1 DESCRI PTION *159 59* 113111111111111111 *@00002*  METHOD FOR
PRODUCTI ON OF PEPTI DE THI OESTER COMPOUND Techni cal Field The present
invention relates to a process for producing a peptide thioester conpound.
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gl ycoproteins work in such a way that they maintain the three-diygnsi onal
structures of the proteins, regulate sdlubility, and inpart profease
resistance thereto. It is now becom ng evident that the oligosaccharide
chains in glycoproteins are involved in |life phenonena such as

fertilization or differentiation, DsisgrRalPTtICANSducti on, ¢ ﬂ“NﬂMﬂMmm
intracellular protein transport, and regul ati on of biolommﬂ ties.
Thus, oligosaccharide chains bonded to proteins play an - inggohant role in

vari ous physi ol ogi cal functions. However, these oligosaccharide chains have
di verse structife&®D FRE FREPHTd 81 &3'siFHEd HEn 1! TB%s ARG es. Under
the circunstances, it is therefore extrenely difficult to identify which

ol i gosaccharide chain structure is involved in a |life phenonenon. Synthesis

of glycovrqteins Qn @.yG@peptides having an

The present invention relates to a process for

producing a peptide thicester compound.

Background Art

Many proteins existing in vivo are glycoproteins,
proteins having oligoséccharide 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
oligosacgharide chains in glycoproteins are involved in
life phenomena such as fertilization or differentiation,
signal transduction, canceration, intracellular protein
transport, and regulation of biclogical activities. Thus,
oligosaccharide chains bonded to proteins play an
important role in various physiological functions.
However, these oligosaccharide éhains have diverse
structures, and they are ciassified into various
categories. Under the circumstances, it 1is therefore
extremely difficult to identify which_oligosaccharide
chain structure is involved in a life phenomenon.

Synthesis of glycoproteins or glycopeptides having an



2 oligosaccharide chain with a single structure is also indispensable for
el uci-dating such functions. At present, glycoproteins can be expressed by
bi ol ogi cal approaches using protein expression, although glycoproteins
havi ng an ol i gosaccharide chain with a uniformstructure are difficult to
obtain. Therefore, studies have been nmade in recent years on the precise
chem cal synthesis of glycopeptides or glycoproteins having an
ol i gosaccharide chain with a single steucture. The present inventors
have established a process for preparing a | arge anount of a biantennary
conpl ex-type ol igosaccharide chain that can be used as a raw material from
a_chi cken 599,0y.conki-niBI-BRZNMRLER andiahenri sakuaetbedss(Basent Document
1) and a process for synthesizing a sialylated glycopeptide by applying a
sol i d- phasenpeppiAeapyst Hesi s1netiladihg auvctmilexcttiype .ol Agopaesksarti de
chain (Patent Docunment 2). If glycopeptides can be polynerized, |arge
gl ycopr ot eghgcbpvbhgian obkhgbsaesharsdedchdi higilpaigadi RIPECSCHGSt ure wil |
be synt hesi zed. At present, the nost effective peptide pal ynerization
method i s probgbbyothénngkbvessheni call thryahi 8RYREPRGE SERSN P&/t Docunent
1), which involves coupling a peptide fragnent haying cysteine (Cys) as an
%6eﬁ?‘ Sestur oy

N-t er mi nal 28nPhoIRERECHETA Pd8 Hating thit688f%er the ctérmnus. - 3

- Pept.i.de synt hesi s, nmethods_generally .are i d=pha ynt hesi s
met hods, mﬁPgElFﬁ€6I§8 PPﬁSBPFiz?&%ra%oﬁftegﬁﬁﬁh ép?%?%c?% Haﬁ?%é acid onto
an i nsol ubl,e resin. SUBROLL o T eAavi0g he REQALECLING, OIouR i e ami no
acid, and thef seque%flally el'ongating a peptide chain. Exanples of a

met hod f or LRY ghe b kNG o Maeasiehmibltibe Gderarines i ncl ude
a net hod wﬁ?g%ggﬁygggeg 82?%3?%?%3%¥hioesterif?gation gﬁ}ing pepti de

exci sion fremia sakindsphaseglandraureiied which invol ves subjecting the
C-term nal carboxyl group of a peptide to thioesterification after peptide
exci si on from argel pdephaseinventoEer hexanpkbeabaisbeHod wHocksisnEerves
produci ng a peptide using a safety catch linker on a solid-phase resin and
al | owi ng a pirkipelr icgnpEodrd geo aacurttherfecn YINGHPaet DIEURHtSPE and 2) is
known as a nethod for perform ng the thioesterifjcation during peptide
exci si on f radma®sseIdhd iHges €nHEWSEL, 33T LY afad nehly “E)ar’%%llp such as

poor condensation efficiency in the immpbilizatiqgn of_ a first.aqino acid

onto a resitron Fe EHGRT Bt Yz A6H H% M HY K s AT i Fg T He
condensation, and the poar reactivity of the thi und in
esterificatd© r&ﬂ%"}t e%“é?rh%/(f‘)réoxaw& gar cpu%cg%sscén ol i gosacchari de chain
ina gl yCOpf?Pr%t!hdesj!zsirtungg gs;%tfldatéad @’ifééﬁép@ﬁié aspredfop: Agtd vating the

safety catc i'nkKer a ates t he ‘sugar  hydroxXyl ‘group easily. Thus,

deal kyl at | OO {{ LML SRySts e o PpRNid MBthe s Lo eatamnplaryeypdl uence
gl ycosyl ati on and so on, dependi'ng on conditions, and a uniform

ol i gosacchagi de, £haimy stddICime £ Camnainbepseetsed 2n. t ef obt ai ned
gl ycopeptide. To solve this problem it is suggested that the hydroxyl
group of thglpldgosacehardae chapal yreeproeéct badrgn atyappeotponever, this
approach is not efficient due to additional protection and deprotection
st eps. 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.



A strong acid such as 95%trifluoroacetic acid or hydrogen fluoride is
usually used for excising a peptide froma solid-phase resin. However, the
use of such a strong acid involves the deprotection of peptide side .
chains or the cleavage of an oligosaccharide chain |inkage in _

gl ycopeptides. A nethod using a trityl resin as,a solid phase and acetic
acid for excision (Non-Patent Docunents 3, 4, and 5) and a nethod using a
4- hydroxynet hyl- 3- met hoxyphenoxybut yr 3c-aci d-nodi fied resin (HVPB resin)
as a soliid phase and 1% trifluoroacetic acid (TFA) for excision (Non-Patent
Docunment 6) have been reported as nethods for excising a peptide froma

ol d-phase I eshauiphiey A HERKs AL UL gULe £aUS) NGadaPEO oept 08, Fovever

t he net hod usi ng trit resin cannot produce al ycopeptides having an

unpr ot ect edyhydr ay¥kngLkQUPmeRokiRe Qhheh handlvehemmdpahycapephinder-i s
prepared using the HWB resin as a solid phase, the use of 1% TFA cannot
exci se thetghycapeppirdeechAkticanahbvekbyd theouse ahsBQUtIkAralsia causes the
partial - 5 - renoval of protecting groups in the peptide side chains. For
pepti de t hisoppberi f reabivong paet prokeaciyngt beroppotiecttihen sofi nchectildi.ol  gr oup
of N-termnal cysteine is essential for preventing self-condensation. Thus,
depr ot ect i 6RddGHieRg SELEEstéR Ll¥ags ongatangl 2oREESHES CREEd-di ngl y, these
nmet hods are not _sufficient for. producing a peptide havinhg.a carboxyl group,
which is uSédmRdes PiwanBEE P TPR PREOINCAEC RGN PEP td Ie Ve Shavi ng
thioester at .the C-termnus. A t hi.oester form of epti de can be

pr oduced b§%ﬁ8§@FFﬁgag 5gﬁtpdéeﬁ§9PH§ ﬁpgﬁgb“e§'§ﬁ£%Q:zﬂ%ﬁ?%Mth

al kyl t hi ol .. r i : r.qbl e %E]eer 1 am no acid
racenizati&ﬁﬁagﬁﬁa'F%Eﬁ%gﬁggag%ggggﬁ%ggﬁiﬁéeﬁéﬁé%ﬁ%ﬁl |(ﬁ?#§%olves

repl aci ng a. (8N Rl Al o136 %h@éeg'ami ne rheR-Pakant, Dopumats 7). a

nmet hod usi ng benzotriazol-1-yloxytrispyrrolidi nophosphoni um

hexaf | uor ophesrhatie o RHBOR)-/tdirs oRrnopd @idiyl1agmed DPEA)pas: il aidensi ng
agent in dichloronmethane (DCM (Non-Patent Docunent 8), and a nethod using
2- ( 1H benzaimicezaleri-f batlch 3f3ert elepanetchWxutrioniam thexafd warlaghosphat e
(HETU)/ Dl PEA as a condensing agent in tetrahydrofuran (THF) (Non-Patent
Docunent 9)pHzasee been reported. However, the nmethod which invol ves
replacing a Ctermnal amno acid by glycine has a natural Iimt to the
types of pepti désrt BapmPAR, be probiaedhinbr dpverlveg peopertirdesd having a
hydr oxyl group that is not protected with a protectingk_-ggl- group cannot
be di ssol vREATGhelEa1d éntSaffdly £ HEM G A¥E O SOY HER&EW vent s nust
be changed, although the G term nal am no acid racem zation becones a

probl em agai§t ﬁété;r"f‘tl S Pt AR By Lﬁ%nﬁcrpzfta}f%%qrbaﬁ\go

At~ Docunent
11369_11374&£§§§@ ag%uments 1 and 2) is known as a method for

performing the thiocesterification dﬁring peptide excision
from a solid phase. However, 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 amino acids during the
condensation, and the poor reactivity of the thiol
compound in esterification. Moreover, when a hydroxyl
group of an oligosacqhafide chéin in a glycopeptide 1is
unprotected, alkylation performed for activating the
safety catch linker also alkylates the sugaf hydroxyl

group easily.- Thus, dealkylation treatment must Dbe



WO 1] . 03/008431 2004/ 005330 J. Am Chem Soc., 121, [No'n- Pat ent Docunent
Angew. Chem I nt . Ed., 44, 1650-1654(2005)

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

A strong acid such as 95% trifluoroacetic acid or
hydrogen fluoride is usually used for excising a peptide
from a solid-phase resin. 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—B—methoxypheﬁoxybutyric acid-modified resin
(HMPB resin) as a solid phase and 1% trifluorocacetic 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 resin as a solid phase, the
‘use of 1% TFA cannot excise the glycopeptide.

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



[ Non- Pat ent Docunent 3] Tetrahedron Lett., 38, 6237-6240(1997)

removal of protecting groups in the peptide side chains.
For peptide thiocesterification, particularly, the
protection of the thiol group of N-terminal cysteine is
egsential 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 thiocester 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 glycihé (Non-Patent Document 7), a
method using benzotriazol-1l-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



[ Non- Pat ent Docunent 4] Tetrahedron Lett., 44, 3551-3554(2003)
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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.
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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



J. Am Chem Soc., 123, 3885-3891(2001) [ Non- Pat ent Docunent 6]
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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 efficiéntly producing a peptide
thioester compouna, 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.(l) as a solid phase;

(B) cleaving a bond between the solid phase and the
pgptide 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



[ Non- Pat ent Docunment 7] Tetrahedron Lett., 38, 6237-6240(1997)

[
-

(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

HO—CHy \ AV——O—QCHf%:@—~—

R? - (1)

wherein R' represents a Ci4 alkyl group, R® represents a

hydrogen atom or C;.; 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 parficular condensing
agent to thereby produce a peptide thioester 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



[ Non- Pat ent Docunent 8] Tetrahedron Lett., 44, 3551-3554(2003)
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represented by the formula (1) as a solid phase; (B)
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 carboxyi 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

— : ﬁ
HO—CH, \ / O%CHZ% —

R? | (1)
wherein R' represents C,., alkyl group, R% 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 Ci., 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.



