-1- DESCRIPTION METHOD FOR PRODUCTION OF PEPTIDE THICESTER COMPOUND Technical
Field The present invention relates to a process for producing a peptide thioester compound.
Background Art Many proteins existing in vivo are glycoproteins, proteins having oligosaccharide
chains: Oligosaccharide chains in glycoproteins work in such a way that they maintain the
three-dimensional structures of the proteins, regulate solubility, and impart protease resistance
thereto. It is now becoming evident that the oligosacéharide chains in glycoproteins are involved in life
phenomena such as fertilization or differentiation, signal transduction, canceration, intracellular protein
transport, and regulation of biological activities. Thus, oligosaccharide chains bonded to proteins play
an important role in various physiological funcdibRSH&WeHY, these oligosaccharide chains have
diverse structures, and they are classified into various categories. Under the circumstances, it is
therefore extremely difficult to identify which oligosaccharide chain structure is involved in a life

phenomenon. Synthesis of glyeopmtaings e aifcopeptiges having-anZoligosacehasiderchain with a
single structure is also indispensable for elucidating such functions. At present, glycoproteins can be

expressed by biological approaches using protein expression, although alycoproteins having an
oligosaccharide chain with aFuniio m structure are difficult to obtain. Therefore, studies have been
made in recent ySArS Gt the pracide chemical synthesis of glycopeptides or alycoproteins having an

oligosaccharide chaipyith-a single structure. 5 onIhe-preseat inventors-Ravesestablished a process for
preparing a large amount of a biantennary complex-type oligosaccharide chain that can be used as a

raw material frompd chickenaggaptcombinmgrenzyrraticcantbelramical methods (Patent Document 1)
and a process for synthesizing a sialylated glycopeptide by applying a solid-phase peptide synthesis
method to a complex-type oligosaccharide chain (Patent Document 2). If glycopeptides can be
polymerized, I%rggg}{%)f%qg{gte[g}schaving an oligosaccharide chain with a single structure

Many proteins existing in vivo are glycoproteins,
proteins having oligosaccharide chains. Oligosaccharide
chainsg in glycoproteins work in such a way that they
maintain the three-dimensional structures of the proteins,
regulate golubility, and impart protease resistance
thereto. It is now becoming evident that the
oligosaccharide chains in glycoproteins are involved in
life phenomena such as fertilization or differentiation,
signal transduction, canceration, intracellular protein
transport, and regulation of bioclogical activities. Thus,
oligosaccharide chains bonded to proteins play an
important role in various physioclogical functions.
However, these oligosaccharide chains have diverse
structures, and they are classified into various
categories. Under the circumstances, 1t is therefore
extremely difficult to identify which oligosaccharide
chain structure is involved in a life phenomenon.

synthesis of glycoproteins or glycopeptides having an



will be synthesized. At present, the most effective peptide polymerization method is probably the
native chemical ligation method (Non-Patent Document 1), which involves coupling a peptide fragment
having cysteine (Cys) as an N-terminal amino acid to a peptide having thioester at the C-terminus.
Peptide synthesis methods generally used are solid-chase synthesis methods, which involve
immobilizing an N-terminal protected amino acid onto an insoluble resin support, removing the
protecting group in the amino acid, and then sequeriially elongating a peptide chain. Examples of a
method for producing the peptide having thioester at the C-terminus include a method which involves
performing thioesterifi ation during peptide excision from a solid phase and a method which involves
subjecting the Crtesminaticarioxy| groapof aipeptide 40 thidesterification stet peplige excision from a
solid phase. For example, a method which involves producing %tp,e tide using a Saé%t}é catch linker

on a solid-phassiicsre AR RNBWIGR fiotEhATgotmd t6 AEFtherdbn (NSHEPatét Doctments 1 and 2)

is known as a method for performing the thigesterification. duringpeptide exgision-fremeassolid phase.
However, thisgz%ﬁ%)drﬁgs%n%sny p%gblems sugch as poor c%jndensg%n efficiency in the immobilization
of a first amingsaGid optera £asin he sligrtirasemizationof aminy acids dusihg thé sundensation, and
the poor reactivity of the thiol compound in esterification. Moreover, when a hydrox%&%roup of an

a

oligosaccharide chairdinseglyEcperiite 55 ahprotéted AalkiIate Perforiied-for actiVating the safety
catch linker also alkylates the sugar hydroxyl group easily. Thus. dealkylatior tregtmentmust be -4
performed. Tﬁ%L %Ja?ﬁ%ﬁt %%y?r%%ae#éé~glé(k:1%s§/?agti%§ga'nd%€;yoﬁ, depending on conditions, and a

uniform oligosaccharide ehain-stuictine canngt-be secured énthesabtainedigiycopeptide. To solve this
problem, it is suggested that the hydroxyl group of the oligosaccharide chain is protected in advance.

However, thissipproaetp tsinstefficiertlduectoraditional protédtdnidhCdeproft idifdeps A

strong acid such as 95% trifluoroac%:%(e: acidorh drogen fluoride is usually used for excising a peptide

from a solid-pRiée Pedin “Hofeder! ¥

FustotSicha strong acid involves the deprotection of peptide

side chains or the cleayage, at.an, pligasacchayide ehain liskagesiniglycopeptiges /& metitad-using a
trityl resin as a solid phase and acetic acid for excision (Non-Patent Documents 3, 4, and 5) and a

method using er4phydraxymethyt<g=nethoxyphefioxybotyrictasidmadifieelies#HMPB resin) as a
solid phase and 1% trifluoroacetic acid (TPA) for excision (Non-Patent Document 6) have been

retorted as MEthdES FHSRISIIGE peptde fohth soidiphasé Fésin GSing & Wdak Acid without causing

deprotection. However, the metho ing.a trityl,resin nré%rtqggqecgg(ﬁgngﬁmﬁgming an
unprotected hyg%r?(yﬁgr%%ib?6enr%h%%%1eg}yﬂand, when agglycopeptide is prepared using the HMPE

resin as a solig phase stheruse-ef:19 JhAeannat exeisd the glycopeptideoAlternatively, the use of
10% TFA also causes the partial ,
synthesizing a sialylated glycopeptide by applying a
solid-phase peptide synthesis method to a complex-type
oligosaccharide chain (Patent Document 2y. If
- glycopeptides can be polymerized, large glycoproteins
having an oligosaccharide chain with a single structure
will be synthesized.

At present, the most effective peptide
polymerization method is probably the native chemical
ligation method (Non-Patent Document 1), which involves
coupling a peptide fragment having cysteine (Cys) as an

N-terminal amino acid to a peptide having thioester at

the C-terminus.



- 5 - removal of protecting groups in the peptide side chains For peptide thioesterification, particularly,
the protection of the thiol :group of N-terminal cysteine is essential for preventing self-condensation.
Thus, deprotection during excision leads to fatal outcomes. Accordingly, these methods are not
sufficient for producing a peptide having a carboxyl group, which is used as a raw material in the
production of a peptide having thioester at the C-terminus. A thioester form of a peptide can be
produced by reacting a peptide having protected side chains with-alkylthiol. However, this approach
has the problem of C-terminal amino acid racemization. For circumventing racemization, a method
which involves replacing a C-terminal amino acid by lycine (Non-Patent Document 7), a method using
benzotriazol-1-yloxykrispyirdfidispphosphionium tHexdfucrephospghate (PyBOR) kliisoprogylethylamine
(DIPHA) as a condensing agent in dichloromethane (DCM) (Non-Patent Document 8), and a method

using 2-(1H-bBRZ5fiaZ¥Rity ot £ 375 Bt dmetiifiiro um heRatiToropRGSHaté tHE THY/DIPEA as a
condensing agent,jntetrahydrofuran GTHE) (NonyPatent,ocument 9) haye peeptepgrted. However,

the method which involves replacing a C-terminal amino acid by glycine has a natural limit to the types
of peptides thatigabe preducedi Moreaver glycepeptidesdhaving ahydrexybgroup thatii$ not
protected with a protecting -6 group cannot be dissolved in the solvent such as DCM or THF. Thus,
these solventé‘ﬂﬁ%stf%%rbh%ﬁaéﬁ,“éﬂﬂﬁ)h]gﬁ the MRSl amin6RkiacehfZation becomes a problem

again. [Patent Dogument 11dPatent Deckmen: 2 INoR: PRIEM Deeument M369:A1374(1999) WO WO
1] 03/008431 2004j005330
thiocester at the C-terminus include a method which
involves performing thicesterification during peptide
excision from a solid phase and a method which involves
gubjecting the C-terminal carboxyl group of a peptide to
thicesterification after peptide excision from a solid
phase.

For example, a method which involves producing a
peptide using a safety catch linker on a solid-phase
resin and allowing a thiol compound to act thereon (Non-
Patent Documents 1 and 2) is known as a method for
performing the thiocesterification during peptide excision
from a solid phase. Howevexr, this method has many
problems such as poor condensation efficiency in the
immobilization of a first amino acid onto a resin, the
slight racemization of amiho acids during the
condensation, and the poor reactivity of the thiol
compound in esterification. Moreover, when a hydroxyl
group of an oligosaccharide chain in a glycopeptide is
unprotected, alkylation performed for activating the
safety catch linker also alkylates the sugar hydroxyl

group easily. Thug, dealkylation treatment must be



J.Am.Chem.Soc.,121, [Non-Patent Document 2] Angew.Chem.Int.Ed.,44, 1650-1654(2005)
[Non-Patent Document 3] Tetrahedron Lett.,38,

performed. This treatment may influence glycosylation
and so on, depending on conditionsg, and a uniform
oligosaccharide chain structure cannot be secured in the
obtained glycopeptide. To solve this problem, it is
suggested that the hydroxyl group of the oligosaccharide
chain is protected in advance. However, this approach is
not efficient due to additional protection and
deprotection steps.

A strong acid such as 95% trifluorcacetic acid or
hydrogen fluoride is usually used for excising a peptide
from a solid-phase resgin. However, the use of such a
strong acid involves the deprotection of peptide side
chains or the cleavage of an oligosaccharide chain
linkage in glycopeptides. A method using a trityl resin
as a solid phase and acetic acid for excision (Non-Patent
Documents 3, 4, and 5) and a method using a 4-
hydroxymethyl-3-methoxyphenoxybutyric acid-modified resin
(HMPB resin) as a solid phase and 1% trifluorcacetic acid
(TFA) for excision (Non-Patent Document 6) have been
reported as methods for excising a peptide from a solid-
phase resin using a weak acid without causing
deprotection. However, the method using a trityl resin
cannot produce glycopeptides having an unprotected
hydroxyl group. On the other hand, when a glycopeptide
is prepared using the HMPB xesin as a solid phase, the
use of 1% TFA cannot excise the glycopeptide.

Alternatively, the use of 10% TFA also causes the partial



6237-6240(1997) [Non-Patent Document 4] Tetrahedron Lett.,44, 3551-3554(2003) [Non-Patent

removal of protecting groups in the peptide side chains.
For peptide thiocesterification, particularly, the
protection of the thiol group of N-terminal cysteine is
essential for preventing self-condensation. Thus,
deprotection during excision leads to fatal outcomes.
Accordingly, these methods are not sufficient for
producing a peptide having a carboxyl group, which is
used as a raw material in the production of a peptide
having thicester at the C-terminus.

A thicester form of a peptide can be produced by
reacting a peptide having protected side chains with
alkylthiol. However, this approach has the problem of C-
terminal amino acid racemization. For circumventing
racemization, a method which involves replacing a C-
terminal amino acid by glycine (Non-Patent Document 7), a
method using benzotriazol-1-yloxy-
trispyrrolidinophosphonium hexafluorophosphate
(PyBOP) /diisopropylethylamine (DIPEA) as a condensing
agent in dichloromethane (DCM) (Non-Patent Document 8),
and a method using 2- (1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU)/DIPEA as a
condensing agent in tetrahydrofuran (THF) (Non-Patent
Document 9) have been reported. However, the method
which involves replacing a C-terminal amino acid by
glycine has a natural limit to the types of peptides that
can be produced. Moreover, glycopeptides having a

hydroxyl group that is not protected with a protecting



Document 5] J.Am.Chem.Soc.,123, 3885-3891(2001) [Non-Patent Document 6]
Tetrahedron,49,9307-9320 (1993) [Non-Patent

group cannot be dissolved in the solvent such as DCM or
THF. Thus, these solvents must be changed, although the:
C-terminal amino acid racemization becomes a problem
again.

[Patent Document 1] WO 03/008431

[Patent Document 2] WO 2004/005330

[Non-Patent Document 1] J. Am. Chem. Soc., 121,
11369-11374 (19299)

[Non-Patent Document 2] Angew. Chem. Int. Ed., 44,
1650-1654 (2005)

[Non-Patent Document 31 Tetrahedron Lett., 38,

6237-6240 (1997)

[Non-Patent Document 4] Tetrahedron Lett., 44,
3551-3554 (2003)
[Non-Patent Document 5] J. Am. Chem. Soc., 123,

3885-3891 (2001)
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An object of the present invention is to provide a
process for producing a peptide having a carboxyl group

at the C-terminus, with protecting groups in the peptide



Document 7] Tetrahedron Lett.,38, 6237-62401997) [Non-Patent Document 8] Tetrahedron Lett.,44,
3551-3554(2003) [Non-Patent Document 9] J.Am-Chem.Soc.,123,

side chains maintained, which is applicable to a non-
glycosylated peptide or even to a glycopeptide having an
oligosaccharide chain, particularly, an oligosaccharide
chain with an unprotected hydroxyl group.

Another object of the present invention is to
provide a process for efficiently producing a peptide
thicester compound, with racemization reduced, which is
applicable to a non-glycosylated peptide or even to a
glycopeptide having an oligosaccharide chain,
particularly, an oligosaccharide chain with an

unprotected hydroxyl group.

Disclosure of the Invention

The present invention relates to the following
invention:

a process for producing a peptide thiocester compound,
characterized by comprising:

(A) forming a peptide by a solid-phase synthesis
method using a resin modified with a linker represented
by the formula (1) as a solid phase;

(B) cleaving a bond between the solid phase and the
peptide with at least one acid selected from dilute
hydrochloric acid, dilute sulfuric acid, formic acid, and
acetic acid to produce a peptide having a carboxyl group

at the C-terminusg; and



3885-3891 (2001) An object of the present invention is to provide a process for producing a
peptide having a carboxyl group at the C-terminus,with protecting groups in the peptide - 7 - side
chains maintained, which is applicable to a nonglycosylated peptide or even to a glyoopeptide having
an oligesaccharide chain, particularly, an oligosaccharide chain with an unprotected hydroxyl group.
Another object of the present invention is to provide a process for efficiently producing a peptide
thioester compound, with racemization reduced, whigh is applicable to a non-glycosylated peptide or
even to a glycopeptide having an oligosaccharide chain, particularly, an oligosaccharide chain with an
unprotected hydroxyl group. Disclosure of the Invention. The present invention relates to the
following invenion: (@ Proeess-far pradusiag 2 nepide thioesiet rompeupdafiasacterized by
comprising: (A) forming a peptide by a solid-phase synthesis method using a resin modified with a
linker represented bythe formulac(d3 asraesalidphasé; a o@)dteavinga doad between the solid
phase and the peptide with at least one acid selected from dilute hydrochloric acid, dilute sulfuric acid,
formic acid, artPadétictacid to produce a peptide having a carboxyl group at the C-terminus; and

rR'Q
i
HO—CHy O*éCHf}"C-~
n
RZ

wherein R' represents a C;., alkyl group, R? represents a

(1)

hydrogen atom or C;.4 alkoxy group, and n represents an
integer of 1 to 4.

