-1 - DESCRIPTION METHOD FOR PRODUCING PEPTIDE Technical Field [0001]  The present
invention relates to a method for producing a peptide and a glycopeptide. Background Art [0002] As a
methodroducing a peptide, a ligation method is useful. Among such ligation methods, a native
chemical ligation method (NCL method) is a method capable of producing a peptide having a natural
amide bond (peptide bond) at a ligation site. Such NCL method may be applied to two unprotected
peptide chains. This method has been known as a method useful for forming a natural amide bond at
a ligation site (for example, Patent Document 1). As shown in the figure below, the NCL method
involves a chemical selective reaction betweégit&Hikstligéptide having an a-carboxythioester portion at
the C-terminus thereof and a second peptide having a cysteine residue at the N-terminus thereof. In
this reaction, a thiol group (SE group, which may also be referred to as a sulthydryl group) on the side

chain of cysteine selectively reagigwitha garonyhsareanofa pr1pr

Technical Field
[0001]
The present invention relates to a method for

producing a peptide and a glycopeptide.

Background Art
[0002]

As a method for producing a peptide, a ligation
method is useful. Among such ligation methods, a native
chemical ligation method (NCL method) is a method capable
of producing a peptide having a natural amide bond
(peptide bond) at a ligation site. Such NCL method may
be applied to two unprotected peptide chains. This
method has been known as a method useful for forming a
natural amide bond at a ligation site (for example,
Patent Document 1). As shown in the figure below, the
NCL method involves a chemical selective reaction between
a first peptide having an oa-carboxythioester portion at
the C-terminus thereof and a second peptide having a
cysteine residue at the N-terminus thereof. 1In this
reaction, a thiol group (SH group, which may also be
referred to as a sulfhydryl group) on the side chain of

cysteine selectively reacts with a carbonyl carbon of a




- 2 - thioester group, and as a result of a tniol exchange reaction, a thioester-bound initial intermediate
is generated. This intermediate inrramolecularly rearranges on a voluntary basis to give a natural
amide bond to a ligation site. At the same time, the intermediate regenerates tnioi on the side chain of
cysteine. Using this reaction, it became possible to efficiently synthesize various polypeptides. [000.3fl
[Formula 1] OH2N-pe -2 -

thioester group, and as a result of a thiol exchange
reaction, a thioester-bound initial intermediate is
generated. This intermediate intramolecularly rearranges
on a voluntary basis to give a natural amide bond to a
ligation site. At the same time, the intermediate
regenerates thiol on the side chain of cysteine. Using
this reaction, it became possible to efficiently
synthesize various polypeptides.

[0003]

[Formula 1]
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[0004]
The main disadvantage of a typical NCL method is

that either one of two peptide fragments to be ligated




H2N Native Chemical Ligation Method [0004] The main disadvantage of a typical NOL method is
that either one of two peptide fragments to be ligatad - 3 - must have a cysrelne residue at the
N-terminus thereof, and that a peptide obtained after ligation also must have a cysteine residue at the
ligation site in this method. Accordingly, in a case in which a desired peptide to be synthesized does
not contain a cysteine residue, this method caniothé applied.

must have a cysteine residue at the N-terminus thereof,
and that a peptide obtained after ligation also must have
a cysteine residue at the ligation site in this method.
Accordingly, in a case in which a desired peptide to be
synthesized does not contain a cysteine residue, this
method cannot be applied.

[0005]

In addition, in a typical NCL method, two or more
peptide fragments to be ligated are prepared by a solid-
phase synthesis method, for example. When a peptide
contains an extremely small amount of cysteine (or
contains no cysteine), like a peptide existing in a
living body, it has been necessary to prepare an
extremely long peptide fragment to be subjected to such
NCL method. Thus, it cannot be said that this is an
efficient method.

[0006]

On the other hand, it has been known that various
glycopeptides and glycoproteins are present in a living
body. The sugar chains of such glycopeptides or
glycoproteins are broadly classified into two types;
namely, N-linked sugar chains and O-linked sugar chains.
N-linked sugar chain 1s generally a sugar chain binding
to the nitrogen of amide on an asparagine side chain via
an N-glycoside bond. In general, such N-linked sugar
chain often binds to Asn in a consensus sequence -Asn—X-

Ser/Thr- (wherein X represents an amino acid other than




[0005] In addition, in a typical NCL method, two or more peptide fragments to be ligated are
prepared by a solid-phase synthesis method, for example. When a peptide contains an extremely
small amount of cysteine (or contains no cysteine), like a peptide existing in a living body, it has been
necessary to prepare an extremely long peptide fragment to be subjected to such NCL method. Thus,
it cannot be said that this is an efficient method.” [O@)OB] On the other hand, it has been known that
various glycopeptides and glycoproteins are present in .-., living body. The sugar chains of such
glycopeptides or glycoproteins are broadly classified into two types; namely, N-linked sugar chains and
0-linked sug& ¢éhaiis N-linkéd 3a§arérainis generita3tigdr eRdinhifdingto the fitrogen of amide
on an asparasqiln%gid&%f}ariln k\)/iianzgwﬂrl}\l-glé/(():o%ig% I%Pndg I gegg{lal, So%ChaNgg’r‘ﬁ%% sugar chain often
binds to Asn in & consensus sequénce -Asn- r r-y?‘wﬁerelrpx. represents an amino acid other
than - 4 - praline) da anatyral stalg 10-dinked syganchaipds a:sugasshain bindipg te a8 hydroxyl group
on a serine or threonine side chain via an 0-glycoside bond. Examples of such N-linked and 0-linked
sugar chainsa#ill becgiviin betdw {Gah gafactosecGlcha N-abetyigiuectsamine; Banemannose; Fuc:
fucose; GalNAc; N-acet Igalactosamine%. A natural glycopeptide having such 0-linked sugar chain has

been known £ &8HtairP fatge AAEUTS 3F prdling) threoNnaC ahd seHhe (RGP Afert Hotuments 1 and
2)[000ﬂ[FqgnM@§g; Fuc: fucose; GalNAc: N-acetylgalactosamine). A

natural glycopeptide having such O-linked sugar chain has
been known to contain large amounts of proline, threonine,
and serine (Non-Patent Documents 1 and 2).

[0007]

[Formula 2]
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Non—-Patent Document 1: TRENDS in biochemical sciences,
Vol. 27, No. 3, March 2002
Non-Patent Document 2: Cancer Biology & Therapy ©6: 4,

481-486, April 2007

Disclosure of the Invention
Technical Problem
[0008]

It is an object of the present invention to provide
a novel method for producing a peptide and a glycopeptide.

In particular, in a conventionally typical NCL
method, either one of two peptide fragments to be ligated
must have a cysteine residue at the N-terminus thereof,
and further, a peptide obtained after ligation also must
have a cysteine residue at the ligation site. Thus, the
NCL method must have been designed and applied by using a
cysteine residue of a desired peptide (or glycopeptide)
to be finally obtained as a ligation site. Hence, the
present invention provides a novel method for producing a
peptide and a glycopeptide, which is able to design a
ligation method, in which not only a cysteine residue in
a desired peptide to be obtained, but also a portion
corresponding to a serine residue or a threonine residue
can be used as a ligation site.
[0009]

More specifically, in one aspect of the present

invention, a cysteine residue in a peptide (or a



Peptide Examples of N-linked sugar chain and 0- linked sugar chain - 5 - Non-Patent Document 1:
TRENDS in biochemical sciences, Vol. 27, No, 3, March 2002 Non-Patent Document 2: Cancer
Biology & Therapy 6: 4, 481-486, April 2007 Disclosure of the Invention Technical Problem [0008]
It is an object of the present invention to provide a novel method for producing a peptide and a
glycopetide -6 -

glycopeptide) can be converted to a serine residue. Thus,
a peptide having a cysteine residue at the N-terminus
thereof is ligated to another peptide according to the
NCL method, and thereafter, this cysteine residue can be
converted to a serine residue. Therefore, according to
the present invention, even if a cysteine residue does
not exist in a desired sequence to be obtained, if a
serine residue exists therein, the position of the serine
residue can be designed as a ligation site in the NCL
method.

[0010]

Moreover, in one aspect of the present invention, a
peptide having, at the N-terminus thereof, a threonine
derivative residue having an -SH group at the N-terminus
thereof (or a threonine derivative residue having an =-SH
group that is protected by a disulfide bond or the like)
is ligated to another peptide according to a ligation
method, and thereafter, the obtained threonine derivative
residue can be converted to a threonine residue.
Therefore, according to the present invention, even if a
cysteine residue does not exist in a desired sequence to
be obtained, if a threonine residue exists therein, the
position of the threonine residue can be designed as a
ligation site in the ligation method.

Thus, the present invention provides a novel method
for producing a peptide and a glycopeptide using a

ligation method, wherein serine or threonine that is




In particular, in a conventionally typical NCL method, either one of two peptide fragments to be ligated
must have a cysteine residue at the N-terminus thereof, and further, a peptide obtained after ligation
also must have a cysteine residue at the ligation site. Thus, the NOL method must have been
designed and applied by using a cysteine residue of a desired peptide (or glycopeptide) to be finally
obtained as a ligation site. Hence, the Present invéntion provides a novel method for Producing a
peptide and a glyconeptide, which is able to design a ligation method, in which not only a cysteine
residue in a desired peptide to be obtained, but also a portion correspondirr%to a serine residue or a

threonine reGGUEAaR be st 4§ FRRIDASTeSTO0 §F MG P HicHily onet485e@df the present
invention, a %s&gingr{eggge_lig &Qﬁ%@g%@&% 3 6 - glycopeptide) can be converted to a serine

residue. Thus, a peptide having a cysteine residue at the N-terminus thereof is ligated to another
peptide according to the NCL method, and thereafter, this cysteine residue can be converted to a
serine residue. Therefore, according to the present invention, even if a cysteine residue does not exist
in a desired s&YuEncetoe SBRIMET if a serine residue exists therein, the position of the serine
residue can ﬁ%g iigned as a ligation site in the NCL method. [0010] Moreover, in one aspect of
the present invention, a peptide having, at the N-terminus thereof, a threonine derivative residue

having an SH group at theibl-terminiis) thereofdos asheeaning detvative rasidue having an -SH group
that is protected by a disulfide bond or the like) is ligated to another peptide according to a ligation
method, andrisereafter, ithewobtainedithre onirve dethivathel lesidusycah deacoraeitetitoa. threonine
residue. Therefore, accordingﬁ;[o the present invention, even if a cysteine residue does not exist in a

desired sequence tb'Be BBGITRY: ifA HiFBbhie AU EsEthardik thehdsition of th- threoni..e
residue can bg-dggigngd as a ligation site. . theligation.methpd o i+ comprises

converting an -SH group of a peptide comprising an amino
acid residue having the -SH group to an -OH group,
wherein said method comprises the following steps (a) to
(c):

(a) allowing an -SH group in a peptide to react with a
methylating agent;

{(b) allowing an —-SMe group obtained in the step (a) to
react with a cyanizing agent; and

{(c) modifying the reaction conditions to become more
basic than the conditions in the step (b).

[0012]

The present invention may also provide a method for
producing a peptide, characterized in that it comprises
converting an -3H group of a peptide comprising an amino
acld residue having the -SH group to an -OH group,
wherein said method comprises the following steps (a) to

{(c):




Thus, the present invention provides a novel method for producing a peptide and a glycopeptide using
a ligation method, wherein serine or threonine that abundant in glycopeptides can be designed as a
ligation site in the ligation method. Solution to Problem [0011] in order to solve the aforementioned
problems, the present invention may have the following characteristics. The present invention may
provide a method for Producing a peptide, characterized in that it comprises converting an -SH group
of a peptide comprising an amino acid residue having the -SH group to an -OH group, wherein said
method comprises the following steps (a) to (c): (a) allowing an -SH group in a peptide to react with a
methylating ageht;®fb) AMeMEng an—-SM& ¥peip SBtainéd - théestep (BF Rr-featt Withda cyanizing agent;
and (c) modlrf[}g t e reaction COF[CdItJC ns to becqtm%krlnoresl%gsm than tche condltécgps in the step (b).

ating a O conver
group;
(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c) converting the reaction intermediate obtained in the
step (b) to a peptide comprising an amino acid residue
having an -OH group under more basic conditions than the
conditions in the step (b).
[0013]

The present invention may also provide a method for
producing a peptide, characterized in that it comprises
converting a cysteilne residue of a peptide comprising the
cysteine residue to a serine residue, wherein said method
comprises the following steps (a) to (c):

(a) allowing an -SH group of a cysteine residue in a
peptide to react with a methylating agent to convert the
~SH group to an -SMe group;

(b} allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

(c) converting the reaction intermediate obtained in the
step (b) to a peptide comprising a serine residue under
more basic conditions than the conditions in the step (b).

[0014]




[0012] The present invention may also provide a method for producing a peptide, characterized in
that it comprises converting an -SE group of a peptide comprising an amino acid residue having the
-SH group to an -OH group, wherein said method comprises the following steps (a) to (0): - 8 - (a)
allowing an -SH group in a peptide to react with a met ylating agent to convert the -SH group to an
-SMe group; (b) allowing the -SMe group obtairmedirrthe step (a) to react with a cyanizing agent to
produce a reaction intermediate; and (c) converting the reaction intermediate obtained in the step (b)
to a peptide comprising an amino acid residue having an -OH group under more basic conditions than
the conditions in thé BeeP{i5)s o0 3} nveThé pred@rit iRvaftiohrmay Hsa providecd nethod for
producing a pePti eécharacterized in that | comprises co vertin%%?/steine residue of a peptide

t

comprising tHe &atsineFeidlieto s Serife Fesidue W& 2in Sai hod ¢oHipridethe following
steps () to (Qor(@ allowing.an nSEGIOHR o &aysieingdesiduedn & peptidetoseactwith a methylating
agent to convert the -SH group to an -SMe group;

by the following Formula (1) of a peptide comprising the

threonine derivative A residue as an amino acid residue

to a threonine residue,

[0015]

[Formula 3]
SH

HN  COOH

n

[0016]

wherein said method comprises the following steps
fa) to (c):
(a) allowing an -SH group of a threonine derivative A
residue in a peptide to react with a methylating agent to
convert the -SH group to an -SMe group;
(b} allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c) converting the reaction intermediate obtained in the
step (b) to a peptide comprising a threonine residue
under more basic conditions than the conditions in the

step (b).




(b) allowing the -SMe group obtained in the step (a) to react with a cyanizing agent to produce a
reaction intermediate; and (c) converting the reaction intermediate obtained in step (b) to a peptide
comprising a serine residue under more basic conditions than the conditions in the step (b). [0014]
The present invention may also provide a method for producing a peptide, characterized in that it
comprises converting a threonine derivative A residue represented by the following Formula (1) of a
peptide comprising the threonine derivative A residue as an amino acid residue to a threonine residue,
[0015] [Form%J(I)% Cl),]7 ]SH H2N COOK (i) [0016]

The present invention may also provide a method for
producing a peptide, characterized in that it comprises
converting an -SMe group of a peptide comprising an amino
aclid residue having the -SMe group to an -OH group,
wherein said method comprises the following steps (b) and
{c):

(b) allowing an ~SMe group in a peptide to react with a
cyanizing agent to produce a reaction intermediate; and
(c) converting the reaction intermediate obtained in the
step (b) to a peptide comprising an amino acid residue
having an ~OH group under more basic conditions than the
conditions in the step (b}.

[0018]

The present invention may also provide a method for
producing a peptide comprising an amino acid residue
having an -OH group, which comprises the following steps:

(o) ligating a first peptide containing, at the C-
terminus thereof, an amino acid residue in which a
carboxyl group is substituted with an o-carboxythioester
group represented by the formula -C(=0)-SR (wherein R is
selected from a benzyl group, an aryl group, and an alkyl
group, which may be substituted with substituents), to a
second peptide containing, at the N-terminus thereof, an
amino acid residue having an -SH group according to a
ligation method to obtain a peptide comprising an amino

acid residue having an -SH group:




wherein said method comprises the following steps (a) allowing an -SH group of a threonine derivative
A residue in a peptide to react with a methylating agent to convert the -SH group to an -SMe group;

(b) allowing the -SMe group obtained in the step (a) to react with a cyanizing agent to produce a
reaction intermediate; and (c) converting the reactjon intermediate obtained in the step (b) to a
peptide comprising a threonine residue under more basic conditions than the conditions in the step (b).
- 10 - [0017] The present invention may also provide a method for producing a peptide,
characterized in that it comprises converting an -SMe group of a peptide comprising an amino acid

residue having thé 2SRIE.Groupts an® o1 Hroep, Whéleh BaRimhefhddPédmprises the-fslowing steps
(b) and (c): d)allowing an -SMe.gropp in & pgptide 1o, raaet with.a cyanizing,agent to,produce a

reaction intermediate; and (c) converting the reaction intermediate obtained in the step (b) to a
peptide comprsingaruamino aeid-+esidugtaving an -OH group under more basic conditions than the
conditions in the step (b).

(b) allowing the -SMe group obtained in the step (a) to

react with a cyanizing agent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the

step (b} to a peptide comprising an amino acid residue

having an -OH group under more basic conditions than the

conditions in the step (b).

[0019]

The present invention may also provide a method for
producing a peptide comprising a serine residue, which
comprises the following steps:

(o) ligating a first peptide containing, at the C-
terminus therecf, an aminoc acid residue in which a
carboxyl group is substituted with an a-carboxythiocester
group represented by the formula -C{=0)-SR (wherein R is
selected from a benzyl group, an aryl group, and an alkyl
group, which may be substituted with substituents), to a
second peptide containing, at the N-terminus therecf, a
cysteine residue according to a ligation method to obtain
a peptide comprising a cysteine residue;

(a) allowing an -SH group of the cysteine residue in the
peptide obtained in the step (0o} to react with a

methylating agent to convert the -SH group to an -SMe

group;




[0018] The present invention may also provide a method for producing a peptide comprising an
amino acid residue having an -OH group, which comprises the following steps: (0) ligating a first
peptide containing, at the Cterrinus thereof, an amino acid residue in which a carboxyl group is
substituted wih an a-carboxythioester group represented by the formula -0(=0)-SR (wherein P. is
selected from a benzyl group, an aryl group, and an alkyl group, which may be substituted with
substituents), to a second peptide containing, at the N-terminus thereof, an amino acid residue having
an -SH group according to a ligation method to obtain a peptide comprising an amino acid residue
having an -SiPgrotipt o) o hales i BEp fY i peptide obtineth RPthe2step o) to react with a
methylating agent fo conyert tt&e é%% Zgirg%p 551% Egrrl]t-stl\/ole :rr%ucp'c%b)aallg\évailn thoen-SMe group obtained in
the step (a) to react with a cyan}]zmg agent to produce reac%lon interme |aJte; and (c) converting the
reaction intermediate-ehtained inthe step (b) to a peptide comprising an amino acid residue having an
-OH group under more basic conditions than the conditions in the step (b). [0019]  The present
invention mayalss provide ardetiiod fof proditing atpaptiele icomsprising arsetineresidue, which
comprises theéollow&r}g steps: éO%}Ii aiging a first peptide containing, at the C-terminus thereof, an
amino acid résidtie it Which & cBffo arocuoﬁ“%rs%sb%%ﬁl@d Wt AT af&atbBRythidEStér group

represented by the formula (G(=0):SR (wherein R js.seleted:from.a benzylgraup,,an aryl group, and

an alkyl group, which may be substituted with substituents), to a second peptide containing, at the
N-terminus tHeéredf) Ja cvsteine residue according to a ligation method to obtain a peptide comprising a
cysteine residue;

The present invention may also provide a method for
producing a peptide comprising a threonine residue, which
comprises the following steps:

(o) ligating a first peptide containing, at the C-
fterminus thereof, an amino acid residue in which a
carboxyl group 1s substituted with an a~carboxythiocester
group represented by the formula -C(=0)-SR (wherein R is
selected from a benzyl group, an aryl group, and an alkyl
group, which may be substituted with substituents), to a
second peptide containing, at the N-terminus thereof, a
threonine derivative residue according to a ligation
method to obtain a peptide comprising a threonine
derivative A represented by the aforementioned Formula
(1) as an amino acid residue;

(a) allowing an -SH group of the threonine derivative A
residue in the peptide obtained in the step (o) to react

with a methylating agent to convert the -SH group to an -

SMe group;




(a) allowing an -SR group of the cysteine residue in the peptide obtained in the step (0) to react with a
methydating agent to convert the -SE group to an -SMe - 12 - (b) allowing the -SMe group obtained in
the step (a) to react with a cyanizing agent to produce a reaction intermediate; and (c) converting the
reaction intermediate obtained in the step (b) to a peptide comprising a serine residue under more
basic conditions than the conditions in the step’(b}.3[0020] The present invention may also provide
a method for producing a peptide comprising a threonine residue, which comprises the following steps:
(o) ligating a first peptide containing, at the O- terminus thereof, an amino acid residue in which a
carboxyl groufPis e witttan HearbbRyihicdster grtiplrepféserté@ by the fénula -0(=0)-SR
(wherein R is seaI% te&l Jq:qlm a begzIyil group, an %Eyl grouy foaggc%n glkkyll roup, I\{vhich may be

. r .
substituted with substituents tC a second peptide containing, at the NT-terminus thereof, a threonine

derivative residue ageerding:to adigation method to obtain a peptide comprising a threonine derivative
A represented by the aforementioned Formula (1) as an amino acid residue; (a) allowing an -SH
group of the theeorsine te¥ivalive MresihEcinithie paptidersistaimed inlthe Stepl(0)rto teact with a
methylating agent to gonvert the S group 10,0, SMe 9OUR: conine residue

under more basic conditions than the conditions in the

step (b).

[0021]

The present invention may also provide a method for

producing a glycopeptide, characterized in that it

comprises converting an =-SH group of a glycopeptide

comprising an amino acid residue having the -SH group to

an -OH group, wherein said method comprises the following

steps (a) to (c):

(a) allowing an -SH group in a glycopeptide to react with

a methylating agent;

(b) allowing an -SMe group obtained in the step (a) to

react with a cyanizing agent; and

(c) modifying the reaction conditions to become more

basic than the conditions in the step (b).

[0022]

The present invention may also provide a method for

producing a glycopeptide, characterized in that it

comprises converting an -SH group of a glycopeptide

comprising an amino acid residue having the -SH group to

an ~-OH group, wherein said method comprises the following

steps (a) to {(c):




(b) allowing the -SMe group obtained in the step (a) to react with a oyanizing agent to produce a
reaction intermediate; and (c) converting the reaction intermediate obtained in the step. (b) to a
peptide comprising a threonine residue under more basic conditions than the conditions in the step (p).
[0021] The present invention may also Provide a method for producing a glycopeptide,
characterized in that it comprises converting an™-St group of a glycopeptide comprising an amino acid
residue having the -OH group to an -OH group, wherein said method comprises the following steps (a)
to (a) allowing an -OH group in a glyoopeptide to react with a methylating agent; (b) allowing an -SMe
group obtaine%i)n felStEpTE) fireatt Withoa By amizing agéitPand 1@ misuifyirtherrealtion

conditions to Q_Sﬁggﬁmg{ggﬁsg than the conditions in the step (b). [002 ]ﬂq Th%[j;l)ée_sent invention
may also provide a method for pr%ducmg a glycopeptl&e, characterized in that it comprises converting
an -OH groupyebaglycopeptide comprising an amino acid residue having the -OH group to an -OH
group, wherein said method comprises the following steps (a) to (c):

(b) allowing the -SMe group obtained in the step (a) to

react with a cyanizing agent to produce a reaction

intermediate; and

{c) converting the reaction intermediate obtained in the

step (b) to a glycopeptide comprising an amino acid

residue having an -OH group under more basic conditions

than the conditions in the step (b).

[0023]

The present invention may also provide a method for

producing a glycopeptide, characterized in that it

comprises converting a cysteine residue of a glycopeptide

comprising the cysteine residue to a serine residue,

wherein said method comprises the following steps (a) to

(c):

(a) allowing an -SH group of a cysteine residue in a

glycopeptide to react with a methylating agent to convert

the -SH group to an -SMe group;

(b) allowing the -SMe group obtained in the step (a) to

react with a cyanizing agent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the

step (b) to a glycopeptide comprising a serine residue

under more basic conditions than the conditions in the

step (b).




- 14 - (a) allowing an -SH group in a glycopeptide to react with a methylating agent to convert the -OH
group to an -SMe group; (b) allowing the -SMe group obtained in the step (a) to react with a cyanizing
agent to produce a reaction intermediate; and (c) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising an amino acid residue having an -OH group under more basic
conditions than the conditions in the step (b). [0023] ~ The present invention may also provide a
method for producing a glycopeptide, characterized in that it comprises converting a cysteine residue
of a glycopeptide comprising the cysteine residue to a serine residue, wherein said method comprises
the following %5t (a) to (c): (a) allowing an -SH group of a cysteine residue in a glycopeptide to react

with a methylating %%ent to convgrt.theé%yi%rr?ulg to a -SMedLgrourCJi;e (@ %I&Mgg ti}eo-SMe group

obtained in the step ae) B react wﬂﬁ%voyanlzmg aag%n? o] fﬁré3 Lce a reaction mtermedfate; and (c)

converting thgrgagtian intermediats, ebtained incthestep 4b) to-a glycopgptide gomprising a serine
residue under more basic conditions than the conditions in the step (b).
comprises converting a threonine derivative A residue
represented by the aforementioned Formula (1) of a
glycopeptide comprising the threonine derivative A
residue as an amino acid residue tco a threonine residue,
wherein saild method comprises the following steps (a) to
{(c):
(a) allowing an ~-SH group of a threonine derivative A
residue in a glycopeptide to react with a methylating
agent to convert the -SH group to an -SMe group;
(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising a threonine residue
under more basic conditions than the conditions in the
step (b).
[0025]

The present invention may also provide a method for
producing a glycopeptide comprising an amino acid residue
having an -OH group, which comprises the following steps:
(o) ligating a first peptide or glycopeptide containing,
at the C-terminus thereof, an amino acid residue in which
a carboxyl group is substituted with an oa-

carboxythicester group represented by the formula -C(=0)~-




-15-[0024] The present invention may also provide a method for producing a glycopeptide,
characterized in that it comprises converting a threonine derivative A residue represented by the
aforementioned Formula (1) of a glycopeptide comprising the threonine derivative A residue as an
amino acid residue to a threonine residue, wherein said method comprises the following steps (a) to
(0): (a) allowing an -SH group of a threonine deriv&tive A residue in a glycopeptide to react with a
methylating agent to convert the -SH group to an -SMe group; (b) allowing the -SMe group obtained in
the step (a) to react with a cyanizing agent to produce a reaction intermediate; and (c) converting the
reaction interfedigfeealsthingd inthestes Hs tota §lycopeptide’ eomprisihg athrebhine residue under

more basic conditions than the conditions in the step (ID). [0025] _ The.present invention may also
provide a method fdr p“’lrgéugirﬁga:;i g%gogéﬁtﬁé cg%%ééirw)r&é n%a)rénir‘fél %(“c:’i%ilr%e%%uge ﬁé\%ﬁg an -OH

group, whichszgsaprisessthedfollowingsstepso(Q) ligatnrd adirst-peptide-grdlycgeeptide containing, at
the C-terminus thereof, an amino acid residue in which a carboxyl group is substituted with an a-
carboxythioestertgoup representateby theeforiules -0(k@)keof, an amino acid

residue having an -SH group according to a ligation

method, provided that at least one of the first peptide

or glycopeptide and a second peptide or glycopeptide is a

glycopeptide to obtain a glycopeptide comprising an amino

acid residue having an ~SH group;

(a) allowing the -SH group in the glycopeptide obtained

in the step (o) to react with a methylating agent to

convert the -SH group to an —-SMe group;

(b) allowing the -SMe group obtained in the step (a) to

react with a cyanizing agent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the

step (b) to a glycopeptide comprising an aminc acid

residue having an -0OH group under more basic conditions

than the conditions in the step (b).

[0026]

The present invention may also provide a method for
producing a glycopeptide comprising a serine residue,
which comprises the following steps:

(o) ligating a first glycopeptide whose C-terminus is
represented by the following formula:

-sugar Asn-X-C(=0)-SR




- 16 - SR (wherein R is selected from a benzyl group, an aryl group, and an alkyl group, which may be
substituted with substituents), to a second peptide or glycopeptide containing, at the N-terminus
thereof, an amino acid residue having an -SH group according to a ligation method, provided that at
least one of the first peptide or glycopeptide and a second peptide or glycopeptide is a glycopeptide to
obtain a glycopeptide comprising an amino acid résidae having an -SH group; (a) allowing the -SR
group in the glycopeptide obtained in the step (0) to react with a methylating agent to convert the -SH
group to an -SMe group; (b) allowing the -SMe group obtained in the step (a) to react with a cyanizing
agent to produeees pddctivrdpteriedidtePara e@f eonvertingthe keastiviiivtstmediate obtained in the

step (b) to a glg/cgggptide comprising an amino acid residue having an -OH group under more basic
conditions thaf tie ednditions in the step (b). [0026] The present invention may also provide a

met_hod_for p@%@ﬁ&@%p@pﬁ@g@&pr@@@g serine residue, whigh %Q@Ef;isg% t@g{pllowing steps:
(o) ligating a first glycopeptide whose C-terminus is represented by the following formula: -sugar
Asn-X-C(=0)<8Ren amino acid residue other than proline, and

R i1s selected from a benzyl group, an aryl group, and an

alkyl group, which may be substituted with substituents),

to a second peptide containing a cysteine residue at the

N~terminus thereof according to a ligation method to

obtain a glycopeptide containing a cysteine residue;

{a) allowing an -SH group of the cysteine residue in the

glycopeptide obtained in the step (o) to react with a

methylating agent to convert the -SH group to an -SMe

group;

(b) allowing the -SMe group obtained in the step (a) to

react with a cyanizing agent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the

step (b) to a glycopeptide comprising a serine residue

under more basic conditions than the conditions in the

step (b).

[0027]

The present invention may also provide a method for
producing a glycopeptide comprising a threonine residue,
which comprises the following steps:

(o) ligating a first glycopeptide whose C-terminus 1s
represented by the following formula:

—-sugar Asn-X-C(=0)-SR




- 17 - (wherein sugar Asn represents a sugar chain-added asparaaine, X represents a portion other
than a carboxyl group of an given amino acid residue other than oroline, and P. is selected from a
benzyl group, an aryl group, and an alkyl group, which may be substituted with substituents), to a
second peptide containing a cysteine residue at the N-terminus thereof according to a ligation method
to obtain a glycopeptide containing a cysteine residues (a) allowing an -SH group of the cysteine
residue in the glycopeptide obtained in the step (0) to react with a methylating agent to convert the -SH
group to an -SMe group; (b) allowing the -SMe group obtained in the step (a) to react with a cyanizing
agent to prodUtess PedctidndntermedidtePand S@y ToAverivgthe téadticiiimtérmediate obtained in the
step (b) to a Ig/co eptildne comprising a serine residue under more basic conditions than the conditions
in the step (b). [%6 ?f The present invention may also provide a method for producing a

glycopeptide comyyising adbrepning rasidue,tmbichwomprisessthefallawiggstepss any
given amino acid residue other than proline, and
R 1s selected from a benzyl group, an aryl group, and an
alkyl group, which may be substituted with substituents),
to a second peptide containing a threonine derivative
residue at the N-terminus thereof according to a ligation
method to obtain a glycopeptide containing a threonine
derivative A represented by the aforementioned Formula
(1) as an amino acid residue;
(a) allowing an -SH group of the threonine derivative A
residue in the glycopeptide obtained in the step (o) to
react with a methylating agent to convert the -SH group
to an —-3SMe group;
(b) allowing the ~SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c}) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising a threonine residue
under more basic conditions than the conditions in the
step (b).
[0028]

The present invention may also provide a

glycopeptide having a structure represented by the
following formula:

-sugar Asn-X-Y-




(o) ligatina a first glycopeptide whose O-terminus is represented by the following formula: -sugar
Asn-X-C(=0)-SR - 18 - (wherein sugar Asn represents a sugar chain-added asparagine, X represents
a portion other than a carboxyl group of any given amino acid residue other than proline, and R is
selected from a benzyl group, an aryl group, and an alkyl group, which may be substituted with
substituents), to a second peptide containing athfeoriine derivative residue at the N-terminus thereof
according to a ligation method to obtain a glycopeptide containing a threonine derivative A represented
by the aforementioned Formula (1) as an amino acid residue; (a) allowing an -SH group of the
threonine deffVtivelA résidas if tHe GRREPEPHAE obtaiied In tHeadtepy@y fsireact with a methylating
agent to con\éesrt gh}ga-%@lgroup to an -SMe group; (b) allowing the -SMe group obtained in the step (a)
to react with a c}f/anlz?ng agent to produce a reaction intermediate; and

X represents any given amino acid residue other than
proline, and

Y represents a threonine derivative A residue represented
by Formula (2):

[0029]

[Formula 4]

\/SH

H e

[0030]

In one embodiment of the present invention, the
methionine residue in the peptide or glycopeptide in the
step (a) or step (o) may preferably be a protected
methionine residue, and in which the production method
preferably further comprises the following step (d),
after the step (b) or (c), and particularly after the
step (c), as desired:

(d) deprotecting the protected methionine residue.
[0031]

In one embodiment of the present invention, the

reaction intermediate obtained in the step (b) may

preferably be an ester form.




(c) converting the reaction intermediate obtained in the step (b) to a giycopetide comprising a
threonine residue under more basic conditions than the conditions in the step (b). [0028] The present
invention may also provide a glycopeptide havi,g a structure represented by tie following formula;
-sugar Asn-X- - wherein sugar Asn represents a sugar chain-added asparagine, X represents any
given amino acid residue other than proline, arid ¥ fepresents a threonine derivative A residue
represented by Formula (2): [0029]

In one embodiment of the present invention, the step
(b) may preferably be carried out under acidic conditions,
and particularly at pH 2 to 3.

In one embodiment of the present invention, the
cyanizing agent used in the step (b} is preferably
cyanogen bromide.

[0032]

In one embodiment of the present invention, the step
(c) may preferably be carried out under weakly basic
conditions, for example, at pH 7 to 9, and particularly
at pH 7 to 8. When the step (¢} is carried out under
weakly basic conditions, in one embodiment, the step (c)
may preferably be carried out for approximately 10
minutes or more, and particularly for approximately 15
minutes or more (for example, for approximately 10
minutes to 30 hours, and particularly for approximately
15 minutes to 30 hours).

[0033]

In one embodiment of the present invention, the step
(c) may preferably be carried out under strongly basic
conditions, for example, at pH 9 to 13, and particularly
at pH 10 to 11. When the step (c) is carried out under
strongly basic conditions, in one embodiment, the step
{c) may preferably be carried out for approximately 1
hour or less, and particularly for approximately 10

minutes or less (for example, for approximately 5 minutes




Formula 4] SH /™ -N co - (2) [0030]  In one embodiment of the present invention, the methionine
residue in the peptide or glycopeptide in the step (a) or step (0) may preferably be a protected
methionine residue, and in which the production method preferably further comprises the following
step (6), after the step (b) or (c), and particularly after the step (c), as desired: (d) deprotecting the
protected methionine residue. D:10311 In ohe’émbodiment of the present invention, the reaction
intermediate obtained in the step (b) may preferably be an ester form.

to 1 hour, and particularly for approximately 5 minutes
to 10 minutes).
[0034]

In one embodiment of the present invention, when a
threonine derivative residue is contained at the N-
terminus of the second peptide, the aforementioned
threonine derivative residue may be an N-terminal amino
acid residue of a threonine derivative represented by the
following Formula (3):

[0035]

[Formula 5]

SR

HoN  COOH -

{(wherein R represents H or a protecting group for a thiol
group that is easily deprotected under conditions of a
ligation reaction, and such R preferably represents H or
a disulfide group) .
[0036]

In one embodiment of the present invention, either
one of, or more specifically both of, the first peptide

(or glycopeptide) and the second peptide (or




- 20 - In one embodiment of the present invention, the step (b) may preferably be carried out under
acidic conditions, and particularly at pH 2 to 3. In one embodiment of the present invention, the
cyanizing adent used in the step (b) is preferably cyanogen bromide. [0032] In one embodiment of the
present invention, the step (c) may preferably be carried out under weakly basic conditions, for
example, at pH 7 to 9, and particularly at pH 7 to B2When the step (c) is carried out under weakly
basic conditions, in one embodiment, the step (c) may preferably be carried out for approximately 10
minutes or more, and particularly for approximately 13 minutes or more (for example, for
approximately 10aniripds. (e 30 oeEs il partiet| arly for approximatety ¢ Srainutes to 30 hours).
[0033] In one embodiment of the present invention, the step (c) may preferably be carried out
under strongl§ BasTc Cordifiéis 16 exaple: A pH 9 to 13, and particularly at pH 10 to 11. When the
step (c) is carfiggl;out under strongly basic conditions, in one embodiment, the step  may preferably
be carried out for approximately 1 hour or less, and particularly for approximately 10 minutes or less
(for example, for approximately3odiimies of the present invention, either

the first peptide (or glycopeptide) or the second peptide
(or glycopeptide) may preferably be a peptide (or a
glycopeptide) having 80 or less, preferably 50 or less,
and more preferably 30 or less amino acid residues.

[0038]

In one embodiment of the present invention, a sugar
chain in a glycopeptide may preferably be an N-linked
sugar chain or an O-linked sugar chain.

In one embodiment of the present invention, the
sugar chain represented by the following Formula (4) may
be preferable as a sugar chain.

[0039]

[Formula 6]

[0040]




- 21 - to 1 hour, and particularly for approximately 5 minutes to 10 minutes). [0034]  In one
embodiment of the present invention, when a threonine derivative residue is contained at the
N-terminus of the second peptide, the aforementioned threonine derivative residue may be an
N-terminal amino acid residue of a threonine derivative represented by the following Formula (2):
[0035] [Formula 51 SR H2N COOH (3) (wherein R¥epresents H or a protecting group for a thiol group
that is easily deprotected under conditions of a ligation reaction, and such R preferably represents H or
a disulfide group).

[wherein each of R' and R? independently represents a
hydrogen atom or a group represented by each of Formulas
(5) to (8)].