.J. Am Chem Soc., 123, 3885-3891 (2001) An object of the present
tnvention is to provide a process for producing a peptide having a carboxyl
group at the CGtermnus, with Protecting groups in the peptide - 7 - side
chai ns mai ntai ned, which is applicable to a nonglycosyl ated peptide or even
to-.a gl ycopeptide having an oligosaccharide chain, particularly, an

ol i gosaccharide chain with an unprotectgd._hydroxyl group. Anot her

obj ect of the present invention is to provide a process for efficiently
produci ng a peptide thioester conpound, with racem zation, reduced, which is

applicable to a non-gl ycosyl ated peptide or even to a gl ycaopepti de havi ng
an ol i gosacchar a8 € ﬁFﬁ,mﬁﬁﬁﬁFﬁﬁlﬁﬂFP,aaﬁ18FF60§§EEﬁ§%P§§dCF¥iﬁhﬁ th an

unpr ot ect ed _hydr.oxyl \grou Di_scl osur e .of, .t he | nventiion . The present
i nventi on ggra“éé 6t fg f&%(%Mcﬁgﬁﬁﬁﬁé%%%ﬁravafﬁ%?ﬁﬁwﬁﬁiﬁ?f%ﬁ $roducing a

B Pept | de By 2 o8 Lo phaed &5 RThoars Tt hod us e R Fee I Reattiod with &

l'i nker repriegenized upypst-Beraf aranwha cl) s 1,150 -infk PE§Shenoxybutyric
acia—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 thé amino group of
an amino-PEGA resin (manufactured by Novabiochem) with
the carboxyl group of a carbéxylic 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-1l-yl1

polyethyleneglycol) :

R'Q
i
HO—CH, OF%CHfé—C——OH
n
R2

wherein R%, R2, and n are the same as above.

(2)

Among the obtained resins 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
is preferable. A resin wherein R' is a methyl group, R?
is a hydrogen atom or C;., alkyl group, and n is an

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



(B) cleaving a bond between the solid phase and the peptide with at |east
ong acid selected fromdilute hydrochloric acid, dilute sulfuric acid,
formc acid, and acetic acid to produce a peptide having a carboxyl group
at the CGtermnus; and 8 (C reacting a thiol conpound with the
peptide at 100 to OC in the presence of a condensing agent in a solvent:
R10 HO-CH2 ). _4cH24- (1) wherein Rl represents a Cl-4 al kyl group, R2
represents a hydrogen atomor Cl 4 al koxy 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-?hase resin
can be excii§ed MEBRYEhETEBPI dRphBS ed rREFROTD1t HEPEDYL pFodudeXdl pepti.de
havi ng a carboxyl group.at _the C-termnus, with protecting groups in the
si de chain@rﬁﬁpmtépﬁeﬁ,lﬁiﬁhéﬁtpﬁﬁFPﬁéﬁéFﬁg'Pﬁ@fﬁFP%§§hccharide chain
structure. The_present Lnventors.have further _foun hat t hi ol
conpound can bes%?$%§£%a§gyac OEnef%%p%Ete?nfﬁg Year %%?%néfguﬁgof t he
obtai ned pepll de.fkad (W Lt BELALULE L e lesenee of a particul ar
condensi ng agent to thereby produce a peptide thioester conpound, with the
C-term nal racem zation of the peptide reduced. The process for
produci ng a pept t hi oester conpound according to the present invention

conprises the step (AL formn a solid-phase synthesis
(0]

met hod usi ngha—€
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 phasé for peptide
productibn.

Examples of steps of the peptide production include
the following steps Ka) 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 carboxyi group of an amino acid
having an amino group protected .with a protecting gfoup;

(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



represented by the formula (1) as a solid phase; (3) cleaving the bond
between the solid phase and the peptide with at |east one acid selected
fromdilute hydrochloric acid, dilute sulfuric acid, formc acid, and
acetic acid to produce a peptide having a carboxyl group at the C-term nus;
and (C) reacting a thiol conpound with the peptide at -100 to OC in the
presence of a condensing agent in a _soJ[l,}/e_nt. Step (A): Peptide formation
In this step, a resin nodified with a TTnker represented by the formula (1)
is used: ( 1) wherein R represents Cl-4 al kyl group, R2. represents
hydrogen atom or C1,1 al koxy group, and n represents an integer of 1 to 4.
The Cl_4 al kyl ¢gbupepedeisgtbheiseapsofchranéhéd) apkylegFbupdcRatPng 1 to
4 carbon atons, such as nethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, $6&Ubat PPPLAAG tert-butyl groups. The Cl-1 al koxy group
refers to linear. or branched al koxy. grou S hav%gg lto 4 cagigon atons, such
as net hoxy, et h%%@,arﬁ%lb?o%%?? FaBpPouBRyS ASbut'ox§ ™ FSoBGt6Ry, secbut oxy,
and tert-but .Qroups....- 10 - h Sj LE ] iLth.a |inker

r epr esent egle%i(}'yrtlgggf (%?)r?meé (%‘a?}&l/eﬁetgvgg%gre!r:%flg?%igggi %Ebflgrekr esin or a:
resin previ@ushy kroweagnkhesarh. Bsanples vhereafeddicieida.ddyEB- BHA

(4- hydr oxynet hy1l- 3- net hoxyphenoxybutyri c aci d- benzhydryl am ne) and

HVPB- MBHA (i4ohydeaxgmgirhyl- 34 leetihex y@iengx uttogriire  (Tyr) , glycine

aci d- net hyl benzhydryl am ne) resins. In glycopeptide production, a highly
swel | abl e r@siyn ,cayshacuséd,s)whiachy iins rebt @nwed by steatimieng(Hiw .am no group
of an am no- PEGA resin (nmanufactured by Novabi ochen) with the carboxyl
group of aas@eltiy iaeiski (@ seomp Ut antist estift eEl3Y t I YA MAa (BRin the
presence of a dehydration condensing agent according to _am dation reaction
previ ous| y d¥eRRing tHdrart istaimes EGiftlextme MssiMiSefers to

biSacry'a”233@&3%1%3%%&“%Qﬁgfp”é¥¥§¥3§ﬁ§3:(éggf{ and proline (Pro).
Examples of the protecting group can include
protecting groups such as 9-fluorenylmethyloxycarbonyl
(Fmoc), 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
performing reactioﬁ by the addition of 9-fluorenylmethyl-
N-succinimidyl carbonate and sodium hydrogen carbonate.
The reaction may be performed at 0 to 50°C, preférably 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



HO CH2CH2+C-COH (2) wherein R, R2, and n are the same as above.

Anbng the obtained resins having the |inker represented by the formula (1),

a resin wherein RL is a methyl group and R2 is a hydrogen atom or Cl4 al kyl

group is preferable. A resin wherein RL is a nethyl group, R2 is a hydrogen

atomor Cl_4 alkyl group, and nis an integer of 2 to 4 is nore preferable.

A resin wherein RL is a nethyl group,%$Q Is a hydrogen atomor Cl1..4 al kyl
ab

group, and nis 3 is particularly pref | e. Specifically, for
exanple, a resin represented by the formula (3) is particularly preferable:
(3) wherein R2 is the same as above.

group can include Fmoc-Ser, Fmoc-Asn, Fmoc-Val, Fmoc-Leu,

Fmoc-Ile, Fmoc-Ala, Fmoc-Tyr, Fmoc-Gly, Fmoc-Lys, Fmoc-

Arg, Fmoc-His, Fmoc-Asp, Fmoc-Glu, Fmoc-Gln, Fmoc-Thr,

Fmoc-Cys, Fmoc-Met, Fmoc-Phe, Fmoc;Trp, Fmoc-Pro.

Cysteine (Cys) can be selected as an amino acid to
be introduced finally to thereby produce a peptide having
cysteine at the N-terminus. This peptide can be used as
a fragment to be coupled with a peptide thiol ester
compound in native chemical ligation.

A glycosylated amino acid in which an
oligosaccharide chain is bonded to an amino acid can be
used to thereby produce a glycopeptide having the
glycosylated amino acid introduced at an arbitrary
position in the peptide chain.

The glycosyiated amino acid used is 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 nonréducing end
(Figure i); 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



The resin nodified with a linker represented by the formula (1) is used as
a sol'id phase for peptide production. Exanpl es of steps of the

pepti de production include the followi ng steps (a) to (e): (a)
reacting, through esterification, the hydroxyl group of the linker noiety
represented by the fornmula (1) in the resin nodified with the |inker
represented by the fornula (1) with thg carboxyl group of an am no acid
having an am no group protected with a protecting group; (b)
removing the protectlng group in the amno group to form an unprotected

am no group reacting, through am dation, this unprotected am no
gr oup mﬁth9§H€O€§966§9laﬁpéﬁﬁgéﬁeaﬁeéﬁFHBeécﬂﬁ WvaﬁéOQ86?6tec%@ﬂn%nlno

th tect ted
gt oup; ang=nh pet EIRILI0ok G BRELRTR BE 8o 8RR B B ot Once
to forma Qgggkgslnenﬁﬁegégheggb g acigs e used as the am no acids

descri bed a Exa ereof can T nclude serine (Ser) aspar agi ne

(Asn), val phegb¥akrnak-euei peatheuhrihgokerairBexith! e)oudl 3t Ree( Al a),

tyrosi ne (Tyr? glycine (@y), lysine (Lys), arginine (Arg), histidine

(H s), aspadtii¢caecdd(Bsprecgkdt afith acpbdofekt)nggbubvam sechGas) a t hr eoni ne
(Thr), cysteine (Cys), nethionine (Met), phenyl al anine (Phe), tryptophan
(Trp), andbpreiinerPPpo)s particBxampleprefetrhblprowddrchngsgroup can

i ncl ude protecting groups such as 9- fluorenylnethyloxycarbonyl (Froc),

t- butonxyéQP§6ﬁ?Pt€Boéy tb&rﬁ@ﬁ@ﬂéacdﬁtaln&n@lY@OEGPta@PyIoxycarbonate

(Ailoc)), g yl.),, allyl, and benzy gr.oups roduce t he
protectlngCS%BE Slg8r58§§nﬂﬁélaﬁﬁe PHDEOﬁPS&BEBaﬁ OSﬁFF%@&&

per form ng eactl Y, the_addi ti f 9-fl uorenyl nmet hyl |n|n1dyl

car bonat e gh ggﬁghyﬁpgég tar SH§ g t%ﬁgngagtlongﬁﬁy85§E%Erforned at 0
to 50C, pr%ﬁ§gggg¥tgﬁe(oonltenperature, for approximately 1 to 5 hours.