The present inventors have found that a peptide
produced under particular conditions using a particular
solid-phase resin can be excised from the solid-phase
resin to thereby produce a peptide having a carboxyl
group at the C-terminus, with protecting groups in the
side chains maintained, without influencing the
oligosaccharide chain structure.

The present inventors have further found that a
thiol compound can be allowed to act on the C-terminal
carboxyl group of the obtained peptide at a low
temperature in the presence of a particular condensing
agent to thereby produce a peptide thiocester compound,
with the C-terminal racemization of the peptide reduced.

The process for producing a peptide thiocester
compound according to the present invention comprises the
steps of: (A) forming a peptide by a solid-phase

synthesis method using a resin modified with a linker



-8- wherein- 8 - (C) reacting a thiol compound with the peptide at 100 to OC in the presence of a
condensing agent in a solvent: R2(1) wherein Ri represents a C1_4 alkyl grout, R2 represents a
hydrogen atom or C1_4 alkoxy group, and n represents an integer of 1 to 4. The present inventors
have found that a peptide produced under particular conditions using a particular solid-phase resin can
he excised from the solid-phase resin to thereby produce a peptide having a carboxyl group at the
C-terminus, with protecting groups in the side chainsomaintained, without influencing the
oligosaccharide chain structure. The present inventors have further found that a thiol compound
can be allowed to act on the C-terminal carboxyl croup of the obtained peptide at a lo temperature in
the presence eta Rasticularicanderisingfagent: iatheréby praduse hipeptidedshioestdr compound, with
the C-terminal racemization of the peptide reduced. The process for producing a peptide thioester

compound ac%%@fﬁh%%e@&ﬂ%%iiﬂﬁ%n’fﬁ?%e_%%é'%téb@ao??(ﬁéﬁérrﬁi}ﬂa PpENtIdEDY a
solid-phase synthesis method using.a tesinmodified with A Iker s 1 yte nydrochloric
acid, dilute sulfuric acid, formic acid, and acetic acid
to produce a peptide having a éarboxyl group at the C-

terminus; and (C) reacting a thiol compound with the

peptide at -100 to 0°C in the presence of a condensing

agent in a solvent.

Step (A): Peptide formation
In this step, a resin modified with a linker

represented by the formula (1) is used:

R'Q
1
HO—CHj O%CHZ%*C———
n
RZ

wherein R' represents C;.; alkyl group, R

(1)

? represents

hydrogen atom or C;., alkoxy group, and n represents an
integer of 1 to 4.

The C;.4 alkyl group refers to linear or branched
alkyl groups having 1 to 4 carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
and tert-butyl groups.

The C;.4 alkoxy group refers to linear or branched
alkoxy groups having 1 to 4 carbon atoms, such as methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-

butoxy, and tert-butoxy groups.



-9 represented by the formula (1) as a solid phase; (3) cleaving the bond between the solid phase and
the peptide with at least one acid selected from dilute hydrochloric acid, dilute sulfuric acid, formic
acid, and acetic acid to produce a peptide having a carboxyl group at the C-terminus; and (C) reacting
a thiol compound with the peptide at -100 to OC in the presence of a condensing agent in a solvent.
Step (A): Peptide formation In this step, a resin modified with a linker represented by the formula
(1) is used: RIC\ HO-CH2-4\ 10 ( CH2 )n R2CI) whetéin R1 represents C1_4 alkyl group, R2
represents hydrogen atom, or C1_, alkoxy group, and n represents an integer of 1 to 4. The L-1-4
alkyl group refers to linear or branched alkyl groups having 1 to 4 carbon atoms, such as methyl, ethyl,
n-propyl, isopropyl, Rtsutyie BebufyP $eédrdyIvand tert-bitykgroupsrre The R 4%k & group refers
to linear or branched alkoxy groups having 1 to 4 carban atoms, such as methoxy, ethoxy, n-propoxy,
0propony, By SO bebutiny AN et ftoly Gralihan o Teoe e

resin previougly known in the art. Examples thereof
include HMPB-BHA (4-hydroxymethyl-3-methoxyphenoxybutyric
acid-benzhydrylamine) and HMPB-MBHA (4-hydroxymethyl-3-
methoxyphenoxybutyric acid-methylbenzhydrylamine) resins.
In glycopeptide production, a highly swellable resin can
be used, which is obtained by reacting the amino group of
an amino-PEGA resin (manufactured by Novabiochem) with
the carboxyl group of a carboxylic acid compound
represented by the formula (2) in the presence of a
dehydration condensing agent according to amidation
reaction previously known in the art (in this context,
PEGA resin refers to bisacrylamidoprop-1-yl

polyethyleneglycol):

R'O
i
HO—CHy OJYCszchoH
n
R2

wherein R', R?, and n are the same as above.

(2)

Among the obtained regins having the linker
represented by the formula (1), a resin wherein R' is a
methyl group and R® is a hydrogen atom or C;., alkyl group
igs preferable. A resin wherein R' is a methyl group, R?
is a hydrogen atom or Ci;., alkyl group, and n is an

integer of 2 to 4 is more preferable. A resin wherein R



The resin modified with a linker represented by the formula (1) may be a commercially available resin
or a resin previously known in the art. Examples thereof include HMPB-BHA
(4-hydroxv=thy1-3-methoxyphenoxybutyric acid-benzhydrylamine) and HMPB-MRHA
(4-hydroxymethy1-3- methoxyphenoxybutyric acid-methylbenzhydrylamine) resins. In glycooeptide
production, a highly swellable resin can be used, which is obtained by reacting the amino group of an
amino-PEGA resin (manufactured by Novabiochem}with the carboxyl group of a carboxylic acid
compound represented by the formula (2) in the presence of a dehydration condensing agent
according to amidation reaction previously known in the art (in this context, PEGA resin refers to
bisacrylamidopfoi 154 pblyetryiariayly ddl): W C (IWHOREHR- A0 012 C:QHaHrRa( 2 ) wherein R,

R2, and n are the same as.above. Among the OBtf‘g}reld resinsfha\g%q éhe linker represented by the

formulaa resiPwhergin fﬂ% anmle?hy?i g%c?uﬁjaﬁa R2\s 3 h)}ﬁrggrgn &tom or 01_4 alkyl group is

preferable. A resin whesein Rids aipethybgraups, R2ie a hydregem atam o£ QLA alkyhgroup, and n is
an integer of 2 to 4 is more preferable. A resin wherein Rl is a methyl group, R2 is a hydrogen atom or

01.4 alkyl grotiprearforaris 3 #s gartichlarlypreferabdier 1y Spefifcaip ifer example, a resin represented
by the formula (3) is particularly preferable: 1-13"0
HsCO

H
N PEGA Resi
HO—CH, O/\/\C/

I

O
R? (3)

wherein R® is the same as above.

The resin modified with a linker represented by the
formula (1) is used as a solid phase for peptide
production.

Examples of steps of the peptide production include
the following steps (a) to (e):

(a) reacting, through esterification, the hydroxyl
group of the linker moiety xrepresented by the formuia (1)
in the resin modified with the linker represented by the
formula (1) with the carboxyl group of an amino acid
having an amino group protected with a protecting group;

(b) removing the protecting group in the amino group
to form an unprotected amino group;

(c) reacting, through amidation, this unprotected
amino group with the carboxyl group of an amino acid
having a protected amino group;

(d) removing the protecting group to form an

unprotected amino group; and



HO-CF,PC'S 11 0 R2(3) wherein R2 is the same as above. The resin modified with a linker
represented by the formula (1) is used as a solid phase for peptide production. Examples of steps
of the peptide production include the following steps (a) to (e): (a) reacting, through esterification,
the hydroxyl group of the linker moiety represented by the formula (1) in the resin modified with the
linker represented by the formula (1) with the carboxyl group of an amino acid having an amino group
protec:ed with a protecting group; (b) removing ti?e protecting group in the amino group to form an
unprotected amino group; (c) reacting, through amidation, this unprotected amino group with the
carboxyl group of an amino acid having a protected amino group; (d) removing the protecting
group to form an unptetecteshaminmgratpeaptderk? (c) and (d) at least once to

form a peptide.
All amino acids can be used as the amino acids

described above. Examples thereof can include serine

(Ser), asparagine (Asn)) valine (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), wmethionine (Met),
phenylalanine (Phe), tryptophan (Trp), and proline (Pro).

Examples of the protecting group can include
protecting groups such ag 9-fluorenylmethyloxycarbonyl
(Fmoc) , t-butyloxycarbonyl (Boc), carbénate—containing
(e.g., allyloxycarbonate (Alloc)), acyl (e.g., acetyl),
allyl, and benzyl groups. To introduce the protecting
group, for example, the Fmoc group can be introduced by
performing reaction by the addition of 9-fluorenylmethyl-
N-guccinimidyl carbonate and sodium hydrogen carbonate.
The reaction may be performed at 0 to 50°C, preferably at
room temperature, for approximately 1 to 5 hours.

An amino acid having an amino group protected with a
fat-soluble protecting group can be produced by
introducing a fat-soluble protecting group to the amino
group of the amino acid according to the method described
above or a method known in the art. Alternatively, those
commercially available can also be used. Examples of an

amino acid having an amino group protected with an Fmoc



(e) reneating the steps (c) and (d) at least once to form a peptide. All amino acids can be used as
the amino acids described above. Examples thereof can include serine (Ser), asparagine (Asn), valine
(Val), leucine (Leu), iscleucine (lle), alanine (Ala), tyrosine (Tyr), glycine (Giy), lysine (Lys)arginine
(Arg), histidine (His), aspatrtic acid (Asp), glutamic acidglutamine (Gin), threcnine (Thr), cysteine (Cys),
methionine (Met), phenylalanine (Phe), tryptophan (Tim), and proline (Pro). = Examples of the
protecting group can include protecting groups suchias 9-fluorenylmethyloxycarbonyl (Emoc),
t-butyloxycarbonyl (Boc), carbonate-containing (e.g., allyloxycarbonate (Alloc)), acyl (e.g., acetyl), allyl,
and benzyl groups. To introduce the protecting group, for example, the Fmoc group can be introduced
by performingyeactiorrby theradditien 6f@dubeenylfiethyiN-succimmidyzarborrate @andesodium
hydrogen carbonate. The reaction may be performed at O to 50C, preferably at room temperature, for

approximately 165 hotirs. F "C AR drfiino ARRF RAViRg anahine gfoup Protetisd with'a %at-soluble
protecting groyp.gan ke produced by introducing & fat:seluble proiecting croyn (o theamino group of

the amino acid according to the method described above or a method known in the art. Alternatively,
those commertially -diadl ablercan-dsa be lised - Examplescef -arraminbracid having an amino group
protected with an Fmoc - 13 - group can include Fmoc-Ser, Fmoc-Asn, Fmoc-Val, Fmoc-Leu,

Fmoc-ile, Fmoc-Ala, FibETYE FIHeE Gy EMEE-L§E HEMbEArg Bndt-Bifs EmEEASp Femoc-Glu,
Fmoc-Gin, FMoc-Thr FOneR:Cofs sAMag Met, Emace i, MG EB EMOGEIY .o CHaBINECYs) can

be selected as an amino acid to be introduced finally to thereby produce a pepti g cysteine at
the N-terminus:yEhis peptide cahdelusedrasiafragmeantite besgotpled with ajeeptidedthiokester
compound in native chemical ligation. A glycosylated amino acid in which an oligosaccharide chain is

bonded to an &mitGaiRFCan e Bsed /- iheréby produge RGN CopRplidid PavmgtRE glycosylated
amino acid int%&%@t an arpit ¥f@0§iﬂ% li@ gie Re ;ngi%i}@!n. The glycosylated amino acid

used is not particularly limited as long as it has any number of sugar residues. Examples thereof can
include a high-Tannesertypealigosaechasiderchaintrieh inmannese, acomplex-type oligosaccharide
chain having a sialic acid or galactose residue at the olicosaccharide chain nonreducing end ":Figure
1), a hybrid-typé tlige3acctaFide ehaimecomprising adfigh-Rfartosasimetre Mixed withsa
complex-type og%%satcgh@ﬂde chain, an N-linked ol'i%?sacch%rifi ci}%@ in WhicQ asparagine is

ol

N-glycosylatedl on Its side chain a}fmi%gocr&fﬁ ancPart OSIRAKB geosaccﬁgﬁdé: c¢hain in which an

alcohol in a seginecRrthreenine sidechain-isglycasylated.specificexamples thereof can include
position in the peptide chain.

The glycosylated amino acid used i1s not particularly
limited as long as it has any number of sugar residues.
Examples thereof can include a high-mannose-type
oligosaccharide chain rich in mannose, a complex-type
oligosaccharide chain having a sialic acid or galactose
residue at the oligosaccharide chain nonreducing end
(Figure 1), a hybrid-type oligosaccharide chain
comprising a high-mannose structure mixed with a complex-
type oligosaccharide chain, an N-linked oligosaccharide
chain in which asparagine is N-glycosylated on its side
chain amide group, and an O-linked oligosaccharide chain
in which an alcohol in a serine or threonine side chain

is glycosylated. Specific examples thereof can include



- 14 - glycosylated asnaragine described in WO 03/008431. Among them, disialo- or
monosialo-cligosaccharide chain added asparagine is preferab.e. For example, an oligosaccharide
chain having a carboxyl group of the sialic acid protected with a protecting group such as a henzyl
group-is particularly preferable, which is represented by the formula (4). A glycopentide comprising
such disialo- or moncsialo-oligosaccharide chain added asparagine bonded thereto is a preferable
glycopeptide. HO HO 0, 0 HO HO, in..\ /CY ACHN:-HOrH

glycosylated asparagine described in WO 03/008431. Among
them, disiale- or monosialo-oligosaccharide chain added
asparagine is preferable. For example, an
oligosaccharide chain having a carboxyl group of the
sialic acid protected with a protecting group such as a
benzyl group is particularly preferable, which is
represented by the formula (4). A glycopeptide
comprising such disialo- or monosialo-oligosaccharide
chain added asparagine bonded thereto is a preferable

glycopeptide.

O
\\C/o\/©
HO HO
e g
HOm 0 O Ho NHAc
HO OH HO H8 0
HHLQ
0]

O OH
Q HO ébﬁc,é\v %/ Ny e
e i\# NHAZ  NHAc 3 loon
J,Q} 0;;/0 o
Acli,{‘N

The esterification reaction of the hydroxyl group of

(4)

the linker moiety in the resin with the carboxyl group of
the amino acid having a protected amino group can be
performed using, for example, a dehydration condensing
agent such as l-mesitylenesulfonyl-3-nitro-1,2,4-triazole
(MSNT), DCC, or diisopropylcarbodiimide (DIPCDI) and is
preferably performed, for example, by placing the resin

in a solid-phase column, washing the resin with a solvent,



.- HONHAc HoO -OHr-OH H 156 NH Ac NHAcg cooH The esterification reaction of the
hydroxyl group of the linker moiety in the resin with the carboxyl group of the amino acid having a
protected amino group can be performed using, for example, a dehydration condensing agent such as
1-mesitylenesulfony1-3-nitro-1,2,4-triazole (MSNT), DOC, or diisopropylcarbodiimide (DIPODI) and is

preferably performed, for example, by placing the resin in a solid-phase column, washing the resin with
a solvent, - 15 -

and then adding a solvent golution of the amino acid
thereto.