[0041]

[Formula 7]

[0042]

[Formula 8]

[0043]

[Formula 9]




[0036] In one embodiment of the present invention, either one of, or more specifically both of, the
first peptide (or glycopeptide) and the second peptide (or - 22 - glycopeptide) preferably may not
contain cysteine, or contain protected cysteine. [0037] In one embodiment of the present invention,
either the first peptide (or glycopeptide) or the second peptide (or glycopeptide) may preferably be a
peptide (or a glycopeptide) having 80 or Less, pre%éra‘bly 30 or less, and more preferably 30 or less
amino acid residues. [0038] In one embodiment of the present invention, a sugar chain in a
glycopeptide may preferably be an N-linked sugar chain or an O-linked sugar chain. In one

embodiment of the present invention, the sugar chain represented by the following Formula (4) may be
preferable as a sugar chain.
H HAc

HO~"

H

H 1)

[0044]

[Formula 10]

OH

H
H
Ho (8)

[0045]

In one embodiment of the present invention, the
production method may preferably further comprise a step
of adding a sugar chain after the step (c) or the step
(dy.

[0046]

In one embodiment, all amide bonds in the peptide or
glycopeptide obtained by the production method of the
present invention may preferably be natural amide bonds.

In one embodiment, all constitutive amino acids of
the peptide or glycopeptide obtained by the production

method of the present invention may preferably be amino




[0039] [Formula 6] - 23 - [wherein each of Rl and R2 independently represents a hydrogen atom or a
group represented by each of Formulas (5) to (8)]. [0041] [Formula 7] [0042] [Formula 8] HO

- 25 -

acids existing as constitutive amino acids of a peptide

or glycopeptide in a living body.

Advantageous Effects of Invention
(00473

According to the method for producing a peptide of
the present invention, an -SH group of a peptide having
such =-SH group can be converted to an -OH group. In
addition, an -SH group of a peptide comprising an amino
acid residue having such -SH group, which is obtained by
ligating a first peptide having an oa-carboxythioester
portion represented by -C(=0)~SR at the C-terminus
thereof to a second peptide comprising an amino acid
residue having an -SH group at the N-terminus thereof
according to a ligation method, can be converted to an -
OH group. These methods can also be applied to
glycopeptides.

[0048]

Thus, according to the method for producing a
peptide of the present invention, a cysteine residue in a
peptide can be converted to a serine residue. As a
result, even if a cysteine residue does not exist in a
desired sequence to be obtained, i1f a serine residue
exists therein, the NCL method can be applied.

[0049]
Moreover, the present invention also provides a

ligation method in which a threonine derivative having an




HO'm Ho_ HNHAc OH H (6) [0043] [Formula 9] I

- 26 -

~-5H group is used as a ligation site. Since a threonine
derivative residue having an -SH group in a peptide
obtained by this ligation method can be converted to a
threonine residue, it becomes possible to apply a
ligation method using a threonine residue as a ligation
site to the production of a peptide having threonine.
{00501

Cysteine, which has been used as a ligation site in
the conventional native chemical ligation method, is
contained in a small amount in a peptide existing in a
living body. According to the method of the present
invention, serine and threonine, which are contained in
large amounts in a peptide, and particularly, in a
glycopeptide existing in a living body, can be designed
as new ligation sites in a ligation method.
[0051]

Furthermore, the aforementioned method is applied to
a glycopeptide, and particularly, to a glycopeptide
having an O-linked sugar chain containing large amounts
of serine and threonine, or a glycopeptide having an N-
linked sugar chain having, as a consensus sequence, the
sequence -sugar Asn-X-Ser- or -sugar Asn-X-Thr (wherein
the sugar Asn represents a sugar chain-added asparagine,
and X represents any given amino acid residue other than
proline) to produce, utilizing a ligation method, a

glycopeptide having an N-linked sugar chain or an O-




(7) [0044] [Formula 10] OH [0045] In one embodiment of the present invention, the production
method may preferably further comprise a step

-

linked sugar chain, which has the same structure as that

of a natural glycopeptide.

Best Mode for Carrying Out the Invention
[0052]

In a first aspect, the present invention relates to
subjecting a peptide comprising an amino acid residue
having an -SH group to the following steps (a) to (¢) to
obtain a peptide comprising an amino acid residue having
an -OH group:

(a) allowing an -SH group in a peptide to react with a
methylating agent;

(b} allowing an -SMe group obtained in the step (a) to
react with a cyanizing agent; and

(¢) modifying the reaction conditions to become more
basic than the conditions in the step (b).

[0053]

The above described steps (a) to (¢) are more
specifically the following steps:

(a) allowing an -SH group in a peptide to react with a
methylating agent to convert the -SH group to an ~SMe
group;

(b} allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

(c}) converting the reaction intermediate obtained in the

step (b} to a peptide comprising an amino acid residue




of adding a sugar chain after the step (c) or the stepl (d). [0046] In one embodiment, all amide
bonds in the peptide or glycopeptide obtained by the production method of the present invention may
preferably be natural amide bonds.  In one embodiment, al constitutive amino acids of the peptide or
glycopeptide obtained by the production method of the present invention may preferably be amino -
25 - acids existing as constitutive amino acids of & peptide or glyconeptide in a living body.
Advantageous Effects of Invention [0047]

having an -OH group under more basic conditions than the
conditions in the step (b).
[0054]

In a second aspect, the present invention relates to
performing the following steps:

ligating a first peptide containing, at the C-
terminus thereof, an amino acid residue in which a
carboxyl group is substituted with an o-carboxythioester
group represented by the formula -C(=0)-SR {(wherein R is
selected from a benzyl group, an aryl group, and an alkyl
group, which may be substituted with substituents), to a
second peptide containing, at the N-terminus thereof, an
amino acid residue having an -SH group according to a
ligation method to obtain a peptide comprising an amino
acld residue having an -SH group; and

steps including the above described steps (a) to (c)
to obtain a peptide comprising an amino acid residue
having an -OH group.

[0055]

In a third aspect, the present invention relates to
subjecting a glycopeptide comprising an amino acid
residue having an -SH group to steps including the above
described steps (a) to (c) to obtain a glycopeptide
comprising an amino acid residue having an -OH group.
[0056]

In a fourth aspect, the present invention relates to

performing the following steps:




According to the method for producing a peptide of the present invention, an -SH group of a peptide
having such -SH group can be converted to an -OH group. In addition, an -SH group of a peptide
comprising an amino acid residue having such -SH group, which is obtained by ligating a first peptide
having an a-carboxythioester portion represented2§%/ -C(=0)-SR at the C-terminus thereof to a second
peptide comprising an amino acid residue having<an -SH group at the N-terminus thereof according to
a ligation method, can be converted to an - OH group. These methods can also be applied to
glycopeptides. [0048] Thus, according to the method for producing a peptide of the present
invention, a cysteinsré&eitednpeptitld cah e eoRvErEF td'aSefine TeSiEUEN AS atfesult, even if a

cysteine residue does not ex{!ast inade ireg seguence o be_obtained, if a serine residue exists therein,
%384 C OW1 ula

T il . . . . .
the NOL method can be SSp ied. Moreover, t%%rgresent invention also provides a ligation

method in which a thggepinearivative hayingran - 26 - -SE group is used as a ligation site. Since a
threonine derivative residue having an -SE group in a peptide obtained by this ligation method can be
converted to awtheschine sesidie 2is becomesussible t¢ apply &ligatioreAddiod using a threonine

residue as a ligation site to the production tof ape tide,havin%threon'ne. [03503 C}}/lste ne, which
has been usét &S BAfAtioh Sitefiithe ToRvENflomal hative chenficalligation méthod i contained in a

smgll amoun%ip&gegt&dggg;is&igggg qalm% bggy.dAgg%rgmgetootJ@gerget@anofégg p{g%e,nt_ invention,
serine and threonine, which are contained in large amounts in a peptide, and particularly, in a
glvcopeptide axistingin aslbirg bedy feambe designed as new, ligatioarsitesgm @aligatindmethod.

an alkyl group, which may be substituted with

substituents), to a second peptide comprising an amino

acld residue having an -SH group at the N-terminus

thereof according to a ligation method to obtain a

glycopeptide comprising an amino acid residue having an -

SH group; and

steps including the above described steps (a) to (c)
to obtain a glycopeptide comprising an amino acid residue
having an -OH group.

[0057]

In the present specification, the "peptide" is not
particularly limited, as long as two or more amino acids
bind to one another via an amide bond therein. Thus, the
term "peptide" is used herein to include é known peptide,

a novel peptide, and a modified peptide form. In the
present invention, those generally referred to as
proteins are also included in such peptide. In a
preferred aspect, in a peptide {(or a glycopeptide)
obtained by the production method of the present

invention, two or more amino acids bind to one another




[0051] Furthermore, the aforementioned method is applied to a glyconeptide, and particularly, to a
glycopeptide having an 0-linked sugar chain containing large amounts of serine and threonine, or a
glycopeptide having an N-linked sugar chain having, as a consensus sequence, the sequence -sugar
Asn-X-Ser- or -sugar Asn-X-Thr (wherein the sugar Asn represents a sugar chain-added asparagine,
and X represents any given amino acid residu¢ oftferthan proline) to produce, utilizing a ligation
method, a glycopeptide having an N-linked sugar chain or an O- - 27 - linked sugar chain, which has
the same structure as that of a natural glycopeptide. Best Made for Carrying Out the Invention [0052]
In a first asp&étathepresant irifehtien velates e UBjdetimpaPpeptitle ddniprising an amino acid residue
having an -SE grou to thegollowin stelps gaF% to (Ogjto obtain a peptide comprising an amino acid
residue havir%lgaaﬁr- B%)U&dfa)oa lo rcha e—%?—llgreoUp in a peptide to react with a methylating agent;
(b) allowing ameSMe group obtained in the step (a) to react with a cyanizing agent; and

In the present specification, the term "modified
peptide form" is used to mean a compound obtained by
naturally or artificially modifying a peptide. Examples
of such modification include alkylation, acylation (for
example, acetylation), amidation (for example, amidation
of the C-~terminus of a peptide), carboxylation,
esterification, the formation of a disulfide bond,
glycosylation, lipidation, phosphorylation, hydroxylation,
and the binding of a labeling substance, all of which are
performed on one or multiple amino acid residues of a
peptide.

[0059]

In the present specification, the term "amino acid”
is used in the broadest sense. Thus, in the present
specification, the term "amino acid" includes not only
natural amino acids such as serine (Ser), asparagine
{(Asn), wvaline {(Val), leucine (Leu), isoleucine (Ile)},
alanine (Ala), tyrosine (Tyr), glycine (Gly), lysine
(Lys), arginine (Arg), histidine (His), aspartic acid
(Asp), glutamic acid (Glu), glutamine (Gln), threonine
(Thr), cysteine (Cys), methionine (Met), phenylalanine
(Phe), tryptophan (Trp) and proline (Pro), but also non-
natural amino acids such as amino acid mutants and

derivatives. Taking into consideration such broad




(c) modifying the reaction conditions to become more basic than the conditions in the step (b). [0053]
The above described steps (a) to (c) are more specifically the following steps: (a) allowing an -SE
group in a peptide to react with a methylating agent to convert the -SE group to an -SMe group; (b)
allowing the --SMe group obtained in the step a to react with a cyanizing agent to produce a reaction
intermediate; and (c) converting the reaction interfdediate obtained in the step (b) to a peptide
comprising an amino acid residue - 28 - having an -OH group under more basic conditions than the
conditions in the step (b). [0054]

definitions, persons skilled in the art could understand

that the amino acid in the present specification includes,

for example: L-amino acids; D-amino acids; chemically

modified amino acids such as amino acid mutants and

derivatives; amino acids that do not become constituent

materials for proteins in a living body, such as

norleucine, B-alanine, and ornithine; and chemically

synthesized compounds having amino acid properties known

to persons skilled in the art. Examples of a non-natural

amino acid include a-methylamino acids (a-methylalanine,

etc.), D-amino acids, histidine-like aminoc acids (2-

amino-histidine, B-hydroxy-histidine, homohistidine, o~

fluoromethyl-histidine, oa-methyl-histidine, etc.}, amino

acids having excessive methylene on their side chain

("homo™ amino acids), amino acids whose carboxylic acid

functional group in the side chain is substituted with a

sulfonic acid group (cysteic acid, etc.), as well as a

threonine derivative A as described in detail below.

[0060]

In the present specification, the term "threonine
derivative" is used to mean a compound represented by the
following Formula (3):

[0061]

[Formula 11]




In a second aspect, the present invention relates to performing the following steps: ligating a first
peptide containing, at the O-terminus thereof, an amino acid residue in which a carboxyl group is
substituted with an a-carboxythioester group represented by the formula -0(=0)-SR (wherein R is
selected from a benzyl group, an aryl group, and an alkyl group, which may be substituted with
substituents), to a second peptide containing, at the N-terminus thereof, an amino acid residue having
an -SH group according to a ligation method to obtain a peptide comprising an amino acid residue
having an -SH group; and steps including the above described steps (a) to (c) to obtain a peptide
comprising an amino acid residuwmg an -OH group. [0055] Tr a third aspect, the present
invention relates to subjecti ycopeptide comprising an amino acid residue having an -SH group
to steps including the above described steps (a) to (c) to obtain a giycopeptide comprising an amino
acid residue having an -OH grpup. [0056] In a fourth aspect, the present invention relates to
performing the following stepg™\- 29 - gating a first u ycopepti- whose -term us is represented by

the following formula: HoaN  COOH
(3)

[0062]

In Formula (3), R represents H or a protecting group
for a thiol group that is easily deprotected under
conditions of a ligation reaction, and such R preferably
represents H or a disulfide group. In particular, a
compound represented by the following Formula (1),
wherein R is H in the above Formula (3), is referred to
as a threonine derivative A.

[0063]

[Formula 12]

SH

HaN  COOH "

[0064]

The threonine derivative of Formula (3) is a
compound in which an -OH group portion of threonine is an
-SH group. Such threonine derivative includes those
having all types of configurations. In the production

method of the present invention, it 1is considered that




-sugar Asn-X-C(=0)-SR (wherein sugar Asn represents a sugar chain-added asparagine, X represents
a portion other than a carboxyl group of any given amino acid residue other than proline, and P. is
selected from a benzyl group, an aryl group, and an alkyl group, which may be substituted with
substituents), to a second peptide comprising an amino acid residue having an -SH group at the
N-terminus thereof according to a ligation method<8 obtain a glycopeptide comprising an amino acid
residue having an - SE group; and steps including the above described steps (a) to (c) to obtain a
glycopeptide comprising an amino acid residue having an -OH group. [0057] In the present
specification, ¥Ré ®pephideTis ¥t particfamy: idftedh&s IoHy a$ twe e wiore faramosacids bind to one
another via an argide boinéi tnerein. Thus, the term "go,ride" is Lésed herein to include a known peptide,

7 Verfiort those g8h8Hlly referred to as

i
a novel peptidé;‘and & hodified peptidetorm SIn‘the Presehtin

proteins are aigq included in-such-peptide.Inampteferred aspect: in,a peptidgdor,aglycopeptide)
obtained by the production method of the present invention, two or more amino acids bind to one

another - 30iwiathé>sametamigechord (Peptideibond)asithat ofra natwrahpeptide- SR glycopeptide.
[0058] In the present specification, the term "modified pep,...-de form" is used to mean a compound

obtained by rfEtGHRy "BF A fifiGaM rBTINGE peptide ekl e& g s ueRTREifichtioR nclude
alkylation, acy@fgioaL([g&gaxgppggrgggy@go@dasmigqgogr{fqtrhe% pclgramidi);ion of the C-terminus of
[ ' ' fide

a peptide), carboxylation, esterification, the formation of a disu bonoﬁ gT)? osylation, lioidation,
phosphorylatiore hydeaxylation, anddhe binding of a labeling substance, all of which are performed on
one or multiple amino acid residues of a peptide.

[0065]

The aforementioned threonine derivative can be
obtained by the following method, referring to the
examples and the synthesis examples as described later,
for instance.

First, threonine comprising an amino group and a
carboxyl group that have been protected is prepared. The
types of such protecting groups are not particularly
limited, as long as a peptide of interest can be obtained
in the subsegquent reaction. For example, threonine with
an amino group protected by a Boc group and a carboxyl
group protected by TMSE (trimethylsilylethyl) group can
be used. Thereafter, the hydroxyl group at PB-position is
mesylated by a known method. Subseguently, using DBU and
thioacetic acid, for example, this mesyl group is
substituted into a thiocacetyl group (see D. Crich et al,
J. Am. Chem. Soc., 129, 10064 (2007)).

[0066]

According to a known method, this thioacetyl group

is converted to a thiol group protected by a protecting




[0059] In the present specification, the term "amino acid." is used in the broadest sense. Thus, in
the present specification, the term "amino acid" includes not only natural amino acids such as serine
(Ser), asoaragine (Asn), valine (Val), leucine (Lieu), isoleucine (lle), alanine (Ala), tyrosine (Tyr),
glycine (Gly), lysine (Lys), arginine (Arg), histidine (His), aspartic acid (Asp), giutamic acid (Glu),
glutamine (Gin), threonine (Thr), cysteine (Cys), méthionine (Met), phenylalanine (Phe), tryptophan
(Trp) and praline (Pro), but also non natural amino acids such as amino acid mutants and derivatives.
Taking into consideration such broad - 31 - definitions, persons skilled in the art could understand that
the amino acitFiptthelgresentspaification iAciubesfor exahfle-anfideacis; ®-amino acids;

chemically m%difieﬁfargino acids such as arpianoi%ceid mé%t Tts and derivatives; amino alcids that do not

become constitiéht materfais Tt profeins & Tiving Body! sudh asHorfeutine: Po&fAifie, and omithine:

and chemically.sypthesized cpmgg,qnd;sﬂg@gng apina.acid praperties knomin to persons skilled in the
art. Examples of a non-natural amino acid include a-methylamino acids (a-methylalanine, etc.),
D-amino acidsh histideierlikeyamipo asidsq2vantind-histiding,'R-hydmoxydimistidineg homohistidine,
afluoromethyl-histidine, a-methyl-histidine, etc.), amino acids having excessive metkflﬁ/lene on their side

chain ("homad® anfing-atidd) - amifd akkis ﬁﬁ&@%é%x@ﬁ@%@iﬁ%ﬁcﬁ&nﬂﬁ&ﬁ&% e side chain is
substituted with a.sulfonic acid droup_(cysteic.acid, £1c.), aswell as.a thregning derivatiye A as

described in detail below. [0060] In the present specification, the term "threonine derivative" is
used to mean:a<ompalidt representedrhisthedfodowing-fammulad 3y {0061 Fosmutendl] - 32 -
subsequent ligation method.
[0067]

In a preferred aspect, the peptide (or glycopeptide)
obtained by the production method of the present
invention consists of amino acids that are all present as
constitutive amino acids of the peptide (or glycopeptide)
in a living body. In addition, in one aspect of the
present invention, the peptide obtained by the production
method of the present invention is preferably a peptide
that does not contain a cysteine residue or contains
small quantities of cysteine residues in the constitutive
amino acids. Moreover, in one aspect of the present
invention, the peptide obtained by the production method
of the present invention has 80 or less, preferably 50 or
less, and more preferably 30 or less amino acid residues
between any given serine residue or threonine residue and
the next serine residue or threonine residue, or the N-
terminus or the C-terminus. For instance, in one aspect
of the present invention, the peptide obtained by the

production method of the present invention has one or




y SR A H2N COOH (3) [0062] In Formula (3), R represents H or a protecting group for a thiol group
that is easily deprotected under conditions of a ligation reaction, and such R preferably. represents H
or a disulfide group. In particular, a compound represented by the following Formula (1), wherein R is

H in the above Formula (3), is referred to as a threonine derivative A. [0063] [Formula 12] SH H2N
COOK (1) - 35 -

more serine residues or threonine residues in 5 to 40
amino acid residues, and preferably in 20 to 30 amino
acld residues.

[0068]

In the present specification, the term "reaction
intermediate” is used to mean all compounds produced in
the period between the reaction of an -SMe group in a
peptide with a cyanizing agent and the subsequent
conversion of the -SMe group to an -OH group, in a broad
sense. The reaction scheme of the present invention is
considered to be the following scheme 1. In the scheme 1,
the ester form represented by C is also a reaction
intermediate in the present invention. The present
specification contains the description "peptide-OH" in
the following scheme 1, for example. Such "-OH" means
the -OH of the C-terminal carboxyl group of the peptide,
unless otherwise specified.

[0069]

[Formula 13]




[0064] The threonine derivative of Formula. (3) is a compound in which an -OH group portion of
threonine is an -SH group. Such threonine derivative includes those having all types of configurations.
In the production method of the present invention, it is considered that space inversion takes place
when an -SE group of an amino acid residue in aa%ep_tide is converted to an -OH group. Thus,
particularly when threonine existing in the nature’is to be obtained, a threonine derivative having an
-SR group whose configuration is inverted with respect to an -OH group of threchine existing in the
nature may preferably be used. [0065] The aforementioned threoninecderivative can be obtained
by the foIIowin% method, rq@f(ﬁng to the f?%a ) and the synthe igué‘k;a—r%m‘es as 31escribed later, for

Luc., N 1

instance. 'f‘—’lr"s'g;ﬁﬁ%‘i%éﬁ”fn%CGﬁfbri’éin@ oup'and a carboxyk groug th%tihave been
protected is prepared. The types of such prétecting groups are no particul&ﬂyﬁﬁlt’ d,aslongas a
peptide of interest can be obtained in the subsequent reaction. For example, threonine with an amino
N . S
group protected by a Bog, greup é’ﬁ‘d carboxyl group protected byethyls;]yl?th NPfoup can be used.
Thereatfter, ﬁh&hﬁd@m@@&m at eSS tesytaten by azkﬂ-ﬁ“ﬂ“ﬁfém”étﬁbid.[ﬁ Yy, G8ing DBU
and thioacetic acid, for exé@mrﬂe,fthis mesyl group is substituted into a thioﬁcegyl Group (see DA rich et
al, J. Am. Chew- Sog¢., 129, 100@4 (2007)). [0066] According to a known method, this thioacety:
group is converted to a thqu.gfégm protectedshy,a protecting

g"“NH
H
-~ \)L e }\( — ‘}M Tk T
Ay i Y e
H

Q
H
Hoh —{ PR M H
" oy — HeN—{Feplas ST
HslN I

c © D

Scheme 1

[0070)

In the present specification, the term
"glycopeptide" is not particularly limited, as long as it
1s a compound formed by adding at least one sugar chain
to the aforementioned peptide. The glycopeptide includes
known glycopeptides and novel glycopeptides. Thoese
generally referred to as glycoproteins are also included

sent invent

=

in the glycopeptide of the pr on.

®

[CG071]

In a preferred aspect, the glycopeptide obtained by
the production method of the present invention is a
peptide having an N-linked sugar chain cor an O-linked
sugar chain. Examples of such glycopeptide include a

part or all of peptides such as erythropoietin,




- 34 - group known to persons skilled in the art, such as a disulfide group, an acetamidemethyl group,
a nitrobenzyl group, or a trityl group. For example, when the thioacetyl group is converted to a thiol
group protected by a disulfide group, Synthesis Example 1 as described late- can be used as a
reference. The disulfide group is easily dep otected under the reaction conditions for the subsequent
ligation method. [0067] In a preferred aspect, thle peptide (or glycopep d ) obtained by the
production method of the present invention consists of amino acids that are all present as constitutive
amino acids of the peptide (or glycopeptide) in a living body. In addition, in one aspect of the present
invention, the péptide bistained by ke produdtionametivdl&ithe presentainpentioty isspreferably a
peptide that g:%%srng%%cqntainf%g¥%t§ine recsidue_%)ré%(a%@g]s small quantities of cysteine residues in the
the

constitutive amino acids. Moreover, in one gslp%c pl)e’sent invention, the Peptide obtained by the

production method of the present invention has 80 or less, preferably 50 or less, and more preferably
30 or less amino acid residues between any given serine residue or threonine residue and the next
serine residue or thk@omine residaeforthetNaemipeisior the Greramnus. tHar instance, in one aspect of
the present invention, the peptide obtained by the production method of the present invention has one

or - 35 - mord SET R RS fes Bt thiesHing YedidGe® iP5 15 20 Umifd B4 résidb8s, and preferably in
20 to 30 aming acid-residugs, (00681 , 5 1pdhe present specifieation, thedgrm reaction intermediate”

is used to mean all compounds Produced in the period between the reaction of an -SMe group in a
peptide with arcyanizing agerftcarxbihe SUbseqgueateorversionsafibie »SMeigeatip to an -OH group, in
a broad sense. The reaction scheme of the present invention is considered to be the following scheme
I In the scheRfeFYette &dtér fotiTfrepPesented BYC 1'81sBa reuctiBh inr it sn B%e present

invention. The, pregent spegification,confains the deseription.'peptide-QHLIN serine
residue or threonine residue, or the N-terminus or the C-
terminus to which the sugar chain is not added. For
instance, in one aspect of the present invention, the
glycopeptide obtained by the production method of the
present invention has one or more serine residues or
threonine residues in 5 to 40 amino acid residues, and
preferably in 20 to 30 amino acid residues.
[0073]

In the case of such glycopeptide, a sugar chain may
bind to an amino acid residue in the peptide, directly or
via a linker. The binding site of a sugar chain and an
amino acid is not particularly limited. An amino acid
preferably binds to the reducing terminus of a sugar
chain.

[0074]

The type of an amino acid to which a sugar chain

binds is not particularly limited. A sugar chain may

bind to either a natural amino acid or a non-natural




the following scheme 1, for example. Such "-OH" means the -OH of the C-terminal carboxyl group of
the peptide, unless otherwise specified. [0069] [Formula 13j Scheme 1 100701 If the present
specification, the term "glyoopeptide" is not particularly inid, as long as it a compound formed by
adding at least one sugar chain to rice aforementioned peptide. The glycopeptide includes known
giycopeptides and novel dlycopeptides. Those - 38 -

amino acid. From the viewpoint that the present
glycopeptide should have a structure identical to or
similar to that of a glycopeptide (glycoprotein) existing
in a living body, a sugar chain preferably binds to Asn
as in the case of an N-linked sugar chain, or to Ser or
Thr as in the case of an O~linked sugar chain. 1In
particular, in the case of an N-linked sugar chain, the
glycopeptide obtained by the production method of the
present invention preferably has a structure (-sugar Asn-
X-Thr/Ser-) in which a sugar chain binds to Asn, an amino
acid (X) other than proline binds to the C-terminal side
of the Asn via an amide bond {(peptide bond), and further,
Thr or Ser binds to the C-terminal side of the X via an
amide bond (peptide bond).

[0075]

When a sugar chain binds to an amino acid via a
linker, from the viewpoint of the property of easily
binding to the linker, preferred amino acids to which the
sugar chain binds include: an amino acid having two or
more carboxyl groups in its molecule, such as aspartic
aclid or glutamic acid; an amino acid having two or more
amino groups in its molecule, such as lysine, arginine,
histidine, or tryptophan; an amino acid having a hydroxyl
group in its molecule, such as serine, threonine, or
tyrosine; an amino acid having a thiol group in its
molecule, such as cysteine; and an amino acid having an

amide group in its molecule, such as asparagine or




generally referred to as g ycoproteins are also included fn the glvcopeptide of the present invention.
[00711 In a preferred aspect, the giyccpeptide obtained by the production method of the present
invention is a peptide having an N-1-inked sugar chain or an 0-linked sugar chain. Examples of such
glycobeonide include a part or all of peptides such as erynhropoietin, interleukin, interferon-13, an
antibody, and a monocyte cnemotactic factor pFot%ﬁrB (MCP-3).

glutamine. 1In particular, from the viewpoint of
reactivity, aspartic acid, glutamic acid, lysine,
arginine, serine, threonine, cysteine, asparagine, and
glutamine are preferable.

[0076]

In a case in which a sugar chain binds to an amino
acid via a linker in a glycopeptide, linkers that have
been widely used in the present field can be used herein
as linkers. Examples of such linker include:
~NH- {CO) - (CHy) s~CHp~

(wherein a is an integer, which is not particularly
limited unless it interferes a linker function of
interest, and is preferably an integer from 0 to 4);
Ci-10 polymethylene; and
-CHy-R7-

(wherein R’ represents a group produced by
dissociating a single hydrogen atom from a group selected
from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, a carbocyclic group, a
substituted carbocyclic group, a heterocyclic group, and
a substituted heterocyclic group) .

[0077]

In the present specification, the term "sugar chain”
includes not only a compound formed by connecting two or
more unit sugars (monosaccharides and/or the derivatives

thereof), but also a compound consisting of a single unit




[0072] In one aspect of the present invention, th glycopeptide obtained by the production method
of the present invention has 80 or less, preferably 50 or less, and more preferably 30 or less amino
acid residues between any given serine residue or threonine residue to which the sugar chain is not
added and the next serine residue or threonine residue, or the N-terminus or the C-terminus to which
the sugar chain is not added. For instance, in one4dspect of the present invention, the glycopeotide
obtained by the production method of the present invention has one or more serine residues or
threonine residues in 5 to 40 amino acid residues, and preferably in 20 to 30 amino acid residues.
[0073] In theyease af sucly ghcopeptide, @ sddarchdir Mayr binettovan ammeneacid.residue in the
peptide, directly or via a linker. The binding site of a sugar chain and an amino acid is not particularly

limited. An arhir&cit Preferdbi§ birdd fo tHe retfuiciy termmgs SF& Ssur ¢Raff [0074]  The type
of an amino asqg%g%w&l&@_ggugggglagipn%ipdﬁé%ggta%%rygglgg&inghedd. A sugar chain may bind to
. I ;

either a natural amino acid or a non-natural - 38 - amino acid. From the viewpoint that the present
glycopeptide showlsbhave a stresturendenticad ta or similar ta dhatcefa glycapeptide (glycoprotein)
existing in a living body, a sugar chain preferably binds to Asn as in the case of an N-linked sugar
chain, or to Séf b2 Th? 83 intREBasE of AR Afked Sugarcchaln ARsrartiedar 48 2He ease of an
N-linked sugay chalr%, tpe Ig%qgggtlde obtained.hy thaedgrgdugtrll% £nethod odehe preggnt invention

preferably has a structure -sugar ﬂrsnrjifz-el*hr%ear%)li% which‘a sugar ckheair? PitsTo ASH, an amino acid

(X) other tharyprolinedinds te thesGterminal side;af-therAsn, viaan smide bend {peptide bonand
further, Thr or Ser binds to the C-terminal side of the X via an amide bond (peptide bond).
induced from complex biomolecules such as a decomposed

polysaccharide, a glycoprotein, a proteoglycan, a
glycosaminoglycan, and a glycolipid. However, examples
are not limited thereto. When two or more unit sugars
are connected with one another, a unit sugar binds to
another unit sugar due to dehydration condensation due to
a glycoside bond. A sugar chain may be of either a
linear type or a branched type.

[0078]

Moreover, in the present specification, sugar chain
derivatives are also included in the "sugar chain.”
Examples of such sugar chain derivative include: a sugar
constituting a sugar chain, which has a carboxyl group
(for example, aldonic acid whose position C-1 has been
oxidized to carboxylic acid (e.g. D-gluconic acid
obtainable by oxidizing D-glucose), and uronic acid, the
C atom at the terminus of which has been converted to
carboxylic acid (D-glucuronic acid obtainable by
oxidizing D-glucose}); a sugar having an amino group or a

derivative therecf (e.g. an acetylated amino group) (for




[0075] When a sugar chain binds to an amino acid via a linker, from the viewpoint of the property
of easily binding to the linker, preferred amino acids to which the sugar chain binds include: an amino
acid having two or more carboxyl groups in its molecule, such as aspartic acid or glutamic acid; an
amino acid having two or more amino groups in its molecule, such as lysine, arginine, histidine, or
tryptophan; an amino acid having a hydroxyl grougp iIns molecule, such as serine, threonine, or
tyrosine; an amino acid having a thici group in its molecule, such as cysteine; and an amino acid
having an amide group in its molecule, such as asparagine or - 39 - glutamine. In particular, from the
viewpoint of reaetivitye asparticedcid -Glutamiccacial ipsine Naryisibg Lsérirns threonise) oysieine,
asparagine, and glutamine are preferable. [0076] In a case in which a sugar chain binds to an

amino acid via & linkerdn 2Gi§copeptids? k&S t‘ﬁ?it RAVE Be8A WileR 56l inth& prédent field can be
used herein as linkers.fexamples afsuch Jinker include: sNE:(Q0)A(CH2)a:GHZ: - [(wherein ais an

integer, which is not particularly limited unless it interferes a linker function of interest, and is preferably
an integer fram 8de %) 1Ol poliymethydenes and)nrsa DR eoxy sugar (for example,

2~-deoxy-D-ribose); a sulfated sugar containing a sulfate
group; and a phosphorylated sugar containing a phosphate
group. However, examples are not limited thereto.

[0079]

The sugar chain of the present invention is
preferably a sugar chain that exists as a complex
carbohydrate in a living body (a glycopeptide (or a
glycoprotein), a proteoglycan, a glycolipid, etc.). The
present sugar chain is preferably an N-linked sugar chain,
an O-linked sugar chain, or the like, which binds as a
glycopeptide {(or a glycoprotein) to a peptide {or a
protein) in a living body. In an O-linked sugar chain-
binding glycopeptide, N-acetylgalactosamine (GalNAc), N-
acetylglucosamine (GlcNAc), xylose, fucose, and the like
bind to the Ser or Thr of a peptide via an O-glycoside
bond, and a sugar chain is further added to such bound
body. Examples of an N-linked sugar chain include a high
mannose type, a complex type, and a hybrid type. Of
these, a complex type i1s preferable.

[0080]

In the present invention, a preferred sugar chain is

the sugar chain represented by the following Formula (4),

for example:




(wherein R represents a group produced by dissociating a single hydrogen atom from a group selected
from the group consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyi, alkvnyl, substituted
alkynyl, aryl, substituted aryl, a carbocyclic group, a substituted carbocyclic group, a heterocyclic
croup, and a substituted heterocyclic group). [0077% In the present specification, the term. "sugar
chain" includes not only a compound formed by cb nécting two or more unit sugars (monosaccharides
and/or the derivatives thereof), but also a compound consisting of a single unit - 40 - sugar (a
monosaccharide and/or the derivative thereof). Examples of such sugar chain include a wide range of
sugar chains if€l&idihg: monosaccharides and polysaccharides contained in a living body (glucose,
galactose, m?ch(J):se fgc%?, xylose, N-acetylglucosamine, N-acetylgalactosamine, sialic acid, and the
complex and derivative thereof); and sugar chains decomposed or induced from complex
biomolecuies such as a decomposed polysaccharide, a glycoprotein, a proteoglycan, a
glycosaminoglycan, and a glycolipid. However, examples are not limited thereto. When two or more
unit sugars are connected with one another, a unit sugar binds to another unit sugar due to
dehydration condensati
branched type. [0078] * : Lgpecification, sugar chain derivatives are also
included in the "sugaf,chain.lc sugar chain derivative include: a sugar constituting a

R ‘ RiHablesby oxidizing D-glucose), and uronic acid,
the C atom at the terminus of which has been converted to carboxylic acid (D-glUcuronic acid
obtainable by oxidizing D-glucose)); a sugar having an amino group or a derivative thereof (e.g. an

acetylated anﬂi6188gj?up) (for

[wherein each of R' and R? independently represents a
hydrogen atom or a group represented by each of Formulas
(5) to (8)].

[0083]

[Formula 15]

[0084]

[Formula 16]




- 41 - example, N-acetyl-D-alucosamine, N-acetyl-D-galactosamine, etc.); a sugar having both an
amino group and a carboxyl group (for example, N-acetylneuraminic acid (sialic acid), N-acetyl
muramic acid, etc.); a deoxy sugar (for example, 2-deoxy-D-ribose); a sulfated sugar containing a
sulfate group; and a phosphorylated sugar containing a phosphate group. However, examples are not
limited thereto. [0079] The sugar chain of the grésent invention is preferably a sugar chain that
exists as a complex carbohydrate in a living body (a glycopeptide (or a glycoprotein, a proteoglycan, a
glycolipid, etc.). The present sugar chain is preferably an N-linked sugar chain, an O-linked sugar
chain, or the like, which binds as a glycopeptide (or a glycoorotein) to a peptide (or a protein) in a living
body. In an 0-linked sugar chain-binding giycopeptide, N-acetylgalactosamine (GaiNAc),
Nacetylglucosamine (GloMpAC), xylose fucose, and the like bind to the Ser or Thr of a peptlde vra an
0-glycoside bond, and 4%égag,cha

sugar chain include a K§rmann
is preferable. [0080] 2 sehhgweption, a preferred sugar chain is the sugar charn

(6)

[0085]

[Formula 17]

(1)

[0086]

[Formula 18]

H
Hoﬁ é
H
H
(8)

[0087]

In order to prevent problems, such as antigenicity,
which may occur when the method for producing a
glycopeptide of the present invention is applied to the

field of production of pharmaceutical products and the




[0082] [wherein each of Ri and R2 independently represents a hydrogen atom or a group
represented by each of Formulas (5) to (8)]. r00831 [Formula [0084] [Formula 16] - 43 - (6)

- 44 -~

like, examples of a preferred sugar chain used include: a
sugar chain having a structure identical to that of a
sugar chain existing as a glycoprotein that binds to a
protein in a human body (having the same types of
constituent sugars and the same binding manners) (for
example, the sugar chain described in FEBS LETTERS Vol.
50, No. 3, Feb. 1975); and a sugar chain formed by losing
one or multiple sugars from the non-reducing terminus of
the aforementioned sugar chain.

[0088]

The number of sugar chains added to a glycopeptide
is not particularly limited, as long as it is 1 ox
greater. From the viewpoint of the production of a
glycopeptide having a structure similar to that of a
glycopeptide existing in a living body, the number of
sugar chains added is more preferably almost the same as
that of a glycopeptide existing in a body.

[0089]

In a preferred aspect of the present invention, the
structures of sugar chains in the glycopeptides of the
present invention are uniform. In the present
specification, such expression as "the structures of
sugar chains in the glycopeptides are uniform" means that,
when a comparison 1is made between glycopeptides, the
sites of addition of sugar chains, the types of sugars
constituting sugar chains, a binding order, and a sugar

binding manner are identical between them, and that the




[0085] [Formula H4044,HAc HO- HO- HiCriC41 HO'1lm [0086] [Formula 181 (8) [0087] In order
to prevent problems, such as antigenicity, which may occur when the method for producing a
glycopeptide of the present invention is applied to the field of production of pharmaceutical products

and the
— 45 —

structures of sugar chains are uniform at a percentage of
at least 90% or more, preferably 95% or more, and more
preferably 99% or more. Glycopeptides having uniform
sugar chains are of the same quality, and such
glycopeptides are preferably used, in particular, in the
field of the production of pharmaceutical products, assay,
and the like.