0]
\ /o\/©
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HO HO
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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,



An am no acid having an am no group protected with a fat-soluble protecting
group can be produced by introducing a fat-soluble protecting group to the
am no group of the amino acid according to the nethod described above or a
met hod known in the art. Alternatively, those commercially avail abl e can

al so be used. Exanples of an am no acid having an am no group protected
wth an Fnoc . - 13 - group can incl uldéa Froc-Ser, Fnoc-Asn, Fnoc-Val,
Frnoc- Leu, Fnoc-1le, Fnoc-Ala, Fnoc-Tyr,” Fnoc-dy, Fnoc-Lys, FnocArg,
Fnoc-H s, Fnoc-Asp, Fnoc-d u, Fnoc-dn, FnoC Thr, Fnoc-Cys, Fnobc- Met,

Frnoc- Phe, Fnoc-Trp, Fnoc-Pro. Cysteine (Cys) can be selected as an
ani no aci dand beennaddduged tPhEEhy £6ltképabpiptdguediacpéstidde havi ng
cysteine at the Nnterm nus. This peptide can be used as a fragnent to be
coupl ed wi £heaepeptide thiol ester compound in native chenical ligation. A

gl ycosyl at ed 'am no idi ich an o]ligosaccharide chain is.bonded to an
anino acid can %@aﬁéﬁﬁst%Ptﬁg?e%?ﬁﬁ?%éuggrawﬁfgéggeE?Pdénﬁ%VF%gBﬁﬁé

gl ycosyl at ed i cid. izn duc bitra Lt in the peptide
chai n. E p?%éggPééog? ang'aﬁgg%ﬁ%%?g ﬁée%ﬁésgﬁ%gggng?gularly limted

as | ong as gi;shag:any t ALMaeh nef asygak nesiduesn BExiRles DMy, eafvrcan
i ncl ude a hi gh-mannose-type oligosaccharide chain rich in nmannose, a

conpl ex-t ypedobgosagghard et £hai Rapapengearsirakbiicadcbdtrer sgat act ose
residue at the oligosaccharide chain nonreducing end (Figure 1), a

hybri d- t yperelfiegebagchar rdenc hampecanprriesi igra aprgteximaicsle st uct ure m xed
wi th a conpl ex-type oligosaccharide chain, an N-1inked oli gosaccharide
chai n i n whilchtasparagion&oug s grpdespldived cgn SRy 3iigeteHal it 2anmi de group
and an O-linked oligosaccharide chain in which an alcohol in a serine or

t hr eoni ne igeteRaite P¢ §Oy&Ssyl ated. Specific exanpl es thereof can include

- 14 - glycosyl ated asparange descri bed iﬁ %D 03/098431 Angggtkgem
S

di sial o- or nono8i &'bSoPrgoEatthar FRESEREFR BAFET spSragFie °l's pref erabl e.

For XDl e 2l 09953aeharl e Shal L WA 0 & LA Br U PTar e Si al e

acid prote a protecting group such as a be group 1s
part i cul arly. Brief ek able-s dthicih b nepesented by the formia (4). A

gl ycopepti de conprisi'ng such disialo- or nonosial o-oligosaccharide chain
added aspar agi nenbordgdvhhenet @nhis paopkef-ahable ogipy gepepid denino
group can be performed by treatment with an acid or base.
For exaﬁple, 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 havipg 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



The esterification reaction of the hydroxyl group of the |linker noiety in
the resin with the carboxyl group of the am no acid having a protected

am no group can be perforned using, for exanple, a dehydration condensing
agent such as 1l-nesityl enesul fonyl-3-nitro-1,2,4-triazole (MSNT), DCC, or
di i sopropyl carbodiimde (DIPCDI) and is preferably perfornmed, for exanple,
by placing the resin in a solid-phase ¢gl um, washing the resin with, a
solvent, - 15 - and then adding a solvent solution of the am no acid

t her et 0. Exanpl es of the solvent for washing can include DVF,

2- propanol ,, _an npl es of the solvent for dissolving the amno acid
t herein caACPﬁgvggggﬁagé q@ﬁﬁ®£§%§ﬁ%ﬁﬂabﬂu§QQEﬁhﬁon may be perforned at 0O
to 50C, pref.erably at ra € r at or QRB[ i |y, j.hutes to 30
hour s, pre%éﬁgﬁpﬁ%PX}Q%ﬁﬁgéﬁéﬁﬁ%ﬁ%ﬂﬁ?qg%mgés é?%ﬂ?%%%Hs%gégJ} In this

procedur e lg?grg@g/;f%%iﬂﬁqrn. os?h%%&%@%&&%l%ﬂ&@%@yglﬁ@)%

acetyl at ed ng using an acetic anhydridé or ‘the |i The

removal of 1the qioadeeti-Rg rei d NHIM: )amMmelg:-atudan el ger frogwed by
treatment with an acid or base. For exanple, when the protecting group is

an Fnoc graupethylase rspohriasing p@Madine lothywbrgpholine can be used. This
procedure is preferably perfornmed in the presence of a solvent. Exanples of
t he sol ventaze@enzesride ISOHMDVE,, anvfinetiidrdial imide  GEHePhini dat i on
reaction of the unprotected am no group with the carboxyl group of any
ami no aci d BeaFiardg v rsrsteatled B 18 gr cup( it Raretr el 3P pet 1o ed in t he
DR o A 2 Ol 00 OBy FAATRLSS L gl gt o oan
di met hy ami monr.apyl).carhadidim de, ydr ochf of ide. (MR onium
| hexafluorophosphonate (HATU), O-benzotriazol-1-vyl-
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 include dimethyl
sulfoxide (DMSO), N,N-dimethylformamide (DMF), and
dichloromethane (DCM) .
fhe 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 reaction can be performed in the
solvent and may be performed at 0 to SO°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 sgolid-phase synthesis.



di. phenyl phosphoryl azi de (DPPA), carbonyldiimdazole - 16 - (CDI), diethyl
ctyanoephosphonat e (DEPC), diisopropylcarbodiimde (D PCl),

benzotriazol - 1-yl oxytrispyrrolidi nophosphoni um hexaf| uor ophosphat e (PyBOP),
1- hydr oxybenzotri azol e (HOBt), hydroxysuccini m de (HOSu),

di et hyl am nopyri di ne (DVAP), 1-hydroxy-7- azabenzotriazole (HOA),

hydr oxypht hal i m de (HOPht), pentafl uorephenol (Pfp-CH)

2- (1H benzotriazol -1-y1)- 1,1, 3, 3-tetramet hyl uroni um hexaf | uor ophosphat e
(HBTU), O- (7-azabenzotriazol-1-y1)-1,1, 3, 3-tetranethyl uroni um

hexaf | h t 0-b [ | -1-yl1-
L0 SRR el AT, RETERLEEAL By cognge pestommes

3, 4-di hydr g- 3+ hydr.odi - 4- -1, - benzotri azi ne (Dhbt). Exanpl es of
the sol vengncat%%i EE VA F%%log’s?m foxi de (DVBO), N, N-dinethyl formani de
(DWVF), and dichl oromet hane (DCM . The ampbunt of the activator used is

0.1 to 20 equivalents, preferably 0.5 to 10 equivalents, nore preferably
0.8 to 5 eqguweyal(@nt:s papttila @SREEidr0 the anmount of the carboxylic acid
conmpound represented by the formula (2). The reaction can be perforned in
the sol vent andTraytbenpewfiohnmed atif tie bee@erpbeterfabl ylatvioom
tenperature, for approximately 10 to 30 hours, preferably for approximtely
15 mi nut es the P&PRGGEs ChiBedve@™ theactd o peErerreasi ffa tdel awd of or

sol i d- phase synthesis iis preferabl e, because it can be used directly in
subsequent W65 F3phdde€ Fediegal acpds such asrll lhfpval of the

b ot o< 19, Qi) e per] SLPG LD, Lhe ST b o abgue, Step (B):
the pept! de SHALILIOMIRE, IR PRIMES i d Mhpdlddsed.ean | nelude
mneral acids such as diluté
Examples of the dilute hydrochloric acid or dilute
sulfuric acid include an agqueous solution 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,
.acefic acid is preferable. The amount-of the acid used
is not particularly limited as long as it 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, ethanol, and propanol,
and halogenoalcohols such as trifluoroethanol (TFE) and
triéhloroethanol. Among these alcohols, methanol or
trifluoroethanol is preferable. Trifluorocethanol is
particularly preferable. The proportion of the alcohol

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



hydrochloric acid and dilute sulfuric acid, and carboxylic acids such as
form:c acid and acetic acid. Exanples of the dilute hydrochloric acid or
dilute sulfuric acid include an aqueous sol ution of hydrochloric acid or

sul furic acid having a nornmality on the order of 0.01 to 2 N, preferably
0.05 to 1.N. Anmong these acids, acetic acid is preferable. The anmount of
the acid used is not particularly Iimyted as long as it is 1 equivalent or
nore with respect to 1 equival ent of ghe pepti de. For exanple, the anount
may be approximately 1 to 10000 equival ents, preferably approximtely 10 to
1000 equi val ents. This reaction is preferably perforped in the
presence ofohwmafcoRere EXafpre’lsf Ot Retal oRoVOiLHEEHdREI 6WEr al cohol s such

as net hanol, ethanol,. and Bro anol anﬂ halogeggalcohgls such as
trifluoroethamBPl (TEE} ARAPEFFchPor o¥PhERGI OT AfBRg*fHEse al cohol s, met hanol

or trifluoroethanol is preferable. Trifl o] n i aftkC r
: u q? ! p d?r??Plc sé %%SE g%@ﬁ Qé bé%? 5&?,“59 y

preferabl e. The proportion’ ¢ alto Used may be 0.1 to' 2 vol umes,
preferablyDﬂS? %leaﬁso'bQSuéeM0|Q@Eﬁecggégrﬁﬁeﬁﬁrﬂﬁﬁﬁ @eBct@oh.2 vol unes
ol w

of the alco h respect to 1 volune of the acid. Mor eover, an

or gani ¢ sol ventrgaCinasn®P@®F OMF, se1vEMBQisay aksoobepasedculfrhgcessary,
in this reaction. The anpunt of the solvent used is not particularly
limted andimmyebeaapgpmeyi bat ebproximaoel@0 Ooval gowed OW vieluaseati tio 1

vol une of the acid. The reaction may be perfornmed at 0 to 50C,

pr ef er abl y raspegontredpepratimee off heapgadxi mately 1 to 30 hours. ~In
this way, a peptide having a carboxyl group at the C-termnus can be
obt ai ned. Step TiG}: rProedueti BAY ope pepr faemefi 8esfeF cefpound A thi ol

conpound can he allowed to act on the obtained p%ptide Q%%y/ %enjﬁ

pepti de) i PrefREAPrY¥sBhc&COM &oFBRIGHST g dG&nEPRT % At "t o't her eby

produce a E%%%ide havi ng thi oester at the C-term nus. Exanples of the thiol
conmpound ¢ fcl ude benzyl nercaptans or |ower al kanethiols (e.g.,

et hanet hi ol ang,ef hagelby ol ) POLERaBRKaDaYE, 2akadbbid /AL oRgSHE on(s) in

t he phenyl ring, .any nu f of “substituents such as hal ogen atons (e.g.,
fluorine, ¢hloH Re, RO R&n A JrediinR)le. | ower al kyl groups having 1 to 4

carbon atons (e.g., nmethyl and ethyl groups), al koxy groups having 1 to 4
carbon atons (e.g., methoxy and ethoxy groups), and a nitro group. Anong -
e Step (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

the thiol compound can include benzyl mercaptans or lower

alkanethiols (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, chloriné, 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



t hese thiol conmpounds, benzyl nercaptan is particularly preferable.

The amount of the thiol conpound used may be 1 to 100 equi val ents,
preferably 10 to 80 equivalents, nore preferably 20 to 50 equivalents, with
respect to 1 equivalent.of the raw material peptide. Particularly, an '
excessi ve anmount of the thiol conpound, preferably approximately 30
equi val ents or nore of the thiol conpoggdL is preferably used for reducing
the C-term nal racen zation of the peptide. Exanpl es of the sol vent
used include THF, DCM DMSO and DMF. Anong them DMF is preferable.
Exanpl es of the condensi ng agent can include HOBt/ DI PClI and PyBQP/ Dl PEA.
PyBOP/ DI PEANESeptEfiedasogPounds, Hsazydt iMe IEPRIoR: /i RaT et be 0.1 to
10 equivalents, preferably 0.5 to 5 equivalents, nore preferably 0.8 to 1.2
equi val ent 6 “BF gﬁ'mﬁth respect to 1 equival ent of HOBt. The ratio
of PyBOP/ DI PEA d e_0Q. o] qui S e ly -0 to 5

equi val ent s, nn?ggp?e é?ngg %h%-FégfﬁzggéékggbeHFEEO%%B?%EAle?h respect
to 1 equi Véllo%meq?lfivgﬂﬁg%s, prefek81RF ARPd b AqHRB tertsed e be 1 to 20
equi val ents, preferably 3 to 15 equivalents, nore preferably 8 to 12

equi val ent raficthpigspecttd & ol eqiiinalerds ofwidre reawarst erd al peptide. -

20 - The proportion of PyBOP used nay be 1 to 10 equival ents,
pref er abl y 21utiva8 eequiofaltérst s;awroree ariefle syl & + o Peréguiniairént.s amwi t h
respect to 1 equivalent of the raw material 13epti de. In this

reaction, ®xfenrdrat iampuagentt sueh tdsi @l mstrealnd: feekerab B ef erabl y used.
Pepti de racem zation qQccurs when the C-terninaléggngxylic cid of the raw
materi al peRATEEHTE St Vit SHY RO €F tHE T Sdetiion 'kél%fef erably

f db 1 XI h i al id it h th [ d d
Fhen: adai ng TS HdcTo R S BB 0T SR2t] oy e BT br mad

|
Mg agent % ey He Teactt on may be perforned at

a tenperat L&rzaethe%iz'alcQ%r{ %fo%heorp?ép?d'i"%ﬂ y -80 to -10C, for approximtely 30
mnutes to ours.