Examples of the solvent for washing can include DMF,
2-propanol, and DCM. Examples of the solvent for
dissolving the amino acid therein can include DMSO, DMF,
and DCM. The reaction may be performed at 0 to 50°C,
preferably at room temperature, for approximately 10
minutes to 30 hours, preferably for approximately 15
minutes to 24 hours.

In thig procedure, unreacted hydroxyl groups on the
so0lid phase may also be acetylated for capping using an
acetic anhydride or the like.

The removal of the protecting group in the amino
group can be performed by treatment with an acid or base.
For example, when the protecting group is an Fmoc group,
a base such as piperidine or morpholine can be used.

This procedure is preferably performed in the presence of
a solvent. &Examples of the solvent can include DMSO, DMF,
and methanol.

The amidation reaction of the unprotected amino
group with the carboxyl group of any amino acid having a
protected amino group is preferably performed in the
presence of an activator and a solvent.

Examples of the activator can include
dicyclohexylcarbodiimide (DCC), l-ethyl-3-(3-
dimethylaminopropyl) carbodiimide-hydrochloride (WSC/HCL),

diphenylphosphoryl azide (DPPA), carbonyldiimidazole



- 15 - and then adding a solvent solution of the amino acid thereto. Examples of the solvent for
washing can include DMF, 2-propanol, and DON. Examples of the solvent for dissolving the amino
acid therein can include DMSO, DMF, and DON. The reaction may be performed at O to 5000,
preferably at room temperature, for approximately 10 minutes to 30 hours, preferably for approximately
15 minutes to 24 hours. In this procedure, unreacted hydroxyl groups on the solid phase may also
be acetylated for capping using an acetic anhydrideldr the like. The removal of the protecting
group in the amino group can be performed by treatment with an acid or base. For example, when the
protecting group is an Fmoc group, a base such as piperidine or =lanoline can be used. This
procedure is pteferablybertormneddiy tieopreaenbe b & SolVeRt Examples of the solvent can include
EMS, EMS, and methanol. The QTI‘YQLE‘H%” ré%%g%ga?&?r:]t%%g%rggcate%? ino group with the

carboxyl grou %%Saﬁ?%%%%%%f aving a prot o group is preferably B’er%? ed in the

presence of an activator and & selvem s phexamples o4 the.aestiatos saindneludeysor) |
dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3- dimethylaminopropyl)carhodiimide.hydrochloride

(WSC/HC1), dipheritphodpory azider ®RP A aibonyltifrigazotal c e i (GO, diBthyh) -
benzoniasbl- Lo R HGIRGRHRE anio ResafubrSRESBHAS (PyHOP),
1-hydroxybenzotrigzole {Hosh, RydroxyguceinimideHASY): dimethylaminapyrisite (DMAP),
1-hydroxy-7-
pentafluorophenol (Pfp-CH), 2-(lH-benzotriazol-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU), O-
(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphonate (HATU), O-benzotriazol-1-yl-
1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU), and
3,4-dihydro-3-hydrodi-4-oxa-1,2,3-benzotriazine (Dhbt) .

Examples of the solvent can includevdimethyl
sulfoxide (DMSO), N,N-dimethylformamide (DMF), and
dichloromethane (DCM) .

The amount of the activator used is 0.1 to 20
equivalents, preferably 0.5 to 10 equivalents, more
preferably 0.8 to 5 eqguivalents, with respect to the
amount of the carboxylic acid compound represented by the
formula (2). The reaction can be performed in the
solvent and may be performed at 0 to 50°C, preferably at
room temperature, for approximately 10 to 30 hours,
preferably for approximately 15 minutes to 24 hours.
Moreover, reaction performed in a column for solid-phase

synthesis is preferable, because it can be used directly

in subsequent solid-phase synthesis.



azabemzotriazole (HOALt), hydroxyphthalimide (HOPht), pentafluorophenol (Pfp-OH),
2-(1H-benzotriazol-1-y1)- 1,1,3,3-tetramethylurenium hexafluoronhosphate (HEM), O-
(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium hexaflucrophosphonate (HATO),
0-benzotriazol-1-y1- 1,1,3,3-tetramethyluronium tetrafluoroborate (TETU), and
3,4-dihydro-3-hydrodi-4-oxa-1,2,3-benzotriazine (Dhbt). Examples of the solvent can include
dimethy! sulfoxide (DMSO), N,N-dimethylformamide(DMF), and diohloromethane (DCM). The
amount of the activator used is 0.1 to 20 equivalents, preferably 0.5 to 10 equivalents, more preferably
0.8 to 5 equivalents, with respect to the amount of the carboxylic acid compound represented by the

formula (2). The reactith E&'BE pErfofmESRfh ePddiient &R dhay Be Ftformed Bt Bt

preferably at rgg@&g@@;@@@g@r approximately 10 to 30 hours, preferably for approximately 15
minutes to 24 hours. Moreover, réaction performed in a column for solid-phase synthesis is preferable,

because it can be used directly in subsequent solid-phase synthesis. - 17 - The removal of the
protecting group can be performed in the same way as above. Step (9): Peptide excision
Treatment witf B#Faci® is' prefétabSor &feaditigithe peptide chain from the resin. Examples of the -acid

used can include miwgggggggéu% g dilyte_hydroghlo 'gggigxag}glgiI%g@ﬁg@g@g@dﬁand carboxylic

acids such as formic acid and acetic acid. Examples of the dilute hydrochloric acid or dilute sulfuric
acid include anlagugeys sakutionof hydrechloricsacick e sulfurizxaeid hawingfa noemality ®n the order of
0.01to 2 N, preferably 0.05 to 1 N. Among these acids, acetic acid is preferable. The amount of the
acid used is nSESATtiEaAry Hifmitedas1bRg B3kt BAIEGUIFNERt GrEmBie Witk respect to 1 equivalent of

the peptide. F%%Qé%mpg?é If@ecamgygt ma h ﬁ[:gptrgxirsnﬂ%lx 4410 10000 equivalents preferably
approximately X0 to 1000 equivalents. ~~ Thisreaction is preféraﬁly performed in the presence of an

alcohol. Examplessefihe aicehel neludedawes alcohplssuchias methanek ethaneliand propanol, and
halogenoalcehols such as trifluoroethanol (TEE) and trichloroethanol. Among these alcohols, methanol

or trifluoroetha#iet igopreferablet Trifldéroetivaral 5 pakicolary prefetapie. Thé wicportion of the
alcohol used ma)ipe 0.1to 2 .vglumeﬁ,&geferablg 0.5t01.5 -
S 1 e an

uric aci nec gueous so}giion of hydrochloric
acid or sulfuric acid having a normality on the order of
0.01 to 2 N, preferably 0.05 to 1 N. Among these acids,
acetic acid is preferable. The amount of the acid used
is not particularly limited as long as 1t is 1 equivalent
or more with respect to 1 equivalent of the peptide. For
example, the amount may be approximately 1 to 10000
equivalents, preferably approximately 10 to 1000
equivalents.

This reaction is preferably performed in the
presence of an alcohol. Examples of the alcohol include
lower alcohols such as methanol, ethanocl, and propanol,
and halogenoalcohols such as trifluoroethanol (TFE) and
trichloroethanol. Among these alcohols, methanol or
trifluoroethanol is preferable. Trifluorcethanol is
particularly preferable. The proportion of the alcohol

used may be 0.1 to 2 volumes, preferably 0.5 to 1.5



volumes, more preferably 0.8 to 1.2 volumes of the alcohol with respect- to 1 volume of the acid.
Moreover, an organic solvent such as DCM, DMF, or DP180 may also be used, if necessary, in this
reaction. The amount of the solvent used is not particularly limited and may be approximately 0.1
to 100 volumes with respect to | volume:-of the acid. The reaction may be performed at 0 to 50C,
preferably at room temperature, for approximately _ to 30 hours. In this way, a peptide having a
carboxyl group at the C-terminus can be obtained. Stép{C): Production of peptide thioester compound
A thiol compound can be allowed to act on the obtained peptide (raw material peptide) in the presence
of a condensing agent in a solvent to thereby produce a peptide having thioester at the C-terminus.
Examples of thelthiokeompourd par frrohadel berizy® mercdptany ot lowes adianetisiols (e.g.,
methanethiol and ethanethiol) which may Have, at arbitrary position(s) in the phenyl ring, any number

of subs ituent& sGEHAS HaldgenatorisT(e.d: CfidorifTeHIGHITE, brofmireS ARd iodine), lower alkyl groups

having | to 4 carbongtoms(e.g., methyl-and ethylgroups), alkoxy graups-favipge tog.carbon atoms
(e.g., methoxy and ethoxy groups), and a nitro group. Among - 19 - these thiol compounds, benzyl

mercaptan is pégicutealy préferalile. usefhe amhoortefthe thyiol compduired usedmayrbe 1 to 100
equivalents, preferably 10 to 80 equivalents, mare preferably 20 to 50 equivalents, with respect to 1

equivalent of the raw Hatéfs pebtide. PRRiIcHRHY A eXEELiveSamointstheé tidPdompound,
preferably approximaigly_3Qsequivalents.ormgre; ofthe fhiohcampaund, ds peeferably ysed,for reducing
the C-terminal racemization of the peptide. Examples of the solvent used include THE, DCM,
DMSO, and DMfspamong shemybMEnis PréferableaExdmples of the condensing agent can include
The reaction may be performed at 0 to 50°C,
preferably at room temperature, for approximately 1 to 30
hours.

In this way, a peptide having a carboxyl group at

the C-terminus can be obtained.

Step (C): Production of peptide thiocester compound

A thiol compound can be allowed to act on the
obtained peptide (raw material peptide) in the presence
of a condensing agent in a solvent to thereby produce a
peptide having thicester at the C-terminus. Examples of
the thiol compound can include benzyl mercaptans or lower
alkanethiocls (e.g., methanethiol and ethanethiol) which
may have, at arbitrary position(s) in the phenyl ring,
any number of substituents such as halogen atoms (e.g.,
fluorine, chlorine, bromine, and iodine), lower alkyl
groups having 1 to 4 carbon atoms (e.g., methyl and ethyl
groups), alkoxy groups having 1 to 4 carbon atoms (e.g.,

methoxy and ethoxy groups), and a nitro group. Among



HOBU/DIPCI and PyBOP/DIPEA. PyBOP/DIPEA is preferable. The ratio of HOBt/DIPCI used may
be 0.1 to 10 equivalents, preferably 0.5 to 5 equivalents, more preferably 0.8 to 1.2 equivalents of
DIPCI with respect to 1 eauivalent of HOB. The ratio of PyBOP/DIPEA used may be 0.1 to 10
equivalents, preferably 0.5 to 5 equivalents, more preferably 0.8 to 1.2 equivalents of DIRE?. with
respect to 1 equivalent of PvBOP. The proportion of HOPP used may be 1 to 20 equivalents,
preferably 3 to 15 equivalents, more preferably 8to 12 equivalents, with respect to 1 equivalent of the
raw material peptide. - 20 - The proportion of PyEOP used may he 1 to 10 equivalents, preferably
2 to 8 equivalents, more preferably 3 to 6 equivalents, with respect to 1 equivalent of the raw material
peptide.  In‘thiSreattionla deRpiraing agerrsuch asa araléeular siepe isprefdrablyused. Peptide
racemization QCCUES when the C-terminal carboxylic acid of the raw material peptide is activated.
Therefore, the'reaction s f)aréferably performed by mixing the raw material peptide with the thiol

compound and then adding-the.condensing agentthereigpbhe seaction may,be performed at a
temperature of -100 to OC, preferably -80 to -10C, for approximately 30 minutes to 2 hours. The

ratio of racemiz&fios of tHeapeptive, ottamedin the preSenbingéntionisedacedandds gsually 6% or

less, preferabl 4%9 or I%si,/more Péefgrabl\é 2% or less, particularllé greferably 0 tg 1%. Best Mode for

Carrying Out the Tivention? < Herainafter THe present imveltion wil B8 described with reference to

Examples. Howgyer;dhe present inventign is.netiptendedde heimited tg-thesg Fxamples hy any
means. Fmoc-protected amino acids used are known in the art and can be commercially available
or prepared easilydssintredacingah Friot geouhintolaminoacids., preferably

approximately 30 eguivalents or more of the thiol
compound, is preferably used for reducing the C-terminal
racemization of the peptide.

Examples of the solvent used include THF, DCM, DMSO,
and DMF. Among them, DMF is preferable.

Examples of the condensing agent can include
HOBt /DIPCI and PyBOP/DIPEA. PyBOP/DIPEA is preferable.

The ratio of HOBt/DIPCI used may be 0.1 to 10
egquivalents, preferably 0.5 to 5 eguivalents, more
preferably 0.8 to 1.2 equivalents of DIPCI with respect
to 1 eguivalent of HOBt.

The ratio of PyBOP/DIPEA used may be 0.1 to 10
equivalents, preferably 0.5 to 5 eguivalents, more
preferably 0.8 to 1.2 eguivalents of DIPEA with respect
to 1 equivalent of PyBOP.

The proportion of HOBt used may be 1 to 20
equivalents, preferably 3 to 15 equivalents, more
preferably 8 to 12 eguivalents, with respect to 1

equivalent of the raw material peptide.