[0090]

A peptide used as a raw material in the production
method of the present invention can be produced by
applying peptide production methods known to persons
skilled in the art, such as solid-phase synthesis,
liguid-phase synthesis, synthesis using cells, and a
method of separating and extracting naturally-occurring
products. In addition, when a glycopeptide is used as a
raw material, such glycopeptide can be produced by
incorporating a step of adding sugar chains into the
aforementioned known peptide production methods. With
regard to a method for producing sugar chains used in
such sugar chain-adding step, International Publications
WO03/008431, W02004/058984, WO2004/058824, W02004/070046,
WO2007/011055, etc. can be referred.

[0091]

As a specific example, a method for producing a
peptide or a glycopeptide comprising an amino acid
residue having an -SH group according to a solid-phase

synthesis method will be described below. As for the




- 44 - like, examples of a preferred sugar chain used include: a sugar chain having a structure identical
to that of a sugar chain existing as a glycoprotein that binds to a protein in a human body (having the
same types of constituent sugars and the same binding manners) (for example, the sugar chain
described in FEBS LETTERS Vol. 50, No, 3, Feb. 1975); and a sugar chain formed by losing one or
multiple sugars from the non-reducing terminus of4theaforementioned sugar chain. [0088] The
number of sugar chains added to a glycopeptide is not particularly limited, as long as it is 1 or greater.
From the viewpoint of the production of a glycopeptide having a structure similar to that of a
glycopeptide existirighig g Bodg Hhechurhbéestsigke thhiri dddetisihbre preferably almost the

same as that gi existing in a bod 089% In a preferred aspect of the present
invention, theV?s %Og%x/é&s%%%s%@ar Th aII%S in t‘ﬁe g yc%pep 8es of the present invention are uniform. In

the present speeitigation, such expression as "the structures of sugar chains in the glycopeptides are
uniform" means that, when a comparison is made between glycopeptides, the sites of addition of sugar
chains, the types ofSugars constitating sugay thainsug binding nedem ahd-aisygar binding manner are
identical between them, and that the

hydroxyl group and a carboxyl group of an amino acid

whose amino group 1s protected by a fat-socluble

protecting group are subjected to an esterification

reaction. In this case, since the amino group of the

amino acid is protected by the fat-soluble protecting

group, the self-condensation of amino acids 1s prevented,

and the hydroxyl group of the resin reacts with the

carboxyl group of the amino acid, so that esterification

takes place.

[0093]

Next, (2) the fat-soluble protecting group of the

ester as obtained above 1s dissociated to form a free

amino group,

(3) this free amino group is amidated with a carboxyl

group of a desired amino acid whose amino group is

protected by a fat-soluble protecting group,

(4) the aforementioned fat~-soluble protecting group is

dissociated to form a free amino group, and

{5) the aforementioned steps (3) and (4) are repeated as

necessary to obtain a peptide in which a desired number

of desired amino acids are ligated, and which has a resin

at one terminus thereof and also has a free amino group

at another terminus thereof.




- 45 - structures of sugar chains are uniform at a percentage of at least 90% or more, preferably 95%
or more, and more preferably 99% or more. Glycopeptides having uniform sugar chains are of the
same quality, and such glycopeotides are preferably used, in particular, in the field of the production of
pharmaceutical products, assay, and the like. [0090] A Peptide used as a raw material in the
production method of the present invention carrbé produced by applying peptide production methods
known to persons skilled in the art, such as solid-phase synthesis, liquid-phase synthesis, synthesis
using cells, and a method of separating and extracting naturally-occurring products. In addition, when
a glycopeptideligdfskd as a raw material, such glycopeptide can be produced by incorporating a step
of adding sugar ch@'ns into the aforementioge}q known gepti%ei{productior? rplethods. ¥\ch regard to a
method for producingS Js%a?%hglzﬁls‘rh%e%% sucﬁ%ﬁ%%r cRain-adcﬂﬁé’ %?ep,yfnt%?ﬁétrilona ‘Publications

W003/0064315W0R004/058984, WQ2004/058824, \WO2004/070046, WA2Q07/011055,-tc. can be

referred. [0091] As a specific example, a method for producing a peptide or a glycopeptide
comprising an zemiao<acid residué hagmgiare - Sid greap aceoring torasolid-phaseisynthesis method
will be described below. As for the - 46 - below-mentioned method, International Publication
W02004/003556 cah s R Tbfdtfey. steps (1) to (5], a peptide comprising

an amino acid residue having an -SH group can be obtained.
When an =-SH group of an amino acid having the -SH group
is used in the aforementioned steps (1) to (5), the -SH
group may be protected by a protecting group known to
persons skilled in the art, such as a disulfide group, an
acetamidemethyl group, a nitrobenzyl group, or a trityl
group. Thereafter, such protecting group is removed, as
necessary. Moreover, using a sugar chain-added amino
acid (for example, sugar chain asparagine formed by
adding a sugar chain to asparagine, sugar chain serine or
sugar chain threonine formed by adding a sugar chain to
serine or threonine, and the like) as an amino acid in
the aforementioned steps (1) to (5), N-linked and/or O-
linked glycopeptides having one or two Or more sugar
chains at a desired position(s) can also be obtained. As
described above, such N-linked and/or O-linked
glycopeptides are able to comprise an amino acid
residue(s) having an -SH group(s) at a desired
position(s) .

[0095]




[00921  First, (1) a hydroxyl group of a resin having a hydroxyl group and a carboxyl group of an
amino acid whose amino group is protected by a fat-soluble protecting group are subjected to an
esterification reaction. In this case, since the amino group of the amino acid is protected by the
fat-soluble protecting group, the self-condensation of amino acids is prevented, and the hydroxyl group
of the resin reacts with the carboxyl group of the ahfino acid, so that esterification takes place. [0093]
Next, (2) the fat-soluble protecting group of the ester as obtained above is dissociated to form a free
amino group, (3) this free amino group is amidated with a carboxyl group of a. desired amino acid
whose amino group(is)protected: by erfat-sbhibte peotebtimy gripye@) thé aforemientionéd fat-soluble
protecting group is dissociated to form a free amino group, and (r,) the aforementioned stepsand (4)

are repeated AhétEERAN o 6bthih d bepfde TiF which 4 Telked Hiniber st desired amino acids are
ligated, and ‘%‘?8@@@@ aresin at-ane ﬁ;"e@@%é tt}%rgogggggggalggg@fr_ee amino group at another

terminus thereof. - 47 -
[0096]

Generally, the type of a solid-phase resin is not
particularly limited, as long as it is a resin used in
solid~phase synthesis. For instance, Amino-PEGA resin
(manufactured by Merck), Wang resin (manufactured by
Merck), HMPA-PEGA resin {(manufactured by Merck), Trt
Chlcoride resin (manufactured by Merck), and the like may
be used.

Moreover, a linker may be disposed between such
Amino-PEGA resin and an amino acid. Examples of such
linker include 4-hydroxymethylphenoxyacetic acid (HMPA)
and 4-(4-hydroxymethyl-3-methoxyphenoxy)-butylacetic acid
(HMPB) .

[0097]

Examples of a fat-soluble protecting group include:
carbonyl-containing groups such as a 9-
fluorenylmethoxycarbonyl (Fmoc) group, a t-
butyloxycarbonyl (Boc) group, and an allyloxycarbonyl
(Alloc) group; protecting groups such as acyl groups such
as an acetyl (Ac) group, an allyl group and a benzyl
group. However, examples are not particularly limited
thereto.

In order to introduce a fat-soluble protecting group

into a desired peptide (or glycopeptide), when an Fmoc




[0094] Using an amino acid having an -SR group (wherein the -SR group may be protected) (for
example, cyste ne or the aforementioned threonine derivative of Formula (3)) in the aforementioned
steps (1) to (5), a peptide comprising an amino acid residue having an -SR group can be obtained.
When an -SR group of an amino acid having the -SE group is used in the aforementioned steps (1) to
(5), the -SR group may be protected by a protectingPgroup known to persons skilled in the art, such as
a disulfide group, an acetamidemethvl group, a nitrobenryl group, or a trityl group. Thereafter, such
protecting group is removed, as necessary. Moreover, using a sugar chain-added amino acid (for
example, suggar chainiasparagineé formed by adding ssugar chain tecasaaragines sdgar,chain serine or
sugar chain threonine formed by adding a sugar chain to serine or threonine, and the like) as an amino

acid in the afdtefhetiionad Steps P BB N-THREH SRéord-divke 8 YRS ptideE having one or two
or more sugat shalng at adssliad.pasiion(e) can 2lsq be eolgined. A s ied above, such N-linked

and/or O-linked glvcopeptides are able to comprise an amino acid residue(s e'anving. an -SH group(s)

at a desired positioni(s)y[Q095] - 48 act 1 (8) . Thereaftes stheiesternbond between the rasin and the
amino acid in (1) above is cleaved by an acid to produce a desired peptide (or glycopeptide). [0096]
at a temperature between 0°C and 50°C, and preferably at
a room temperature, for approximately 1 to 5 hours.
[0098]

As an amino acid protected by a fat-soluble
protecting group, the aforementioned amino acids
protected by the above described method may be used. 1In
addition, commercially available products may also be
used. Examples of such amino acid protected by a
protecting group include Fmoc-Ser, Fmoc-Asn, Fmoc-Val,
Fmoc-Leu, Fmoc-Ile, Fmoc-Ala, Fmoc-Tyr, Fmoc-Gly, Fmoc-
Lys, Fmoc-Arg, Fmoc-His, Fmoc-Asp, Fmoc-Glu, Fmoc-Gln,
Fmoc-Thr, Fmoc-Cys, Fmoc-Met, Fmoc-Phe, Fmoc~-Trp, and
Fmoc~Pro.

[0099]

As esterification catalysts, known dehydrating
condensing agents such as l-mesitylenesulfonyl-3-nitro-
1,2,4-triazole (MSNT), dicyclohexylcarbodiimide (DCC),
and 1,3-dlisopropylcarbodiimide (DIPCDI) may be used, for
example. With regard to the usage ratio between an amino
acid and a dehydrating condensing agent, 1 to 10 parts by
welght of, and preferably 2 to 5 parts by weight of the
dehydrating condensing agent is generally used with

respect to 1 part by weight of the amino acid.




Generally, the type of a solid-phase resin is not particularly limited, as long as it is a resin used in
solid-phase synthesis. For instance, Amino-PEGA resin (manufactured by Merck), Wang resin
(manufactured by Merck), HMPA-PEGA resin (manufactured by Merck), Trt Chloride resin
(manufactured by Merck), and the like may be used. Moreover, a linker may be disposed between
such Amino-PEGA resin and an amino acid. Examples of such linker include
4-hydroxymethylphenoxyacetic acid (HMPA) and 4-(4-hydroxymethyl-3-methoxyphenoxy)-butylacetic
acid (HMPB). [0097] Examples of a fat-soluble protecting group include: carbonyl-containing
groups such a8 &% lfluorenylmethoxycarbonyl (Fmoc) group, a tbutyloxycarbonyl (Boo) group, and an

allyloxycarbonyl Al%)g) g(%ueprgipfrotcea%lgg groups tslggg as ac !:grfeulpsbsﬁuc_hca% an é’alge?{ll éAc) group, an
allyl group and a benzylgroup. HoWever, examples aré not particular yyllml?edc%here 0. In order to

introduce a fat-soluble protecting graup inte asdesired peptide-(or glycopeptide).qvhen an Fmoo - 49 -
group Is introduced for example, it can be introduced by adding 9-fluorenylmethyl-N-succinimidyl
carbonate andssodiun bbitarbopatertnthe readtich systersiand then eafrgingacutd reaction. The
reaction may be_carried out at a temperature between OC and 50C, and preferably at a room

temperature, FoHAProRINTERRPY 5 hBGrE&fasef - Examples of such washing

solvent include dimethylformamide (DMF), Z2-propanocl, and
methylene chloride. Examples of a solvent for dissolving
amino acid include dimethyl sulfoxide (DMSO), DMF, and
methylene chloride. Such esterification reaction may be
carried out at a temperature between 0°C and 50°C, and
preferably at a room temperature, for approximately 10
minutes to 30 hours, and preferably for approximately 15
minutes to 24 hours.

During the reaction, it is also preferable that
unreacted functional groups on the solid phase be
acetylated using acetic anhydride or the like and be
capped.

[0101]

A fat-soluble protecting group may be dissociated by
treating i1t with a base, for example. Examples of such
base include piperidine and morpholine. The treatment is
preferably carried out in the presence of a solvent.
Examples of a solvent used herein include DMSO, DMF, and
methanol.

The amidation reaction between a free amino group
and a carboxyl group of any given amino acid whose amino

group nitrogen is protected by a fat-soluble protecting




As an amino acid protected by a fat-soluble protecting group, the aforementioned amino acids
protected by the above described method may be used. In addition, commercially available products
may also be used. Examples of such amino acid protected by a protecting group include Fmoc-Ser,
Fmoc-Asn, Fmoc-Val, Emoc-Leu, Fmoc-lle, Fmoc-Ala, Fmoc-Tyr, Fmoo-Gly, FmocLys, Fmoc-Arg,
Fmoc-His, Fmoc-Asp, Fmoc-Glu, Fmoo-Gin, Fmoe-Thr, Fmoc-Cye, Fmoc-Met, Fmoc-Phe, Fmoc-Trp,
and Fmoc-Pro. [00991 As esterification catalysts, known dehydrating condensing agents such as
1-mesitylenesulfony1-3-nitrol,2,4-triazole (MSNT), dicyclohexyloarbodiimide (DOC), and
1,3-diisoprobgieasodiignis s DTFGDY may béassed. foriexamslePWateiegard fo e usage ratio
between an amiglo acéd and a dehydr tin%t(;ondensing agent,parts by weight of, and preferably 2 to 5
parts by weig?ﬁ; of the 8é:hfd}atiﬁg Sc%nggnsmg agent is generally used with respect to | part by weight
of the amino agidy {9100] An esterification reaction is preferably carried out by placing a resin in a
solid-phase column, washing the resin with a solvent, and then adding an amino acid solution thereto,
for example. Examplesop $ach sashingsalveatimcludecdinmethylformamide (DMF), 2-propanol, and
methylene chloride. Examples of a solvent for dissolvingt;glmino acid include dimethyl sulfoxide

(DMSO), DMBE g5 M&tRFiEneCHiode "Suth é8tetitication feattion Tiay be carried out at a
temperature hatween GG and 50C, and preferably at g rogmtempearaiug, for appreximately 10

minutes to 30 hours, and preferably for approximately 15 minutes to 24 hours. During the reaction,
it is also preferapte=that pneeaotea funciionak graupszon thesselishphase be agetyated using acetic
anhydride or the like and be capped. [0101] A fat-soluble protecting group may be dissociated by
treating it with' albalse, foratarmslea ERaRpIE6F80¢h BAEE include giperidine and morbholine. The

reatment is preferably sarried out n e presenge of & svent Examplep of 4 golyent used herein

tris{pyrrolidino)phosphonium hexafluorophosphate (PyBOP),
3-diethoxyphosphoryloxy-1,2, 3-benzotriazin-4 (3H)~one
(DEPBT), 1l-hydroxybenzotriazole (HOBt),
hydroxysuccinimide (HOSu), dimethylaminopyridine (DMAP),
l-hydroxy~T7-azabenzotriazole (HOAt), 3-hydroxy=-4-oxo-3,4-
dihydro-5-azabenzo-1,2,3-triazine (HODhbt),
hydroxyphthalimide (HOPht), pentafluorophenol (Pfp-OH),
2-(1H-benzotriazol~-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU), O-(7-azabenzotriazol-1-yl)}-
1,1,3,3~tetramethyluronium hexafluorophosphonate (HATU),
and O-benzotriazol-1-yl-1,1,3,3-tetramethyluronium
tetrafluoroborate (TRTU).

With regard to the amocunt of an activator used, 1 to
20 eguivalent amounts of, preferably 1 to 10 equivalent
amounts of, and more preferably 1 to 5 equivalent amcunts
of activator is used with respect to any given amino acid

whose amino group nitrogen is protected by a fat-soluble

protecting group.




The amidation reaction between a free amino group and a carboxyl group of any given amino acid
whose amino group nitrogen is protected by a fat-soluble protecting - 5 - group is preferably carried
out in the presence of an activator and a solvent. [0102]  Examples of an activator include
dicyclohexylcarbodiimide (DOC), 1-ethyl-3- 3- dimethylaminopropyl)carbodilmide hydrochloride
(WSC/HC1), diphenylphosphoryi azide (DPPA), c%?bd‘nyldiimidazole diethylcyanophOsphonate
(DEPC), 1,3- diisopropylcarbodiimide (DIPCI), benzotriazol-1-yloxytris(pyrroligino)phosphonium
hexafluorophosphate (PyBOP), 3-diethoxyphosphoryloxy-1,2,3-benzotriazin-4(3H)-one (DEPBT),
1-hydroxyber§ﬁ)dtﬁ§iole (HOBY), hydroxysuccinimide (HOSu), dimethylaminopyridine (DMAP),

1-hydroxy-7-azabenzatriazaie (HOAL), 3-hydroxy-4-0x0-3,4; dihydrQ-5- enzo-1.2 3-triazine
(HODhbY), hydroxyphihalimidd (1 T)%, b%%‘t%ﬂu%%%o hé"f%o?*zp%%:o%%pe Eoches?

2-(1H-benzouiazol-1yd)-1, 153 3detramethyldeoniymdexafiverophasphate @4BEY),
0-(7-azabenzotriazol-1-y1)- 1,1,3,3-tetramethyluronium hexafluorophosphonate (HATU), and
0-benzotriaz@lvky1 1 18, 39€trdmethylufsriimaeirafiuodbbiale (TBIAS: h v \Mith #égard to the

amount of an actjvator used, | to 20 e iva_lLIent amg QsofN__prrneefgra I %to 10 e uivalent_ amounts of,

and more pre@ a%%ﬁl 10’5 &Gl f&%f%%ooujh%e of agtl ator is use%ywﬁh FE&BeEt t§ any given amino

acid whose arnQ 9rouniregen; is:protecied by fat-soluble PLotecting gElle used.
With regard to the amount of such auxiliary agent used, 1
to 20 equivalent amounts of, preferably 1 to 10
equivalent amounts of, and more preferably 1 to 5
equivalent amounts of auxiliary agent is used with
respect to any given amino acid whose amino group
nitrogen is protected by a fat-soluble protecting group.
[0104]

Examples of a solvent include DMSO, DMF, and
methylene chloride. The reaction is carried out at a
temperature between 0°C and 50°C, and preferably at a
room temperature, for approximately 10 to 30 hours, and
preferably for approximately 15 minutes to 24 hours.
During this reaction also, it is preferable that
unreacted amino groups on the solid phase be acetylated
using acetic anhydride or the like and be capped. The
fat-soluble protecting group may be dissociated in the
same manner as that described above.
[0105]
In order to cleave a peptide chain from a resin, it

is preferable to treat the resin with an acid. Examples

of an acid used herein include trifluocrocacetic acid (TFA)




-52-[0103] The reaction proceeds only with the aforementioned activator. However, amine is
preferably added as an auxiliary agent. As such amine, diisopropylethylamine (DIPEA),
N-ethylmorpholine (NEM), N-methylmorpholine (NMM), N-methylimidazole (NMI), and the like can be
used. With regard to the amount of such auxiliary agent used, 1 to 20 equivalent amounts of,
preferably 1 to 10 equivalent amounts of, and Morépreferably 1 to 5 equivalent amounts of auxiliary
agent is used with respect to any given amino acid whose amino group nitrogen is protected by a
fat-soluble protecting group. [0104]  Examples of a solvent include DMSO, DMF, and methylene
chloride. Thededctioifisce@tied 6ik &t acteriperaturebetiveeh0C aRE BT Ehd preferably at a room

temperature, for approximately 10 to 30 hours, and Preferably for approximately 15 minutes to 24
routs. During B0 ISAcOR ey it Tt A AT e tB an s Gradth of o GBd phase be

acetyla.-. using acetio aphydride e the ike and bg capped: Jhe fat-seluble;proteciing.group may be
dissociated in the same manner as that described above. [0105] In order to cleave a peptide chain
from a resin, itis preferabléette treas thve. reSihwiith &iv acith BExaenplesof aatacidiused herein include

trifluoroacetic acid. (TEA) and hydrogen fluoride (HF). During the treatment, a highly reactive cation
species can b générated f%ﬂ?ﬁ?eoﬁ%-%%)h%lé PrAERIINg GrétifdSed foramindstid and the linker on

the resin. Thys, §91§§B§”8 ]fsu_gg &‘?‘tiﬁ’{?_ .cspggi%i a;nucleaphilic reggent is preferably added. Examples

of such nucleophilic reagent include triisopropylsilane (TIS), phenol, thioanisole, and ethanedithiol
(EDT). triisopropylsilane (TIS), phenol, thiocanisole, and

ethanedithiol (EDT).
[0106]

Thus, a peptide (or a glycopeptide) comprising an
amino acid residue having an -SH group can be obtained.

Moreover, a method utilizing the reverse reaction of
an enzyme including transglutaminase as a typical example
may be applied to the thus obtained peptide or
glycopeptide comprising an amino acid residue having an -
SH group to add a sugar chain thereto, thereby obtaining
a glycopeptide comprising an amino acid having an ~SH
group.

Furthermore, it i1s also possible to combine a sugar
chain elongation reaction using transferase with the
aforementioned method.

[0107]

Among the peptides or glycopeptides as obtained
above, a peptide (or a glycopeptide) comprising an amino
acld residue having an -SH group at the N-terminus

thereof can be ligated to a peptide {(or a glycopeptide)




[0106] Thus, a peptide or a glycooeptide) comprising an amino acid residue having an -SH group
can be obtained. Moreover, a method utilizing the reverse reaction of an enzyme including
transglutaminase as a typical example may be applied to the thus obtained peptide or glycopeptide
comprising an amino acid residue having an - SE group to add a sugar chain thereto, thereby
obtaining a glyconeptide comprising an amino acid having an -SH group. Furthermore, it is also
possible to combine a sugar chain elongation reaction using tranzferase with the aforementioned
method. [0107] Among the peptides or glycopeptides as obtained above, a peptide (or a
glycopeptide:eomptising & amiioe agidiresigtieciavieg ahaSH groupsatCthedNtemiinus thereof can be
ligated to a p gtide go aglvco epte) - 54 -lhavigg an a—cgkbo ythioester Portion at the C-terminus
thereof accordihg {64 &l method® °In thepredent'Spédification, the term "ligation method" is

used to include not paly the pative-chemicalligation-method (NCLmethed) described in Patent
Document 1, but also include the application of such native chemical ligation method to peptides

comprising now-latural amine adidsworiaminedacid derivafives:ffer exampte, thethreahine derivative A
of Formula (1) protected methionine, a sugar chain-added amino acid, etc.), as described in the

after-mention H%ﬁﬁig@?AES&di%% SR RIALHEREIRE S peptideRANng X HEEFA amide bond
“mp“debonqlakgkg@%gkgyigﬁﬂgg[¥Rgug%$lication of such native

chemical ligation method to peptides comprising non-
natural amino acids or amino acid derivatives (for
example, the threonine derivative A of Formula (1), a
protected methionine, a sugar chain-added amino acid,
etc.), as described in the after-mentioned examples.
According to such ligation method, a peptide having a
natural amide bond (peptide bond) at a ligation site can
be produced.

[0108]

According to the ligation method, ligation can be
carried out on all cases of between a peptide and a
peptide, between a peptide and a glycopeptide, and
between a glycopeptide and a glycopeptide.

A peptide (or a glycopeptide) having an o~
carboxythioester group at the C-terminus thereof, which
is used in the ligation method, can be produced by a
method known to persons skilled in the art, as described
in Patent Document 1.

[0109]
For example, as described in the after-mentioned

examples, a solid-phase synthesis method is applied to




[0108]  According to the ligation method, ligation can be carried out on all cases of between a
peptide and a peptide, between a peptide and a glycopeptide, and between a glycopeptide and a
glycopeptide. A peptide (or a lycopeptide) having an acarboxythioester group at the C-terminus
thereof, which is used in the ligation method, can be produced by a. method known to persons skilled
in the art, as described in Patent Document 1. f0109]~ For example, as described in the
after-mentioned examples, a solid-phase synthesis method is applied to - 55 - obtain a protected
peptide (or givcopeptide) whose amino groups on the amino acid side chain and at the N-terminus are
protected. A e&iboXy| grauprart tHee G -tefpindl sidectheeofisrondeAsed Withstseridyithiol, using
PvBOP(Benzotriazole-1- i-%%( -tris-p rrolidi,nf%-phosgph%nium henglu%romoslebate /DIPEA as a
condensing aJenti adiquf %hggé disafter the chai-of theamino adid is dEprote&tad using a 95%

TEA solution fo obtain @a.peptide for %ngptig%ﬂ%w% anrascarhQxythiagster graup at the
C-terminus thereof. C1110] The ligation method can be carried out using a

thereof is condensed with benzylthiol, using

PyBOP (Benzotriazole-l-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate) /DIPEA as a condensing agent in a
liguid phase. Thereafter, the chain of the amino acid is
deprotected using a 95% TFA solution to obtain a peptide
{or a glycopeptide) having an oa-carboxythicester group at
the C-terminus thereof.

[0110]

The ligation method can be carried out using a
method known to persons skilled in the art, as described
in Patent Document 1, or by referring to the descriptions
of the after-mentioned examples. For example, a first
peptide having an a-carboxythicester group represented by
-C(=0)~8R at the C-terminus thereof and a second peptide
comprising an amino acid residue having an -3H group at
the N-terminus thereof are prepared, while referring to
the aforementioned descriptions. In the first peptide, R
is not particularly limited, as long as it does not
interfere a thiol exchange reaction and 1t acts as a
leaving group in a nucleophilic substitution reaction on
a carbonyl carbon. Preferably, such R may be selected
from among benzyl-type groups such as benzylmercaptan,
aryl—-type groups such as thiophenol or 4-(carboxymethyl)-

thiophenol, alkyl-type groups such as 2-




1 method known to persons skilled in the art, as described in Patent Document 1, or by referring to the
descriptions of the after-mentioned examples. For example, a first peptide having an
a-carboxythioester group represented by -C(=0)-SR at the C-terminus thereof and a second peptide
comprising an amino acid residue having an -SH group at the N-terminus thereof are prepared, while
referring to the aforementioned descriptions. Inthe first peptide, R is not particularly limited, as long as
it does not interfere a thiol exchange reaction and it acts as a leaving group in a nucleophilic
substitution reaction on a carbonyl. carbon. Preferably, such R may be selected from among
benzyl-type gredps BhEHF a8 Bepziihtereaptare an-tise groissieeh a8 Hiophésol aride,
4-(carboxymethyl)- thiophenol, alkyl-type groups such as 2- - 56 - mercaptoethanesu fonate or
3-mercaPtop?orb¥or%E8%(gic]i%r%ide%gﬁd fr?efgllilgé e %Iia@?gupN ar fhe" ﬁﬁ%%)mﬁﬁis%orﬁhe second peptide
may be protegtedpy;apeotecting group A desiced. lhig protesting groupis remayed ata desired time
point before the subsequent ligation reaction, and the second peptide having an -SH group at the
N-terminus théesofredcts Withthe firsegeptide. Fopexamplediit vsd proteeting grogpithat is
spontaneous%/ removed under conditions in which ligation takes place, the second peotide protected

by the protec rj_r&‘@réifplﬁl%ybr?efaﬁéptﬁbﬁsgdl_]i??ﬁ%uﬁ}b%ehﬁ%ﬁf ﬁé’é&io‘?leFe%EﬁBH.’{Oaﬂi] The two
peptides are med with each otherin g solution.spchgs g 100 mYL phasphate buifer jnthe presence

of catalytic thiol such as 4- mercaptophenylacetic acid, benzylmercaptan or thiophenol, as necessary.

Preferably the reaction iscasted atit; sing:0 5itos2 equivatent ameuatsepfihe second peptide and

approximately 5 equivalent amounts of the catalytic thiol with respect to 1 equivalent amount of the

first peptide. The t€actiontis prefetablyTartied bUE Gndér CRTUHIGRS EoRSistinEBPYA®.5 to 7.5 and a

temperature between 20C. and 40C for approximately 1 to 30 hours. The progress of the reaction can
n\év ndlg vgg é&.}ﬁélo ae% lac% gt%

be confirmed LI‘:)y a known metﬁ%ﬁ,sinl\?vhl , and the like are corﬁbine%l, [0112] -57- To

the reaction psedugtsageducing agent suek asyjthiotbreiteh {QIT) g trisf2garbexyetlyl)phosphine
(TCEP) hydrochloride is added to suppress side reactions, and the reaction product is purified as
desired, so that tecfirsy peptide tan Beeligated eqtvensedorh peptidec§6t13pn .

[0111]

The two peptides are mixed with each other in a

solution such as a 100 mM phosphate buffer in the

presence of catalytic thicl such as 4-

mercaptophenylacetic acid, benzylmercaptan or thiophenol,

as necessary. Preferably the reaction is carried out,

using 0.5 to 2 equivalent amounts of the second peptide

and approximately 5 equivalent amounts of the catalytic

thiol with respect to 1 eguivalent amount of the first

peptide. The reaction is preferably carried out under

conditions consisting of pH 6.5 to 7.5 and a temperature

between 20°C and 40°C for approximately 1 to 30 hours.

The progress of the reaction can be confirmed by a known

method, in which HPLC, MS, and the like are combined.

[0112]




In a case in which peptides having different R groups exist among the peptides having a
carboxythioester portion (-C=0-SR) at the C-terminus thereof, the order of ligation reactions can be
altered (see Protein Science (2007), 16: 2036-2064, etc.). Thus, when ligation is carried out multiple
times, the order of ligation reactions may be taken into consideration. For example, when an aryl
group, a benzyl group, and an alkyl group exist-asoR, the ligation reaction generally progresses in this
order. [0114] In the present invention, a method for producing a peptide (or a glycopeptide)
characterized in that an -SE group of a peptide (or a glycopeptide) comprising an amino acid residue
having the -SH groUtjristéonvettedttocan r¥@Hqgrobp will bedspecifically described: As raw materials,
the peptide or glycopeptide obtained bg the aforementioned method is used. In one aspect of the

present inventioh!'a peptideHa gicdpepide Sbtaited By AAGATOR MehdaIs htéfrably used.
Subsequently the following Steps, () da (ekarecarded out, (a) alawingan ;95 group in a peptide to

react with a methylating agent to convert the -SH group to an -SMe group; (b) allowing the -SMe
group obtainethit theestep {a)tocreast-with@: cyanizing iatjent ta praticera teactiontdntermediate; and
(c) converting the reaction intermediate obtained in the -step (b) to a peptide comprising an amino acid
residue havingsh JORGroBBRINERS nTére Besid 6RdIEBNS than theSCsiRiforReRtheéstep (b).
Hereatfter, the %alsi%of using a peptide as a raw material will be exemplified. [0115] Step (a) The
methylating aéent sed in the methylation of the step (a) is not particularly limited, as long as it is

capable of converting,the Sfsgraup idthenpertide: to--SMe grewp. Exarplesofisuch methylating
agent include iodomethane and methyl-4-nitrobenzenesuifonate. With regard to the amount of a

methylating agentigsed =il &5 1 D00 aqUivalentamodats bf Preferablya0aext0deqeivakent amounts of,
and more preferablgﬁ)lS to 30 equivalent amounts of the methylating agent can be used with respect to

a single residf& b 178 -SAGroup o the raw Tnatehal Peptitfe. THe methvidttn f&adtionI< desirably
carried out at s lempesature hatwegan 0C and S0C, andpreferablyheiween 206 apd30C, for

(2007), 16: 2056-2064, etc.). Thus, when ligation is
carried out multiple times, the order of ligation
reactions may be taken into consideration. For example,
when an aryl group, a benzyl group, and an alkyl group
exist as R, the ligation reaction generally progresses in
this order.

[0114]

In the present invention, a method for producing a
peptide (or a glycopeptide) characterized in that an -SH
group of a peptide (or a glycopeptide} comprising an
amino acid residue having the -SH group 1is converted to
an -OH group will be specifically described. As raw
materials, the peptide or glycopeptide obtained by the
aforementioned method is used. In one aspect of the
present invention, a peptide or a glycopeptide obtained
by a ligation method is preferably used. Subsequently,

the following steps (a) to (c) are carried out:




- 59 - approximately 10 minutes to 30 hours, and preferably for approximately 15 minutes to 1 hour.
[0116] A buffer solution is preferably used as a solvent in the methylat4on reaction. A buffer
solution having pH 7 to 9, and particularly pH 8 to 9, can be preferably used. For example, a 0.25 M
Tris-HC1 buffer solution (6 M guanidine hydrochloride solution, containing 3.3 mM EDTA, pH 8.6) or
the like can be used. [0117] In a case in whichS& cysteine residue is contained as an amino acid in
a peptide and in which the cysteine residue is not intended to be converted to a serine residue and it is
allowed to exist as a cysteine residue in a peptide obtained by the production method of the present
invention, suctegystéihevsprotectedsand itdsintioducedein the dort ot a pratectedh cysteine into a
peptide according to a known method. Thereby, the -SH group of the cysteine can be prevented from
being methyl&t8HT thé Steh EISTAKIRG itorconsiderafion thfol @xBharye feactibn, a treatment with
acid, a treatmepf th base, etc. performed in each step of the production method of the present
invention, an appropriate protecting group can be used as a protecting group for cysteine. Examples of

such protecting groupl inglude anacetamidgmethyl{Aean) graup 2 BRBZYraUPan asetamide group,
and a trityl group. Preferably, an - 60 - Acm group can be used. After the steps (a) to (c), the protected
cysteine residiRfistdeprdtected tisingkaownagent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the
step (b) to a peptide comprising an amino acid residue
having an -OH group under more basic conditions than the
conditions in the step (b). Hereafter, the case of using
a peptide as a raw material will be exemplified.

[0115]

Step (a)

The methylating agent used in the methylation of the
step (a) is not particularly limited, as long as it is
capable of converting the -SH group in the peptide to the
-SMe group. Examples of such methylating agent include
lodomethane and methyl-4-nitrobenzenesulfonate.

With regard to the amount of a methylating agent
used, 1 to 1,000 equivalent amounts of, preferably 10 to
100 equivalent amounts of, and more preferably 15 to 30
egquivalent amounts of the methylating agent can be used
with respect to a single residue of the -SH group of the
raw material peptide. The methylation reaction is
desirably carried out at a temperature between 0°C and

50°C, and preferably between 20°C and 30°C, for




method. For example, when a protected cysteine that has been protected by a protecting group such
as an Acm group, a nitrobenzyl group, or a trityl group, is introduced, such protected cyst:21ns is
converted to a cysteine residue by adding a. step of applying a deprotection method using a silver
acetate aqueous solution, a deprotection method using light, a deprotection method involving a
treatment with acid, or other methods. Thus, a cvstéine residue is allowed to exist in the peptide
obtained by the production method of the present invention. [0118] In one aspect of the present
invention, it is also possible to obtain a peptide having an -OH group by converting an -SMe group of a
peptide havingcthe SNieajrolp té CORLgroups It sudy alcases thexafdremehtioned stera) can be
omitted. [0119] Step (b) From the viewpoint of safety and the like, cyanogen bromide,
phenyl.cyanaf@For K& TiRE Thi be’uBedt 85 SocyhiZing Agent in the step (b), for example. Preferably,
cyanogen bromigggwhich can be easily procured, can be used. With regard to the amount of a
cyanizing agent used, 1 to 1,000 equivalent amounts of, preferably 10 to 100 equivalent amounts of,
and more preferably 154a S80requivalenbamosints effthecyanizing agent ear bewsed with respect to a

single -SMe group. The reaction with the cyanizing agent is desirably carried out at a temperature
between 0C antf58€ T aHd préferably bebwesn 3dC AR 4oC, Ior apprikimatent 805 inltes to 100

Aok i S e R R G
For example, a 0.25 M Tris-HCl buffer solution (6 M
guanidine hydrochloride solution, containing 3.3 mM EDTA,
pH 8.6) or the like can be used.

[0117]

In a case in which a cysteine residue is contained
as an amino acid in a peptide and in which the cysteine
residue is not intended to be converted to a serine
residue and it is allowed to exist as a cysteine residue
in a peptide obtained by the production method of the
present invention, such cysteine is protected and it is
introduced in the form of a protected cysteine into a
peptide according to a known method. Thereby, the -SH
group of the cysteine can be prevented from being
methylated in the step {(a). Taking into consideration a
thiol exchange reaction, a treatment with acid, a
treatment with base, etc. performed in each step of the
production method of the present invention, an
approprlate protecting group can be used as a protecting
group for cysteine. Examples of such protecting group
include an acetamidemethyl (Acm) group, a benzyl group,

an acetamide group, and a trityl group. Preferably, an




preferably carried out at pH 2 to 3. Using an acidic water-soluble substance, and specifically using
formic acid, trifluoroacetic acid, methanesulfonic acid, or the like, the reaction can be carried out under
acidic conditions. During the reaction, in order to prevent the oxidation of sulfur atoms, it is particularly
preferable that the used acidic water-soluble substance have been deaerated. In addition, from the
viewpoint of the stability of the cyanizing agent,thé{eaction is preferably carried out under shading
conditions. [0121] As a solvent, the aforementioned water-soluble solvent having pH 2 to 3, such
as a 80% formic acid solution, a 70% formic acid solution, or a 2% - 69 - tr]fluo_caceto arid/39%
acetonitrile-céstainingpagueeus belutioadcane preférablystised. (aAntexample ofitlke reaction

intermediate obtained in the step (b) is an ester form havmg the foIIowmg structure: [01221 {Formula
19] protected cystelne residue 1s deprdotected using a known

method. For example, when a protected cysteine that has
been protected by a protecting group such as an Acm group,
a nitrobenzyl group, or a trityl group, is introduced,
such protected cysteine is converted to a cysteine
residue by adding a step of applying a deprotection
method using a silver acetate agueous solution, a
deprotection method using light, a deprotection method
involving a treatment with acid, or other methods. Thus,
a cysteine residue 1s allowed to exist in the peptide
obtained by the production method of the present
invention.

[0118]

In one aspect of the present invention, it is also
possible to obtain a peptide having an -OH group by
converting an -SMe group of a peptide having the SMe
group to -OH group. In such a case, the aforementioned
step (a) can be omitted.