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
equivalents, preferably 0.5 to 5 equivalents, more
preferably 0.8 to 1.2 equivalents of DIPCI with respect
to 1 equivalent of HOBt.

The ratio of PyBOP/DIPEA used may be 0.1 to 10
equivalents, preferably 0.5 to 5 equivalént;, more
preferably 0.8 to 1.2 equivalents 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, moré
preferably 8 to 12 equivalents, with respect to 1

equivalent of the raw material peptide.



The ratio of racem zation of the peptide obtained in the present invention
is reduced and is usually 6% or |less, preferably 4% or |ess, nore
preferably 2% or less, particularly preferably 0 to 1% Best Mde for

Carrying Qut the Invention Hereinafter, the present invention will be.
described with reference to Exanples. However, the present invention is not
intended to be limted to these Exanplgs by any neans. Frmoc- prot ect ed
am no acids used are known in the art and can be commercially avail able or
prepared easily by introducing an Fnoc group into anino acids. - 21 -

Mor eover, Fnoc F , F c-Leu - , Fnoc- Phe,

Frmoc- Pro, and Fnrf;}llbc Q;ﬁggﬁgg%o{lhagogﬁgogmu gW%ﬁprf mno acid i.s

protected whhaneFraC ?&%ggragg?hgéggAgggq%g@g585§%LEt e..cysteine am no

group and thiol are protected w acet am groups,
respectivebyefErabifr g( Bbf 5 egansalent?, 2wt fespect to 1

pent anet hyl di hydr obenzof ur an- 5- sul f onyl ) ar gi ni ne havi ng an argi ni ne a-am no
group prot equédanenh afi Ehec rgwouptekiad- Aept@dBu) and Fnoc-G u( G Bu) nean
that the am no group of each amino acid and the aspartic acid p- or
glutam c acid ylearbbryregrouprare pebyecebdnei eheRhosuahdasert - butyl
groups, respectiyely. Fnoc-Cys(trt) neans that the cysteine am no group and
thiol are BPEFEB éd ﬁﬁ?ﬁeFﬁﬁcpéﬁéeFﬁFtylU&ﬁéupsPePEééécFP9§WyZatlon

Frnoc- Lys(Boc) nean tha% t he | S|ne a- and 6-am no roups are protected

wi th Froc &hd“B6c EFBUS Fe§5 @PF@élfarﬁﬁﬁylé€r€FB%)o TRSE- T3t Bu), and

Fnoc- Thr(tﬁgﬁegggg éngklhge r|t ﬁ o ydrgég oupngf each_am no acid

are protecte and roups respecf|Ve 6e-L&G"and

(Boc) Leu neanpthat Lhe./ @ge-lf@%m@@ B0 Q4R Robr oLgrled with a Boc o oup.

(Boc) Lys(Boc) neans that "the |ysine a-an am no groups are protected mnth

a Boc groupepkyseBagcrnmeans thhat thepsidnant: MR aGaue; ithdrotected with
a Boc group. Boc-Cys(Thz) nmeans N-t- Eoc 1, 3- thiazolidine-4-carboxylic

aci d. Thr (tBolensyngt BupntanteSerot. Burheeasat babnt heyhydr pxyFogmnedp of each
amno acid is protected wwth a tert-butyl group. H s(trt) neans - 22 -
that the i mtdazokeprirtragenoifs -poot ect @dCW phefietablyl -gooup. -Cpsirt)
means that the cysteine thiol group is protected with a trityl group.
An(trt) né&ﬁsapﬁé?xamﬁéélﬁ’ﬁ@o@éﬁuéﬁng@ténm@@rﬁs protected with a trityl
group. Asp(CIBu% and G u(QBu) nmean that the aspartic acid p- or. glutamc
aci d 7-car boxyl Tg§F obipt#e %FOF%%?@HZQF%ﬁnaoﬁeFPBuP?PtQQSUBbt€y§F¢h2P neans
1, 3- thlazolhdlne 4- c§rbon

P 2,
pent anet nyFIEh PP ABE s 0P TR 600 GPr GRsT Rty d s dsual1y 6% o

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.



These protecting groups can be introduced according to a nethod previously
knowna- in the art. Alternatively, comercially available am no acids
protected with these protecting groups can be used Mreover, Ph represents
a phenyl group, and En represents a benzyl group. 1H NVR was neasured using
Bruker AVANCE 400 (indicated in 400 . An ESI nmass spectroneter
used was Esquire 3000 plus manufactur by Bruker Daltonics, and a MALDI
mass spectroneter used was Autofl ex manufactured by Bruker Daltonics.

D hydr oxybenzoic acid was used in matrix. Example 1 An am no- PEGA
resin (1 g, 50 Nom#dvawas Pracedladn Emeotdwm, fHmosobl - pfrage-5$wt hesis. The
resin was thoroughly washed with DON and DVF and then fully swol|len with
DVF. 4- hydFokynméehy 1F8ofePhexypRefokyBut 9P§CFQEFdV€HWB?n(§B?E € 0.13
mmol ), TBTU (40.1 ny, 0,13 1), - 23 .-.and N-ethyl.nor.pholin 15.8 111,
0,13 ol ) SEHE90PFEALI R CRECLLH FovBradpl S BOFRCERE TR SRET: ho

m xture was_stirr at .ro tenper at ur o] ;. dh i

t hor oughl yShasRed W H- G %otlg %a’%kﬁga%?ﬂr\/%g%E Eﬁgsl&ﬁé}@é\hi ch was
in turn Usgﬁgaﬁ_h@o?%kg %gaﬁgcéga %9kidpphasesuethesiiSomethyl FoC- Phe
(96.8 nmg, 0.25 mol), MSNT (74 nmg, 0.25 mmol), and N-nethylim dazole (15
1_1.1, 0.18rBuBk) despebvedeny.DOMbd-ALYy (WofE ptansdvfn(a e, o urm for

sol i d- phase synthesis, and the m xture was stirred at roomtenperature for
2 hours. Abtarastkihiildghytifebeesof uvas: -Sashdd oniytlh 2DA¥rdme DEF.inghe Froc
group was renoved with 20% pi peridi ne/ DM solution (1 m) for 20 m nutes
Aft er washiangawgtihibDéFo-amine agicty wercs esécdentiitdl lap dordersseditaccor di ng
to a method shown bel ow to el ongate _a peptide chain. An am no acid
havi ng an &mosoAGPdGs By oe86t EMOF-Gi UelP tBiYe ¢ "Grdu s Rds 'S SO, t oget her
with HOBt (33.8 ng, 0.25 mmol) and DI PCl (38 p1, 0.25 rmDIB), Oirn DMF (1 m)

group of each amino acid and the aspartic acid

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 (tBu),
Fmoc-Tyr (tBu), 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 a-
and g-amino groups are protected with a Boc group.

Lys (Boc) means that the lysine e-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



and activated for 15 minutes, and the mxture was then placed in the colum
for solid-phase synthesis and stirred at roomtenperature for 1.5 hours.
Then, the Fnoc group was renmpved W th 20% pi peridi ne/ DM= sol ution (1 )
for 20 mnutes. This procedure was repeated to sequentially condense am no
aci ds. Frnoc- Tyr (tBu) (114.9 ng, 0.25 mmol ), Fnoc-Asn (88.6 ng, 0.25
mmol ), Frnoc-Ala (77.8 ng, 0.25 mmol ), 2Pnoc- - 24 - His(trt) (154.9 ny,
0.25 mmol ), Fnoc-Ser(tBu) (95.9 ng, 0.25 mml), Fnoc-Asp(QBu) (102.9 ng,
0.25 mml ), FnocLeu (88.4 ng, 0.25 mml), Fnoc-Val (84.9 ng, 0.25 mol)

were used @sat henammdachts havidgernianphnot geoap pivheat edinvtih an Fnoc
group to forma 19-residue peptide of

Phe- Tyr (t Byyodyr ( tBe) (tASn- Alesertd Sttatt )eiBerqysBigine thiol group is

H s(trt)-Asp(Q Bu) - Leu- Asn-Tyr (t Bu) - Leu- Phe- Phe- Ser (t Bu) - Val - Ser (t Bu) - Asn
on the sol pdophased resih. a trityAf gEpuRas iy tith TRV And VAT resin
corresponding to 2 unol_of the 19-residue ptide was transferred to an
Eppendor f Rubecgen of Al pBHZ lFOPH?B?CB$§08§§ﬁa?egré§§§r d§rn8 (10 ny,

3.6 unol) represented by the follow ng for 5 . DEPBT

((ji) sggl vled iZﬁfb@F?%b.i?dn‘thu&BFEuLl ggaﬂ Fﬁaﬁégﬁéﬁéﬁaggﬁﬁ G‘Séfi(g'”gr gl ‘SEZ')
. ul, nol ). was .added ret d. 1 i

t enper at u_rgllf’1 Pl _ﬁ%ﬁ?sy_ciﬁge%\gs i A V\%% %D%/QF&%J%(Z oé@n%%sélr%%ﬁg\_/\gg oom

renmoved wi %PE%QZ?%QE“ dine (1192 f OhdR@s 20; 1 esh deo Pept hdes ofaPhenyl: 25 -

Tyr(tBu)-T -Asn-Ala-H s(trt)-Ser(tBu)-H s(trt)-
Asp( Qt Bu) - heyAsH) TyebhBul® Len; Phe; #he- Ser (t Bu) - Val Ser (t Bu) - Asn- Asn(d i gosa
ccharide chain) represented by the fornula (6) on the solid-phase resin.
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.
1H-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 Autoflex 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—hydroxymethy1—3—methox?phenoxybutyric acid

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



NH 0=-6 NHI1 CHCH2-c i NIFI 1 ?1-a-2-c-N-12 11 o=00

and N-ethylmorpholine (15.8 pl, 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 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 rooﬁ
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, aminb acids were éequentially 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 (33.8 mg,
0.25 mmol) and DIPCI (38 pl, 0.25 mmol), in 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 with 20% piperidine/DMF solution
(1 . ml) for 20 minutes. This procedure.was repeated to
sequentially condense amino acids.

Fmoc-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-
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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 (OtBu) -Leu-Asn-Tyr (tBu) -Leu-Phe-Phe-Ser (tBu) -
Val-Ser (tBu) -Asn on the solid-phase resin.

