬂa%

(Hydrofysi(g)of rcepauneéuobnxpmle 27 u3|ng mannosi dase) Cbnpound (C28) was
obtained in the sane manner as in Exanple 7 except of using Conpound (C27)

obtained in Exanple 27 in place of Conmpound (C6) in Exanmple 7. 15 Conpound
(C28) is an asparagi ne-1linked olig%saccharide
an @ Iy
]
3Man B 14G1cNAc 8 174Gl cNAc=>Asn-Fmoc
9FNeuAc @ 2->3Gal 8 1-4GlcNAc B 1-=2Man « 1/

(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’=0H and R'’=F.
Man 8 1=~ 4G1cNAc 8 1 4G1cNAc>Asn-Fmoc
FNeuAc o 2-- 3621 B - 4G1NAC B 1= Man a 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’'=0OH

R’'’'=F and R%=formula (4) .



correspondi ng to Conpound (1) wherein R=formula (2), RROH, R =0H R '=F
and R2=H. 9FNeuAc a2- -3@Gl i3 1- -4GcNAc BIl- -2Man a ly 6Man /3 1- 4G 1
cNAc B 1-4G 1 cNAc-Asn-Fnoc (C28) 20 Exanple 29 Preparation of

asparagi ne-linked di7 ''-deoxy-7 ''-fluoro 83 sialo(2,6)oligosaccharide
wherein the am no group of the asparagine was protected with Fnbc group
(C29-1), and two ki nds of asparagine- |inked nono7 ''-deoxy-7

-1 Uo_r0‘9§ﬂle%}\c0<£2?->§2;8|é1g-°§(}3}€1ﬁ\|8§rli-dﬁlar‘/\@%ﬁei5n( the ami no group of the

asparagi ne was protected wt noc gro C29-2 and C29-3
Aspar agi ne-linked di 7 ''-deoxy-7 ''-fluogenBsrdbbix B)oibgdsartnaiinde

wherein the am no group ofythe g3 LAgIN was protected with Fnoc group,
and two ki nds of asparagi ne-% ﬁkggﬁ’ ﬁono? "' -deoxy-7

‘' -fluoro-sialo(2,6)oligoséeehari de wherein the 10 anino group of the
asparagi ne was protected with Fnoc group shown below were obtained in the
sane manné&xample 2 Ex@ydirelys bk cdptcompound oy B30I e’ 26 deping N-
"'-fluoro-sialic acid obtained in Reference Exanple 7, a2, 6-transferase

whi ch was acetwmkgtictdapiaydaseabl e and derived froma rat liver as a sialic
acid transferase, and pH 6.0 15 of cacodylic acid buffer. Shown bel ow are
cheni cal fornul §emppund CB27}) wag Qletpird ipFNeegane Mangey| ae3in -Ex@mpleAc | 3
1--2Man a |y 3Man! 3 1- -4d cNAc (3 1- -4GIcNAc- -Asn-Fnoc 7FNeuAc a 2--6Gal
, 3 1--%4d éNascent lof upipg gompeund (£96) ) obiingd3 in- Exagple NAc iQ plEconeh a
Iy

Compound (C5) in Example 6.
Compound (C27) is an asparagine-linked oligosaccharide
corresponding to Compound (1) wherein R'=formula (2), R=OH, R’=OH,

R’'=F and R’=formula (5).

9FNeuAc a 2—3Gal B 1=-4G1cNAc B 1-2Man a I
6Man B 124Gl cNAc B 124Gl cNAc~Asn-Fmoc
Mantxl’(3
10 (c27)

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=O0H, R’=OH,

R’'=F and R’=H.

9FNeuAc a2 3Gal B [==4GIcNAc B 1= 2Man o IN
6Man B 1=4G1cNAc 8 1= 4G1cNAc=Asn-Fmoc
(C28)

20 Example 29

Preparation of asparagine-linked di7’’-deoxy-7'’-fluoro-



3Man i 31i 4GLcNAc(31li 4GLcNAc - Asn-Fnoc 7FNeuAc a 2--6Gal 131--4GlcNAc Q

| +2Man a |/ (C29-2) 7FNeuAc a 2- 6@l g 1-4G cNAc /3 1- -2Man a 1,., 6 Mani
1-4G I cNAc i1 1-9GlLcYAc- Asn- Fnoc 3(%I%31--4GcW&(3L--Mbna1
(C29-3) 84 Exanple 30 (Hydrolysis of conpound of Exanple 29 using

gal act osi dase) Conpound (C30) was obtained in the sane nanner as i n Exanpl e

Compoun ?Eﬁ”‘%‘f%&%@%ﬁﬁ“ﬁ%ﬁxﬁ%@%w 1< TR B il P EE gy

A cNAc O -
U a s o8 eal wibBeded drol 1% (ngf“&%n%%dsg%ﬁﬁ%?g%% of

conpound g Eﬁ&m%n%ﬁo -HsbRp. A+ BABLYLOLHERS TSN bIa58YadhmOURE: LERT) s

obt ai ned |n the sane manner” as in Exanple except ~of usi ng Conpound ( C30)

obt ai ned 1AeEXAT 30! Be PLAS BlaraCRIPA eRbcl By BYAPIGoR- oPBaYN Del ow

i's chemca romula o Man (31-r
1-- 4G QACpA8 Nz FIIRF c29-3)

Asparagine-linked di7’'’-deoxy-7’’-fluoro-
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 a 2> 6Gal B 1-4GlcNAc B 17 2Man & I
6Man B 17 4GlcNAc 8 1> 4Gl cNAc>Asn-Fmoc
TPYeuc @ 2-w §Gal B - 4G1cNAC 8 1= Man a 17
(C29-1)
Gal B 14G1cNAc B 1-2Man @ Iy
6ManB 1= 4GicNAc B 14GlcNAc=Asn-Fmoc
TFNeuAc @ 2-6Gal 8 1-=4G1cNAc B 1 2Man a e
(C29-2)

TFNeuAc @ 2> 6Gal B 1=4G1cNAc 81 2Man a Iy
6Man B 17 4G1cNAc B 174Gl cNAc>Asn-Fmoc
Gal 8 1= 4G1cNAc § 1= Mana 7
(C29-3)



3 7FNeuAc a 2--6Gal 0 1---4GcNAc 0 1-Nan a | (C31) 15 Exanple 32

(Hydrolysis of conpound of Exanple 31 u§ing mannosi dase) Conpound (C32) was
obtained in the sanme manner as in Exanp 4 except of using Compound (C31)
obtained in Exanple 31 in place of Conpound (C3) in Exanple 4. Shown bel ow
is chemcal forrmula of (C32). Man RI- -4G3 cNAc 0 1-4d cNAc--Asn-Fnoc 3

of Niﬁ’r?ﬁoﬁ%a‘g%*ﬁx S ThE e bRl ot Mo AR S) s

obt ai ned Eg nner as |n Exanple 5 except of using Conpound
(C29-3) o alnea In anple 29 in place of Conpound 0 3 |n Exanpl e 5.

e N T Sk e
1--2Ma A
N- EiePy?glucoséﬁf%ld§§%§péo§%ou d(?%g4¥§;g%8% tgpﬁgggg?ﬁgke samlge §%ﬁ%flgg
Elcg)f oo i -2h 1 B A En i} HeaO 36 0Phen {7 3PN 2%
4) - (C30) .
GleNAc B 1=-2Man a I
SMan B 17 4GlcNAc 8 1 4G1cNAc>Asn~Fmoc

TFNeuhc a 2= 6Gal B 1-4G1cNAc 8 1-=2Man a 1”7
(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 a I
6Maln B 174Gl cNAc B 1= 4G1cNAc> Asn-Fmoc
TFNewhc @ 2-= 66al § 1= 461 cNAC § 1-=2Van & 7
(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 (C31) obtained in Example 31 in place of
Compound (C3) in Example 4. Shown below is chemical formula of

(C32) .
Man 8 1=~ 4GlcNAc B 1 4G1cNAc=> Asn-Fmoc
FNeulc a2-m Bal § 1461 cNAC B 1= Man @ 7
20 (C32)