-21- Moreover, Fmoc-Ala, Fmoc-Asn, Fmoc-Gly, Fmoc-Leu, Fmoc-Met, Fmoc-Phe, Fmoc-Pro,
and Fmoc-Val mean that the amino group of each amino acid is protected with an Fm.oc group.
Boc-Cys(Acm) means that the cysteine amino group and thiol are protected with Boc and
acetamidomethyl groups, respectively. Fmoc-Arg(Phf) means N-(2,2,4,6,7-
pentamethyldihydrobenzofuran-5-sulfonyl)arginine having an arginine a-amino group protected with an
Fmoc group. Fmcc-Asp(OtBil) and Fmoc-Giu(OtBu)4fean that the amino group of each amino acid
and the aspartic acid p- or clutamic acid y-carboxyl group are protected with Fmoc and tert-butyl
groups, respectively. Fmoc-Cys(trt) means that the cysteine amino group and thiol are protected with
Fmcc and trityl groupsieBFsitvElyl FcetiLysioR) wicemsthat the lysite@aland s-amino groups are
protected with Fmoc and Boo groups, respectively. Fmoc-Ser(t2u), Fmoc-Tyr(tEu), and Fmoc-Thr(tBu)
mean that theea%l|lr|~\cf)é::1:{r]1edTl %fdro?ﬁ %%lf&ss}ggfyefc#e?m%oea% %‘F‘(Lai S%%esdte %/)v%t% Fmoc and trityl
groups, respegtivaly.Rea-.eu and Bacjlau-meandhat thedaucine gmiro group is protected with a
Boo croup. (Boc)Lys(Boc) means that the lysine a-and s-amino groups are protected with a Boo group.
Lys(Boc) meafdthartheNsine stamincgrouptis Pratbcieenwitisa Boo group. Boc-Cys(Thz) means
N-t-Boc-1,3- thiazoli?irrlle- -ggrhOé(%l(i:c al%id. Thr(tg%‘lf’iyrggugi and Se(tBu mean that the hydroxyl
group of each amino acid s protected with'a tert Bty Fgroup: it fiedis™ 2 232 that the imidazole
hitrogen is prateqteewith-a dritykaroup. Gyt means that the cystgingsthiol gralup isprotacted with a
trityl group. GIn(trt) means that amide nitrogen of glutamine is protected with a trityl group. Asp(OtRu)
and Glu(OtBupatearsthah e asparfic aeidmpt of lutamizoanid yecarboxy| gfoupiis pretected with a
tertbutyl group. C Z%Th ) means 1,3-thiazolidine-4-carbonyl. Arg(Pbf) means N--(2,2,4,6,7-
pentamethyldl‘rﬂ%)éa Je#zo%‘?gﬁ- “Sulfony FarginiAE S - THeSR SroRkting Préugsaart betroduced
according to a;methad-previouslyknowy indheart. Altemnatively. commercially aygilable amino acids
protected with these protecting groups can be used. Moreover, Ph represents a phenyl group, and En
represents a benzyidroupith thelHENMR wasmreasdrechdsing BruketdAVANECE=400 (indicated in
400 MHz).  An ESI mass spectrometer used was Esquire 3000 plus manufactured by Bruker

Daltonics, an&ﬁ_ﬁﬁﬁﬁﬁ%s@%ﬁ@_&r%@_@?%ed W%Aﬁﬁlﬁ_iﬁéhd?é‘éftu%d B BFGREMSaltonics. |
colum for SO oS Ly hGEE: The rosiA Wt Toroughiy WAShEd Wt SOR K DM At hen Ll
swollen with DME. 4-drydeoxyimethyl-3anethoxyphencxybutyreaeid .
The ratio of racemization of the peptide obtained in
the present invention is reduced and is usually 6% or

less, preferably 4% or less, more preferably 2% or less,

particularly preferably 0 to 1%.

Best Mode for Carrying Out the Invention

Hereinafter, the present invention will be described
with reference to Examples. However, the present
invention is not intended to be limited to these Examples
by any means.

Fmoc-protected amino acids used are known in the art
and can be commercially available or prepared easily by

introducing an Fmoc group into amino acids.



- 23 - and N-ethylmorpholine (15.8 ul, 0.13 mmol) dissolved in DMF (1 ml) were placed in the column,
and the mixture was stirred at room temperature for 2 hours. The resin was Thoroughly washed with
DMF and DCM to obtain an HMPB-PEGA resin, which was in turn used as a solid phase for
solid-phase synthesis. Fmoc-Phe (96.8 mg, 0.25 mmol), MSNT (74 m", 0.25 mmol), and
N-methylimidazole (15 ul, 0.19 mmol) dissolved in DCM-(1 ml) were placed in the column for
solid-phase synthesis, and the mixture was stirred at room temperature for 2 hours. After stirring, the
resin was washed with DCM and DMF. The Fmoc group was removed with 20% piperidine/DMF
solution (1 ml) for 2@minutesrAftermwashing withhMF2amindacids ®lere sequentialy,condensed
according to a method shown below to elongate a peptide chain. _ An amino acid having an amino

group protectBIWitH' & Fnickiotp fvasidiSsoned togeétleF WA HEBt @338 g2 025 fimol) and
DIPCI (38 al, Qn%%g‘gaj%dg DMF (1 ml) and activated for 15 minutes, and the mixture was then placed

in the column for solid-phase synthesis and stirred at room temperature for 1.5 hours. Then, the Fmoc
group was removed witlB20%Cpipending/ DME selutibay 1 thig far20cminute sinbhis proceduore was
repeated to sequentially condense amino acids. Fmoc-Tyr(tBu) (114.5 mg, 0.25 mmol), Fmoc-Asn

(88.6 mg, 0.25imbl}, FmEEAIPETS figSD. 25 MGIP FrRdE. 29% CHRd@ @548 mg, 0.25 mmol),
F1Toc-SerlBU IR0, DB, HI00-ARBIOUIY (104D Mo mmeD, Fmod e (88.4 mg,
mo se

0.25 mmol), Fioc-Val (84.9'mg, 0.25 l) were u as the amino acids having an amino group

protected with-an Fanee groupitafarmBdd-residiepeptidgeldfonyl) arginine having
Phe-Tyr(t6u)-Tyr(tBu)-Asn-Ala-His(trt)-Ser(tBu)- _
His(trt)-Asp(CtBu LedNsre Ty (tB0)-LeuRieuPhpSer@B oAVl S&r(fBu) IASIT (SEQUDR NO: 1) on the

sonaphase resile - ZORIMASNNG WL DON B0 B, NG IERID GHERSPOREIA D 7,PMP! OF the

19-residue pepItrllae was transterred 10 anrﬁ%pen orf tube.
group of each amino acid and the aspartic acid B- or
glutamic acid y-carboxyl group are protected with Fmoc
and tert-butyl groups, respectively. Fmoc-Cys(trt) means
that the cysteine amino group and thiol are protected
with Fmoc and trityl groups, respectively. Fmoc-Lys (Boc)
means that the lysine a- and g-amino groups are protected
with Fmoc and Boc groups, respectively. Fmoc-Ser (EBu),
Fmoc-Tyr (£Bu) , and Fmoc-Thr (tBu) mean that the amino and
hydroxyl groups of each amino acid are protected with
Fmoc and trityl groups, respectively.’ Boc-Leu and
(Boc)Leu mean that the leucine amino group is protected
with a Boc group. (Boc)Lys (Boc) means that the lysine o-
and ¢-amino groups are protected with a Boc group.
Lys (Boc) means that the lysine g-amino group is protected
with a Boc group. Boc-Cys(Thz) means N-t-Boc-1,3-
thiazolidine-4-carboxylic acid. Thr(tBu), Tyr(tBu), and
Ser (tBu) mean that the hydroxyl group of each amino acid

is protected with a tert-butyl group. His(trt) means



A dibenzyl form of glycosylated asparagine (10 mg, 3.6 mmol) represented by the following formula (5)
and DEPBT (2 mg, 6 iimol) dissolved in DMF (0.12 ml) were placed in the Eppendorf tube. OH 0yIO
OH ----- '--HOO0 00 H N-1,---,-NH  HO0\ 0 0 n 0-'-"---------- HO'ON AcNH Ac |

- 22 -

that the imidazole nitrogen is protected with a trityl
group. Cys(trt) means that the cysteine thiol group is
protected with a trityl group. Gln(trt) means that amide
nitrogen of glutamine is protected with a trityl group.
Asp (OtBu) and Glu(OtBu) mean that the aspartic acid B- or
glutamic acid y-carboxyl group is protected with a tert-
butyl group. Cys(Thz) means 1,3-thiazolidine-4-carbonyl.
Arg (Pbf) means N®-(2,2,4,6,7-
pentamethyldihydrobenzofuran-5-sulfonyl)arginine.

These protecting groups can be introduced according
to a method previously known in the art. Alternatively,
commercially available amino acids protected with these
protecting groups can be used. Moreover, Ph represents a
phenyl group, and Bn represents a benzyl group.

TH-NMR was measured using Bruker AVANCE 400
(indicated in 400 MHz).

An ESI mass spectrometer used was Esquire 3000 plus
manufactured by Bruker Daltonics, and a MALDI mass
spectrometer used was Autof lex manufactured by Bruker

Daltonics. Dihydroxybenzoic acid was used in matrix.

Example 1

An amino-PEGA resin (1 g, 50 umol) was placed in a
column for solid-phase synthesis. The resin was
thoroughly washed with DCM and DMF and then fully swollen
with DMF. 4-hydroxymethyl- 3-methoxyphenoxybutyric acid

(KMPB) (30.1 mg, 0.13 mmol) , TBTU (40.1 mg, 0.13 mmol) ,



HO 0 COOH HO _b_"0 HRW HOH,".0 HO'140 NHAc AcHNOH DIPEA (0.68 p1, 4 waol)
was added thereto, and the mixture was stirred at room temperature for 18 hours. After washing with
DMF, the Fmoc group was removed with 20% piperidine to form a 20-residue peptide of Phe- - 25 -
Tyr(tBu)-Tyr(tEn)-Asn-Ala7his(trt)-Ser(tBu) -His(trt)- _
Asp(OtBu)-Leu-Asn-Tyr(tBu)-Leu-Phe-Phe-Ser(tDu)-ValSer(tBu)-Asn-Asn(Oligosaccharide chain)
(SEQ ID NO: 2) represented by the formula (6) on‘th@%oﬁd-phase resin.

and N-ethylmorpholine (15.8 ul, 0.13 mmol) dissolved in
DMF (1 ml) were placed in the column, and the mixture was
stirred at room temperature for 2 hours. The resin was
thoroughly washed with DMF and DCM to obtain an HMPB-PEGA
resin, which was in turn used as a solid phase for solid-
prhase synthesis.

Fmoc-Phe (96.8 mg, 0.25 mmol), MSNT (74 mg, 0.25
mmol), and N-methylimidazole (15 pl, 0.19 mmol) dissolved
in DCM (1 ml) were placed in the column for solid-phase
synthesis, and the mixture was stirred at room
temperature for 2 hours. After stirring, the resin was
washed with DCM and DMF. The Fmoc group was removed with
20% piperidine/DMF solution (1 ml) for 20 minutes. After
washing with DMF, amino acids were sequentially condensed
according to a method shown below to elongate a peptide
chain.

An amino acid having an amino group protected with
an Fmoc group was dissolved, together with HOBt (32.8 mg,
0.25 mmol) and DIPCI (38 pl, 0.25 mmol), in DMF (1 ml)
and activated for 1% minutes, and the mixture was then
placed in the column for solid-phase synthesis and
stirred at room temperature for 1.5 hours. Then, the
Fmoc group was removed with 20% piperidine/DMF solution
{1 ml) for 20 minutes. This procedure was repeated to
sequentially condense amino acids.

Pmoc-Tyr (tBu) (114.9 mg, 0.25 mmol), Fmoc-Asn (88.6

mg, 0.25 mmol), Fmoc-Ala (77.8 mg, 0.25 mmol), Fmoc-



9HHC H 0,0 7-9 000 HHaHHLEIO00 CH,6FI26g2at,0H202026H20H2CH2 0=aOtBu PhPh P ph,7;
teOtBu P h PN: NH2 Example 2
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His(trt) (154.9 mg, 0.25 mmol), Fmoc-Ser (tBu) (95.9 mg,
0.25 mmol), Fmoc-Asp(OtBu) (102.9 mg, 0.25 mmol), Fmoc-
Leu (88.4 mg, 0.25 mmol), Fmoc-Val (84.9 mg, 0.25 mmol)
were used as the amino acids having an amino group
protected with an Fmoc group to form a 19-residue peptide
of Phe-Tyr (tBu)-Tyr {(tBu)-Asn-Ala-His(trt)~-Ser (tBu) -
His(trt)-Asp(OtRBu)-Leu~Asn~Tyr (tBu)-Leu-Phe-Phe-Ser (tBu) -~
Val-Ser (tBu)~Asn (SEQ ID NO: 1) on the solid~phase resin.

After washing with DCM and DMF, the resin
corresponding to 2 umol of the 19-residue peptide was
transferred to an Eppendorf tube.

A dibenzyl form of glycosylated asparagine (10 mg,
3.6 pumol) represented by the following formula (5) and

DEPBT (2 mg, 6 pmol) dissolved in DMF (0.12 ml) were

placed in the Eppendorf tube.

0. L]

HO Q‘§E$L ‘!b
HOMm. 5 5O NHAC
AchNGo OH Hﬁo

fisS .Q
/&/ OH OH OYO
e o s

O o O
Ho  So N Wik NHAeg oo
HO HO%!O_VO
o -0
HOuw.. HJ§:&*ﬁb NHAc
AcHN OH !

HO (5)

DIPEA (0.68 upl, 4 pmol) was added thereto, and the

mixture was stirred at room temperature for 18 hours.
After washing with DMF, the Fmoc group was removed with

20% piperidine to form a 20-residue peptide of Phe-



An aliquot of the resin on which the 20-residue peptide obtained in Example | was formed was taken
into a column for solid-phase synthesis. Acetic acid: DCM: methanol (= 3:4:1) was added thereto such
that the resin - 26 - was fully immersed in the solution. The mixture was stirred at room temperature
for 3 hours. The resin was removed by filtration, and the reaction solution was concentrated under
reduced pressure. The obtained residue was purifie% y MC (Cadenza column 018 75 x 4.6 mm,
developing solvent A: 0.1% aqueous TER solution, B:0.1% TEA acetonitrile: water = 90:10, gradient
A:a = 60:40 -* 0:100, 15 min, flow rate: 0.1 ml/min) to obtain a 20-residue peptide represented by the

formula (7) (SEQ IC: NO: 2). The obtained peptide had a carboxy| group at the C-terminus, with the
side chain prote&find groug yﬁéﬁ%ﬁé&%@%@?%ﬂcﬁtﬁﬁoﬁ%@ﬁygégaﬁiﬁﬁéf:?[R/ﬂ V+ 1906.3,

found. 1905.8 i 0,081A, 0H Gk CH,H HEN CHS MR A0M S GENH 12 BHH BH 6H 8
chic otau
Ser (tBu) -Asn-Asn (Oligosaccharide chain) (SEQ ID NO: 2)

represented by the formula (6) on the solid-phase resin.

OH
Hngif
HO! e~y Ol NHAC
Q .
AcHN Q Ho o NH,
HO  HO o o=¢
HO = OtBu
o ) 0, &H, . CH
e} i 72 o YR \]/
HoN=CHC~N-C~C~N-C~C-N-C-C~NH Hj
S Gy R4 A HE onc o
oH 0=C

oH %“* o ©=0 7
;
Ho =18 o/ﬁyoﬁ,m W,
HO o] HO HO H(.}-C
i

OtBu OtBu Ph-7< Ph7<

H j
Q= N\(l-f/\/\ Hym O
O

Example 2

An aliquot of the resin on which the 20-residue
peptide obtained in Example 1 was formed was taken into a
column for solid-phase synthesis. Acetic acid: DCM:

methanol (= 5:4:1) was added theretoc such that the resin



OHOHOH '0=0 C 0 C=0 HOO 0t4Httz AIH op f) 0 0=C NHH2 HO-0c) 0=0 H&c r:41-1H2

was fully immersed in the solution. The mixture was
stirred at room temperature for 3 hours. The resin was
removed by filtration, and the reaction solution was
concentrated under reduced pressure. The obtained
residue was purified by HPLC (Cadenza column C18 75 x 4.6

mm, developing solvent A: 0.1% agueous TFA solution, B:

o)

0.1% TFA acetonitrile: water = 90:10, gradient A:B =
60:40 — 0:100, 15 min, flow rate: 0.1 ml/min) to obtain
a 20-residue peptide represented by the formula (7) (SEQ
ID NO: 2).

The obtained peptide had a carboxyl group at the C-
terminus, with the side chain protecting groups maintained.