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

A dibenzyl form of glycosylated asparagine (10 mg,
3.6 umol) represénted by the following formula (5) and
DEPBT (2 mg, 6 umol) dissolved in DMF (0.12 ml) were

placed in the Eppendorf tube.
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DIPEA (0.68 pl, 4 umol) was added thereto, and the

(5)

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

2O%Ipiperidine to form a 20-residue peptide of Phe-



(6) Exanple 2 An aliquot of the resin on which the 20-residue
peptirde obtained in Exanple 1 was fornmed was taken into a columm for

sol i d-phase synthesis. Acetic acid: DCM nethanol (= 5:4:1) was added
thereto such that the resin - 26 - was fully imersed in the solution. The
mxture was stirred at roomtenperature for 3 hours. The resin was renoved
by filtration, and the reaction sol uti©oh was concentrated under reduced
pressure. The obtai ned resi due was purified by HPLC (Cadenza col um C18 75
"X 4.6 mm devel opi ng solvent A: 0.1% aqueous TFA solution, B: 0.1% TFA
acetonit.rie(tral erye(0BulOAsgralReHI sSAL3tF-60r40BuY -@ik0Grtd5 mn, flow
rate: 0.1 mM/mn) to obtain a 20-resi due peptide represented by the fornul a
(7). AFhéObBuAFhed-pept Itz (hBd) alearBoryPhgr&gy (4B h&ad-t er ni nus,

with the side chain protecting groups naintained.
Ser (tBu) -Asn-Asn (Oligdsaccharide chain) represented by

the formula (6) on the solid-phase resin.
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Example 2

An aligquot 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 thereto such that the resin
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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 pressﬁre. The obtained
residue was purified by HPLC (Cadenza column Cl18 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 20-residue peptide represented by the formula (7).

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

ESI-MS: Calcd for C,79H352N34004:

[M+3H]®* 1906.3, found. 1905.8
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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) 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: methanol.
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 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. Fmoc-Ala
(38.9 mg, 0.13 mmol) was used as the first émino acid and

condensed using MSNT (37 mg, 0.13 mmol), N-

methylimidazole (7.5 pl, 94 pmol), and DCM (0.5 ml).
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Then, amino acids'having a protected amino group
were sequentially condensed using HOBt (16.9 mg, 0.13
mmol), DIPCI (19.2 pl, 0.13 mmol), and DMF (0.5 ml).
Fmoc-Gln (46.1 mg; 0.13 mmol), Fmoc-Thr (tBu) (49.7 mg,
0.13 mmol), Fmoc-Ile (44.2 mg, 0.13 mmol), Fmoc-Val (42.4
.mg, 0.13 mmol), and Fmoé—Ser(tBu) (47.9 mg, 0.13 mmol)
were sequentially used for condensation as the amino
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 pmol), DIPEA (0.68 ui, 4
umol) , 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 pl, 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 (Cadgnza column C18 75 x 4.6 mm, developing solvént

.A: 0.1% agqueous 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).

ESI-MS: Calcd for CissHpeoNi1g076S: [M+2H]™ 1830.3,

found. 1831.0.



Exampl e 3 The m xed sol vent of acetic acid: DCM nethanol and the
reaction time used in Exanple 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)
coul d be obtained. However, the condition of acetic acid: TFE: DMC gave a
yi el d approximately 5 tlnes hi gher that’ that given under the condition of
acetic acid: DCM nethanol. Furthernmbre, the condition of acetic acid: TFE
gave a yield approximately 8 times higher than that given under the

condi tion of acetic acid: DOM mgthanol . Exaqple 4 An HVPB- PEGA resin
(25 | Amol ) was obtained in the sdane way Q Exiﬁp e 'anq:ﬁsed as a solid
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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 pmol) 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 pl, 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% agqueous
acetonitrile solution, and this pellet was freeze-dried.
To the obtained freeze-dried product, 95% aqueoﬁs 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 concenﬁrate was then dissolved in 50% agqueous
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% agqueous TFA solution, B:



- 28 - Then, am no acids having a protected am no group were
sequentially condensed using HOBt (16.9 ng, 0.13 mmol ), DIPCl (19.2 tlI,
0.13 mmol ), and DV (0.5 nm). Frnoc-A@n (46.1 ng, 0.13 mmol ), Fnoc- Thr(tBu)
(49.7 ng, 0.13 mmol ), Fnoc-Ile (44.2 ng, 0.13 mmol ), Fnoc-Val (42.4 ny,
0..13 mml ), and Fnoc- Ser(tBu) (47.9 o, 0.13 mml ) were sequentially used
for condensation as the amino acids having a protected am no group. After
pepti de el ongation, the dibenzyl form of glycosylated asparagi ne (10 ny,
3.6 linol) represented by the formula (5), DEPBT (2 ng, 6 Knol), DI PEA
(0.68 t1, o 1amAD aceitbDVE {1 1 2309 wer®0 Used IDrA2CRE mdiBot $heresin.
Boc- Cys(Acn) (2.9 ng, 10 ilnmol) was then condensed using FKIR (1.36 ng, 10
imol), DI Pel 261754 ill5, Wm@qwﬁﬁeWDraéﬁd OVE (./25 T )eo Producge @ TFE = 1:1
(1 m) was added to the resin, d the nlxtur at f;oom

t enper at urkFRorde g DEHRE £ qﬁ%}agé}QFﬁﬁgr aned ytggﬁ%gg |tc()nIEI and t he

reaction s I 0 nce e r pekri-fhed-RyaHPLC
(Cadenza c I€h§@§%&91% %{éé& %eve oplﬁgkgg%%gﬁ%eA? 0. 196aqugous TFA

sol uti on, sm@» 1°&Hf¢%a£§t9 FEkL S e MALST t e 906 1Gu18r ad) ent A1 13 = 60: 40
-* 0:100, lowrate: 0.1 m/min) to obtain a 9-regi due peptide
havi ng protected si de chai ns, mhlch i's repl;.,esernteY thé formula (8).
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'H-NMR (400 MHz, 295 K in D,0, HOD = 34.81)

7.53-7.33 (m, 15H, Ph x 3), 5.37 (4, 2H, J = 11.7 Hz,
PhCH,), 5.29 (d, 2H, J = 11.6 Hz, PhCH;), 5.11 (s, 1H,
Man4-H-1), 5.02 (d, 1H, GlcNAcl-H-1), 4.92 (s, 1H, Man4'-
H-1), 4.65-4.52 (m, 3H, GlcNAez, 5, 5'-H-1), 2.91-2.78 (m,
4H, Asn-PCH,, Cys--BCH;), 2.67 (dd, 2H, NeuAc7, 7'-Hieq),
2.39-2.31 (m, 2H, Gln-yCH;), 1.83 (d4d, 2H, J = 13.1, 13.1
Hz, NeuAc7, 7'-H-3.), 1.38 (d, 3H, Ala-BCHy), 1.20 (d, 3H,
J = 6.51 Hz, Thr-yCHs), 1.17 (4, 3H, J = 6.40 Hz, Thr-
yCH;), 0.95-0.80 (m, 12H, Val-yCHs, Ile--yCH;, -CHs)-

EST-MS: Calcd for CresHazsNigOs¢S: [M+2H]?" 1749.8,

found. 1749.2

Example 6
A peptide having a carboxyl group at the C-terminus

(AcNH-His-Ala-Ala-Phe-COOH) was produced according to a
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method previously known in the art and used as a raw
material. The peptide (0.5 mg, 1 pmol), 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 umol) and DIPEA (0.85 pl, 5 pmol)
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% aqueous
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
thioester at the C-terminus (AcNH-His-Ala-Ala-Phe-COSBn) .

The ratio of racemization was 2% or less.

EST-MS: Calcd for CioHigNgOsS: [M+H]™ 592.3, found.

592.2

Example 7

A benzyl thioester form of a peptide (AcNH-His-Ala-
Ala—PHe—COSBn) was obtained by the same procedures as in
Example 6 except that the reaction temperature was
changed to 0°C. The obtained compbund had the same mass
spectrum as that obtained in Example 6. The ratio of

racemization was 6%.



Flg.".CL, 0 HO 'NHAC OH (8) Exanple 5 The 9-residue peptide (8) (2
nmy, .55 .1.nol) produced in Exanple 4, a nolecular sieve (M5 4A (10 ng),
and benzyl nercaptan (2 il, 16.4 linmol) were stirred at -20C for 1 hour
under .argon flow in a DW solvent (85 [11). PyBOP (1.4 ng, 2.7 ilnmol) and
DI.PEA (0.46 jtl, 2.7 ilnol) were then added thereto, and the m xture was
stirred for 4 hours. Diethyl ether (534 )- was then added to the reaction
solution to precipitate a conpound. After filtration, the pellet was
col | ected using 50% aqueous acetonitrile solution, and this pellet was
freeze-driggdamdoethe obtained freeze-dried product 95% aqueous TEA

sol ution was added, and the m xture was stirred at roomtenperature for 2
hours. The reSITh@prgﬁﬂﬁBMﬂftAbNHJHI§GADmpABmdeéecm@HC(®OB B®) uti on was
concentrated. The concentrate was then dissolved in 50% aqueous
acetonitrijueospl ums osr anto fmgezeaddi BABLTHe . 7regzesdpmedl produét maas
purified by .HPLC (Cadenza colum Cl18 75 x 4.6 nm devel opi ng sol vent A

0. 1% aqueols$ Hﬁ¢&toWﬁr¢oﬁtlE¢ed aBOO 2C ofam, TROWE ed@R X rafgeonwat ey = 90: 10,

gradient A:B = 95:5 -* 25;: mn, -flowrate: 0.1 m/mn) to produce a
pept i de ha@Pn@ B@ﬁz?PlYﬁPBeéPeF4anfhe RLRef nf hud g pmollor 1.

Cys(Acn - ial ooli Thr - Ser VaI-I Bn mhlch IS
representeH h%m?gin%?% %?z§fhmercap TS g 3G9RRe) vRLe

then added thereto. Subsequent procedures were performed
in fhe éame way as in Example 6 to obtain a benzyl
thioester form of a peptide (AcNH-His-Ala-Ala-Phe-COSBn).
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.sﬁectrum as that
obtained in Example 6. The ratio of racemization was 5%

in either case.

Example 9

A peptide having a carboxyl group at ﬁhe C-terminus
(AcNH—Cys—Cys—Qlu-His-COOH) was produced according to a
method previously known in the art and used as a raw.
material. The peptide (0.5 mg, 1 umol), MS 4A (10 mg),
and HOBt (1.4 mg, 10 pumol) were stirred at -20°C for 1
hour under argon flow in a DMF solvent (0.14 ml). DIPCI
(1.6 pul, 10 pmol) and benzyl mercaptan (3.7 mg, 30 umol)
were then added thefeto for reaction. Subsequent
procedures were performed in the same way as in Example 6
to obtain a benzyl thiocester form of a peptide (AcNH-Cys-

Cys-Glu-His-COSBn) .



HO YHOO ---Ci % .0 I NH2 0OCH2CH2CH2CH2 HO O
‘Hol Ne---'S-CH2-1H1-14-CH--N-CHC11--H C 1, 1-C 4P

H'C41-CHI -rJ-CHirl, 124-0HS-SM HI 1111 CH20000000 110. 4 0 O
" 1HAc,4 aH "7.----,:-,9 a HO HO

_33_
The ratio of racemization was 2% or less.

Example 10

A trityl chloride resin (150 upumol) 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) waslused 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 se@uentially 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), Fmoc-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), Fmoe-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 (tBu) (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 mg, 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, 0.75 mmol), Fmoc-Val

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



.0.17 Aci7.111?1 HO HO HO 0 HOFF-971 Ac OH ( 9) 1H NWR (400 WMHz, 295 K in
‘D20, * HOD = 64. 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, GLcNAcl-H 1), 4.92 (s, 1H, Man4'- H 1), 4.65-4.52 (m 3H, GLcNAc2,
5-5-H1), 2.91-2.78 (m 4H, Asn-PCH2, Cys-13CH2), 2.67 (dd, 2H, NeuAc7, 7 -
" -H3eq), 2.39-2.31 (m 2H, G n-yCHB),3%.83 (dd; 2H, J = 13.1, 13.1 Hz,
NeuAc7, 71-H 3ax), 1.38 (d, 3H, Ala-13CH3), 1.20 (d, 3H, J = 6.51 Hz,
Thr-yCH3), 1.17 (d, 3H, J = 6.40 Hz, ThryCH3), 0.95-0.80 (m 12H, Val-yCH3,
Il e-11CH3, CH3)The freeze-dried product was purified by HPLC

(Cadenza column C1l8 75 x 4.6 mm, developing solvent A:
0.1% agueous 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
thioester 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 is represented by the formula (11).