Example 33 (Hydrolysis of compound of Example 29 using



7FNeuAc a 2- -6Gl /3 1- -4G cNAc p 1-Nan a 1\ 3Man (3 1- -4GlcNAc p 1-

-4G cNAc- -Asn-Fnoc 3 Man a | (C34) Exmnple 35 (Hydrolysis of conmpound of
Exanpl e 34 using mannosi dase) 15 Conpound (C35) was obtained in the sane
manner as in Exanple 7 except of using Conpound (C34) obtained in Exanple
34 in place of Conpound (C6) in Exanple 7. Shown below is chem cal fornmula
of (C35) ga¥&deaAicdaze?- -6CGal f3 1--4G cNAc p |- Van a I\ 6NanO |1--43 cNAc R
|- -4d cNAc- -Asn-Fnoc 20 (C35) Exanples 36 to 49 86 In simlar manners
the fol |l ow ng aspapagiche-MBBhkeas cbbtgdsadc har tite sharel mahhee sasveire Bxatmpllaed.
8FNeuAc a 2 -- 6Gal /31- -4 cNAc /3 1- -2Nan a I X Man j31-- 4 G 1 cNAc /3
1-r 4G | 6NégeeptsmfFueding C@iNemAc (a22-3) GBalaingddlin 4ExdmpdMARY| Bnlpld&didan a 1
(C36-1) Gal 0 1--4dcNAc 131-2Nan a ly an /3 1--4GL cNAc d | - 4d

cNAC- - AsneEnog¢mpouiaNddAe3 h2in 6Gamp3els . -SHEwrNAe 16w 1i @ Mdrerd chl4 foffsha )
8FNeuAc a 2--6Gal R 1--4G cNAc (3 1-2Man a I X Man i3 I -4G cNAc 0 1--

4G cNAc- - AsB3Fnoc 3

TFNeuAc a 2= 6Gal 8 1--4GIcNAc B 1= 2Man @ I\
6Man B 1= 4G1cNAc B 1= 4Gl cNAc> Asn-Fmoc
Glehc 8 1= Man o 17
(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 @ 2>6Gal B 1 4G1cNAc B 12Man a Iy
6ManB 17 4G1cNAc 8 1= 4G1cNAc> Asn-Fmoc
Man « 1/3
(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 a2 6Gal B 1= 4G1cNAc B 1-2Man e I\
6Man B 17 4GIcNAc 8 1=~ 4G1 cNAc~>Asn-Fmoc
20 (C35)

Examples 36 to 49



Gal /3 1--4GIlcNAc /3 1- -2Man a 1 5 (C36-3) G cNAc d 1-'-2Man a ly 6
Manl 31--4GLcNAcO | -4GLcNAc- - Asn- Fnoc SE%IGUAC az2-- 6Gal /3 1--4GL cNAc 13
1-2Man a 1'13 (C37) Man a I X Man /3 |1-4 cNAc i3 1-- 43 cNAc--Asn-Fnoc 3
8FNeuAc a2--6Gal /3 1- -4GcNAc R 1-2Man a | (C38) Man i3 1-- 4G 1 cNAc j3
l-- 4G 1 cNAc--Asn-Fnmoc 3 8FNeuAc a 2--6Gl R 1--4GI cNAc /3 1-2Man a 1

(G39) 10,87 Beug pu2 fiGRlol3i de 420 GMAGGQu g AN & clyea SN (3 1

-4G cNAc 0O 1-- -4GlcNAc- 8FNeuAc az2-

-6Gal 0 1'0'141 Ea%d’ez%gléai vé\@rxl'e/r% & ta‘&g:é]dCNAC 0 1--4G cNAc-
- Asn- Fnoc (C41) 8FNeuAc a2--6Gl 13 1-4d cNAc 01--2Man al\ 6 Man/

1--4GlcNAcO1- - 4GlcNAc Asn- Fnoc
8FNeuAc a 2= 6Gal 8 1= 4GI1cNAc B 1= 2Man a IN

6
Man 8 I 4GIcNAc B 1= 4Gl cNAc= Asn-Fmoc
8FNeuAc a 2= 6Gal 8 1-4G1cNAc 8 1-Man o 17
(C36-1)

Gal B 1-4GlcNAc B 1 2Man a I\
6Man B 14G1cNAc 8 174Gl cNAc=> Asn-Fmoc
SENeukc 2> 66al § 1--4GIcNAC B 1-=2Man o 17
(C36-2)

8FNeuAc ¢ 2> 6Gal 8 1=-4G1cNAc B 17 2Man a IN
6Man B 17 4GlcNAc B 1= 4Gl cNAc=>Asn-Fmoc
Gal B 1= 4G1cNAC 8 1= Man a 17
5 (C36-3)

GlcNAc 8 172Man a I

6Man B 1= 4GIcNAc 8 1= 4GIcNAc=> Asn-Fmoc

SFNeulc a2 66al B 1-=4G1cNAc 8 1= Man a 17 |
(C37)

Man a Iy
6Man B 1==4GlcNAc B 1= 4Gl cNAc=>Asn-Fmoc
SEVeukc a2+ 6Gal § 1= 4G1cNAc § 1= Nan o 7
(C38)

3Man B 124Gl cNAc 8 174Gl cNAc=>Asn—-Fmoc
$FNeudc a2+ 6Gal B 1= 4G1cNAc 8 1-Man a 177
(Cc39)

10



5 (C42) 9FNeuAc a 2--6Gl 01- 1-4G cNAc O 1--2Man a 1. Man (3 1-4G cNAc 3
1-f 4@ cNAc--Asn-Fnmoc 9FNeuAc a2- -6 (3 1-4d cNAc 01- -251an a |

(C43-1) @Gl (3 1-4dcNAc /3 1--2Man a 1y 3Man f3 |- -4G@ cNAc p 1- -4d cNAc-
-Asn- Fnoc  9FNeuAc a 2--6Gal RI- -4G3 cNAc /3 I--2Man a 1'e (C43-2) 10
9FNeuAc a 2-6Gl 0O 1-4G cNAc (3 1-2-vVan a l,,, 6Man [3 1- -4G cNAc (3

1- - 4G c NAGFNeAs Fa6Cal fCet 40 dNAe GReMACa B 1- -2Man a | (C43-3) 88 G cNAc R |-

Van a |y 3Man/3 1-4G IcNAc/3 1- -4Gd cNAck, - Asn- OFNeufc a 2 -- 6Ga 1
131-4G 1 cNAC R 1-2 Man a | (C44) Man a gﬂa“@?w‘ﬁ@%ﬁ&%m&c 1587m0C 4§ e NAC-
-Asn-Froc 3 9FNeuAc a 2- -BEAE S MaG rNac (31--2Man a | (C45) Man /31--4G1
cNAc a 1-4GIlcNAc- - Asn- Frrgéé )9FNeuAc a 2--6@Gl '3 1- -43 cNAc 0 1- -2Man a
15 (C46) 9FNeuAc a 2-- P’/ 1- -4GL cNAc /3 1- -2Man a 3Man /31-

-4Gd cNAc / 1- -4d cNAc- Asn- Fnoc

8FNeuAc @ 2>6Gal B 1-4G]cNAc B8 1=-2Man a 1
6Man B 17=4GIcNAc B 1= 4G1cNAc>Asn-Fmoc
—ve
(C41)

8FNeuAc @ 2> 6Gal B 1==4G1cNAc B 1=-2Man a I\
6
Man B 14G1cNAc 8 1= 4Gl eNAc>Asn-Fmoc
5 (C42)

9FNeuAc @ 2>-6Gal B 1=-4G1cNAc B 1=2Man a 1
6Man B 1 4GIcNAc B 1= 4G1cNAc>Asn-Fmoc
9FNeuAc ¢ 2>6Gal B 1--4G1cNAc 8 1-=2Man a 1/3
{C43-1)

Gal B 1-4G1cNAc B 17 2Man @ Iy
6Man B 174G cNAc 8 1= 4G1cNAc>Asn-Fmoc
OFNeukc @ 2> 66al § 1-= 461 cNAC B 1-=2Nan o V7
(C43-2)

10

9FNeuAc a 2> 6Gal B 1=-4G1cNAc B 12Man o I
6Man B 1™ 4G1cNAc B 1> 4G1cNAc> Asn-Fmoc
Gal § 1= dG1cKAC 8 1= Nan o 17
(Ca3-3)



G cNACRL- - 2Manal/ (C47) 9FNeuAc a 2-- 6Gl R 1--4d cNAc (31- -Nan a 1,,,
3Man (3 1-- 43 cNAc / 1 + 4G 1 CNAC- AsgpFnoc  Man a 1 (C48) 9FNeuAc az-
-66al R 1--4G cNAc!3 1- -2Man a 1y 6Man |5 1--43 cNAc /31- 4G cNAc-
-Asn-Fnoc 10 (C49) As a representative exanple, shown below is NVR data of
8F a 2, 6-undeca-saccharides-Asn-Fnoc (C36-1). 89 'H NVR(400MHz, D2O, 30C,
HOD=4.81) 6 8.01(d, 2H, J=7.4, FnoC), 7.80(d, 2H, J=7.4, Fnoc), 7.59(dd, 2H,
J=7.4, Fnoc), 7.52(bdd, 2H;lc¥fe@l4rMamoty, 5.22(s, 1H, Man4-Hl), 5.08(d, 1H,
J=9.4, dcNAcl-H), 5.05(s, 1H, Man4'-H 4.85:4.95(m ~
4.55-4.75(m), 4.53(d, 1H, J=7.9), 4. 43(,33%?1901, 43@%‘( g 45&}“’}wa%¥3}3“19|%),
4.28(bs, 9FNeuhMbmZ>HB)| 3 K= 1QcMcBIOMMaRE)”, 2. 75-2.85(m 1H, Asn-13CH),
2.63-2.70(dd, 2H, Ja=3.9, 3§:%ﬁ.0, NeuAc7, 7' -H3eq), 2.55-2.65(m 1H,
Asn-fCH), 2.16, 2.11, 2.08(c4ths, 15H AcxS), 1.84(s, 3H, Ac), 1.74(dd, 1H,
Ja=12. 3, Jb=12.2, NeuAc7-H3ax). 10 Exanple 50 (Deprotection of Fnoc group of
asparagi ne-1inked oligosaccharide derivatives) Al of the asparagi ne-Ilinked
ol i gosacchari de derivatives were subjected to the deprotection of the Fnoc
group in accordance wth the follcmi@g\procedures. First, 240 IIL of N,N 15
di met hyl formam de and 160 |.IL of norphoéine were added Eer 1/ _cnol of the
Froc formof the sugar chain aspar agine, 'ahd I THEl NeSUITiTRGNAGT &¥dkmec was

subj ect ed grui@aTH 60N At~ 1QeMcBaRPRRAL W e under ar gon

(C45)