ESI-MS: Calcd for C279H382N34094!

[M+3H]%" 1906.3, found. 1905.8

BnO (0]

HO! NHAc
AcHN g NH;
HO o= c OtBu ,
y G cHe Y7
r% HoN- CHC—N—C—C*N—C—C~N—C—C-NH Ha
& HE H P .

CHy 0 )

Ph
OtBu  OtBu P Ph Ph7<Ph
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Example 3
The mixed solvent of acetic acid: DCM: methanol and

the reaction time used in Example 2 were changed to

acetic acid: TFE: DMC (= 2:2:6) and 2 hours or to acetic
acid: TFE (= 1:1) and 27 hours, respectively, for
reaction.

In both cases, the 20-residue peptide (7) (SEQ ID
NO: 2) could be obtained.

However, the condition of acetic acid: TFE: DMC gave
a yield approximately 5 times higher than that given
under the condition of acetic acid: DCM: methancl.
Furthermore, the condition of acetic acid: TFE gave a
yield approximately 8 times higher than that given under

the condition of acetic acid: DCM: methanol.

Example 4

An HMPB-PEGA resin (25 umol) was obtained in the
same way as in Example 1 and used as a solid phase for
solid-phase synthesis. Amino acids were condensed
thereon to form a peptide. The amino acid condensation
was performed in the same way as in Example 1. Fmoc-Ala
(38.9 mg, 0.13 mmol) was used as the first amino acid and
condensed using MSNT (37 mg, 0.13 mmol), N-

methylimidazole (7.5 pul, 94 pmol), and DCM (0.5 ml).



- 27 - (7) Example 3 The mixed solvent of acetic acid: DON: methanol and the reaction time used
in Example 2 were changed to acetic acid: TEE: DMC (= 2:2:6) and 2 hours or to acetic acid: TEE (=
1:1) and 27 hours, respectively, for reaction.  In both cases, the 20-residue peptide (7) (SEQ ID
NO: 2) could be obtained. However, the condition of acetic acid: TEE: DMC gave a yield
approximately 5 times higher than that given under the condition of acetic acid: DON: methanol.
Furthermore, the condition of acetic acid: TEE gave a8ield approximately 8 times higher than that
given under the condition of acetic acid: DON: methanol. Example 4  An HMPB-PEGA resin (25
piol) was obtained in the same way as in Example 1 and used as a solid phase for solid-phase
synthesis. Amino acidi$aere sondenseditierdomtorfgrm gopeptilet €he amino agicbecgndensation was
performed in the same way as in Example 1. Fmoc-Ala ' (38.9 mg, 0.13 mmol) was used as the first

amino acid and'86RdEFBEFRGNG MSN T L8 AT P13 mirmdl) ﬁ@n%%th%ﬁnc?ai%‘?e (P5}iF 94 mmol), and
DON (0.5 ml - 28 - i ids hav a pro ed amino u uentially
condensed u&ng%@)Bt}%gﬂ %gia?;n{lmdl) D%D 8?2 ifl, 611§m%gl) ?ﬂf (0.5 ml).
Fmoc-GIn (46.145g.-G13 mmel) Emee- m(LtBUﬂuMQY Mg i3 el somocdle. (#4:2yma, 0.13

mmol), Fmoc-Val (42.4 mg, 0.13 mmol), and Fmoc-Ser(tBu) (47.9 mg, 0.13 mmol) were sequentially
used for condéhsafioA™a’ the ahlinG adids hé@/ﬁquaIp@ote@tebi*’arﬁiﬁé Yroupmoc Afeer peptidé

elongation the dibenzyl form of glycosylated asparagine (10 pmol) repr sented by the formula
(5), DEPBT (2 rﬁg m!#i% %’ &%&eﬁdm ‘%&? té* 7 2%)’W8re SS&W? 5 waol of the
reisinBoc gy%ﬁz@) g%gﬁea.tll%ﬂy) \M%%H]%W%{@@Q%%&!O% (1.36 mg,;1Q lamol), DIPCI.54
p iimo

acids having a protected amino group.

After peptide elongation, the dibenzyl form of
glycosylated asparagine (10 mg, 3.6 umol) represented by
the formula (5), DEPBT (2 mg, 6 umol), DIPEA (0.68 ul, 4
pumol), and DMF (0.12 ml) were used for 2 umol of the
resin. Boc-Cys(Acm) (2.9 mg, 10 umol) was then condensed

using HOBt (1.36 mg, 10 pmol), DIPCI (1.54 ul, 10 pmol),
and DMF (0.25 ml).

AcOH: TFE = 1:1 (1 ml) was added to the resin, and
the mixture was reacted at room temperature for 14 hours.
The resin was removed by filtration, and the reaction
solution was concentrated. The residue was purified by
HPLC (Cadenza column Cl8 75 x 4.6 mm, developing solvent
A: 0.1% aqueous TFA solution, B: 0.1% TFA/acetonitrile:
water = 90:10, gradient A:B = 60:40 — 0:100, 15 min,
flow rate: 0.1 ml/min) to obtain a 9-residue peptide
having protected side chains, which is represented by the
formula (8) (SEQ ID NO: 3.

ESI-MS: Calcd for CissHpgoNigO7eS: [M+2H]*? 1830.3,

found. 1831.0.



and DMF (0.25 m AcOH: TFE = 1:1 (1 ml) was added to the resin, and the mixture was reacted at
room temperature for 14 hours. The resin was removed by filtration, and the reaction solution was
concentrated. The residue was purified by HPLC (Cadenza column 018 75 x 4.6 mm, developing
solvent A: 0.1% aqueous TEA solution, B: 0.1% TFA/acetonitrile: water = 90:10, gradient A:B = 60:40
-* 0:100, 15 min, flow rate: 0.1 ml/min) to obtain a 9-residue peptide having protected side chains,
which is represented by the formula (8) (SEQ ID NO:23). = ESI-MS: Calcd for 0155H249N18079S:
[M+2H]c 1830.3, found. 1831.0. - 29 - H0,411"0 00ft Aen' HO HOr.;247--t?NHOO
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Example 5

The 9-residue peptide (8) (2 mg, 0.55 pmol) produced
in Example 4, a molecular sieve (MS) 4A (10 mg), and
benzyl mercaptan (2 pl, 16.4 umol) were stirred at -20°C
for 1 hour under argon flow in a DMF solvent (85 ul).

PyBOP (1.4 mg, 2.7 umol) and DIPEA (0.46 ul, 2.7 umol)

were then added thereto, and the mixture was stirred for
4 hours. Diethyl ether (5 ml) was then added to the -
reaction solution to precipitate a compound. After
filtration, the pellet was collected using 50% aqueous
acetonitrile solution, and this pellet was freeze~dried.
To the obtained freeze-dried product, 95% aqueous TFA
solution was added, and the mixture was stirred at room
temperature for 2 hours. The resin was removed by
filtration, and the reaction solution was concentrated.
The concentrate was then dissolved in 50% aqueous
acetonitrile solution and freeze-dried. The freeze-dried
product was purified by HPLC (Cadenza column C18 75 x 4.6

mm, developing solvent A: 0.1% agueous TFA solution, B:



HO HO en HOkH2 09-4?1HO AcHN HO (8) Example 5  The 9-residue peptide (8) (2 mg, 0.55 4mol)
produced in Example 4, a molecular sieve (MS) 4A (10 mg), and benzyl mercaptan (2 41, 16.4 4mol)
were stirred at -20C for 1 hour under argon flow in a DMF solvent (85 41). PyBOP (1.4 mg, 2.7
4moand DIPEA (0.46 41, 2.7 4mol) were then added thereto, and the mixture was stirred for 4 hours.
Diethyl ether (5 ml) was then added to the reaction solution to precipitate a compound. After filtration,
the pellet was collected using 50% aqueous acetonitrilé solution, and this pellet was freeze-dried. To
the obtained freeze-dried product, 95% aqueous TEA solution was added, and the mixture was stirred
at room temperature for 2 hours. The resin was removed by filtration, and the reaction solution was
concentrated. Phe toREéntraretwas tien dissoednin5098 ddueonsatietortitrie Botutin: and
freeze-dried. The freeze-dried product was purified by HPLC (Cadenza column C18 75 x 4.6 mm,

developing solvéntA: 019 ayubblus TEA Coliftioh: BY - 13011 Gh4n TER dpet6itifiedwater = 90:10,

gradient A:B =983 14253 v indnife flowrate;;Q, 1 mimin)doproduce apeptide haying benzyl
thioester at the O-terminus (NE12- Cys(Acm)-Asn(d|S|alool|go)-Thr-Ser-VaI-IIe-Thr-Ofn-AIa— cosBn),
which is represented by th@ fortaiilai8) (SEQAID) NO14)Ser-vVal-Ile-Thr-Gln-Ala-

COSBn), which is represented by the formula (9) (SEQ ID NO: 4).

HO. Oléno?o
géng "
AcHN 4 Ho

HO  HO. 39 NHD Q
a o] o]
OHHC?%L'\O N/\stiHH iy i H i H i SH %’H ?lH (i)l
u Actt C -G C-N=CHC~N=CH-C~N—CH-C~N=—CH C—N—CH-C ~N—CH-C—~N—GH-C —N—CH-C ~ 88
T
& CHe CHOH  CHy CH-CHy  CH-CHy GHOH  CH, én;
og %H %H /c:o CHy OH CHy GHe CHy CHy
HO, Hoo ﬁo go NH o g
HO HAC I
N NHAe
HO! gL O H
AHNTS Oégvg%o
HO!
oH MO Nrae

'H-NMR (400 MHz, 295 K in D,0, HOD = 84.81)

7.53-7.33 (m, 15H, Ph x 3), 5.37 (d, 2H, J = 11.7 Hz,
PhCHy), 5.29 (d, 2H, J = 11.6 Hz, PhCH,), 5.11 (s, 1H,
Man4-H-1), 5.02 (d, 1H, GlcNAC1~H—i), 4.92 (s, 1H, Mand'-~
H-1), 4.65-4.52 (m, 3H, GlcNAc2, 5, 5'-H-1), 2.91-2.78 (m,
4H, Asn-BCH;, Cys--BCH,), 2.67 (dd, 2H, NeuAc7, 7' ~Hzeq) /
2.39-2.31 (m, 2H, Gln-yCHs3), 1.83 (dd, 2H, J = 13.1, 13.1
Hz, NeuAc7, 7'-H-3.x), 1.38 (d, 3H, Ala-BCHs), 1.20 (d, 3H,
J = 6.51 Hz, Thr-yCHs), 1.17 (d, 3H, J = 6.40 Hz, Thr-
YCH3), 0.95-0.80 (m, 12H, Val-yCHs;, Ile-+CHs;, -CHs)

ESI-MS: Calcd for CissHpaaNigO76S: [M+2H]?Y 1749.8,
found. 1749.2
Example 6

A peptide having a carboxyl group at the C-terminus
(AcNH-His-Ala-Ala-Phe-COOH) (SEQ ID NO: 5) was produced

according to a
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method previocusly known in the art and used as a raw
‘material. The peptide (0.5 mg, 1 umol), MS 4A (10 mg),
and benzyl mercaptan (3.7 mg, 30 pmol) were stirred at -
20°C for 1 hour under argon flow in a DMF solvent (0.14
ml). PyBOP (2.6 mg, 5 pumol) and DIPEA (0.85 pl, 5 umol)
were then added thereto, and the mixture was stirred for
17 hours. Diethyl ether (5 ml) was then added to the
reaction solution to precipitate a compound. After
filtration, the pellet was collected using 50% agqueous
acetonitrile solution. This pellet was purified by HPLC
(Cadenza column C18 75 x 4.6 mm, developing solvent A:
0.1% aqueous TFA solution, B: 0.1% TFA acetonitrile:
water = 90:10, gradient A:B = 70:30 — 40:60, 15 min,
flow rate: 0.1 ml/min) to obtain a peptide having benzyl
thicester at the C-terminus (AcNH—His—Ala—Ala—Phe—COSBn)
(SEQ ID NO: 6).

The ratio of racemization was 2% or less.

ESI-MS: Calcd for C3pHigNeOsS: [M+H]® 592.3, found.

592.2

Example 7

A benzyl thicester form of a peptide (AcNH-His-Ala-
Ala~Phe~COSBn) (SEQ ID NO: 6) was obtained by the same
procedures as in Example 6 except that the reaction
temperature was changed to 0°C. The obtained compound
had the same mass spectrum as that obtained in Example 6.

The ratio of racemization was 6%.



HO 0 HO11 0 AWN1 OHwAO0(9) 'H-NMR (400 MHz, 295 K in 020, HOD =84.81)  7.53-7.33 (m, 15H,
Ph x 3), 5.37 (d, 2H, J = 11.7 Hz, PhCH2), 5.29 (d, 2H, J = 11.6 Hz, PhCH2), 5.11 (s, 1H, Man4-H-1),
5.02 (d, 1H, CloNAcl-H-1), 4.92 (s, 1H, Man41- H-1), 4.65-4.52 (m, 3H, G1cNAc2, 5, 5'-H-1), 2.91-2.78
(m, 4H, Asn-130H2, Oys--POH2), 2.67 (dd, 2H, NeuAc7, 7'-143,q), 2.39-2.31 (m, 2H, GIn-70H3), 1.83
(dd, 2H, J =13.1, 13.1 Hz, NeuAc7, 71-H-3ax), 1.38 (d, 3H, Ala-3CH3), 1.20 (d, 3H, J = 6.51 Hz,
Thr-yOH3), 1.17 (d, 3H, J = 6.40 HZ, ThryCH3), 079526.80 (m, 12H, Val-l/CH3, lle-TOH3, .CH3)
ESI-MS: Calcd for 0145H223N19076S: [14+2H]2' 1749.8, found. 1749.2 Example 6 A peptide
having a carboxyl group at the 0-terminus (AcNH-His-Ala-Ala-Phe-000H) (SEQ ID NO: 5) was
produced according to a - 31 - method previously known in the art and used as a raw ,material. The
peptide (0.5 mgx% wcll)é I\/éS 4A (10 mg), and benzyl mercaptan (3.7 mg, 30 Ismol) were stirred at -
20C for 1 hour Under argon flow in a ME solvent (0.14 ml). PyBOP (2.6 mg, 5 kmol) and DIPEA (0.85

111, 5 plol) were theraddegthesato, and-the-mixture was stied-fondsy hours. Rjethyl etbern (5 ml) was
then added to the reaction solution to precipitate a compound. After filtration, the pellet was collected
using 50% aqueiis acetditrife soMRiot: THIS peilet wasdpliffied by -HPLET (CadeAza @oldmh C18 75 x
4.6 mm, developing solvent A: 0.1% aqueous TEA solution, B: 0.1% TEA acetonitrile; water = 90:10,

gradient A:B =80:36% 45160, 15 Hiin>Howrrtle?d. L) th S5tk A5EHtide FaVing Bénzyl thioester
at the C-terminus (AMHE-tis-Ala-Ala-Pe-LQSBN) (REQXIDNQ: )., 5 pumol or 1.6 ul,

10 umol) and benzyl mercaptan (3.7 mg, 30 pmol) were then
added thereto. Subsequent procedures were performed in the
same way as in Example 6 to obtain a benzyl thioester form of
a peptide (AcNH-His-Ala-Ala-Phe-COSBn) (SEQ ID NO: 6). Its
yield was 75% for the use of 5 equivalents of HOBt and 98% for
the use of 10 equivalents of HOBt. The obtained compound had
the same mass spectrum as that obtained in Example 6. The

ratio of racemization was 5% in either case.