[0119]
Step (b)

From the viewpoint of safety and the like, cyanogen
bromide, phenylcyanate, or the like can be used as a
cyanizing agent in the step (b), for example. Preferably,
cyanogen bromide, which can be easily procured, can be

used.




[0123] When a methionine residue is contained as an amino acid in the peptide, it is preferable to
distinguish the -SMe group contained in the methionine residue from the - SMe grout obtained in the
step (a). In the present specification, the protected methionine is not particularly limited, as long as it is
a compound that does not react with the cyaniding agent in the step An example of such protected
methionine is a sulfoxidatype methionine (Met(0): 26157-052-S(=0)-0153). As described in the
after-mentioned Example 5, a protected methichine (for example, Met(0)) is introduced into the
'Peptide using a known method, so that a methionine - 63 - residue can be distinguished from the
-SMe group obtaindlfithesstap fa) anbilthe 3REtHIoNIAE résidie beedhtesitastive6s the reaction with

the cyanizing.agent.in step (b). Thereatfter, the protected methionine residue is converted to a
methionine relsi%l?e géi%%ai 8\(/1v\r)’1ar-riStrﬁ%d?gg%rb%p%&%te%wee%ﬁgrg[{] nﬁone& s?eopé)(e)). Thus, a

peptide havinga methionine residue can alsebe pbtaingd bydhe produdtiongmethod of the present
invention. [0124]

equivalent amounts of the cyanizing agent can be used

with respect to a single -SMe group. The reaction with

the cyanizing agent is desirably carried out at a

temperature between 0°C and 50°C, and preferably between
30°C and 40°C, for approximately 30 minutes to 100 hours,
and preferably for approximately 12 hours to 50 hours.
[0120]

The reaction with the cyanizing agent is carried out
under acidic conditions, and it is particularly
preferably carried out at pH 2 to 3. Using an acidic
water-soluble substance, and specifically using formic
acid, trifluorocacetic acid, methanesulfonic acid, or the
like, the reaction can be carried out under acidic
conditions. During the reaction, in order to prevent the
oxidation of sulfur atoms, it is particularly preferable
that the used acidic water-soluble substance have been
deaerated. In addition, from the viewpoint of the
stability of the cyanizing agent, the reaction is
preferably carried out under shading conditions.

[0121]

As a solvent, the aforementioned water-soluble

solvent having pH 2 to 3, such as a 80% formic acid

sclution, a 70% formic acid solution, or a 2%




Moreover, an oxidized cysteine, which is a byproduct formed during the reaction with the cyanizing
agent in the step (b), can be removed, as necessary. In such removing step, a mixture comprising the
reaction intermediate obtained in the step (b) may be reacted at a room temperature for approximately
30 minutes in the - presence of ammonium iodide and dimethvl sulfide, for example, and thereatfter,
the reaction solution may be separated and wash&d. Such removing step may be carried out at any
time point after the step (b), and it may be preferably carried out after the step (c). [0125] Step (c)
In the step (c), under more basic conditions than those in the step (b), a peptide comprising an amino
acid residue Wavingaf “OFEGrotips vhiaiféd dysrintramolecutanaeyl réayangementfrom 0- to N- of
the reaction ig'&ﬁpﬁ%ig& gta)ttgir%)eed itr;rth% ste% Erk?? - 64 - The basic conditions in the step (c) may
be either acidic or neutral, as long as ﬁ1e6§/raare or%sﬁéjs‘ic conditions than the conditions in the step
(b). More specifically, tae hasic-conditions indhe step, (c).are Aot paticularly limited, ag lond as they
are conditions in which an -NH2 group on a C atom adjacent to the ester bond of the reaction
intermediate 'dbtaitiedrin the step (o) is noeprofonatet 2Friom therwiefvpointofefficient conversion of
the reaction intermediate to a peptide having an -OH group, weakly basic conditions or strongly basic
conditions carm b8appiigd. [0126]  When the basic conditions in the step (c) are weakly basic
conditions, the, P.b_‘bi? pH 7 to 9, and preferably pH 7 to 8. For example, by adding to a solution, a basic
compound that is used as a pH adjuster known to persons

[Formula 19)
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[0123]

When a2 methionine residue is contained as an amino
acid in the peptide, it is preferable to distinguish the
-SMe group contained in the methionine residue from the -
SMe group obtained in the step (a). In the present
specification, the protected methionine is not
particularly limited, as long as it is a compound that
does not react with the cyanizing agent in the step (b).
An example of such protected methionine is a sulfoxide-
type methionine (Mef (0} : —-CH,-CH»-5(=0)~CHz) . 2s
described in the after-mentioned Example 5, a protected
methionine (for example, Met (0)) is introduced into the

peptide using a known method, so that a methionine




skilled in the art, such as guanidine, disodium phosphate, Tris, or sodium bicarbonate, weakly basic
conditions can be prepared. During this operation, with regard to the amount of a basic compound
used, 1 to 1,000 equivalent amounts of, preferably 10 to 100 equivalent amounts of, and more
preferably 15 to 30 equivalent amounts of such basic compound may be used with respect to a raw
material peptide. [0127] When the basic condifions’in the step (c) are weakly basic conditions, the
reaction is desirably carried out - 65 - at a temperature between OC and 50C, and preferably between
20C and 40C, for approximately 10 minutes to 30 hours, and preferably for approximately 15 minutes

to 30 hours. T ioRa8 deRirdbR/ cdtHed dueth & bofer B6IUTION haWiii}sH Plerd. n&sd preferably

pH 7 to 8. For ex le, the step (c) may be carried out in a 0.2 M. phaosphate buffer (containing a 6 M
guanidine hygroc%rﬁogidse%se utﬁlgﬁ,’pﬁt}az PR eee%%t e basic é6r?&i%8rﬁs%n“ﬁ1%m§tgp (c) are weakly

basic conditionsa #ie pH may hefurther decreasednand the stap; () may be termipatgg: Otherwise, the
routine may proceed to a purification step using HPLC or the like, without changing the pH- [0128
When the basi€ €dnditions iftthesstéy ¢&) arelstrongiisadie €onditivhenthespkt ¢ pHug to 13, and

preferably pH,10to 11. SUC(E} strongly basgi}c conditions ar_%geferably conditions in which a compound
that has excesgiveR rEatted with &hjfroryCgrolip chhbe FemBiad By hydrstyLis M8y &dfding to a

solution, a basic water-soluble substance such as.a hydrazine hydrate, g 50 mj sodium hydroxide

agueous solution, or the like, strongly basic conditions can be prepared. During this operation, with
regard to the marount ©f Babasic water salubleisubstarceiused; 540 400eguivalenthamounts of.,
preferably 0.1 to 10 equivalent amounts of, and more preferably 0.5 to 1 equivalent amounts of such
basic by the production method of the present invention.
[0124]
Moreover, an oxidized cysteine, which is a by-
product formed during the reaction with the cyanizing
agent in the step (b), can be removed, as necessary. In
such removing step, a mixture comprising the reaction
intermediate obtained in the step (b) may be reacted at a
room temperature for approximately 30 minutes in the
- presence of ammonium iodide and dimethyl sulfide, for
example, and thereafter, the reaction solution may be
separated and washed. Such removing step may be carried
out at any time point after the step (b), and it may be
preferably carried out after the step (c).
[0125]
Step (c)
In the step (c¢), under more basic conditions than
those in the step (b), a peptide comprising an amino acid
residue having an -OH group is obtained by an
intramolecular acyl rearrangement from O- to N- of the

reaction intermediate obtained in the step (b).




- 66 - water-soluble substance may be used with respect to a raw material peptide. For example, the
step (c) may be carried out in a 5% hydrazine aqueous solution having pH 10 to 11. [0129] When
the basic conditions in the step (c) are strongly basic conditions, a peptide comprising an amino acid
residue having an -OH group can be obtained by an intramolecular acyl rearrangement from 0- to N- of
the reaction intermediate obtained in the step (b),&hd-at the same time, decyanization (a
decyanization reaction for removing excessively reacted cyanizing agents by hydrolysis),

deformylation (a deformylation reaction of excessively reacted formic acids), and the like may occur on
the excessively readctéd POFL§roups i thosteps fayF-and #5)2§0180] mayiwen ehe basic conditions in
the step (c) are .zzltriogg(ljy basic tcoargijitions, e ste c)tig desirably carrire‘fgi out at a temperature between

0C and 50C, and preferably beteen 20C aRdB0C, for approximately miAdtes to 3 hours, preferably

for approximately minutes torl hour, and snoreareferably fQﬁ@p@@(gﬂQ@u 5 ppinytes to 10 minutes.
When the basic conditions in the step (c) are strongly basic conditions, if the step (c) is carried out for
a long periocsoktiméjisigel y 67the basic conditions in the step (c) are
not particularly limited, as long as they are conditions
in which an -NH; group on a C atom adjacent to the ester
bond of the reaction intermediate obtained in the step
(b) is not protonated. From the viewpoint of efficient
conversion of the reaction intermediate to a peptide
having an -OH group, weakly basic conditions or strongly
basic conditions can be applied.
[0126]
When the basic conditions in the step (c¢) are weakly
basic conditions, the pH is pH 7 to 9, and preferably pH
7 to 8. For example, by adding to a solution, a basic
compound that is used as a pH adjuster known to persons
skilled in the art, such as guanidine, disodium phosphate,
Tris, or sodium bicarbonate, weakly basic conditions can
be prepared. During this operation, with regard to the
amount of a basic compound used, 1 to 1,000 equivalent
amounts of, preferably 10 to 100 eqguivalent amounts of,
and more preferably 15 to 30 equivalent amounts of such
basic compound may_be used with respect to a raw material
peptide.
[0127]
When the basic conditions in the step (c) are weakly

basic conditions, the reaction is desirably carried out




reactions such as racemization and the cleavage of a peptide bond may occur. [0131] When the
basic conditions in the step c) are strongly basic conditions, the step (c) may be terminated by
decreasing the pH to pH 4 to 9, and preferably to pH 5 to 9, for example, around pH 7, or pH 8 to 9.
[0132] In the step (), it is assumed that the configuration of the position p of the obtained amino acid
residue having an -OH group is inverted from that&f the reaction intermediate obtained in the step (b).
[0133] Step. (d) When a peptide containing a protected metnionine residue is used as a raw
material, the following step (d) is further carried out after the step (b) or (c), as desired: (d)
deprotecting #ie pratectedmaethieninetween 0°C and 50°C, and preferably

between 20°C and 40°C, for approximately 10 minutes to 30

hours, and preferably for approximately 15 minutes to 30
hours. The reaction is desirably carried out in a buffer
solution having pH 7 to 9, and preferably pH 7 to 8. For
example, the step (c) may be carried out in a 0.2 M
phosphate buffer (containing a 6 M guanidine
hydrochloride solution, pH 7.2).

When the basic conditions in the step {(c) are weakly
basic conditions, the pH may be further decreased, and
the step (c) may be terminated. Otherwise, the routine
may proceed to a purification step using HPLC or the like,
without changing the pH.

[0128]

When the basic conditions in the step (c¢) are
strongly basic conditions, the pH is pH 9 to 13, and
preferably pH 10 to 11. Such strongly basic conditions
are preferably conditions in which a compound that has
excessively reacted with a hydroxyl group can be removed
by hydrolysis. By adding to a solution, a basic water-
soluble substance such as a hydrazine hydrate, a 50 mM
sodium hydroxide aqueous solution, or the like, strongly
basic conditions can be prepared. During this operation,
with regard to the amount of a basic water-soluble
substance used, 0.5 to 100 equivalent amounts of,
preferably 0.1 to 10 eguivalent amounts of, and more

preferably 0.5 to 1 eguivalent amounts of such basic




[0134] Deprotection may be carried out using a method known to persons skilled in the art,
depending on the type of the protected methionine used. When a sulfoxide-type methionine (Met(0)) is
introduced as a protected methionine, for example, such protected methionine is converted to
methionine by adding a. reduction step using an ammonium iodide/dimethy sulfide/TFA mixed solution
or - 68 - the like. From the viewpoint of the preT/eﬁﬁoﬁ of the occurrence of side reactions, the step (d)
is preferably carried out after the step (c). Thus, in the case of obtaining a peptide having a
methionine residue as well, the production method of the present invention can be applied. [0135]

For the purifit&fi6it of the'Sbtainedprodfict d'metisd Tb?%t&’ih% 49705 OF MdtePpurfiiéd product
under severa| types: af;hi gﬁ{@émaqc&]i@gﬁgﬂ%@a@g@ag@égoq@g%%{; _%eferably applied.

Specific examples of such method include crystallization, a transactional partition method, partition
chromatograpby.rd gel filtration naetbedhigirexchangechsomategraphy pand highhperermance liquid
chromatography. Preferably, high performance liquid chromatography or the like can be applied.
[0136] In "t dftfontb-the aforementioned steps, a step of adding a sugar chain may be further
carried out. W% dition of a sugar chain can be carried out on both a peptide and a glycopeptide.
Such addition of a'sugar chain can be carried out at any time point as long as a glycopeptide of

interest can be obtained. i ispreferably-cauied;yfafter thestep (9. () are
strongly basic conditions, a peptide comprising an amino
acid residue having an -OH group can be obtained by an
intramolecular acyl rearrangement from O- to N~ of the
reaction intermediate obtained in the step (b), and at
the same time, decyanization {(a decyanization reaction
for removing excessively reacted cyanizing agents by
hydrolysis), deformylation (a deformylation reaction of
excessively reacted formic acids), and the like may occur
on the excessively reacted -OH groups in the steps (a)
and (b).
[0130]

When the basic conditions in the step (c) are
strongly basic conditions, the step (¢) i1s desirably
carried out at a temperature between 0°C and 50°C, and
preferably between 20°C and 30°C, for approximately 5
minutes to 3 hours, preferably for approximately 5
minutes to 1 hour, and more preferably for approximately
5 minutes to 10 minutes. When the basic conditions in
the step (c) are strongly basic conditions, i1f the step

(c) i1s carried out for a long period of time, side




[0137 _69 _  The addition of a sugar chain can be carried out by a method utilizing the reverse
reaction of an enzyme including transglataminase as a typical example, or by a method performed by
referring to the descriptions of International Publication W02005/010053, as described below.  First,
a haloaceta de complex-type sugar chain derivative is produced by allowing it to react with a peptide
as obtained above (in particular, a peptide compri§ihg™an amino acid having two or more carboxyl
groups in its molecule, such as aspartic acid or glutamic acid; an amino acid having two or more amino
groups in its molecule, such as lysine, arginine, histidine, or tryptophan; an amino acid having a
hydroxyl groufFiGts PBRectiie isuth 452 SENE ahicdnime brirosiHe aframirofacid having a thiol
group in its molequ,le,es%gn%s cgisteine' or an amino acid having an amide group in its molecule, such

as asparaging%? Lgjﬂﬁjtamlne, and gm%%égutﬁém, particularly, a peptide comprising aspartic acid,

giutamic acid, tysing, arainine, serine, threonine, cysteine, asparagine, or glutamine). The
aforementioned reaction may be carried out at a temperature generally. between OC and 80C,
preferably between@€ and 60Cs and morel preferably betvreers 185€ and 35CePreferably, the reaction
time is generally approximately 30 minutes to 5 hours. After completion of the reaction, a reaction

product may B& porified b?/aagkﬁoﬁﬂr}ﬁéﬁ'nbﬂn(?or SHMPIESR 7() hihp&forhfAMEE R tFE
Chromatograw &%&%BS%E&%%D%%‘;E'EO pH 4 to 9, and preferably to pH 5

to 8, for example, around pH 7, or pH 8 to 9.
[0132]

In the step (c¢), it is assumed that the
configuration of the position B of the obtained amino
acid residue having an -OH group 1s inverted from that of
the reaction intermediate obtained in the step (b).
[0133]

Step (d)

When a peptide containing a protected methionine
residue 1is used as a raw material, the following step (d)
is further carried out after the step (b) or (c¢), as
desired:

(d) deprotecting the protected methionine.
[0134]

Deprotection may be carried out using a method known
to persons skilled in the art, depending on the type of
the protected methionine used. When a sulfoxide-type
methionine (Met (0)) is introduced as a protected
methionine, for example, such protected methionine is
converted to methionine by adding a reduction step using

an ammonium iodide/dimethyl sulfide/TFA mixed solution or




[0138] The haloacetamide complex-type sugar chain derivative is a compound formed by substituting
a hydroxyl group binding to the carbon at position 1 of a complex-type asparagine-bound sugar chain
with -NH-(00)- (0112)a-CH2X (wherein X represents a halogen atom, and a represents an integer that
is not particularly limited unless it interferes a linker function of interest, and preferably represents an
integer from O to 4), for example. Specifically, fife haloacetamide complex-type sugar chain
derivative is allowed to react with the above obtained peptide in a phosphate buffer at a room
temperature. After completion of the reaction, the reaction solution is purified by 11210 to obtain a
sugar chain-aéidedklycopeptiga [0139]V ievpigidiso possibie restbineca sagatsisain elongation
reaction usin%transferase Witp the foremerg:ti,oned mg%hod. The th%f' obtained fglyc eptide is also
included in the $cop& ot e Presant invértion ExamplesToTasP ' Herefnatter ea%Pr%%ent invention

will be specifically described inthe follouwingexamples. However, these examples are not intended to
limit the scope of the present invention.

Thus, in the case of obtaining a peptide having a
methionine residue as well, the production method of the
present invention can be applied.

[0135]

For the purification of the obtained product, a
method for obtaining a 897% or more purified product under
several types of high performance liquid chromatography
conditions is preferably applied. Specific examples of
such method include crystallization, a transactional
partition method, partition chromatography, a gel
filtration method, ion exchange chromatography, and high
performance liquid chromatography. Preferably, high
performance liguid chromatography or the like can be
applied.

[0136]

In addition to the aforementioned steps, a step of
adding a sugar chain may be further carried out. Such
addition of a sugar chain can be carried out on both a
peptide and a glycopeptide. Such addition of a sugar
chain can be carried out at any time point, as long as a
glycopeptide of interest can be obtained. It is
preferably carried out after the step (c).

[0137]




[0141] Example 1Production of Ac-Ala-Ser-Gly-Leu Wang resin (manufactured by Merck) (100
umol) was placed in a solid-phase synthesis column, and it was then fully washed with methylene
chloride (DON) and DMF. Thereafter, the resultant was fully swollen with DON. Fmoc-Leu (0.50
mmol), MSNT (0.50 mmol), and Nmethylimidazole (0.375 mmol) were dissolved in DON (2 mL), and
the obtained solution was then placed in the sotidfhase synthesis column, followed by stirring at 25C
for 1 hour. It is to be noted that the volume of the DON can also be set at 1.5 mL. After completion of
the stirring operation, the resin was fully washed with DCM and DMF, and the Fmoc group was treated
with a 20% piperidif&®MFPGblitioh @Imf) fordsmintds for e phstectdr. e toude hoted that the
present deprotectlgg tr atmeElt can also be carried out for 10 minute es. After washing with DMP, as for
the subsequent'STongAtion of & papiide ehaih ARTIRG atcifsward sitcedBiveRFeSifdensed according to

the below-mentioned methods JALA2] « o Anamingagidwhase.amino,group had bgen protected by an
Fmoc group, HOBt (67.6 mg, 0.50 mmol), and DIPCI (77.0 uL, 63.1 mg, 0.50 mmol) were dissolved in

DMF (1 and thewdbtdinedrsthuticriwag ther activatedfor 15e- 72 s minptesod bereafter, the solution
was placed in the solid-phase synthesis column. It is to be noted that the volume of the DMF can also

be set at 2 mERARBP&firtPReat 25 toreR hoGF tHREMGK rdtirwas tréafisp criped

below.

First, a halcacetamide complex-type sugar chain
derivative is produced by allowing it to react with a
peptide as obtained above (in particular, a peptide
comprising: an amino acid having two or more carboxyl
groups in its molecule, such as aspartic acid or glutamic
acid; an amino acid having two or more amino groups in
its molecule, such as lysine, arginine, histidine, or
tryptophan; an amino acid having a hydroxyl group in its
molecule, such as serine, threonine, or tyrosine; an
amino acid having a thiol group in its molecule, such as
cysteine; or an amino acid having an amide group in its
molecule, such as asparagine or glutamine, and among them,
particularly, a peptide comprising aspartic acid,
glutamic acid, lysine, arginine, serine, threonine,
cysteine, asparagine, or glutamine). The aforementioned
reaction may be carried out at a temperature generally
between 0°C and 80°C, preferably between 10°C and 60°C,
and more preferably between 15°C and 35°C. Preferably,
the reaction time 1is generally approximately 30 minutes
to 5 hours. After completion of the reaction, a reaction

product may be purified by a known method (for example,




with a 20% piperidine/DMF solution (2 mL) for 20 minutes for deprotection. It is to be noted that the
present deprotection treatment can also be carried out for 10 minutes. These operations were
repeated, so that amino acids were successively condensed. As amino acids protected by the Fmoc
groups, Fmoc-Gly (148.7 mg, 0.50 mmol), Fmoc-Cys(Trt) (292.9 mg, 0.50 mmol), and Fmoc-Ala
(155.7 mg, 0,50 mmol) were used, and a 4-resiﬂu@cbe"ptide having a protecting group,
Fmoc-Ala-Cys(Trt)-Gly-Leu (SEQ ID NO: 1), was obtained on the solid-phase resin. Thereafter, the
Fmoo group was treated with a 20% piperidine/DMF solution (2 mL) on the resin for 20 minutes for
deprotection, it frE& BheiRBA6 Gps Wetie theh prote e iPacetyFiding & 2G% acetic anhydride/DMF
solution (2 m!,%. Itrig to bagcgoted that the volume of the 20% acetic anhydride/DMF solution can also be
set at 1.7 ml. After ﬁasfhmg with DMF and DON, a previously prepared reagent
(TFA/water/phengkthioanisole/EDT ethanedithiol)/ TIPS = 81.5/5/5/5/2.5/1) was added to such an
extent that the resin was sufficiently immersed - therein, and it was then stirred at 25C for 2 hours, The
resin was removed bydiltratior Gcbthedeactow Sekitiokivgas themrcotcehtrated under a reduced

pressure, - 73 - The obtained residue was purified by HPLC (%%/%dac column 08, 250 x 10 mm;
developing s6IVEATEA T 196 TEA SGUESIE SolbfHShd B: 8089 TEA: Atet6nitrile : water - 90 : 10:

gragilents A: §§<§150:st/§ -*@pdu.?é);@pn@i%e§;ofl%éat§é§&g1llgyn to-obtain a A-residue peptide
having a protecting group, Ac-Ala-Cys-Gly-Leu (SEQ ID NO: 2). [0143] 30 mg (73 mmol) of the
obtained 4-resighe! peptidectS EQBDMNOL 23 wasypldced irea retird-bottonhflaski -anddt was dissolved in
73 ml of a 0.25 M Tris-HCI buffer (pH 8.6; containing 6 M guanidine hydrochloride solution and 2.3 mM
k) and 24 ml Gr-acetorittild “ifsreafter: MEMYRASTréhénZenel8fBnaieR1631§) Was added to the

solution at 25G, Thirty miguigs ater8.10% TEA salulian (7.3,mb).wias,Adger nerelg. so that the pH
of the solution was adjusted to be pH™4. Thereatfter, diethyl ether was added tllnereto to carry out an
extraction operations After campletioneef theiconeentration,therobi@inedesiguie, was glaced in an ODS
column to carry out purification, thereby obtaining 25 mg of a 4-residue peptide having a protecting
group, Ac-AlRICys{NRE)-Glylsr (SEQUD NO: By hwhereirt teislfircatém Of e cysteine residue was

methylated. example.

Specifically, the haloacetamide complex-type sugar
chain derivative is allowed to react with the above
obtained peptide in a phosphate buffer at a room
temperature. After completion of the reaction, the
reaction solution is purified by HPLC to obtain a sugar
chain-added glycopeptide.

[0139]

It is also possible to combine a sugar chain
elongation reaction using transferase with the
aforementioned method. The thus obtained glycopeptide is
also included in the scope of the present invention.
Examples
[0140]

Hereinafter, the present invention will be

specifically described in the following examples.




ESI-MS: Calcd for 017H301406S: fM+1H11 419.2, found, 419.1 [0144] - 74 - 6.5 mg (15 'Anal) of
the obtained 4-residue peptide (SEQ ID NO: 3) wherein the sulfur atom of the cysteine residue had
been methylated was placed in an Eppendorf tube, and it was dissolved in an 80% formic acid solution
(6.5 mL). Thereafter, 159.0 mg (1.5 mmol) of cyanogen bromide was added to the solution at 25C. The
reactor was shaded from light, and a reaction was’then carried out at 37C. 28.5 hours later, the
reaction solution was frozen to terminate the reaction. The residue obtained after the freeze-drying of
the reaction solution was purified by HPLC (Vydac column C4, 250 x 4.6 ram; developing solvents A:
0.1% TFA aqueBs e6lution® afd B:aN089-TRACabstbnittheSn\Water =98 11O Ghadients A : B = 100 :
0 ->60 : 40; 3Q migutoe ; Iilgw rate; 1.0 mllm(]n% to obrtlain 3.8 mg of an ester form as a reaction
intermediate. I:Sé)IE-)MS: alcd for 8f§€§8iﬁ4 7 [ﬁ+1H]389.4, found, 389.2 [0:451 5 mg of the
obtained reacttondntermediate was placed in an Eppendorf tube in the same above manner, and it
was dissolved in 0.6 mL of a phosphate buffer (pH 7.2; containing 6 M guanidine hydiochloride),
followed by afreaeticre at 37C. Onehotir later itk cobtipmirrby HPLIE that the reaction had been
terminated, the reaction solution was purified by HPLC (Vydac column C4, 250 x 4.6 mm; developing

solvents A: 0.1% TEARXuEDESSoldtioH: 5hd B16 089 TEA aketohitfite HMiater Y& : 10; gradients A :
B -100: 0 --3,60:49; 30 minutes;flow rate: 1.9-mi{mm)to-ohtain,3.5mg ofa d-residyg, peptide of

interest having a protecting group, Ac-Ria-Ser-Gly-Leu (SEO ID NO: 4). It is to be noted that the
reaction time £ahlalso betsef at 30mmimetés;lene chloride (DCM) and DMF.

Thereafter, the resultant was fully swollen with DCM.
Fmoc~Leu (0.50 mmol), MSNT (0.50 mmol), and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 mlL),
and the obtained solution was then placed in the solid-
phase synthesis column, followed by stirring at 25°C for
1 hour. It is to be noted that the volume of the DCM can
also be set at 1.5 mL. After completion of the stirring
operation, the resin was fully washed with DCM and DMF,
and the Fmoc group was treated with a 20% piperidine/DMF
solutiocn (2 mL) for 15 minutes for deprotection. It is
to be noted that the present deprotection treatment can
also be carried out for 10 minutes. After washing with
DMF, as for the subsequent elongation of a peptide chain,
amino acids were successively condensed according to the
below-mentioned method.
[0142]

An amino acid whose amino group had been protected
by an Fmoc group, HOBt (67.6 mg, 0.50 mmol), and DIPCI
(77.0 pL, 3.1 mg, 0.50 mmol) were dissolved in DMF (1

mL), and the obtained solution was then activated for 15




ESI-MS: Calcd for CI6S98N407: [MUM]389.4, found, 389.1 [0146] Example 2Production of
Val-Asp-Lys-Ala-Vai-Ser-Gly- Leu  Wa.". resin (manufactured by Merck) (100 pimol) was placed in a
solid-phase synthesis column, and it was then fully washed with methylene chloride (DON) and DMF.
Thereatfter, the resultant was fully swollen with DON. Smoo-Leu (0.50 mmol), MSNT (0.50 mmol), and
Nmethvlimidazole (0.375 mmol) were dissolved in BON (2 mid), and the obtained solution was then
placed in the solid-phase synthesis column, followed by stirring at 25C for 1 hour. It is to be noted that
the volume of the DON can also be set at 1.5 ml. After completion of the stirring operation, the resin

was fully washed Wit DON'&RG DVIEand e BRde drotipias BreafstPwith at26% piperidine/DMF
solution (2 mJof ¢ dmputes oy deprtectian Jhe fo Be reled natdng presentciepraggtion treatment

can also be carried out for 10s After washing wi DMF, as for the subsequent elongation of a peptide

chain, amino-agidsawetes suaeessively eandersedacceerding:-tactherhelomementioned method.. - 76 -
[0147]
stirring at 25°C for 1 hour, the Fmoc group was treated

with a 20% piperidine/DMF solution (2 mL) for 20 minutes
for deprotection. It is to be noted that the present
deprotection treatment can also be carried out for 10
minutes. These operations were repeated, so that amino
acids were successively condensed. As amino acids
protected by the Fmoc groups, Fmoc-Gly (148.7 mg, 0.50
mmol), Fmoc-Cys(Trt) (292.9 mg, 0.50 mmol), and Fmoc-Ala
(155.7 mg, 0.50 mmol) were used, and a 4-residue peptide
having a protecting group, Fmoc-Ala-Cys(Trt)-Gly-Leu (SEQ
ID NO: 1), was obtained on the solid-phase resin.
Thereafter, the Fmoc group was treated with a 20%
piperidine/DMF solution (2 mL) on the resin for 20
minutes for deprotection, and free amino groups were then
protected by acetyl using a 20% acetic anhydride/DMF
solution (2 mL). It is to be noted that the volume of
the 20% acetic anhydride/DMF solution can also be set at
1.7 mL. After washing with DMF and DCM, a previously
prepared reagent (TFA/water/phenol/thicanisole/EDT (1?2—
ethanedithiol) /TIPS = 81.5/5/5/5/2.5/1) was added to such
an extent that the resin was sufficiently immersed
therein, and it was then stirred at 25°C for 2 hours.

The resin was removed by filtration, and the reaction

solution was then concentrated under a reduced pressure.




An amino acid whose amino group had been protected by an Fmoc group, HOBt (67.6 mg, 0.50
mmol), and DIPCI (77.0 'At, 63.1 mg, 0.50 mmol) were dissolved in DMF (1 mL), and the obtained
solution was then activated for 15 minutes. Thereafter, the solution was placed in the solid-phase
synthesis column. It is to be noted that the volume of the DMF can also be set at 2 mL. After stirring at
25C for 1 hour, the Fmoc group was treated with & 20% pipe idine/DMF solution (2 7.1%) for 20
minutes for deprotection. It is to be noted that the present deprotectioh treatment can also be carried
out for 10 minutes. These operations were repeated, so that amino acids were successively

condensed. AEmMART-aéfi3proreted By thé Frvac §ratpsPEMEC-Cly! (87 nég 1080 mmol),

Fmoc-Cys (Trt) (292.9 mg, 0.50 mmol), Fmoc-Val (169.7 mg, 0.50 ol), Emoc-Ala (155.7 mg, 0.50
mon, Pmocys (o) (o T, BHF ARG HBL e Bt (OR 8368, GEEAIRD, and

Fmoc-Val (169+7 1. £h50 samol) werepusedy and & Baresiduerpeptide having a-progecting group,
Fmoc-Val-Asp(OtBu)-Lys(Boc)-Ala-Val-Cys(Trt)-Gly- Leu (SEQ ID NO: 5), was obtained on the
solid-phase résin. Therkadter,sthe Embcgrédp wasitreatedOwith a020% piperdine ADMF solution (2 mL)
on the resin far. 20 minutes for deprotection, and the reaction solution was then washed with DMF and

DCM- Thereafte?"a previcusly préparkt reabenfR (FEARafer/phieholthiSamSeRAFDT = - 77 -
82.5/5/5/5/2.5) was,gdded 1o, such an extent fhat the resin was sufficiently immersed therein, and it

was then stirred at 25C for 2 hours. It’is To be noted that, instead of the reagent K,
TFA/water/phenol/thioanisole/EDT/TIPS = 81.5/5/5/3/2.5/1.0 may also be used. The resin was
removed by filtration, and the reaction solution was then concentrated under a reduced pressure. The
obtained residie s purified by HPLC (Vydac column 018, 250 x 10 mm; developing solvents A:

e e e A el ot S, gt A 8- 65:20

Val-Asp-Lys-Alaal-CyssGly(SEQHENQ:&)ed in a round-bottom flask, and it
was dissolved in 73 mL of a 0.25 M Tris-HCl buffer (pH
8.6; containing 6 M guanidine hydrochloride solution and
3.3 mM EDTA) and 24 mL of acetonitrile. Thereafter,
methyl-4-nitrobenzenesulfonate (316 mg) was added to the
solution at 25°C. Thirty minutes later, a 10% TFA
solution (7.3 mlL) was added thereto, so that the pH of
the solution was adjusted to be pH 4. Thereafter,
diethyl ether was added thereto to carry out an
extraction operation. After completion of the
concentration, the obtained residue was placed in an 0ODS
column to carry out purification, thereby obtaining 25 mg
of a 4-residue peptide having a protecting group, Ac-Ala-
Cys {Me)-Gly~-Leu (SEQ ID NO: 3), wherein the sulfur atom
of the cysteine residue was methylated.

ESTI-MS: Calcd for Ci7Hs3oNsOeS: [M+1H]'" 419.2, found, 419.1

[0144]




0148] 32 mg (40iol) of the obtained 8-residue pep,...lote (SEQ ID NO: 6) was placed in a round-bottom
flask, and it was dissolved in 40 mL of a 0.25 M Tris-HC1 buffer (pH 8.6; containing 6 M guanidine
hydrochloride solution and 3.3 mM EDTA) and 13 mL of acetonitrile. Thereafter,
methyl-4-nitrobenzenesulfonate (261 mg) was added to the solution at 25C. One hour later, a 10%
TEA solution (3.8 mL) was added thereto, so that tHe pH of the solution was adjusted to be pH 4.
Thereatfter, diethyl ether was added thereto to carry out an extraction operation. After completion of the
concentration, the obtained residue was placed in an ODS column to carry out - 78 - purification,
thereby obtaining 30 ragTed a(8-Fesidae peplidéhvabPAsp-LiysdAla-al<Cyk(Mea)sGlyildsu (SEQ ID NO:

7), wherein t Ifyr.atom of.the gysteine residue methylated I-MS: Calcd for
C8HoANS01 S ML 876,01 Pt B0 DL 359 56 Lol 4P e Btained -residue
peptide (SEQ-H NQ7)hwhersir thensulfurateanofthe gysteing residye haghgenmethylated was
placed in a round-bottom flask, and it was dissolved in 15 mL of an BO% formic acid solution.
Thereafter, 38Limg (38=Lidd. Ve cyhroyehvisdmide avas 8ddeéd torthe saldtiorsat 25CoThe reactor
was shaded from Iig{]t, and a reactign was then carried out at 25C, Thirty-two hours later, the reaction

solution was frdzan’td terminate B féaction> The rBSidie obtAMed 'affef e #R8JE Mrying of the
A auoous SolhaR, anc B 0 08 FEA aocamiTe Switer 250 10, BracieR A’ B - 80 10+ 70
: 30; 60 minutes; flomarste: £0aml/mtto,obiai 18 mgetanestes forhas aeeaction intermediate.

out at 37°C. 28.5 hours later, the reaction solution was

frozen to terminate the reaction. The residue obtained

after the freeze-drying of the reaction solution was

purified by HPLC (Vydac column C4, 250 x 4.6 mm;

developing solvents A: 0.1% TFA agueous solution; and B:

0.08% TFA; acetonitrile : water = 90 : 10; gradients A :

B =100 : 0 - 60 : 40; 30 minutes; flow rate: 1.0

ml/min) to obtain 3.8 mg of an ester form as a reaction

intermediate.

ESI-MS: Calcd for CigHpgNsOy: [M+1H]'™ 389.4, found, 389.2

[0145]

5 mg of the obtained reaction intermediate was

placed in an Eppendorf tube in the same above manner, and

it was dissolved in 0.6 mL of a phosphate buffer (pH 7.2;

containing 6 M guanidine hydrochloride), followed by a

reaction at 37°C. One hour later, after confirming by

HPLC that the reaction had been terminated, the reaction

solution was purified by HPLC (Vydac column C4, 250 x 4.6

mm; developing solvents A: 0.1% TFA aqueous solution; and

B: 0.08% TFA; acetonitrile : water = 90 : 10; gradients




ESI-MS: Calcd for 0341-162N9012: [M+1H]fi 788.9, found, 788.5 10.50] 5 mg of the obtained
reaction intermediate was placed in an Eppendorf tube, and it was dissolved in 0.63 mL of a
phosphate buffer (pH 7.2; containing 6 M guanidine hydrochloride), followed by a reaction at 37C.
9.25 hours later, after confirming that the reaction had been terminated, the reaction solution was
purified. by HPLC (Vydac column 04, 250 x 4.6 mmr developing solvents A: 0.1% TEA aqueous
solution; and 3: 0.08% TEA, acetonitrile : water = 90 : 10; gradients A : B =100 : 0 -* 40 : 60; 30
minutes; flow rate: 1.0 ml/min) to obtain 4.1 mg of a 8-residue peptide of interest,
Val-Asp-LysAla-Val-SerlGi-Led (SEQ D NGO8). }lisie betwted fRattheaeaction fime can also be
set at 7.25 hours, ES|-MS: Calcd for 034H62N9012: [M-4-1Hin 788.9, found, 788.7 10151
ExamProducﬁLc’lJLr? of E(lar’:/JtPofr e%&?gl-{}agTér-ggr-ﬁgn? P éﬁ%ﬁ-lé:%?GPyeptl\ﬂ/%nagesin (manufactured by
Merck) (100 vrnel was:plaged i a-salid-phase: synthesis golumn aand- i wassthenrfully washed with
methylene chloride (DON) and DME. Thereatfter, the resultant was fully swollen with DOM. Fmoc-Gly
(0.50 mmol), MSNTXD.5°mnial), aAd Nnsethylitnidarote (0.8375 b wereadissolvedie DON (2 mL)
and the obtained solution was then placed in the solid-phase synthesis column, followed by stirring at
25C for 1 hoarit i§ Be%%téﬁfhéﬁ%hg Vollii& bF fiie DON can also be set at 1.5 mL. After completion
of the stirringa@@m@qndQ@5ssiﬁa'¥a%£lgﬁggwaéhed%wwﬂfla@N apd DMF¢apd dhe Frgog group was

treated with a 20% piperidine/DMF solution (é r7nL) or 15 minutes for deproeection. It is

[0146]
Example 2 Production of Val-Asp-Lys-Ala-Val-Ser-Gly-
Leu

Wang resin {(manufactured by Merck) (100 pmol) was

placed in a solid-phase synthesis column, and it was then
fully washed with methylene chloride (DCM) and DMF.
Thereafter, the resultant was fully swollen with DCM.
Fmoc~Leu (0.50 mmol), MSNT (0.50 mmol), and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 mlL),
and the obtained solution was then placed in the solid-
phase synthesis column, followed by stirring at 25°C for
1 hour. It is to be noted that the volume of the DCM can
also be set at 1.5 mL. After completion of the stirring
operation, the resin was fully washed with DCM and DMF,
and the Fmoc group was treated with a 20% piperidine/DMF
solution (2 mL) for 15 minutes for deprotection. It is
to be noted that the present deprotection treatment can
also be carried out for 10 minutes. After washing with
DMF, as for the subsequent elongation of a peptide chain,
amino acids were successively condensed according to the

below-mentioned method.