Man 8 1=4G1cNAc B8 1 4G1cNAc=> Asn—Fmoc
OFNeuAc a2~ 6Gal 8 1461 cNAc 8 1= 2Man a 17
5 (C46)

9FNeuAc a2 6Gal 8 1=-4G1cNAc B 1=-2Man a Iy
6Man B 1= 4G1cNAc B 1= 4Gl cNAc=Asn-Fmoc
GleNAC B 1= Man o 17
(ca7)

9FNeuAc a2 --6Gal B 1-4G1cNAc B 1= 2Man a 1N
6Man B 174Gl cNAc B 1 4G1cNAc=>Asn-Fmoc
Man & 1'(3
(C48)

9FNeuAc a2 6Gal 814Gl cNAc 8 1==2Man a Iy
6Man B 17 4G1cNAc B 1 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).



atnosphere. The termnation of the reaction was confirmed by TLC (el uent:
1M amoni um acet at e: i sopropanol =8:5), a thereafter the 20 m xture was
cooled with ice water. To this m xture was added diethyl ether in an anount
of 10 tinmes that of the reaction solution, with stirring the mxture for 15
m nutes, and thereafter the precipitates fornmed were filtered. The residue

obt ai ned wgg%gi@g)%\égdgzi%%t@ra&gq_g¥ﬁporat ed at 35 C. Further, a

procedur e of 't ol'uené ereto and evaporating the mxture

was repeated three tinmes, ,The r ide(wi ritied, by erse e ,.col um
chr omat ogr&ap%'y&]( _srzrgéi”"l; —9546;%?&%&' J.7|L58 _'0%&%’1}5 ZI‘_%J’enFtI{O%éo 5\/\/21?2?? tzgﬁ
obtain coryesponghig) aspaha h@?'#}k,”‘ﬁﬁ@.@l! ﬁﬂé?)?,crsqg'zqé% 1H| 191
(Renoval of asparagli ne residue of asparagi ne-linke ol i gosacchari de)

Aspar agi ng rgshdugy Was 4 9mouedyRy: B3Ct ENgs aspanagivagah iaked Hes. g
ol i gosaccﬁsari Ze obt ai negtrzl i'n Exlgtrrpl e 50 wi't h%lgﬁhydr ous hydr agi ne Sand e hgh

acet yl gti ng,)t,04DEEDRIA GA1 1 809Nl Ny OLLIOSACCNAY deS 1uPX AP PBE250 69

Each of the asparagi ne-1inked Froc-ol'i gosaccharides prepared  in Reférence

Exanpl es %an3.80¢ 8, 143 b3 and EXAMPILS , 141 90 74 VSl 026 SSOl ¥edy dshyan,ghount
of 2 nmoles, in about” 10 m "of Tris hydrochloric acid buffer.” To the

sol ution vere added zzigg-ﬁr%@a%,ofz GPEé%”&,O%%JiQ‘?'o?-r?edﬁéﬂf ' H3e

Fucosyltransnf_erase v unman reconbi'nant) ;""" and the'm xturée was aﬁ owed to

i Tuted w20 6 (61 Wt ARuPS 15 Saret And 't AevEreer SO eereR Lo

diluted with _ water and 't hereafter su_jécte
capi | I ary jelgaqkr opRorRsi s1(hused, 81 | ieai18ap] |Jink. 250nBMAE7 G132x80 €M

buffer: Tris-borate, 8.3 in pH 100 mM heptane sul fonate, applied voltage
27 kViot efkamd®e G50 2{b gk eb 01 orf &PRIFb0r b8 W 2ishal-hgi Hesi 1 gor oduct .
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 (imol
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:isopropanocl=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:



Starting materials and products in each of exanples are 20 shown bel ow. 91
Table 1 Exanple 52 Starting material: UAc a 2- 6Gal /3 1--4GL cNAc (3
|--2Man a |y 3Man /3 1--4G cNAc |3 1--4G cNAc--Asn-Fnoc Gal R 1-4Qd cNAc /3
1-2Man a 1 (Oorrpound 2) 5 Product: Fuccel 3 NeuAc a 2--fi &l 13 1- 4GI cNAc
/3 1--Ain aly 6 3hlan I3 1-4G cNAc 13 1--4G cNAc--, 4sn- Fnoc

I- 20t onag P Na%méb%%%%m'?}éép@n&&%%@i ?é?khi”gl%ﬂ@m@%uﬁ
a2- - 6Gal % g‘llvgi\lAFR %naép élx%l'l;lléc gsi‘&ue’3 oﬂ\l% A%gn?:qqq"lke

1- 4G cNAc n R 1- cNAc 1--4G1L c
/31--4G c 3 NeuAc a 2yfiGal /3 1--4GlcNAc [/ 31--2Man a 1\ Man
13 1--4GL cNAC )%C g-M%]) cNAcyAsn- Fmoc

Asparagine residue was removed by reacting asparagine-linked
5 oligosaccharide 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.



Gal /31--43cNAc 0 1-2-Van a I X 3 Fuc a I X (Conpound 3) 92 Product: Fucal\
3 @Gl F31--4GcNAc j3 1-2Man a ly 6|\/ag i3 1-4Gd cNAc )3 | -4GL cNAc- Asn- Fnoc
NeuAc a 2--6Gal R 1--4G cNAc !3 1--2Man & I/ Fuca 1' 413 Fucal,,, 3 @Gl i3
1--4G cNAc 0 1--2Man a I\ 6Man /31-4G cNAc /31--4Gl cNAc- Asn- Fnoc  NeuAc a
2- G&l /31-4GL cNAc f3 1--2Man a 1/3 Gl i3 1--4G cNAc /3 1-2Man a 1\ 6Man
/3 1-- 4Gl cNAc (31-- 1GLl cNAc- Asn- Fnpgy,, NepAc a 2-r 6Gal (31-4G cNAc
/31--2Man a 1/ 3 Fuc a 1'e 93 Table 2 Exanple 54 Starting material: Gal
Q 1--4G chiag §§e1522l\/an a 6Man (3 |-4GlcNAc (3 | -4GL cNAc--Asn-Fnoc Gal
/31- 4G cNAC (31-2Man a 1

Starting material:
NeuAc @ 2—=+6Gal 8 14GlcNAc B 1=2Man & In

b
3Man B 17 4G1cNAc 8 174Gl cNAc> Asn-Fmoc
Gal B 14G1cNAc 8 1= Man « 177
(Compound 2)

5 Product:
Fuc e I
3
NeuAc a2+ 6Gal 8 174Gl cNAc 8 1= 2Man « N
6
Man 8 174GlcNAc 8 124Gl cNAc> Asn-Fmoc
Gal B 1-4G1cNAc B 1>Man o 17
/3
Fuc a1

Example 53

Starting material:
Gal B 1> 4GlcNAc B 1=-2Man a I

6Man B 174Gl cNAc B 1= 4G1cNAc> Asn-Fmoc
NeuAc a 2> 6Gal 8 1=-4GlcNAc 8 1--2Man « 1’(3
Fue a I
NeuAc a2 6Gal 8 1"4G1§NAC B 1=-2Man @ I\
6Man B 17 4G1cNAc B 1= 4Gl cNAc=>Asn-Fmoc
Gal 8 1= 4G1cNAc 8 1= Man @ V7

NeuAc a2 6Gal B 1==-4G1cNAc B 1-=2Man @ Iy
6
3Man B 1 4G1cNAc B 1= 4Gl cNAc>Asn-Fmoc
Gal B 1--4G1cNAc 8 1--Man a 17
/3
Fucal
{Compound 3)