Yield: 20 mg

Ratio of racemization: 2% or less

ESI-MS: Calcd for Ci;1gHi1g1N2703484: [M+2I—'I]+2 1325.1,
found. 1325.3.

COH
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ESI - MS: Cal cd for Cl45H223N180768: [ Mt21-1]2+ 1749.8, found. 1749.2 Exanple
‘6 - A peptide having a carboxyl group at the C-term nus

(AcNH Hi s7Ala- Ala- Phe- 000H) was produced according to a - 31 - nethod
previously known in the art and used as a raw nmaterial. The peptide (0.5
ng, 1 ytnol), MS 4A (10 ny), and benzyl nercaptan (3.7 ng, 30 ytnol) were
stirred at - 20C for 1 hour under argot®ftow in a DVF solvent (0.14 m).
PyBOP (2.6 ng, 5 ytnol) and DI PEA (0.85 ytl, 5 ytnol) were then added
thereto, and the m xture was stirred for 17 hours. Diethyl ether (5 m) was
t hen addedExemphe fieacti on solution to precipitate a conpound. After
filtration, the pellet was collected using 50% aqueous acetonitrile
solution. This Pet(Erzivasipu’ifdedoby HWPRL (Tadengndenkamtcls 25-x 4.6 nm
devel opi ng sol vent A: 0.1% aqueous TFA solution, B: 0.1% TFA acetonitrile:
wat er = 90regidyeradeehtda: Boaded: 830 a ta0:ted, rESim A A0 MFWlatee 0. 1

m/mn) to obtain,a peptide _havi b I i t t, t A 1

(Achb 1 s APAA BPPRE. GRBRP B he YAt o 0r Tacon s ot o s Mhor 1 ess.
ESI - M5. Ca r X 137512 . ( le 7 A
benzyl thi Hdggt(feBrgcf) g%?ngggugqggﬁg P%gﬁ}(gg%é)ﬂivs-lﬁgﬁ(ﬁgﬁe%%gg \i/as obt ai ned
by the sameppregedures -asu-R-EXamel) el ereept ahhath dh@dmact i on tenperature

was changed to OC. The obtai ned conmpound had the same nass spectrum as that
"~ obt ai ned i gekxampl)ecn (the ) ratilo Tok (t@OMEal (0BuaS: 1676C0 - (T34 ty1
resin)) (300 mg, product from Novabiochém) using HOBt
(27.0 mg, 0.2 mmol), DIPCI (30.8 pl, 0.2 mmol), and DMF
(1 mi).

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 (Cys(Thz)-Glu(OtBu)-Tyr (tBu) -Ala-
Ser(tBu)—Pro—Gly—Lys(Boc)—Ala—Thr(tBu)-Glu(OtBu)—Val—
Arg (Pbf) -vVal-Thr (tBu) -Val-Leu-Arg (Pbf) -Gln(trt) -Ala-
Asp (OtBu) -Ser (tBu) -Gln(trt) -vVal-Thr (tBu) -Glu (OtBu) -Gly-
COOH) (12).

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

stirred at -20°C for 1 hour under argon flow in a DMF



Example 8 - The peptide of AcNH Hi s- Al a- Al a- Phe-COOH (0.5 ng, 1 unol),
‘M5 4A (10 ng), and HOBt (0.7 ng, 5 ytnol or 1.4 ng, 10 unol) were stirred
at” OC for 1 hour under argon flowin a DV solvent (0.14 m). D PC (0.8
ytl, 5 unmol or 1.6 ul, 10 unol) and benzyl mercaptan (3.7 ng, 30 unol) were
t hen added thereto. Subsequent procedures were performed in the sanme way as
in Exanple 6 to obtain a benzyl thicester formof a peptide
(ACNH Hi s- Al a- Al a-Phe-C0sSBn). Its yield was 75% for the use of 5 |
equi val ents of HOBt and 98% for the use of 10 equival ents of HOBt. The
obt ai ned cospesd hadzé hel sampyBss pectddm=s nksll) oidiomed:d n Exanpl e 6.
The ratio of racem zation was 5% in either case. Exanple 9 A peptide
having a céazbdoxyll groupuradlt heefs t eahnadd¢Acthk Oyse Cysnd uhél s- COOH) was
produced according to a nethod previously known in the art and used as a
raM/naterl%}thﬁ% %%%t?ﬁér{@deﬁﬁ 41h9H6F) Ve Uy | 19y | e ot et (1 4

10 unnl% wg{e stirred at i hour under . ar gan flow in %
solvent (0249=H §° %Wﬁcfe?itﬁoﬁlso Btbﬁﬁlfoaﬁﬁeﬁéﬁi§ﬁ ﬁe?cgﬁpgﬁu? 7 my, 30

umol) wer e {‘%ﬁ Elgfit?gawgﬁetx?héor g?é bgs c§ﬂg§8988”5 95%?91%”65 wer.e

per f or med h sane way as In ain a thioester form

of a pept'ﬂﬁléﬁﬁéktéys&¥§ G%Hcékérég§§n)snv—5ﬁheoJ@erﬁﬁIé&1@éléﬁcen1ZatlOn

was 2% or | ess. Exanpl e trityl chloride resin (150 nol) was used

as a SO||dw@Qa§@dé@rt§0£hQ @Bﬁé@nﬁyataesaﬁd Arknpigelds wakesseguedtially
condensed thereon to forma peptide. The am no acid condensati on was

perfornmed &b themsasmpwaytasei ioExanpbari. The réwDe-bes (4bdve&dng, O0.45
mol ) was used as the first am no acid and condensed using DCM (0.9 nl) and
DI EA (204. %yl filteaphoh). and theTheartaminscduitdsthavisngoacsrsresred ani no
group were sequentially condensed using HOBt (101.3 ng, 0.75 mmol), D PCl
(115.4 1A1Thg ?BnﬁﬁBFfatﬁnHaEmF €3 ﬁpfsolved in 50% agueous

acetonitrile solution and freeze-dried. The freeze—driéd
product 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 = 95:5
- 25:75, 15 min, flow rate: 0.1 ml/min) to produce a
peptide having phenyl thioester at the C-terminus
(Cys (Thz) -Glu-Tyr-Ala-Ser-Pro-Gly-Lys-Ala-Thr-Glu-Val-
Arg—Val—Thr—Val—Leu—Arg—Gln—Ala—Asp-Ser—Gln—Val-Thr—Glu—
Gly-COSPh), which is represented by the formula (13).

Yield: 5 mg

Ratio of racemization: 1% or less

ESI-MS: Calcd for CinsHaosN3eO43Sz: [M+2H]™ 1499.7,

found. 1499.8.



Frnoc-Pro (253.1 ng, 0.75 mml), Fnoc-Arg(Pbf) (486.6 ng, 0.75 nmol),
‘Fnoc=Tyr (tBu) (334.7 ng, 0.75 mol), Fnmoc-dJ u(OQ:Bu) (319.2 ng, 0.75
Frnoc- Met (278.6 ng, 0.75 mmol), Fnoc-Thr(tBu) (298.1 ngy, 0.75 mol),
FrocCys(trt) (439.3 ng, 0.75 mml), Fnoc-Ala (233.5 ng, 0.75 mmol),

Froc-Pro (253.1 ng, 0.75 mml), Fnoc-Lys(Boc) (351.4 ng, 0.75 mmol),
Frmoc-Pro (253.1 ng, 0.75 mol ), Fnoc- (tBu) (334.7 ng, 0.75 nmmol),
Froc-d u(Or.Bu) (319.2 ng, 0.75 mmol ), Fnoc-Ser(tBu) (287.6 ng, 0.7
Froc- Cys(trt) (439.3 ng, 0.75 mmol ), Fnoc- Asp(CIBu) (308.6 ng, 0.7

Fnoc- Val
Froc- Val

freeze-dried product was pur
developlng solvent A: O. 1@6
water = 90: 10,{ gpadient A
produce a pept¥ Hvi

(254.6 ng, 0.75 mmol ), Fnoc-Ser(tBu) (287.6
(254.6 ng, 0.75 mmol), anc Ala (233.5 ng, O0.75 mmol ), -
ied" by HPLC (Cadenza cokum C18 75 X
us TFAHS | ution, 1% TFA aggt on

_yk/ﬁh : 60, 15Hm

pd

(Leu- Al a- Al a- Val - Ser -val HAsp- Cys- Sér- u- Tyir - Pro- Bys-]| Pro¥AIa- Th
u- Tyr - Ar g- Pro- Leu- COSBR), which is r epr esent ed by the fornula Tl)
20 ng Ratio of racem zabifon: 2% or less ESI -M5: Calcdfo —
C1181-1181N2703434: [ M+2F1] +2 1325.1 , found. 1325.3. N y

L r )iwh J; PR

HO,C
CONH, CONH,

Example 12
Cys(Thz) (46.7 mg, 0.2 mmol) was condensed to a 17-

residue peptide bonded to a trityl resin (40 pmol) 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)) (500 mg, product from

nol ) ,

5 mol),
5 mol ),

NHD. 75 mmol ),

35 - The

4.6 mMm
itrile:

f om1raPe .0 n1/m|n to

r-met-d
Yi el d:



- 36 - Exanple 11 Cys(Thz) (46.7 nmg, 0.2 mml) was condensed to a 26-
rTesidue peptide bonded to a trityl resin (40as a solid phase

(A u(CtBu)-Tyr(tBu)-Al a-Ser(tBu)-Pro-dy-Lys(Boc)-Al a-Thr(tBu)-d u(Ct Bu)-Va
| = Arg(Pbf)-Val -Thr (tBu)-Val-Leu-Arg(Pbf)-@n(trt)-Al a-Asp(Q Bu) -
Ser(tBu)-@n(trt)-Val-Thr(tBu)-Gu(OBu)-dy-00-(Trityl resin)) (300 nyg,
product from Novabi ochem) using HOBt (27.0 ng, 0.2 nmol), DI PCI (30.8 [11,
0.2 mol), and DMF (1 m). 1% TFA/DCM sol ution (1.0 m) was added to
the resin, and the m xture was reacted at roomtenperature for 2 m nutes.
The resi n Nesabepoved) bys fnd t HeBE ofR 7 abdmg hel r 2aotnedh, sBEBELoN30as
neutralized with pyridine. This reaction was repeated 5 tinmes. The reaction
sol ution was, contenteht edzndndiafermas then added thereto to precipitate

tide h t dsjid h | | et |
BF 2ol ut i on and %&m‘ﬁ% OB P st e St (e havihg
protected sjde chal . 4 o e at
(Cys(Thz) - r&u'iﬁeBu‘y Ei'yr??%u? AT - rS%r?t% I)np(l?’ro &y (%oc)1 AF§S Thr (tBu)-d u

(O Bu) - Val mAx gfEDT ) - Yak - Tor bt B89) pyalk L@yaéigﬁpbahaﬁlﬂétEgécéﬁanﬂsp(CIBU) Se
r(tBu)-dn(trt)-Val -Thr(tBu)-d u( Bu) A y- COOH) The obt ai ned

27-resi duespeptice (42)néldOrdriyed Mpi dA H20i8Dhe . anﬂai@l@@ﬁ@@ﬂén(30 6 jil,

300 | Amrol) were stirred at -20C for 1 hour under argon flowin a DWF - 37

- sol vent ¢ds 3beddd)edPyBOPNéS. 6 Thy, éhddim) )sehd DPRA{26.0 "Al, 50

limol) were then added thereto, and the m xture was stirred for 4 hours.