- 80 - to be noted that the present deprotection treatment can also be carried out for 10 minutes. After
washing with DMF, as for the subsequent elongation of a peptide chain, amino acids were
successively condensed according to the below-mentioned method. [0152]  An amino acid whose
amino group had been protected by an Fmoc group, HOBt (67.6 mg, 0.50 mmol), and DIPCI (77.0 pL,
63.1 mg, 0.50 mmol) were dissolved in DMF (1'mz , and the obtained solution was then activated for
15 minutes. Thereatfter, the solution was placed in the solid-phase synthesis column. After stirring at
25C for 1 hour, the Fmoc group was treated with a 20% piperidine/DMF solution (2 ml) for 20 minutes
for deorotectib% ft'i$ to be noted that the present deprotection treatment can also be carried out for 10

minutes. These operati jere repe 0 i id r cessivel densed. As
amino acids protec%e% t%F/A ?‘thg Frgn%%gg%ﬁgg? Fr%%%&%{%g(l%%q% (3?.12%% %n%ggoé%%r:%}él ,ggmoc-Leu (176.7

mg, 0.50 mmey), EmaeBbed 1937, mgoR:50(mMal),moc-Asn (Add12 Mg 5@ nrool), Fmoc-Cys (Trt)
(292.9 mg, 0.50 mmol), Fmoc-Tyr (tBu) (229.8 mg, 0.50 mmol), Fmoc-Val (169.7 mg, 0.50 mmol),
Fmoc-Arg (Pf) {324 4Lmg$ .50 mnoly, -FriowrRhe) (193rE neg; 0550 verdobnahd Fride- eu (176.7 mg,

0.50 mmol) were used, and a. 11-residue peptide. having a protecting grou ~
Fmoc-Low PR AToEEh VA Bt S P RS e Lout S5h PRraBneey & To No: 9), was

obtained on thesolids phasgdesing: Thereafier, he mos,group was.tkeatedwith 2 mL of a 20%
piperidine/DMF solution on the resin for 20 minutes for deprotection. It is to be noted that the present

deprotection treafivepteart alsoriieé earriedaoutdon10 minutes.tthéreactivadotution was washed with

DMF and DOM._ Thereatter, a previously prepared reagent K (TFA/water/phenol/thioanisole/EDT =
82.5/5/5/5/2. 5 WHE addEd 18 Suth AnétteAt that ife fss WassdHficierftly ifmersed therein, and it

\NaSthens“”@Qf?é%%%f%&225°C for 1 hour, the Fmoc group was treated

with a 20% piperidine/DMF solution (2 mL) for 20 minutes
for deprotection. It is to be noted that the present
deprotection treatment can also be carried out for 10
minutes. These operations were repeated, so that amino
acids were successively condensed. As amino acids
protected by the Fmoc groups, Fmoc-Gly (148.7 mg, 0.50
mmol), Fmoc~-Cys (Trt) (292.9 mg, 0.50 mmol), Fmoc-Val
(169.7 mg, 0.50 mmol), Fmoc-Ala (155.7 mg, 0.50 mmol),
Fmoc-Lys (Boc) (234.3 mg, 0.50 mmol), Fmoc-Asp (OtBu)
{205.8 mg, 0.50 mmol), and Fmoc-Val (169.7 mg, 0.50 mmol)
were used, and a 8-residue peptide having a protecting
group, Fmoc-Val-Asp(OtBu)-Lys(Boc)~-Ala-Val-Cys (Trt)-Gly-
Leu (SEQ ID NO: 5), was obtained on the solid-phase resin.
Thereafter, the Fmoc group was treated with a 20%
piperidine/DMF solution (2 mL) on the resin for 20
minutes for deprotection, and the reaction solution was
then washed with DMF and DCM. Thereafter, a previously

prepared reagent K (TFA/water/phenol/thiocanisole/EDT =




hours. It is to be noted that, instead of the reagent K, TFA/water/phenol/thioanisole/EDT/TIPS =
81.5/5/5/5/2.5/1.0 may also be used. The resin was removed by filtration, and the reaction solution
was then concentrated under a reduced pressure. The obtained residue was purified by HPLC (Vydac

column 018, 250 x 10 mm; developing solvents A; 0.1% TFA aqueous solution; and B: 0.08% TFA,;

acetonitrile : water = 90 : 10; gradients A : B = 70? 0-* 40 : 60; 15 minutes; flow rate: 2.0 ml/min) to

obtainl1-residue peptide, Leu-Phe-Arg-ValTyr-Cys-Asn-Phe-Leu-Arg-Gly (SEQ ID NO: 10). [0153]
21 mg (15 m\,ié?i)g éhe 9bt/ained 11-r§sidue peptide (SEQ ID NO: 10) was placed in a round-bottom
flask, and ft was dis2ONEN'ifl T5 ml 6t £8DE M FrisSHE Bhff& (pr’s. 6% Lohtaifing 6 M guanidine

hydrochloride sqlution and.3, 3mM EDTA) and acetonitrile (5 ml). Thereafter, - 825 .

methyl-4-nitrobenzenesulfonate (66 mg) was added to the solution at 25C. Thirty minutes later, a 10%

TFA solution £t 5rmb)iwas added thereto,isouthat the oA of the selutior wastadjusted to be pH 4.
Thereafter, diethyl ether was added thereto to carry out an extraction operation. After completion of the
concentration;thé dbtaiRéd Fesidtig d#es plaked in an CDS column to carry out purification, thereby

obtaining 19 %% -residue peptide, L eu-Phe-Arg-Val-Tyr-Cys(Me)-AsnPhe-Leu-Arg-Gly (SEQ ID
NO: 11), Whe?é%ﬁ(}t e%%ﬁgggfonrﬁe oﬁ‘p%hel %?éltélsnoel?e@(? Te/;\alljv]r;ll%c,yg;methylated. ESI-MS: Calcd for

C66HIooN180148/EVIg-2412+501.4, leenda7@b5pe used. The resin was

removed by filtration, and the reaction solution was then
concentrated under a reduced pressure. The obtained
residue was purified by HPLC (Vydac column C18, 250 x 10
mm; developing solvents A: 0.1% TFA aqueous solution; and
B: 0.08% TFA; acetonitrile : water = 90 : 10; gradients
A : B =85 : 15 — 50 : 50; 15 minutes; flow rate: 2.5
ml/min) to obtain an 8-residue peptide, Val-Asp-Lys-Ala-
Val-Cys-Gly-Leu (SEQ ID NO: 6).
[0148]

32 mg (40 pumol) of the obtained 8-residue peptide
(SEQ ID NO: 6) was placed in a round-bottom flask, and it
was dissolved in 40 mL of a 0.25 M Tris-HCl buffer (pH
8.6; containing 6 M guanidine hydrochloride solution and
3.3 mM EDTA) and 13 mL of acetonitrile. Thereafter,
methyl-4-nitrobenzenesulfonate (261 mg) was added to the
solution at 25°C. One hour later, a 10% TFA solution
(3.8 mL) was added thereto, so that the pH of the
solution was adjusted to be pH 4. Thereafter, diethyl
ether was added thereto to carry out an extraction
operation. After completion of the concentration, the

obtained residue was placed in an ODS column to carry out




10154] 18 mg (130) of the obtained 11-residue peptide (SEQ. ID NO: 11) wherein the sulfur atom, of
the cysteine residue had been methylated was placed in a round-bottom flask, and it was dissolved in
5.4 ml. of a 2.4 mM 80% formic acid solution. Thereafter, 136 mg (1.3 mmol) of cyanogen bromide
was added to the solution at 25C. The reactor was shaded from light, and a reaction was then carried
out at 25C. Approximately fifty hours later, the reaétiorr solution was frozen to terminate the reaction.
The residue obtained after the freeze-drying of the reaction solution was purified by HPLC (Vydac
column 08, 230 x 10 mm; developing solvents A: 0.1% TEA aqueous solution; and B: 0.08% TEA,
acetonitrile : Wwater 183 L2090 : t0egrdelierts e B85 Y 15018 050;s6Fmimesfiow rate: 3.0 ml/min)

to obtain 7.5 mg of a es orm as.a reaction intermediate. ESI-M Calcdfor065H100N18015
e e 9k et form 2= A feaglion jnlermediale, EQTVS: Grid ey 49K

7), wherein the sulfur atom of the cysteine residue was
methylated.
ESI-MS: Calcd for C3sHeNeO11S: [M+1H]'™ 819.0, found, 818.8
[0149]

29 mg (36 pumol) of the obtained 8-residue peptide
(SEQ ID NO: 7) wherein the sulfur atom of the cysteine
residue had been methylated was placed in a round-bottom
flask, and it was dissolved in 15 mL of an 80% formic
acid solution. Thereafter, 381 mg (3.6 mmol) of cyanogen
bromide was added to the solution at 25°C. The reactor
was shaded from light, and a reaction was then carried
out at 25°C. Thirty-two hours later, the reaction
solution was frozen to terminate the reaction. The
residue obtained after the freeze-~drving of the reaction
solution was purified by HPLC (Vydac column C8, 250 x 10
mm; developing solvents A: 0.1% TFA aqueous solution; and
B: 0.08% TFA; acetonitrile : water = 90 : 10; gradients
A : B =280 : 10 —- 70 : 30; 60 minutes; flow rate: 4.0
ml/min) to obtain 18 mg of an ester form as a reaction
intermediate.
ESI-MS: Calcd for C3HeNgOp: [M+1H]' 788.9, found, 788.5
[0150]

5 mg of the obtained reaction intermediate was
placed in an Eppendorf tube, and it was dissolved in 0.63

mL. of a phosphate buffer (pH 7.2; containing ¢ M




[0155] 7 mg of the obtained reaction intermediate was laced in an Eppendorf tube, and it was
dissolved in 0.50 mL of a phosphate buffer (pH 7.2; containing 6 M guanidine hydrochloride), followed
by a reaction at 37C. One hour later, after confirming that the reaction had been terminated, the
reaction solution was purified by HPLC (Vydac column 04, 250 x 4.6 mm; developing solvents A: 0.1%
TEA aqueous solution; and 3: 0.08% TEA; acetonitfile: water = 90 : 10; gradients A : B =80 : 20 -* 40
: 60; 30 minutes; flow rate: 1.0 mi/m!) to obtain 5.4 mg of a 11-residue peptide of interest,
Leu-Phe-ArgVal-Tyr-Ser-Asn-Phe-Leu-Arg-Gly (SEQ ID NO: 12). ESI-MS: Calcd for C65H100N18015:
[M+2H]2+ 6864 fouiad,«6 86,4 f0156] Examaple 4Rrotuetion lof Ada- tead_teip\labﬁsmﬁnigosaccharide
chain)-Ser-Segr-@Dn Ero -Tro-Giu- ProLe%rGln -Leu-His-Val- Asp L){S

ours later, ter confirming t the reaction had
been terminated, the reaction solution was purified by
HPLC (Vydac column C4, 250 x 4.6 mm; developing solvents
A: 0.1% TFA aqueous solution; and B: 0.08% TFA;
acetonitrile : water = 90 : 10; gradients A : B = 100 : O
— 40 : 60; 30 minutes; flow rate: 1.0 ml/min) to obtain
4.1 mg of a 8-residue peptide of interest, Val-Asp-Lys-
Ala-Val-Ser-Gly-Leu (SEQ ID NO: 8). It is to be noted
that the reaction time can also be set at 7.25 hours.
ESI-MS: Calcd for CssHeNeOip: [M+1H]™ 788.9, found, 788.7
{01513
Example 3 Production of Leu-Phe-Arg-Val-Tyr-Ser-Asn-
Phe-Leu-Arg-Gly

Wang resin (manufactured by Merck) (100 umol) was
placed in a soclid-phase synthesis column, and it was then
fully washed with methylene chloride (DCM) and DMF.
Thereafter, the resultant was fully swollen with DCM.
Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol), and N-
methylimidazole (0.375 mmol) were dissclved in DCM {2 ml),
and the obtained solution was then placed in the solid-
phase synthesis column, followed by stirring at 25°C for
1 hour. It is to be noted that the volume of the DCM can
also be set at 1.5 mL. After completion of the stirring
operation, the resin was fully washed with DCM and DMF,
and the Fmoc group was treated with a 20% piperidine/DMF

solution (2 mlL) for 15 minutes for deprotection. It is




Amino-PEGA resin (manufactured by Merck) (100 umol) was placed in a solid-phase synthesis
column, and it was then fully washed with methylene chloride (DCM) and DME, - 84 - Thereatfter, the
resultant was fully swollen with DCM. 4- hydroxvmethy1-3-methoxyphenoxy butyric acid (HMPB) (0.25
mmol), TBTO (0.25 mmol), and N-ethylmorpholine (0.25 mmol) were dissolved in DMF 2 mL), and the
obtained solution was then placed in the column, fllowed by stirring at 25C for 4 hours. Thereafter,
the resin was fully washed with DMF and DCM to obtain an HMPB-PEGA resin. The obtained
HMPB-PEGA resin was used as a solid-phase carrier in solid-phase synthesis. [0157] Fmoc-Ser

(tBu) (0.50 mintoR MSRIT=(D.56 Himbl)zaRd NiRéthyfifidszote (0:375 Hirbly¥ére diddolved in DCM (2

ml), and the o tain%gi solution WC$S thgn&l}arc?%in the sﬁolig-ph?%?%nthes§.columntROIIowed by a
t e

reaction at 2§ ?gr %oﬁ?sfﬁtl i% oqoue noted that %len\l/lo ﬁmé 0] C‘N/?(S:;aﬁ %(ﬁsowﬁe set at 2.5 mL.

After completigir of the stiffing pperations the resia waswashed with-DeMand DMhEzand the Emoc
group was treated with a 20% piperidine/DMF solution (2 mL) for 15 minutes for deprotection. It is to
be noted thattherpresentdeprotectiondresimient tan@scibe cafried ootfdr 10 minutes. After
washing with DME, a resin corresponding to 2 ymol of I-residue peptide was transferred into an
Eppendorf tuB& 1 PHESEA! BR&M &¥paribine (10 mg, 3.6 pmol) represented by Formula (9) below and
DEPET (2 mg,§ Qmol) were dissolved in DMF (0.12 mL), and the obtained

An amino acid whose amino group had been protected
by an Fmoc group, HOBt (67.6 mg, 0.50 mmol), and DIPCI
(77.0 pL, 63.1 mg, 0.50 mmol) were dissolved in DMF (1
mL), and the obtained solution was then activated for 15
minutes. Thereafter, the solution was placed in the
solid-phase synthesis column. After stirring at 25°C for
1 hour, the Fmoc group was treated with a 20%
piperidine/DMF solution (2 mlL) for 20 minutes for
deprotection. It is to be noted that the present
deprotection treatment can also be carried out for 10
minutes. These operations were repeated, so that amino
acids were successively condensed. As amino acids
protected by the Fmoc groups, Fmoc-Arg (Pbf) (324.4 mg,
0.50 mmol), Fmoc-Leu (176.7 mg, C.50 mmol), Fmoc-Phe
(193.7 mg, 0.50 mmol}, Fmoc-Asn (177.2 mg, 0.50 mmol),
Fmoc~-Cys (Trt) (282.9 mg, 0.50 mmol), Fmoc-Tyr (tBu)
(229.8 mg, 0.50 mmol), Fmoc-Val (169.7 mg, 0.50 mmol),
Fmoc~Arg (Pbf) (324.4 mg, 0.50 mmol), Fmoc—-Phe (193.7 mg,
0.50 mmol), and Fmoc-Leu (176.7 mg, 0.50 mmecl) were used,
and a ll-residue peptide having a protecting group, Fmoc-

Leu~-Phe~Arg (Pbf)~Val~Tyr (tBu)-Cys (Trt)-Asn-Phe-Leu-




solution was then placed in an Eppendorf tube. DIPEA 1 - 85 - (0.68 al, 4 gmol) was added thereto,
and the obtained mixture was then stirred at 25C for 18 hours. [0158] [Formula 20] [0139] After
completion of the stirring operation, the resin was washed with DCM and DMF. The Fmoc group was
treated with a 20% piperidine/DMF solution (1 mii) for 15 minutes for deprotection. After washing with
DMF, as for the subsequent elongation of a glycofeptide chain, amino acids were successively
condensed according to the below-mentioned method. [01601

Arg (Pbf)-Gly (SEQ ID NO: 9), was obtained on the solid-
phase resin. Thereafter, the Fmoc group was treated with
2 mL of a 20% piperidine/DMF solution on the resin for 20
minutes for deprotection. It i1s to be noted that the
present deprotection treatment can also be carried out
for 10 minutes. The reaction solution was washed with
DMEF and DCM. Thereafter, a previously prepared reagent K
(TFA/water/phenol/thicanisole/EDT = 82.5/5/5/5/2.5) was
added to such an extent that the resin was sufficiently
immersed therein, and it was then stirred at 25°C for 2
hours. It is to be noted that, instead of the reagent K,
TFA/water/phenol/thicanisole/EDT/TIPS =
81.5/5/5/5/2.5/1.0 may also be used. The resin was
removed by filtration, and the reaction solution was then
concentrated under a reduced pressure. The obtained
residue was purified by HPLC (Vydac column C18, 250 x 10
mm; developing solvents A: 0.1% TFA agueous solution; and
B: 0.08% TFA; acetonitrile : water = 90 : 10; gradients
A : B =70 : 30— 40 : 60; 15 minutes; flow rate: 2.0
ml/min) to obtain a ll-residue peptide, Leu-Phe-Arg-vVal-
Tyr-Cys—-Asn—-Phe-Leu-Arg-Gly (SEQ ID NO: 10).
[0153]

21 mg (15 umol) of the obtained ll-residue peptide
(SEQ ID NO: 10) was placed in a round-bottom flask, and
it was dissolved in 15 mL of a 0.25 M Tris-HCl buffer (pH
8.6; containing 6 M guanidine hydrochloride solution and

3.3 mM EDTA) and acetonitrile (5 mL). Thereafter,




An amino acid whose amino group had been protected by an Fmo- group, HOBt (1.35 mg, 0.01
mmol), and DIPCI (1.53 uL, 1.26 mg 0.01 mmoi) were dissolved in DMF (0.02 mL), and the obtained
solution was then activated for 15 minutes. Thereafter, the solution was placed in the - 86 -
solid-phase synthesis column. After stirring at 25C for 1 hour, the Fmoc group was treated with a 20%
piperidine/DMF solution (1 mL) for 20 minutes for &éprotection. These operations were repeated, so
that amino acids were successively condensed. As amino acids whose amino groups had been
protected by the Fmoc groups, Fmoc-Val (3.4 mg, 0.01 mmol), Fmoc-Leu (3.5 mg, 0.01 mmol),
Fmoc-Leu (3=Ay O-04- M a1P it ERgHAIRA3aL gl @0 Tenmbh sverédssedt andle6-residue
sugar-added ge tide having a protecting group, Fmoc-Aia-Leu-Leu-ValAsn(Oligosaccharide

chain)-Ser(tBYY (SEEPD RIO: 3] wad Oblined b thE Sotid-phasededih? Acktic acid : trifluoroethanol

(=1:1) was gdded {o this sugapadded peplide do sHeh anextgnt that the resin wasssufficiently
immersed therein. Four hours later, the resin was removed by filtration, and a filtrate portion was then
added to diethyzkethel, wihich healsbeeath prepaded separatély4o cdng oarrystallization. Thereafter, the

solution portion was removed using a membrane filter, thereby obtaining a residue containing a

6-residue su&%@ﬁa@&@&%éﬁﬁﬁe%@% apréRting 9réas ISEOHD RO: 13). [0161] 2 mg (0.55
mOD(ﬁthe(ﬂggwggé%ﬂ%%d%%éyg@&on. After completion of the

concentration, the obtained residue was placed in an ODS
column to carry out purification, thereby obtaining 19 mg
of a ll-residue peptide, Leu-Phe-Arg-Val-Tyr-Cys(Me)-Asn-
Phe-Leu-Arg-Gly {(SEQ ID NO: 11), wherein the sulfur atom
of the cysteine residue was methylated.
ESI-MS: Calcd for CeeHigoNig014S: [M+2H]®" 701.4, found,
701.5
[0154]

18 mg (13 pmol) of the obtained ll-residue peptide
(SEQ ID NO: 11) wherein the sulfur atom of the cysteine
residue had been methylated was placed in a round-bottom
flask, and it was dissoclved in 5.4 mL of a 2.4 mM 80%
formic acid solution. Thereafter, 136 mg (1.3 mmol) of
cyanogen bromide was added to the solution at 25°C. The
reactor was shaded from light, and a reaction was then
carried out at 25°C. Approximately fifty hours later,
the reaction solution was frozen to terminate the
reaction. The residue obtained after the freeze-drying
of the reaction solution was purified by HPLC (Vydac

column C8, 250 x 10 mm; developing solvents A: 0.1% TFAa

agqueous solution; and B: 0.08% TFA; acetonitrile : water




chain-added peptide having a protecting group (SEQ ID NO: 13), molecular sieve (MS) 4A (10 mg),
and benzylmercaptan (2 41, 16.4 gmol) were stirred in a DMF solvent (85 41) - 87 - in an argon
atmosphere at -20C for 1 hour. Thereafter, PyBOF (1.4 mg, 2.7 wol) and DIPEA (0.46 jfl, 2.7 mmol)
were added to the reaction solution, and the obtained mixture was then stirred for 2.5 hours.
Thereatfter, diethyl ether (5 ml) was added to the reacfion solution to precipitate a compound- The
precipitated compound was filtrated, and the precipitate was then recovered with a 50% acetonitrile
agueous solution. The recovered product was freeze-dried, and a 93% TEA aqueous solution was
added to the Bbtined reezedrieprodutt. THe obtained mixture Was:stirfed &025C for 2 hours. The
resin was remove b)é }‘iltrﬁtion. Thg:er,eagti%nt%?1 I}Jtion was cgg%ﬁnltratgc_l g\nd was then dissolved in a

50% acetonitﬁl%nélqlfeous s&ﬁtigﬁ, followéd by rénéLGe)-drylng. e reeze-dﬂ%doproaﬂct was purified by

HPLC (VydaceeldmneEAy 258 x4 6:-:8% idaevelopingsolvents A: 0.1% TEA aqueous solution; and E:
0.08% TEA, acetonitrile : water = 90 : 10; gradients A : 3 =80 : 20 -4- 40 : 60; 60 minutes; flow rate:

1.0 ml/min) t&6BtAltF a 6-residud sug&schainiadded péptitel havifbdnzyithioester at the O-terminus
thereof, AIa_LﬁéJ-L u-Val-Asn(Oligosaccharide chain)-SerSEn (SEQ ID NO: 15). [0162] The
following met 3 tan also be applied as the aforementioned step of obtaining the 6-residue sugar
chain-added peptide shown in SEQ ID NO: 15 from the - 88 -

7 mg of the obtained reaction intermediate was
placed in an Eppendorf tube, and it was dissolved in 0.50
mL of a phosphate buffer (pH 7.2; containing 6 M
guanidine hydrochloride), followed by a reaction at 37°C.
One hour later, after confirming that the reaction had
been terminated, the reaction solution was purified by
HPLC (Vydac column C4, 250 x 4.6 mm; developing solvents
A: 0.1% TFA aqueous solution; and B: 0.08% TFA;
acetonitrile : water = 90 : 10; gradients A : B = 80 : 20
— 40 : 60; 30 minutes; flow rate: 1.0 ml/min) to cbtain
5.4 mg of a ll-residue peptide of interest, Leu-Phe-Arg-
Val-Tyr-Ser—-Asn-Phe-Leu~Arg-Gly (SEQ ID NO: 12).

ESI-MS: Calcd for CesHigoNigO1s: [M+2H]?" 686.4, found,
686.4

[0156]

Example ¢ Production of Ala-Leu-Leu-Val-

Asn (Oligosaccharide chain)-Ser~Ser-Gln-Pro-Trp-Glu-~Pro-
Leu-Gln~Leu-His-Val-Asp-Lys-Ala

Amino-PEGA resin (manufactured by Merck) (100 pmol)
was placed in a solid-phase synthesis column, and it was

then fully washed with methylene chloride (DCM) and DMF.




reaction with sugar chain asparagine in an Eppendorf tube: After washing with DMF, a resin
corresponding to 4.3 imol of 1-residue peptide was transferred into an Eppendorf tube. The sugar
chain asparagine (17 mg, 8.6 mmol) represented by Formula (9) and DEPBT (6 mg, 2.6 plol) were
dissolved in DMF : DMSO =4 : 1 (0.29 ml,), and the obtained solution was then placed in an
Eppendorf tube. DIPEA (1.5 111, 8.6 mmol) was &dded thereto, and the obtained mixture was then
stirred at 25C for 18 hours. [0163] After completion of the stirrina operation, the resin was washed
with DM and DM F. The Fmoc group was treated with a 20% piperidine/DMF solution (1 m",) for 10
minutes for déproteaticre rAftérhwassiag Wit D MR sastfor e gw@éé@em eldnd¥iion ofia glycopeptide

h id I densed acc rd|n to the below-mentioned method. [0164]
A amino ach AReSe B8 oral Tad BEEH B Eed by Sh st Ghou BB (3.9g, 0.022

mmol), and QIRGH (3.3rkl, 0O225mgil were @wlm@&p% A4 mh.andthesobtained solution

was then activated for 15 minutes. Thereatfter, the solution was placed in the solid-phase synthesis
column. Afterstirting et 26Cifos doiord then FmOT grouplwas tredtedhwithlat20%epiperidine/DMF

solution ,
solution was then placed in the column, followed by

stirring at 25°C for 4 hours. Thereafter, the resin was
fully washed with DMF and DCM to obtain an HMPR-PEGA
resin. The obtained HMPB-PEGA resin was used as a solid-
phase carrier in solid-phase synthesis.

[0157]

Fmoc-Ser (tBu) (0.50 mmol), MSNT (0.50 mmol), and N-
methylimidazole (0.375 mmol) were dissoclved in DCM (2 ml),
and the obtained solution was then placed in the solid-
phase synthesis column, followed by a reaction at 25°C
for 3 hours. It is to be noted that the volume of the
DCM can also be set at 2.5 mL. After completion of the
stirring operation, the resin was washed with DCM and DMF,
and the Fmoc group was treated with a 20% piperidine/DMF
solution (2 mL) for 15 minutes for deprotection. It is
to be noted that the present deprotection treatment can
also be carried out for 10 minutes.

After washing with DMF, a resin corresponding to 2
pumol of I-residue peptide was transferred into an
Eppendorf tube. The sugar chain asparagine (10 mg, 3.6
pmol} represented by Formula (9) below and DEPBT (2 mg, 6

pumol) were dissolved in DMF (0.12 mL), and the obtained

solution was then placed in an Eppendorf tube. DIPEA




-89 - (1 mL) for 20 minutes for deorotection. These operations were repeated, so that amino acids
were successively condensed. As amino acids whose amino groups had been protected by the Fmoc
groups, Fmoc-Val (7.3 mg 0.022 mmol), Fmoc-Leu (7.6 mg, 0.022 mmol), Fmoc-Leu (7.6 mg, 0.022
mmol), and Boc-Ala (4.0 mg, 0.022 mmol) were used, and a 6-residue sugar-added peptide having a
protecting group, Boc-AIa-Leu-Leu-VaI-Asn(OIi”goégiccharide chain)- Ser(tBu) (SEQ ID NO: 14), was
obtained on the solid-phase resin, Acetic acid : trifluoroethanol (= 1 : 1) was added to this sugar-added
peptide to such an extent that the resin was sufficiently immersed therein. Twenty-four hours later, the
resin was remBvéd by-filtrdtioAnd #FiftrRE FRAIGH 758 tRen 2Rided6 dREthié®er, which had been
prepared sepair%i%go carry out gryss%allI}i:za(_:‘tic(i)né1 g’ h%eeft%r %hﬁgo&%igg 5portion was removed using a
membrane fiftner, thereby o%talnlng & residue containing a %-re5|due sugar chain-added peptide having
a protecting groupgSEQ ID NO: 14). [0165 18 mgof the obtained 6-residue sugar chain-added peptide
having a protecting group (SEQ ID NO: 14), molecular sieve (MS) 4A (190 mg), and benzylmercaptan
(26 111, 37.5 sl were $tirred in a DMF solvent (1.9 ml) in an argon atmosphere at -20C for 1 hour,
Thereafter, Py602 (20 mg, 37.5 Kmol) and DIPEA (6.7 pi, 37,5 mmol) were added to the reaction
solution, - 90 - and the obtained mixture was then stirred for 2 hours. Thereatfter, diethyl ether (10 ml)
was added to the reaction sdi@tion to precipitate a compound. The precipitateergompound was

filtrated, and the precipitatgyp@s-the dissaked in DMF. The obtained soluti d as concentrated under
) Iney.residue. The

obtained mixture was stirred at 25C fojg2\3grs. The reaction solution was goncéntrgted and was then
purified by HPLC (Vydac column C4, 4<mnm; developing solvents 19 FEA aqueous
solution; and 8: 0.08% TEA, acetonitrilegdg@gf@ ' glﬁée‘rllﬁ A 3%,400:0
HO (o] o
Ndkc NHAc
HO HOHOH% ! O COOH
HOo > o§ ‘NHAC

(9)

[0159]

After completion of the stirring operation, the
resin was washed with DCM and DMF. The Fmoc group was
treated with a 20% piperidine/DMF solution (1 mlL) for 15
minutes for deprotection. After washing with DMF, as for
the subsequent elongation of a glycopeptide chain, amino
acids were successively condensed according to the below-
mentioned method.

[0160]

An amino acid whose amino group had been protected
by an Fmoc group, HOBt (1.35 mg, 0.01 mmol), and DIPCI
(1.53 ul, 1.26 mg, 0.01 mmol) were dissoclved in DMF (0.02
mL), and the obtained solution was then activated for 15

minutes. Thereafter, the solution was placed in the




40 : 60; 60 minutes; flow rate: 1.0 ml/min) to obtain a 6-residue sugar chain-added peptide having
benzylthioester at the C-term nus thereof, Ala-Leu-LeuVal-Asn(Oligosascflaride chain)Ser-SBn (SEQ.
ID NO: 15). [0166] On the other hand Wang resin (manufactured by Merck) (100 gmol) was placed
in a solid-phase synthesis column, and it was then fully washed with methylene chloride (DCM) and
DMF. Thereatfter, the resultant was fully swollen with DCM. Emoc-Ala (0.50 mmol), MSNT (0.50
mmol), and N-methylimidazole (0.375 mmol) were dissolved in DOM (2 mL), and the obtained solution
was then placed in the solid-phase synthesis column, followed by stirring at 25C for 1 hour. It is to be
noted that thé 9bline® bf fife POMtanidse bewet at 155 eir. Aftdrrcompletion26f C Forthe stirring
operation, th% r%sin Wastfrlljélygzv%shed with DCM acnd [a)lé/IQFd and#tgeaFrﬁE;g group was treated with a

20% piperidine/ MF Solution nch?'fr‘oC?Li% mmutes for deprotection. ftis to be noted that the present

deprotection regipent cary 8iso ke carrieshoutforiQ miputesy Aftex washing,with DMF, as for the
subsequent elongation of a peptide chain, amino acids were successively condensed according to the
below-menticheeinnetod. §016 7T he sAn apsing Behwhose amiapgroep hasdbesreprotected by an

Fmoc group, HOBt.6 mg, 0.50 mmol), and DIPCI (77.0 414, 63.1 mg, 0.50 mmol) were dissolved in
DMF mL), an%ﬁ%%b?&%%ﬁ s%?mﬁ?ons)ﬁﬁg e LevaEaTe TS flnutds THEFBRHESHE solution was

placed in themg@%%ﬁygﬁdagotyg@n-ﬁ&&togb@o@g@get&abgﬂ%@umﬁo%ft e DME can also be

set at 2 mL. After stirring at or 1 hour, the Fmoc group was freated with a 20% piperidine/DMF
solution (2 mEkfor-20aminitesd forgdeprotectiono Theseaperdtwons \sere mpeated) 5o that amino acids
were successivel}é condensed. As amino acids protected by the Fmoc groups, Fmoc-Lys (Boo) (234.3

mg, 0.50 mmBH°EmociRSH 168u) (205.8 g, 0:50 nitR6H, Fmeedv/dite6977kmg, 8.50 Minol),
e Erocy Or (g L TIeN mesded (4732408, S0l £0° 5B (1822 mo. 050
having a protecting group, Fmoc-Ala-Leu-Leu-Val-
Asn (Oligosaccharide chain)-Ser (tBu) (SEQ ID NO: 13), was
obtained on the solid-phase resin. Acetic acid :
trifluoroethanol (= 1 : 1) was added to this sugar-added
peptide to such an extent that the resin was sufficiently
immersed therein. Four hours later, the resin was
removed by filtration, and a filtrate portion was then
added to diethyl ether, which had been prepared
separately to carry out crystallization. Thereafter, the
solution portion was removed using a membrane filter,
thereby obtaining a residue containing a 6-residue sugar
chain-added peptide having a protecting group (SEQ ID NO:
13).
[0161]
2 mg (0.55 pumol) of the obtained 6-residue sugar
chain-added peptide having a protecting group (SEQ ID NO:
13), molecular sieve (M3) 4A (10 mg), and benzylmercaptan

(2 ul, 16.4 umol) were stirred in a DMF solvent (85 ul)




Fmoc-Pro (168.7 mg, 0.50 mmol), Fmoc-Glu (OtBu) (212.8 mg, - 92 - 0.50 mmol), Fmoc-Trp (Boo)
(263.3 mg, 0.50 mmol), FmooPro (168.7 mg, 0.50 mmol), Fmoc-Gin (184.2 mg, 0.50 mnol), and
Fmoc-Cys (Trt) (292.9 mg, 0.50 mmol) were used, and a 14-residue peptide having a protecting group,
Fmoc-Cys(Trt)-GIn-Pro-Trp(Boc)-Giu(OtBu)-Pro-Leu-GIn-Leu-His(Trt)-Val-Asp(OtBu)-Lys(Boc)-Ala
(SEQ ID NO: 16), was obtained on the solid-ph%ls%7re§in. Thereafter, the Fmoc group was treated with
a 20% piperidine/DMF solution (2 mL) for 20 minutes for deprotection, the resultant was then washed

with DMF and DCM. Thereafter, a previously pre aged reagent K (TEA/water/phenol/thicanisole/EDT =
82.5/5/5/5/2.5'Wa8 atfeeeitodthshiextent thatheresimtwas SaHicienthPdmfefsed therein, and it

Wasthenstir%g3 25C for 2 hours. Jt i to%enot d}é‘? instead of the reagent K,
TEA/water/ph ng?%h;“:E)(;[ah(izsoT(g/EDél”ﬂ—llFL%l - 1.5/5/5 29.%%1%@13%%%%%2 Ugsiw fié resin was
removed by filtration,canrd the-regction sattttionwas then cancentrated aindet aireduced pressure. The

obtained residue was purified by HPLC (Vydac column 08, 250 x 10 Thin; developing solvents A:0.1%
TEA\aqueou?%éﬁméﬁxﬁﬂﬁB?hen stirred for 2.5 hours. Thereafter,

diethyl ether (5 ml) was added to the reaction solution
to precipitate a compound. The precipitated compound was
filtrated, and the precipitate was then recovered with a
50% acetonitrile aqueous solution. The recovered product
was freeze-dried, and a 95% TFA aqueous solution was
added to the obtained freeze-dried product. The obtained
mixture was stirred at 25°C for 2 hours. The resin was
removed by filtration. The reaction solution was
concentrated and was then dissolved in a 50% acetonitrile
aqueous solution, followed by freeze-drying. The freeze-
dried product was purified by HPLC (Vydac column C4, 250
x 4.6 mm; developing solvents A: 0.1% TFA agueous
solution; and B: 0.08% TFA; acetonitrile : water = 90
10; gradients A : B = 80 : 20 — 40 : 60; 60 minutes;
flow rate: 1.0 ml/min) to obtain a 6-residue sugar chain-
added peptide having benzylthiocester at the C-terminus
thereof, Ala-Leu-Leu-Val-Asn(Oligosaccharide chain)-Ser-
SBn (SEQ ID NO: 15).
[0162]

The following method can also be applied as the
aforementioned step of obtaining the 6-residue sugar

chain-added peptide shown in SEQ ID NO: 15 from the




0.08% TEA, apetonit 'le:water -90 :10;gradients A: B = 80:2040: 60;30 minutes; flow rate:4.0 mi/

reaction with sugar chain asparagine in an Eppendorf
tube:

After washing with DMF, a resin corresponding to 4.3
umol of l-residue peptide was transferred into an
Eppendorf tube. The sugar chain asparagine (17 mg, 8.6
umol) represented by Formula (9) and DEPBT (6 mg, 8.6
pmol) were dissolved in DMF : DMSO = 4 : 1 (0.29 mlL), and
the obtained solution was then placed in an Eppendorf
tube. DIPEA (1.5 pl, 8.6 umol) was added thereto, and

the obtained mixture was then stirred at 25°C for 18

hours.
[0163]

After completion of the stirring operation, the
resin was washed with DCM and DMF. The Fmoc group was
treated with a 20% piperidine/DMF solution (1 mL) for 10
minutes for deprotection. After washing with DMF, as for
the subsequent elongation of a glycopeptide chain, amino
acids were successively condensed according to the below-
mentioned method.