5 (Compound 4) Product, Fuc a 1X 3 @Gl Q 1-43 cNAc /31-'2Man a 1X 6 Man R

1-4Gd cNAc (31-4GlcNAc- Asn- Fnoc @Gl /31§2-4GlcNAc 13 1--2Man a 1/3 3 Fucal

Fuc aly 3 @Gl /3 1--4G cNAc 13 1--2Man a 1\ 6Man /3

1--4Ad cNAc/ 3l --4Ad cNAc--Asn-Fnoc  Gal 13 1- -4AcNAc Q1-Nan a I/ Gl /3

| --4G cNAc 131--2Man a X 6Man /3 1--4G |1 cNAc 13 1-- 4Gl cNAc--Asn-Fnoc Gal
/ 1-4Gd cNAc (3 1-2Man a |~ 3 Fuc a 1/ 94 Exanple 55 Starting nmaterial: Gal
[/ 31--4GlcNAc, 31-2Mana |y fiMan R |--4G cNAc 13 1--4d cNAc-Asn-Fnoc G 1 cNAc
(3 I--2Map,gadei.conpound 11) 5 Product: Fucaly

Fue a In
Gal 8 1->4G1€)NAC B 1= 2Man a I\
6Man B 174Gl cNAc B 174Gl cNAc>Asn-Fmoc
Neukc 2= §al § 1= 4G1chAc § 1-=Man @ 17
Fuc a 1’(3

Fuc a Iy
Gal B l~>4G12NAc B 1>2Man a I\
6Man B 174Gl cNAc B 1= 4GIcNAc*Asn-Fmoc
Neuke 2= §Gal § 1= 4G1cNAC § 1-=Man @17

Gal B 1+=4G1cNAC 8 1==2Man @ Iy
6Man B 17 4G1cNAc B 1= 4G1 cNAc=>Asn-Fmoc
Neulc a2 6al § 1=AGIcNAc B 1-=Man a 1
Fuc o 1/3



Gal 131--4GlcNAc /3 1--2Man a I X fi Man /3 1-43 cNAc /3 1--4GlcNAc- - Asn- Fnoc
@ cNAc 13 1-- 2Man a 1/ 3 Exanple 56 Sgggting material: @ cNAc (3 1- 2Man
aly fi Man /3 1-4G cNAc /3 1--4G cNAc--Aso-Fnoc @Gl 0 1--4GlcNAc /3 1--Nan
a l/ 10 (Conpound 12) Product, G cNAc j3 |- 2Man a 1\ Manl 3 1-4G cNAc 13
1- 4GlcNAc--Asn-Fnoc Gal /3 1-4G cNAc 8 1--Nan a 1 3 Fuc a 1/ 15 95

Exanpl e 57 Starting material: Gl j3 J ¢4 NAc R 1-2Man a |y fiMan 13 1--4G
| cN.Ac [3 1-; 4Gl cNAc--Asn-Fnoc Maha Compound 13) 5 Product: Fucal X
3 @Gl /3 1-43 cNAc 131--2Man a |\

Example 54

Starting material:
Gal B 14GIcNAc B 17 2Man @ Iy

6
3Man B 1> 4GlcNAc 8 174Gl cNAc—>Asn-Fmoc
Gal B 1-=4GIcNAc 8 1-=2Man & 17
5 (Compound 4)

Product:
Fuc a Iy
3
Gal B 174Gl cNAc B 172Man @ 1N
6
3Man B 1 4Gl cNAc 8 1= 4Gl cNAc=> Asn-Fmoc
Gal B 1==4GIcNAc 8 1-=Man a 1”7
/3
Fuc a1

Fuc a Iy
Gal 8 1->4GI(3;NAC B 17 2Man « I\
6Man B 1=4G1cNAc B 174Gl cNAc=>Asn-Fmoc
Gal 8 1 461cMAC B 1= Man @ 1

Gal 8 1==4G1cNAc B 1-=Man @ Iy
6
3Man B 1 4G1cNAc B 1= 4Gl cNAc=Asn—Fmoc
Gal B 1-4GIcNAc B 1--Man o 17
/3
Fucal



Gvan [3 |-- 43 cNAc 131--'- 4G | cNAc-; Asn-Fnoc Man a | ~3 Exanple 58
Starting material: Man a I X Gal /3 1-4Fc¢cNAc [3 1 Gvan /3 1-~4GcNAc R 1
-4GLcNAc ; Asn-Fnmoc 3 -Van a 1~ 10 (Cor‘rf);gund 14) Product: Man aly 3Man/
1--4AWNAc[ 31- ~4WNAc- ~Asn- Fnoc  Gal R 1-4G cNAc 131-~2Nan a 1/ 3 Fuc a |/ 96
Exanple 59 Starting material: Gal (31-4GL cNAc f31---2Man a I\ Man !3 1-4G 1
cNAc R 1-4}%&1&@& g-Asn-Fnoc  (Conmpound 15) 5 Product: Rc a 1,4, Gal !3

| - 4GLcNAC = naly Man (3 1--4GLcNAcl 3 1-- 43 cNAc--. Asn-Fnoc Exanpl e

60 Starti %:Egggﬁi%iell\ﬁq:w 1-- 4G |1 cNAc 83 1-- 4Gl cNAc--Asn-Fnoc @Gal R
1--4G3 cNAC | - - na 1/3 10 (Conpound 16)
Gal B8 1==4G1cNAc 8 1=2Man « 1\
6
3Man B 1™ 4G1cNAc B 1= 4G1cNAc>Asn-Fmoc
GleNAc B 1= Man a 17
{Compound 11)

5 Product:

Fuc a IN
3
Gal B 174Gl cNAc B 1 2Man & In
6
3Man B 1™ 4G1cNAc B 1= 4G1cNAc>Asn-Fmoc

GlcNAc B 1=2Man a 1/

Example 56

Starting material:
GlcNAc B 172Man o I
6
3ManB 1= 4G1cNAc B 1 4G1 cNAc>Asn-Fmoc
Gal B 1==4G1cNAc 8 1-=2Man a 17
10 {(Compound 12)

P uct:

Gl1cNAc B 12Man o 1\
6
3Man B 114Gl cNAc B8 1 4G1cNAc> Asn-Fmoc
Gal B 1-~4G1cNAc 8 1~ 2Man o 17
/3
Fucal

15



Product: 3ManB | -4GlcN. AcB | -4GLcNAc-. Asn-Fnoc Gal 131-4G cNAc (3 1--Nan
al 3 Fuc al/ 97 Table 3 Exanple 6% Starting material: NeuAc a 2- 3Gl
/31--4G cNAc [31--2Man a 1-,~, Man O 1- 234G ¢N. Ac [3 1--4GLlcNAc-f. Asn- Fnoc
NeuAc a 2--3Gal (3 1--4GIcN. Ac 13 1--2Man a 1 5 (Conpound 17) Product: Fuc
a 1\ 3 NeuAc a2--3Gl j31--43 cNAc 131--2Man a |y 6Man (31--4Gl1 cNAc 3

1-4GlcNAc-E-x%§-gn§)f: NcuAc a 2--3Gl 3 1--4GcNAc (3 1--Nan a I X 3 Fuc a |
Fuc aim 3 }B\C a 2-- 3Gl /3 1- -4 cNAc / 1--2Man a |\ 6Man/3 1-
461cNAc/38%- rﬁg gf%%éigﬂ Froc NeuAc a 2- 3Gal /3 1--4G cNAc (3 1-2Mwan a 1X
NeuAc a 2- - c R1--2Man a IN 6Man p 1 -4GlcNAc R 1-

W W Asa- Fnmbel 8 I\EHGBIGNP&ZJ"S%EMQ(S 1-4GlcNAc 13 1--2Nan a I X
3Man B 174G1cNAc B 1= 4G1cNAc>Asn-Fmoc

Man a 1/
(Compound 13)

5 Product:
Fuc a Iy
Gal B 1-’4Gl§NAc B 1==2Man @ Iy
6Man B 17 4GlcNAc B 1= 4Gl cNAc>Asn-Fmoc
Man o 1'(3

Example 58

Starting material:

Man a 1
6Man B 17 4G1cNAc 8 1 4Gl cNAc—>Asn-Fmoc
Gal B 1461 cNAc 8 1=Man @ 17
10 (Compound 14)

Product:
Man a I\

6Man B 1 4GlceNAc B 1> 4Gl eNAc>Asn-Fmoc
Gal B 146Gl cNAc B 1--2Man & 1
/3
Fucal



3 Fuc a 1/ 98 Exanple 62 Starting material: NeuAc a 2-3Gl [31+4d cNAc
f31-29% a |y 6Man f3 1--4GLcNAc R 1-4Gl§l6\IAc--Asn-Fm)c Gal /3 1--4d cNAc /3
1-2Man a 1114, (Conpound 18) 5 Product? Fuc a 1\ 3 NeuAc a2--3@&l R
1--4GLlcNAc/ 3 1--2Man a |\ 6Man /3 |-- 4G 1 cNAc 13 1-- 4d cNAc+Asn-Fnoc 3
Gal (31--4G cNAc /31--2Man a |1 3 Fuc a 1/ Fuc a 1> 3 NeuAc a2+3@&l /3
1--4d CNA%xlgpI}é' naly Man[3 1-4GLcNAc[ 1-4GlcNAc--.Asn-Fnoc @l Q
1--4GlcNAC f -2Man a |'le NeuAc a 2--3Gl (3 1+43d cNAc 131-+2Man a 1.