Example 9

A peptide having a carboxyl group at the C-terminus
(AcNH-Cys-Cys-Glu-His-COOH) (SEQ ID NO: 7) was produced
according to a method previously known in the art and used as
a raw material. The peptide (0.5 mg, 1 pmol), MS 4A (10 mg),
and HOBt (1.4 mg, 10 umol) were stirred at -20°C for 1 hour
under argon flow in a DMF solvent (0.14 ml). DIPCI (l.6 ul,
10 umol) and benzyl mercaptan (3.7 mg, 30 umol) were then
added thereto for reaction. Subsequent procedures were
performed in the same way as in Example 6 to obtain a benzyl
thicester form of a peptide (AcNH-Cys-Cys—~Glu-His-COSBn) (SEQ

ID NO: 8).



The ratio of racemization was 2% or less. ESI-MS: Calcd for C30H36N605S: [M+H] 592.3, found.
592.2 Example 7 R benzyl thioester form of a peptide (AcNH-His-AlaAla-Phe-COSBn) (SEQ ID
NO: 6) was obtained by the same procedures as in Example 6 except that the reaction temperature
was changed to OC. The obtained compound had the same mass spectrum as that obtained in
Example 6. The ratio of racemization was 6%. - 32 gxgmple 8 The peptide of
AcNE-His-Ala-Ala-Phe-COOH (0.5 mg, 1 gmol) (SE?) ID NO: 5), MS 4A (10 mg), and HOBt (0.7 mg, 5
gmol or 1.4 ma,-10 gmol) were stirred at OC for 1 hour under argon flow in a DMF solvent (0.14 ml).
DIPCI (0.8 ,LL, 5 graﬂllgr 1.6.144 gor%@gggggtbf%yl\@ r%pt%r%(%gégg, 30 [gaol) were then
added thereto. Subsequent proce_(?ures were performed in the same way as in Example 6 to obtain a
benzyl thicester form of a peptide (AcNH-His-Ala-Ala-Phe-COSBn) (SEQ ID NO: 6). Its yield was 75%
for the use of 5 equivalents of HOBt and 98% for the use of 10 equivalents of HOBt. The obtained
compound ha& & Bamelflass spectrum as that obtained in Example 6. The ratio of racemization was

5% in either case. Example 9 A peptide having a carboxyl group at the O-terminus

(AcNH-Cys-Cys-GIugﬁig-?cl(’jéﬁlﬂﬁgg(bP ﬁldf:eﬁ %v%ts (gr%%uég%ggc&%isngut%e; methéd previously

known in the arband used as acrsw BaterialoThe peptde: (.5 my, 1 gmal MS #4As(1H=pg), and HOBt

(2.4 mg, 10 gmol) were stirred at -20C for 1 hour under argon flow in a DMF solvent (0.14 ml). DIDCI

(1.6 gl, 10 gmeB @andberzylnefcaptan 37 g 30an0l) Werkahen added thereto fdireaction.

Subsequent procedures w recgegormed in the same v% asin xarrpptlg1 g tg é)nt?éai{} a<'Liyb%r1szyl thioester
<y B NO: 8)

form of a peptfdr%l@%hﬁ—i yS ns-@?us-ﬁ?s%%%ﬁ) (§

in Example 1.

Fmoc-Leu (159.0 mg, 0.45 mmol) was used as the first
amino acid and condensed using DCM (0.9 ml) and DIEA
(204.1 pl, 1.2 mmol) .

Then, amino acids having a protected amino group
were sequentially condensed using HOBt (101.3 mg, 0.75
mmol), DIPCI (115.4 pl, 0.75 mmol), and DMF (3 ml).

Fmoc-Pro (253.1 mg, 0.75 mmol), Fmoc-Arg(Pbf) (486.6
mg, 0.75 mmol), Fmoc-Tyr (tBu) (334.7 mg, 0.75 mmol),
Fmoc-Glu (OtBu) (319.2 mg, 0.75 mmol), Fmoc-Met (278.6 mg,
0.75 mmol), Fmec-Thr (tBu) (298.1 mg, 0.75 mmol), Fmoc-
Cys(trt) (439.3 mg, 0.75 mmol), Fmoc-Ala (233.5 mg, 0.75
mmol), Fmoc-Pro (253.1 mg, 0.75 mmol), Fmoc-Lys(Boc)
(351.4 mg, 0.75 mmol), Fmoc-Pro (253.1 mg, 0.75 mmol),
Fmoc-Tyr (£Bu) (334.7 mg, 0.75 mmol), Fmoc-Glu(OtBu)
(319.2 mg, 0.75 mmol), Fmoc-Ser(tBu) (287.6 mg, 0.75
mmol), Fmoc-Cys(trt) (439.3 wmg, 0.75 mmol), Fmoc-

Asp (OtBu) (308.6 mg, 0.75 mmol), Fmoc-Val (254.6 mg, 0.75
mmol), Fmoc-Ser (tBu) (287.6 mg, 5.75 mmol), Fmoc-Val

(254.6 mg, 0.75 mmol), Fmoc-2Ala (233.5 mg, 0.75 mmol),



The ratio of racemization was 2% or less. Example 10 A trityl chloride resin (150 ktmol) was used
as a solid phase for solid-phase synthesis. Amino acids were sequentially condensed thereon to form
a peptide. The amino acid condensation was performed in the same way as in Example 1.

Fmoc-Leu (159.0 mg, 0.45 mmol) was used as the first amino acid and condensed using DON (0.9 ml)
and DIEA (204.1),L1, 1.2 mmol). Then, amino acids having a protected amino group were
sequentially condensed using HOBt (101.3 mg, 0.75"mmol), DIPCI (115.4 )11, 0.75 mmol), and DMF
(3 ml). Fmoc-Pro (253.1 mg, 0.75 mmol) Fmoc-Arg(Pbf) (486.6 MQ, 0.75 mmol), Fmoc-Tyr(tBu)
(334.7 mg, 0.75 mmol chc-Glu.(OtBu)ﬁlQ.Z mg, 0.75 mmoI}?{,jEFmoc-Met (278.6 mg, 0.75 mmol),
Fmoc-Thr(tBu) @98 X'y, 635 mmdlY FribeCy STy t439.8%g 1& 75 ﬁ%ﬁ&)?ﬁmo@-ﬂlg (233.5 ma,
0.75 mmol), Frae-Pro (253 14ng, 0.75 miiel), Emog-Lys.(Bog), (3514 Mg, 0. 25 mmal), Fmoc-Pro
(253.1 mg, 0.75 mmol), Fmoc-Tyr(t ) (334.7 mg, 0.75 mmol), Fmoc-Glu(OtBu) (319.2 mg, 0.75 mmol),
Fmoo-Ser(tBup@8{H mai Os/ hanial)y Emec-Cvsdry: @393 mag, Hrémpaumol), Fmoc- Asp(OtBu)
(308.6 mg, 0.75 mmol), Fmoc-.Val (254.6 ma, 0.75 mmol), Fmoc-Ser(tBu) (287.6 mg, 0.75 mmaol),
Fmoc-Val (234.6 mg &8 miely,: FMeeAlx (233 5md, 1075 midh, 234 mhecAlg (233.5 mg, 0.75
mmol), Boc-Leu (187 mg, 0d7%@mgl were se u%nti:allglcucseg for corndoenrl\sggon as ttge génino acids
having a protegt%alann‘linongroup.e c(SEI: DCM>MeDd :%'4:?(1 nﬁ) Was added 1o the resin, and the
mixture was reagtedatigomstemperatiie fra3 hours. klexanewas-addad to-thg geaetiomsolution. The
resin was then removed by filtration. The resin was washed with MeOH, and the solution thereof was
concentrated. The coreentrated residue wasduntherogontehtratedilgnthe additior ©f benzene to obtain
a 23- residue peptide havi.n%protected side chains

((Boc)LeuAla-Aid g B eHBY) NaPAso B U e st Ser@Bufnerect was

Glu(OtBu)-Tyr -Pra- c)-Rro-Ala- - 3 W i
Thr(tBu)-Met-&%%t%%-%%(&@é%)-A@(ﬁb%%%%ﬁ%tc%ﬁi TR0 (BES TS NGT8)™ " The obtained

23-residue peptigdeddQ) 39-mg, 16 ptmel) 2M&i4A.candBenzd meteaptan {8%.5ikl, 30Q patol) were
stirred at -20C for 1 hour under argon flow in a DMF solvent (1350 W.). PyBOP (26 mg, 50 p-nol) and
DIPEA (8.5 Ill, 56pithef) \iksrethels abded fierete; andthé niixife Wasistigred fBP2 Hetirs. Diethyl

ether was then _added.to the reaction SO|LLIIOFI t?_%g%|g|tate ggdrzglyund.Af er fldll;&r%ll n, the pellet was

collected usin @Iﬁﬁi-svﬁ et Was Concenfrate 8}otap’(ﬁlueo FA SOiLtion dded to the

residue, and the;mixgre was-stirredsat ropmstemperatie for.2 heurs and then freeze-dried.
Thr (tBu)~Met-Glu (0OtBu)-Tyr (tBu)~Arg (Pbf)-Pro-Leu-COOH)
(10) (SEQ ID NO: 9). |

The obtained 23-~residue peptide (10) (39 mg, 10

pumol), MS 4A, and benzyl mercaptan (35.5 pl, 300 pmol)
were stirred at -20°C for 1 hour under argon flow in a
DMF solvent (1350 ul). PyBOP (26 mg, 50 umol) and DIPEA
(8.5 pnl, 50 umol) were then added thereto, and the
mixture was stirred for 2 hours. Diethyl ether was then
added to the reaction solution to precipitate a compound.
After filtration, the pellet was collected using DMF.
This pellet was concentrated. 95% aqueous TFA solution
was added to the residue, and the mixture was stirred at

room temperature for 2 hours and then freeze-dried.



The freeze-dried product was purified by HPLC (Cadenza column C18 75 x 4.6 mm, developing
solvent A: 0.11 aqueous TFA solution, 2: 0.1% TFA acetonitrile: water = 90:10, gradient A:B = 80:20 -*
40:60, 15 min, flow rate: 1.0 ml/min) to produce a peptide having benzyl thioester at the C-terminus
(Leu-Ala-Ala-Val-Ser-Val-Asp-Cys-Ser-Glu-Tyr-Pro-Lys-Pro-Ala-Cys-Thr-Met-Giu-Tyr-Arg-Pro-Leu-CO
SBn), which is represented by the formula (11) (SE D NO: 10). Yield: 20 mg Ratio of racemization:
2% or less ESI-MS: Calcd for C119H131N2703454: [M+21-1]1325.1, found. 1325.3. - 36 - Example
11  Cys(Thz) (46.7 mg, 0.2 mmol) was condensed to a 26- residue peptide bonded to a trityl resin
(40 4mol) as a solid

(Glu(GtBu)-Tyr(tau)- %I? Serﬁ fl%r r83[3;e Eygé%%y AYa “fﬁr(té’b%ﬁ(%%ﬁ)yvgf) Arg(Pbf)-Val-Thr(tBu)-
Val-Leu-Arg(PRR-Gla@):Ala-ASR(OBYY Ser(1Bu)-GIn()-VakTanBuhGiuO1BW-Ely=Q0-(Trityl resin))

(SEQ ID NO: 11) (300 mg, product from Novabiochem) using MOBt (27.0 mg, 0.2 mmol), DIPCI (30.8
0.2 mmol), and®DMF Empous TFA solution, B: 0.1% TFA acetonitrile:
water = 90:10, gradient A:B = 80:20 — 40:60, 15 min,
flow rate: 1.0 ml/min) to produce a peptide having benzyl
thiocester at the C-terminus (Leu-Ala-Ala-Val-Ser-Val-Asp-
Cys-Ser-Glu-Tyr-Pro-Lys-Pro-Ala-Cys-Thr-Met-Glu~-Tyr~Arg-
Pro-Leu-COSBn), which 1s represented by the formula (11)
{(SEQ ID NO: 10j).
Yield: 20 mg
Ratio of racemization: 2% or less

ESI-MS: Calcd for CiigHigiN27034Sq: [M+2H]™? 1325.1,

found. 1325.3.
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1% TFA/DCM solution (1.0 ml) was added to the resin, and the mixture was reacted at room
temperature for 2 minutes. The resin was removed by filtration, and the reaction solution was
neutralized with pyridine. This reaction was repeated 5 times. The reaction solution was concentrated,
and water was then added thereto to precipitate a peptide having protected side chains. The pellet
was collected using a DMF solution and concentrated to obtain a 27-residue peptide having protected
side chains ; - 36 -
(Cys(Thz)-Glu(OtBn)-Tyr(tBu)-Ala-Ser(tBu)-Pro-Gly-Lys(Boc)-Ala-Thr(tBu)-Glu(OtBu)-Val-Arg(Pbf)-Vval
-Thr(tBu)-Val-Leu-Arg(Pbf)-GIn(trt)-Ala-Asp(OtBu)-Ser(tBu)-GIn(trt)-Val-Thr(teu)-Glu(OtBu)-Gly-COOH
) (12) (SEQ ID B¥Gmp2fk 11 The obtained 27-residue peptide (12) (10 ll-aol), MS 4A (20 mg), and
thiophenol (30.6 pi, 300 pmal) were stirred at -20C for 1 hour under argon flow in a DMFE solvent (1.36

ul). PyBOF (8.6 mg, 58 imdh ant*SIPEA®R6.6 uf. SBTitoly feré HERCAtRIEY theréto Z&nd the
mixture was stirred .f% éé hggési Piil%th}g!)%ther was tge.r% gtgg'gg Q %@ei%eaggign Er%gis)n 19 pgecipitate a
the pe

t
d
compound. Aftérliefﬁtlratmn, h et was cgl?ected using DMF. This pellet was concentrated. 95%
aqueous IFA selutior weis=acleddduhie cangertrate tand trel mbdune (was sthiPed atigom temperature

for 2 hours. The resin was removed by filtration, and the reaction solution was concentrated. The

concentrate wasthéR @fssolved 1R5005 BgueEus AEBRitriéSotdtich @rd fredZe-dried. The
freeze-dried product was, purified b LC enza column C18 75 x 4 m, developing solvent A:
0.1% aqueous$ rge: uﬁ?yﬁ%f&%%ﬁ%@ﬂitﬂ‘@“v&acﬁé?2 %To?\gsr%éuge% AlB = 95:5 -9, 25:75, 15
min, flow rate: @4 mimin)1e produee a peptide, baving phenyl thioasteratthe E-terminus,
(Cys(Thz)-Glu-Tyr-Ala-Ser-Pro-Gly-Lys-Ala-Thr-Glu-Val-Arg-Val-Thr-Val-Len-Arg-GIn-Ala-Asp-Ser-GlIn

-Vai-Thr-Giu-Ghe@0OSPh),(WhHIiZh1i® réjsresénted tyOtherfarmpladdB8r(SE@JD NO: 13). Yield: 5 mg
Ratio of racemization: 1% or less ESI-MS: Calcg for C120-1204N36043S2: [Elycl;rIZV\(/%OME?Q.?, found.