Di et hyl etpercerisrahed. agdeédveber heas ebbenonddefiutheneto precipitate a

conpound. After filtration, the pellet was collected using ,DVF._ This

pel | et wasPERRERHEREEEH. P@Bﬁ/&ﬁau}é%lﬁéngFE\r%FGF?@ns\)\é§ 5haed8sto T

concentrate, nd t he m;iure s stirred at f[)omten*gerature for 2 hours.
0

The resin 5\%]5 eI RdCBY I FFFERatF ORI andMf hE°lBAEPForR™ ol uti on was

concentr at egncghe cgg&egtraﬁga\{\g {lgzn di $8 ol ved Lo 50%a ous

acetonl tri F8"€d ¥| on- and Tregze-dried “The u?rgeg r| e duct was

120 YL Endaasc LU Bt nf A gesglamng ol v &
gradl ent ArBr 789 Smet-HRet 181 y1RsALB1ufbewul ateu-@nt (FhLyLBhet @eproduce a
' Asp (OtBu) -Asp (OtBu) -Ser (tBu) -Gly-COOH) (14) .
The obtained 18-residue peptide (14) (10 pmol), MS

47 (20 mg), and benzyl mercaptan (36.0 pl, 300 umol) 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 pnl, 50 pmol) were then added thereto, and the

mixture was stirred for 4 hours. Diethyl ether was then

added to the reaction éolution to precipitate a compound.

After filtration, the pellet was collected using DMF.

This pellet was concentrated. 95% agueous 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.



pepti de having phenyl thioester at the Cterm nus :
(Cys(Thz)-d u-Tyr-Al a-Ser-Pro-Ad y-Lys- Al a-Thr-d u-Val - Arg- Val - Thr - Val - Leu- A
rg-d n- Al a- Asp- Ser-d n-Val - Thr-d u-d y- COSPh), which is represented by the
formula (13). Yield: 5 ng Ratio of racem zation: 1% or |ess ESI-Ms: Calcd
for C1281-1204N3604352: [ M+2H] +2 1499.7, found. 1499.8. (13) Exanple 12
Cys(Thz) (46.7 nmg, 0.2 mml) was condéitsed to a 17- residue pepti de bonded
toatrityl resin (40 Ilnol) as a solid phase
(Al'a- Al a-Thr (tBu) - Tyr (t Bu) - Met - Met - @ y- Asn-
A u( O Eu) -Tee-dbm¢eEuyaPhewisut tep (Ot BaplaAsp( OnEDYS SenebBa)-d y-00-(Trityl
resin)) (500 ng, product from

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% 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 benzyl thiocester at the C-terminus
(Cys (Thz)-Ala-Ala-Thr-Tyr-Met-Met-Gly-Asn-Glu-Leu-Thr-
Phe-Leu-Asp-Asp-Ser-Gly-COSBn), which is represented by
the formula (15).

Yield: 4 mg

Ratio of racemization: 1% or less

ESI-MS: Calcd for CgoHiaoNis026S.: [M+2H]}*? 2056.8,

found. 2057.2.

-
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- 39 - Novabi ochem) using HOBt (27.0 ng, 0.2 mmol ), DIPC (30.8 [11, 0.2
mol), and DMF (1 m). 1% TFA/ DCM sol uti on was added to the resin,
and the mixture was reacted at roomtenperature for 2 minutes. The resin-
was renoved by filtration, and the reaction solution was neutralized with
pyridine. This reaction was repeated 5 tinmes. The reaction solution was
concentrated, and water was then addedlt hereto to precipitate a peptide
havi ng protected side chains. The pellet was collected using a DVF sol ution
and concentrated to obtain a 18-residue peptide having protected side

chai ns ( Cyms{amz)e Ala- Al a- Thr (t Bu) -

Tyr(tBu)-Met-Met-QA3 y-Asn-d3 u(Q Bu) - Leu- Thr (t Bu) - Phe- LeuAsp( QO Bu) - Asp( Ot Bu) -
Ser (t Bu) - G y- CQGHTERYDCM solutiTive watst s drbafl 18> reesd Ahuee pepts de (14) (10
[Imol), MS 4A (20 ng), and benzyl nercaptan (36.0 tl, 300 linmol) were
stirred atPeROTl4 gponde@uo underiayjorefipw(? A WOME 38 9epPl{d. 36 pi).

PyBOP (8.6 , b i nol ) d D 26.0.il, 5 a e th added

t her et o, a??gg?%e?ff‘#%)uﬂr\ésﬁ%c)sfgﬁé%e 0 1%%5&?@{“?&%3&8{%5551%5 t hen
added to t r ty L.on LRi.ta t filtration,
t he pell etggm%sﬁg%lY%gti %%%gAwéﬁﬁgh%e%%E?tgggpggﬁggﬁﬁ até'gﬁ. 95%
aqueous TFA soh Ut i 98 (€0Af abni ng1 pt hanedi-t bi ol r£EDT) ) wasoadged to the
concentrate, and the m xture was stirred at roomtenperature for 2 hours.
The resin yasdtienoreemnbyotabiscahénan, and the meactirenwsel wekhonedast
concentrated. - 40 - The concentrate was then dissolved in 50% aqueous
acet oni tri teosotetpenatande f feeze-dinedes ThellHe eszeinrias perodued has
purified by HPLC (Cadenza colum C18 75 x 4.6 Mmn devel opi ng sol vent A:

0. 1% aqueobis1TFAC sohut #0@, tiBe Doa ok TPWy aeéubhplr WRe: ngatsprl+290: 10,
gradient AAB = 95:5 - 25:75, 15 min, flowrate: 0.1 mi/mn to&roduce a -
pepti de haViRg PBRZGINEhi dasterreachifen (laerifrrated 5> times. e
(Cys(Thz)-Al a- Al a- Thr-TE/r- Met - Met - 3 y- Asn- G u- Lea— ThE-

Phe- Leu- AsPEASh1@ar Set YL EPRBATS GRPCR™FE2FEfr e8BHt ¥a6Y YRE FBFRUl a (15).

o028 TaB8h. 0r0k e  B0F T 8951 o 1k Lept 62 rlBi ek delte
side chains. The pellet was collected using a DMF
solutidﬁ 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(be)—Gly—Ile—Ala-Ser(tBu)-Phe—Gly—
COCH) (16) .

ESI-MS: Calcd for CiioH24sN29034S2: [M+2H]*? 1652.0,
found. 1651.6

The obtained 22-residue peptide (16) (7.5 mg, 2.2
pumol), MS 4A (20.0 mg), and thiophencl (6.7 pl, 11.0
umol) 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 ul, 11.0 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



f ound. 2057. 2. OH 00 HH N';...-- ..... N, ".----..,N.NiHH EENH OH(
= -c....,10 B

-

compound. After filtration, the pellet was collected
using DMF. This pellet was concentrated. 95% agueous
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 C18 75 x 4.6 mm, developing solvent
A: 0.1% agueous 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 pfoduce 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—SerePhe—
Gly-COSPh), which is represented by the formula (17) .

Yield: 2 mg

Ratio of racemization: 1% oxr less

EST-MS: Calcd for CiosHiesNagOzeSz: [M+2H]™ 1145.9,

found. 1145.7.



HN O CON H2 NH OH SNN - 41 - Exanple 13 1% TFA/ DCM sol uti on was
‘added to a 22-residue peptide bonded to a trityl resin (20 tinol) as a
sol i d phase ((Boc)Lys(Boc)-Al a-Met-Hi s(trt)-Val-Ala-An(trt)-
Pro- Al a- Val - Val - Leu- Al a- Ser (t Bu) - Ser (t Bu) - Arg(Pbf)-d yl | e- Al a- Ser (t Bu) - Phe-
and the m xture
was reacted at roomtenperature for 24 nutes. The resin was renoved by
filtration, and the reaction solution was neutralized with pyridine. This
reaction was repeated 5 tinmes. The reaction solution was concentrated, and
water was then added thereto to prechpitate a peptide having protected side
chains. The pellet was collected using a DMF_sol uti on and concgptrated to

G-y-00-(Trityl resin)) (250 ng, product f rom Novabi ochem,

obtain a 22-residue peptide having pprotected side chains

((Boc) Lys(Boc)-Al a-Met-Hi s(trt) -V, AIaOG trt 0Pr Ala al - Leu- Al a- Se
r(tBu)-Ser(tBu)- Arg(be) Ay-lle . ESI - V5!
Calcd for CNO S : N%141152 170 245- 29 H34 2 L:>
o~
NH
.$=O
HN
S
HZN\KNH \ lllllllll /NH
HN VRN
/
o HO \\/ o L o HHo\_ 0 HN
N N R : N N
©/s\u/\” N\[]/\”/‘H/N\([)]A”/“\/ \[(\H T)/\ﬁ)]\r S
¢]
HO
(17)

Example 14

An HMPB-PEGA resin (50 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-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 pl, 187.5 pmol), 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).



- 2-+26 - - - 0 found. 1651.6 The obtained 22-residue peptide (16) (7.5
‘mg, 2.2 unol)), M5 4A (20.0 ng), and thiophenol (6.7 4, 11.0 | Anol) were
stirred at -20C for 1 hour under argon flowin a DVF solvent (300 ul).
PyBOP (5.7 ng, 66.0 unol) and DIPEA (1.7 ul, 11.0 Ilnmol) were then added
thereto, and the m xture was stirred for 4 hours. Diethyl ether was then
added to the reaction solution to preéiéprtate a - 42 - conpound. After
filtration, the pellet was collected using DM. This pellet was
concentrated. 95% aqueous TEA sol ution was added to the concentrate, and

the m xture \A/a?m%tci_wsgd (%g 500m t @REr &d18 ,f GincZ tuguer (rtlhe(Idgsian was
renmoved by filfration, and the reaction solution was concentrated. The

concentr ate, was Il )Ss ainwad 1y EB6 RqUEDLISL aoet Ohi 23 | heosbl ution and
freeze-dried. The freeze-dried product was purified by HPLC éCadenza col um
Cl8 75 X 4efrdmsleved opimg, solyentmdl) 0. Adeag@Eous’4FA 881 ufion, B: 0.1%
TFA/ acetonitrile: water = 90:10, gradient A°B = 95.5 -* 25L¥§r<%?upin, flow
rate: 0.1 mhéMi n)Friacghod(icaia pebt i de™Bav? ngs phBRYI - t RFBEstBF (GF "t he

thyifSl] 2%@@9 Ht s1¥/al Q A@%T@‘%J%br PG P (RRF) LELL Ar &- By géﬁ?A;“g?a y-11e-A
Rat 1o of raeematone 106 opriaecicios pETE SeBrofERe b issnoe T T
02652: [Nhékiﬁg %%4§é§m gognges}&&é'geptide of Phe-Asn-Cys (trt) -
Lys(Boc)—Asn—Gly—Tyr(tBu)—Thr(tBu)—Lys(Boc) on the solid-
phase resin.
After washing with DCM and DMF, the resin
corresponding to 3 umol of the 9-residue peptide was
transferred to an Eppendorf tube.
Glycosylated asparagine (12 mg, 6 pmol) represented
by the following formula (18) and DEPBT (3 mg, 9 pmol)

dissolved in DMF: DMSO = 4:1 (201 pl) were placed in the

Eppendorf tube.

? »
HO—[\
o) HO NHAc
AR Ao
oH HO- V4 \
0 o & —
o)
o Mol gl gn=e N
O:? NHAc ~ NHAC 5 coon

HO 7
__HO

"7 Hqgﬁfbp
Ho 00
HO H

N
o 0 NHAC (18)

DIPEA (1.02 pl, 6 pumol) 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-



- 43 - ~NH (17) Exanple 14 An HVPB- PEGA resin (50 ilnmol) was
‘o@talned Iin the sane way as in Exanple 1 and used as a solid phase for

sol i d-phase synthesis. Amno acids were condensed thereon to forma

pepti de. The am no acid condensation was perforned in the sane way as in
Exanpl e 1. Frnoc-Phe (96.9 ng, 0.25 nmmol) was used as the first am no

aci d and condensed using MSNT (74.0-nmg2 0.25 mml), N-nethylinidazole (14.9
“Al, 187.5 flnol), and DON (1 m). ) Y (14

Cys (trt) -Lys (Boc) -Asn-Gly-Tyr (tBu) -Thr (£tBu) -Lys (Boc) -
Asn (Oligosaccharide chain) on the solid-phase resin.
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 mg,
0.015 mmol), Fmoc-Gly (1.5 mg, 0.015 mmol), and Boc-
Cys(Thz) (1.7 mg, 0.015 mmol) were sequentially used for
condensation as the amino acids.