Mari /3 1g4@ eNAG3L34PLCNAC- Asn-Fnoc Gal 3 1-4G cNAc (31-Van a 1/ 3 Fuc

a 11 99
Gal B 1==4G1cNAc B I==2Man @ I\

6
Man 8 I==4GIcNAc B 1= 4Gl cNAc>Asn-Fmoc
(Compound 15)

5 Product:

Fuc o 1\
3
Gal B I==4GIcNAc B I=2Man @ I\
6
Man B 1--4G1cNAc 8 1= 4G] cNAc=Asn-Fmoc

Example 60

Starting material:

3Man B 17 4G1cNAc B 1= 4Gl cNAc> Asn-Fmoc
Gal 8 1==4G1cNAc B 1=2Man a 1”7
10 (Compound 16)

Product:

3Man B 1=4G1cNAc B 1=4G] cNAc>Asn-Fmoc
Gal B 1= 4G1eNAc 5 1-=2Man o 7

Fucal/



Table 4 Exanple 63 Starting; material: 5 Gal /3 1--4GlcNAc (3 1--2Man a 6
Man (31-r 4GL cNAc !'3 1-4d cNAc- Asn-Fgpnc NeuAc a 2-.-3Gl /3 |--4GL cNAc
j3 1--2Man a 1 (Conpound 19) Product: Fuc a 1-V, 3 Gl /3 1--4GcNAc i3
1--2Man a 1X Man /3 |-4GL cNAc 131--4Gl cNAc--Asn-Fmoc NeuAc a 2-- 3@l i3
| +4d cNAc 0 1--2Man a 1/3 3 Fuc a | @Gl (31--4G cNAc 13 1--2Man a 1X 3Man
3 1-- 4G 1 cN Ac [3 1-- 43 cN Ac--AspzfFppcy NeuAc a 2--3Gal (31- -4Gl cNAc
(31--2Man a | 3 Fuca 1If Fuc a 1X 3 1-4d cNAc /31--2Man a | X Man , 3
1--1GL cNAc (3 I --4GL cNAc--Asn-Fnoc 3 NeuAc a 2-- 3Gl 0 1--43 cNAc |3
1--2Man a 110( 100

Example 61

Starting material:
NeuAc a2 3Gal B8 1=-4GlcNAc 8 1= 2Man « IN

6
3Man B 17 4G1cNAc 8 17 4GIcNAc> Asn-Fmoc
NeuAc @ 2 3Gal 8 1--4G1cNAc 8 1 2Man @ 17
5 (Compound 17)

Product:
Fuc a 1\
3
NeuAc a 2= 3Gal B8 1 4GlcNAc B 1=>2Man I

6
3Man B 17 4GIcNAc B 174Gl cNAc~ Asn-Fmoc
NeuAc a 2= 3Gal 8 1-=4GlcNAc B 1-~Man o 17

3
Fucal/

Fuc a Iy
3
NeuAc @ 2= 3Gal 8 1>4GlcNAc 8 1=2Man I

6
3Man B 17 4G1cNAc 8 1= 4Gl cNAc>Asn-Fmoc
NeuAc @ 2-=3Gal 8 1461 cNAc 8 1-2Man o 17

NeuAc @ 2= 3Gal B 1=4GlcNAc B 1>2Man & 1\

6

3Man B 1 4G1cNAc 8 1= 4G1cNAc—>Asn-Fmoc
Neutc a2 3al § 1=461cNAc § 1->2an i

Fuc « 1/



Exanple 64 Starting material: G cNAc /31-2Man a ly 6 [3 NeijAc a 2-- 3&l
'3 1--4G cNAc R 1--2Man a 1/3 Man /3 1-:4( 1 cNAc 1-4GL cNAc Asn- Fnoc
(Conpound 20) 5 Product: G cNAc /3 1-9-Man a Ix 6Man [3 1-4GlLcNAc 0 1-4G1
CNAc--Asn-Fnoc 3 NeuAc a 2-- 3G | 13 1--43 cNAc i3 1--2Man a1 3 Fuc a
Ir Exanple 65 10 Starting material: Man a | X 6 3 Man i3 1--4GLcNAc j 3

1- - 4GLlcNAGs AS %\gr@c NeuAc a 2--3Gl t3 1- 43 cNAc |131- 2Man a 1 (Conpound
21) Product: nalXo6Man 0 1--4GL cNAc 0 1-4G 1 CNAc-Asn-Fnoc 3 NeuAc a
2--3Gl Rglaz AGigil--)Man a1l 3 Fuc al

NeuAc @ 23Gal 8 1=-4GlcNAc B 1=-2Man & Iy
6Man B 17 4G1cNAc B 1 4G1cNAc~Asn-Fmoc
Gal B 1 4G1cNAC B 1 Man o V7
(Compound 18)

5 Product:

Fuc a In
NeuAc a2+ 3Gal 3 1"’4G1§NAC B 1 2Man a IN
6Man B 17 4G1cNAc B 1= 4Gl cNAc~Asn-Fmoc
Gal B 1= 4G1cNAC B 1= 2Nan o 17
Fuca 1/3

Fuc a IN
NeuAc @ 2-=3Gal 3 1—>4G1§NAC B1=2Man @ I\
6Man B 1 4G1cNAc B 174Gl cNAc~Asn-Fmoc
Gal 8 1= AG1cMAC B 1= Wan @ 17

NeuAc a 2= 3Gal 814Gl cNAc B 1=>2Man @ I\
6Man B 17 4G1cNAc B 17461 cNAc=Asn-Fmoc
Gal 8 1= 461cNAc B 1= Man @ 1
Fucozl”3



15 101 Exanple 66 Starting material: Man (3 1-- 4G 1 cNAc (3 1-r 4d cNAc--
Asn- Fnoc  NcuAc a2--3Gal /3 1--4d c' . NA 913 1-2Man a | (Conmpound 22) 5
Product: 3Man (3 1--4GLcNAc |13 1+4d cNAC-- Asn-Fnoc NeuAc a 2--3Gal /3
1--4G cNAc j3 1--2Man a 1 3 Fuc a | Exanple 67 10 Starting material: NeuAc
a 2-- 3@l /3 1--4GIcNAc /3 1--2Man a I X 6Man /3 1-- 4G 1 cNAc O 1--

4G cNAc- - Asn-Fnoc 3 GLlcNAc /3 1- Nan@phe %corrpound 23) Product: Fucaly 3
NeuAc a2--3Gal /3 1--4G cNAc /3 1--2Man a 6Man /3 1-'4G cNAc /3
1-r4GlcNAc- Asn-Fnmoc 3 G cNAc /3 1--2Man a 1.01 102 Exanple 68

Example 63

Starting material:

Gal B 1-4GIcNAc B 1=2Man @ IN
6Man B 1=4G1cNAc B 14GicNAc> Asn-Fmoc
Neukc @236l § 1-m4GIcNAC B 1= Man @ 1
{Compound 19)

Product:
Fue @ IN
Gal B 1->4G1(3:NAC B 1> 2Man @ IN
6Mam B 1= 4G1cNAc B 1 4GlcNAc=>Asn-Fmoc
Newkc 2= 36al § 1-= 461 c¥Ac B 1-=an o 17
Fuc l’(3

Gal B 14GlcNAc 8 1 2Man a I\

gMan B 17 4G1cNAc 8 1= 4GIcNAc=>Asn-Fmoc
NeuAc @ 2> 3Gal 8 1->4GI§NAC B 1-IMan « 1/
Fuc a 1/

Fuc a 1\
3
Gal B8 1==4G1cNAc B 1=-2Man a I

6
3Man B 1= 4Gl cNAc 8 1= 4Gl cNAc=>Asn—-Fmoc
Neuc a 2-=3Gal B8 1=-4G1cNAc 8 1--2Man a 1”7



Starting material: NcuAc a 2--3Gl (31--4G cNAc O 1--2Man a I X Man 0 1-- 4G
| cNAc (3 1--43d cNAc--Asn-Fnoc Man a {gd Conpound 24) 5 Product: Fuc a 1X
3 NeuAc a 2--3Gl (31-4G cNAc 0 1-2van a 1,,, 6Man 0 1--4G3 1-4d cNAc (3
1--4d cNAc-Asn-Fnoc 3 Man a 1 Exanple 69 10 Starting material: NeuAc a
2--3Gl R 1--4GlL cNAc )3 1-2Man a 1\ 6Man 8 1--43 cNAc R 1-4CG1