14998._38_Novabiochem) using HOBt (27.0 mg, 0.2 mmol), DI

pul, 0.2 mmol), and DME (1 ml).

1% TFA/DCM solution (1.0 ml) was added to the resin,
and the mixture was reacted at room temperature for 2
minutes. The resin was removed by filtration, and the
reaction solution was neutralized with pyridine. This
reaction was repeated 5 times. Thé reaction solution waé
concentrated, and water was then added thereto to
precipitate a peptide having protected side chains. The
pellet was collected using a DMF solution and
concentrated to obtain a 27-residue peptide having
protected side chains (Cys(Thz)—Glu(OtBu)~Tyr(ﬁBu)—Ala—
Ser (tBu) -Pro~Gly~Lys (Boc) -Ala-Thr (tBu) -Glu (OtBu) -Val-
Arg (Pbf)-Val-Thr (tBu)-Val-Leu-Arg (Pbf)-Gln(trt)-Ala-
Asp (OtBu) -Ser (tBu) -Gln (trt)-Val-Thr (tBu)-Glu(0OtBu)-Gly-
COOH) (12) (SEQ ID NO: 12).

The obtained 27-residue peptide (12) (10 pmol), MS
4A (20 mg), and thiophenol (30.6 ul, 300 umol) were

stirred at -20°C for 1 hour under argon flow in a DMF
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solvent (1.36 pl). PyBOP (8.6 mg, 50 umol) and DIPEA
(26.0 pl, 50 pumol) were then added thereto, and the
mixture was stirred for 4 hours. Diethyl ether was then
added to the reaction solution to precipitate a compound.
After filtration, the pellet was collected using DMF.
This pellet was concentrated. 95% aqueous TFA solution
was added to the concentrate, and the mixture was stirred
at room temperature for 2 hours. The resin was removed
by filtration, and the reaction solution was concentrated.
The concentrate was then dissolved in 50% aqueous
acetonitrile solution and freeze-dried. The freeze-dried
product was purified by HPLC (Cadenza column C1l8 75 x 4.6
mm, developing solvent A: 0.1% aqueous TFA solution, B:
0.1% TFA acetonitrile: water = 90:10, gradient A:B = 95:5
- 25:75, 15 min, flow rate: 0.1 ml/min) to produce a
peptide having phenyl thiocester at the C-terminus
(Cys (Thz)~Glu-Tyr-Ala-Ser~Pro-Gly~Lys~Ala~-Thr-Glu-vVal~
Arg-vVal-Thr-~Val-Leu-Arg-Gln-Ala-Asp~Ser~Gln-Val-Thr-Glu-
Gly-COSPh), which is represented by the formula (13) (SEQ
ID NO: 13).

Yield: 5 mg

Ratio of racemization: 1% or less

ESI-MS: Calcd for CizgHz04N36043S2: [M+2H]™ 1499.7,

found. 1499.8.



[ HOfm-\ ;4=0 RN/  r.K\O==('NH Example 12  Cys(Thz) (46.7 mg, 0.2 mmol) was condensed to
a 17- residue peptide bonded to a trityl resin (40 limol) as a solid phase
(Ala-Ala-Thr(tBu)-Tyr(tBu)-Met-Met-Giy-AsnGlu(OtBu)-Leu-Thr(tBu)-Phe-Leu-Asp(OtBu)-Asp(OtBu)-
Ser(tBu)-Gly-00-(Trityl resin)) (SEQ ID NO: 14) (500 mg, product from - 39 - Novabiochem) using
HOBt (27.0 mg, 0.2 mmol), DISCI (30.8 htl, 0.2 mmog)é and DMF (1 ml).

NH,
S OH
oy W 9
HN N N M\/ﬂ\ o)
5 ; N
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2 HOQC——/ 0

HO HOLC NH
CONH, Conn, N <

Example 12

Cys (Thz) (46.7 mg, 0.2 mmol) was condensed to a 17-
residue peptide bonded to a trityl resin (40 umol) as a
solid phase (Ala-Ala-Thr (tBu)-Tyr (tBu)-Met-Met-Gly-Asn-
Glu (OtBu) -Leu-Thr (tBu) -Phe-Leu-Asp (OtBu) -Asp (OtBu) -
Ser (tBu) -Gly-CO-(Trityl resin)) (SEQ ID NO: 14) (500 mg,

product from



1% TWA/DON solution was added to the resin, and the mixture was reacted at room temperature for 2
minutes. The resin was removed by filtration, and the reaction solution was neutralized with pyridine.
This reaction was repeated 5 times. The reaction solution was concentrated, and water was then
added thereto to precipitate a peptide having protected side chains. The pellet was collected using a
DMF solution and concentrated to obtain a 18-resi_du3egpe_ptide having protected side chains
(Cys(Thz)-Ala-Ala-Thr(tBu)-
Tyr(tBu)-Met-Met-Gly-Asn-Giu(OtBu)-Leu-Thr(t3u)-Phe-LeuAsp(OtBu)-Asp(OtBu)-Ser(tBu)-Gly-COOH
) (14) (SEQ ID NO: 15). The obtained 18-residue eptideésrlfi) (20 htmol), MS 4A0£28 g), and
benzyl mercaptidty (3616 fifte300 KEnay werE Stirtéd at -3¢ fdt- hBHPOdﬁder%]r-éjg& fidvi'in 4 DMF
solvent (1.36 W.). P)éB_.QP .6 @g,glgcpt a(P %IlP)EA (26.0 htl, 50 htmol) were then added thereto,

14

and the mixturéL was stirred for 4’hours. Diethyl ether was then added to the reaction solution to
precipitate a compound. After/fiitrstion the peletwsas ealteeted usingdDMEsThis pellét was
concentrated. 95% aqueous TFA solution (containing ethanedithiol (EDT)) was added to the
concentrate, afd tHe FixtifcSwaS 3686 af FodfR EmpErRGrERor Dot fE. Phe'resitt-fas removed by
filtration, and the reaction solution was concentra CS‘IIh 40 - The congtreggate was Ich.en dissolved in

50% aqueous acetonitriie solution and freeze-dried. The freeze-drie procfucﬁv%% pluc?ﬁied by HPLO

(Cadenza colugm @18 &3 %46 may, developiag spivent A; Pikloragqueous: B-A salitiopnE: 0.1%
TFA/acetonitrile: water = 90:10, gradient A:B = 95:5 -* 25:75, 15 min, flow rate: 0.1 ml/min) to produce

a peptide havingebenap tivestep atthiecG-terfiimisreaction solution was
(Cys(Thz)-Ala-Ala-Thr-Tyr-Met-Met-Gly-Asn-G1lu-Leu-ThrPhe-Leu-Asp-Asp-Ser-Gly-COSBn), which is

represented by fRRIGFHIGRTES) (SEO IBNGT 187 idldSh Mg Ratio ot Fa&emliz&flon: 1% or less
ESI-MS: Calc igr C89111129111902954: [M+2H]2056.8,found, 205C24¢ chains. The

pellet was collected using a DMF solution and
concentrated to obtain a 18-residue peptide having
protected side chains (Cys(Thz)-~Ala-Ala-Thr (tBu)-
Tyr (tBu) -Met-Met-Gly-Asn-Glu (OtBu)~Leu-Thr (tBu)-Phe-Leu-
Asp (OtBu) ~Asp (OtBu) -Ser (tBu)-Gly-COOH) (14) (SEQ ID NO: 15).
The obtained 18-residue pepti&e (14) (10 umol), MS |
47 (20 mg), and benzyl mercaptan (36.0 ul, 300 upumol) were
stirred at ~20°C for 1 hour under argon flow in a DMF
solvent (1.36 pl). PyBOP (8.6 mg, 50 pmol) and DIPEA
(26.0 ul, 50 umol) were then added thereto, and the
mixture was stirred for 4 hours. Diethyl ether was then
added to the reaction solution to precipitate a compound.
After filtration, the pellet was collected using DMF.
This pellet was concentrated. 95% aqueous TFA solution
(containing ethanedithiol (EDT)) was added to the
concentrate, and the mixture was stirred at room
temperature for 2 hours. The resin was removed by

filtration, and the reaction solution was concentrated.



- 41 - Example 13 1% TEA/DCM solution was added to a 22-residue peptide bonded to a trityl
resin (20 gmol) as a solid phase ((Boc)Lys(Boc)-Ala-Met-His(trt)-Val-Ala-Glin(trt)-
Pro-Ala-Val-Val-Leu-Ala-Ser(tBu)-Ser(tEu)-Arg(Pbf)-Glylle-Ala-Ser(tBu)-Phe-Gly-00-(Trityl resin))
(SEQ ID NO: 17) (250 mg, product from Novabicchem), and the mixture was reacted at room
temperature for z minutes. The resin was removed by filtration, and the reaction solution was
neutralized with pyridine. This reaction was repeated 5 times. The reaction solution was concentrated,
and water was then added thereto to precipitate a peptide having protected side chains. The pellet
was collgcted l,ﬁqing a DI\C/IFn}oglétjcoen %%dsc%%cggtrggesdsgolg]kétgini% Zgggsiggg é)(?@%ide having protected
side chains ((Bocﬁ_ys?ﬁog)- [a-.

Met-His(trt)-Vajs Ala-Ginrd: Peo-Alar Malt Vial- LawsAle- Ser(tBu)r SeritBu)mig (RhBGly-llerAlasSer(tBu)-P
he-Gly-COON) (16) (SEQ ID NO: 17). Calcd for C170H245N2903452: [M+2H1+2 1652.0,
found. 1651.6 prdhedbtained@2residee peptide(L6) (aBeng,2.2ginoiy MS 4A7R00 g, and
thiophenol (6.7 gl, 11.0 gmol) were stirred at -20C for_1 hour under ar%on flow in a DMF _solvent (300
gl). PyBOP (5.7ng, 6676 hidhiaMd BIPERTL. 7], 116 MAfWere theh"AudEdthErB; afid the mixture

was stirred for 4 '}%ﬂ%g%i?gyé ether wasthen added ta the reaetion solytiontoprecipitate.a, - 42 -

compound. After filtration, the pels collected using DMF. This pelletwas concentrated. 95% aqueous

TFA solution was addedsto the gpngentratewand the mixturenwas stinred at raeatemperature for 2
hours. The resin was removed by filtration, and the reaction solution was concentrated. The

concentrate wazsthehdHissoivedin 509 adlests agetonttrikisdiitforCan ¢ frdézedried. The
freeze-dried product was purified by HPL C (Cadenza column C18 75 x 4.6 mm, developing solvent A:
0.1% aqueous ﬁsé&?}ﬁgn,%ao. o&réﬂ‘ accéa%%itnf%é water ég}ﬁ:%os,%rg u%n?ﬁ: ~955 -4 25:75, 15
min, flow rate: @ ].mi/min)toraducesa pegtide having phenyt thioesteratthe Cotarainus,
(Lys-Ala-Met-His-Val-Ala-GIn-Pro-Ala-Val-Val-Leu-Ala-Ser-Ser-Arg-Gly-ile-Ala-Ser-Phe- Gly-COSPh),

which is representedtby thel formufa) (173 FSEQIDNO: 18)..Yield: 2 mg Ratio of racemization: 1% or

less ,
Yield: 4 mg

Q

Ratio of racemization: 1% or less
ESTI-MS: Calcd for CggHizgNig02sSs: [M+2H]™ 2056.8,

found. 2057.2.
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ESI-MS: Calcd for CLO3H165N29025S2: [MI2H]+2 1145.9, found. 1145.7. - 43 - OHO\OHON.FIN N O
O IIH )Hrg O HO (17) Example 14  An HMPB-PEGA resin (50 pmol) was obtained in the same way
as in Example 1 and used as a solid phase for solid-phase synthesis. Amino acids were condensed
thereon to form a peptide. The amino acid condensation was performed in the same way as in
Example 1. - 41 -

Example 13
$ TFA/DCM solution was added to a 22-residue

peptide bonded to a trityl resin (20 pumol) as a solid
phase ((Boc)Lys(Boc)-Ala-Met-His(trt)-Val-Ala-Gln(trt)-
Pro-Ala-Val-Val-Leu-Ala-Ser (tBu)-Ser (tBu)~Arg (Pbf)-Gly-
Ile-Ala-Ser (tBu)-Phe-Gly-CO~(Trityl resin)) (SEQ ID NO:
17) (250 mg, product from Novabiochem), and the mixture
was reacted at room temperature for 2 minutes. The resin
was removed by filtration, and the reaction solution was
neutralized with pyridine. This reaction was repeated 5
times. The reaction solution was concentrated, and water
was then added thereto to precipitate a peptide having
protected side chains. The pellet was collected using a
DMF solution and concentrated to obtain a 22-residue
peptide having protected side chains ((Boc)Lys(Boc)-Ala-
Met-His (trt)-Val-Ala-Gln(trt)-Pro-Ala-Val-Val~Leu-Ala-
Ser (tBu) -Ser (tBu) ~Arg (Pbf) -Gly-Ile-Ala-Ser (tBu) -Phe-Gly-
COCH) (16) (SEQ ID NO: 17).

ESI-MS: Calcd for Ci7oHzasN2s034S2: [M+2H]'? 1652.0,
found. 1651.6

The obtained 22-residue peptide (16) (7.5 mg, 2.2
pmol), MS 4A (20.0 mg), and thiophenol (6.7 upl, 11.0
pmol) were stirred at -20°C for 1 hour under argon flow
in a DMF solvent (300 pl). PyBOP (5.7 mg, 66.0 pmol) and
DIPEA (1.7 pl, 11i0 pmol) were then added thereto, and
the mixture was stirred for 4 hours. Diethyl ether was

then added to the reaction solution to precipitate a



Fmoc-Phe (96.9 mg, 0.25 mmol) was used as the first amino acid and condensed using MSNT (74.0
mg, 0.25 mmol), N-methylimidazole (14.9 jil, 187.5 pimol), and BCE (1 ml).  Then, amino acids
having a protected amino group were sequentially condensed using HOBt (33.7 mg, 0.25 mmol),
DIPCI (38.5 0.25 mmol), and CD/IF (1 ml). - 44 - Fmoc-Asn (88.6 mg, 0.25 mmol), Fmoc-Cys(trt)
(146.4 mg, 0.25 mmol), Fmoc-Lys(Boc) (117.1 mg, 0.25 mmol), Fmoc-Asn (88.6 mg, 0.25 mmol),
Fmoc-Gly (74.3 mg, 0.25 mmol), Fmoc-Tyr(tBu) (£14'8 mg, 0.25 mmol), Fmoc-Thr(tBu) (99.4 mg, 0.25
mmol), Fmoc-Lys(Boc) (117.1 mg, 0.25 mmol) were used as the amino acids having a protected
amino group to form a 9-residue peptide of Phe-Asn-Cys(trt)-
Lys(Boc)-Asn-GHPHIBLY - TRAEY-LY$(B96) {SED I-RO: 19} bathessliphasetesin.  After
washing with DCM andD %{IF, l;?girgsin cP{[ggpondingc'g%geél_rgg §idueLPee(§)&ige was

us a 8l 1 Of gwe 9-?
transferred to an fi%%en orf tube. ycosylavﬁeﬁ asparagine fltzem'g, 69 mc %epresented by the

following formula{18)-ana DEPB 63 Mg @4mel)dissalvet it PME: DM3QF 41e(201 41) were
placed in the Eppendorf tube. H9100 HO-1-\ HO. 0 0HO NHAc 61-1

mixture was stirred at room temperature for 2 hours. The
resin was removed by filtration, and the reaction
solution was concentrated. The concentrate was then
dissolved in 50% aqueous acetonitrile solution and
freeze-dried. The freeze-dried product was purified by
HPLC (Cadenza column C1l8 75 x 4.6 mm, developing solvent

A: 0.1% aqueous TFA solution, B: 0.1% TFA/acetonitrile:

i

water 90:10, gradient A:B = 95:5 — 25:75, 15 min, flow
rate: 0.1 ml/min) to produce a peptide having phenyl
thioester at the C-terminus (Lys-Ala-Met-His-Val-Ala-Gln-
Pro-Ala-Val-Val-Leu-Ala-Ser-Ser-Arg-Gly-Ile-Ala-Ser-Phe~
Gly-COSPh), which is represented b? the formula (17) (SEQ
ID NO: 18).