[0164]

An amino acid whose amino group had been protected
by an Fmoc group, HOBt (2.9 mg, 0.022 mmol), and DIPCI
(3.3 puL, 0.022 mmol) were dissolved in DMF (0.54 mL), and
the obtained solution was then activated for 15 minutes.
Thereafter, the solution was placed in the solid-phase

synthesis column. After stirring at 25°C for 1 hour, the

Fmoc group was treated with a 20% piperidine/DMF solution




to obtain a 14- esidue peptide, Cys-GIn-Pro-Trp- Glu-Pro-Leu-Gin-Leu-His-Val-Asp-Lys-Ala (SEQ ID
NO: 17). [0168] 1.1 mg of the thus prepared 14-residue peptide (SQ ID NO: 17) and 1.3 mg of the
previously synthesized. 6- residue sugar-added peptide having benzylthioester at the C-terminus
thereof (SEQ ID NO: 15) were placed in a single Eppendorf tube, and they were dissolved in 275 hl of
a phosphate buffer (pH 7.2; containing 6 M guanidifie hydrochloride). Thereafter, thiophenol (1 pL) and
benzylmercaptan (1 t1_,) were added to the solution at 25C, and a reaction was then carried out at
37C. Twenty-six hours later, after confirming by HPLC that the reaction had been terminated the
reaction solutidn Was puiified oy HPLES fvyic IR EE1250 x £Bahm; deveiophigisolvents A:
0.1% TFA aqygous solution; and B 0.08% TEA; gegtonitdle ; water £.99 ; 10; gradients A : B =80 : 20

condensed. As amino acids whose amino groups had been

protected by the Fmoc groups, Fmoc-Val (7.3 mg, 0.022

mmol), Fmoc-Leu (7.6 mg, 0.022 mmol), Fmoc-Leu (7.6 mg,

0.022 mmol), and Boc-Ala (4.0 mg, 0.022 mmol) were used,

and a 6-residue sugar-added peptide having a protecting

group, Boc-Ala-Leu-Leu-Val-Asn(Oligosaccharide chain)-

Ser (tBu) (SEQ ID NO: 14), was obtained on the solid-phase

resin. Acetic acid : trifluorocethanol (= 1 : 1) was

added to this sugar-added peptide to such an extent that

the resin was sufficiently immersed therein. Twenty-four

hours later, the resin was removed by filtration, and a

filtrate portion was then added to diethyl ether, which

had been prepared separately to carry out crystallization.

Thereafter, the solution portion was removed using a

membrane filter, thereby obtaining a residue containing a

6-residue sugar chain-added peptide having a protecting

group (SEQ ID NO: 14;.

[0165]

18 mg (7.5 umol) of the obtained 6-residue sugar

chain-added peptide having a protecting group (SEQ ID NO:

14), molecular sieve (MS) 4A (190 mg), and

benzylmercaptan (26 pl, 37.5 umol) were stirred in a DMF

solvent (1.9 ml) in an argon atmosphere at -20°C for 1

hour. Thereafter, PyBOP (20 mg, 37.5 pmol) and DIPEA

(6.7 ul, 37.5 pmol) were added to the reaction solution,




50 : 50; 60 minutes; flow rate: 1.0 ml/min) to obtain 1.5 mg of a 20-residue sugar chain-added peptide,
AlaLeu-Leu-Val-Asn(Oligosaccharide
chain)-Ser-Cys-GIn-ProTrp-Glu-Pro-Leu-GIn-Leu-His-Val-Asp-Lys-Ala (SEQ ID NO: 18). [0169] 1.5
mg (0.39 pmol) of the obtained 20-residue sugar chain-added peptide (SEQ ID NO: 18) was placed in
a. round-bottom flask, and it was dissolved in 0-:3@l of a 0.25 M Tris-HC1 buffer (pH 8.6; containing 6
M guanidine hydrochloride solution and 3.3 mM IOTA) and 0.13 ml of acetonitrile. Thereafter,
methyl-4-nitrobenzenesulfonate .7 mg) was added to the solution at 25C. Forty - 94 - minutes later, a
10% TEA solgtien {thS mbwasadded tereto,vsosthah tre plioftkel sbhutiop iasiadjusted to be pH 4.
Thereatfter, diethyl ether was added thereto to carrg out an extraction operation. After a water layer

had been corcsitrated the oht&ine¥ re§idie wad pufified B§ HPICE $9yd&c ESfimn 04, 250 x 4.6 mm;
developing solyents;A:0.136 TEAaqueoys salution;.and B: 0.08% JEA; acefonitrile : water = 90 : 10;

gradients A: B-80:20 55 :45; 60 minutes; flow rate: 1.0 ml/min) (wherein 018 column can also be
used in the puorificationt instead ohtheratorementoned H4colurmny ta-abtain & & myrefa: 20-residue
sugar chain-added peptide, Ala-Leu-Leu-VaiAsn(Oligosaccharide '

chain)-Ser-CY§MESh-Pre Tr3-GaB i LBYIG In-E 8 6-His hzel esh-Bps-atd (SE@AD NO: 19), wherein
the sulfur atom of the cysteine residue was methylated. ESI-MS: Calcd for 0165H265N31074S:
[M+2H12-1368%§ 8&$%FL (fE?ﬁf?@]reHhceg pressure, ané:a 590 ?EA

aqueous solution was added to the obtained residue. The
obtained mixture was stirred at 25°C for 2 hours. The
reaction solution was concentrated and was then purified
by HPLC (Vydac column C4, 250 x 4.6 mm; developing
solvents A: 0.1% TFA agqueous solution; and B: 0.08% TFA;
acetonitrile : water = 90 : 10; gradients A : B = 100 : 0
—> 40 : 60; 60 minutes; flow rate: 1.0 ml/min) to obtain
a 6-residue sugar chain-added peptide having
benzylthiocester at the C-terminus thereof, Ala-Leu-Leu-
Val-Asn(Oligosaccharide chain)-Ser-SBn (SEQ ID NO: 15).
[0166]

On the other hand, Wang resin (manufactured by
Merck) (100 pmol) was placed in a solid-phase synthesis
column, and it was then fully washed with methylene
chloride (DCM) and DMF. Thereafter, the resultant was
fully swollen with DCM. Fmoc-Ala (0.50 mmol), MSNT (0.50
mmol), and N-methylimidazole (0.375 mmol) were dissolved
in DCM (2 mL), and the obtained solution was then placed
in the solid-phase synthesis column, followed by stirring
at 25°C for 1 hour. It is to be noted that the volume of

the DCM can also be set at 1.5 mL. After completion of




1.6 mg (0.4 mmol) of the obtained 20-residue sugar chain-added penti.d.e (SEQ ID NO: 19) wherein
the sulfur atom of the cysteine residue had been methylated was placed in an Epoendorf tube, and it
was dissolved in 0.4 ml of a 80% formic acid solution. Thereafter, 4.3 mg (0.04 mmol) of cyanogen
bromide was added to the solution at 25C. The reactor was shaded from light, and a reaction was then
carried out at 37C. Thirty-five hours later, the reacibn-solution was frozen to terminate the reaction. A
5% hydrazine hydrate (200 41) was added to the residue obtained after the freeze-drying of the
reaction solution, and the inside of the reaction system was adjusted to be pH 10 to 11. Five minutes
later, acetic atide(5skl, Y wascaddesitottherreactien systém, gothatthe insidethereafwas adjusted to
pH 8 to 9. The resultant was purified by HPLO (Vydac column 04, 250 x 4.6 mm; developing solvents
A: 0.1% TFA Halledus sOfition2aAd B9, 68T EA CHSe tHAitrile & SiteF="00-116; gradlients A : 3= 80 ;

2050 : 50; 30 miutes; flgw,rgig: 1,0 mimin) to.phtain 0,7 mg of 3 20-residue sugar chain-added
peptide, Ala-Leu-Leu-Val-Asn(Oligosaccharide
chain)-Ser-Set<@lneRea=kpGIu-Pre-Ley-Gh-beuttis@lAsp-Lysia fSEQ H2 NO: 20), which was a
glycopeptide of interest. 101711 Thirty-four hours after a reaction with cyanogen bromide, the
reaction solutfFPWas eeREERtratedaiter ta fretiuced rebsurea and ab% hydiazinethydrate (200 L)
was added to_the o@éasinedArgsidue, followed b¥ stirring_for 10 minutes. Thereafter, 5 'IL of acetic acid

was added to the teaction $ofution” and the oBtained I‘?%l?’b’(tu?@? WastheRDUHIRETFAPLC. In this case
also, the same 20 esidus, sugarchain-addedeptide (SEQ 4P NQ120),cqud be obtained. -.96 -

successively condensed according to the below-mentioned
method.
[0167]

An amino acid whose amino group had been protected
by an Fmoc group, HOBt (67.6 mg, 0.50 mmol), and DIPCI
(77.0 pL, 63.1 mg, 0.50 mmol) were dissolved in DMF (1
mL), and the obtained solution was then activated for 15
minutes. Thereafter, the solution was placed in the
solid~phase synthesis column. It is to be noted that the
volume of the DMF can also be set at 2 mL. After
Stirring at 25°C for 1 hour, the Fmoc group was treated
with a 20% piperidine/DMF solution (2 mL) for 20 minutes
for deprotection. These operations were repeated, so
that amino acids were successively condensed. As amino
acids protected by the Fmoc groups, Fmoc-Lys (Boc) (234.3
mg, 0.50 mmol), Fmoc-Asp (OtBu) (205.8 mg, 0.50 mmol),
Fmoc-Val (169.7 mg, 0.50 mmol), Fmoc-His (Trt) (309.9 mng,
0.50 mmol), Fmoc-Leu (176.7 mg, 0.50 mmol), Fmoc-Gln
(184.2 mg, 0.50 mmol), Fmoc-Leu (176.7 mg, 0.50 mmol),

Fmoc-Pro (168.7 mg, 0.50 mmol), Fmoc-Glu (OtBu) (212.8 mg,



EST-MS: Calcd for 0164H263N31075: [M2B]2+ 1290.6, found, 1290.7 [0172] Example 5Production of
Ac-Gly-Ser-Gly-Met-Ala Wang resin (manufactured by Merck) (100 pawas placed in a solid-phase
synthesis column, and it was then fully washed with methylene chloride (DON) and DMF. Thereafter,
the resultant was fully swollen with DOM. Fmoc-Ala (0.50 mmol), MSNT (0.50 mmaol), an_d
Nmethylimidazole (0.375 mmol) were dissolvedin93ON (1.5 mi.), and the obtained solution was t_hen
placed in the solid-phase synthesis column, followed by stirring at 25C for 2 hours. After completion of
the stirring operation, the resin was fully washed with DON and DMF, and the Fmoc group was treated
with a 20% pipefidifEIOME sétien Zmml) Bsrcls Airfites fowdeprotdctione After Washing with DMF, as

for the subseguent elopgation of a peptide chain, amino acids were successively condensed according
o 8§ hi}etrﬁ%d. ?OJ%IB)B]IMO r ar“ﬁ?ﬁ‘r%j a@d’\/\/ﬁgjée4 amifid grilp HadBeh protected by

to the below-mentione

an Fmoc group, H@RS 61.6:mar@ 60 mmed), and DISCILF 70,4k 63:4,19,,0.59 mmal) were dissolved

in DMF (2 mi,), and the obtained solution was then activated for 15 minutes. Thereatfter, the solution
was placed inthersaliddpkases syrithiesisecolumna Aftep stircingrat 256 far,1 Bewr; the Fmoc group was
Uemede”]%%%%%rt)—Gln—Pro—Trp(Boc)~Glu(OtBu)—Pro—Leu—Gln~Leu-

His (Trt)-Val-Asp (OtBu)~Lys (Boc)-Ala (SEQ ID NO: 16), was
obtained on the solid-phase resin. Thereafter, the Fmoc
group was treated with a 20% piperidine/DMF solution (2
mL) for 20 minutes for deprotection, the resultant was
then washed with DMF and DCM. Thereafter, a previously
prepared reagent K (TFA/water/phenol/thiocanisole/EDT =
82.5/5/5/5/2.5) was added to such an extent that the
resin was sufficiently immersed therein, and it was then
stirred at 25°C for 2 hours. It is to be noted that,
instead of the reagent K,
TFA/water/phenol/thiocanisole/EDT/TIPS =
81.5/5/5/5/2.5/1.0 may also be used. The resin was
removed by filtration, and the reaction solution was then
concentrated under a reduced pressure. The obtained
residue was purified by HPLC (Vydac column C8, 250 x 10
mm; developing solvents A: 0.1% TFA aqueous solution; and
B: 0.08% TFA; acetonitrile : water = 90 : 10; gradients

A : B =280 : 20 = 40 : 60; 30 minutes; flow rate: 4.0
ml/min) to obtain a l4-residue peptide, Cys-Gln-Pro-Trp-
Glu-Pro-Leu-Gln-Leu-His-Val-Asp-Lys-Ala (SEQ ID NO: 17).

[0168]




- 97 - pioeridine/DMF solution (2 mL) for 10 minutes for deprotection. These operations were repeated,
so that amino acids were successively condensed. As amino acids protected by the Fmoc groups,
Fmoc-Met(0) (193.8 mg, 0.50 mmol), Fmoc-(148.9 mg, 0.50 mmol), Fmoc-Cys(Trt) (292.9 mg, 0.50
mmol), and Fmoc-Gly (148.9 mg, 0.50 m=1) were used, and a 5-residue peptide having a protecting
group, Fmoc-Gly-Cys(Trt)-Gly-Met(0)-Ala (SEQ-1DPNO: 21), was obtained on the solid-phase resin.
Thereafter, the Fmoc group was treated with a 20% piperidine/DMF solution (2 mL) on the resin for 10
minutes for deprotection, and free amino groups were then protected by acetyl using a 20% acetic
anhydride/DMF solutioh (1925 inlbhAfter washirepwitk DMF-arebDOM, @ previosly piepared reagent
(7-FA/water/TIPS = 95/2.5/2.5) was added tg such an extent that the resin was sufficiently immersed

therein, and itwal tHert &tir8H at25CT6r 2 holRe THeTESHIAAY réMiovea D fttafion, and 20 mL of
diethyl ether was then added fo thefilirate forprecipitation. The pracipifate was filirated, and the filtrate

was then dissolved in a 0.1% TEA aqueous solution. The obtained solution was concentrated under a

reduced pressures andithe resultant wassthenifreewe:-dried toobtaip Bambdurencemprising a 5-residue

peptide, Ac-Gly-Cys-Glyt(0)-Ala (SEQ ID NO: 22), wherein the sulfur atom of the methionine at

position 4 was bxtlifedjoen4pr Dgtube 5 aglofithe wbisinedd-fesidiue peptide (SEQLID NO: 22)

mixture, whergifn the %ulfur atggl %futF
a

fur, atom %em_etpi ige_ 5\} position 4 Q%d bee oxlildize%7ivr\1/as_pl_aced ina

round-bottom f si, &nd it was dissolved in f(?)HInl of a 6%ﬁ/llﬂls-?¢|§l ‘guﬁe%}é; conﬁalnlng 6 M

guanidine  hydrochloride). Thereafter, thiophenol (1 ulL) and
benzylmercaptan (1 uL) were added to the solution at 25°C,
and a reaction was then carried out at 37°C. Twenty-six
hours later, after confirming by HPLC that the reaction
had been terminated, the reaction solution was purified
by HPLC (Vydac column C18, 250 x 4.6 mm; developing
solvents A: 0.1% TFA agueous solution; and B: 0.08% TFA;
acetonitrile : water = 90 : 10; gradients A : B = 80 : 20
— 50 : 50; 60 minutes; flow rate: 1.0 ml/min) to obtain
1.5 mg of a 20~residue sugar chain-added peptide, Ala-
Leu-Leu-Val-Asn{(Oligosaccharide chain)-Ser-Cys-Gln-Pro-~
Trp-Glu-Pro-Leu-Gln-Leu-His~Val-Asp-Lys~Ala (SEQ ID NO:
18).
[0169]

1.5 mg (0.39 pmol) of the obtained 20-residue sugar

chain-added peptide (SEQ ID NO: 18) was placed in a
round-bottom flask, and it was dissolved in 0.39 mL of a
0.25 M Tris-HCIl buffer (pH 8.6; containing 6 M guanidine
hydrochloride solution and 3.3 mM EDTA) and 0.13 mL of

acetonitrile. Thereafter, methyl-4-nitrobenzenesulfonate

(1.7 mg) was added to the solution at 25°C. Forty




hydrochloride solution and 3.3 miM ROTA2- mercaptoethanol (7 tL) was added to the obtained
solution, and the obtained mixture was then stirred for 10 minutes. Thereafter, 3.3 ml of an acetonitrile
solution containing methyl-4-nitrobenzenesulfonate (66 ,g) was added to the reaction solution.
Twenty-rive minutes later, a 10% TEA solution (1.0 mL) was added thereto for neutralization_
Thereafter, diethyl ether was added thereto to carf/out an extraction operation 3 times. After a water
layer had been concentrated under a reduced pressure, the obtained residue was purified by EPIC
(Vydao column C18, 250 x 10 mm; developing solvents A: 0.1% TEA aqueous solution; and B: 0.09%
TEA; acetonitfileruyater=29010;gratlient§ FA solution (1.5 mL) was added

thereto, so that the pH of the solution was adjusted to
be pH 4. Thereafter, diethyl ether was added thereto to
carry out an extraction operation. After a water layer
had been concentrated, the obtained residue was purified
by HPLC (Vydac column C4, 250 x 4.6 mm; developing
solvents A: 0.1% TFA agueous solution; and B: 0.08% TFA;
acetonitrile : water = 90 : 10; gradients A : B = 80 : 20
= 55 : 45; 60 minutes; flow rate: 1.0 ml/min) (wherein a
Cl8 column can also be used in the purification, instead
of the aforementioned C4 column) to obtain 1.6 mg of a
20-residue sugar chain-added peptide, Ala-Leu-Leu-Val-
Asn(Oligosaccharide chain)-Ser-Cys (Me)-Gln-Pro-Trp-Glu-
Pro-Leu-Gln-~Leu-His-Val-Asp-Lys—-Ala (SEQ ID NO: 19},
wherein the sulfur atom of the cysteine residue was
methylated.

ESI-MS: Calcd for CiesHesN3i0745: [M+2H]?" 1300.7, found,
1300.4

[0170]

1.6 mg (0.4 pmol) of the obtained 20-residue sugar
chain-added peptide (SEQ ID NO: 19) wherein the sulfur
atom of the cysteine residue had been methylated was
placed in an Eppendorf tube, and it was dissolved in 0.4
mL of a 80% formic acid solution. Thereafter, 4.3 mg
(0.04 mmol) of cyanogen bromide was added to the solution
at 25°C. The reactor was shaded from light, and a

reaction was then carried out at 37°C. Thirty-five hours




A: B =100: 0100 :0 -* 60 : 40; 0 minute -3 5

later, the reaction sclution was frozen to terminate the
reaction. A 5% hydrazine hydrate (200 pL) was added to
the residue obtained after the freeze-drying of the
reaction solution, and the inside of the reaction system
was adjusted to be pH 10 to 11. Five minutes later,
acetic acid (5 uL) was added to the reaction system, so
that the inside thereof was adjusted to pH 8 to 9. The
resultant was purified by HPLC (Vydac column C4, 250 x
4.6 mm; developing solvents A: 0.1% TFA aqueous solution;
and B: 0.08% TFA; acetonitrile : water = 90 : 10;
gradients A : B = 80 : 20 — 50 : 50; 30 minutes; flow
rate: 1.0 ml/min) to obtain 0.7 mg of a 20-residue sugar
chain-added peptide, Ala-Leu-Leu-Val-Asn(Oligosaccharide
chain)-Ser-Ser-Gln-Pro-Trp-Glu-Pro-Leu-Gln-Leu-His~Val-
Asp-Lys-Ala (SEQ ID NO: 20), which was a glycopeptide of
interest.

[0171]

Thirty-four hours after a reaction with cyanogen
bromide, the reaction solution was concentrated under a
reduced pressure, and a 5% hydrazine hydrate (200 wL) was
added to the obtained residue, followed by stirring for
10 minutes. Thereafter, 5 ulL of acetic acid was added to
the reaction solution, and the obtained mixture was then
purified by HPLC. In this case also, the same 20-residue
sugar chain-added peptide (SEQ ID NO: 20) could be

obtained.




minutes -* 35 minutes; flow rate: 4.0 mlimin)to obtain 4 mg of a 5-residue peptide,

Ac-Gly-Cys(Me)-Gly-Met(0)-Ala (SEQ ID NO: 23), wherein the sulfur atom of the cysteine residue at

position 2 was methylated and the methionine residue at position 4 was oxidized. [0175]

3.8 mg of

the obtained 5-residue peptide (SEQ ID NO: 23), wherein the sulfur atom of the cysteine residue at

-~ 06 -

ESI-MS: Calcd for CiesHaesN3iO7s: [M+2H]?' 1290.6, found,
1290.7

(0172]

Example 5 Production of Ac~-Gly-Ser-Gly-Met-Ala

Wang resin (manufactured by Merck) (100 pmol) was
placed in a solid-phase synthesis column, and it was then
fully washed with methylene chloride (DCM) and DMF.
Thereafter, the resultant was fully swollen with DCM.
Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol), and N-
methylimidazole (0.375 mmol) were dissolved in DCM (1.5
mL), and the obtained solution was then placed in the
solid~phase synthesis column, followed by stirring at
25°C for 2 hours. After completion of the stirring
operation, the resin was fully washed with DCM and DMF,
and the Fmoc group was treated with a 20% piperidine/DMF
solution (2 mL) for 15 minutes for deprotection. After
washing with DMF, as for the subsequent elongation of a
peptide chain, amino acids were successively condensed
according to the below-mentioned method.

[0173]

An amino acid whose amino group had been protected
by an Fmoc group, HOBt (67.6 mg, 0.50 mmol), and DIPCI
(77.0 pL, 63.1 mg, 0.50 mmol) were dissolved in DMF (2
mlL), and the obtained soclution was then activated for 15
minutes. Thereafter, the solution was placed in the

solid-phase synthesis column. After stirring at 25°C for

1 hour, the Fmoc group was treated with a 20%




- 99 - position 2 had been methylated and the methionine residue at position 4 had been oxidized, was
placed in an Eppendorf tube, and it was dissolved in 3.1 mL of a 80% formic acid solution. Thereafter,
79.0 mg of cyanogen bromide was added to the solution, and the reactor was then shaded from light.
The reaction solution was stirred under argon-substituted conditions at 37C for 39 hours. After
completion of the reaction, the resultant was subjetted to vacuum concentration to obtain a residue
containing an ester form as a reaction intermediate. [0176] The obtained residue was placed in an
Eppendorf tube, and it was dissolved in 1.25 mL of a sodium phosphate buffer (containing 6 M
guanidine hy@riaeploritier T R) sfollowed by (Stirrihg farods ifinutesuThereafter, 3.6 ral of trifluoroacet
c acid, 22 mg of ammonium iodidﬁj, and 11 RI, of dimethyl sulfide were added to the reaction solution,

and the obtaif8 TXfrE WAS ther Efife PRE ATbORT RniSerat i8R T Rirt mirttes ftér, 10 mL of water
was added to-hereaction solution, and the obtained salytion was then separated and washed with

carbon tetrachloride. A water layer was concentrated under a reduced pressure, and the obtained

residue was thentprified hyHPLE Rybiaceatupn 0¥8,:2501% 4(6 mm1 developing solvents A: 0.1%
TFA agueous solution; and B: 0.09% LTA, acetonitrile : water = 90 : 10; gradients A : B=100:0 -->
100 : 0 -> 60 ™40 0 /mintRe =S Eimihbités ¢ 700 - 0 654nirtees; flowrreCY.O (HFmin) to obtain 2.6 mg

SIS, Calct tor CIOZONAOY. [T 71 460 2 Tird Hod 5 01771 EAcuhpid sBTbtoton of

Ser-Thr(GalNA)Ala@;PEdrd a 5-residue peptide having a protecting

AIa-His-GIy-VaI-Thr-Ser-AIa—Pro-Asp-Thr-Arg-Pro-AIa—Pro-GIy-Ser-Thr(éalNAC)-AIa-Pro-Pro-AIa-His-

Gly-Val-Thr-SEroMaRPERASp G -ArgsRio-Ala=Ply-Efgt (O) -Ala (SEQ ID NO: 21),
was obtained on the solid-phase resin. Thereafter, the
Fmoc group was treated with a 20% piperidine/DMF solution
(2 mL) on the resin for 10 minutes for deprotection, and
free amino groups were then protected by acetyl using a
20% acetic anhydride/DMF solution (1.25 mL). After
washing with DMF and DCM, a previously prepared reagent
(TFA/water /TIPS = 95/2.5/2.5) was added to such an extent
that the resin was sufficiently immersed therein, and it
was then stirred at 25°C for 2 hours. The resin was
removed by filtration, and 20 mL of diethyl ether was
then added to the filtrate for precipitation. The
precipitate was filtrated, and the filtrate was then
dissolved in a O.l% TFA aqueous solution. The obtained
solution was concentrated under a reduced pressure, and
the resultant was then freeze-dried to obtain a mixture
comprising a 5-residue peptide, Ac-Gly-Cys-Gly-Met (0)-Ala
(SEQ ID NO: 22), wherein the sulfur atom of the
methionine at position 4 was oxidized.

[0174]




Amino-PEGA resin (manufactured by Merck) (100 was placed in a solid-phase synthesis column, and
it was then fully washed with methylene chloride (DON) and DMIT. Thereafter, the resultant was fully
swollen with ONE. 4- hydroxymethy1-3-methoxyphenoxy butyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol), and N-ethylmorpholine (0.25 mmol) were dissolved in ONE (2 mL), and the obtained
solution was then placed in the column, followed HBstirring at 25C for 2 hours. Thereafter, the resin
was fully washed with DMF and DON to obtain an HMPB-PEGA resin. The obtained HMPB-PEGA
resin was used as a solid-phase carrier in solid-phase synthesis. [0178] Fmoc-Gly (0.50 mmol),
MSNT (0.50 mmol) Samy Nedethiimidazele: (31325 nemol wereadissoleed #EDAN (45:ml), and the
obtained solulgé)n was then placed in the solid-phase synthesis column, followed by stirring at 25C for

3 hours. After'éompPietioR St thd 3Gffng” - 163 -Sspperafiofi, B raSintWas Washea Wittt DON and DMF,
and the Fmog,group;was ireated with,.a 2Q%pipeqding/QME selution (2 1ill). (ar 10 minutes for

deprotection. After washing with DMF, as for the subsequent elongation of a peptide chain, amino
acids were sugcessivelylearidensed according da the belowv-mentioned methodo [Q579] An amino
acid whose amino group had been protected by an Fmoc group, HOBt (67.6 mg, 0.50 mmol), and
DIPCI (77.0 piX 63 Fmyg, 056 fdmob véte tisSEvéd im BV 4 thiguand $ié8btained solution was

then ac_ti\{ateqlgjo%tw gﬁr&tgg.eTg%r Q{tgg, nthgnsglléti@ \r/nvl@}s%%e)d_in gw_e solid-phase synthesis column.
After stirring at'2 C for

mercaptoethanol (7 uL) was added to the obtained solution,
and the obtained mixture was then stirred for 10 minutes.
Thereafter, 3.3 mL of an acetonitrile solution containing
methyl-4-nitrobenzenesulfonate (66 mg) was added to the
reaction solution. Twenty-five minutes later, a 10% TFA
solution (1.0 mL) was added thereto for neutralization.
Thereafter, diethyl ether was added thereto to carry out
an extraction operation 3 times. After a water layer had
been concentrated under a reduced pressure, the obtained
residue was purified by HPLC (Vydac column C18, 250 x 10
mm; developing solvents A: 0.1% TFA agueous solution; and
B: 0.09% TFA; acetonitrile : water = 90 : 10; gradients

A ¢+ B=100 : 0 - 100 : 0 —» 60 : 40; 0 minute — 5
minutes — 35 minutes; flow rate: 4.0 ml/min) to obtain 4
mg of a S-residue peptide, Ac-Gly-Cys (Me)~Gly-Met (O)-Ala
(SEQ ID NO: 23), wherein the sulfur atom of the cysteine
residue at position 2 was methylated and the methionine

residue at position 4 was oxidized.

3.8 mg of the obtained 5-residue peptide (SEQ ID NO:

23), wherein the sulfur atom of the cysteine residue at




1 hoar, the Fmoc group was treated with a 20% pipne/DMF solution (2 ml,) for 10 minutes for
deprotection. These operations were repeated, so that amino acids were successively condensed. As
amino acids protected by the Fmoc groups, Fmoc-Pro, Fmoc-Ala, FmocPro, Fmoc-Arg (Pbf),
Fmoc-Thr (tBu), Fmoc-Aso (OtBu), Fmoc-Pro, Fmoc-Ala, Fmoc-Se,_ (tBu), Fmoc-Thr tBu), FmocVal,
Fmoc-Gly, Fmoc-His (Trt), Fmoc-Ala, Fmoc-Pro, FriocPro, and Fmoc-Ala were used. On the
solid-phase resin, a 18-residue peptide having a protecting group,
Fmoc-Ala-Pro-Pro-Ala-His(Trt)-Gly-Val-Thr(tBuj-Ser(t3u)-Ala-Pro-Asp(OtBu)-lhr(tBu)-Arg(Pbf)-Pro-Ala-
Pro-Gly (SEQC > NG:25)2 wasbbtaisednfil80] at 02 and This 18«ekidueipeptideshavirg a protecting
group (SEQ ID NO: 25) was treated with a 20% piperidine/DMF solution (2 mL) on the resin for 10
minutes for dépratection-SFthé FRdc rstp CKftertheFestitanthsif5&er Washed with DMF and DON,

Fmoc-Thr(GaiNAG) (2,20 mumol, HOB! (0:50,mma).and DIRCH 050 moyo) ot had been dissolved in

DMF (3.6 mL) and had been activated for 15 minutes were added to the resultant. After the reaction
for 5 hours, theoEmior group veas treated. withha 20%¢ pipefiding/DMi;selatiorn £2 sale)for 20 minutes for
deprotection to obtain a 19-residue sugar-added peptide having a protecting group,

Thr(GalNAC)- AT PP riaRIafist T 6Ty Va- BBt Sor (BT AT P ré SRS OB U S

Thr(tBu)-Arg(%bQ-Pr -Ala-Pra-rly (S %I NQO. 26), on the solid-phase resin. [0181] 0.02 mmol out
of the obtained 1 -rgz}al(%%u%g%édgé tlge'pti(?(-%rl ﬁa\ﬁﬁa%tﬁﬁ)?ecstl%%%r%%% ID NO: 26) on the

solid-phase resin wasitransferred igto,anetber selid-phase synthesisscalumyy, Bog-Ser@Bu) (0.1 =al),
DIPCI (0.1 m=1), and HOBt (0.1 mmol) that had been dissolved in 0.5 mL of DMF and had been
activated for PR wiiRutesWers added te thetolinr ledra sedction, was ¢here safrisghaut for 1 hour.

Thereatfter, the reaction solutign was filtrated, and acetic acid : trifluoroethanol = 1 :
was subjected to vacuum concentration to obtain a residue

containing an ester form as a reaction intermediate.
[0176]

The obtained residue was placed in an Eppendorf tube,
and it was dissolved in 1.25 mL of a sodium phosphate
buffer (containing 6 M guanidine hydrochloride; pH 7.2),
followed by stirring for 45 minutes. Thereafter, 3.6 mL
of trifluoroacetic acid, 22 mg of ammonium iodide, and 11
puL of dimethyl sulfide were added to the reaction
solution, and the obtained mixture was then stirred at a
room temperature. Thirty minutes later, 10 mlL of water
was added to the reaction solution, and the obtained
solution was then separated and washed with carbon
tetrachloride. 2 water layer was concentrated under a
reduced pressure, and the obtained residue was then
purified by HPLC (Vydac column C18, 250 x 4.6 mm;
developing solvents A: 0.1% TFA aqueous solution; and B:
0.09% TFA; acetonitrile : water = 90 : 10; gradients A :

B = 100 ¢ 0 - 100 : 0 - 60 : 40; 0 minute — 5 minutes




were added thereto to such an extent that the resin was sufficiently immersed therein. Fourteen hours
later, the - 103 - resin was removed by filtration, and the filtrate was then concentrated under a
reduced pressure to obtain a residue containing a 20-residue sugar-added peptide having a protecting
group, Boc-Ser(tBu)-Thr(GalNAc)-AlaPro-Pro-Ala-
His(Irt)-Gly-Val-Thr(tBu)-Ser(tau)-Ala-ProAsp(OtE@ Thr(t3u)-Arg(Pbf)-Pro-Ala-Pro-Gly (SEQ ID NO:
27). [0182] 75 mg (35 !'Imo’) of the obtained 20-residue sugar-added peptide having a protecting
group (SEQ ID NO: 27) and 123 [11 (105 mmol) of benzylmercaptan were added to 3.5 ml. of DMF,
and the obtairedomixtarexwas then stirred ire anlargonatmosphere alb-20Chfor 1chowr. dhereafter,
PyBOP (91 mg, 175 umol) and DIPEA (30 W., 175 !Imo].) were added to the reaction solution, and the
obtained mixfre Was thehSstitfedfor 2.5 houFs: Therdafter” ikt dtfémas Soded 6 tRe reaction

solution to precipiate afystals, followed by filtsation: J Rgywasgr/ TIPS = 95/2.5/2.5 was added to the

obtained residue to such an extent that the resin was sufficiently immersed therein, and the obtained
mixture was then-stisredcati 25C farr2 howrs NThe: reginrwas ‘feroved py filtration, asd the filtrate was
then concentrated, so that the obtained residue was recovered. The obtained residue was purified by
HPLO (Vydad B8IUfrn CS, 250 x 10 mm; developing solvents A: 0.1% TEA aqueous solution; and 3:

0.09% TEA; acetonitrile : water,= 90 : 10; gradien A_:ﬁp: g : -.104 - -* 60 : 40; 30 minutes; flow
rate: 4.0 xi/m?jr%%o% ?aiﬁ a 20-rpers(|) ﬁgjgﬁ%r-ggd%ﬁep |(§e? %\lllngctgenz%/ﬁhﬁgﬁgté}%? the O-terminus

thereof, Ser-BhréGaiNAQ:AlasRI0-PreAl8s r A1 a~Pro-Asp-Thr-Arg-Pro-Ala-Pro-

liis-Gly-Val-Thr-Ser-Ala-Pro-Asp-Thr-Arg-Pro-Ala-ProGly-S2n (SEQ ID NO: 28).
Gly-Ser-Thr (GalNAc)~Ala-Pro-Pro-Ala-His-Gly-Val-Thr-Ser-
Ala-Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly

Amino~PEGA resin (manufactured by Merck) (100 pmol)
was placed in a solid-phase synthesis column, and it was
then fully washed with methylene chloride (DCM) and DMF.
Thereafter, the resultant was fully swollen with DMF. 4-
hydroxymethyl-3-methoxyphenoxy butyric acid (HMPB) (0.25
mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25
mmol) were dissolved in DMF (2 mL), and the obtained
solution was then placed in the column, followed by
stirring at 25°C for 2 hours. Thereafter, the resin was
fully washed with DMF and DCM to obtain an HMPB-PEGA
resin. The obtained HMPB-PEGA resin was used as a solid-
phase carrier in solid-phase synthesis.
[0178]
Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol), and N-

methylimidazole (0.375 mmol) were dissolved in DCM (4.5
ml), and the obtained solution was then placed in the

solid-phase synthesis column, followed by stirring at

25°C for 3 hours. After completion of the stirring




[0183] On the other hand, 0.02 mmol out of the previously obtained 19-residue sugar-added
peptide having a protecting group (SEQ ID NO: 26) on the solid-phase resin was transferred into
another solid-phase synthesis columnBoc-Thia (0.04 mmol), DIPCI (0.1 mmol), and HOBt (0.1 mmol)
that had been dissolved in 1.5 mL of DMF and had been activated for 15 minutes were added to the
column, and a reaction was then carried out fof 26%inutes. Thereafter, the reaction solution was
filtrated, and a reagent (TFA/water/TIPS = 95/2.5/2.5) was added thereto to such an extent that the

resin was sufficiently immersed therein. The obtained mixture was stir 25C for 2 hours. The resin was
removed by fP&FGH, ‘&t tHe ftrafeShasiRén Cafdastrate8h TRebbidiAe@¥esidaa dvds dissolved in 2.1

ml of 0.2 M methoxyamine and 0,1 M sodjum. phosphate buffer (pH 4, contajnin guanidine
hydrochloride I,ngg that the tﬁ%siolﬁﬁg aa%ﬁée Njﬁe}rlmfg@v@ag %88]6%3 elcf] t%(}r@%?oﬁérfi%%.lgﬁereaﬁer, the

reaction solution ms puwiiechby HRLQ Wydac ealymn:Q8,:220.x 1Gymi;.deyeleping solvents A: 0.1%
TEA aqueous solution; and 3: 0.08% TEA; acetonitrile : water =90 - 105 - 10; gradients A : B =90 :

10 -> 60 : 40730 miRlites; flswirate:the nsiinig go obtain Bo2Qésidoe sfigar-addéed gpeptide,
Cys-Thr(GalNAc)-Ala-Pro-Pro-Ala-His-Gly-," -ThrSer-Ala-Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly (SEQ ID
NO: 29). [01941 %7 13Ty bt tRE 1T B6GEMES6.36SiANE SligaPRdaBd Feptids 8L b NO: 29) and

12 mg of the previgusly optained 20-residue peptide having benzylthioester at the 0-terminus thereof
(SEQ ID NO: 28) were dissolved in 2.9 mL of a phosphate buffer (ph 7.2; containing 6 M guanidine

hydrochloride)0Théreafter, 30 mg of 4- mercaptophenylacetic acid and 17 mg of tris(2-
carboxyethyl)phosphine were added to the above solution, and a reaction was then carried out for 3
hours. The reaction’SolGfigr B PutifiddIRLHPEE /YR COIthRA 08 2505 20 PR developing

solvents A: 0,1% 1EA.agueou solutign;.an fgo 09% TEA. acetonitrile : wate :E%Q : 10; gradients A :
b . . ),
B=90:10-4 goé:iréllo; H?}gcml E%é? ’flollg\?fBa%teg : rgll%?ri) E) o%ﬁtaln iof;{t g 5fa 4é;re5|due sugar-added

peptide, (77.0 uL, 63.1 mg, 0.50 mmol) were dissolved in DMF (4
Ser-Thr(GalNAc)-Ala-Pro-Pro-Ala-His-Gly-Val-Thr-Ser-Ala-Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly-Cys-lhr(
GaiNAc)-AlaPro-PratAlatiis-Gh-vahThr-Set-Ald-Prosp-TheArg-ProvasroiGly (BEQ ID NO: 30).

minutes. Thereafter, the solution was placed in the
solid-phase synthesis column. After stirring at 25°C for
1 hour, the Fmoc group was treated with a 20%
piperidine/DMF solution (2 mL) for 10 minutes for
deprotection. These operations were repeated, so that
amino acids were successively condensed. As amino acids
protected by the Fmoc groups, Fmoc-Pro, Fmoc-Ala, Fmoc-
Pro, Fmoc~Arg (Pbf), Fmoc~-Thr (tBu), Fmoc-Asp (OtBu),
Fmoc-Pro, Fmoc-Ala, Fmoc-Ser (tBu), Fmoc-Thr (tBuj, Fmoc-
Val, Fmoc-Gly, Fmoc-His (Trt), Fmoc-Ala, Fmoc—~Pro, Fmoc-
Pro, and Fmoc-Ala were used. On the solid-phase resin, a
18-residue peptide having a protecting group, Fmoc-Ala-
Pro-Pro-Ala-His (Trt)-Gly-Val-Thr (tBu)-Ser (tBu)-Ala-Pro-
Asp (OtBu) ~Thr (tBu) -Arg (Pbf)-Pro-Ala~-Pro-Gly (SEQ ID NO:
25), was obtained.