CNAC- - Asnsxzamgle (€&pnpound 25) Product: 15 Fucal X 3 NeuAc a2-3Gal R

1--4Gd cNAc (31--2Mana | X 6Man8 1--4GLcNAc 81-461cNAc--Asn-Fnoc 103 CLAIMS
1. An aspatagtheg|matderdaa?, 3- ol i gosacchari de derivative having 5 undeca- to
hept a- sacchari des containing fluorine and represented by the formula (1)

gi ven bel ow

GlcNAc B 17 2Man a I

6
3Man B 17 4G1cNAc B 1 4Gl cNAc~> Asn-Fmoc
NeuAc @ 2 3Gal B 1--4G1cNAc B 1-~2Man « 1/
(Compound 20)

Product:
GlcNAc B 1= 2Man a IN

6
3Man B 17 4G1cNAc B 1 4Gl cNAc>Asn-Fmoc
NeuAc a2 3Gal B =461 gNAc § 1-=2Nan o i

Fucal/

Example 65

10 Starting material:

Man & In
6Man B 174Gl cNAc B 1= 4G1cNAc=>Asn-Fmoc
NeuAc 2 3Gal 8 1= 4Gl cNAc B 1= 2Man o 1”7
(Compound 21)

Product:

Man @ Iy
6Man B 14G1cNAc B 1 4GIcNAc=>Asn-Fmoc
Newko a2~ 36al § 1 4G1cNAc 8 1= Mana 17
Fuc 1/3
15



R OHOH H,00 O0- OHO AsaFnoc (1 )" 12 H AcHN AcBN wherein R and R2
are each a hydrogen atom or one of the ups represented by the formul ae
(2) to (5) and may be the sanme or 10 diTfterent, provided that one of R and
R2 shoul d al ways be the group of the formula (2). R HO HOOC HC~- |y HO

AcHN ROOACHNHOO OHHOOO (2) HO .0 HOHO R R and R' are in the
fol | ow ngéf%gg&gagéons (a) RRF, R=0H R'=H 15 (b) R=OH, R =F, R'=CH (c¢)
R=CH, R =0H, =F (d) R=OH, R=0H, R'=CH 104 HOB OH AcHN HO O H

Starting material:

3Man B 1> 4Gl cNAc B 1 4Gl cNAc> Asn-Fmoc

NeuAc @ 2-=3Gal B 1-4G1cNac 8 12Man a I
(Compound 22)

Product:

Man B 14G1cNAc 3 1= 4G1 cNAc=Asn-Fmoc
Neuhc a2-=36al § 1-=4G1giAc § 1-=Nan @ 1
Fuca 1/

Example 67

10 Starting material:

NeuAc 2= 3Gal B8 1-=4GlcNAc B 1=-2Man a I
b
Man 8 1= 4G1cNAc B 1= 4Gl cNAc>Asn-Fmoc

3
GlcNAC B 1--2Man a 17

{Compound 23)

Product:
Fuca Iy

3
NeuAc a 2->3Gal B 1=-4GlcNAc 8 1 2Man a Iy
6Man B 1> 4GlcNAc B 174Gl cNAc> Asn-Fmoc

GleNAc B 1= 9Man a 17



HOOO(3) H HO HOHOACRN HOO HOO(4) _OOH HOHO'O (5 HO2_ An
aspar agi ne-1i nked a2, 6-ol i gosacchari de gﬁ ivative 5 having undeca- to

hept a- sacchari des, containing fluorine represented by the fornula (6)
given bel o wWOHOR OR H_~OOCF+ ~y OD 1 H\-\wn-\\ _/ fu~~~\ AsFrooc
(6) KY AcHN yAcHNN wherein R and RY are each a hydrogen atom a group

r epr esent eﬁ%jab ol Fg formula (7) or one of the groups represented by the
formul ae "g’é'.') 0 (5), provided that one of R* and R should always be a

group of §J?ﬁtfi92 n}'dé@ez(f . 105 R R HOOC HHO R O @ HO AcHN

NeuAc @ 2+3Gal B 1=-4GlcNAc B 1==2Man « In
6
3Maln B 1+ 4GIcNAc 8 1= 4Gl cNAc—~> Asn-Fmoc

Man « l/
(Compound 24)

Product:

Fuc a Iy

3
NeuAc a 2-3Gal 8 1--4GIcNAc B 1= 2Man & IN
6
Man 8 17 4G1cNAc 8 1 4Gl cNAc~>Asn-Fmoc

Man 1/

Example 69

10 Starting material:

NeuAc a 2 3Gal B8 1=4G1cNAc B8 1-=2Man a Iy
6
Man 8 1= 4G1cNAc 8 1= 4Gl cNAc=>Asn-Fmoc

(Compound 25)

Product:

15
Fucal\

3
NeuAc a 2= 3Gal 814Gl cNAc B8 1-2Man @ I
6
Man B 17 4G1cNAc 8 1=4G1 cNAc>Asn—Fmoc



O ACLHNHOHOOHHO OO (7) HO_O HOHO R R and R' are in the foll ow ng
conbinations (a) R=F, R=0H, R'=CH (b) R=OH, R=F, R'=CH 5 (c) R=CH,

R =CH, R'=F 3. An asparagi ne-linked a2, 3-oligosacchari de having undeca- to
hept a- sacchari des and represented by thedprnmula (8) given below Rc O OH OH
-OOH\ AmM HO "O~OF\ OO0 1l 4 S) ' /ICie\ 1 2 AcHN Ac}IN wherein R
and R2 are as defined above. 10 4. An %f‘r?‘gp‘ﬁgl ne-1inked a2, 6-oligosaccharide
havi ng undeca- to hepta-saccharides, c ing fluorine and represented by
the fornmula (9) given below Rk O OH OH CH 110_ ~) HO,0O0O0OO

1. An asparagine-linked (2,3-oligosaccharide derivative having
5 undeca- to hepta-saccharides containing fluorine and represented by

the formula (1) given below

AcHN AcHN

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
10 different, provided that one of R' and R’ should always be the group

of the formula (2).

R HO
” l
R HOOC g, o HO ACHIN
R o .0\:552;::f;;7\\
o) OH ' o
AcHN HO HO o) (2)
HO

C.

HO
HO

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

15 {b) R=0OH, R'=F, R"=CH
(c) R=0OH, R'=0H, R"=F

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



O Asn (9 H 1Y AcHN AcHN wherein R" and R are as defined above. 15 5. An
a2, 3-ol i gosacchari de havi ng undeca- to hepta- sacchari des and represented by
the formula (10) given below 106 RI 0 O OHff ox -0 0 HO OO0 40 Oox (1 0)
H 2 Acl3N AcHN wherein Rl and R2 are as)4defined above. 6. An
a2, 6-ol i gosacchari de having undeca- to hepta- saccharides, containing
fluorine and represented by the formula 5 (11) given belowel\ OHon OR H
-O001Ad OCHOOH ~ 1 1) RY AcHN ACHN wherein Rx and R' are as defined
above. 7. A progess for preparing an asparagine-linked a2, 3-
di si al ool i gesac deri i ve ha®i ng undecasacchari de and

HO.

(3)

OH

HO

HO -2 (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

Mé'&
_}-0
&/ ﬁ&n—ﬁmc (6)

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).



10 represented by the formula (12) given below, the process being
characterized by transferring sialic acid or a sialic acid derivative to an
aspar agi ne-1inked ol igosaccharide protected with a |ipophilic protective
group using a sialic acid transferase, and subjecting the resulting
aspar agi ne-1inked oligosaccharide 15 protected with a |ipophilic protective
group to chromatography for separation RIE OR OG0 OO HO O OR OR xo0
Asn-Frmoc (1 2 O OHO 0 ~ RZ_AcHN AcHN 107 wherein R and R2 are each a
group représended by°Phe forflula (2). 8. A process for preparing an

asparagi ne-1lin i chardaye derivative having
decasacchari 13) given bel ow, the process
bei ng 5 cha¥r a ®r a sialic acid
derivative to an asparagi ne-1inked olfﬁb ccharidel protected with a

| i pophilic protective group using a sialic o\ t riansferase, and subjecting
the resul ti ng asparagi ne-Ilinked oligosacqu i rotected with a lipophilic
protective group to chromat ography for 1 R o OH O™

R, R’ and R” are in the following combinations
(a) R=F, R'=0H, R"=0OH
(b) R=0OH, R'=F, R"=0H
5 (c) R=0OH, R'=0OH, R"=F
3. An asparagdine-linked @2,3-oligosaccharide having undeca-

to hepta-saccharides and represented by the formula (8) given below

R\O
OH OH OH
HO A -Q o Q o o
H H Asn (8)
L? AcHN AcHN

wherein R' and R? are as defined above.