AcCOH: 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 conqentrated to obtain a 1l4-residue peptide
having protected side chains (Cys (Thz) -Gly-Ser (tBu) -Asp-
Asn (Oligosaccharide chain) -Lys (Boc) -Thr (£Bu) -Tyr (£Bu) -
Gly-Asn—Lys(Boc)—Cys(trt)—Asn—Phe—COOH) (19).

The obtained 14-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 upl). PyBOP (7.8 mg, 15 umol) and DIPEA
(2.6 pl, 15 umol) were then added thereto, and the
mixture was stirred for 2 hours. Diethyl ether was then
added to the reaction solution 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% agueous acetonitrile

solution and collected. The collected solution was



Then, am no acids having a protected am no group were sequentially
‘condensed using HOBt (33.7 ng, 0.25 nmmol ), DIPC (38.5 111, 0.25 mmol), and
DVF (1 m). - 44 - Fnoc-Asn (88.6 ng, 0.25.nmmol), Fnoc-Cys(trt)
(246.4 ngy, 0.25 mmol), Fnoc- Lys(Boc) (117.1 mg, 0.25 mmol), Fnoc-Asn (88.6
ng, 0.25 mmol ), Fnoc-Ay (74.3 ng, 0.25 mmol), Fnoc-Tyr(tBu) (114.9 ny,
0.25 mmol ), Frmoc-Thr(tBu) (99.4 ng, ~0485-nmol ), Fnoc-Lys(Boc) (117.1 ny,
0.25 mmol) were used as the am no acids having a protected anlno group to
farma 9-residue peptide of Phe-Asn-Cys(trt)-

Lys( Boc) - Asid@ntrBrdd. Bu)951gh@@hB@)JsLy'y(AB@@lumnomhaJasoIaldclleqm@s@hees| n.
After washing wwth DCM and DMF, the resin corresponding to 3 .t.nol of the

9-resi due Qgpidrde-amas, tarahsies rreﬁcttweamispp@tr@owdt@tberoom G ycosyl at ed

asparagine (12 ng, 6 lanol) represented by the follomnng f rnula (18) and
DEPBT (3 mpm@Emmnotd ohssdlhvedrs mobvEhavsreeze19% %84 i 115 were pl aced in

e e A et b s e B B o O (Sl ameushi7ed o
c18 75 x 4.6 mm, developing solvent A: 0.01% aqueous 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 thioester at
the C-terminus (Cys(Thz)—Gly-Ser—Asp-Asn(Oligosaccharide
chain)—Lys-Thr—Tyr—Gly—Asn—Lys—Cys—Asn—Phé—COSBn), which
is represented by the formula (20) .

Yield: 3 wmg |
The ratio of racemization was 2% or less.
ESI-MS: Calcd fof C133H203N2306753: [M+2H] ** 1646.1,

found. 1646.4.



- 45 - Cys(trt)-Lys(Boc)-Asn-G y-Tyr(tBu)-Thr(tBu)-Lys(Boc)-

‘Asn(d i gosaccharide chain) on the solid-phase resin. Am no aci ds were
fdrther condensed to this 10- residue peptide in the sane way as above
usi ng HOBt, DI PCl, and DW. Frmoc-Asp (1.7 ng, 0.015 nmol),

Froc- Ser (tBu) (1.9 ng, 0.015 mmol), Fnoc-dy (1.5 ng, 0.015 mml), and
BocCys(Thz) (1.7 ng, 0.015 nmml) were48equentially used for condensation as
t he am no aci ds. AcOH TFE = 1:1 (1 m) was added to the resin, and
the mxture was reacted at roomtenperature for 20 hours. The resin was
removed by filtration, and the reaction solution was ncentrated to obtain
~a 14-residue peptide having protected side chains
(Cys(Thz)-d y-Ser(tBu)-AspAsn(d igosacchari de
chain)-Lys(Boc)-Thr(tBu)-Tyr(tBu) g ‘;fzg; ys Boc)~< Cys(trt) - Asn- Phe- COOH)
ptide (

(19). The obtai ned JL4-resiguejpe ) (11.7 ng, 3 unol), MS 4A
and benzyl mercaptan g at -20C for 1 hour
under argon flow in DMF bl vent (405 . , 15 unol) and

DI PEA (2.6 ulyp 15 unol}y were then awded theret e m xture was
stirred forH I S Emﬁp&yl ether was then ad¥edotq t hewreaction sol ution

to deposit t interest as a pellget. Thi smpellet was separated
fromthe solutlon by gg%ggtlon and the pellet remal ning on the filter
paper was dissol ved i aqueous acetoni ¢ril e=sol uts and col |l ected. The
coll ected solution was - - cehRcenteat £d. agquieous TFA sol ution was
added to the concentr ate; was $ red at roomtenperature
for 2 hours and theR ze- d&?ed\qxhe Miagezeodr | roduct was purified by
HPLC (Cadenza col unmmy .75 x 4.6 mm devel opi ng sol went A: 0.01% aqueous
TFA solutloﬁ'O QD*QX TFA/ acetonitrile: water = 90 0, gradient A:B =
80: 2040: 60 M3a Ao flowerate: 1 nl/min) to preeshce pti de having benzyl
t hi oester at the C-term nus (Cys(Thz)- gk&38er -Asp- (digosaccharide
chai n)-Lys-Thr-Tyr-Q y-Asn- Lys- Cys- he=CCS n)., i s represented by
the formula (20). : R
- (> N T S S
© HS
HO (20)

Comparative Example 1

A benzyl thiocester form of a peptide (AcNH-His-Ala-
Ala-Phe-COSBn) 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 thiocester form of a peptide (AcNH-Cys-Cys-
Giu—His—COSBn) was obtained in the same way as in Example

9 except that the reaction temperature .was changed to-

30°C.



Yield: 3 ng The ratio of racem zation was 2% or |less. ESI -Ms : Cal
‘ . - ; cd for
C133H203N23067S3: [ M+2111 +2 1646.1 , found. 1646.4. Conparative Exanple 1

Abenzyl thioester formof a peptide (AcNH Hi s-Ala- Al a-Phe- COSBn) was
obt ai ned by the same procedures as in Exanple 7 except that PyBOP was
changed to DEPBT (1.5 ng, 5 4nol) or HBTU (1.9 ng, 5 pnol). Its yield was
10% for the use of DEPBT and | ess thamrgl0% for the use of HBTU. Conparative
Exanpl e 2 A benzyl thioester formof a peptide (AcNH Cys-Cys-

G u- Hi s-COSBn) was obtained in the same way as in Exanple 9 except that the

reaction tenpe&%%”&%t%@§o%h§%@%%féé5¥%ﬁ 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 producéd.for a non-glycosylated peptide or e&en
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
thiocester compound with little C-terminal racemization of
the peptide can be produced.

The obtained peptide thioester 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.



- 48 - The ratio of racem zation was 40% Industrial Applicability
‘According to a process of the present invention, a peptide having a
cdrboxyl group at the C-termnus, with protecting groups in the peptide
s#de chai ns naintai ned, can be produced for a non-glycosyl ated pepti de or
even for a gl ycopeptide having an oligosaccharide chain, particularly, an
ol i gosacchari de chain with an unproteé®ed hydroxyl group, w thout
influencing its oligosaccharide chain structure. Furthernore, a peptide

t hi oester conpound with little Cterm nal racem zation of the peptide can
be produced. The obt ai ned peptidemshi oester conpound can be al | owed
to act on a peptide fragnment having Cys as an N-termnal amno acid to

t her eby achi eve polynerization. As a result, large glycoproteins having an

ol i gosaccharide chain with a single structure can also be produced. - 49 -
CLAIMS 1. A progessder fumduchde mpeptpeiet ide oelkieeseerpearaound,
characterized by conprising: (A) formng a peptide by a solid-phase

synt hesi s etk asi Z2rF Y esPPHDIIR¥ed with a |inker represented by the
formula (1) as a solid phase;

phase and 1§ he. papt e HItHh S(PIRA dh6 Bci o SHCH Eh T e o
ool or . scAd i ute, syLLLELE, el PR cadeil: augragehicaaci o (o
by.the formula (1) as a solid phase;
(B) cleaving a bond between the solid phése 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 groﬁp
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—CHy o{»CHZ%n—C—
R2

2
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 having a carboxyl

group at the C-terminus, 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; and



‘at the C-term nus; and (C reacting a thiol conpound with the i
at -« 100 to OC in the presence of a condensing agent n})n a sol vent: ([1))ept| ae
vahéerel n Rl represents a Cl-4 al kyl group, R2 represents a hydrogen atom or

-4 al koxy group, and n represents an integer of 1 to 4. 2. A process for
produci ng a peptide having a carboxyl _group at the C-term nus,

characterized by conprising: (A forning a peptide by a solid-phas
- - - - - - e
synthesis nethod using a resin nodified with a Iinker repre}s/ent ed by !tohe

formula (1) as a solid phase; and - 50 - (3) cleaving a bond between

the solid phasespndltheingpti dendi bataceheadt ond idciplasel @adeder om di l ut e
hydrochloric acid, dilute sulfuric acid, formc acid, and acetic acid. 3. A
process f@epprideusiing atpdptasie s cestersadagicithd rThatabie? i zed by

conprising reacting a thiol conpound with a peptjde_ havjng a carboxyl
at the C- therdriolid A Wéilpifreg%-ﬂc}@eof&élmprﬁfflré’, afg%l’r'ﬁll?ga(“al bl?/rg%\%/_ ng)up

The production process according to any of clains 1 to 3, wherein th
. 2 . : e
Nt er ni nalaGafiifo 3&cit of the peptide is cysteine. 5. The production

D 00ese 2000 119500 U $r MURELD 416 R deyce Nechosiup of (1
characterized by comprising reacting a thiol compound
with a peptide having a carboxyl group at-the C-terminus
in the presence of a condensing agent in a solvent.

4. The production process acéording to any of claims 1
tc 3, wherein the N-terminal amino acid of the peptide is
cysteine.

5. The production process according to claim 4, wherein
the peptide has a thiol group of the cysteine protected
with a fat-soluble protecting group.

6. The production process according to claim 1 or 2,
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) .
7. The production process according to claim-1 or 2,
characterized in that the step (B) 1is performed in the
presence of an alcohol.

8. The production procesé according to claim 7, wherein
the alcohol is halogenocalcohol.

9. The production process according to claim 1 or 3,
wherein the solvent is at least one selected from N,N-

dimethylformamide and N-methylpyrrolidone.



6. The production process according to claiml or 2, wherein the resin
'nmodi€ied with a linker represented by the fornula (1) is an am no- PEGA
résin having an am no group bonded to the |inker represented by the formula
(é%. 7. The production process according to claim1 or 2, characterized in
tRat the step (B) is perfornmed in the presence of an al cohol. 8. The
production process according to claing¥, -wherein the al cohol is

hal ogenoal cohol . 9. The production process according to claim1l1 or 3,
wherein the solvent is at | east one selected from N, Ndi net hyl f or mam de and

et hyl pyir ol Ldeng, oaucBlon dloclle Beduelkignepr esesk acearding to claim

1 or 3, rei h ' The 8ondensin agent Is 1-

hydr oxybengotriaz ahe/ did:senromd cardiadidarde or

benzotriazol-1-yl oxy-trispYrrolidirnophosphoni um

hexaf | uor qphospRalea!Aid sopapylatidmmmel cdiboditenjptoduct i on process

according to any of clains 1 to 10, wherein the peptide is a glycopeptide.
benzotriazol-1-yloxy-trispyrrolidinophosphonium

hexafluorophosphate/diisopropylethylamine.
11. The production process according to any of claims 1

to 10, wherein the peptide is a glycopeptide.