Yield: 2 mg

Ratio of racemization: 1% or less

ESI-MS: Calcd for Cig3zHigsN2902455: [M+2H]+2 1145.9,

found. 1145.7.



HO '16 Ho-0-0 H(.0.F113 0 HOHO - OHNHAC DIPEA (1.02 41, 6 41E01) was added thereto,
and the mixture was stirred at room temperature for 20 hours. After washing with ONE, the Fmoc
group was removed with 20% piperidine to form a 10-residue peptide of Phe-Asn- - 45 -

- 43 -

NH,

e HolN Q
H o] n Q " o]
N \)}\ N \/U\ N \/U\ o
HoN T N Y N Y N
H H z H z H

Example 14

An HMPB-PEGA resin (50 pumol) was obtained in the
same way as in Example 1 and used as a solid phase for
solid-phase synthesis. Amino acids were condensed
thereon to form a peptide. The amino acid condensation
was performed in the same way as in Example 1.

Fmoc-Phe (96.9 mg, 0.25 mmol) was used as the first
amino acid and condensed using MSNT (74.0 mg, 0.25 mmol),
N-methylimidazole (14.9 ul, 187.5 umol), and DCM (1 ml).

Then, amino acids having a protected amino group
were sequentially condensed using HOBt (33.7 mg, 0.25

mmol), DIPCI (38.5 pl, 0.25 mmol), and DMF (1 ml).



Cys(trt)-Lys(Boc)-Asn-Gly-Tyr(tBu)-Thr(tau)-Lys(Boo)- Asn(Oligosaccharide chain) (SEQ ID NO: 20)
on the solid-phase resin. Amino acids were further condensed to this 10-residue peptide in the
same way as above using HOHt, DIDCI, and DMF. Fmcc-Asp (1.7 mg, 0.015 =al), Fmoc-Ser(teu)
(2.9 mg, 0.015 mmol), Fmoc-mg, 0.015 mmol), and Boo- Cys(Thz) (1.7 MQ, 0.015 mmol) were
sequentially used for condensation as the amino acids. AcOH: TEE - 1:1 (1 ma) was added to the
resin, and the mixture was reacted at room tempe‘rat%?e for 20 hours. The resin was removed by
filtration, and the reaction solution was concentrated to obtain. a 14-residue peptide having protected
side chains (Cys(Thz)-Gly-Ser(tEu)-AspAsn(Oligosaccharide

chain)-Lys(Boc)-Thr( §E891*y?&§u)ﬁéR/A%nHL%/s(gc@)»‘:?c%(@r%)iAsriﬁlnﬁ@@@@kt)qw) (SEG 1D NO: 21).

4ol wars il 300 1 L bour uder GO0 i X DVF SONen (405 1) PYBOP (78 o, 15

4mol) were stirréd at -20C for 1 hour under a
wol) and DIPEAN@S5-Adn15 dmol) were then added therete,andthe mixture was stigregsfor 2 hours.

Diethyl ether was then added to the reaction solution to deposit the compound of interest as a pellet.
This pellet wag'8eparatédrPemtkia sbRition bylfitratior and-thé petief.iemaining-arthetfilter paper

was dissolved gégo%/o I:%guecbus %cetonisorile solution and collected. The collected solution was - 46 -
concentrated. 95% aqUedus TER sBlttion wad'ddety b thaTontentfate, Bfid the AixiHeWas stirred

at room tempejatee forahaursiand then fieeze diied, The freezessied product was purified by HPLC
(Cadenza column C18 75 x 4.6 mm, developing solvent A: 0.01% gqueous A sofur%lon, B: 0.01%
TFA/acetonitriter waterto 9010y geadientsf Ed e<8(0:20 £ 4@:60 £ 1> min aflow t3te L ypifmin) to produce
a peptide having benzyl thioester at the C-terminus (Cys(Thz)-Gly-Ser-Asp-Asn(Oligosaccharide
chain)-Lys-Thi=T§r BREASATY5 Cyé-Ash PHRYC OBEN) tWhichls reffresenté 8y the fdfmula (20) (SEQ
ID NO: 22). Yield: 3 mg.The ratio of racemizatioh was 2% or less. ESI-MS: Calcd for
c1331424230%%3&[%FF%%]%%%%@}?&&& 1646.4.

After washing with DCM and DMF, the resin

corresponding to 3 pmol of the 9-residue peptide was
transferred to an Eppendorf tube.

Glycosylated asparagine (12 mg, 6 umol) represented
by the following formula (18) and DEPBT (3 mg, 9 umol)

dissolved in DMF: DMSO = 4:1 (201 pl) were placed in the
Eppendorf tube.
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DIPEA (1.02 pl, 6 umol) was added thereto, and the
mixture was stirred at room temperature for 20 hours.
After washing with DMF, the Fmoc group was removed with

20% piperidine to form a 10-residue peptide of Phe-Asn-



- 47 - (20) Comparative Example 1 A benzyl thioester form of a peptide
(AcNN-His-AlaAla-Phe-GGSBn) (SEQ ID NO: 6) was obtained by the same procedures as in Example
7 except that PyBOP was changed to DEPBT (1.5 mg, 5 limol) or HBTU (1.9 mg, 5 ptmol). Its yield
was 10% for the use of DEPBT and less than 10% for the use of HBTU. Comparative Example 2 A
benzyl thioester form of a peptide (AcNH-Gys-Cys_GI%—iig-COSBn) (SEQ ID NO: 8) was obtained in
the same way as in Example 9 except that the reaction temperature was changed to 30C. - 48 - The
ratio of racemization was 40%. Industrial Applicability According to a process of the present
invention, a peptid V|n a carboxyl at the -terminus, with protecting roups in the peptide
side chains ma?r\{ta?ne% caﬁ]ﬁé produce 4 15r A A g cc}syiatretjtpélpti&é’ e?/%g for a glycopeptide

having an ollg%@&@@@t@@s@map@w%@xnﬁn aligosacanaride shain with an unprojected hydroxyl
group, without influencing its cligosaccharide chain structure. Furthermore, a peptide thioester
compound withekttlenC-terminal racemization of the peptide can be produced.

Amino acids were further condensed to this 10-residue
peptide in the same way as above using HOBt, DIPCI, and DMF.

Fmoc-Asp (1.7 mg, 0.015 mmol), Fmoc-Ser(tBu) (1.9 ng,
0.015 mmol), Fmoc-Gly (1.5 mg, 0.015 mmol), and Boc-
Cys(Thz} (1.7 mg, 0.01l5 mmol) were sequentially used for
condensation as the amino acids.

AcOH: TFE = 1:1 (1 ml) was added to the resin, and the
mixture was reacted at room temperature for 20 hours. The
resin was removed by filtration, and the reaction solution
was concentrated to obtain a lé4-residue peptide having
protected side chains (Cys(Thz)-Gly-Ser (tBu)-Asp-

Asn (Oligosaccharide chain)—Lys(Boc)—fhr(tBu)—Tyr(tBu)—Gly—v
Asn-Lys (Boc)~-Cys (trt)~-Asn-Phe-COOH) (19) (SEQ ID NO: 21).

The obtained l4-residue peptide (19) (11.7 mg, 3
umol), MS 4A, and benzyl mercaptan (10.6 pl, 90 pmol)
were stirred at -20°C for 1 hour under argon flow in a
DMF solvent (405 pl). PyBOP (7.8 mg, 15 umol) and DIPEA
(2.6 pl, 15 pmol) were then added thereto, and the
mixture was stirred for 2 hours. Diethyl ether was then
added to the reaction soclution to deposit the compound of
interest as a pellet. This pellet was separated from the
solution by filtration, and the pellet remaining on the
filter paper was dissolved in 50% aqueous acetonitrile

solution and collected. The collected solution was



The obtained peptide thicester compound can be allowed to act on a peptide fragment having Cys as
an N- terminal amino acid to thereby achieve polymerization. As a result, large glycoproteins having an
cligosaccharide chain with a single structure can also be produced. - 49 -MCSUP CLAIMS 1. A
process for producing a peptide thioester compound, characterized by comprising: (A) forming a
peptide by a solid-phase synthesis method using a rggin modified with a linker represented by the
formula (1) as a solid phase; (B) cleaving a bond between the solid phase and the peptide with at
least one acid selected from dilute hydrochloric acid, dilute sulfuric acid, formic acid, and acetic acid to

produce a peptide haying a carboxylgroup,at the.Crtgrminuis, nd, ,4C) teasting athiol sompound

with the peptide at - 100 to OC in the presence of a condensing agent in a solvent: (1) wherein 111

represents a Coéh abieyt geaup, Represents athydeogersatoni o€l dealkaxyogroup, and n
represents an integer of 1 to 4. 2. A process for producing a peptide thioester compound,

characterized byesomaprding fed@ingla il ednfistnd\With &epfides Favig-a caitfoxyl group at the
C4erMUsatJQQéggézg}gg%p§§8 %%Qf%58”%%@%?9ggeﬂ§m§¥ﬂév?8adenza column
€18 75 x 4.6 mm, developing solvent A: 0.01% agueous TFA
solution, B: 0.01% TFA/acetonitrile: water = 90:10,
gradient A:B = 80:20 — 40:60, 15 min, flow rate: 1
ml/min) to produce a peptide having benzyl thiocester at
the C-terminus (Cys(Thz)-Gly-Ser-Asp-Asn(Oligosaccharide
chain)-Lys-Thr-Tyr-Gly-Asn-Lys-Cys-Asn-Phe~-COSBn), which
is represented by the formula (20) (SEQ ID NO: 22).
Yield: 3 mg
The ratio of racemization was 2% or less.
ESI-MS: Calcd for CiisHasN230eS3: [M+2H]™ 1646.1,

found. 1646.4.



3. The production process according to claim 1 or 2, wherein the N-terminal amino acid of the peptide
is cysteine. 4. The production process according to claim 3, wherein the peptide has a thiol group of
the cysteine protected with a fat-soluble protecting group. 5. The production process according to
claim 1, wherein the resin modified with a linker represented by the formula (1) is an amino-PEGA
resin having an amino group bonded to the linker represented by the formula (1). 6. The production
process according to claim 1, characterized in that the step (B) is performed in the presence of an
alcohol. 7. The production process according to claim 6, wherein the alcohol is halogenoalcohol. 8.
The production process according to claim 1 or 2, wherein the solvent is at least one selected from
N,Ndimethylformamide and N-methylpyrrolidone. 9. The production process according to claim 1 or 2,
wherein the condensing agent is 1- hydroxybenzotriazole/diisopropylcarkodiimide or
benzotriazol-1-yloxy-trispyrrolidinOph05phOnium hexafluorophosphate/diisopropylethylamine. 10. The
production process according to any gf claims 1 to 9, whergin the peptide is a glycopeptide.
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Comparative Example 1

A benzyl thiocester form of a peptide (AcNH-His-Ala-
Ala-Phe-COSBn) (SEQ ID NO: 6) was obtained by the same
procedures as in Example 7 except that PyBOP was changed
to DEPBT (1.5 mg, 5 umol) or HBTU (1.9 mg, 5 umol). Its
yield was 10% for the use of DEPBT and less than 10% for

the use of HBTU.

Comparative Example 2
A benzyl thicester form of a peptide (AcNH-Cys-Cys-
Glu-His~COSBn) (SEQ ID NO: 8) was obtained in the same

way as in Example 9 except that the reaction temperature

was changed to 30°C.



The ratio of racemization was 40%.

Industrial Applicability

According to a process of the present invention, a
peptide having a carboxyl group at the C-terminus, with
protecting groups in the peptide side chains maintained,
can be produced for a non-glycosylated peptide or even
for a glycopeptide having an oligosaccharide chain,
particularly, an oligosaccharide chain with an
unprotected hydroxyl group, without influencing its
oligosaccharide chain structure. Furthermore, a peptide
thioester compound with little C-terminal racemization of
the peptide can be produced.

The obtained peptide thiocester compound can be
allowed to act on a peptide fragment having Cys as an N~
terminal amino acid to thereby achieve polymerization.

As a result, large glycoproteins having an
oligosaccharide chain with a single structure can also be

produced.
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CLAIMS

1. A process for producing a peptide thioester compound,
characterized by comprising:

(A) forming a peptide by a solid-phase synthesis
method using a resin modified with a linker represented
by the formula (1) as a solid phase;

(B) cleaving a bond between the solid phase and the
peptide with at least one acid selected from dilute
hydrochloric acid, dilute sulfuric acid, formic acid, and
acetic acid to produce a peptide having a carboxyl group
at the C~terminus; and

(C) reacting a thiol compound with the peptide at -

100 to 0°C in the presence of a condensing agent in a

solvent:

R'Q
i
HO—CH; o~<CHf§—C——-
n
Rz

wherein R! represents a Ci-4 alkyl group, R? represents a

(1)

hydrogen atom or C;.; alkoxy group, and n represents an
integer of 1 to 4.

2. A process for producing a peptide thiocester compound,
characterized by comprising reacting a thiol compound
with a peptide having a carboxyl group at the C-terminus
at =100 to 0 °C in the presence of a condensing agent in

a solvent.
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3. The production process according to claim 1 or 2,
wherein the N-terminal amino acid of the peptide is
cysteine.
4, The production process according to claim 3, wherein
the peptide has a thiol group of the cysteine protected
with a fat-soluble protecting group.
5. The production process according to claim 1, wherein
the resin modified with a linker represented by the
formula (1) is an amino-PEGA resin having an amino group
bonded to the linker represented by the formula (1).
6. The production process according to claim 1,
characterized in that the step (B) is performed in the
presence of an alcohol.
7. The production process according to claim 6, wherein
the alcohol is halogenoalcohol.
8. The production process according to claim 1 or 2,
wherein the solvent is at least one selected from N,N-
dimethylformamide and N-methylpyrrolidone.
9. The production process according to claim 1 or 2,
wherein the condensing agent is 1-
hydroxybenzotriazole/diisopropylcarbodiimide or
pbenzotriazol-l-yloxy-trispyrrolidinophosphonium
hexafluorophosphate/diisopropylethylamine.
10. The production process according to any of claims 1

to 9, wherein the peptide is a glycopeptide.