10 4. An asparagine-linked Q2,6-oligosaccharide having undeca-
to hepta-saccharides, containing fluorine and represented by the

formula (9) given below

AcHN
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



OH OO O HO O oH O Aso-Fxnoc (1 3) HO RZ AcHN AcHN wherein one of Rl and R2
is a group represented by the formula (2), and the other thereof is a group
represented by the fornula (3). 9. A process for preparing an

asparagi ne-linked 92,3 15 nonosi al ool i gosacchari de derivative having
nonasaccharide and represented by the fornula (14) given below, the process
being characterized by hydrolyzing an asparagi ne-1i nked

nonosi al ool i gosacghari de derivative represented by the formula (13) wusing a
gal act ose hydrolaS® Rl O OH OH ox HO O O O Asn-Fnoc (1 4) HO RZ AcHN AcHN
20 108 wherein oreCof R and R2 IGHa group reprﬁiented by the formula (2),
and the other ther reg§esented 9 e formula (4) 10. A

process forHPrepari i nked®2,.8--+@nosi al ool | gosacchari de
derivative havi i b OFhe birdiba (15)
gi ven bel ow, the, process being cterized by _kydrol yzing an
aspar agi ne-1i nked nonosi al ool i gosacchari de deri ve represented by the
formul a (14)

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

5 (11) given below

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
N
)
OH

-0 0

HO o Asn-Fmoe (1 2)

|
R2 AcHN AcHN



usi ng an N-acetyl gl ucosam ne hydrolase RL OOH OH OH HO -O O O HO OHO
Asn-Fnoc (1 5) 12 F. AcHN AcHN 10 wherein one of RL and Rz is a group
represented by the fornula (2), and the other thereof is a group

represented by the fornula (5) 11. A prggess for preparing an

aspar agi ne-1inked a2, 3 nonosi al ool i gosacchari de derivative having

hept asacchari de an represented, by the formul a 6 Y bel ow,
pr (F;c ess béﬂh‘?@”eiESRg agtE i &‘TCByZh?H‘?‘Eﬁ’ VLTS Sf%‘]tggpgyaggﬁeg?ﬁ‘k]&j

Lhe, .

nonosi al ool i gosacchari de derivative represented by the formula (15) wusing a

mannose hydrol afe R1POPERES H@HPIGRAOINBRD ASRAFHONY 12nged GRAGHN AcHN

wherein one of R and R2 is a %roup represented by the formula (2),. 20 and
e

t he ot her momesdaf opsigPIRAFGFE

afeFivabives havaoss deFarapr i §sh

asparagi ne-linked a2,6 109 disial ooligosaccharide derivative having

undecasacdeRTic§ensAd LY ditee foxmudap{lihe Fsimmbed op1 771 gi DEPC B

RRinGhe

process being characterized by transferring sialic acid or a sialic acid
5 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

protected with a lipophilic protective group to chromatography for

10 separation

N
_ 6} Ol on
OH
_0 0
o 0 Asp-Fmoe (1 3)
I H HO
R? 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 a2, 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 galactose hydrolase

1

AN
0
OH
OH OH
HO -0 (9] 0
l OHO 0 Asn-Fmmoc (1 4)
R? AcHN

H
AcHN

20



derivative to an asparagi ne-linked oligosaccharide protected with a 5

| i pophilic protective group using a sialic acid transferase, and subjecting
the resulting asparagi ne-linked oligosaccharide protected with a lipophilic
protective group to chromatography for jggparation \0O OHox OHH ,O00OOO
OHO AsFnoc (1 7) RY Acxl7 AcHN 10 wherein R* and RY are each a group
represented by the forpula ) .13 A _process for  prepar] n
asparagineW??Fﬁ&ﬂ19£§,quﬂ5ﬁg§i%j68IFg8§§B%h5ﬁ?5ﬁ§e égPV§Yi%gghgﬁfwﬁfa (2),
decasacchari de and _represented by the formula (18). gi ven bel ow,_ the process
o g CharBs 815 AeDy ERSIY: afr Fnd SPl Febanertar B oFhe Eoatite 187

derivative to an asparagi ne-linked oligosaccharide protected with a

| i pophi lic protet®i & RFOSEESuEPhPLersiTdmidc 2B P 8P Fafidrerldd&eda iR  Ssubj ect i ng
the resulting asparagi ne-linked oligosaccharide protected with a |jpophilic
prot ect i vemgreRif 1P LaAPBAET AT Asnef oY 2 tLEp tatingn ORX @ BRI 03 000 O

OO0 Asn-Fnoc (1 8 ) . HO 2 0 RY AcHN. AcHN, .
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-acetylglucosamine hydrolase
.Rl\
© OH OH
OH
-0 O

Y o

R2 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 mannose hydrolase

Rl

\\O
OH
-0 0]

Y o)
() HO HO AsrFmoc (1 6)

le 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-



wherein one of R® and R is a group represented by the formula (7), 110 and
the other thereof is a group represented by the formula (3). 14. A process
for preparing an asparagi ne-linked a2, 6- nonosial ool i gosacchari de derivative
havi ng nonasacchari de and represented hyothe formula (19) given below, the
process being 5 characterized by hydrolyzing an asparagi ne-1|i nked

nonosi al ool i gosacchari de derivative represented by the formula (18) using a
gal act ose hydrolase RX OOHOH OHHO-OOOOOQPpP HAso-Fhnoc (1 9) RY AcHN
ACHN wherein one of R and R' is a group represented by the fornmula (7), 10
and the other. thereof | rQu ted, -y, t far. . A
process f@FSﬁPéBSi??@F%ﬁ?é%ﬁ%g%agfﬁg?%?%ﬁgdégﬁ, &gﬁggggggg??égégéﬁﬁgride
derivative having octasaccharide.an e ent y e 0) given
bel ow, théfe@rﬁééggeﬁelmg&%%rrg&lgrg%{i %{/&%i/ reg%vp' thid }#8{;&% et

yZi ng an aspar agi ne-|i nked
5 nonosi al ool i gosacchar,i de_derivati.ve re esenpﬁflb the formula.(19) wusing
an N-acet yARFTACESEHFRR Y droradE R\ Sg—f‘b—?c q%a_ &' EE)coa cid
derivative to an asparagine-linked oligosaccharide protected with a
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
RX
\0
on OH OH
H -Q o 0 o 0
o AsnFmoe (1 7)
| H HO
RY 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
X
R
\\O
OH
B A o Q Q
o - 0 AsnFmoc (1 8)
l H HO
20 RY AcHN .  AcHN

wherein one of R* and R is a group represented by the formula (7),



Asn-Fnmoc (2 0) RY HO H AcHN AcHN wherein one of R" and R is a group
represented by the formula (7), and the other thereof is a group
represented by the fornula (5). 20 16. A process for preparing an
asparagi ne-linked a2,6 ill nonosial ool i;ggsaccharide derivative having
hept asacchari de and represented by the]TornuIa (21) given bel ow, the
process bein characterijzed by hydrol Z|n%ﬂ{n aspar agi ne-1 i nked

nonosi al ooRRY oS AvAerdEPERFY dits \?eglr8 PeEBRISFHES RE £BEnEPE™HD) (3)5 using
a mannose hydrolase Rxk OOHOd OHHO OO OOOp HHAsnFmoe (2 1) RY
AcHN AcHN wher ei h4 onfe mIfoqRSsafgr m'rmaramyr Gap 2FBpFRSE dd Redt KE2 feor nul a
(7), and the other thereof is rogen atom 17. A process for preparlng
an aspareagpmmﬁi#%ﬂQ%§9?2aSCHEF¥ﬂq @%%&Héﬁé??d%aY&ﬂﬂ fgrafsaechari¢e and

hept a- sacchari des and represented the fornula (8), the process being
char act er | ZeBreseTt@foPynghe hEPTmIe éét9 vEigPBRPYPMomtas BEPELESI MRLIY ked

a2, 3-ol i gosaccharide derivative having undeca- to hepta-saccharides and
represéhtedh@ya0§¢ﬁ§4ﬂ§rﬁMIEYQH91YQEHE8anA?BP%E%Q&Pq(%ingﬁéparlng an

aspar eagi ne-linked x2,6. oligosaccharide having undeca-

hept a- saccheﬁ¢%k§#QQ%EGPEBFE%%ﬁRQRidQ§9VPﬁéVFo¥?RH%fQP§Fd Phetb?o%Q%ﬂPM@elﬁQ

characterized by renoving the
using a galactose hydrolase

OH
o Asp-Fmoe (1 9)
HO

AcHN AcHN

13

wherein one of R* and R’ 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 Q2,6-

monosialooligosaccharide derivative having octasaccharide and
represented by the formula (20) given below, the process being
characterized by hydrolyzing an asparagine-linked

5 monosialooligosaccharide derivative represented by the formula (19)

using an N-acetylglucosamine hydrolase

-RX

\\o
OH o OH

HO -Q Q o

o
RY AcHN AcHN

Asn-Fmoe (2 0)