[0180]




[0185] 16 mg of the obtained 40-residue sugar-added peptide (SEQ ID NO: 30) was placed in a
round-bottom flask, and it was dissolved3.8 mL of a 0.25 M Tris-HCI buffer - 106 - (pH 8.6; containing
6 M guanidine hydrochloride solution and 3.3 mM EDTA). Thereafter, 2-mercaptoethanol (3 pL) was
added to the obtained solution, and the obtained.mixture was then stirred for 10 minutes.
Subsequently, 1.27 mn of acetonitrile containiﬁglzrajB(mQ of methy1-4- nitrobenzenesulfonate was
added to the reaction solution. Twenty-five minutes later, 0.45 mL of a 10% TFA solution was added to
the reaction solution for neutralization, and 2 mL of diethyl ether was then added thereto, followed by

separation and washing 3 imes SARBF akvAtsr Ayel Aidbech concehtrated uddErE reduced pressure,

the obtained residuepvas puritied by HRLC (Vydag column 84, 250 4.6;mim; deneloping solvents A:
0.1% TFA aqueous solution;and B:0.08% TFA,; acetonitrile :water = 90: 10;gradients A:B - 100:0

solution (2 mL) on the resin for 10 minutes for
deprotection of the Fmoc group. After the resultant had
been washed with DMF and DCM, Fmoc-Thr (GalNAc) (0.20
mmol), HOBt (0.50 mmol), and DIPCI (0.50 mmol) that had
been dissolved in DMF (3.6 mlL) and had been activated for
15 minutes were added to the resultant. After the
reaction for 5 hours, the Fmoc group was treated with a
20% piperidine/DMF solution (2 mL) for 20 minutes for
deprotection to obtain a 19-residue sugar-added peptide
having a protecting group, Thr(GalNAc)-Ala-Pro-Pro-Ala-
His (Trt)-Gly-Val-Thr (tBu)-Ser (tBu)-Ala~-Pro-Asp (OtBu) -

Thr (tBu) ~Arg (Pbf) -Pro-Ala-Pro-Gly (SEQ ID NO: 26), on the
solid-phase resin.

[0181]

0.02 mmol out of the obtained 19-residue sugar-added
peptide having a protecting group (SEQ ID NO: 26) on the
solid-phase resin was transferred into another solid-
phase synthesis column. Boc-Ser(tBu) (0.1 mmol), DIPCI
(0.1 mmol}), and HOBt (0.1 mmol) that had been dissolved
in 0.5 mL of DMF and had been activated for 15 minutes
were added to the column, and a reaction was then carried
out for 1 hour. Thereafter, the reaction solution was
filtrated, and acetic acid : trifluoroethanol = 1 : 1
were added thereto to such an extent that the resin was

sufficiently immersed therein. Fourteen hours later, the




-* 100:0 -4 90:10 60 :40;0 minute--), 10 minutes -* 40 minutes; flow rate: 1.2 ml/min)to obtain 13 mg of
a mixture comprising a 40-residue sugar-added peptide,
Ser-Thr(GalNAc)-Ala-Pro-Pro-Ala-His-Gly-Val-Thr-Ser-Ala-Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly-Cys(Me)-
Thr(GaINAc)-AIa—Pro-Pro-AIa-His-GIy-VaI-Thr-SelrbAéla-Pro-Asp-Thr-Ar_-AIa-

resin was removed by filtration, and the filtrate was
then concentrated under a reduced pressure to obtain a
residue containing a 20-residue sugar-added peptide
having a protecting group, Boc-Ser (tBu)-Thr (GalNAc)-Ala-
Pro-Pro-Ala- His(Trt)-Gly-Val-Thr (tBu)-Ser (tBu)-Ala-Pro-
Asp (OtBu)-Thr (tBu)-Arg (Pbf)-Pro~Ala-Pro-Gly (SEQ ID NO:
27) .

[0182]

75 mg (35 umol) of the obtained 20-residue sugar-
added peptide having a protecting group (SEQ ID NO: 27)
and 123 pul (105 pmol) of benzylmercaptan were added to
3.5 ml of DMF, and the obtained mixture was then stirred
in an argon atmosphere at -20°C for 1 hour. Thereafter,
PyBOP (91 mg, 175 pumol) and DIPEA (30 ul, 175 umol) were
added to the reaction solution, and the obtained mixture
was then stirred for 2.5 hours. Thereafter, diethyl
ether was added to the reaction solution to precipitate
crystals, followed by filtration. TFA/water/TIPS =
95/2.5/2.5 was added to the obtained residue to such an
extent that the resin was sufficiently immersed therein,
and the obtained mixture was then stirred at 25°C for 2
hours. The resin was removed by filtration, and the
filtrate was then concentrated, so that the obtained
residue was recovered. The obtained residue was purified
by HPLC (Vydac column C8, 250 x 10 mm; developing
solvents A: 0.1% TFA agueous solution; and B: 0.08% TFA;

acetonitrile : water = 90 : 10; gradients A : B = 90 : 10




Pro-Gly (SEQ ID NO: 31), wherein the sulfur atom of the cysteine residue at position 21 was
methylated. [0186] 12 mg of the obtained mixture comprising the 40- res due sugar-added peptide
(SEQ, ID NO: 31), wherein the sulfur atom of the cysteine residue at position 21 had - 107 - been
methylated, was placed in a round-bottom flask, and it was dissolved in 2.9 mi., of aformic acid
aqueous solution. Thereafter, 152 mg of cyanogéerPromide was added to the solution at 25C. The
reactor was shaded from light, and a reaction was then carried out at 37C. Thirty-six hours later, the
reaction solution was concentrated under a. reduced pressure. The residue was dissolved in 2.9 ml of
trifluoroacetic-acidl) and4herexiteni2 4tmg of Ammonium iodid€ and/24 pl of dimetis/d sulfide were

added thereto, followed by a reaction at a room temperature for 3Q minutes. Thirty minutes later, 6 ml
SRR I ERE L 3 S R i L S bata s

loe . .
re then Carried out using

carbon tetrachloride. Acwaterlayerawas coneentrated under @reduced pressire.-and the residue was
then dissolved in 1.4 ml of a 5% hydrazine aqueous solution, followed by a reaction at a room,

temperature ot 40 mint€s. yFer intfitesJater 204 45mb o sicelit ackinya® addaddo e reaction
solution, and the obtained mixture was then purified by HPLC (Vydac column 0-4, 250 x 4.6 mm;
developing sGivEAtsHA: 56724 KeARK4%agueous solution; and B: acetonitrile; gradients A : B - 90 : 10

-*70:30; 60 mi[lgtje]s; flow rate: 1.0 mi/min) to obtain 2.3 mg of a 40-residue sugar-added peptide of
interest,

Ser-Thr(GalNAc)-AlanPronBre-Ma-His-Gly-Val- - sercAlacRro-Aspchi-ArgeRie-Ala-Pro-Gly-Ser-Thr(

GaiNAc)-Ala-Pro- - 108 - Pro-Ala-His-Gly-Val-Thr-Ser-Ala-Pro-Asp-Thr-Arg-Pro-AlaPro-Gly (SEQ ID

NO: 32). obtained 19-residue sugar-added peptide having a
protecting group (SEQ ID NO: 26) on the solid-phase resin
was transferred into another solid-phase synthesis column.
Boc-Thia (0.04 mmol), DIPCI (0.1 mmol), and HOBt (0.1
mmol) that had been dissolved in 1.5 mL of DMF and had
been activated for 15 minutes were added to the column,
and a reaction was then carried out for 20 minutes.
Thereafter, the reaction solution was filtrated, and a
reagent (TFA/water/TIPS = 95/2.5/2.5) was added thereto
to such an extent that the resin was sufficiently
immersed therein. The obtained mixture was stirred at
25°C for 2 hours. The resin was removed by filtration,
and the filtrate was then concentrated. The obtained
residue was dissolved in 2.1 ml of 0.2 M methoxyamine and
0.1 M sodium phosphate buffer (pH 4; containing 6 M
guanidine hydrochloride), so that the thiazoline at the
N-terminus was subjected to ring-opening. Thereafter,
the reaction solution was purified by HPLC (Vydac column
C8, 250 x 10 mm; developing solvents A: 0.1% TFA agueous

solution; and B: 0.08% TFA; acetonitrile : water = 90




ESI-MS: Calcd for: LM-4-31-1]388.5, found, 1388.6 [0187] Example 7Production of
Glu-Ser-Asn-Gly-Th Leu-Thr- Leu Trt chloride resin (manufactured by Merck) (100 4mol) was
placed in a solid-phase synthesis column, and it was then fully washed with methylene chloride (DON)
and DMF. Thereafter, the resultant was fully swollen with DON. After filtration, Fmoc-Gly (0.20 mmol)
and DIPEA (0.4 mmol) were dissolved in DON'(O%)G[3 mL), and the obtained solution was then placed in
the solid-phase synthesis column, followed by stirring at 25C for 2 hours. After completion of the
stirring operation, the resit was sufficiently washed with DON : MeOH: DIPEA =17 : 2 : 1, DON, and
DMF, and thé s gt ivas Areatéd Withh 203 piperieline/DMF s8Rt (2 FaE) for 20 minutes for

deorotection.ﬁf&gj vgg?}gipg 4Wi6h S%z?lrzﬂﬁs) fo,{ éh%gggs%q%er}t&_lg—,@%q%%o; %ﬁl o%g%%%{ég%in, amino

acids were successively conden according to the below-mentione An amino
acid wnose agaipe greyp dag-treen protected - HOBtH 63 -Gomg, 0150-rwaell1and/RiITRE - (77.0 tL, 63,1

mg, 0,50 mmol) were dissolved in DMF (2 mL), and the obtained solution was then activated for 15
minutes. Theb&dfterla-Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly (SEQ ID NO: 29).
[0184]

13 mg of the thus obtained 20-residue sugar-added
peptide (SEQ ID NO: 29) and 12 mg of the previously
obtained 20-residue peptide having benzylthiocester at the
C-terminus thereof (SEQ ID NO: 28) were dissolved in 2.9
mL of a phosphate buffer (pH 7.2; containing 6 M
guanidine hydrochloride). Thereafter, 30 mg of 4-
mercaptophenylacetic acid and 17 mg of tris(2-
carboxyethyl)phosphine were added to the above solution,
and a reaction was then carried out for 3 hours. The
reaction solution was purified by HPLC (Vydac column C8,
250 x 10 mm; developing solvents A: 0.1% TFA aqgueous
solution; and B: 0.09% TFA; acetonitrile : water = 90
10; gradients A : B = 90 : 10 — 60 : 40; 30 minutes;
flow rate: 4.0 ml/min) to obtain 18 mg of a 40-residue
sugar-added peptide, Ser-Thr (GallNAc)-Ala-Pro-~-Pro-Ala-His-
Gly-Val-Thr-Ser-Ala-Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly-Cys-
Thr {GalNAc)~Ala-Pro-Pro-Ala~His~Gly-Val-Thr-Ser-Ala-Pro-
Asp~-Thr-Arg~Pro-Ala-Pro-Gly (SEQ ID NO: 30).

[0185]

16 mg of the obtained 40-residue sugar-added peptide

(SEQ ID NO: 30) was placed in a round-bottom flask, and

it was dissolved in 3.8 mL of a 0.25 M Tris-HCl buffer




- 109 - the solution was placed in the solid-phase synthesis column. After stirring at 25C for 1 hour, the
Fmoc group was treated with a 20% piperid'ne/DMF solution (2 71) for 20 minutes for debrotection.
These operations were repeated, so that amino acids were successively condensed. As the protected
amino acids, Fmoc-Asn (177.2 mg, 0.50 mmol), Fmoc-Ser(tBu) (191.6 mg, 0.50 =1), and
Boc-Clu(OtBu) (151.6 mg, 0.50 mmol) were used.n the solid-phase resin, a 4-residue peptide
having a protecting group, Boc-Glu(OtBu)-Ser(tBu)-Asn-Gly (SEci ID NO: 33), was obtained. [01891
After the resultant had been washed with DMF and DCM, 2 mL of ACONMeOHDCM =5:4:1 was
added theretoPfollowed By A TRALHST afa¥odmAeHiberstuie $6°F Rotrs Two Rdurstater, the reaction

solution was recovered Qy filtration, and it was then concentrated under a reduced pressure to obtain a
residue. 1 mﬁ%% b\éehgerﬁegvf\ga%?é ded[%(%Il %%%&%ﬁﬁé, %n rg%gtarggi%eogp%argt?gn l\jvas}%ggn carried out

thereon. 2 times, andithe resultant wasdher dissolvediin0,. 81 ml ehDMhtEa thejobtained solution,
42.1 mg of PyBOP, 14 ml of DTPEA, and 57 pd of Penzylmercaptah were added in an argon
atmosphere BLGCUaAd tae oblened iixtire Wakthéh stiredtfor 30 miraesuAérlcompletion of the
reaction, thei;e%tion solytion was neutralized Wi4t5h a satura %d amm iumt%hl (_i(zg aqueous solution,
and it was then‘separatad ahd-washed with water 2110 ahd 4"Sattratdd sakine."An organic layer was

dried over magnesidm-sulfate, and jtwas then filtiated. Thereafter the filkatewas copgentrated under
a reduced pressure. The obtained residue was purified by silica gel column chromatography

(developing Soteentg=-éthyt acetate: e MelDkt ewater < 20mR2 of) to gdtheffractionisadontaining peptides
of interest, and thel%%athered fractions were then concentrated under a reduced pressure. The obtained

residue was HREoRedSH at 65 FRASRubHA] sdftioht Hhd 8 Fe A&t fas TRér Bamied out for 10

minutes. Theaggcgoglfoggiogi\g%%}cfgn%%@lt@teg under a redyced pressure to obtain a 4-residue
peptide having benzylthioester at the C-terminus thereof, Glu-Ser-AsnGly-SBn (SEQ ID NO: 34).

[01901 followed by separation and washing 3 times. After a
water layer had been concentrated under a reduced
pressure, the obtained residue was purified by HPLC
(Vydac column C-4, 250 x 4.6 mm; developing solvents A:
0.1% TFA agueous solution; and B: 0.08% TFA;
acetonitrile : water = 90 : 10; gradients A : B = 100 : O
- 100 : 0 — 90 : 10 — 60 : 40; 0 minute— 10 minutes —»
40 minutes; flow rate: 1.2 ml/min) to obtain 13 mg of a
mixture comprising a 40-residue sugar-—added peptide, Ser-
Thr (GalNAc)~-Ala-Pro-Pro-Ala~-His~-Gly-Val-Thr-Ser—-Ala~-Pro-
Asp-Thr-Arg-Pro-Ala-Pro-Gly-Cys (Me}-Thr (GalNAc)-Ala-Pro-
Pro-Ala-His-Gly-Val-Thr-Ser-Ala-Pro-Asp-Thr~-Arg-Pro-Ala-
Pro-Gly (SEQ ID NO: 31}, wherein the sulfur atom of the
cysteine residue at position 21 was methylated.

[0186]
12 mg of the obtained mixture comprising the 40-
residue sugar-added peptide (SEQ ID NO: 31), wherein the

sulfur atom of the cysteine residue at position 21 had




On the other hand, Wang resin (manufactured by Merck) (C.1 mmol) was placed in a solid-phase
synthesis column, and it was then fully washed with methylene chloride(DON) and DMF. Thereatfter,
the resultant was fully swollen with DON. Fmoc-Len (0.50 mmol), MSNT (0.50 mmol), and
N-methylimidazole (0.375 mrrbl) were dissolved in DON (2 mL), and the obtained solution was then
placed in the solid-phase synthesis column, followed By stirring at 25C for 2 hours. Two hours later,
the resin was fully washed with DON and DMF, and the Fmoc group was treated with a 20%
piperidine/DMF solution (2 Mb) for 20 minutes for debrotection. After washing with DMF and DON, as
for the subsetftfeht Binyativn Tt a pestide Sran, amirfo 26108 Weie stieReddivsl§ cotdénsed according

to the below-mentioned.mett}Lod.%191] ArLam' 0 a%iggwhose amino ?Epcl#)ﬂhad been protected,
vedi

HOBt (67.6 n%& 950 r%rlnsoﬁ)? and IJPrtIZ('i%.dnJ.iL? 50 mmool)z\(/)vgr%ais%% edin 2 mL of DMF, and the

obtained solWionwasthen@activateefor 151pinutes. dheseatier; dhe seliioaavasplaced in the
solid-phase synthesis CoitINM. After stirring at 25C for 1 hour, the Fmoc group was treated with a 20%
piperidine/DMEsedution (Zier 20 mindtes fer déordtectibheThese bperationssakerge@peated, so that
amino acids were successively condensed. As the protected amino acids, Emoc-Thr(tBu) (198.8 mg,

0.50 mmol) andPEmbEL By (157678 Ind, 56 Mol dverbiide ot aha £ 3-reidud peptide having a
protecting greyp. fpoosLeylhritBu)-L ey, was gbtaingd onthesolidephase,resin. Thereafter, the Fmoc

group was treated with a 20% piperidine/Dsolution (2 ml) for 20 minutes for deprotection. Then, a
threonine derivativerhaving @ protecting gredpcBdcdie(SSsed3u) isynthesizédeinvgynthesis Example
1 separately, HOBt (67.6 mg, 0.50 mmol), and DIPCI (77.0 ML, 0.50 mmol) that had been dissolved in
2 mL of DMF i Rad Rehthén Actiatet fbF 15 HNERECRES adddd to BHsolution. The obtained

n“XHHE\NaS'thereafter, 2.4 mg of ammonium iodide and 24 uL of

dimethyl sulfide were added thereto, followed by a
reaction at a room temperature for 30 minutes. Thirty
minutes later, 6 mL of water was added to the reaction
system, and separation and washing were then carried out
using carbon tetrachloride. A water layer was
concentrated under a reduced pressure, and the residue
was then dissolved in 1.4 mL of a 5% hydrazine agueous
solution, followed by a reaction at a room temperature
for 10 minutes. Ten minutes later, 0.14 mlL of acetic
acid was added to the reaction solution, and the obtained
mixture was then purified by HPLC (Vydac column C-4, 250
x 4.6 mm; developing solvents A: 50 mM AcONH4 agueocus
solution; and B: acetonitrile; gradients A : B = 90 : 10
— 70 : 30; 60 minutes; flow rate: 1.0 ml/min) to obtain
2.3 mg of a 40~residue sugar-added peptide of interest,
Ser-Thr {GalNAc)~ARla-Pro-Pro-Ala-His~-Gly-Val~-Thr-Ser-Ala-

Pro-Asp-Thr—-Arg-Pro~-Ala~Pro-Gly-Ser-Thr (GalNAc)-Ala-Pro-




then reacted for 3 hours to obtain a 4-residue Peptide having ao acting group,
Bo2-Thr(S-SsecBu)-Leu- - 112 - Thr(tBu)-Leu (SEQ ID NO: 35), on the solid-phase resin. A 95% TEA
agueous solution was added to the aforementioned 4-residue peptide, and a reaction was then carried
out at a room temperature for 2 hours. Thereafter, the resin was removed by filtration, and the filtrate
was then concentrated under a reduced pressureltdfobtain a 4-residue peptide having a Protecting
group, Thr(S-SsecBu)-Leu-Thr-Leu (SEQ ID NO: 36). [0192] 2.2 mg of the thus obtained 4-residue
peptide having a protecting group (SEQ ID NO: 36) and 2.2 mg of the previously obtained 4-residue
peptide havinguthioesteriSEQ 1D-NO 1 3Fhwe fe dissobrerlrin -3&snt i a-0.2d0M Bodidrmaphosphate buffer
(pH 7.3; containing 6 M guanidine hydrochloride and 20 mg of 4-mercaptophenylacetic acid), followed
by a reaction ?&%.%Wou%gggftépc ble%i%h ‘of the reaction, dithiotnreitol was added to the reaction

solution, and the; optained mixture was [tgggisﬁiﬁreq for1Q minutes, The ter, the reaction solution
was purified by HPLC (Cadenza column C18, 75 x 4.6 mm; developing solvents A: 0.1% TEA aqueous

solution; and B0 08170 TEA; acetonitrile : water = 90 : 10; gradients A: B=90: 10 -* 35: 65; 15
minutes; flow rate: 1.0 ml/mi to obtain a 8-residue peptide, Glu-Ser-Asn-Gly-Thr(SH)- Leu-Thr-Leu
(SEQ ID NO: B73MRhérein the sigehaimnirydrokylgreupor the inetrineresidrie-atposition 5 was
substituted WEQ a thiol group. The threonina derivative

Trt chloride resin (manufactured by Merck) (100
pumol) was placed in a solid-phase synthesis column, and
it was then fully washed with methylene chloride (DCM)
and DMF. Thereafter, the resultant was fully swollen
with DCM. After filtration, Fmoc-Gly (0.20 mmol) and
DIPEA (0.4 mmol) were dissolved in DCM (0.66 mlL), and the
obtained solution was then placed in the solid-phase
synthesis column, followed by stirring at 25°C for 2
hours. After completion of the stirring operation, the
resin was sufficiently washed with DCM : MeOH: DIPEA =
17 = 2 : 1, DCM, and DMF, and the Fmoc group was treated
with a 20% piperidine/DMF solution (1 mL) for 20 minutes
for deprotection. After washing with DMF, as for the
subsequent elongation of a peptide chain, amino acids
were successively condensed according to the below-
mentioned method.

[0188]

An amino acid whose amino group had been protected,
HOBt (67.6 mg, 0.50 mmol), and DIPCI (77.0 uL, 63.1 mg,
0.50 mmol) were dissolved in DMF (2 mL), and the obtained

solution was then activated for 15 minutes. Thereafter,




- 113 - residue contained in the obtained peptide was considered to have a configuration mainly
represented by the following formula: [0193] [Formula 21 HNCOOH [0194] 3.5 mg of the obtained
8-residue peptide (SEQ ID NO: 37) wherein the side chain hydroxyl group of the threonine residue at
position 5 had been substituted with a thiol group, was placed in a. round-bottom flask, and it was
dissolved in 4.1 ml of a 0.25 M Tris-HC1 buffer (pH 8.6; containing 6 M guanidine hydrochloride
solution and 3.3 mM EDTA). Thereatfter, 2-meroaptoethanol (2.9Was added to the obtained solution,
and the obtained mixture was then stirred for 15 minutes. Subsequently, 1.37 ml of acetonitrile, in
which methyl#haitrsblerizenesuifonate {262 i) Pad beehidissoleed, was Badedto the reaction
solution, and a reaction was then carried out for 50 minutes. After completion of the reaction, a 10%

TEA solution {20 wad Heftfedtb k& Y84ctidn &aitiohdsr 1 hour, the Fmoc

group was treated with a 20% piperidine/DMF solution (2
mL) for 20 minutes for deprotection. These operations
were repeated, so that amino acids were successively
condensed. As the protected amino acids, Fmoc-Asn (177.2
mg, 0.50 mmol), Fmoc-Ser{(tBu) (191.6 mg, 0.50 mmol), and
Boc-Glu (OtBu) (151.6 mg, 0.50 mmol) were used. On the
solid-phase resin, a 4-residue peptide having a
protecting group, Boc-Glu (OtBu)-Ser (tBu)~-Asn-Gly (SEQ ID
NO: 33), was obtained.
[0189]

After the resultant had been washed with DMF and DCM,
2 mL of AcOH : MeOH : DCM = 5 : 4 : 1 was added thereto,
followed by a reaction at a room temperature for 2 hours.
Two hours later, the reaction solution was recovered by
filtration, and it was then concentrated under a reduced
pressure to obtain a residue. 1 ml of benzene was added
to this residue, an azeotropic operation was then carried
out thereon 2 times, and the resultant was then dissolved
in 0.81 mL of DMF. To the obtained solution, 42.1 mg of
PyBOP, 14 ul of DIPEA, and 57 pl of benzylmercaptan were
added in an argon atmosphere at 0°C, and the obtained
mixture was then stirred for 30 minutes. After
completion of the reaction, the reaction solution was
neutralized with a saturated ammonium chloride agueous

solution, and it was then separated and washed with water




- 114 - neutralization, and the reaction solution was then purified by HPLC (Cadenza column 018, 75 x
4.6 mm; developing solvents A: 0.1% TEA aqueous solution; and B: 0.1% TEA; acetonitrile : water =
90: 10; gradients A : B =90 : 1035 : 65; 15 minutes; flow rate: 1.0 ml/min) to obtain a 8-residue
peptide, Giu-Ser-Asn-Gly-Thr(SMe)- Leu-Thr-Leu (SEQ IC NO: 38), wherein the sulfur atom of the
substituted thiol group of the threonine residue at.gésition 5 was methylated. [0195] 4 mg of the
obtained 8-residue peptide (SEQ ID NO: 38), wherein the sulfur atom of the substituted thiol group of
the threonine residue at position 5 had been methylated, was placed in a round-bottom flask, and it
was dissolvedif 4563 mitvustd 7096 fdrihtie acidAqaesas selutiore Thersafter 1491091 bf cyanogen

bromide was added to the solution, and the obtained mixture was then stirred under shaded conditions
in an argon-substituted’ ra[{tn%lsiéﬁétrée’ataﬁgc.%or@%gigg%ﬁgu%ﬁ%e@ﬁweedgréac ioﬁrs%fufl%%r\Nas

concentratedrypder & reguiced pressure. &rd 0,93 Ml ghia 5% hydrrzing aguequs selution was then
added thereto, followed by a reaction for 15 minutes. 60 1AL of acetic acid was added to the reaction

solution, andthe readtoinsaluties whsstheagpurified hyeHPLC (EddenzaceolumnlCi®, 75 x 4.6 mm;
developing solvents A: 0,1% TEA aqueous solution; and B: 0.1% TEA; ace onitrilewater - 90 : 10;

gradients A : B'F 8885 QIFPPL Y4 48S 5: AR REh(18; HR Faite® HoYI/Afif) 60 btain a 8-residue
peptide of intgrest, Gly;gerAsn-Gly-ThileuThr-Ley (SEQ 1D '%Qég%%‘é’,a%&??'éhﬂ?g from the

reaction mechanism that the configuration of the threonine residues contained in the oB ained peptide
would be thesape as thatofimpattyakoneind the gathered fractions were

then concentrated under a reduced pressure. The obtained

residue was dissolved in a 95% TFA aqueous solution, and

a reaction was then carried out for 10 minutes. The

reaction solution was concentrated under a reduced

pressure to obtain a 4-residue peptide having

benzylthioester at the C-terminus thereof, Glu-Ser-Asn-

Gly~SBn (SEQ ID NO: 34).

[01390]

On the other hand, Wang resin {(manufactured by
Merck) (0.1 mmol) was placed in a solid-phase synthesis
column, and it was then fully washed with methylene
chloride (DCM) and DMF. Thereafter, the resultant was
fully swollen with DCM. Fmoc~Leu (0.50 mmol), MSNT (0.50
mmol), and N-methylimidazole (0.375 mmol} were dissolved
in DCM (2 ml), and the obtained solution was then placed
in the solid-phase synthesis column, followed by stirring
at 25° for 2 hours. Two hours later, the resin was
fully washed with DCM and DMF, and the Fmoc group was
treated with a 20% piperidine/DMF solution (2 mL) for 20

minutes for deprotection. After washing with DMF and DCH,




ESI-MS: Calcd for C34H59N9 15: [M+1H]l 824.41, found 635.1 {0196] Synthesis Example 1 Synthesis
of Boo-Thr(S-SsecBu) Boc-Thr (300 mg, 1.37 mmol) was dissolved in distilled DMF (6.85 71, 200
mM), and N-(3- dimethylaminopropy1)-N"-ethylcarbodiimide hydrochloride (786 mg, 4.1 mmol) and
HOBLt ;370 mg, 2.74 mmoi) were then added to the solution. The obtained mixture was stirred at 0C for
1.5 minutes. Thereafter, TMSEtOH (1.95 mL, 13.7Z-minol) was added to the reaction solution, and the
obtained mixture was then stirred at OC. Twenty hours later, after confirming the termination of the
reaction by TLC, the reaction solution was diluted with ethyl acetate, and it was then neutralized with a
saturated sodigmisicarbonateibsletionnThe soluiohiwas thereseparateteantwashed with water twice,
and with a saturated saline once. An organic layer was dried over magnesium sulfate, and was then

filtrated. The fiftrate wAS COhcEntrats GhaEFa Fducst PRt THe R U fas purftied by silica gel

column chromatography(developing sglvent; ethyl acetate : hexane = 1 :3) to - 11 obtain a
Boc-Thr-TMS ester (yield: 342 mg, yield constant: 78%). [0197]  The obtained Boc-Thr-TMS ester

was subjected @@ azéotrony with benzene 2 times, and the residue was then dissolved in 20.8 ail of
fICM. 322 mT., (4.6 mmo) of methanesulfonyl chloride and 1.16 mL (8.32 mmol) of triethylamine were
added to the solutiohaAtithe ohtdiflet! MikfurévastheRStRretst BCSTe AiGtesater, after

confirming th ination. of the reaction by TIC, the reaction solution was diluted with DCM, and it
was then neu%r%%{zg;(;?%vt?th%a Iggfurgtgédjéan%%lr%macrhﬁio% echﬁué%’t?s- Solﬁ{iOn.OTI%)@re%g},)the solution

was separatedsand washed vdth water twice, angwyith a:satunated saling,arces Anerganic layer was
dried over magnesium sulfate, and was then filtrated. The filtrate was concentrated under a reduced

pressure. Thé'fesidleWwaaPurifreidasy Sifica bel sdloprfreshrorfatyeagtie developing solvent; ethyl

acetate : hexane =1 : 4) to obtajn a Boc-Thr(OMs)-TMS ester (yield amount: 724.6 mg, yield
patemage:ggﬁftlon)was placed in éhe 3551§ip asglsynthe51s columg,y

After stirring at 25°C for 1 hour, the Fmoc group was
treated with a 20% piperidine/DMF solution (2 mlL) for 20
minutes for deprotection. These operations were repeated,
SO that amino acids were successively condensed. As the
protected amino acids, Fmoc-Thr(tBu) (198.8 mg, 0.50

mmol) and Fmoc-Leu (176.8 mg, 0.50 mmol) were used, and a
3-residue peptide having a protecting group, Fmoc-Leu~
Thr (tBu)-Leu, was obtained on the solid-phase resin.
Thereafter, the Fmoc group was treated with a 20%
piperidine/DMF solution (2 mL) for 20 minutes for
deprotection. Then, a threonine derivative having a
protecting group, Boc-Thr (S-SsecBu) synthesized in
Synthesis Example 1 separately, HOBt (67.6 mg, 0.50 mmol),
and DIPCI (77.0 uL, 0.50 mmol) that had been dissolved in
2 mL of DMF and had been then activated for 15 minutes
were added to the solution. The obtained mixture was

then reacted for 3 hours to obtain a 4-residue peptide

having a protecting group, Boc-Thr(S-SsecBu)-Leu-




[0198] 1.06 g of the obtained Boc-Thr(OMs)-.TMS ester was subjected to azeotropy with benzene
2 times, and it was then dried with a desiccator overnight. The resultant was dissolved in 8.9 ral, of
DMF. Thereafter, a solution obtained by dissolving 0.57 ml (7.95 mmol) of thioacetic - 117 - acid and
0.79 mL (5.3 mmol) of DBU in 4.4 ml of DMF followed by a reaction for 20 minutes was added to the
above solution. The obtained mixture was stirred-at45C. Eighteen hours later, after confirming the
termination of the reaction by TLC, the reaction solution was neutralized with a saturated ammonium
chloride aqueous solution, and it was then separated and washed with water twice, and with a
saturated salife dREE.) AR DFgarfiE faye? Wi diéd overmaghesiohi Sulfates andsvds:then filtrated. The
filtrate was ¢ 09 rajtﬁ under a reduced pressure. The re C]!due s purified by silica gel column
chromatograp %’eve oplna Solvent! etfﬁu acétats™ hg xane = 1" 20)7o obtain a Boc- -Thr(SAc)-TMS

ester (yield am@mé%@-ﬁdﬁgdy@@@%@@a&a% 1 000). [9499  rea &0htheghtained,

Boc-Thr(SAc)-TMS ester was dissolved in 100 ml of methanol, and thereafter, a solution obtained by
dissolving dipyaidyl disuffide 3.2% gr 2416 menglrand dxe5 mif16. 1mmod). of Sec-BuSH in 5.5 ml of
methanol was added to the above solution. Thereafter,.7 mL of a methanol solution of sodium

hydroxide (55@%\??%%%%@6%%?&611Ei'b?ﬁeér?’i‘i%u?éjla‘?éfr St EGrfirfiing IRE téffination of the
reaction by TEG, the reaction selution wasneutralized with @ 1% acetic. acid 2 %ueous solution, it was
eth

then concentrated under a. reduced pressure, and it was then diluted with acetate. The resultant
was separatecband waishesl 4-residue peptide having a protecting group,

Thr (S~SsecBu) ~Leu-Thr-Leu (SEQ ID NO: 36).
[0192]

2.2 mg of the thus obtained 4-residue peptide having
a protecting group (SEQ ID NO: 36) and 2.2 mg of the
previously obtained 4-residue peptide having thiocester
(SEQ ID NO: 34) were dissolved in xx mL of a 0.2 M sodium
phosphate buffer (pH 7.3; containing 6 M guanidine
hydrochloride and 20 mg of 4-mercaptophenylacetic acid),
followed by a reaction for 3.5 hours. After completion
0of the reaction, dithiothreitol was added to the reaction
solution, and the obtained mixture was then stirred for
10 minutes. Thereafter, the reaction solution was
purified by HPLC (Cadenza column C18, 75 x 4.6 mm;
developing solvents A: 0.1% TFA aqueous solution; and B:
0.1% TFA; acetonitrile : water = 90 : 10; gradients A : B
= 90 : 10 - 35 : 65; 15 minutes; flow rate: 1.0 ml/min)
to obtain a 8-residue peptide, Glu-Ser-Asn-Gly-Thr(SH)-
Leu~-Thr-Leu (SEQ ID NO: 37), wherein the side chain
hydroxyl group of the threonine residue at position 5 was

substituted with a thiol group. The threonine derivative




- 118 - with water twice, and then with a saturated saline once. An organic layer was dried over
magnesium sulfate, and it was then filtrated. The filtrate was concentrated under a reduced pressure.
The residue was purified by silica gel column chromatography (developing solvent; ethyl acetate :
hexane = 1 : 40). The obtained mixture was subjected to azeotropy with benzene 2 times, and it was
then dissolved in 29 mL (100 mM) of DMF. 2.28 rlnjg3(773 mmol) of tetrabutviammonium fluoride
trinydrate was added to the above solution, and the obtained mixture was stirred at OC. After stirring
for 15 minutes, after confirming the termination of the reaction by TLC, the reaction solution was
neutralized wihsa Saturaft-arhhfohidm dHi6ride aghesds sBeRfiAS THSre2Ri6A $BIRIBN was washed
with water tw%%e, an&] then with.a sgttur@teodmsgjlnltijr}_engnce.eAr}C og%ar]ci% <Ija)ger was dried over magnesium
sulfate, and was }t]ﬁler? fifrated. filfrate Was concentrated under a reduced pressure. The residue
was purified by silica;gel colimm chromatography (developing solvent; ethyl acetate : hexane =1 : 4
H> ethyl acetate : methanol : water = 20 : 2 : 1) to obtain Boc-Thr(S-SsecBu) of interest (yield amount:
650 mgq, yield péfcehtage: 69%). [0200] Sequence Listing Free Text SEQ ID NO: 1 is an amino

acid sequence havin% a protecting group of Example 1. - 119 -
[Formula 21]

WSH

H,N COOH

[0194]

3.5 mg of the obtained 8-residue peptide (SEQ ID NO:
37), wherein the side chain hydroxyl group of the
threonine residue at position 5 had been substituted with
a thiol group, was placed in a round-bottom flask, and it
was dissolved in 4.1 mL of a 0.25 M Tris-HCl buffer (pH
8.6; containing 6 M guanidine hydrochloride solution and
3.3 mM EDTA). Thereafter, Z-mercaptoethanocl (2.9 ul) was
added to the obtained solution, and the obtained mixture
was then stirred for 15 minutes. Subseqguently, 1.37 mL
of acetonitrile, in which methyl-4-nitrobenzenesulfonate
(26.2 mg) had been dissolved, was added to the reaction
solution, and a reaction was then carried out for 50
minutes. After completion of the reaction, a 10% TFA

solution (1.0 mlL) was added to the reaction solution for




SEQ ID NO: 2 is an acetylated amino acid sequence of Example 1. SEQ ID NO: 3 is an amino acid
sequence having methylated cysteine of Example 1. SEQ ID NO: 4 is an acetyiated amino acid
sequence of Example 1. SEQ ID NO: 5 is an amino acid sequence having a protecting group of
Example 2. SEQ ID NO: 6 is an amino acid sequence of Example 2. SEQ ID NO: 7 is an amino acid
sequence having methylated cysteine of Examplé 24 SEQ ID NO: 8 is an amino acid sequence of
Example 2. SEQ ID NO: 9 is an amino acid sequence having a protecting group of Example 3.
SEQ ID NO: 10 is an amino acid sequence of Example 3. SEQ ID NO: 11 is an amino acid sequence
having methyl&tet &/siciaé P Exaisle 31 SEQIDNOR 1243 ahdinédcid 88guence of Example 3.