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-



protective group froman asparagi ne-|liked x2, 6-o0ligosaccharide derivative
havi ng undeca- to hepta-saccharides and represented by 20 the fornula (6).
19. A process for preparing an x2, 3-oligosaccharide having undeca- to
hept a- sacchari des and represented by thefornula (10), the process being
characterized by renoving the asparagi ne residue 112 from an

asparagi ne-1i ked a2, 3-oli ?gﬁacc%%;d de h%vi ng undecqi tt%sab:%ﬂt as: ggcchélri des

and repr esBRPEAIHIPTHIFE
2,6-0li hari de_ havi d - hept a- har.i.d d t
The for mil FepTEFente the ‘HRoERON Fl g oAV BRI BE  Sbd WY PERDUPRGDEIES

PR1B)0C0E

AVSr 8%%15%9 for prepar |aﬁgl; an®®

%

aspar agi ne residue from an asgar agj ne-liked a2, 6-oljgqQsacchari de havi ng

undeca- tochRrEpEBesHREhAYi fyd

P8s BRPBHAHY S et la (9). 21.An

asparagi ne-1inked. (a2,3) (a

g ,6)-o0ljgasaccharide 10 derivatjve_havi
undecasaccHaPP&’l eMILSAChH a#%r és"ﬁ‘ﬁdver I‘éﬁ?’é%%‘?ﬁteed{ Il?& H}\é F‘B?'\f(r‘:ﬁf% ()

given below R O OH OH

: OF 9
wher ei r® R USdng griRfPIsepEBEMF by the formula (2), R is a group

represented by the formula (7) below. R

10

20

X

N
0 OH oH
OH
o HO ()HO Asp-Fmoc (2 1)
I

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 aspareagine-linked @2, 3-
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-cligosaccharide
derivative having undeca- to hepta-saccharides and represented by
the formula (1).

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

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

d by

O HO O O HO OHO Asn-Fnoc (2 2) RY AcHN AcHN



HOOC HO R O~-0 HO AcHN ACHN OO HOHOOROHO O (7) HO_O HOHO 15 R R
and R' are in the followi ng conbinations (a) R=F, R =0CH R'=CH (b) R=CH,
R=F, R'=CH 113 (c¢) R=CH, R =CH, R'=F 22. An asparagine-linked (a2, 3)

(a2, 6)-oligosaccharide 5 derivative hawiing undecasacchari des contai ni ng
fluorine and represented by the formula (23) given below Rk OCH OHOH ,0
O O HO O Asn-Fnoc (2 3) IggRZAcHNAcHNV\/ner R2 is a_group
repr esent et ¥y atnnéspﬁ’r"ﬁ%}%e reaReq.d 69169865‘:‘:}?%5}%%B}ﬁvéﬂlgbynflggaf ofPrul a

(7) below. ggta ;*gggarlges dna repreggntengKjthe o@mgﬁa (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) (Q2,6)-oligosaccharide
10 derivative having undecasaccharides containing fluorine and

represented by the formula (22) given below
1

OH
o Asn-Fmoc (2 2)
HO

R AcHN AcHN

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

represented by the formula (7) below.

(7)

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

(b} R=0OH, R'=F, R"=OH



HOHOOHOHOO(7) HO O HOH 10 R R and R' are in the follow ng

conbi nations (a) R=F, R =OH, R'=CH (b) R=OH, R =F, R'=0OH (c) R=CH, R =OH,
R'=F 15 23. An asparagi ne-linked oligosaccharide derivative containing 114
at | east one fucose in Nacetyl gl ucosaming on the nonreducing termnal side
of the asparagi ne-linked 0: 2, 3-oligosaccharide derivative having undeca- to
hept a- sacchari des containing fluorine and represented by the formula (1). 5
24. An aspé?hdfﬁ%ilﬁnkgﬂ o$| saccharide derivative containing at |east one
fucose in Nacetyl gl ucosam ne on the nonreducing termnal side of the
aspar agi ne-1i nked a2, 6-oligosaccharide derivative having undeca- to

hept a- sacchari des containing fluorine 10 and represented by the forrmula (6).
25. An asparagi ne-linked oligosaccharide derivative containing at |east one
fucose in Nacetyl gl ucosam ne_on the nonreducing. term nal side of the

aspar agi ne- Ii%%eénaéﬁﬂ?§ﬂ3%$ﬁsé685%9lH@zlg)dé9@v§9|9élﬁ%§? fideca- to

hexa- sacchari des and_represented b the _fornul a J
derivative having undecasaccharides containing fluorlne and

represented by the formula (23) given below

X

/O
Asn-Fmoc (2 3)

AcHN AcHN

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

represented by the formula (7) below.

(7)

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

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

15

23. An asparagine-linked oligosaccharide derivative containing



OHOHOH HO_OOOO OOHAsn-Frnc (6 4 HO Y AcHN AcHN wherein R’

and RN are each a hydrogen atom a group represented by 20 the fornula (7)
or one of the groups represented by the fornmulae (3) to (5), provided that
one of R' and R should always be a groypg, of the formula (7) or (3) 115 R

R' HOOC HoR O O /y~ HO Acl-IN O ~ AWHONOOHHOOO(7) HOO HOH
where R = O R = OH and B & qit, 2.4 rogess, d or, RLSPAL] ngaan;

aspar agi ne?Fi h&@t f%F85RERalT db 2% et VaPF VR R0 i Heng O &F SPEE1Y one
fucose in N-acetyl gl ucosam ne on the nonreducing term nal side,of an

aspar agi neterRi@l o1idfoo4c ERGr I IRATEGACS AL RGS Iﬁgr?h‘él%\?fésraé?‘i?atrﬁ €aspar agi ne
has  ami no group, ni trogen protected With 2 LipophiliS RLOLESLiNE B.OWR ne

and represented by the formula (1).

24. An asparagine-linked oligosaccharide derivative containing
at least one fucose in N-acetylglucosamine on the nonreducing
terminal side of the asparagine-linked (@2,6-oligosaccharide
derivative having undeca- to hepta-saccharides containing fluorine

10 and represented by the formula (6).

25. An asparagine-linked oligosaccharide derivative containing
at least one fucose in N-acetylglucosamine on the nonreducing
terminal side of the asparagine-linked @2, 6-oligosaccharide

15 derivative having undeca- to hexa-saccharides and represented by

the formula (6a).

X
R\\O
OH OH OH
HO = o Q 0
o H o Asn-Fmoc (62.)
1LY HO
ACI'IN ACI'IN

wherein R* and R’ 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), provided that one of R* and R' should always be a group

of the formula (7) or (3)



and represented by the fornmula (1), the process being characterized 10 by
transferring fucose to the asparagi ne-linked oligosaccharide wherein the
asparagi ne has the protected am no group nitrogen with a |ipophilic
protective group using a fucose transfer@ase, and subjecting the resulting
aspar agi ne-1inked oligosaccharide protected with the |ipophilic protective
group to chromat ography 15 for separation. 27. A process for preparing an
aspar agi ne-lg¢nked ol i gosaccharide derivative containing at |east one fucose
i ' cosafiPiie e nonreducing term nal side of an

' harj de tai aHyYg fl uorine wherein the

aspar agi ne- | i nk
aspar agi ne S

group andHepre 1T a process bei characterized
116 by transferring fucose to the a§$ i ne-linked oligosaccharide
wherein the asparagi ne has the protected am up nitrogen with a

| i pophilic protective group using a fucaqse fepase, and subjecting the

resul ti ng asparagi ne-1inked oIigosaccha#FHei

ted with the lipophilic
protective group to chromatography for separation.

where R = OH, R’ = OH and R” = OH.

26.A process for preparing an asparagine-linked oligosaccharide
5 derivative containing at least one fucose in N-acetylglucosamine on
the nonreducing terminal side of an asparagine-linked
oligosaccharide containing fluorine wherein the asparagine has
amino group nitrogen protected with a lipophilic protective group
and represented by the formula (1), the process being characterized
10 by transferring fucose to the asparagine-linked oligosaccharide
wherein the asparagine has the protected amino group nitrogen with
a lipophilic protective group using a fucose transferase, and
subjecting the resulting asparagine-linked oligosaccharide
protected with the lipophilic protective group to chromatography

15 for separation.

27. A process for preparing an asparagine-linked oligosaccharide
derivative containing at least one fucose in N-acetylglucosamine on
the nonreducing terminal side of an asparagine-linked

20 oligosaccharide containing fluorine wherein the asparagine has
amino group nitrogen protected with a lipophilic protective group

and represented by the formula (6), the process being characterized



116

by transferring fucose to the asparagine-linked oligosaccharide
wherein the asparagine has the protected amino group nitrogen with
a lipophilic protective group using a fucose transferase, and
subjecting the resulting asparagine-linked oligosaccharide

protected with the lipophilic protective group to chromatography

for separation.