SEQ ID NO: %gésl alsegar chg%gdd%%ggnlgg aggdl%% ueCnICBe havmg a pré)tectlng group of Example 4.

developing solvents A: 0.1% TFA agqueous solution; and B:
0.1% TFA; acetonitrile : water = 90 : 10; gradients A : B
= 90 : 10 - 35 : 65; 15 minutes; flow rate: 1.0 ml/min)
to obtain a 8-residue peptide, G;u—Ser—Asn—Gly—Thr(SMe)—
Leu-Thr-Leu (SEQ ID NO: 38), wherein the sulfur atom of
the substituted thiol group of the threonine residue at
position 5 was methylated.
[0195]
4 mg of the obtained 8-residue peptide (SEQ ID NO:

38), wherein the sulfur atom of the substituted thiol
group of the threonine residue at position 5 had been
methylated, was placed in a round-bottom flask, and it

" was dissolved in 4.63 mlL of a 70% formic acid aqueous
solution. Thereafter, 49.0 mg of cyanogen bromide was
added to the solution, and the obtained mixture was then
stirred under shaded conditions in an argon-substituted
atmosphere at 37°C. Forty-eight hours later, the
reaction solution was concentrated under a reduced
pressure, and 0.93 mlL of a 5% hydrazine aqueous solution
was then added thereto, followed by a reaction for 15
minutes. 60 pL of acetic acid was added to the reaction
solution, and the reaction solution was then purified by
HPLC (Cadenza column Cl8, 75 x 4.6 mm; developing
solvents A: 0.1% TFA aqueous solution; and B: 0.1% TFA;

acetonitrile : water = 90 : 10; gradients A : B = 85 : 15




SEQ ID NO: 14 is a sugar chain-added amino acid sequence having a protecting group of Example 4.
SEQ ID NO: 15 is a sugar chain-added amino acid sequence having a benzyithioester group of
Example 4. SEQ ID NO: 16 is an amino acid sequence having a protecting group of Example 4.
SEQ ID NO: 1.7 is an amino acid sequence of Example 4, - 120 - SEQ ID NO: 18 is a sugar
chain-added amino acid sequence of Example 4122 SEQ ID NO: 19 is a sugar chain-added amino
acid sequence having methylated cysteine of Example 4. SEQ ID NO: 20 is a sugar chain-added
amino acid sequence of Example 4. [0201]

— 45 : 55; 15 minutes; flow rate: 1.0 ml/min) to obtain

a 8-residue peptide of interest, Glu-Ser-Asn-Gly-Thr-Leu-

Thr-Leu {(SEQ ID NO: 3%). It was assumed from the

reaction mechanism that the configuration of the

threonine residues contained in the obtained peptide

would be the same as that of a natural one.

ESI-MS: Calcd for CsqHsgNgOys: [M+1H]'™ 834.41, found, 835.1

[0196]

Synthesis Example 1 Synthesis of Boc-Thr (S-SsecBu)

Boc-Thr {300 mg, 1.37 mmol) was dissolved in

distilled DMF (6.85 mL, 200 mM), and N-(3-

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride

(786 mg, 4.1 mmol) and HOBt (370 mg, 2.74 mmol) were then

added to the solution. The obtained mixture was stirred

at 0°C for 15 minutes. Thereafter, TMSEtOH (1.95 mlL,

13.7 mmol) was added to the reaction solution, and the

obtained mixture was then stirred at 0°C. Twenty hours

later, after confirming the termination of the reaction

by TLC, the reaction solution was diluted with ethyl

acetate, and it was then neutralized with a saturated

sodium bicarbonate solution. The solution was then

separated and washed with water twice, and with a

saturated saline once. An organic layer was dried over

magnesium sulfate, and was then filtrated. The filtrate

was concentrated under a reduced pressure. The residue

was purified by silica gel column chromatography

(developing solvent; ethyl acetate : hexane =1 : 3) to




SEQ ID NO: 21 is an amino acid sequence having a protecting group and methionine sulfoxide of

Example 5. SEQ ID NO: 22 is an acetylated amino acid sequence having methionine sulfoxide of
Example 5. SEQ ID NO: 23 is an acetylated amino acid sequence having methylated cysteine and
methionine sulfoxide of Example S. SEQ ID NO: 24 is an acetylated amino acid sequence of

Example 5.  SEQ ID NO: 25 is an amino acid sé§uénce having a protecting group of Example 6.
SEQ ID NO: 26 is a sugar chain-added amino acid sequence having a protecting group of Example 6.
SEQ tD NO: 27 is a sugar chain-added amino acid sequence having a protecting group of Example 6.
SEQ ID NO: 2848 sy dtehali-add¥d anfindacly s8gGence Ratifig aién#vithioester group of
Example 6. COHSS%%{[E) :NC?é %?.is a sugar chain-added amino acid sequence of Example 6.

[0197]

The obtained Boc-Thr-TMS ester was subjected to
azeotropy with benzene 2 times, and the residue was then
dissolved in 20.8 mi of DCM. 322 mL (4.16 mmol) of
methanesulfonyl chloride and 1.16 mL (8.32 mmol) of
triethylamine were added to the solution, and the
obtained mixture was then stirred at 0°C. Ten minutes
later, after confirming the termination of the reaction
by TLC, the reaction solution was diluted with DCM, and
it was then neutralized with a saturated ammonium
chloride aqueous solution. Thereafter, the sclution was
separated and washed with water twice, and with a
saturated saline once. An organic layer was driled over
magnesium sulfate, and was then filtrated. The filtrate
was concentrated under a reduced pressure. The residue
was purified by silica gel column chromatography
(developing solvent; ethyl acetate : hexane = 1 : 4) to
obtain a Boc-Thr (OMs)-TMS ester (yield amount: 724.6 mg,
vield percentage: 88%).

[0198]

1.06 g of the obtained Boc-Thr (OMs)-TM3 ester was
subjected to azeotropy with benzene 2 times, and it was
then dried with a desiccator overnight. The resultant
was dissolved in 8.9 mL of DMF. Thereafter, a solution

obtained by dissolving 0.57 mL (7.95 mmol) of thiocacetic




-121- SEQ ID NO: 30 is a sugar chain-added amino acid sequence of Example 6.  SEQ ID NO:
31 is a sugar chain-added amino acid sequence having methylated cysteine of Example 6. SEQ ID
NO: 32 is a sugar chain-added amino acid sequence of Example 6. SEQ ID NO: 33 is an amino
acid sequence having a protecting group of Example 7.  SEQ ID NO: 34 is an amino acid sequence
having a benzylthioester group of Example 7. SEG ID NO: 35 is an amino acid sequence having a
protecting group and a threonine derivative of Example 7. SEQ ID NO: 36 is an amino acid

sequence having a threonine derivative of Example 7.  SEQ ID NO: 37 is an amino acid sequence
having a threthirte defivative’of Example 7mol) of DBU in 4.4 mL of DMF

followed by a reaction for 20 minutes was added to the
above solution. The obtained mixture was stirred at 45°C.
Eighteen hours later, after confirming the termination of
the reaction by TLC, the reaction solution was
neutralized with a saturated ammonium chloride agueous
solution, and it was then separated and washed with water
twice, and with a saturated saline once. An organic
layer was dried over magnesium sulfate, and was then
filtrated. The filtrate was concentrated under a reduced
pressure. The residue was purified by silica gel column
chromatography (developing solvent; ethyl acetate

hexane =1 : 20) to obtain a Boc-Thr {SAc)-TMS ester
(vield amount: 536.8 mg, yield percentage: 53.7%).

[0199]

1.1 g of the obtained Boc-Thr (SAc)-TMS ester was
dissolved in 100 mL of methanol, and thereafter, a
solution obtained by dissolving dipyridyl disulfide (3.21
g, 14.6 mmol) and 1.75 mL (16.1 mmcl) of Sec-BuSH in 5.5
mL of methanol was added to the above solution.
Thereafter, 11.7 mL of a methanol solution of sodium
hydroxide (500 mM) was added thereto. Eighteen hours
later, after confirming the termination of the reaction
by TLC, the reaction solution was neutralized with a 1%
acetic acid agueous solution, it was then concentrated
under a reduced pressure, and it was then diluted with

ethyl acetate. The resultant was separated and washed




SEQ ID NO: 38 is an amino acid sequence having threonine derivative of Example 7. SEQ ID. NO: 39
Is an amino acid sequence of Example 7. Industrial Applicability [0202]  The present invention
provides a method for producing a peptide and a glvcopeptide. According to the present invention,
even in a case in which a peptide that does not contain cysteine is to be obtained, a ligation method
can be applied. In addition, the present - 122 =inv&htion is also useful for the production of an
N-linked glycopeptide and an O-linked glycopeptide. - 123 -

with water twice, and then with a saturated saline once.
An organic layer was dried over magnesium sulfate, and it
was then filtrated. The filtrate was concentrated under
a reduced pressure. The residue was purified by silica
gel column chromatography (developing solvent; ethyl
acetate : hexane = 1 : 40). The obtained mixture was
subjected to azeotropy with benzene 2 times, and it was
then dissolved in 29 mL (100 mM) of DMF. 2.28 mg (7.3
mmol) of tetrabutylammonium fluoride trihydrate was added
to the above solution, and the obtained mixture was
stirred at 0°C. After stirring for 15 minutes, after
confirming the termination of the reaction by TLC, the
reaction solution was neutralized with a saturated
ammonium chloride aqueous solution. This reaction
solution was washed with water twice, and then with a
saturated saline once. An organic layer was dried over
magnesium sulfate, and was then filtrated. The filtrate
was concentrated under a reduced pressure. The residue
was purified by silica gel column chromatography
(developing solvent; ethyl acetate : hexane =1 : 4 —
ethyl acetate : methanol : water = 20 : 2 : 1) to obtain
Boc~Thr (S~SsecBu) of interest (yield amount: 650 mg,
yield percentage: 69%).
[0200]
Sequence Listing Free Text

SEQ ID NO: 1 is an amino acid seguence having a

protecting group of Example 1.




CLAIMS 1.A method for producing a peptide, characterized in that it comprises converting an -SR
group of a peptide comprising an amino acid residue having the -SH group to an -OH group, wherein
said method comprises the following steps (a) to (c¢) (a) allowing an -SH group in a peptide to react
with a methylating agent; (b) allowing an -SMe group obtained in the step (a) to react with a cyanizing
agent; and (0) modifying the reaction conditions td Become more basic than the conditions in the step
(b). 2.A method for producing a peptide, characterized in that it comprises- converting an -SH group of
a peptide comprising an amino acid residue having the -SH group to an -OH group, wherein said
method comprises fHeXfollBwiliy stepsSajto (e H) alfGting & S1a greups fTapeptidefo react with a
methylatin agent to convert the -SR group to an -SMe group; (b) allowing the -SMe group obtained in

Xarm e...l. . . . .
the step. (a) {0 rea%? with ‘a cyan:: ing agent to produce a reaction intermediate; and

SEQ ID NO: 3 is an amino acid sequence having

methylated cysteine of Example 1.

SEQ ID NO: 4 is an acetylated amino acid sequence of
Example 1.

SEQ ID NO: 5 is an amino acid sequence having a
protecting group of Example 2.

SEQ ID NO: 6 is an amino acid sequence of Example 2.

SEQ ID NO: 7 is an amino acid sequence having
methylated cysteine of Example 2.

SEQ ID NO: 8 is an amino acid seguence of Example 2.

SEQ ID NO: 9 is an amino acid sequence having a
protecting group of Example 3.

SEQ ID NO: 10 is an amino acid sequence of Example 3.

SEQ ID NO: 11 is an amino acid sequence having
methylated cysteine of Example 3.

SEQ ID NO: 12 is an amino acid sequence of Example 3.

SEQ ID NO: 13 is a sugar chain-added amino acid
sequence having a protecting group of Example 4.

SEQ ID NO: 14 is a sugar chain-added amino acid
sequence having a protecting group of Example 4.

SEQ ID NO: 15 is a sugar chain-added amino acid
sequence having a benzylthiocester group of Example 4.

SEQ ID NO: 16 is an amino acid sequence having a
protecting group of Example 4.

SEQ ID NO: 17 is an amino acid seguence of Example 4.




(c) converting the reaction intermediate obtained in the step (b) to a peptide comprising an amino acid
residue - 124 - having an -OH group under more basic conditions than the conditions in the step (b).
3.A method for producing a peptide, characterized in that it comprises converting a cysteine residue of
a peptide comprising the cysteine residue to a serine residue, wherein said method comprises the
following steps (a) to (c): (a) allowing an -SH 'gr&u%oof‘a cysteine residue in a peptide to react with a
methylating agent to convert the -SH group to an -SMe group; (b) allowing the -SMe group obtained in
the step (a) to react with a cyanizing agent to produce a reaction intermediate; and (c) converting the

reaction intermediat&8bidind@ in fife $t&pA(bT ¥ & peplidercotnpifsing Bl i reSidue under more

it?]asic conditiosr%sq'ltlhearpcteheo%orkdgg%%slien tpg step (b). 4.A method for producing a peptide, characterized

SEQ ID NO: 19 is a sugar chain-added amino acid
sequence having methylated cysteine of Example 4.

SEQ ID NO: 20 is a sugar chain-added amino acid
sequence of Example 4.

[0201]

SEQ ID NO: 21 is an amino acid sequence having a
protecting group and methionine sulfoxide of Example 5.

SEQ ID NO: 22 is an acetylated amino acid seguence
having methionine sulfoxide of Example 5.

SEQ ID NO: 23 is an acetylated amino acid sequence
having methylated cysteine and methionine sulfoxide of
Example 5.

SEQ ID NO: 24 is an acetylated amino acid sequence
of Example 5.

SEQ ID NO: 25 is an amino acid sequence having a
protecting group of Example 6.

SEQ ID NO: 26 is a sugar chain-added amino acid
sequence having a protecting group of Example 6.

SEQ ID NO: 27 is a sugar chain-added amino acid
sequence having a protecting group of Example 6.

SEQ ID NO: 28 is a sugar chain-added amino acid
sequence having a benzylthioester group of Example 6.

SEQ ID NO: 29 is a sugar chain-added amino acid

sequence of Example 6.




that it comprises converting a threonine derivative A residue represented by the following Formula (1)
of a peptide comprising the threonine derivative A residue as an amino acid residue to a threonine
residue, [Formula 1] - 125 - SH H2N COOH (1) wherein said method comprises the following steps
(a) to (c): (a) allowing an -SH group of a threonine derivative A residue in a peptide to react with a
methylating agent to convert the -SH group to an-SMé group; (b) allowing the -SMe group obtained in

the stepto

SEQ ID NO: 30 is a sugar chain-added amino acid
sequence of Example 6.

SEQ ID NO: 31 is a sugar chain-added amino acid
Sequénce having methylated cysteine of Example 6.

SEQ ID NO: 32 is a sugar chain-added amino acid
sequence of Example 6.

SEQ ID NO: 33 is an amino acid seguence having a
protecting group of Example 7.

SEQ ID NO: 34 is an amino acid sequence having a
benzylthicester group of Example 7.

SEQ ID NO: 35 is an amino acid seguence having a
protecting group and a threonine derivative of Example 7.

SEQ ID NO: 36 is an amino acid sequence having a
threonine derivative of Example 7.

SEQ ID NO: 37 is an amino acild seguence having a
threonine derivative of Example 7.

SEQ ID NO: 38 is an amino acid sequence having a
threonine derivative of Example 7.

SEQ ID NO: 39 is an amino acid sequence of Example 7.

Industrial Applicability
[0202]

The present invention provides a method for
producing a peptide and a glycopeptide. According to the
present invention, even in a case in which a peptide that
does not contain cysteine is to be obtained, a ligation

method can be applied. In addition, the present




react with a cyanizing agent to produce a reaction intermediate; and ? converting the reaction
intermediate obtained in the step (b) to a peptide comp sing a threonine residue under more basic
conditions than the conditions in the step (b). 5.A method for producing a peptide, characterized in that
it comprises converting an -SMe group of a peptide comprising an amino acid residue having the -SMe
group to an -OH group, wherein said method compHses the following steps (b) and (c): (D) allowing.
an -5Me group in a peptide to react with a oyanizing agent to produce a reaction intermediate; and -
126 - (c) converting the reaction intermediate obtained in the step (b) to a peptide comprising an amino
acid residue haViRGEPTOMgrdlpUndes fidre T5asic BEndii6AS BarPtheCoritidhs in the step (b). 6.
The method tPr rpkoguu %e%tjcdledaccorgmgnto any. one 8f clf\{/rg% getI())le Cyvk!ereln the reaction
intermediate 1S an ester




7. The method for producing a peptide according to any one of claims 1 to 6, wherein the basic
conditions in the step (c) are weakly basic conditions. 8. The method for producing a peptide
according to any one of claims 1 to 6, wherein the basic conditions in the step (c) are strongly basic
conditions. 9. The method for producing a peptide according to any one of claims 1 to 8, wherein a
methionine residue in the peptide in the step (&) i5%>protected methionine residue, and the production
method further comprises the following stet, (d) after the step (b) or (c), as desired: (d) deprotecting
the protected methionine residue. 10. A method for producing a peptide comprising an amino acid
residue having an -OH group, which comprisesdh& ffowing steps: (o) floating a first peptide
containing, at the C-terminus thereof, an amino acid residue in which a carboxyl group is substituted
with an a-carboxythioester group represented by the formula -C(=0)-SR (wherein R is selected from a

benzyl group; an aryl group,and an alkylyn 424 grogpgwhieh may be-substituted with substituents),
to a second peptide containing, at the N-terminus thereof, an amino acid residue having an -SR group
accordixcc that it comprises converting an -SH group of a peptide
comprising an amino acid residue having the -SH group to
an -OH group, wherein said method comprises the following
steps (a) to (c¢):
(a) allowing an =-SH group in a peptide to react with a
methylating agent;
(b) allowing an -SMe group obtained in the step (a) to
react with a cyanizing agent; and
(c) modifying the reaction conditions to become more
basic than the conditions in the step (b).
2. A method for producing a peptide, characterized in
that 1t comprises converting an -SH group of a peptide
comprising an amino acid residue having the -SH group to
an -OH group, wherein said method comprises the following
steps (a) to (c):
(a) allowing an —~SH group in a peptide to react with a
methylating agent to convert the ~SH group to an -SMe
group;
(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c) converting the reaction intermediate obtained in the

step (b) to a peptide comprising an amino acid residue




ligation method to obtain a peptide comprising an amino acid residue having an -SE group; (a)
allowing the -Si group in the peptide obtained in the step (0) to react with a methylating agent to
convert the -SE group to an -SMe group; (b) allowing the -SMe group obtained in the step (a) to react
with a cyanizing agent to produce a reaction intermediate; and (c) converting the reaction intermediate
obtained in the step (b) to a peptide comprising ahZdmino acid residue having an -OH group under
more basic conditions than the conditions in the step (b). 11. A method for producing a peptide
comprising a serine residue, which comprises the following steps: (0) ligating a first peptide containing,
at the C-termiriusitingrédt, aRtaninowcid resiguaat whichsa eaflsoygl gicupsistiistitdted with an
a-carboxythioester, rougJ rerErestented jgg thﬁtfﬁrmula -C(=0)-SR (wherein R is selected from a benzyl
group, an ary(fa%{}pfa% Sart BIKyP§rotip: ivhich iay be substituted with substituents), to a second

peptide containing, at the: Nsterminu tpggggfig}éstgir@er@@qi@ acgording-to.a ligation,method to obtain
a peptide comprising a cysteine residue; - 128 - (a) allowing an -SH group of the cysteine residue in
the peptide obtained in therstep {ektocreact withnagy methylating mgenttol dovert thee -SH group to an
-SMe group; . . .

peptide comprising the cysteine residue to a serine

residue, wherein said method comprises the following

steps (a) to (c¢):

(a) allowing an =-SH group of a cysteine residue in a

peptide to react with a methylating agent to convert the

~3H group to an -SMe group;

(b) allowing the -SMe group obtained in the step (a) to

react with a cyanizing agent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the

step (b) to a peptide comprising a serine residue under

more basic conditions than the conditions in the step (b).

4. A method for producing a peptide, characterized in

that 1t comprises converting a threonine derivative A

residue represented by the following Formula (1) of a

peptide comprising the threonine derivative A residue as

an amino acid residue to a threonine residue,

[Formula 1]




(b) allowing the -SMe group obtained in the step (a) to react with a cyanizing agent to produce a
reaction intermediate; and  converting the reaction intermediate obtained in the step (b) to a peptide
comprising a serine residue under more basic conditions than the conditions in the step (b). 12. A
method for producing a peptide comprising a threonine residue, which comprises the following steps:
(0) licating a first peptide containing, at the Cterm:musthereof, an amino acid residue in which a
carboxyl group is substituted with an a-carboxythioester group represented by the formula -c(=0)-SR
(wherein R is selected from a benzyl group, an aryl group, and an alkyl group, which may be
substituted with substituents), to a second peptide containing, at the N-terminus thereof, a threonine
derivative residue according to a ligation method to obtain a peptide comprising a threonine derivative
A represented by the followi%Formula (): [Formula 2] - 129 - SH H2N COOH (1) as an amino acid
residue;

H,N  COOH

(1)

wherein sald method comprises the following steps (a) to
{c):

(a) allowing an -SH group of a threcnine derivative A
residue in a peptide to react with a methylating agent to
convert the -SH group to an -SMe group;

(b} allowing the -3Me group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

{c) converting the reaction intermediate obtained in the
step (b} to a peptide comprising a threonine residue
under more basic conditions than the conditions in the
step (b).

5. A method for producing a peptide, characterized in
that it comprises converting an ~-SMe group of a peptide
comprising an amino acid residue having the ~-SMe group to
an ~OH group, wherein said method comprises the following
steps (b) and (c):

(b) allowing an -SMe group in a peptide to react with a

cyanizing agent to produce a reaction intermediate; and




(a) allowing an -SH group of the threonine derivative A residue in the peptide obtained in the step (0)
to react with a methylating agent to convert the -SE group to an - SMe group; (b) allowing the -SMe
group obtained in the step (a) to react with a cyanizing agent to produce a reaction intermediate; and
(c) converting the reaction intermediate obtained in the step (b) to a peptide comprising a threonine
residue under more basic conditions than the condifions in the step (b). 13. The method for producing
a peptide according to any one of claims 10 to 12, wherein the reaction intermediate is an ester form.
14. The method for Producing a peptide according to any one of claims 10 to 13, wherein the basic
conditions in ¥ s (g aké MK\ basie €ohaitiohst erIspll b THetRéRRY fof pfdGucing a peptide
according to a%ﬁ?nﬁ?@f chaimas 1% t(% 1§éWQS§Fin .trge;:L rtl)asjac c%ndjitril%nsaig j.thrSt%PL &9 are strongly basic
conditions. 16. The method for Bro%lu%:lng a peBﬁéie ac%oré}ng% any one of dTaims 10 to 15, wherein a

methionine regidue in the peptide-in thesteR fakisaprtestedspetitioning sesidyg, and the production
method further comprises the following step (d) after the step (b) or (c), as desired: (d) deprotecting
the protectedanethisninesesidueha 7sThe méthed for producing a peptide according to any one of
claims 10 to 16, wherein said first peptide is a peptide that does not contain a cysteine residue, or a

peptide that c%r_ltainqﬂshiae pPSERAS &ysteREEETHRY afdRHid s860mfHEptide % & Peplidie that does not
contain a cysigine gesidye ip any regions qfher than the N-terinus thereof, or.a peptide whose

cysteine residues in regions other than the N-terminus thereof are all protected cyhteine residues.
is an ester form.
7. The method for producing a peptide according to any
one of claims 1 to 6, wherein the basic conditions in the
step (c) are weakly basic conditions.
8. The method for producing a peptide according to any
one of claims 1 to 6, wherein the basic conditions in the
step (c) are strongly basic conditions.
9. The method for producing a peptide according to any
one of claims 1 to 8, wherein a methionine residue in the
peptide in the step {(a) 1s a protected methionine residue,
and the production method further comprises the following
step (d) after the step (b) or (c), as desired:
(d) deprotecting the protected methionine residue.
10. A method for producing a peptide comprising an amino
acid residue having an -OH group, which comprises the
following steps: “
(o) ligating a first peptide containing, at the C-
terminus thereof, an amino acid residue in which a
carboxyl group is substituted with an a-carboxythioester
group represented by the formula -C(=0)-SR (wherein R is

selected from a benzyl group, an aryl group, and an alkyl




18. A method for producing a glycopeptide, characterized in that it comprises converting an -SS group
of a glycooeptide comprising an amino acid residue having the -SH group to an -OH group, wherein
said method comprises the following steps (a) to (c): (a) allowing an -SH group in a glycopeptide to
react with a methylating agent; (b) allowing an -SMe group obtained in the step (a) to react with a
cyanizing agent; and - 131 - (c) modifying the regiction conditions to become more basic than the
conditions in the step (b). 19. A method for producing a glycopeptide, characterized in that it comprises

converting an -SH groug_of a glycopeptide Com%?;igﬁ an amino acid residue having the -SE group to
an -OH groufAWHereilf said netod Bomprigss loWAfg sfeEeS(E) B EDEA) affGwihg an -SH group

in & dlycopeptide o each with methiatng.agentto gonvert he Sk rouploan-Sle group; (0

allowing the -SMe group obtained in the step’(a) to react with a cyanizing agent to produce a reaction
intermediate;satich{Cch eenveringdhe reactiongntermestiateehiginedds the step: ()40 a glycopeptide
comprising an amino acid residue having an -OH group under more basic conditions than the
conditions in g atep(bynethod to obtain a peptide comprising an amino

acid residue having an ~SH group;

fa) allowing the -SH group in the peptide obtained in the
step (o) to react with a methylating agent to convert the
-SH group to an -SMe group;

(b) allowing the ~-SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

(c) converting the reaction intermediate obtained in the
step (b} to a peptide comprising an amino acid residue
having an -OH group under more basic conditions than the
conditions in the step (b).

11. A method for producing a peptide comprising a serine
residue, which comprises the following steps:

(o) iigating a first peptide containing, at the C-
terminus thereof, an amino acid residue in which a
carboxyl group is substituted with an o-carboxythioester
group represented by the formula -C(=0)-SR (wherein R is
selected from a benzyl group, an aryl group, and an alkyl
group, which may be substituted with substituents), to a
second peptide containing, at the N-terminus thereof, a
cysteine residue according to a ligation method to obtain

a peptide comprising a cysteine residue;




20. A method for producing a glycopeptide, characterized in that it comprises converting a cysteine
residue of a glycopeptide comprising the cysteine residue to a serine residue, wherein said method
comprises the following steps (a) to (c): (a) allowing an -SH group of a cysteine residue in a
glycopeptide to react with a methylating agent to convert the -SH group to an -SMe group; - 122 - (b)
allowing the -SMe group obtained in the step (a) to4®att with a cyanizing agent to produce a reaction
intermediate; and (c) converting the reaction intermediate obtained in the step (b) to a glycopeptide
comprising a serine residue under more basic conditions than the conditions in the step (b). 21. A
method for producinilegheepaptidé Fcharacierieéd i that ftsderhphises envtiag atthfeonine
derivative A residuge represented by the following Formula (1) of a glycopeptide comprising the
threonine defiVative ré)zi)&l?el Ié%%nlgmﬁ%oeaé’lagr@sia% ?5%1 tﬁ?ggr%nglrggidﬁe, [Formula 3] SH H2N

COOH (1) whgeein gaidkmethodseamprises e, following. steps (@ &ip to an -SMe
group;
(b} allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c) converting the reaction intermediate obtained in the
step (b) to a peptide comprising a serine residue under
more basic conditions than the conditions in the step (b).
12. A method for producing a peptide comprising a
threonine residue, which comprises the following steps:
(o} ligating a first peptide containing, at the C-
terminus thereof, an amino acid residue in which a
carboxyl group is substituted with an a-carboxythiocester
group represented by the formula -C(=0)-SR (wherein R is
selected from a benzyl group, an aryl group, and an alkyl
group, which may be substituted with substituents), to a
second peptide containing, at the N-terminus thereof, a
threonine derivative residue according to a ligation
method to obtain a peptide comprising a threonine
derivative A represented by the following Formula (1):

[Formula 2]




allowing an -SH group of a ',reonine derivative A residue in a glycopeptide to react with a
methylating agent to convert the -SH group to an -SMe group; - 133 - (b) allowing the -SMe group
obtained in the step (a) to react with a cyanizing agent to produce a reaction intermediate; and (c)
converting the reaction intermediate obtained in the step (b) to a glycopeptide comprising a threonine
residue under more basic conditions than the cordifions in the step (b). 22. The method for producing
a giycopeptide according to any one of claims 19 to 21, wherein the reaction intermediate is an ester
form. 23. The method for producing a glyoopeptide according to any one of claims 18 to 22, wherein
the basic conditions in the step (c) are weakly basic conditions. 24. The method for producing a
glycopeptide according to any one of claims 18 to 22, wherein the basic conditions in the step (c) are
strongly basic conditions. 2&.,The method for producing a glycopeptide according to any one of claims
18 to 24, wherein the giyo ide has an N-linked sugar chain.

HoN COOH

(0

as an amino acid residue;

(a) allowing an =-SH group of the threonine derivative A
residue in the peptide obtained in the step (o) to react
with a methylating agent to convert the -SH group to an -
SMe group;

(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

(¢) converting the reaction intermediate obtained in the
step (b) to a peptide comprising a threonine residue
under more basic conditions than the conditions in the
step (b).

13. The method for producing a peptide according to any
one of claims 10 to 12, wherein the reaction intermediate
is an ester form.

14. The method for producing a peptide according to any
one of claims 10 to 13, wherein the basic conditions in

the step (c) are weakly basic conditions.




26. The method for producing a glycopepti e according to any one of claims 18 to 24, wherein the
glycopeptide has an O-linked sugar chain. 27. A method for producing a glycopept de comprising a
serine residue, which comprises the following steps: (0) ligating a first glycopeptide whose C-terminus
is represented by the following formula: -sugar Asn-X-C(=0)-SR - 134 - (wherein sugar Asn represents
a sugar chain-added asparagine, X represents a pottion other than a carboxyl group of any given
amino acid residue other than proline, and R is selected from a benzyl group, an aryl group, and an
alkyl group, which may be substituted with substituents), to a second peptide containing a cysteine
residue at thé N-tefffinuseidredf decordirftoca ligator AEIREE té oBEIA BGlyEGpéptitle containing a

cysteine residue; (a) allowing an -SH group of the cystejne residue in the glycopeptide obtained in the
ﬁﬁ%{#% I% % gk %3 é%¥1é%5)ln

step (o) to re8Bfwith amattifating adentto cORVER theGrotp (o an - S Grotp!
the step |

c) are strongly basic conditions.

16. The method for producing a peptide according to any
one of claims 10 to 15, wherein a methionine residue in
the peptide in the step (a) is a protected methionine
residue, and the production method further comprises the
following step (d) after the step (b) or (c¢), as desired:
(d) deprotecting the protected methionine residue.

17. The method for producing a peptide according to any
one of claims 10 to 16, wherein said first peptide is a
peptide that does not contain a cysteine residue, or a
peptide that contains a protected cysteine residue, and
said second peptide is a peptide that does not contain a
cysteine residue in any regions other than the N-terminus
thereof, or a peptide whose cysteine residues in regions
other than the N-terminus thereof are all protected
cysteine residues.

18. A method for producing a glycopeptide, characterized
in that it comprises converting an -SH group of a
glycopeptide comprising an amino acid residue having the
-SH group to an -OH group, wherein said method comprises
the following steps (a) to (cj:

(a) allowing an -SH group in a glycopeptide to react with
a methylating agent;

(b) allowing an ~SMe group obtained in the step (a) to

react with a cyanizing agent; and



.(p) allowing the -SMe group obtained in the step (a) to react with a cyanizing agent to produce a
reaction intermediate; and (c) converting the reaction intermediate obtained in the step (b) to a
glycopeptide comprising a serine residue under more basic conditions than the conditions in the step
(b). 28. A method for producing a glycopeptide comprising a threonine residue, which comprises the
following steps: (0) ligating a first glycopeptide whase €-terminus is represented by the following
formula: -sugar Asn-X-C(=0)-SR (wherein sugar Asn represents a sugar chain-added asparagine, -
135 - X represents a portion other than a carboxyl group of any given amino acid residue other than
proline, and Plds sefetidd froth allverizgbgioup; apcargigrotipsalkyl dreapinwhickinay be substituted

with subst tueénts , to @hsecond pe ti(gf,gﬁqntainin%a tgreonine derivative residue at the N-terminus
thereof accordihy o & fiGAtion Mmethod 15 bBthin BhIVeopeptitd containing a threonine derivative A

represented bysthe follgwing Forpula()u[Forala 4% 1 ycopeptide, characterized
in that it comprises converting an -SH group of a
glycopeptide comprising an amino acid residue having the
-SH group to an -OH group, wherein said method comprises
the following steps (a} to (cj:
(a) allowing an -SH group in a glycopeptide to react with
a methylating agent to convert the -SH group to an -SMe
group;
(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and
{c) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising an amino acid
residue having an -OH group under more basic conditions
than the conditions in the step (b).
20. A method for producing a glycopeptide, characterized
in that it comprises converting a cysteine residue of a
glycopeptide comprising the cysteine residue to & serine
residue, wherein said method comprises the following
steps (a) to (c):
(a) allowing an -SH group of a cysteine residue in a
glycopeptide to react with a methylating agent to convert

the ~SH group to an -SMe group;




SH H2N COOK (I) as an amino acid residue; (a) allowing an -SH group of the threo,ine derivative A
residue in the giyoopeptide obtained in the step (0) to react with a methylating agent to convert t-SH
group to an -SMe group; (b) allowing the -SMe group obtained in the step (a) to react with a cyanizing
agent to produce a reaction intermediate; and (c) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising a threoninelrésidue - 136 -

(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

(c) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising a serine residue
under more basic conditions than the conditions in the
step (b).

21. A method for producing a glycopeptide, characterized
in that it comprises converting a threonine derivative A
residue represented by the following Formula (1) of a
glycopeptide comprising the threonine derivative A
residue as an amino acid residue to a threonine residue,

[Formula 3]

SH

H:N COOH

(D

wherein said method comprises the following steps {a) to
{(c):

(a) allowing an -SH group of a threonine derivative A
residue in a glycopeptide to react with a methylating

agent to convert the -SH group to an -SMe group;




under more basic conditions than the conditions in the step (b). 29. The method for producing a
glycopeotide according to claim 27 or 26, wherein the reaction intermediate is an ester form. 30. The
method for producing a glycopeptide according to any one of claims 27 to 29, wherein the basic
conditions in the step (c) are weakly basic conditions. 31. The method for producing a glvcopeptide
according to any one of claims 27 to 29, wherein thebasic conditions in the step (c) are strongly basic
conditions. 32. A glycopeptide having a structure represented by the following formula: -sugar
Asn-X-Y- where n sugar Asn represents a sugar chain-added asoaragine, X represents any given
amino acid residue dther than protineSHad 9 rrepresdrits Bnthfecomné Merivative A2 residue represented
by Formula (2]2: LFormuIa . ‘

eact with a c¢cyanizing agent to produce a reaction

intermediate; and

(c) converting the reaction intermediate obtained in the

step (b) to a glycopeptide comprising a threonine residue

under more basic conditions than the conditions in the

step (b).

22. The method for producing a glycopeptide according to

any one of claims 19 to 21, wherein the reaction

intermediate is an ester form.

23. The method for producing a glycopeptide according to

any one of claims 18 to 22, wherein the basic conditions

in the step (c) are weakly basic conditions.

24. The method for producing a glycopeptide according to

any one of claims 18 to 22, wherein the basic conditions

in the step (c) are strongly basic conditions.

25. The method for producing a glycopeptide according to

any one of claims 18 to 24, wherein the glycopeptide has

an N-linked sugar chain.

26. The method for producing a glycopeptide according to

any one of claims 18 to 24, wherein the glycopeptide has

an O-linked sugar chain.

27. A method for producing a glycopeptide comprising a

serine residue, which comprises the following steps:

(o) ligating a first glycopeptide whose C-terminus is

represented by the following formula:

-sugar Asn—-X-C(=0)-3R



- 134 -

(wherein sugar Asn represents a sugar chain-added
asparagine,
X represents a portion other than a carboxyl group of any
given amino acid residue other than proline, and
R is selected from a benzyl group, an aryl group, and an
alkyl group, which may be substituted with substituents),
to a second peptide containing a cysteine residue at the
N-terminus thereof according to a ligation method to
obtain a glycopeptide containing a cysteine residue;
(a) allowing an -SH group of the cysteine residue in the
glycopeptide obtained in the step (0) to react with a
methylating agent to convert the -SH group to an -SMe
group;
(b) allowing the -SMe group obtained in the step {(a) to
react with a cyanizing agent to produce a reaction
intermediate; and
(c) converting the reaction intermediate obtained in the
step (b) to a glycopeptide comprising a serine residue
under more basic conditions than the conditions in the
step (b).
28. A method for producing a glycopeptide comprising a
threonine residue, which comprises the following steps:
(o) ligating a first glycopeptide whose C-terminus is
represented by the following formula:

~sugar Asn-X-C(=0)-3R
(wherein sugar Asn represents a sugar chain-added

asparagine,




- 135 -

X represents a portion other than a carboxyl group of any
given amino acid residue other than proline, and

R is selected from a benzyl group, an aryl group, and an
alkyl group, which may be substituted with substituents),
to a second peptide containing a threonine derivative
residue at the N-terminus thereof according to a ligation
method to obtain a glycopeptide containing a threonine
derivative A represented by the following Formula (1):

[Formula 4]

SH

HaN - COOH 0

as an amino acid residue;

{a} allowing an -SH group of the threonine derivative A
residue in the glycopeptide obtalined in the step (o) to
react with a methylating agent to convert the -SH group
to an —-SMe group;

(b) allowing the -SMe group obtained in the step (a) to
react with a cyanizing agent to produce a reaction
intermediate; and

(c) converting the reaction intermediate obtained in the

step (b) to a glycopeptide comprising a threonine residue




- 136 -

under more basic conditions than the conditions in the
step (b).
29. The method for producing a glycopeptide according to
claim 27 or 28, wherein the reaction intermediate is an
ester form.
30. The method for producing a glycopeptide according to
any one of claims 27 to 29, wherein the basic conditions
in the step (c) are weakly basic conditions.
31. The method for producing a glycopeptide according to
any one of claims 27 to 29, wherein the basic conditions
in the step (c¢) are strongly basic conditions.
32. A glycopeptide having a structure represented by the
following formula:

-sugar Asn-X-Y-
whereln sugar Asn represents a sugar chain-added
asparagine,
X represents any given amino acid residue other than
proline, and
Y represents a threonine derivative A residue represented
by Formula (2):

[Formula 5]

(2)




